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Does exercise evoke neurological symptoms in healthy subjects?
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Abstract

Concussion is a common injury in collision sports and is evidenced by a variety of signs and symptoms. The recording of neurological
symptoms is an important component of screening for a concussion and in return-to-play decisions. However similar symptoms are prevalent
in the general population and are reported to be associated with participation in physical activities. The purpose of this study was to document
the neurological symptoms reported by healthy individuals following controlled bouts of exercise. A crossover randomised design with 2
levels of exercise intensity, moderate intensity and high intensity, each of 15 min duration was used. Participants completed a standardised
postconcussion symptom checklist prior to exercise (pre), immediately following exercise (post-1) and again after 15 min of rest (post-2).
60 participants were recruited into the study. A summed symptom score was calculated and analysed with a 2-way repeated measures
ANOVA procedure. The intensity × time interaction (F2,118 = 23.94, p < 0.001) demonstrated a significant increase in symptom scores for the
high intensity condition immediately following exercise (p < 0.001). Although the moderate intensity showed a similar trend this was not
significant. These findings suggest that sports medicine professionals need to be aware of the effect of exercise on symptom reporting when
assessing and in making return-to-play decisions.
© 2009 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Sports concussion is a common injury in collision sports
and is characterised by a wide range of neurological signs
(e.g. loss of consciousness) and symptoms (e.g. headache and
fatigue). There are a variety of clinical instruments and symp-
tom checklists used to assess for a sports concussion and to
assist with return-to-play decisions with experts recommend-
ing a multidimensional approach including the measurement
of symptoms.1

The use of symptoms in screening for a sports concus-
sion must be viewed with caution as similar symptoms (e.g.
headache) are also observable in the uninjured population.2

The initial assessment for a concussion generally takes place
soon after the player is withdrawn from the game where they
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have been physically active. Recent reports on changes in
neurocognitive,3 balance4 and motor performance measures5

following physical activity suggest that some of the measures
often used in determining if a player has been concussed
may be contaminated by the physiological responses to exer-
cise. This implies the need to investigate whether exercise
itself provokes changes in the neurological symptoms which
are commonly associated with a concussion. Therefore, the
purpose of this prospective study was to document the neu-
rological symptoms reported by the healthy participants
following controlled exercise.

2. Methods

The participants (aged 18–35 years) were physically
active (2–3 times per week) through training or sport, and
accustomed to intense exercise. They reported no cardiac
risk factors or musculoskeletal/neurological injuries (e.g. a
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Fig. 1. Summed symptom scores reported following moderate (MI) and high
intensity (HI) exercise at pre, post-1 and post-2 time periods.

concussion) in the previous 3 months. The study was part of
a larger project evaluating the effect of exercise on neurolog-
ical screening measures and approved by the University of
Otago Human Ethics Committee.

A randomised crossover design was employed where each
participant completed two levels of exercise intensity; mod-
erate and high, 7–14 days apart. The moderate intensity
condition required the participants to exercise continuously
on a stationary cycle for 15 min at 75–85% of their age pre-
dicted maximum heart rate (APMHR). The high intensity
condition included moderate intensity cycling (as previously)
for 9 min, followed by 5 min of high intensity interval cycling,
and 1 min of maximum intensity arm cranking to produce a
near maximal heart rate (APMHR > 85%). These target heart
rates corresponded respectively to those reported in rugby
backs (<85% APMHR) and forwards (>85% APMHR) dur-
ing a game.6 Participant’s ratings of perceived exertion (RPE)
were also recorded.7

The neurological symptom scale of the Sport Concussion
Assessment Tool1 was used. Participants completed the scale:
before exercise (pre), immediately following 15 min of exer-
cise (post-1) and after 15 min of rest (post-2). Each of the
18-items was scored on a 7-point Likert scale.

Data were analysed using a 2-way (exercise inten-
sity × time) repeated measures ANOVA with the level of
significance set at p < 0.05. Subsequent post hoc tests were
corrected with a Bonferroni procedure for multiple compar-
isons.

3. Results

Sixty subjects (30 male and 30 female) completed the
study. Means (+S.D.) of the summed symptom scores for two
levels of exercise intensity are presented in Fig. 1. The RPE
(mean ± S.D.) reported for high and moderate intensity con-
ditions (17.9 ± 1.9 and 14.7 ± 2.0) indicate that the intensities
were perceived to be appropriate. There was consider-
able variability associated with the reporting of symptoms.
A significant intensity × time interaction (F2,118 = 23. 94,
p < 0.001) indicated that the summed symptom scores dif-
fered between the two exercise conditions over time.

For the high intensity exercise condition the symp-
tom scores increased with exercise (mean ± S.D.;
3.4 ± 4.7–13.8 ± 11.6) and then declined following
15 min of rest (mean ± S.D.; 6.4 ± 6.6) relative to their
pre exercise values. There was a statistically significant
difference between pre and post-2 scores (t59 = −4.495,
p < 0.001). There were no significant differences reported for
the moderate intensity condition between pre and post-1, but
post-2 scores were reduced relative to post-1 (t59 = 4.395, p
< 0.001).

Comparison between the two intensities at each time
period demonstrated a significant difference in symptom
reporting at post-1 (t59 = −4.075, p = 0.000) and post-2 scores
(t59 = −3.525, p = 0.000) indicating that neurological symp-
tom scores remained elevated for the high intensity condition
even after 15 min of rest.

4. Discussion

This study established that short 15 min bursts of exer-
cise influenced the summed symptom scores differentially.
The high intensity exercise condition resulted in an increased
symptom score following exercise. This effect persisted even
after 15 min of rest, whereas the moderate intensity exercise
did not significantly elevate scores.

The most common neurological symptom cited at base-
line and post-1 by the participants was “fatigue/low energy”,
which is in accordance with previous research.2 We compared
the frequency of symptom endorsements in the present study
to those reported by athletes within 72 h of their concussion,
using a slightly different postconcussion scale.8 “Headache”,
“Difficulty concentrating”, “Feeling slowed down” were the
most frequent symptoms following concussion and inter-
estingly; “balance problems/dizzy”, “nausea/vomiting” and
“vision problems” are endorsed less by the concussed ath-
letes in comparison to that seen following the high intensity
exercise (post-1).

Symptoms were assessed after 15 min of recovery only,
thus limiting the conclusions from this study. This time
frame and other sport specific exercise intensities/types
could be explored further. This study indicates the need
for awareness of the effects of pre-injury activity levels
when assessing a player for a potential concussion immedi-
ately following activity. Therefore time should be allowed
when using symptoms to assess the athlete as symptom
endorsement may be related to the levels of pre-concussion
activity rather than the consequences of the concussion
itself.

5. Practical implications

• Exercise can provoke neurological symptoms in healthy
individuals.

• Symptoms are related to exercise intensity.
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• Caution is needed in making return-to-play decisions based
on symptom measurements.

Acknowledgement

We acknowledge the contribution of Ms. Carla Laughton
for the recruitment of the participants and data collection.

References

1. McCrory P, Johnson K, Meeuwisse W, Aubry M, Cantu R, Dvorak J,
et al. Summary and agreement statement of the 2nd international con-
ference on concussion in sport, Prague 2004. Br J Sports Med 2005;
39(4):196–204.

2. Iverson GL, Lange RT. Examination of “postconcussion-like” symptoms
in a healthy sample. Appl Neuropsychol 2003;10(3):137–44.

3. Covassin T, Weiss L, Powell J, Womack C. Effects of a maximal
exercise test on neurocognitive function. Br J Sports Med 2007;41(6):
370–4.

4. Susco TM, Valovich McLeod TC, Gansneder BM, Shultz SJ. Balance
recovers within 20 minutes after exertion as measured by the balance
error scoring system. J Athl Train 2004;39(3):241–6.

5. Schneiders AG, Sullivan SJ, McCrory PR, Gray AR, Maruthayanar S,
Singh P, et al. The effect of exercise on motor performance tasks used
in the neurological assessment of sports related concussion. Br J Sports
Med 2008;42(12):1011–3.

6. Duthie G, Pyne D, Hooper S. Applied physiology and game analysis of
rugby union. Sports Med 2003;33(13):973–91.

7. Borg G, Hassmén P, Lagerström M. Perceived exertion related to heart
rate and blood lactate during arm and leg exercise. Eur J Appl Physiol
Occup Physiol 1987;56(6):679–85.

8. Lovell MR, Iverson GL, Collins MW, Podell K, Johnston KM, Pardini
D, et al. Measurement of symptoms following sports-related concus-
sion: reliability and normative data for the post-concussion scale. Appl
Neuropsychol 2006;13(3):166–74.


