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Previous studies have indicated that girls experiencing suspected adverse events (AE) following HPV vac-
cination were more vulnerable prior to vaccination. However, no study has previously investigated dif-
ferences in vulnerability using prospectively collected self-reported measures of vulnerability. The
objective of this study therefore was to describe the distribution of biological and psychosocial indicators
of vulnerability in girls referred to a hospital setting due to suspected adverse events and compare it with
a sample of non-referred HPV vaccinated girls.
The study was conducted as a case control study based within the Danish National Birth Cohort. Cases

were defined as HPV vaccinated girls referred to a hospital setting between 2015 and 2017 due to sus-
pected adverse events (n = 80), and 5 controls were randomly selected from the remaining source pop-
ulation, matched to cases on age at vaccination, region of residence and year of vaccination. The final
study population consisted of 480 girls. Prior exposures were based on information gathered from an
11 year follow up of the DNBC and included information on self-rated health, frequent health complaints,
medication use, bullying, stressful life events and physical activity. Conditional logistic regression anal-
ysis was used to estimate the association between each exposure and referral.
The percentage of individuals in the exposed category of each exposure was generally higher for cases

than controls. Particularly, the odds of being referred were higher for those with low self-rated health
compared to high (OR [95%-CI] 2.43 [1.07–5.5]1), those being bullied (OR 3.19 [1.17–8.73]), and those
who had taken medication (OR 2.22 [1.32–3.67]).
Overall, these results indicated that girls experiencing suspected AE following HPV vaccination were

more vulnerable prior to vaccination.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Since the licensure of the first HPV vaccine in 2006, it has been
included in national immunization programs, mainly in high- and
upper-middle income countries, but also to some extent in low-
income countries via the vaccine alliance Gavi. [1,2] In Denmark,
the HPV-vaccine became part of the childhood vaccination pro-
gram in January 2009 and has since been offered to all 12-year-
old girls. From 2013, an increasing number of suspected adverse
events (AE) following vaccination against HPV were reported espe-
cially in Denmark, Japan and Ireland. [3–5] In Denmark, this led to
an intense media attention and public debate where the safety of
the vaccine was questioned. [6,7] In response, five regional special-
ized HPV hospital-based centers were opened in June 2015. Girls
who reported various impairing symptoms, like headache, dizzi-
ness, nausea, syncope, seizures, abdominal pain, joint- and muscle
pain, cognitive dysfunction and fatigue in temporal relation to the
vaccination, could be referred to these centers for further diagnos-
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tic assessment and treatment. [3,8–10] Systematic reviews with
data from randomized controlled trials as well as post-licensure
observational studies have however found no association between
the HPV vaccine and specific disorders suspected to be caused by
the vaccine. [11–20]

It has previously been shown that girls reporting suspected AE
had higher pre-vaccination use of health care and more often were
diagnosed with both psychiatric and somatic disorders prior to
vaccination. [21–24] Also due to the nature of the reported sus-
pected AEs, i.e. conditions dominated by persistent physical symp-
toms and bodily distress, it has been hypothesized that some of the
affected girls might suffer from a functional disorder where both
biological, social, and psychological factors are suggested to inter-
act and thereby trigger and perpetuate the various symptoms.
[8,25]

A low self-rated health as well as the experience of frequent
health complaints have been associated with an increased risk of
developing both somatic and mental symptoms in later life resem-
bling those experienced as suspected AEs. [26–31] Likewise, bully-
ing, an indicator of social distress, has been shown to result in a
higher level of pain and psychological symptoms. [32] Further-
more, adverse experiences and stressful life events such as serious
illness in the child itself or any family members and parental sep-
aration have been shown to act as both predisposing and triggering
factors for the development of functional disorders. [25] Finally,
previous studies using self-reported information on frequency of
physical activity and hours spent in front of a screen found an asso-
ciation between an inactive lifestyle and functional disorders. [33]

To our knowledge, only one previous study has investigated the
association between self-reported indicators of health status and
the risk of experiencing suspected AE following HPV vaccination.
[34] This study found that girls reporting serious AE more often
had been very physically active prior to vaccination and were less
likely to have felt sad compared to controls. However, studies
including prospectively collected information on the girl’s own
perception of their health and wellbeing are still needed.

The aim of this study therefore was to describe the distribution
of self-reported health, frequent health complaints, medication
use, being bullied, being exposed to stressful life events, and level
of physical activity in girls referred to an HPV center and compare
it with a sample of non-referred HPV vaccinated girls.

2. Methods

The study was conducted as a matched case-control study
nested within the Danish National Birth Cohort (DNBC). [35] The
DNBC originally included 101,042 pregnancies recruited from
1997 to 2002, giving rise to 92,672 live-born singletons, including
45,175 girls. Since then, the cohort has expanded its initial data
collection and in 2010–2014 (when the offspring were about
11 years old), they were asked to fill out a web-based question-
naire concerning social factors, lifestyle and health. In this
follow-up, 24,970 (55.3%) singleton girls participated.

All Danish citizens are assigned a unique personal identification
number (PIN) at birth [36]. This number was used to link data from
the DNBC to the different national registries.

The source population consisted of girls who had received their
first HPV vaccination after completing the 11-year questionnaire
(19,669 girls). Information on HPV vaccination was obtained from
the National Health Insurance Service Register (NHISR), which con-
tains weekly information about primary health care services pro-
vided to all Danish citizens [37]. HPV vaccination was identified
using the following service codes: 8328, 8329, 8330, 8334, 8335
and 8336.

Cases were identified as girls from the source population who
had been referred to one of the five Danish regional HPV centres
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(n = 80). For each case, five controls were randomly identified from
the remaining source population, matched on age (+/- 1 year) at
vaccination, region of residence and year of vaccination. Thus,
the final study population consisted of 480 girls.

2.1. Exposures

The exposures in the study were the following indicators of vul-
nerability reported in the DNBC 11-year follow-up questionnaire:

Self-rated health. Data about self-rated health was obtained
from the question: ‘‘How would you rate your own health?” The
participants could answer ‘‘excellent”, ‘‘good”, ‘‘not so good” or
‘‘poor”. In the present study, self-rated health was dichotomized
as good health (excellent or good) and bad health (not so good
and poor).

Frequent health complaints (FHC). Information on FHC was col-
lected using a modified version of the Health Behaviour in School
Children Symptom Checklist (HBSC-SCL). [38,39] This checklist
included questions on frequency of headache, stomach ache, dizzi-
ness, constipation, feeling sad, irritable or in a bad mood, nervous-
ness and difficulties falling asleep. The participants were asked
how often they had experienced each complaint in the last six
months, according to the following categories: ‘‘daily”, ‘‘more than
once a week”, ‘‘almost every week”, ‘‘more than once a month”, ‘‘al-
most every month” or ‘‘seldom or never”. Frequent experience of
complaints was defined as at least one complaint on a daily basis
(yes or no).

Use of medication. The participants were asked: ‘‘Within the
last month, did you take any pills or medication because of. . .”
and the following: ‘‘headache”, ‘‘stomach ache”, ‘‘sleep problems”
or ‘‘nervousness”. The participants could answer ‘‘no”, ‘‘1 time”,
‘‘2–3 times” or ‘‘more than 3 times”. In this study, use of any med-
ication was defined as no if answering no to all four types of med-
icine otherwise it was categorised a yes.

Bullying. The question used was: ‘‘Have you been bullied within
the last year?” The participants could answer ‘‘yes, many times”,
‘‘yes, sometimes” or ‘‘no”. This categorization was kept in this
study.

Stressful life events. Children were asked whether they had
experienced a list of 15 different stressful life events during the
preceding 12 months (supplementary text 1). This information
was dichotomized into a yes/no variable and additionally into four
categories as: no events, health related events only, socially related
events only or both health and socially related events.

Physical activity. The participants were asked: ‘‘Do you attend
any kind of physical activity in your spare time?” If the answer
was yes, they were asked which specific type of physical activity
they engaged in (e.g. football, handball, volleyball) and how often.
The categories for the chosen types of physical activity were 1, 2, 3,
4 or 5 times or more per week. In this study, we categorized phys-
ical activity as attending sport activities (in total) ‘‘none”, 1–3 or 4
times or more per week.

2.2. Outcome

The outcome of the present study was referral to an HPV center.
The unique personal identification number of all referred girls and
women were collected from electronic patient journals at each
centre 21.

2.3. Covariates

Information about region of residence was obtained from the
year prior to the 11-year follow-up from Statistics Denmark. In
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case of missing data, information was obtained from two years
prior to the 11-year follow-up. Time of vaccination was obtained
from the NHISR and age of vaccination was calculated based on
date of birth and date of vaccination.

Information on the socioeconomic status of the girl’s family
(owner of business/chief executive/employee with high income,
employee with middle/low/unspecified income or unemployed/
pensioner) as well as maternal educational level (PhD/higher edu-
cation, basic/medium-length education or high school/vocational/
primary school) was obtained from Statistics Denmark.

2.4. Statistical analysis

The distribution of matching variables was described for the
study population using number and percentages. Likewise, the dis-
tribution of the different exposures was described for cases and
controls and conditional logistic regression was used for each
exposure separately to estimate the association with referral to
an HPV centre. Due to a low number of referred girls, the primary
Table 1
Distribution of matching variables.

Study population, n (%)

Region of residence
Northern Jutland 78 (16.25)
Central Jutland 114 (23.75)
South Denmark 108 (22.50)
Capital Region 84(17.50)
Zealand 96 (20.00)

Age at vaccination
11 57 (11.90)
12 398 (82.92)
13–14 25 (5.21)

Year of vaccination
2011 84 (17.50)
2012 156 (32.50)
2013 132 (27.50)
2014–15 108 (22.50)

Table 2
OR (95% CI) for being referred to an HPV centre according to measures of vulnerability.

Cases (n = 80)

Self-rated health, n (%) 75 (93.8)*
High 65 (87%)
Low 10 (13%)

Frequent health complaints, n (%) 75 (93.8)*
Non-frequent 59 (79%)
Frequent (any) 16 (21%)

Medication use, n(%) 74 (92.5)*
None 37 (50%)
At least once 37 (50%)

Bullying, n (%) 77 (96.3)*
Not bullied 51 (66%)
Sometimes bullied 19 (25%)
Frequently bullied 7 (9%)

Stressful life events, n (%) 77 (96.3)*
No events 19 (25%)
Any event 58 (75%)
Health related 13 (17%)
Socially related 18 (23%)
Both 26 (34%)

Physical activity, n (%) 74 (92.5)*
No physcial activity 13 (18%)
1–3 times a week 45 (61%)
4 times a week or more 16 (22%)

*Percentage of cases/controls with information on the specific measures of vulnerability

6366
analyses were unadjusted apart from the matching variables. In
posthoc analyses, socioeconomic status of the girl’s family and
maternal educational level were included as covariates. Associa-
tions are presented as odds ratios (OR) with 95% confidence inter-
vals (95% CI).

To investigate whether participation in the 11 year follow-up
depended on later referral to an HPV center, we compared partic-
ipation rate among girls later referred and not referred. This anal-
ysis was restricted to girls born after 1998, where the vast majority
completed the 11-year questionnaire prior to their first HPV
vaccination.

All statistical analyses were performed in Stata/MP, version 15.1
(StataCorp).
2.5. Ethics

The overall DNBC was approved by the Committee on Biomed-
ical Research Ethics (case no. (KF) 01–471/94). The 11-year follow-
up was approved by the Danish Data Protection Agency (journal
number: 2009–41-3339). The present study was approved by the
Danish Data Protection Agency (journal number: 2015–57-0002).
3. Results

The distribution of matching variables in the study population
is shown in Table 1. The study participants were relatively equally
distributed between the different regions of the country, most of
them were 12 years at the time of vaccination and the largest pro-
portions were vaccinated in 2012 and 2013. Mean time from
answering the 11-year questionnaire and being vaccinated was
13 (SD 5) months and not different for cases and controls. For
cases, the mean time from answering the questionnaire to being
referred to an HPV centre was 45 (SD 11) months. Participation
in the 11 year follow-up did not depend on later referral to an
HPV center (54% for girls later referred compared to 57 % among
those not referred)
Controls (n = 400) OR (95% CI)

391 (97.8)*
367 (98%) 1.00 (ref)
24 (2%) 2.43 (1.07–5.51)

391 (97.8)*
340 (87%) 1.00 (ref)
51 (13%) 1.70 (0.91–3.20)

387 (96.8)*
264 (68%) 1.00 (ref)
123 (32%) 2.22 (1.34–3.67)

396 (99.0)*
304 (77%) 1.00 (ref)
78 (20%) 1.53 (0.86–2.70)
14 (4%) 3.19 (1.17–8.73)

394 (98.5)*
132 (34%) 1.00 (ref)
262 (66%) 1.51 (0.86–2.66)
85 (22%) 1.05 (0.49–2.24)
93 (24%) 1.33 (0.67–2.63)
84 (21%) 2.31 (1.17–4.54)

386 (96.5)*
62 (16%) 1.17 (0.60–2.30)
248 (64%) 1.00 (ref)
76 (20%) 1.15 (0.61–2.16)

.
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The distribution of biological and psychosocial factors and their
association with referral due to suspected adverse events is shown
in Table 2. Overall, the percentage of individuals in the exposed
category of each exposure was higher for cases than controls, indi-
cating that exposed were more likely to be referred to an HPV cen-
ter than unexposed. More specifically, the odds of being referred
were higher for those with low self-rated health compared to high
(OR [95%-CI] 2.43 [1.07–5.5]1), those being bullied (OR 3.19 [1.17–
8.73]), and those who had taken medication (OR 2.22 [1.32–3.67]).
Also, the odds tended to be larger among girls who experienced
frequent health complaints prior to the vaccination (OR 1.70
[0.91–3.20]), but this association was not statistically significant.
Although a larger proportion of exposed than unexposed to stress-
ful life events became cases, the association was only significant
for those who experienced both health and social related stressful
events (OR 2.31 [1.17–4.54]). Posthoc analyses adjusting for mater-
nal education and socioeconomic status of the family virtually did
not change the estimates (data not shown).
4. Discussion

The results from this study indicate that girls being referred to a
specialized hospital setting due to suspected adverse events after
HPV vaccination more often reported a low self-rated health, often
being bullied and the experience of stressful life events prior to
vaccination. In addition, they more frequently reported having
used medication at least once during the preceding month.

The main strength of the study is the collection of exposure
information prior to vaccination. Hence, although this information
still may be associated with some degree of misclassification, the
misclassification is most likely non-differential and therefore can-
not explain the estimated associations. However, the study also
has some limitations. The number of cases is relatively low, making
it difficult to look at the effect of accumulated factors and also to
adjust adequately for potential confounding. We did match on a
number of potential confounders (region of residence, age and year
of vaccination), but confounding from other factors such as exist-
ing morbidity and social factors may still be an issue. The posthoc
analyses adjusting for socioeconomic status of the family and
maternal education however did not change the measured
associations.

Previous studies have shown that participation in the DNBC 11-
year follow-up was associated with a higher socioeconomic profile.
[40] Participation however was not associated with the risk of later
referral to an HPV center. The risk of selection bias is therefore con-
sidered low. Most participants in the DNBC 11-year follow-up were
vaccinated in 2011–2013. Since the HPV centers did not open until
June 2015, the cases in this study were girls experiencing long last-
ing symptoms. Girls experiencing symptoms of shorter duration or
who found other reasons for their symptoms during the period
between time of vaccination and opening of the HPV centers are
likely not represented as cases in this study.

The finding that cases generally report a lower self-rated health,
use of medication and a tendency towards more frequent health
complaints, generally complies with findings from previous stud-
ies. Hence, girls and young women referred to an HPV center or
reporting serious adverse events to the Danish Medicines Agency
have been shown to have higher pre-vaccination health care atten-
dance, to be more likely to have a diagnosis within most somatic
and psychiatric ICD-10 chapters and more often to have redeemed
prescriptions for psychiatric medication already prior to vaccina-
tion [21–23]. This may lead to speculations as to whether the
reported symptoms following vaccination were present in the girls
already prior to vaccination. A recent study from our research
group however shows that although the referred girls had a higher
6367
pre-vaccination general practitioner attendance, their frequency of
attendance increased markedly more than that of controls in the
time following vaccination, indicating that they either experience
new symptoms or a worsening of existing symptoms following
vaccination. [24]

To our knowledge, no previous study has investigated the asso-
ciation between being bullied or experiencing stressful life events
and experiencing suspected adverse events following HPV vaccina-
tion. However, both bullying and stressful life events are known to
increase individual vulnerability for developing unspecific somatic
complaints as well as act as potential triggers of symptoms.
[25,41–43]

Lastly, a high level of physical activity has been hypothesized to
increase the risk of experiencing suspected AE following HPV vac-
cination. [9,22,34] The association between level of physical activ-
ity and risk of referral in our study was however less clear,
although pointing toward both low and high level of physical activ-
ity being associated with increased odds of referral. However, the
estimates are imprecise, and we were not able to isolate a group
of extremely active girls. Previous studies supporting the hypothe-
sis of a high level of physical activity increasing the risk of experi-
encing suspected adverse events also have some limitations.
Hence, the observation made by Brinth et al [10] is based on case
stories and the study by Ulendorf et al [34] relies on retrospectively
collected information on level of physical activity thereby increas-
ing the risk of recall bias. Finally, in the study by Mølbak et al, they
found that girls reporting suspected adverse events to the the Dan-
ish Medicines Agency had more injuries, musculoskeletal com-
plaints and more often were referred to physiotherapy prior to
vaccination. [22] This is however only indicative of a higher degree
of physical activity and health care seeking behaviour might play a
role. Thus, conclusions should be drawn with caution. Studies on
bodily distress generally suggest that an inactive lifestyle and a
low physical fitness are associated with functional somatic symp-
toms in adolescents. [33]

In conclusion, pre-vaccination psychosocial and health related
vulnerability seem to play a role for the risk of developing sus-
pected adverse events after HPV-vaccination. Girls referred to an
HPV center more often reported a lower self-rated health, frequent
health complaints and being bullied frequently. Also, they more
often experienced stressful life events and more frequently had
used medication prior to vaccination. Hence, various biological,
psychological and social burdens before vaccination may cause
some girls to be predisposed and more susceptible for reporting
suspected adverse events after HPV-vaccination. Although this
study has identified some associations, more research is needed
to explore the underlying mechanisms.
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