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Introduction: An adverse reaction associated with vaccination is considered to be a key barrier to vacci-
nate, yet little attention has been given to interventions to reduce their occurrence. Exercise is a beha-
vioural adjuvant which may also influence adverse reactions. Here, two randomized controlled trials
are reported, examining the effects of exercise on self-reported adverse reactions following vaccination
in adolescents and young adults.
Methods: Study one; 116 adolescents receiving the HPV vaccine were randomly allocated to either Control
(n = 56) or Pre-vaccine Exercise (n = 60) group (2015–2016). Exercise consisted of 15-minutes upper body
exercise. Study two; 78 young adults receiving the influenza vaccine were randomly allocated to either
Control (n = 19), or one of 3 exercise groups: Pre-vaccine Arm (n = 19), Pre-vaccine Leg (n = 20) or Post-
vaccine Arm (n = 20) (2017). Exercise included 15-minutes of arm or leg exercises prior to or after vacci-
nation. All participants in both studies completed an adverse events diary for seven-days post-vaccination.
Results: Study one; Reported days of tenderness in female adolescents that exercised were significantly
lower than control (p = 0.032), with a similar trend in reported days of pain (p = 0.050). Furthermore, days
of feeling ill (p = 0.070) and reduced appetite (p = 0.067) were found to be lower with exercise, although
not significant. Overall, female adolescents reported significantlymore days of pain (p = 0.003), tenderness
(p < 0.001), swelling (p = 0.011), and feeling ill (p = 0.0040). Study two; Exercise groups reported reduced
days of swelling (p = 0.018), fever (p = 0.013), and lowered appetite (p = 0.011) across both genders.
Furthermore, females reported reduced days of medication use with exercise (p = 0.034), and a trend
toward reduced days of swelling (p = 0.052).
Discussion: In two separate trials, a short bout of exercise reduced reported adverse reactions after vacci-
nations for local and systemic adverse reactions. Gender differences in reported local and systemic adverse
reactions were more evident among adolescents than young adults. These findings support the need for
further work to examine the potential benefit of exercise in improving vaccination procedures.

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

Vaccination, as one of the most successful medical interven-
tions, has prevented millions of deaths worldwide. Success of glo-
bal vaccination programs has led to reductions in the prevalence of
the targeted diseases, with reports of up to 90% reduction in the
rate of infection [1]. Although the benefits are irrefutable, various
barriers lead to insufficient coverage, contributing to continuous
circulation of vaccine-preventable pathogens and associated dis-
eases. While barriers to sufficient vaccine coverage rates include
cost, access, and lack of knowledge [2,3] in developing countries,
concern about side-effects and contraindications to vaccinations,
in addition to other barriers have been reported globally [4].
Adverse reactions are found with every vaccine and are categorized
into local, systemic and allergic reactions [5]. Local reactions are
the most common and occur at the injection site in the days fol-
lowing vaccination. Reported rates of local adverse reactions range
from 10 to 64% for influenza vaccine and reach as high as 83% for
Human Papilloma Virus (HPV) vaccines [6,7]. Systemic reactions
are also common and occur within 24–48 h following vaccination.
Frequently reported systemic adverse reactions are gastrointesti-
nal disorders, fever and headache (13–26%) with HPV vaccines,
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and similar for influenza vaccinations (fever 16–31%, vomiting 10%
and muscle ache 14%) [6,7]. Allergic reactions are usually triggered
by non-antigen vaccine components such as gelatine or neomycin
[5], and only occur very rarely (1.7/million doses for HPV,
1/500,000 for influenza). Despite extensive reports of vaccine
safety and frequency of adverse reactions, and identifying them
as barriers to vaccinate, little attention has been given to address-
ing or minimizing adverse reactions.

The pathways that lead to local and systemic adverse reactions
are not well defined. Local reactions at the injection site have been
hypothesised to be due to the accumulation of antigen deposits
around the site of injection [5], and to the adjuvant present in vac-
cines [8]. These reactions can include pain, tenderness, redness and
swelling. Systemic reactions which include fever, irritability, nau-
sea, vomiting and myalgia are known to be influenced by age, gen-
der, genetics, previous infections and previous vaccine doses [5],
but the mechanisms through which a vaccine might lead to these
are poorly understood. Age is well-known to influence reported
pain [9], and studies further suggest that age may influence
vaccine-related adverse reactions, where two studies reported
reduced adverse reactions with age [10,11]. Gender effects are also
observed frequently in pain sensitivity and tolerance [9], and in the
immune response. Females are found to have higher antibody
responses to vaccinations and experience higher frequency and
severity of adverse reactions to vaccinations [12]. Biological mech-
anisms including genetic and hormonal factors are proposed to be
one of the mechanisms responsible for these differences [13].
However, there is limited understanding of the effect and influence
age, gender and other factors play in vaccine-related adverse
reactions.

Campbell et al., while examining behavioural adjuvants to vac-
cination, found mental and physical (exercise) stressors around the
time of vaccination reduced the rates of reported adverse reactions
and severe adverse reactions [14]. This interesting finding suggests
that acute stress may act to change the inflammatory response to
vaccination or that the stressors led to distraction and lower
reporting of adverse reactions. When considering the biological
response to acute exercise, there are different mechanisms that
may contribute to these effects. Exercise increases lymph flow
[15] and causes lymphocytosis [16], which are found to be rede-
ployed to areas of antigen challenge [17]. These factors could com-
bine to reduce the accumulation of antigen deposits at the
injection site, potentially assisting to reduce local and systemic
adverse reactions. Together, these mechanisms support a potential
benefit in using exercise to decrease vaccine-related adverse
reactions.

Drawing the data from two separate RCT studies, here we pre-
sent the effect of exercise on adverse reactions experienced in
the seven days post-vaccination in adolescents and young adults,
as opposed to immediately after vaccination. The first study exam-
ines the effect of exercise prior to HPV vaccination in adolescents
while the second study examines the effect of exercise in young
adults on influenza vaccination. The second study further exami-
nes whether different exercise mode or timing influences
vaccine-related adverse reactions during influenza vaccine in
young adults. We hypothesise exercise to reduce the rate of
reported adverse reactions, with greater reports of adverse reac-
tions in females.
2. Materials and methods

2.1. Overview

Two Randomized Controlled Trial (RCT) studies were carried
out (Fig. 1). Study one examined the effect of exercise on HPV
vaccine-related adverse reactions for one-week following vaccina-
tion in 11–13 year-olds: reported data on immediate injection-
related pain, fear and anxiety elsewhere [18]. Study two examined
the overall effects of exercise, in addition to examining the effect of
exercise mode and timing on influenza vaccine-related adverse
reactions for one-week following vaccination in young adults
(18–30 year-olds). In both studies, the participants were random-
ized using a computer-generated sequence by VL, and allocations
were concealed from all research staff and participants until the
participant attended the vaccination clinic. In Study one, the partic-
ipants were randomized into either Control or Pre-vaccine Exercise
group, while in Study two, the participants were randomized into
either Control, Pre-vaccine arm (Pre-Arm), Pre-vaccine leg (Pre-
Leg) or Post-vaccine arm (Post-Arm) exercise groups.

2.2. Ethical consideration

Written consent for Study one was provided by the student’s
parent/caregivers and an assent from the child. The study was
approved by the University of Sydney Human Research Ethics
Committee (Protocol number: 2015/090). All participants in Study
one were given a $15 voucher upon returning their adverse events
diary after every visit. Written consent for Study two was gained
through a secure online consent form. The study was approved
by the University of Sydney Human Research Ethics Committee
(Protocol number: 2015/945). All participants in Study two were
given a $10 voucher. Both studies were registered at Australian
New Zealand Clinical Trials Registry (ACTRN: Study one:
12614001185651, Study two: 12617000374369).

2.3. Study one

2.3.1. Participants
119 students (11–13 years old) from two private schools in

Western Sydney, participated in this study between 2015 and
2016. All students scheduled to receive the HPV vaccination as part
of the national school-based immunization programme were
invited to participate. Three participants were absent from the first
scheduled vaccination and withdrew prior to the first vaccinations
dose, and 116 completed at least one vaccination. Exclusion crite-
ria included contraindications to vaccination as listed in the cur-
rent Immunisation Handbook [19] and the presence of any
condition that prevented vigorous exercise. No participant who
consented to the study were excluded from participation.

2.3.2. Procedures
Participants attended the in-school vaccination clinic according

to standard practice between 8am-11am. Those allocated to the
Control group proceeded according to the usual vaccination pro-
cess outlined in the Australian immunization handbook [19], while
the participants allocated to the Exercise group completed 15-
minutes of exercise before receiving their vaccinations. The HPV
vaccination (Gardasil) schedule required three doses (zero, two
and six months), and at each dose the participants repeated the
procedure, remaining in the allocated group throughout. Consis-
tent with standard practice and in accordance with the national
vaccination schedule, participants received a different vaccination
on the contralateral arm in conjunction with the HPV vaccine at
the first and second dose (Diphtheria, tetanus and pertussis vac-
cine and Varicella vaccine). The HPV vaccines were always given
on the right arm, and they were asked to rate the adverse reactions
on the right side only. All participants were given an adverse
events diary to complete for seven days following vaccination. Text
reminders were sent to parents/guardians every day at the same
time to complete the diary.



Fig. 1. CONSORT diagram for Study one (A) and two (B).
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2.4. Study two

2.4.1. Participants
A total of 78 individuals (18–30 years old) from The University

of Sydney participated in the study conducted in 2017. The
participants in this study were administered with influenza
vaccine (FluQuadri). Exclusion criteria were: receipt of the
influenza vaccine in the current year; flu symptoms in the last
3 months; any contraindications to vaccination as listed in the
most current Immunisation Handbook [19] and report of any
condition that prevented vigorous exercise. No participant that
consented to the study were excluded from participation.
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2.4.2. Procedure
Participants attended the laboratory (Lidcombe, The University

of Sydney) during allocated times between 9 am and 1 pm. Control
and Post-Arm groups were administered the influenza vaccine
(Fluquadri), after which the Post-Arm group participated in the
15-minute exercise session, and the Control group rested quietly
for 15 min. Those allocated to the Pre-Arm and Pre-Leg groups par-
ticipated in the 15-minute exercise session and received their vac-
cination after completion of the exercise. All participants were sent
an email with a secure link to the adverse events questionnaire for
seven days post-vaccination.

2.5. Exercise intervention (Study one and Study two)

The arm exercise task was completed by the Exercise group in
Study one, and by the Pre-Arm and Post-Arm groups in Study two.
This was performed using resistance bands and consisted of three
upper-body exercises (bicep curls, lateral raises and upright rows).
The leg exercise task was performed by the Pre-Leg group in Study
two and included body weight lower-body exercises (squat, lunge
and calf raise). In both tasks, each movement was performed for
30 s followed by 30 s of rest, with each movement repeated five
times to a total of 15 min. Participants were encouraged to do as
many repetitions as they could during the 30 s exercise periods.

2.6. Measures

2.6.1. Baseline measures
Baseline anxiety was measured using The Trait-Anxiety Ques-

tionnaire (STAIC form C-2;[20]) in Study one. Baseline stress was
measured using Life events scale for students (LESS-v; [21]) in
Study two.

2.6.2. Adverse events diary
The severity of local adverse reactions (pain, tenderness, red-

ness and swelling) were recorded using the Toxicity grading scale
for vaccines (FDA), as well as the presence of systemic adverse
reactions (fever, lethargic, feeling ill, and anorexia). Parents/care-
givers of participants in Study onewere asked to complete the diary
together with the children, whereas the participants filled out the
diary in Study two. Reminders to fill out the diary every day, were
sent each day for seven days in both studies, by SMS to parents in
Study one, and by email in Study two.

2.7. Statistics

We combined the exercise groups for Study two to examine the
overall effects of exercise on reported adverse reactions. The anal-
ysis was conducted using the Control group and an Exercise group
which consisted of all the exercising groups (Pre-Arm, Post-Arm
and Pre-Leg). Further analysis on the effects of exercise mode (Con-
trol, Pre-Arm and Pre-Leg) and timing (Control, Pre-Arm and Post-
Arm) was also analysed separately where an effect of exercise was
found. Continuous variables were analysed using a Generalized
Linear Model, to examine the main effects of group and sex and
the interaction effect of group x sex. Study one utilized the covari-
ance matrix of robust estimator to correct for collapsing our data
across three-time points of the three vaccine doses. The signifi-
cance level was set at p < 0.05 for all analyses, and all analyses
were performed using SPSS 24.0 (SPSS Inc., Chicago, IL). Baseline
data are reported by the mean and the standard deviation, while
the dependent variables are reported by the mean and the 95%
confidence interval. If reported adverse reactions were missing
for any day, it was treated as having no adverse reactions [22].
These analyses were completed in 2018.
Sample size for Study one was calculated using pilot data from
our previous studies that showed reduced incidence of adverse
reactions with exercise [14]. Power calculation indicated that to
show a reduction of 25% in the rate of reported adverse reactions,
a sample size of 62 per group was necessary. Given that a drop-out
rate of >10% from dose 1 to dose 3 is expected, we proposed to
recruit n = 150 children with N = 75 per group. Sample size for
Study twowas calculated using the effect size of a study that exam-
ined the effect of exercise in young adults using reduced dose vac-
cinations [23]. Allowing for a drop-out rate of 20%, a sample size of
n = 20 per group (n = 80 total) was proposed.
3. Results

3.1. Study one

3.1.1. Anthropometric measures
Baseline characteristics, as summarised in Table 1, and baseline

anxiety was not significantly different between the groups (Exer-
cise: 35.17 ± 7.49; Control: 35.62 ± 7.37; p = 0.81).
3.1.2. Local and systemic adverse reactions
The Exercise group reported less time (in days) of feeling ill

(Exercise: 0.55, 0.38–0.71; Control: 0.86, 0.61–1.11; p = 0.070)
and reduced appetite (Exercise: 0.28, 0.18–0.39; Control: 0.51,
0.029–0.73; p = 0.067), although these did not reach statistical sig-
nificance. Group differences are summarised in Table 2.

Across both groups, there were significant differences between
the sexes in the reported days of pain (females: 2.22, 1.90–2.53;
males: 1.62, 1.37–1.87; p = 0.003), tenderness (females: 2.34,
2.00–2.68; males: 1.47, 1.21–1.73; p < 0.001), swelling (females:
0.88, 0.61–1.16; males: 0.46, 0.29–0.64; p = 0.011), and feeling ill
(females: 0.62, 0.66–1.16; males: 0.47, 0.32–0.62; p = 0.004).
Higher medication use was also reported by females (0.36, 0.21–
0.50; p = 0.074) compared to males (0.22, 0.13–0.30) and females
also more reported days of fever (females: 0.36, 0.16–0.56; males:
0.16, 0.05–0.28; p = 0.077), although not statistically significant.
There were no significant sex differences in reported days of red-
ness (p = 0.082), lethargy (p = 0.68) or reduced appetite (p = 0.73).

There was a significant group by sex interaction effect
(p = 0.032) in reported days of tenderness. Further analysis showed
females (2.60, 2.10–3.09) reported more days than males (1.26,
0.84–1.68; p = 0.001) in the Control group, but no difference
between males and females were seen in the Exercise group. Lower
reports of tenderness in females were seen in the Exercise group
(2.04, 59–2.50) compared to the Control group (2.60, 2.10–3.09;
p = 0.068), although not significant. There was a trend toward an
interaction of group by sex effect (p = 0.05) on reported days of
pain. Further analysis showed females (2.46, 1.99–2.94) reported
more days than males in the Control group (1.48, 1.07–1.88,
p = 0.001) but no difference was evident in the Exercise group.
There were lower reports of pain in females (1.93, 1.53–2.33) com-
pared to males in the Exercise group (1.73, 1.41–2.05, p = 0.430),
although not significant. Interaction effects are presented in Fig. 2.
3.2. Study two

3.2.1. Anthropometric measures
There were no significant differences in the baseline character-

istics of the participants that are summarised in Table 1. Baseline
stress levels were not different between the groups (Control:
305.53 ± 174.92; Pre-Arm: 231.79 ± 129.57; Post-Arm:
194.00 ± 126.30; Pre-Leg: 272.50 ± 130.16; p = 0.42).



Table 1
Baseline characteristics of participants in study one and two (mean ± SD).

Study 1 Study 2

Exercise (n = 58) Control (n = 55) Control (n = 19) Pre-arm (n = 19) Post-arm (n = 19) Pre-leg (n = 19)

Age (Years) 11.83 ± 0.38 11.89 ± 0.37 22.89 ± 3.33 22.58 ± 3.73 20.50 ± 3.04 22.50 ± 2.52
Gender F = 27, M = 31 F = 33, M = 22 F = 9, M = 10 F = 5, M = 14 F = 5, M = 14 F = 10, M = 9
Height (m) 1.53 ± 8.00 1.54 ± 7.67 1.70 ± 0.08 1.68 ± 0.10 1.73 ± 0.09 1.72 ± 0.08
Weight (kg) 49.42 ± 13.12 47.55 ± 11.42 66.35 ± 11.60 62.48 ± 13.36 71.00 ± 10.75 69.98 ± 13.49

Table 2
Mean and 95% confidence interval of adverse events reported (for 7-days post-vaccination) in study one (A) and study two (B) by group. * = significant difference between groups
(p < 0.05); c = trend in a difference between group (p � 0.07).

Exercise Control p-value

Mean 95% CI Mean 95% CI

A.
Pain 1.82 1.57 2.07 2.05 1.72 2.38 0.50
Tenderness 1.82 1.55 2.10 2.03 1.68 2.38 0.67
Redness 0.32 0.18 0.46 0.46 0.27 0.65 0.34
Swelling 0.66 0.43 0.89 0.71 0.47 0.95 0.99
Medication 0.32 0.22 0.42 0.26 0.12 0.40 0.39
Fever 0.24 0.08 0.39 0.30 0.12 0.47 0.79
Lethargy 0.75 0.52 0.97 1.03 0.75 1.32 0.13
Illc 0.55 0.38 0.71 0.86 0.61 1.11 0.07
Appetitec 0.28 0.18 0.39 0.51 0.03 0.73 0.07

B.
Pain 1.07 0.72 1.42 1.53 0.6 2.45 0.15
Tenderness 2.02 1.68 2.36 1.89 1.16 2.63 0.84
Redness 0.19 �0.04 0.41 0.37 �0.19 0.93 0.37
Swelling* 0.17 0.05 0.29 0.63 �0.07 1.34 0.02
Medication 0.32 0.1 0.54 0.42 �0.17 1.01 0.56
Fever* 0.12 0.02 0.22 0.79 �0.17 1.75 0.01
Lethargy 1.07 0.71 1.43 1.26 0.19 2.34 0.61
Ill 0.69 0.4 0.99 1.05 0.01 2.1 0.40
Appetite* 0.25 0.11 0.4 0.79 0.06 1.52 0.01
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3.2.2. Local and systemic adverse reactions
The number of reported days of swelling (Exercise: 0.17, 0.05–

0.29; Control: 0.63, �0.07–1.34; p = 0.013), fever (Exercise: 0.12,
0.02–0.22; Control: 0.79, �0.17–1.75; p = 0.013) and appetite
(Exercise: 0.25, 0.11–0.40; Control: 0.79, 0.06–0.15; p = 0.011)
were significantly lower in the Exercise group when compared to
the Control group. All other group effects were not significantly dif-
ferent and are summarised in Table 2.

There were no significant sex effects in any of the reported
adverse reactions (p > 0.05).

There was a significant group by sex interaction effect on
reported days of medication usage, with Control females reporting
statistically higher usage (0.89, �0.41 to 2.19) than males (0.00,
0.00–0.00, p = 0.032). Furthermore, females in the Control group
reported higher usage (0.89, �0.41 to 2.19) compared to the Exer-
cise group (0.24, �0.17 to 0.64, p = 0.070), although not significant.
A trend in a group by sex interaction effect was also seen in the
reported days of swelling (p = 0.052) with further analysis showing
a significant difference between females in the Exercise (0.10,
�0.10 to 0.29), and Control groups (1.00, �0.54 to 2.54;
p = 0.006). Furthermore, there was a difference between females
(1.00, �0.54 to 2.54) and males (0.30, �0.18 to 0.78) in the Control
group (p = 0.063), although statistically not significant. All other
interaction effects were not significant, and are presented in Fig. 3.

Further analysis of exercise mode and timing on reports of
swelling, fever and appetite found Post-exercise group (0.10,
�0.04 to 0.24) to report less frequent days of reduced appetite
when compared to the Control group (0.79, 0.06–1.52; p = 0.019).
However, the main effect of group was not statistically significant
(p = 0.052). Other group, sex or interaction effects were not statis-
tically significant (p > 0.05).
4. Discussion

This manuscript is, to our knowledge, the first to report the
effect of exercise on vaccine-related adverse reactions in adoles-
cents and young adults. Exercise significantly decreased reported
days of tenderness in female adolescents compared to Control
females, with a similar trend in the reported days of pain. A trend
towards a beneficial effect of exercise on reported days of feeling ill
and reduced appetite was also observed in adolescents after HPV
vaccination. Furthermore, exercise had a beneficial effect in reduc-
ing swelling, fever and loss of appetite in young adults after influ-
enza vaccination. Adolescent females, compared to males, reported
higher rates of adverse reactions with the HPV vaccine, but these
sex difference were not observed in young adults after the influ-
enza vaccine.

One of the mechanisms suggested to cause local adverse reac-
tions are the deposits of antigens around the area of injection [5].
Exercise has the potential to reduce this effect through changes
on lymph flow, which have been found to increase 3–6 fold with
exercise [15] by contractions of surrounding skeletal musculature,
increased circulation, and the movement of joints [24]. This
increase in lymph flowmay, in turn, reduce the build-up of antigen
around the site of injection, and thus reduce local adverse reactions
as we observed here [5]. Exercise is also known to cause lympho-
cytosis, the increase in circulating cells, predominantly natural
killer cells and CD8+ T lymphocytes [16]. The increase in cardiac
output causes an influx of cells from marginal pools [25], and stim-
ulation of b2-adrenergic receptors causes endothelial detachment
[26]. Circulating cells are then redeployed, and to move to areas
of antigen challenge [17], increasing the capacity to clear damaged
cells and remove antigen deposits. Interestingly, the current study



Fig. 2. Reported mean and standard deviation of local and systemic adverse events for Exercise (Solid bar) and Control (White bar) groups separated by males and female for
study 1 (A) and 2 (B). * = significant interaction effects (p � 0.05), y = trend in an interaction effects (p < 0.06).
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found local adverse reactions (reported days of pain and tender-
ness) to be less frequent with exercise in adolescent females only.
Females are known to report higher rates of pain than males, with
the difference becoming more pronounced from the age of eight
[9]. Therefore, effects of exercise on reported local adverse reac-
tions may have been observed only in females due to their higher
pain sensitivity. It is possible that local adverse reactions such as
tenderness and pain may have been influenced by Delayed Onset
of Muscle Soreness (DOMS) that is present following unaccus-
tomed physical activity 24–73 h post-exercise [27]. This may have
created an additional sensation of pain to the vaccine-related pain.
This effect may result in participants attributing pain to exercise
rather than the vaccine, or vice versa. If this was the case, exercis-
ing the legs instead of arms may have separated the pain reports
between DOMS and vaccine-related pain. However, in Study two
we did not find evidence that location of exercise (arm v leg)
resulted in different reports of vaccine-related adverse reactions.

While the potential mechanisms of systemic adverse reactions
are poorly understood, the current study found beneficial effects
of exercise on some of the reported systemic adverse reactions.
Specifically, fewer days of feeling ill in adolescents and fever in
young adults were evident after exercise. In addition, participants
in exercise groups reported lower number of days with reduced
appetite compared to control groups in both adolescents and
young adults. These are novel findings in relation to vaccine
adverse reactions. However, similar findings have been found in
other conditions: exercise has been reported to alleviate flu-like
symptoms in multiple sclerosis patients receiving medications
known to present flu-like symptoms [28]. The authors proposed
that the increase in cytokine IL-6 might have stimulated the
production of anti-inflammatory cytokines to diminish the
flu-like symptoms. However, as the current study did not measure
cytokine levels, we are unable to speculate further on this
mechanism.

Interestingly, the current study found higher frequency and
levels of adverse reactions reported by female adolescents than
adolescent males, with this sex difference not present in young
adults. Similarly, prior publications have identified females to
report higher frequency and levels of adverse reactions than males
[12]. Indeed, rates of reported adverse reactions were lower across
all outcomes in the young adult females compared to adolescent
females, with the exception of lethargy. This may potentially be
due to the age difference in the two studies as evidence suggests
improved pain tolerance with increasing age [29]. Furthermore,
the use of different vaccines, as well as the different reactogenicity
of the immune system between the two age groups [11], limits our
ability to determine the relevance of this effect.

Finally, in Study two, we also aimed to examine the effect of
exercise mode and timing on adverse reactions; however, we only
found a trend where exercising post-vaccination may be more
effective in reducing the number of days with repressed appetite
when compared to Controls. Although statistically not significant,
rates of reported adverse reactions were lower across all outcomes
in the Post-exercise group compared to Control, with the exception
of tenderness and medication, and therefore, we suggest this effect
deserves further future investigation.
5. Limitations

During the analysis for the second study, we combined all of the
exercise groups into one group. This gave us greater power to



Fig. 3. Reported mean and Standard Deviation of local and systemic adverse events for different exercise modes (control, arm- exercise group and leg-exercise group; (A) and
time (B) separated by gender.
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examine the overall effects of exercise but reduced our ability to
examine for a differential effect by mode of exercise. Future studies
should look to explore these findings in a larger population. We
also need to acknowledge that the two studies have used different
vaccines. HPV vaccines (Gardasil used here) contain aluminium-
based adjuvants while influenza vaccines (FluQuadri) are
adjuvant-free [19,30]. Furthermore, as vaccines differ in their rate
of adverse reactions, it prevented us from directly comparing the
two studies, but does allow us to suggest a possible broad effect
of exercise. In addition, although we asked the adolescents receiv-
ing HPV vaccines to specifically report their adverse reactions on
the side that received the HPV vaccine, additional vaccines given
on the contralateral armmay have influenced the systemic adverse
reactions. However, as the study was conducted in line with the
national vaccination schedule, we were unable to control for the
administration of the additional vaccinations and these were the
same for both intervention and control groups. Finally, the poten-
tial placebo and distraction effect of the exercise needs to be
acknowledged. Although the mechanisms of the effects of exercise
cannot be identified, this study provides support for the use of
exercise during vaccinations.
6. Conclusion

There is growing evidence to support the beneficial effects of
exercise on vaccine response and adverse reactions. This is sup-
ported by studies that show adjuvant effects on immune response
[31,32], and reduce vaccine-related pain and fear during vaccina-
tion [18]. The current study further supports the beneficial effect
of exercise by showing reduced frequency of vaccine-related
adverse reactions. Specifically, exercise was found to lessen reports
of local adverse reactions such as pain and tenderness in female
adolescents as well as swelling in young adults. It also had an effect
in reducing reports of systemic adverse reactions such as fever,
feeling ill, and reduced appetite. Importantly these effects
observed in two studies provide strong evidence of the effects of
exercise on vaccine-related adverse reactions.
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