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A Randomized Controlled Trial Investigating the Feasibility and 
Adherence to an Aerobic Training Program in Healthy Individuals
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Kevin A. Carneiro, Kevin M. Guskiewicz, Johna K. Register-Mihalik, and Jason P. Mihalik

Context: Concussion management is moving from passive rest strategies to active interventions, including aerobic exercise 
therapy. Little information is available regarding the feasibility and adherence of these programs. Objectives: To determine 
whether an aerobic exercise training program intended for rehabilitation in people with concussion is feasible. Healthy, 
nonconcussed subjects were studied in this phase 1 trial. Design: Phase 1 parallel-group, randomized controlled trial in a sample 
of healthy (nonconcussed), recreationally active university students. Setting: Laboratory. Patients: 40 healthy university 
students. Methods: Participants were equally randomized to acute concussion therapy intervention (ACTIVE) training or 
nontraining groups. All participants completed maximal cardiopulmonary exercise tests on a stationary cycle ergometer at 2 lest 
sessions approximately 14 days apart. During this 2-week study period, ACTIVE training participants completed six 30-minute 
cycling sessions, progressing from 60% to 80% of the participant’s individualized maximal oxygen consumption. A subset of 
participants (NACtiv e= 12 ,  Nnontraining = 11) wore physical activity monitors throughout the 2-week study period. Main 
Outcomes Measures: Study protocol and randomization effectiveness, exercise safety and adherence, and progressive intensity 
of the ACTIVE training procedures. Results: No adverse events occurred during any exercise sessions. Twelve ACTIVE training 
participants (60%) completed all training sessions, and every participant completed at least 4 sessions. Heart rate increased 
throughout the training period (P < .001), but symptom changes and training adherence remained stable despite the progressively 
increasing workload. ACTIVE training participants completed approximately 30 additional minutes of physical activity on 
training sessions days, although that was not statistically significant (P = .20). Conclusions: University-aged students were 
adherent to the ACTIVE training protocol. Future research should investigate the safety and feasibility of aerobic training 
programs in acutely concussed individuals to determine their appropriateness as a clinical rehabilitation strategy.
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Concussions are the most frequently occurring traumatic brain 
injury resulting from sport1 and represent a significant public health 
concern. Concussions can result in recognizable signs and reported 
symptoms as well as cognitive and balance dysfunction.2 Most 
individuals recover from concussion within 2 weeks,3 yet up to 
500,000 people annually report persistent dysfunction for months 
to years postinjury.4 This significant minority is forcing researchers 
and clinicians to reconsider passive treatment strategies and prog
ress toward active rehabilitation paradigms capable of mitigating 
deleterious injury consequences.

Previous clinical guidelines supported cognitive and physical 
rest for individuals with concussion until symptom resolution, 
followed by gradual return to activity.3’5 However, the literature 
about the effectiveness of prescribed rest is mixed, with many 
studies finding no benefit or harm.6*8 Current evidence suggests 
that complete rest should persist up to 3 days, followed by a
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reintegration of activity as tolerated.7 These emerging recommen
dations have created a shift in management techniques, with more 
active treatment strategies considered for acute clinical use.

Concussion is known to disrupt cerebral metabolism,9 cere
brovascular regulation,10 and autonomic nervous system11 func
tioning. Physical activity interventions may offer a clinical strategy 
designed to address the shortcomings of prescribed rest by target
ing the physiologic domains affected after concussion. Literature 
supports exercise implementation in chronic concussion recovery 
stages because exercised individuals have shorter symptom dura
tions,12*14 decreased depression scores,15 and improved mood.15 
Still, clinicians remain cautious when prescribing acute exercise 
treatments despite no serious adverse events (AEs) related to 
exercise therapy reported in previous studies.16 Such caution is 
consistent with animal models suggesting that exercise too close to 
injury may be detrimental to recovery.17 To inform acute concus
sion exercise guidelines, interventions should first undergo a 
thorough evaluation of safety, feasibility, and adherence in healthy 
individuals before implementation in patients with concussion. To 
our knowledge, few studies have examined the safety and feasibil
ity of as well as adherence to acute concussion rehabilitation 
programs related to exercise.18

The acute concussion therapy intervention (ACTIVE) training 
exercise parameters were developed with the premise of being 
a n  acute c o n c u s s i o n  r e h a b i l i t a t i o n  t o o l .  The ACTIVE t r a i n i n g  

includes 3 training days per week, beginning as early as 3 days 
postinjury in patients with stable or declining symptoms. Concus
sions are known to result in acute balance deficits,19 and cycle
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ergometers are used in place of treadmills to alleviate safety 
concerns in patients with ongoing balance and vestibular deficits. 
Much of the previous concussion rehabilitation work focuses on 
athletic populations, often with college or professional athletes, 
who have unique schedules and access to advanced medical 
personnel. Many concussions occur among children and adoles
cents without these luxuries, however.20-21 In addition, a significant 
concussion incidence occurs in nonathletic populations through car 
crashes and falls,22 with similar limitations to accessing medical 
providers able to prescribe or monitor rehabilitation. The 3 training 
days per week prescribed in the ACTIVE protocol is meant to 
increase the protocol’s feasibility and translatability for future 
applications to nonathletic populations as well as youth athletes 
without access to athletic trainers.

The purpose of this phase 1 clinical trial was to establish the 
safety, feasibility, and adherence of an aerobic training program in 
healthy, recreationally active university students. We hypothesized 
that ACTIVE training would be safe and feasible in this cohort and 
that participants would adhere to the training schedule. Phase 1 
trials examine a proposed treatment in small cohorts to evaluate 
study protocols, describe protocol adherence, and identify potential 
unintended effects of treatment. The intent of this research is to 
ensure that healthy university students adhere to a brief aerobic 
training program and to provide a foundation for future applica
tions of active interventions in concussion management for injured 
subjects.

Methods

Design
A parallel-group, unblinded, randomized controlled trial assessed 
ACTIVE training on feasibility and adherence outcomes in healthy 
participants. All subjects completed a preintervention and postin
tervention maximal cardiopulmonary exercise test (CPET) approxi
mately 14 days apart. Participants randomized to ACTIVE training 
completed six 30-minute training sessions between CPETs, while 
nontraining participants received no intervention.

Participants
Recreationally active individuals (n = 40) between 18 and 30 years 
of age were recruited for this study. Recreationally active was 
defined as >30 minutes of physical activity >3 days per week. 
Participants were excluded if they sustained a head injury within 
the year prior to enrollment, had any lower-extremity injury 
preventing stationary cycling or balancing on 1 leg, used recrea
tional drugs, or had known cardiovascular health issues. Partici
pants had no contraindications to exercise based on the Physical 
Activity Readiness Questionnaire, a general medical history, and 
an electrocardiogram, as determined by the study physician, who 
reviewed all medical documents and provided medical clearance. 
All participants meeting the inclusion criteria provided informed 
consent, which the University of North Carolina at Chapel Hill 
institutional review board (IRB) approved (IRB #15-2387).

Procedures
Participants were randomized to the ACTIVE training (intervention) 
or nontraining (no intervention) groups based on a computer
generated randomization sequence with block sizes of 4. Participants 
completed an orientation session and 2 CPETs in a conU'olled

laboratory setting. Postconcussion aerobic exercise interventions 
often use a progressive exercise test, gradually increasing exercise 
intensity until a patient’s symptoms are exacerbated.11-12 Partici
pants in this study were healthy, not limited by a symptom 
threshold, and continued the exercise test until volitional fatigue. 
Therefore, CPET and subsequent exercise intensity prescribed 
during the ACTIVE training sessions were chosen to approximate 
procedures already used in concussed samples, while modifying the 
protocol to account for the lack of symptom presence in the healthy 
study cohort. An orientation session familiarized participants with 
testing equipment and provided pretest guidelines (hydrate prior to 
scheduled session and avoid eating within 2 h, exercise within 12 h, 
alcohol within 48 h, and diuretic medication within 7 d of a CPET). 
For the CPET familiarization session, participants were fitted for a 
respiratory mask, and seat height was adjusted for proper pedaling 
mechanics on the cycle ergometer. Participants underwent the 
earliest stages of the CPET following a warm-up at no resistance 
to minimize any learning effect associated with subsequent CPET 
administrations. Test sessions were conducted roughly 14 days 
apart to best approximate typical duration between incident con
cussion and clinical recovery.19 All exercise sessions were com
pleted on a stationary electric-brake bike (Load B V, Groningen, The 
Netherlands) to make this intervention more translatable to acutely 
concussed participants because treadmill protocols may be di fficult 
for participants with balance deficits.23

All participants completed a CPET at both test sessions, 
following standardized procedures set forth by the American 
College of Sports Medicine.18 A physician and a certified athletic 
trainer were on call at a nearby location and prepared to respond 
in the case of an AE. Before each CPET, the metabolic cart was 
calibrated by following manufacture guidelines. Participants began 
the maximal exercise test at 50 W, and intensity was increased by 
50 W for the first 2 stages and 30 W for every stage following. Each 
stage lasted 2 minutes for the first 10 minutes, with 1-minute stages 
following until volitional exhaustion. When applying this protocol 
to future concussed populations, the CPET would have a milder 
progression and end with symptom exacerbation or reported 
volitional fatigue.

Ventilatory outcomes were collected using a Parvo Medics 
TrueOne 2400 metabolic cart (Parvo Medics, Sandy, UT). Heart 
rate was collected every minute, and a Borg rating of perceived 
exertion was collected in the last 30 seconds of every stage. Blood 
lactate was collected by using a lactate plus analyzer (Sports 
Resource Group, Hawthorne, NY) 3 minutes after CPET comple
tion. For a CPET to be valid, athletes had to meet at least 3 of the 
following criteria: (1) plateau in maximal volume of oxygen values 
(<2.1 mL/kg/min) with increases in exercise intensity, (2) respira
tory exchange ratio >1.10, (3) rating of perceived exertion >17, 
(4) lactate > 8.0 mmol/L, and (5) heart rate within 10 beats of age- 
predicted heart rate max (220-age). All but 2 CPETs met this 
requirement.

The ACTIVE training consisted of 6 cycling sessions of 
progressive intensity performed over the 2-week study period to 
align with the recommended 3 training sessions per week that 
would be prescribed to patients with concussion. Participants in the 
ACTIVE training group were asked to continually cycle at the 
given exercise intensity for 30 minutes during each session, with an 
additional 3-minute warm-up and 3-minute cool-down performed. 
Using the first CPET as a baseline assessment, target training 
intensity progressed from 56% to 60% of maximal oxygen con
sumption (V 02max), 60% to 64% of V 02max, 64% to 68% of 
V 02max, 68% to 72% of V 0 2max, 72% to 76% of V 02max, and
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76% to 80% of V 02max over the course of the 6 prescribed 
sessions; this progression from 60% to 80% of V 02max aligns 
with the exercise prescription guidelines set forth by the American 
College of Sports Medicine.24 To ensure that participants were 
training at the appropriate intensity, oxygen consumption levels 
were checked at the 5-, 15-, and 25-minute marks (3-min record
ings) during training sessions, with adjustments occurring as 
needed to ensure that participants achieved target exercise inten
sity. The lead author, who has more than 7 years of experience 
with this population, supervised all training sessions, assisted by 
an exercise physiologist with more than 20 years of experience 
working in exercise prescription in clinical populations. The lead 
author was also responsible for generating the allocation sequence, 
enrolling participants, and assigning participants to intervention 
anus. Because this study involved healthy participants, no prema
ture stopping guidelines were implemented.

Feasibility, adherence, and AE outcomes were recorded during 
all study sessions. These metrics included evaluations of the
(1) study protocol and randomization procedure’s effectiveness,
(2) exercise safety and adherence, (3) progressive intensity of the 
ACTIVE training procedures, and (4) potential energy imbalance 
across randomization arms (evaluated using Fitbil [Fitbil, Boston. 
MA] charge heart rate devices). This study defined adverse event 
as any unanticipated, unfavorable medical occurrence associated 
with a subject's participation in research.

To examine the progressive intensity of the exercise inter
vention, heart rate, rate of perceived exertion, and symptom 
reporting were collected at the end of every exercise session. 
Heart rate was collected using heart rate monitors (Polar Electro 
Oy, Kempele, Finland). The Borg scale, a valid and reliable scale, 
was used to gather rate of perceived exertion.25-26 Participants rate 
their exertion on a scale from 6 (no exertion at all) to 20 (maximal 
exertion). The graded symptom checklist is a list of 27 common 
symptoms participants experienced following concussion. Parti
cipants were asked to rank each symptom on a Likert scale from 
0 (symptom not present) to 6 (severe symptom presence). The 
graded symptom checklist is summed to create a total symptom 
score ranging from 0 to 162, where higher scores encompass more 
symptoms endorsed or the presence of more severe symptoms. 
This study used the total symptom score, where lower scores 
represent fewer concussion-like symptoms. The graded symptom 
checklist has previously been found to be a sensitive, valid, and 
reliable assessment tool.27

Statistical Analyses
All statistical analyses were completed in SAS (version 9.4; SAS 
Institute Inc, Cary, NC), with the biostatistician blinded to group 
assignment. Intention-to-treat analyses were performed; groups 
were analyzed based on the randomization assigned upon enroll
ment regardless of participant adherence. Descriptive analyses 
were completed for all outcome variables. Chi-square and inde
pendent samples t tests were used to assess randomization effec
tiveness. Repeated 1-way analyses of variance were used to 
evaluate differences in physiologic and symptom outcomes across 
sessions, with Tukey’s post hoc analyses conducted where signifi
cant main effects were determined. Mixed-design linear regressions 
using restricted maximum likelihood estimators were conducted 
to  d e te r m in e  w h e th e r  e n e r g y  e x p e n d i t u r e  d i f f e r e d  b e tw e e n  g ro u p s .  

A priori alpha was set to .05. Sample size was determined using 
a priori power analyses conducted in G*Power (version 3.1; 
Diisseldorf, Germany). Thirty-six participants (18 per group)

were needed, and 40 participants were recruited to account for 
potential attrition.

Results

In total, 45 participants were screened during a 7-month period 
from August 2016 to February 2017. Of those, 41 individuals 
(91%) met the inclusion criteria, with 40 participants (98%) 
enrolled and retained (Figure 1). Participants were randomized 
to ACTIVE training or nontraining groups upon study enrollment. 
No significant group differences were observed for any demo
graphic valuable (Table I).

A total of 77 CPETs and 110 ACTIVE training sessions were 
completed, with no AEs reported in conjunction with the exercise 
protocols. One participant (2.5%) fainted during a venipuncture 
associated with a larger study, a known risk of phlebotomy for which 
the research team was adequately prepared. Three (3.6%) CPETs 
were missed because of the participant fainting during the preceding 
venipuncture (n = 1) and calibration issues associated with software 
malfunctions of the metabolic cart computer (n = 2). Out of 120 
training sessions, 10 (8.3%) were missed, with reasons including 
inclement weather (n = 3), illness (n = 4), and forgetting about the 
scheduled session (n = 3). No exercise sessions ended early.

Within the intervention arm, a significant main effect of 
sessions was noted for heart rate outcomes (F5i10| =4.57, P< 
.001). Post hoc analyses revealed that heart rate in the sixth training 
session was significantly higher than in the first training session 
(mean difference = 13.11 beats per minute [bpm], P< .05); the fifth 
(mean difference = 14.29 bpm, P < .05) and sixth (mean difference = 
16.11 bpm, P c . 05) training sessions resulted in significantly 
higher heart rales compared with the second test session. The rate 
of perceived exertion tended to increase (F5i95 -  2.11, P = .07) with 
subsequent training sessions, but the main effect and all post 
hoc comparisons failed to reach statistical significance (P > .05). 
Change in symptom scores from preexercise to postexercise and 
workload at training termination did not significantly differ across 
sessions (Table 2). Participants were tolerant of the prescribed 
training intensity, with 13 participants (65%) able to exercise 
within the target intensity range al all 6 training sessions and 4 
participants (20%) during 5 sessions. Three participants (15%) 
were unable to tolerate the exercise intensity at the final 3 training 
sessions (>70% of V 02max), and the exercise prescription was 
modified for these participants.

Fitbit outcomes were reported in daily values and split 
into 3 groups: intervention participants on days with a scheduled 
ACTIVE training session (ACTIVE training), intervention parti
cipants on days without a scheduled ACTIVE training session 
(ACTIVE no training), and nontraining group participants (non
training). More minutes of total activity (ACTIVE training: 284.8 
|123.7], ACTIVE no training: 264.0 [108.9], and nontraining: 
252.3 [118.3]; P - . 47) and number of steps taken (ACTIVE 
training: 12,080 [4959], ACTIVE no training: 10,555 [4780], 
and nontraining: 10,051 [4897]; P = 2A) were higher on days of 
scheduled ACTIVE training sessions, although these results did 
not reach statistical significance. Minutes of low-, moderate-, and 
high-intensity activity were not different between groups (P> .05).

Discussion

Active rehabilitation strategies have potential as a therapeutic 
intervention in concussion management. However, few programs
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ACTIVE tra in ing group (n = 20) 
Received Six, 30-minute exercise training 

sessions

Nontraining group (n = 20) 
Received no intervention from research 

team

F o llo w -u p
—

Completed study (n = 20) Completed study (n = 20)
Discontinued study (n = 0) Discontinued study (n = 0)

Adverse events (n = 0) Adverse events (n = 0)
Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Other (n = 0) Other fn = 0)

Figure 1 — Profile of the randomized controlled trial.

Table 1 Effectiveness of Randomization Procedures as Measured by Differences 
in Demographic Information Between Groups

Nontraining group (n = 20) Active training group (n = 20) P value

Age 21.15 (2.70) 20.4 (1.14) .25
Sex 10 males and 10 females 10 males and 10 females >.99
Height, cm 174.3 (9.30) 173.5 (11.44) .81
Weight, kg 71.1 (11.16) 71.2 (12.82) .98
Days between sessions 12.68 (3.04) 14.77 (2.80) .07
No. previous concussions 
Premorbid conditions

0.55 (1.10) 0.27 (0.55) .35

ADHD 2 2 >.99
ADD 1 1 >.99
Learning disability 0 1 .31
Seizure 0 0 >.99
Depression 0 3 .71
Psychiatric 0 0 >.99
Anxiety 0 2 .14
Migraines 2 0 .14
Any condition 4 6 .46
Family condition 7 9 .52

Self-perceived fitness3 4.1 (0.55) 3.75 (0.63) .07
Abbreviations: ADD, Attention deficit disorder; ADHD. Attention deficit hyperactivity disorder.
aSelf-perceived fitness was rated on a scale of 1 to 5, where 1 = much less fit than your peers, 3 = just as fit as your peers, and
5 = much more fit than your peers.

have been implemented acutely. Safety and feasibility concerns, 
such as the frequency and duration of prescribed training, trans
portation to rehabilitation, cost of rehabilitation services, lack of 
access to a medical professional to supervise rehabilitation activi
ties, and severity of acute concussion deficits, have precluded an

earlier and wider implementation of active concussion rehabilita
tion strategies, and these concerns are particularly relevant for 
youth or nonathletic cohorts. As such, the development of low-cost 
programs that are highly accessible to all concussed cohorts and 
have the ability to be easily translated to home-based programs
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Table 2 Adherence and Tolerance of All ACTIVE Training Sessions, With Results From the First Maximal Exercise 
Test for Reference

First
maximal
exercise

test

ACTIVE  
training 1 
(56% -60%  

of max)

ACTIVE  
training 2 
(60% -64%  

of max)

ACTIVE  
training 3 
(64% -68%  

of max)

ACTIVE  
training 4 
(68% -72%  

of max)

ACTIVE  
training 5 
(72% -76%  

of max)

ACTIVE  
training 6 
(76% -80%  

of max)
A total symptom score 2.2 (5.0) 0.5 (2.2) 0.4 (1.9) 0.4 (1.9) 0.1 (2.0) 0.6 (1.5) 0.4 (1.9)
HR at termination 180.9 (9.7) 143.3 (12.6) 141.1 (12.1) 146.5 (14.7) 152.1 (11.9) 155.9 (11.2)b 158.2 (12.1)ab
RPE at termination 18.2 (1.4) 12.9 (2.1) 12.6 (1.7) 13.2 (1.35) 13.6 (1.6) 13.8 (1.6) 14.2 (1.6)
Workload (W) at 
termination

239.7 (60.8) 105.7 (41.2) 107.1 (35.3) 117.1 (37.7) 116.6 (34.9) 125.9 (34.3) 129.8 (34.6)

Missed sessions 0 (0%) 2 (10%) 3 (15%) 2 (10%) 0 (0%) 1 (5%) 2 (10%)
Adverse events 0 0 0 0 0 0 0
Abbreviations: ACTIVE, acute concussion therapy intervention; HR, heart rate; RPE, rating of perceived exertion.
“Significantly higher value compared with the first ACTIVE training session. '’Significantly higher value compared with the second ACTIVE training session.

would be of significantly high clinical benefit. The future goal of 
ACTIVE training is to address these feasibility concerns.

This study represents a detailed and thorough evaluation of 
the program in healthy individuals as a first step in achieving 
those goals. Our results indicate that ACTIVE training is a safe and 
feasible aerobic training program in active young adults, and 
participants were adherent to and tolerant of the training protocol. 
The majority of previous work in exercise interventions postcon
cussion use treadmills; ACTIVE training successfully used sta
tionary bikes, which may also be beneficial for acute care because 
they enhance safety for patients who have balance deficits. Out
comes presented here for healthy participants, particularly symp
tom and rating of perceived exertion changes recorded in response 
to ACTIVE training, can serve as normative data for future research 
in concussed populations.

Healthy university students were adherent to the ACTIVE 
training schedule, and no AEs occurred throughout this study. 
Most participants (60%) completed all 6 training sessions over the 
2-week intervention interval, with every participant completing 
at least 4 sessions. Only 6.5% of exercise sessions were missed 
throughout this study, with missed sessions evenly distributed 
throughout the training period. Previous concussion intervention 
protocols show similar levels of adherence for both healthy28 and 
concussed13’29 populations. In addition, the high recruitment and 
low dropout rates in this study meet levels reported previously.29 
This information suggests that the adherence to ACTIVE training 
may be similar in concussed populations; however, most concus
sion rehabilitation interventions fail to report information about 
protocol feasibility or adherence.15’30’31 Concussed people may be 
experiencing symptoms as well as cognitive, balance, and visual 
deficits that may interfere with performing prescribed rehabilitation 
exercises such as physical activity interventions. In addition, young 
or nonathletic cohorts may struggle with the transportation to or 
cost of accessing medical providers to prescribe and monitor 
rehabilitation. These barriers to care have been largely unaddressed 
in the current concussion rehabilitation literature and limit our 
ability to discuss the translation of ACTIVE training to concussed 
populations with greater certainty.

Participants were tolerant of ACTIVE training intensity. The 
significant increases in heart rate throughout the training period, 
combined with a trend toward higher perceived exertion and 
training workload, support our hypothesis that the progressively 
increasing intensity of the training program was appropriately met.

Changes in symptoms score preexercise to postexercise and missed 
sessions did not significantly differ throughout the training period, 
showcasing no evidence of overtraining or burnout. This study 
consisted of young, healthy adults who volunteered for partici
pation; clinical populations, such as concussed individuals, may 
display depressed tolerance to training intensity, requiring further 
evaluation. Other studies report that a small portion of concussed 
individuals cannot tolerate aerobic exercise at moderate intensities 
because of symptom exacerbation, but lowering the exercise 
workload can eliminate this negative response without further 
issue.14'29

Fitbit outcomes failed to reach statistical significance. Minutes 
of total activity and step counts trended toward higher levels for 
intervention participants on scheduled training days, with approxi
mately 20 (compared with days for ACTIVE participants with no 
scheduled training sessions) and 32 (compared with the nontraining 
group) more minutes of activity completed. This additional activity 
on scheduled ACTIVE days suggests that training was completed 
in addition to, not in place of, normal physical activity for 
intervention participants. Minutes of moderate and vigorous activ
ity were not significantly different between groups; however, 
training sessions were completed on a stationary cycle ergometer, 
and Fitbit monitors are known to significantly underestimate 
energy expenditure during cycling activities.32’33 The exercise 
intensity recorded during training sessions may have been incor
rectly classified, which may explain why total minutes of activity 
but not moderate or vigorous activity minutes were higher on days 
of scheduled training sessions. The Fitbit was prone to missing 
data, even on days when research team members verified that the 
device was appropriately worn and charged, highlighting potential 
limitations of using Fitbit devices as research tools.

Aerobic exercise influences the physiologic domains affected 
postconcussion and may be a mechanistic approach to facilitating 
recovery, providing additional benefits to patients with concussion 
above those shown in healthy cohorts. This study using healthy 
participants showed that moderate-intensity ACTIVE training 
workouts could alter symptom ratings, ranging from a 5-point 
decrease to a 6-point increase in symptom scores after exercise. 
Importantly, no participants reported symptom changes exceeding 
previously published reliable change indices ,27 further highlighting 
the safety of the protocol, and a small symptom increase following 
exercise in patients with concussion may not be of medical 
concern. Reliable change scores and clinical judgment from a
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supervising medical professional may represent better methods 
of determining clinically meaningful symptom increases. Other 
studies in concussed cohorts found that symptom exacerbation 
following exercise can easily be managed by reducing intensity,14 
and no serious AEs have been reported following exercise in 
patients with concussion.14’18-29 ACTIVE training used a training 
schedule of 3 sessions per week, which was feasible in this cohort. 
Rehabilitation schedules in other settings are often completed 
between 3 and 5 days per week, and previous studies evaluating 
home-based exercise training programs in chronically concussed 
cohorts target 6 days of exercise per week,13 supporting the idea 
that ACTIVE training could be feasible in injured populations. This 
study provides support that aerobic exercise programs are safe and 
feasible in healthy populations and serves as a starting point for 
evaluating similar exercise interventions in acutely concussed 
populations.

Limitations

The ACTIVE training is a safe and feasible intervention in healthy 
young adults, but patients with concussion may have a different 
response to exercise because of ongoing clinical and physiologic 
deficits. Patients with concussion are often prevented from physical 
activity during their recovery, and aerobic exercise rehabilitation 
interventions would likely represent the only form of exercise 
concussed patients are engaging in. Because this study consisted 
of healthy, recreationally active participants, we were unable to 
prevent participants from engaging in physical activity outside the 
study intervention. A subset of participants wore Fitbit activity 
monitors to observe all their physical activity, including ACTIVE 
training sessions and any additional outside activity. However, the 
Fitbit devices had their own limitations, failing to capture data or 
misclassifying exercise intensity. ACTIVE training and other 
cycling-based interventions would benefit from activity monitors 
that track cadence as opposed to steps. Although impractical for 
continual, daily use, heart rate monitors represent another option to 
track intensity during an exercise session. A target heart rate zone 
below symptom threshold is commonly used to prescribe intensity 
for rehabilitation interventions in concussed cohorts, so accurate 
heart rate outcomes are critical for clinical concussion care. There 
is hope that acute aerobic exercise programs can eventually be 
translated into home-based rehabilitation protocols, but the current 
recommendation is for close monitoring of acutely concussed 
patients during training bouts by a medical professional.

There is no guarantee that the results of this study are 
translatable to other populations. Children and adolescents have 
unique educational and social demands, are still undergoing brain 
maturation, and are often reliant on parents and guardians to afford 
and transport them to care, all of which may cause differing safety, 
feasibility, and adherence outcomes. Acutely concussed indivi
duals may have more severe concussion symptoms and deficits, 
which may cause different responses to aerobic exercise than 
currently reported in this study or the postconcussion exercise 
literature for chronic recovery stages.

Conclusions
Aerobic exercise may directly target the underlying physiologic 
deficits experienced after concussion and has several potential 
benefits specific to patients with concussion, including expedited 
symptom resolution, improved mental health outcomes, and 
reduced effects of detraining throughout the recovery period.

Thorough evaluations of safety, feasibility, and adherence are 
necessary to ensure that the potential benefits outweigh any 
risk of harm. ACTIVE training is a safe and feasible program 
for healthy, recreationally active university students, who were 
adherent to the designed exercise protocols. This study has 
potential implications for trials of concussion management pro
tocols aimed at stimulating exercise training as a clinical inter
vention. The results of this study suggest that acute aerobic 
exercise is a safe and feasible intervention, and this study serves 
as a starting point for future acute concussion exercise rehabilita
tion interventions.
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