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Background 
Sports-related concussions are prevalent in the United States. Various diagnostic tools are 
utilized in order to monitor deviations from baseline in memory, reaction time, 
symptoms, and balance. Evidence indicates that dehydration may also alter the results of 
diagnostic tests. 

Purpose 
The purpose was to determine the effect of exercise-induced dehydration on performance 
related to concussion examination tools. 

Study Design 
Repeated measures design. 

Methods 
Seventeen recreationally competitive, non-concussed participants (age: 23.1±3.1 years, 
height:168.93±10.71 cm, mass: 66.16 ± 6.91 kg) performed three thermoneutral, 
counterbalanced sessions (rested control, euhydrated, dehydrated). Participants were 
either restricted (0.0 L/hr) or provided fluids (1.0 L/hr) while treadmill running for 60 min 
at an intensity equal to 65-70% age-predicted maximum heart rate (APMHR). The Sport 
Concussion Assessment Tool 3 (SCAT3) was utilized to assess symptoms, memory, 
balance, and coordination. 

Results 
Statistically significant differences were seen among sessions for symptom severity and 
symptom total. The rested control session had significantly lower values when compared 
to the dehydrated session. Additionally, the symptom total in the rested control was 
significantly lower than the euhydrated condition as well. No statistically significant 
differences were seen for the BESS or memory scores. 

Conclusions 
Mild exercise-induced dehydration results in increased self-reported symptoms 
associated with concussions. Clinicians tasked with monitoring and accurately diagnosing 
head trauma should take factors such as hydration status into account when assessing 
patients for concussion with the SCAT3. Clinicians should proceed with caution and not 
assume concussion as primary cause for symptom change. 
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Level of evidence 
Level 3 

INTRODUCTION 

Sports-related concussions and the proper care of athletes 
with concussion symptoms is a growing concern in the 
healthcare field. Epidemiological analyses of sports-related 
concussions in the United States estimate there are between 
1.6 and 3.8 million incidents per year.1 While cognitive 
deficits as a result of a single concussive event may not re-
sult in long-term impairments, repetitive concussions or a 
subsequent concussion prior to adequate recovery has been 
reported to lead to longer lasting effects.2,3 Therefore, 
properly identifying concussed patients and removing them 
from participation is critical to long term brain health. Fur-
ther, due to the risks and high incidence rate of concussion, 
proper diagnosis is vital for proper administration of care 
and improved return to play timelines for athletes. Concus-
sion detection tools utilize deviations in various symptoms, 
including short- and long-term memory, reaction time, and 
postural stability, from a baseline to determine likelihood 
of a concussive event.4,5 However, the nature of sport and 
physical activity may produce extraneous conditions that 
may result in similar symptoms or conditions that may dis-
rupt the ability of a health care professional to accurately 
detect and manage patients with a concussion.6–9 

Mild dehydration (< 2% loss in BM) has also been re-
ported to alter variables examined to determine concus-
sion.10–12 Landers, Arent, and Lutz13 reported non-signif-
icant cognitive disturbances amongst various tests for 
wrestlers who voluntarily dehydrated themselves for com-
petition weight, whereas Lieberman et al.14 reported sig-
nificant changes in reaction time, memory, attention, and 
reasoning in response to exercise-induced dehydration in 
a hyperthermic environment. These results indicate that 
exercise-induced dehydration, especially in the heat, may 
hinder cognitive performance. Similarly, Patel and col-
leagues15 reported significant changes in visual memory, 
fatigue, and severity of symptom (headaches, dizziness, 
feeling slowed down, difficulty remembering, and difficulty 
concentrating) scores amongst collegiate wrestlers follow-
ing bouts of exercise-induced dehydration. Additionally, 
Weber and colleagues8 also found deviations in the Balance 
Error Scoring System (BESS) and the Graded Symptoms 
Checklist (GSK) following bouts of weight cutting tech-
niques and wrestling practice amongst collegiate wrestlers. 

On-field concussion tests are conducted on the field of 
play under conditions where exercise-induced dehydration 
may play a role in influencing the diagnosis. The suggested 
on-field concussion examination tool, the Sport Concussion 
Assessment Tool 3 (SCAT3), utilizes the common detection 
methods of concussion: attention, memory, balance and re-
action time.4 The detection tools need to be able to deter-
mine the likelihood of a concussion to allow proper man-
agement. Ideally, concussion examination techniques will 
be both sensitive and specific allowing practitioners to be 
confident in clinical decisions. Therefore, the purpose of 
this study was to determine the effect of exercise-induced 
dehydration on cognitive performance as detected by the 

SCAT3. 

METHODS 

The current study used a counterbalanced repeated-mea-
sures designed to investigate the effect of exercise-induced 
dehydration on neuropsychological performance and pos-
tural stability as detected by the SCAT3. 

PARTICIPANTS 

For the experiment, a total of 17 recreationally competitive 
volunteers consisting of seven males (25.0±3.7yrs; 
176.77±5.12cm; 68.62±3.92kg) and 10 females (21.8±1.9yrs; 
162.82±9.98cm; 64.38±8.16kg), who regularly participated 
in 60 minutes of aerobic exercise three to four days per 
week, were recruited. The participants were excluded if they 
reported history of previously diagnosed concussion, heat-
related illness, back and neck injury, cardiovascular disease, 
vestibular dysfunction, history of ADHD or ADD, dyslexia 
and other learning disabilities, or any lower extremity in-
jury that would inhibit balance. All participants were re-
quired to read and sign a PAR-Q, a Medical History Ques-
tionnaire, as well as read and sign an Informed Consent 
Form approved by the Institutional Review Board at the 
University of Lynchburg prior to participation. 

PROTOCOL 

Participants completed three counterbalanced testing ses-
sions separated by at least 72 hrs. Each subject was required 
to wear shorts, a shirt, socks, undergarments, and shoes 
during each training session and were asked to wear the 
same garments for each subsequent testing session. Partic-
ipants were expected to come hydrated but were given no 
guidance on diet and they were not asked to track their diet 
via a journal. 

Prior to attending the first session to get a baseline score, 
the participants were required to refrain from strenuous 
exercise, alcohol, and caffeine for 24 hours. Upon arrival 
to the laboratory and completion of the PAR-Q and In-
formed Consent Form, participants provided a 60- to 120- 
mL urine sample to determine urine specific gravity (USG, 
Palm Abbe 202X, Misco, Cleveland, OH). Anthropometric 
measurements including nude mass were determined via an 
electronic floor scale (BWB-800S, Tanita, Tokyo, Japan), a 
standing stadiometer (Seca, Hamburg, Germany), and body 
composition estimations via a Siri three-site skinfold mea-
surement using handheld calipers (Lange, Cambridge, MA). 
Participants were excluded from testing if their USG was 
greater than or equal to 1.020, which would classify them as 
already dehydrated. 

Participants performed two exercise sessions and a base-
line session in counterbalanced order. The baseline (con-
trol) session consisted of participants resting and consum-
ing fluid ad libitum for 60 min prior to completing the data 
collection protocol. Each exercise session was performed 
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Table 1: SCAT 3 scores stratified across sessions. 

Mean ±SD 

Control 
(n=16) 

Euhydrated 
(n=17) 

Dehydrated 
(n=16) 

Total 
(N=49) 

Symptom Total 1.31±1.45 2.18±2.33 3.94±3.79 2.47±2.85 

Symptom Severity Total 1.56±1.86 3.24±4.04 6.31±7.78 3.69±5.41 

Memory Total 28.31±1.25 27.71±2.23 27.31±2.02 27.78±1.90 

BESS Total 2.13±2.42 2.88±3.12 4.50±2.90 3.16±2.95 

on a motorized treadmill (Full Vision TMX425 Trackmaster, 
Drive Newton, KS) at an incline of 1.0% grade and a speed 
that elicited an average of 65% to 70% of age-predicted 
maximum heart rate (APMHR) as measured by an attached 
heart rate monitor chest strap and watch (validity = 
0.97-1.0; Polar WearLink® 31 transmiter and Polar RS400, 
Kempele, Finland)16 for 60 minutes. 

Prior to each testing sessions, participants provided a 
60- to 120 mL urine sample and performed a nude weight. 
In randomized order, participants performed the aforemen-
tioned exercise protocol in a thermoneutral environment 
with restricted water intake (dehydrated) and required fluid 
consumption of 1 L, via four 250 ml doses every 15 min 
(euhydrated). After the 60-minute exercise protocol, partic-
ipants performed a five-minute cool down at self-selected 
pace. After the cool down, participants provided a 60- to 
120- mL urine sample and had their body mass measured 
after toweling dry. Hydration status post-test was deter-
mined as the percent change of body mass pre-test to post-
test. 

Following baseline hydration measurement, participants 
completed the SCAT3. The SCAT3 is the recommended on-
field concussion assessment tool13 and contains a symptom 
checklist, the Standardized Assessment of Concussion 
(SAC), and a modified version of the Balance Error Scoring 
System (BESS). Scoring is the sum total of scores in each 
test within the SCAT3. Symptom checklist is scored as both 
presence of the symptom, providing a total number of 
symptoms score (max. score: 22) and severity score, sum-
ming the magnitude of each symptom (max. score: 132). 
The higher the score (maximum of 132) the more sympto-
matic the participant. The SAC was a cognitive assessment 
monitoring Immediate Memory (max score: 5), Concentra-
tion (max score: 15), Orientation (max score 5), and Delayed 
Recall (max score: 5) for a total of 30 points possible when 
summed together. The lower the score the more affected the 
memory of the participant. The modified BESS counts to-
tal errors (max score: 30) for each 20-sec eye closed condi-
tions: double leg stance, single leg stance (non-dominant), 
and tandem stance on a firm surface. Lower scores represent 
better performance. 

STATISTICAL ANALYSIS 

Descriptive statistics were calculated for each the depen-
dent variables (symptom score, symptom severity, modified 
BESS, and SAC total). To determine if there were differences 
across sessions (control, euhydrated, dehydrated), a one-

way Repeated Measures Analysis of Variance was used for 
each of the four dependent variables. First, assumption 
testing of linearity, normality, and sphericity were assessed. 
If a violation in sphericity was found, a Greenhouse-Geisser 
adjustment was made. For statistically significant results 
from the RM ANOVA, pairwise post-hoc testing was com-
pleted. Data were analyzed using Statistical Package for the 
Social Sciences (IBM SPSS, Inc., 26.0, Chicago, IL, USA). An 
alpha level of ≤ 0.05 was used for all analyses. 

RESULTS 

Descriptive statistics for the four dependent variables can 
be found in Table 1. There was a statistically significant dif-
ference among the sessions for both the SCAT3 symptom 
severity scores (F2,20=4.61, p=0.034) and the SCAT3 symp-
tom total (F2,28=5.64,p=0.009). The rested control session 
had a significantly lower mean symptom severity score 
(1.56±1.86) than the dehydrated session (6.31±7.78, p = 
0.032). The rested control session had a significantly lower 
mean symptom score (1.31±1.45) than the dehydrated ses-
sion (3.94±3.79, p = 0.019). Additionally, the rested control 
session was significantly lower for symptom total when 
compared to the euhydrated session (2.18±2.33, p = 0.019). 
No statistically significant differences were seen for modi-
fied BESS or SAC total. 

DISCUSSION 

Best practices suggest that health care professionals (ath-
letic trainers [ATs], physical therapists [PTs], and medical 
doctors [MDs]) examining patients suspected of sustaining 
a concussion use a multifaceted approach. In order to ac-
curately diagnose a concussion, ATs focus on a number of 
functions, including reaction time, short- and long- term 
memory, balance, and self-reported physical symptoms. 
Deviations in these scores, from baseline, are used to indi-
cate the possibility of a concussion. Zimmer et al17 reported 
that average baseline scores in the SCAT2 were 91.08 ± 5.60 
with average number of symptoms reported at 1.75 and the 
SAC and BESS scores were 27.17±2.10 and 25.64 ± 4.07, re-
spectively. Putukian et al.18 indicated significant correla-
tions between SCAT2 scores and various individual patient 
outcomes with as little as a 3.5-point drop from baseline. 

However, there are other conditions that can also result 
in alterations in these variables that may lead to incorrect 
diagnosis on the field using commonly used examination 
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tools, like the SCAT3. Previous researchers have reported 
changes in memory, reaction time, and balance as a result 
of dehydration13,15,19 due to possible reduced neural ca-
pacity and negative impact due to reduced blood volume.20 

Comparatively, the current project resulted in similar varia-
tions in symptoms commonly associated with concussions, 
but not balance or neurocognitive function. The researchers 
suspect a combination of dehydration and fatigue were the 
underlying factors that altered the participants’ symptoms 
as compared to their control levels. Fatigue has previously 
been found to increase injury risk while decreasing per-
formance.21,22 In addition, lower cerebral performance has 
been linked to an increased risk of non-contact ACL injury23 

perhaps due to loss of central control.24 The researchers 
concede that dehydration and/or fatigue can make the 
SCAT3 more conservative by increasing false-positive diag-
noses, but believe this is less concerning compared to false-
negative diagnoses where concussed patients would be al-
lowed to inappropriately return to play and risk a variety of 
complications. In other words, it is more reasonable to hold 
a patient out of activity if a concussion cannot be ruled out 
regardless of whether it can be ruled in or not. However, ef-
fort should be made to provide the most accurate diagnoses 
possible during activity to improve clinical care. 

Balance Scores: Mild exercise-induced dehydration re-
sulted in higher (worse) modified BESS scores (4.50 ± 2.90) 
compared to control and euhydrated sessions, however, this 
difference was not statistically significant. Similarly, Patel 
and colleagues15 reported no deviation in the BESS scores 
with dehydration levels greater than those reported in this 
project (2.50±0.63% vs 1.61±1.0%, respectively). They spec-
ulated that a learning effect could have been the reason 
for the lack of significant differences between the control 
and experimental groups. It is unlikely a learning effect 
played a role in the current study due to the randomized or-
der of sessions, indicating that the level of exercise inten-
sity, exercise type, nor the dehydration level were signifi-
cant enough to illicit an alteration in balance. The change 
we documented between the control group (2.13 ± 2.42) and 
the euhydrated group (2.88 ± 3.12) were much smaller than 
the difference between collegiate aged concussed (5.46 ± 
5.44) patients and their baseline test results (3.87 ± 3.99). 
Others have determined that dehydration alone has not 
been found to alter BESS scores (full version, not modified) 
in isolation; however, exercise combined with dehydration 
did alter BESS scores.8 It has been suspected that the level 
of dehydration experienced by the participants in the cur-
rent study may be similar to those seen in clinical practice 
on the sidelines, indicating the importance of considering 
hydration levels during clinical sideline testing, but more 
testing is needed.15 Similarly, completing components of 
the SCAT in a different environment25–27 or after fatiguing 
exercise22 compared to baseline has also been found to alter 
test scores. However, resting for 20 minutes after exercise 
negates the regression in BESS scores.28 It remains un-
known if a rest period with or without fluid access after de-
hydrating exercise would bring modified BESS scores back 
to baseline. 

Symptom Scores: Participants’ self-reported symptom 
scores and symptom severity scores increased as a result 
of dehydration following fluid restricted exercise (Figure 1). 

Figure 1: Mean score for symptoms and modified 
BESS testing by session. 

*There was a significant difference between scores in the control session (2.27 
4.43) compared to the dehydrated session (4.33  2.92). 

The observed high standard deviations, similar to previ-
ous studies, strengthening the case for obtaining a base-
line.8,15 A symptom severity increase was observed from 
the control (1.56 ± 1.86) to the euhydrated condition (3.24 
± 4.04), albeit much smaller when compared to the differ-
ence between the dehydrated condition (6.31 ± 7.78), and 
not likely to be clinically significant. This pattern was also 
seen for symptom count in the sample with the lowest num-
ber of symptoms in the control session (1.31 ± 1.45), then 
in the euhydrated session (2.18 ± 2.33) and finally the high-
est number of symptoms in the dehydrated session (3.94 ± 
3.79). Previous studies have found elevated headache, feel-
ing in a fog, and feeling slowed down symptom severity 
scores after dehydration.15 The reported symptom scores 
of the dehydrated group do fall within one standard devia-
tion of reported symptom scores of concussed high school 
and collegiate athletes,29 indicating that there may a pos-
sible relationship between the physiological effects of de-
hydration and clinical symptoms of a concussion. Symptom 
severity scores may require multiple baseline measure-
ments or measurements in different climates to improve 
clinical decisions, especially if more severe climate condi-
tions are present when concussion is suspected, such as ex-
treme heat and humidity which may exacerbate dehydra-
tion. 

SAC Total: The effect of exercise and hydration status 
for SAC scores was parallel to the findings for balance. with 
no significant impact on SAC scores. Compared to the con-
trol session, the euhydrated sessions only scored an average 
of 0.6 points worse, compared to the dehydrated sessions 
1.00-point degradation. Previous researchers have shown 
high sensitivity and specificity with a 1.00-point difference 
between baseline and post-concussion assessments,29,30 

which may suggest the findings of mean score differences 
after dehydrating exercise would be less indicative of a con-
cussive event. Similarly, previous authors have shown no 
difference in SAC scores based on hydration status.8,15 In 
addition, other studies have found the SAC to be resistant 
to score changes based on the environment.6,27 Therefore, 
the SAC component to the SCAT3 may be more resistant 
to extraneous variables compared to balance and symptom 
scores. 

Limitations and Future Directions: The data was collected 
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from a convenience sample of seventeen recreationally ac-
tive volunteers with various sport experiences. These par-
ticipants may or may not respond to exercise similarly to 
professional, collegiate, or scholastic athletes. It would be 
interesting to examine athletes from different sports, fit-
ness levels, and levels of acclimatization to heat and/or hu-
midity to determine how dehydration may alter balance, 
symptoms, and mental status. In addition, the exercise pro-
tocol required 60 minutes of steady state running on a 
treadmill which is an activity uncommon in most sports 
and shorter than the duration of most athletic practices and 
games. Future research could determine whether more in-
terval type exercise protocols for a period of time closer to 
many practices (2 hours) with and without fluid restriction 
would make more or less of an effect on SCAT3 scores. Fi-
nally, monitoring diet would have also brought more insight 
to the effect of exercise and dehydration on performance in 
field concussion testing. 

CONCLUSION 

The present findings indicate that worsened symptom and 

symptom severity scores occurred in subjects during the 
fluid restricted exercise condition compared to those ex-
ercising with unlimited fluids and a control session, in 
healthy, non-concussed subjects. As such, clinicians work-
ing with athletes and tasked with monitoring and accurately 
diagnosing head trauma should take factors such as hydra-
tion status into account when assessing patients for con-
cussion using the SCAT3. If dehydration is suspected, pa-
tients should be provided time to rehydrate if necessary to 
ensure accurate diagnosis. 
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