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BACKGROUND: Previous studies have not explored the
effect of HPV vaccination on health status at a longer time
interval. Similarly, self-reported physical and mental
health in recipients of the HPV vaccine has not been
studied.
OBJECTIVE: To evaluate whether HPV vaccination was
associated with physical and mental health complaints
among girls in secondary education institutions.
DESIGN: Prospective cohort study.
PARTICIPANTS: This study used data from girls aged 15–
20 years who participated in the Danish National Youth
Study (DNYS) 2014. Data on HPV vaccination was re-
trieved from the Danish Vaccination Register.
MAINMEASURES: Participants were asked whether they
had experienced headaches, stomachache, neck pain,
menstrual cramps, sore throat, sadness, irritation, ner-
vousness and sleep problems in the past 6 months.
KEY RESULTS: Of 41,333 girls, 39,145 (94.7%) received
at least one dose of HPV vaccine. The most prevalent
health complaint among the vaccinated and not vaccinat-
ed femaleswas “been irritable” (88.2%and 88.4%, respec-
tively). The lowest proportion of health complaints was
stomachache (49.6% in vaccinated and in 50.4% in un-
vaccinated girls). Regression model, adjusted for socio-
demographic characteristics andhealth behavior, showed
that HPV vaccination was associated with a lower likeli-
hood of reporting sore throat (odd ratio [OR] 0.86, 95%
confidence interval [CI] 0.78–0.95) and being sad (OR
0.86, 95%CI 0.76–0.97). Similar results were observed
when HPV vaccination status was analyzed according to
the number of doses received.
CONCLUSION:We conclude that HPV vaccination was not
associated with physical and mental health complaints
among girls in secondary education institutions in Den-
mark after a median of 5.3 years since HPV vaccination.
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INTRODUCTION

Bivalent and quadrivalent human papillomavirus (HPV) vac-
cines were approved for use in Denmark in October 2006 and
since 2009 HPV immunization has been a part of the national
immunization program.1 Girls aged 12 years were targeted for
HPV vaccination, while a catch-up program was also estab-
lished for girls and women until the age of 26.1 The HPV
vaccine initiation coverage rates were initially above 80%
following the introduction of the program; however, the cov-
erage dropped in the period 2014–2016 due to case reporting
of adverse effects after HPV vaccination by the popular Dan-
ish media.2 Most adverse effects accounted for postural ortho-
static tachycardia syndrome (POTS), headache, fatigue, nau-
sea, segmental dystonia, cognitive impairment, and neuropath-
ic pain.3 After this period, following a national campaign
aiming at informing the public about HPV vaccination in
2017–2019, the vaccine initiation rates have increased and
are now comparable with those before the reports of adverse
vaccination effects.4

Register-based studies in large Nordic population samples
reported that HPV vaccination was not associated with a
higher risk of developing neurological and autoimmune dis-
eases,5 chronic fatigue syndrome,6, 7 complex regional pain
syndrome, POTS,7 or adverse pregnancy outcomes.8 A recent
report from theWorld Health Organization highlighted that the
HPV vaccine is safe and effective in spite of low worldwide
uptake.9 Furthermore, register-based analyses in Denmark
suggested that girls and women who reported adverse effects
following vaccination had used health-care services more
frequently before vaccination compared with girls and women
who did not report post-vaccination adverse effects indicating
that for some of the women, reported adverse effects were due
to pre-existing health conditions.10, 11

Adolescence is characterized by intense physical and psy-
chological changes. While most adolescents are in good
health, somatic and psychological symptoms do occur.
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Although these symptoms can be suggestive of specific chron-
ic illnesses, they may also present independently “as imbal-
ance between the increasing educational, social, and sports
demands on young people and physiological ‘debts’ owed to
rapid growth and sexual development”.12 Somatic symptoms
frequently experienced by adolescents account for headache,
stomachache, and backache. Chronic fatigue syndrome in
adolescence includes among others sore throat, muscle dis-
comfort or pain, headaches and sleep problems.12 Of mental
health problems, mood swings, irritability, anxiety, and de-
pression have commonly been addressed.13 Because most
adolescents do not report to their physician for physical and
mental health complaints,12 it is difficult to analyze potential
factors that contribute to their onset.
Previous studies using nationwide administrative systems

for reporting of adverse effects suggested that there has been
no evidence of the effect of HPV vaccination on health status
at a longer time interval. Similarly, self-reported physical and
mental health in recipients of the HPV vaccine has not been
studied. Registers contain information on events that require
hospital discharge or prescription medication. Although
register-based studies offer complete data on a whole popula-
tion, it is often difficult to adjust predefined exposures (such as
vaccination status) for important characteristics associated
with vaccination compliance. Due to the subjective nature of
physical and mental health complaints, their recognition
requires specific data collection. As a result, assessment of
health complaints using only register-based data can be insuf-
ficient. Therefore, using self-reported outcomes approach in
the target population could offer an opportunity for a more
detailed insight into the issue. The purpose of this study was to
evaluate whether HPV vaccination was prospectively associ-
ated with physical and mental health complaints in a large
prospective cohort study among girls in secondary education
institutions in Denmark.

METHODS

Participants

Data for this study were extracted from the Danish National
Youth Study 2014 (DNYS).14 The purpose of DNYS was to
study physical and mental health and health-related behavior
among students at the secondary education level in Denmark.
Invitation for participation was sent out to 137 general high
schools and 12 largest vocational schools, of which 119 gen-
eral high schools and 10 vocational schools provided consent
for participation. Students from all grades and classes within
high schools were invited to participate (N = 83,751), whereas
in vocational schools students in basic courses were invited
(N = 7527). Student response rate among the participating
general high schools was 87% (70,674), and among vocational
schools, it was 69% (5179), yielding a total of 75,853 students
in the sample. Of those, 71,835 students (94.7%) were linked
to their unique personal identification number (CPR) allowing

linkage of DNYS data with the Danish Civil Registration
System as well as with the Danish Vaccination Register
(DVR).15 Of 71,835 students, only girls aged 15–20 years
(41,333) were included in this analysis. Selection of girls only
was based on the circumstance that at the time of survey, HPV
vaccination was recommended only to girls. Age range 15–
20 years was selected because the DNYS covered a small
percentage (2.72%) of women above the age of 20 who were
in secondary education institutions, and were likely not regular
students, but rather needed to catch up on the period when they
were away from school.

Data Collection

Data on HPV vaccination was retrieved from the DVR retriev-
ing Anatomical Therapeutic Chemical [ATC] code J07BM01,
because the four-valent HPV vaccine was used from October
2006 to 2014 in Denmark. The number of doses and the dates
of vaccination were collected for all vaccinated students from
October 2006 to the date of the survey in 2014. The majority
of HPV vaccination records (> 90%) showed at a minimum 4-
week period between the first and the second dose and at least
an 8-week period between the second and the third dose. The
variable HPV vaccinationwas classified as “unvaccinated” if a
person did not have any record of HPV vaccination (0 doses)
and “vaccinated” with 1, 2 or 3 doses. If records showed more
than three doses, these individuals were categorized as having
received three doses of the HPV vaccine.
Participants filled in an electronic questionnaire. Partici-

pants were asked whether they had experienced the following
in the past 6 months: headaches, stomachache, neck pain,
menstrual cramps, sore throat, sadness, irritation, nervousness,
and sleep problems. Answers were graded on a 5-point scale: 1
(almost every day); 2 (more than one time per week); 3 (every
week); 4 (almost every month); 5 (rarely or never). Answers
were classified as a binary outcome variable: value 0 was
assigned to answer “rarely or never” and value 1 was assigned
to all other answers. To check physical and mental health
complaints at a higher frequency, such as at least 2 times per
week each week in the past 6 months, answers were also
classified as a binary outcome variable based on these cut-
offs: value 0 was assigned to answers “rarely or never,”
“almost every month,” and “every week” and value 1 was
assigned to answers “more than one time per week” and
“almost every day.” This outcome was labeled as “weekly
physical and mental health complaints.” These somatic and
mental health symptoms were selected because they were
previously listed as important symptoms in adolescent medi-
cine.12, 13 Menstrual cramps were added to account for com-
plaints related to menstruation.
Information on socio-demographic characteristics (age,

gender, ethnicity, living arrangements) and health behav-
ior (smoking, alcohol, drug use, and physical activity were
included in this study) were collected using a question-
naire. A detailed description of the variables is provided in
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the Supplemental Methods in the ESM. Ethnicity was
classified as Danish (if both parents were Danish); Danish
and other (one parent was Danish and the other parent was
of another ethnicity), and other than Danish (if both
parents were of another ethnicity than Danish). Living
arrangements were classified based on whether the student
lived with both or one parent or had other living arrange-
ments. Daily smoking was categorized as “yes vs. no.”
Alcohol intake was classified based on students’ estimated
intake of alcoholic drinks per week (according to a chart
that explained how alcohol units were calculated). Drug
use was related to ever vs. never use of hash/cannabis.
Physical activity was related to the practice of sports or
other physical activity that induces sweating, excluding
low-speed cycling. This variable was categorized as yes
vs. no.
After linkage of DNYS 2014 data of the participants with

their respective CPRs, every student was assigned a specific
12-figure code. This code differed from their CPR and allowed
for anonymization of the database. Because of this, it was
impossible to de-identify participants and track their data back
to their corresponding CPRs.
Prior to filling in the questionnaire, participants were asked

to read and accept an informed consent form that clearly
expressed that participation was voluntary and that individual
data would be kept confidential. In Denmark, the age of
13 years is the minimum age at which an individual can
consent to processing of personal information. For this reason,
the consent from the parents was not required.16 Data collec-
tion was approved by the Danish Data Protection Agency J.
No. 2013-54-0526. Participants signed informed consent for
participation.

Data Analysis

Descriptive measures (count and percentages) were calculated.
Logistic regression models were used to evaluate the associa-
tions between ever HPV vaccination and each of 10 self-
reported physical and mental health complaints. In all models,
the dependent variable was the self-reported physical or men-
tal health complaints and the independent variable was HPV
vaccination status. The series of logistic models included the
following: (1) Crude model only including HPV vaccination
status; (2) Partially adjusted model included age, ethnicity,
type of schoo, and living arrangements as covariates; and (3)
Fully adjusted model further included smoking status, alcohol
use, drug use and physical activity as additional covariates.
In sensitivity analysis, we stratified the sample according to

the median length of time since vaccination. Because adverse
effects of vaccination are expected after shorter periods since
vaccination, the purpose of this analysis was to examine the
association between receiving at least one dose of the HPV
vaccine and physical and mental complaints among girls who
reported complaints after a shorter and longer time since
vaccination.

Data analysis was performed in SAS, version 9.4. Graphic
display was performed in R.17 Effect estimates were presented
as odds ratios (OR) with corresponding 95% confidence inter-
vals (95% CI). P values below 0.05 were considered statisti-
cally significant.

RESULTS

Out of 41,333 female students, 39,145 (94.7%) received at
least one dose of the HPV vaccine. Socio-demographic char-
acteristics of girls according to vaccination status are shown in
Table 1. Most girls in our sample were of Danish ethnicity and
living with both parents (Table 1). The majority of girls were
non-smokers, drank 1–6 or 7–13 alcohol units per week, did
not report illicit drug use, and were engaged in weekly phys-
ical activity (Table 1). Mean and median length of time be-
tween HPV vaccine initiation and taking the survey were 5.1
and 5.3 years respectively (time since vaccination range 0.9–
8.0 years).
The most prevalent health complaint among the vaccinated

and not vaccinated girls was “been irritable” (Table 2). The
lowest proportion of health complaints was stomachache
(Table 2). In the crude logistic regression model, girls who
were vaccinated were less likely to report sore throat, but more
likely to be irritable (Table 2). In the partially adjusted model,
the girls who were vaccinated were less likely to report sore
throat and (OR 0.86, 95% CI 0.78–0.95) and being sad (OR
0.86, 95%CI 0.76–0.97) (Table 2).
A similar pattern was observed when weekly physical and

mental health complaints were analyzed. The crude model
showed that girls who received HPV vaccination were less
likely to experience weekly sadness, nervousness and sleep
problems (data not shown).
When HPV vaccination status was analyzed according to

doses (1, 2, and 3 doses vs. 0), fully adjusted model showed
null association with all self-reported physical and mental
health complaints, except for sore throat and being sad. Spe-
cifically, receiving three HPV vaccine doses was associated
with a lower likelihood of reporting sore throat and (OR 0.86,
95%CI 0.77–0.95) and being sad (OR 0.85, 95%CI 0.76–
0.97) (Table 3).
The results of sensitivity analysis are shown in Fig. 1. In

girls who received at least one dose of HPVvaccine≤ 5.3 years
ago, HPV vaccination was associated with a lower likelihood
of reporting sore throat in the past 6 months (OR 0.80, 95% CI
0.71–0.91). In girls who received at least one dose of HPV
vaccine more than 5.3 years ago no association between HPV
vaccination and physical or mental health complaints was
observed (Fig. 1).

DISCUSSION

The findings of this study suggest that having received at least
one dose of HPV vaccine was not associated with physical and
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mental health complaints after a median of 5.3 years since
vaccination.
The effect of the HPV vaccine on the decrease of

incidence of neoplastic changes in the cervical epithelium
associated primarily with HPV types 16 and 18 has been
regarded as a milestone in cancer prevention.18 A large
body of evidence supported the notion that the HPV
vaccine is effective and safe.19, 20 Follow-up studies of
HPV vaccine immunogenicity over the previous decade
have suggested that the vaccine effectiveness in the pre-
vention of female genital cancers accounts for > 90% over
at least 10 years,21 and projections of cost-effectiveness of
vaccination of adolescent girls indicated favorable eco-
nomic impact.22 However, reports of adverse effects, par-
ticularly among Danish girls and women,3, 23 but also
among Japanese girls and women,24 perpetuated distrust
in the vaccine25 and subsequent non-compliance to vacci-
nation.2, 26 Some authors have challenged the quality and

completeness of data available to policy makers and stake-
holders,27 suggesting that changes in HPV immunization
policy have not entirely been evidence-based.
We did observe that the fully adjusted model showed a

negative association of HPV vaccination with having had sore
throat and having been sad. Given the high number of statis-
tical tests performed and in order to lessen the likelihood of
chance findings, it may be warranted to adjust the probability
level of 0.05 by the number of the tests performed. In this way,
the probability level that would be considered statistically
significant would be stricter (i.e., the threshold for statistical
significance would be considerably lower than 0.05). Howev-
er, safety concerns about medicines andmedical devices tested
in clinical trials suggest that the acceptance of probability level
of 0.05 is recommended because potential adverse effects
caused by the tested drug/substance would be more easily
detected.28 For this reason, and in the light of the HPV vaccine
controversy in Denmark, we were compelled to consider the

Table 1 Socio-demographic and Health Behavior Characteristics Regarding the HPV Vaccination Status Among Girls in Secondary Education
Institutions in Denmark (N = 41,333)

Characteristics HPV vaccination status

Vaccinated N = 39,145 n (%) Unvaccinated N = 2188 n (%)

Age (years)
15–16 8386 (21.4) 460 (21.0)
17 13,370 (34.1) 712 (32.5)
18 11,689 (29.8) 678 (31.0)
19–20 5700 (14.6) 338 (15.5)

Ethnicity
Danish 35,637 (92.0) 1643 (78.0)
Danish and other 2367 (6.1) 287 (13.6)
Other than Danish 749 (1.9) 178 (8.4)
Missing 356 (0.9) 80 (3.6)

Type of school
High school 38,527 (98.4) 2125 (97.1)
Vocational school 622 (1.6) 63 (2.9)

Living arrangement
With both parents 25,102 (64.6) 1220 (56.8)
With one parent 11,366 (29.3) 667 (31.0)
Other 2381 (6.1) 261 (12.2)
Missing 296 (0.8) 40 (1.8)

Smoking
Yes 4198 (10.7) 275 (12.7)
No 34,846 (89.2) 1894 (87.3)
Missing 101 (0.3) 19 (0.9)

Alcohol use in units per week
0 2442 (7.0) 169 (9.8)
1–6 11,200 (32.0) 611 (35.4)
7–13 12,064 (34.5) 504 (29.2)
≥ 14 9274 (26.5) 443 (25.6)
Missing 4165 (10.6) 461 (21.0)

Ever illicit drug use
Yes 12,093 (31.0) 694 (32.0)
No 26,892 (69.0) 1473 (68.0)
Missing 160 (0.4) 21 (0.9)

Weekly physically active
Yes 35,283 (91.2) 1885 (88.0)
No 3416 (8.8) 256 (12.0)
Missing 446 (1.1) 47 (2.1)

Number of HPV vaccine doses received
1 1260 (3.2) N/A
2 4933 (12.6)
3 32,952 (84.2)

N/A not applicable
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probability level of 0.05 as statistically significant and not
perform any corrections of the p value in the final analysis.

Our results are similar to previous large-scale studies in-
volving register-based data that corroborated null association

Table 3 Associations Between the Number of HPV Vaccination Doses Received and Physical and Mental Health Complaints 6 Months Prior to
Survey Among Girls in Secondary Education Institutions in Denmark (N = 41,333)

Complaints Number of HPV vaccine
doses received

Crude model OR
(95% CI)

Partially adjusted model* OR
(95% CI)

Fully adjusted model† OR
(95% CI)

Headache 0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 1.02 (0.87–1.20) 1.01 (0.86–1.19) 0.93 (0.78–1.11)
2 1.02 (0.91–1.14) 1.01 (0.89–1.13) 0.97 (0.85–1.11)
3 0.94 (0.85–1.04) 0.94 (0.85–1.05) 0.92 (0.82–1.03)

Stomachache 0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 1.06 (0.92–1.22) 1.09 (0.95–1.26) 1.06 (0.90–1.24)
2 1.01 (0.91–1.12) 1.05 (0.94–1.16) 1.03 (0.92–1.16)
3 0.96 (0.88–1.05) 1.01 (0.92–1.11) 1.02 (0.92–1.13)

Menstrual cramps 0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 1.05 (0.89–1.24) 1.09 (0.92–1.29) 1.00 (0.83–1.20)
2 0.95 (0.84–1.07) 1.00 (0.89–1.13) 0.94 (0.82–1.08)
3 0.96 (0.87–1.07) 1.03 (0.92–1.14) 0.97 (0.86–1.10)

Neck pain 0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 1.02 (0.88–1.18) 1.03 (0.89–1.19) 1.03 (0.87–1.21)
2 1.05 (0.95–1.17) 1.06 (0.95–1.18) 1.07 (0.95–1.21)
3 0.99 (0.91–1.09) 1.02 (0.93–1.12) 1.04 (0.93–1.15)

Sore throat 0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 0.96 (0.84–1.11) 0.96 (0.83–1.11) 0.89 (0.76–1.05)
2 0.94 (0.85–1.04) 0.96 (0.84–1.04) 0.90 (0.80–1.01)
3 0.88 (0.80–0.96) 0.88 (0.80–0.96) 0.86 (0.77–0.95)

Been sad 0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 0.96 (0.82–1.13) 0.93 (0.79–1.10) 0.86 (0.72–1.04)
2 0.97 (0.86–1.09) 0.92 (0.81–1.04) 0.89 (0.77–1.02)
3 0.92 (0.83–1.01) 0.88 (0.79–0.98) 0.85 (0.76–0.97)

Been irritable/bad
mood

0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 1.31 (1.05–1.62) 1.24 (0.99–1.55) 1.17 (0.90–1.52)
2 1.15 (0.99–1.33) 1.05 (0.89–1.22) 1.01 (0.84–1.21)
3 1.20 (1.05–1.36) 1.10 (0.96–1.25) 1.04 (0.88–1.22)

Been nervous 0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 0.99 (0.86–1.16) 0.93 (0.78–1.10) 0.93 (0.78–1.10)
2 1.01 (0.90–1.13) 0.95 (0.84–1.08) 0.95 (0.84–1.08)
3 0.99 (0.90–1.09) 0.94 (0.84–1.05) 0.95 (0.85–1.06)

Had sleep problems 0 1.0 (ref) 1.0 (ref) 1.0 (ref)
1 1.04 (0.90–1.19) 1.06 (0.92–1.23) 1.02 (0.87–1.20)
2 0.99 (0.89–1.10) 1.02 (0.92–1.14) 0.99 (0.88–1.12)
3 0.92 (0.84–1.01) 0.96 (0.87–1.05) 0.95 (0.85–1.05)

*Adjusted for age, ethnicity, type of school and living arrangements; †adjusted for variables in partially adjusted model and health behavior (smoking,
alcohol use, drug use and physical activity)

Table 2 Associations Between Receiving at Least One Dose of the HPV Vaccine and Physical and Mental Health Complaints 6 Months Prior to
Survey Among Girls in Secondary Education Institutions in Denmark (N = 41,333)

Complaints Vaccination
status

Number of girls who
reported the complaint (%)

Crude model
OR (95% CI)

Partially adjusted
model* OR (95% CI)

Fully adjusted model†

OR (95% CI)

Headache Vaccinated 27,769 (72.4) 0.96 (0.86–1.05) 0.95 (0.86–1.06) 0.93 (0.82–1.04)
Unvaccinated 1547 (73.6) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Stomachache Vaccinated 18,913 (49.6) 0.97 (0.89–1.06) 1.02 (0.93–1.11) 1.02 (0.92–1.13)
Unvaccinated 1056 (50.4) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Menstrual cramps Vaccinated 28,908 (75.5) 0.96 (0.87–1.07) 1.02 (0.92–1.14) 0.97 (0.86–1.09)
Unvaccinated 1603 (76.1) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Neck pain Vaccinated 23,482 (61.5) 1.00 (0.92–1.10) 1.02 (0.93–1.12) 1.04 (0.94–1.15)
Unvaccinated 1286 (61.3) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Sore throat Vaccinated 19,302 (50.6) 0.89 (0.81–0.97) 0.89 (0.81–0.97) 0.86 (0.78–0.95)
Unvaccinated 1125 (53.5) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Been sad Vaccinated 28,113 (73.4) 0.92 (0.83–1.02) 0.89 (0.80–0.99) 0.86 (0.76–0.97)
Unvaccinated 1580 (75.9) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Been irritable/bad
mood

Vaccinated 33,812 (88.2) 1.19 (1.05–1.36) 1.09 (0.96–1.25) 1.04 (0.88–1.22)
Unvaccinated 1816 (86.2) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Been nervous Vaccinated 26,487 (69.2) 0.99 (0.91–1.10) 0.98 (0.89–1.08) 0.95 (0.85–1.06)
Unvaccinated 1460 (69.3) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Had sleep
problems

Vaccinated 21,552 (56.3) 0.93 (0.85–1.02) 0.97 (0.88–1.06) 0.96 (0.86–1.06)
Unvaccinated 1218 (58.0) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Legend: *Adjusted for age, ethnicity, type of school and living arrangements; †adjusted for variables in partially adjusted model and health behaviors
(smoking, alcohol use, drug use and physical activity)
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between HPV vaccination and the onset of different adverse
effects in girls.7, 27, 29, 30 A study among 240,605 girls aged 11
to 15 years in Finland supported no association between HPV
vaccination and unspecified illnesses, complex regional pain
syndrome as well as chronic fatigue syndrome.7 Register data
from the Canadian province of Alberta reported an adverse
effect incidence rate of 37.4/100,000 of the administered vac-
cine doses among close to 200,000 vaccinated girls, which
was in accordance with the previously known adverse effect
rates.29 Similar findings were also observed in the electronic
health information system in the Canadian province of
Ontario.30 Findings from a surveillance system of adverse
vaccinal events in Southern Italy found no rare or unexpected
vaccine-related health problems.31 Moreover, a study in the
Netherlands examined the occurrence of a short (3–6 months)
and long-term (more than 6 months) fatigue after HPV vacci-
nation and reported that no association was found.32

In Denmark, a case-control study using the National Patient
Register suggested that females who reported unexpected
adverse events following HPV vaccination, such as POTS,
fatigue, nausea or neuropathic pain, were more likely to have
been treated for a wide array of conditions including infectious
and neuro-psychiatric diseases, gastrointestinal or musculo-
skeletal health issues in the 5-year period before vaccination
compared with females who did not report any post-vaccinal
events.11 Another study also found that the females who
reported adverse events had more general practitioner

consultations before vaccination.33 A case-control study using
the DVR found no difference in the presence of psychiatric or
somatic disturbances between the females who reported ad-
verse post-vaccinal events and those who did not in a 5-year
period since HPV vaccination.34 The differences in the results
may arise from differences in the sample sizes (1496 vs. 251
females reporting adverse effects) as well as coverage of the
registers used in the analysis.35 Another analysis of the Danish
National Patient Register10 supported the notion of higher
utilization of health-care service among females who reported
adverse events after HPV vaccination.
While the underlying mechanism of the unexpected and

non-specific adverse effects after HPV vaccination is not
understood, some authors propose a multifactorial approach
to the prediction of future susceptibility to adverse effects.36, 37

It is possible that a complex interplay between individual
immune response due to HPV immunization and previous
health conditions as well as genetic susceptibility of an indi-
vidual could play a role in generating the onset of adverse
effects of HPV vaccination, particularly that of the autonomic
nervous system.36 When considering the origins of adverse
effects following HPV vaccination, besides an individual’s
genetic profile, gut microbiome and serum biomarkers could
provide a more detailed evidence as to the propensity of
having post-vaccination adverse effects.37

A major strength of this study was the opportunity to
examine different physical and mental health complaints, that

Figure 1 Effect estimates of receiving at least one dose of the HPV vaccine and self-reported physical and mental health complaints in the past
6 months stratified according to median time since vaccination (5.3 years) among girls in secondary education institutions in Denmark (OR,

odds ratio; CI, confidence interval).
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are not part of health registers data, and cannot, therefore, be
studied using a register-based approach. A further strength of
this study is the possibility to adjust for a number of covariates
that are potentially associated with both HPV vaccination and
physical and mental health complaints. The strengths of this
study also include a large nationally representative sample of
students in secondary education institutions in Denmark. Also,
HPV vaccination status was determined based on reliable
information from the DVR using the Danish Civil Registration
System for precise linkage.
Study limitations include potential information bias, be-

cause all analyzed data, except vaccination status, were self-
reported. Valid register information on health status is difficult
to obtain, because most of the outcomes in this study were
non-specific and could have been part of a wide array of
diseases and conditions within the patient register. Response
rates among all the invited high schools was 87%. Response
rates among classes in the participating high schools were 96%
and response rates among students in high schools was 82%,14

which was deemed representative. Participants in the DNYS
were more often of Danish origin, of younger age, had parents
of higher level of education and income compared with stu-
dents who did not participate in the survey.14 Response rate
among students in vocational schools was 69% and vocational
schools from all five Danish regions were represented in the
sample.14 Compared with high schools, a similar socio-
demographic pattern in vocational schools was observed be-
tween respondents and non-respondents. Nevertheless, a sam-
ple of students from vocational schools included a lower
proportion of girls compared with a proportion of girls regis-
tered in the vocational schools across Denmark (24% vs.
40%).14 Girls who were included in the survey were in a
reasonably good health and were not absent from school due
to health issues when the survey took place. Therefore, stu-
dents who were severely ill were not included in the study
sample.
We conclude that this study showed that HPV vaccination

was not associated with self-reported physical and mental
health complaints of students in secondary education institu-
tions after a median of 5.3 years since HPV vaccination. Our
study adds to the body of evidence that HPV vaccination is
safe and does not cause long-term adverse effects.
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