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Introduction: With increased school-based vaccinations for improved coverage rates and practicality, the
World Health Organization (WHO) recently endorsed research to identify possible interventions to
reduce vaccine-related pain in mass clinical and school-based settings. In particular, the lack of research
in adolescents indicate a particular need in this population. Acute exercise has analgesic effects and has
been used as a behavioural adjuvant to vaccination. Here, we examine the effect of exercise on vaccine-
related pain, anxiety and fear in adolescents, during a school-based program for HPV vaccinations.
Methods: 116 students (Female: 61, Male: 55) aged 11–13 years were randomly allocated to either an
Exercise (n = 60) or Control (n = 56) group. All participants completed demographic and Trait-anxiety
questionnaires prior to receiving the vaccine according to usual care. The Exercise group also performed
upper body exercise for 15 min prior to receiving the vaccine. Immediately after the vaccine administra-
tion, all participants reported on pain, anxiety and fear at the time of receiving the vaccine.
Results: Female adolescents in the Exercise group reported significantly less pain (3.64; 95% CI, 2.98–
4.30) than Controls (4.58; 95% CI, 3.96–5.19; p = 0.04). Further, females reported greater pain and anxiety
than males in the Control group but not the Exercise group.
Conclusion: This study supports the use of exercise prior to vaccine administration, especially in female
adolescents who are particularly vulnerable to negative experiences during vaccination procedures.
Furthermore, the ease of application, as well as the benefit of exercise, provides support for the use of
simple exercise prior to vaccination in mass vaccination settings.
Clinical trial registry: ANZCTR, ACTRN12614001185651.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Vaccination has progressively changed the course of communi-
cable disease, with recent estimates of 2–3 million deaths pre-
vented every year [1]. An additional 1.5 million deaths are
estimated to be avoidable if global coverage rates improve [1].
The World Health Organization (WHO) recommended vaccinations
are focused during infancy (nine before the age of one), and before
young adulthood (up to 13 more before 18 years old), with the
number of recommendations depending on the country of resi-
dence [2]. In Australia, the US and the UK there are currently three
to five vaccinations recommended in adolescents (diphtheria,
tetanus, and acellular pertussis booster, varicella, Human
Papillomavirus (HPV), hepatitis B, and combined vaccine of menin-
gitis ACWY). Of these, HPV vaccine coverage has been reported to
be substantially lower, with coverage ranging from 44% in the
US, and 88% in the UK [3–5] for all 3 doses. In Australia, the most
recent 3-dose coverage rates are reported to be 72.9% in males
and 78.6% in females (2014) [6]. The HPV vaccine protects against
viruses that cause anogenital and pharyngeal cancers, and admin-
istered as a 3-dose series, with the recent progression to a 2-dose
course. Mild to moderate local injection site adverse events such
as pain (71.6%), redness (25.6%), and swelling (21.8%) are common
with HPV vaccination, with severe adverse events reported in 2.8%
(pain), 2.0% (swelling), and 0.9% (erythema) of vaccine recipients
[7]. It is also reported to be associated with syncope (5%), which
is more often seen in females [6].

Pain and adverse events associated with vaccination [8],
concerns about side-effects [9], and distress felt by the child or
parent during the procedure [9], have all been shown to influence
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hesitancy to vaccinate, contributing to a negative impact on the
coverage rate. In children, pain is reported by 19–78% [10], distress
by 45–90%, serious distress or worse by 20% [9], and fear by 63%
during vaccinations [11]. Given this prevalence of negative experi-
ence and its impact on coverage rates, numerous studies have
examined the effect of interventions designed to reduce vaccine-
related pain, distress and/or fear in children. There are multiple
reviews of physical [12], psychological [13] and process interven-
tions [14] in childhood vaccination. Primary recommendations
include rapid intramuscular injection without aspiration, verbal,
video or music distraction, breathing with a toy, and educating
individuals before the procedure. However, as the majority of the
studies (53–70%) included in these reviews are of interventions
in infants and toddlers, these suggestions have not been well vali-
dated for school-age children and adolescents, and none have been
used in mass vaccination setting. Use of mass, school-based vacci-
nation programs is increasing, for their success in producing high
coverage rates [15]; a recent WHO position paper (2015) reported
the need for research on interventions that are effective in mass
campaigns including school-based programs, to mitigate vaccine-
related pain, especially in adolescents [16].

Exercise has been used as an intervention prior to vaccination
for its adjuvant effects on immune responses [17]. Mechanisms
through which acute exercise may alter the immune response
include increases in blood flow, circulating leukocytes, cytokines/
chemokines and lymph flow [18]. In addition to these beneficial
effects of exercise on the immune response to vaccination, exercise
is known to be an analgesic [19], as well as acutely reducing state
anxiety [20]. Therefore, an exercise intervention holds potential for
improving vaccine-related pain and anxiety. Acute bouts of exer-
cise have been shown to be effective in reducing perceptions of
heat, cold, pressure, electrical and ischemic pain [19], with a recent
study in adolescents showing analgesic effects after maximal aero-
bic exercise [21]. Proposed mechanisms include the activation of
the endogenous opioid system [19], increases in serotonin, affect-
ing descending inhibitory pathway, as well as decreases in pro-
inflammatory and increases in anti-inflammatory cytokines which
are involved in the initiation as well as persistence of pain by direct
activation of nociceptive sensory neurons [22].

With the increase in the utilization of mass, school-based vacci-
nation programs, and the need to identify interventions that are
effective and practical, we aimed to examine the analgesic effects
of exercise on vaccine-related pain, anxiety and fear in adolescents
(11–13 years old) during a routine school-based HPV vaccination
program. We hypothesised that exercise would reduce vaccine-
related pain, anxiety and fear, based on evidence of its analgesic
and anxiolytic properties.
2. Materials and methods

2.1. Participants

Participants were students from two schools in Western Sydney
who were invited to receive the HPV vaccinations as part of the
NSW School vaccination program. One hundred and nineteen stu-
dents consented to participate. Three students were absent from
the first visit and withdrew prior to the first vaccinations dose,
and 116 completed at least one vaccination. Exclusion criteria
included contraindications to vaccination, as listed in the most cur-
rent Immunisation Handbook, as well as having any condition that
prevented participation in vigorous exercise. Written consent was
provided by the student’s parent/caregivers as well as assent from
the child. The study was approved by the University of Sydney
Human Research Ethics Committee (Protocol number:2015/090),
with the support from Sydney Local Health District to conduct
the study alongside their vaccination program. All participants
were given a $15 voucher when they returned their adverse events
diary after every visit.

2.2. Procedure

After consent, participants were randomly allocated using a
computer-generated random sequence which was concealed from
all research staff and participants to either the Control (n = 56) or
Exercise (n = 60) Group. The HPV vaccination protocol required
three doses (month 0, 2 and 6). At each dose the participants
repeated the same exercise or control procedure, remaining in
the allocated group throughout. Participants attended the school
vaccination clinic according to their normal schedule. The Trait-
Anxiety Questionnaire (STAIC form C-2; [23]) was completed on
attending the vaccination room on the first visit, after which allo-
cation was revealed. Control group participants then proceeded
through the vaccination clinic according to usual care, Exercise
group participants completed 15 min of exercise before receiving
the vaccination through the usual care of the clinic. During the
standard 15-min waiting period after the vaccination, all partici-
pants completed a post-vaccine questionnaire; and anthropomet-
ric measures were taken by study staff.

2.3. Exercise task

Participants performed exercises using elastic resistance bands.
Three upper body exercises (bicep curls, lateral raises and upright
rows) were performed sequentially; with each movement per-
formed for 30 s followed by 30 s of rest. Participants were encour-
aged to do as many repetitions as they could for each of the 30 s
exercise periods. The resistance was adjusted to remain challeng-
ing while still possible for participants to complete 30 s of the
movement. Five sets of the three movements were performed in
total, completing 15 min of exercise. The Rate of Perceived Exertion
(RPE) was measured after exercise using Children’s OMNI-
resistance exercise RPE Scale [24].

2.4. Post-vaccine questionnaire

After the administration of the vaccine, participants were asked
to answer three questions on the pain, anxiety and fear they felt
during the vaccination. The Wong-Baker FACES Pain Rating Scale
(FACES, [25]) was used to measure pain, Fearmometer [26] was
used to measure anxiety, and Children’s Fear Scale (CFS, [27])
was used to measure fear. The Wong-Bakes FACES pain rating scale
has six faces ranging from ‘‘No hurt” to ‘‘Hurts worst” and asks the
participants to rate how they felt during the vaccination. Fear-
mometer is a 10-scale drawing of a thermometer that ranges from
‘‘Easy” to ‘‘Out of control” and asks the participants to rate how
they felt about having the vaccination. The CFS has five faces, rang-
ing from ‘‘This face is not scared at all” to ‘‘The most scared possi-
ble”. It asks the participants to rate how scared they were during
the vaccination.

2.5. Statistical analysis

Dependent variables were analysed using Linear mixed models
(with repeated covariance type of first-order autoregressive (AR
(1)) to account for unequal distribution of time points), to examine
the main effects of group, sex and visit, and also explore the inter-
action effects of sex � group, and sex � group � visit. This model
was chosen for its ability to handle unequally spaced intervals
between data points. Occasional missing data (6.9%) were imputed
using the mean of the group at the corresponding visit [28,29].
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Significance level was set at p < 0.05 for all analyses, and all analy-
ses were performed using SPSS 24.0 (SPSS Inc., Chicago, IL).
3. Results

3.1. Anthropometric measures

Participant characteristics are reported in Table 1. There were
no baseline differences between groups in age, height, weight
and trait-anxiety. The average RPE for the exercise sessions was
6.45 ± 1.76 (Somewhat hard).

3.2. Pain, anxiety and fear

Reported pain during the injection (FACES) showed a significant
sex effect (p < 0.001) and significant interaction effect between
group and sex (p = 0.022; Fig. 1), but no significant effect of group
(p = 0.63), or visit (p = 0.29). Females (4.11; 95%CI, 3.66–4.56)
reported higher pain levels than males (2.64; 95%CI, 2.16–3.12),
and further analysis showed lower reports of pain in females in
the Exercise group (3.64; 95%CI, 2.98–4.30) than Control group
(4.58; 95%CI, 3.96–5.19; p = 0.04). Furthermore, while females
(4.58; 95%CI, 3.96–5.19) reported significantly higher pain levels
than males (2.34; 95%CI, 1.60–3.07; p < 0.001) in the Control group,
there was no difference in reported pain between males and
females in the Exercise group.

Reported anxiety during vaccination (Fearmometer) showed a
significant sex effect (p = 0.003) and a trend toward an interaction
effect between group and sex (p = 0.058). Females reported higher
anxiety (4.29; 95%CI, 3.81–4.77) than males (3.22; 95%CI, 2.71–
3.73). Post hoc analysis showed a higher anxiety rating in females
(4.57; 95%CI, 3.92–5.23) than in males (2.83; 95%CI, 2.05–3.61; p =
0.001) in the Control group, but no significant difference in
reported pain between males and females in the Exercise group.
No significant group (p = 0.71), or visit (p = 0.11) effects were
found.

Reported fear (using CFS) during the vaccination showed a sig-
nificant sex effect (p = 0.002) with females reporting higher fear
(2.50; 95%CI, 2.28–2.73) than males (1.97; 95%CI, 1.73–2.21). There
were no significant group (p = 0.71), visit (p = 0.59), or interaction
(group � sex, p = 0.11) effects.

No significant group � sex � visit effects were seen in any of the
analysis (p > 0.05).

4. Discussion

This study is, to our knowledge, the first to demonstrate that a
short bout of exercise prior to injection decreases vaccine-related
pain in female adolescents. Furthermore, the sex differences that
were observed in the Control but not the Exercise group for
reported pain and anxiety suggest that exercise diminishes the
negative experiences felt by the female adolescents to a lower level
equivalent to that reported by male adolescents.
Table 1
Baseline characteristics (mean and SD) for all participants.

Exercise
(n = 60)

Control
(n = 56)

Age (Years) 11.83 ± 0.38 11.89 ± 0.37
Sex F = 47% (28) F = 59% (33)
Height (cm) 153.72 ± 8.00 154.47 ± 7.67
Weight (kg) 49.42 ± 13.12 47.55 ± 11.42
Trait-Anxiety (STAI) 35.17 ± 7.49 35.62 ± 7.37
RPE (Children’s OMNI-resistance exercise) 6.45 ± 1.76 –
The acute analgesic effects of a bout of exercise have been sum-
marised by several systematic reviews and meta-analyses [19,30].
In the current study, although we did not find an overall effect of
group, we found analgesic effects of exercise on vaccine-related
pain in female adolescents, but not in male adolescents. This sex-
specific effect is in line with recent studies where effects of
exercise-induced analgesia are more consistently found in females
[31]. Similar to our findings, Sternberg et al. showed an analgesic
effect in females but not males using a short exercise task (10-
min of running at 85%HRmax) [32]. While the effects of aerobic
exercise on pain have been studied extensively, there are fewer
studies on resistance exercise [33–36], with a single study examin-
ing the sex-effects. This study found isometric resistance exercise
to increase pressure pain threshold in females [36]. Although dif-
ferent to traditional forms of resistance exercise, the current
study’s use of resistance band is likely comparable to other resis-
tance exercises. Of note, isometric and dynamic resistance exercise
has been reported to have a larger effect size than aerobic exercise
in reducing pain [30]. In addition to pain, the current study found
beneficial effects of exercise on anxiety in female adolescents
which is in accordance with the reported sex differences in the
effect of exercise on state anxiety [37]. For example, Focht found
young adult females were sensitive to the anxiolytic effects of
resistance exercise at self-selected intensity [38]. Resistance exer-
cise appears to have strongest effects on anxiety at low-moderate
intensities [37], and accordingly, our participants reported a rate of
perceived exertion of ‘somewhat hard’ indicating a moderate
intensity. Therefore, the current study’s use of dynamic resistance
exercise, at moderate intensity provides support for the potential
analgesic and anxiolytic effects of exercise during vaccination in
female adolescents.

It should be noted that in general, the experiences of pain and
anxiety are different in males and females [39,40]. Females are
found to have lower pain thresholds and tolerance than males.
The increased feeling of pain in females are suggested to be attrib-
uted to ‘psychosocial’ factors such as gender roles, and ‘biological’
factors such as sex hormones, and endogenous pain modulation
[39]. It has been found that females report more pain than males
in a majority of the studies on injection pain [39], and sex differ-
ences become significant especially after the age of eight [41].
Indeed, sex has been found to be a predominant factor that influ-
ences the pain of intramuscular vaccine injection where factors
including age, BMI, previous painful experiences, previous number
of injections, experiences of labour pain, and religion had no asso-
ciation [42]. Similarly, sex differences in anxiety are also known to
be present from as early as 9–12 years old, with greater risk in
females than males [40]. Therefore, the current study’s findings
of the effect of acute exercise in reducing reported pain and anxiety
in females towards that reported by males in the Exercise group
may be due to the sex-differences in the effect of the exercise task
or may reflect the analgesic and anxiolytic effect emerging only at
higher pain sensitivities. Regardless, the benefits of exercise in
reducing pain and anxiety in females are especially valuable given
that they suffer more pain and anxiety than males.

The effects of exercise on pain and anxiety are well docu-
mented. However, to our knowledge, there are few studies con-
ducted on the effects of exercise on medical procedural fear. In
the current study, exercise had a positive effect on vaccine-
related pain and anxiety but did not influence the fear of getting
the vaccination. Fear is an immediate reaction to present threat
while anxiety is a future-oriented emotion [43], and they are found
to be mediated by different neural circuits in animals [44]. This dif-
ference in fear and anxiety have been suggested to contribute to
the conflicting findings of stress-induced analgesia in humans
[43]. Indeed, in the current study, both fear and anxiety were
assessed in retrospect after the vaccination was received, and



Fig. 1. Reported mean (SD) of anxiety (A), fear (B) and pain (C), at visit one (month 0), two (month 2) and three (month 3), for male (circle) and female (square), in exercise
(solid lines) and control (dotted lines).
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therefore, our findings should be viewed with caution in trying to
separate fear and anxiety. Therefore, future studies might include
different times of measurement to better characterise fear and
anxiety, and the effects of exercise. Interestingly, a longitudinal
study on fear found decreases in general measures of overall fear
with age, while psychic stress-medical fear increased with time
in adolescents (11–18 year old) [45], which may have influenced
our findings.

The importance of identifying effective interventions for school-
based vaccinations in adolescents to reduce vaccine-related pain
has been described, but published studies on school-based inter-
ventions have only examined the effects of interventions such as
an education program [46], on coverage rate [47], and fear and
anxiety associated with vaccination [48]. To our knowledge, the
current study is the first to test the use of resistance exercise as
an intervention to improve vaccine-related pain, anxiety and fear.
Although we did not find a significant effect of exercise on vaccine-
related fear, the beneficial effects on pain and anxiety support the
potential to use exercise as an intervention to improve vaccine-
related processes, and although not examined here, these may con-
fer benefit in vaccine uptake rates. Further studies are warranted
for replication and development, especially examining the
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‘textural’ differences in intervention effects on fear, pain and anx-
iety. Logistical considerations for interventions that can be utilized
in school-based and mass vaccination settings include associated
cost and time. The exercise task used here was 15 min in duration,
shorter than many tasks used to elicit exercise-induced analgesia
and therefore not causing an extended delay to program proce-
dure. In addition, the use of resistance bands is notable for its ease
of application, as well as other logistical considerations such as
cost and space required. Therefore, this exercise intervention is
demonstrably feasible to be used in a school-based or mass vacci-
nation setting.

5. Limitations

We must acknowledge limitations of the current study. There is
an age difference in maturation between the sexes [49], especially
in the age range of our participants. Although chronological age is
not different, the maturation rates are also individualised, and
depend on their sex, with girls generally maturing 2 years earlier
than boys [50]. Therefore, the sex difference seen may partially
be related to their level of maturity. This is one of the major factors
contributing to the complexity of conducting research in adoles-
cents, and our lack of control for this should be considered a limi-
tation. As with much exercise research, we did not blind
participants to group allocation. Although we did conceal group
allocation until required and blinded research staff administering
post-vaccination measures, the lack of complete blinding should
be acknowledged. In addition, the current study did not have a
physiological measure of the exercise intensity. The reported RPE
indicated a moderate intensity (‘somewhat hard’), but future stud-
ies may look at other methods to quantify exercise intensity. How-
ever, the complexity of measuring and exercising at a set intensity
during an intervention in a mass vaccination setting would likely
not be practical. Finally, the measurement of pain, fear and anxiety
at the same time point, after receipt of the vaccine, makes the sep-
aration of fear and anxiety findings difficult. In addition, compared
to the pain and anxiety scales (6 and 10 anchor points), which
found either a trend or a significant group by sex effect, the fear
scale had fewer anchor points. Hence the lower sensitivity of the
scale may have contributed to the null findings in that measure.

6. Conclusion

A short bout of exercise prior to vaccination improved vaccine-
related pain in female adolescents. In addition, exercise also damp-
ened vaccine-related anxiety in female adolescents towards the
level of male adolescents. These findings are particularly important
as female adolescents are more prone to negative emotional expe-
riences during vaccination procedures. However, the lack of change
in reported fear of the vaccination, suggests further research is
needed to examining the relationship between pain and fear.
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