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Abstract

Objective: To compare a sample of adolescents with sport-related concussion (SRC) who were
prescribed rest with 2 arms of a randomized controlled trial comparing aerobic exercise with
placebo-like stretching. We also compared sex differences across the 3 approaches to treatment.

Design: Quasi-experimental trial.
Setting: University concussion management clinics.

Participants: Adolescent athletes (aged 13-18 years) presenting within 10 days of SRC (mean, 5
days after injury) received a recommendation for rest (rest group [RG], n=48, 15.4+1y, 25%
female). Their outcomes were compared with matched samples of adolescents assigned to aerobic
exercise (exercise group [EG], n=52, 15.3+2y, 46% female) or placebo-like stretching (placebo
group [PG], n=51, 15.4+2y, 47% female) (N=151).

Main Outcome Measures: The primary outcome was median days from injury to recovery.
The secondary outcome was proportion classified as normal recovery (<30d) or delayed recovery
(=30d).
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Results: The RG recovered in 16 days (interquartile range, 9.25-23.25d), which was significantly
delayed (P=.020) compared with EG (13d; interquartile range, 10-18.5d). The PG recovered in 17
days (interquartile range, 13-23d). Four percent of the EG, 14% of the PG, and 13% of the RG had
delayed recovery (P=.190). There was no difference in recovery time or delayed recovery between
male participants and female participants across groups. Female participants prescribed rest
experienced an increase in symptoms vs the other groups (~=.013).

Conclusion: Relative rest and a placebo-like stretching program were very similar in days to
recovery and symptom improvement pattern after SRC. Both conditions were less effective than
subsymptom threshold aerobic exercise. Female adolescents appear to be susceptible to symptom
increase when prescribed rest.

Keywords
Adolescent; Brain concussion; Exercise; Exercise test; Postconcussion syndrome; Rehabilitation

Concussion, a subtype of mild traumatic brain injury, is the result of sudden deceleration and
rotational forces applied to the brain that trigger an acute and subacute pathophysiological
metabolic response in the absence of gross structural changes to the brain.1:2 The incidence
of sport-related concussion (SRC) is high in contact sports. In the United States alone, it is
estimated that there are 1.6 million to 3.8 million sport-related traumatic brain injuries a
year, the majority of them being concussion.3 The management of concussion has changed
significantly over the years. The first summary and agreement statement of the 2001
consensus conference on concussion in sport held in Vienna recommended rest followed by
a graduated return to play.# This statement, combined with animal research that showed
exercise interfered with upregulation of brain-derived neurotrophic factor (BDNF) and
impeded brain recovery,® provided practitioners with a cornerstone for concussion
management: rest until asymptomatic.

Despite the fact that prescribed rest has been the treatment of choice for almost 20 years,6
there has been surprisingly little research to support it.” Three systematic reviews on
treatment for SRC concluded that there is little evidence to support the value of rest.”-® Two
uncontrolled investigations from the same concussion clinic reported benefit of prescribed
rest to the cognitive performance with patients delayed recovery.61911 |n a randomized
controlled trial (RCT) on concussed adolescents from the emergency department, however,
Thomas et al2 found that participants prescribed 5 days of strict rest reported more
symptoms and had slower symptom resolution than those prescribed usual care (1 or 2 days
of rest followed by stepwise return to activity).

In a recent RCT of subsymptom threshold aerobic exercise vs a placebo-like progressive
stretching program prescribed within 1 week of SRC, Leddy et al'3 demonstrated that
aerobic exercise safely reduced recovery time for adolescent athletes. While this study
represents the strongest evidence to date for an active early concussion treatment, it did not
evaluate recovery for the most commonly prescribed treatment: rest. The Leddy study also
did not investigate the influence of sex. Research on sex differences in concussion recovery
has produced conflicting results.1314 Some studies indicate that girls and women recover
more slowly, whereas other studies show no differences between the sexes. It should be
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noted that none of these studies of sex differences compare outcomes from specific
treatments.

The primary purpose of the current study was to add a third comparison group to the 2
treatment arms of the Leddy3 RCT to compare recovery times across the 3 treatment
interventions. The third group, from an earlier investigation,1* had identical inclusion
criteria and included participants treated with prescribed relative rest, which was consistent
with the standard of care at the time. Relative rest is defined as recommending against
vigorous exercise and avoiding any activities that exacerbate symptoms. Relative rest is
distinguished from strict rest, cognitive rest, or cocooning, all of which discourage all
cognitive and athletic activities, including going to school and use of devices.® The
secondary purpose of this study was to compare the recovery trajectory of female patients
with male patients. We hypothesized that subthreshold aerobic exercise would speed
recovery relative to the other interventions and that female patients in each group would take
longer to recover than male patients.

Study design

Participants

This study was approved by the University at Buffalo Institutional Review Board. This was
not a randomized trial, but rather a comparison of cohorts who were recruited at different
time points. The prescribed rest group (rest group [RG]) was recruited between March 2013
and February 2015 (clinicaltrials.gov: ),1° whereas the placebo stretching group (placebo
group [PG]) and the aerobic exercise group (exercise group [EG]) were recruited between
September 2015 and June 2018 (clinicaltrials.gov: ). Each cohort comprised adolescents
presenting to a university concussion management clinic within 10 days of SRC. Sports
medicine physicians diagnosed concussion based on international guidelines,1® which
included a concussion history, a symptom questionnaire,” a cognitive evaluation,1® and a
concussion-specific physical examination.19:20 The physical examination used in this study
was developed to standardize the examination across physicians and clinics. A patient
receives 1 point for each sign (abnormal oculomotor response, vestibular response or signs
of neck injury) or indication that performance of test item caused symptoms. If the
participant was eligible, a research assistant explained the study and obtained written
consent the same day. All groups were prescribed treatment at the initial clinic visit and
followed up with the physician weekly for the first 4 weeks or until recovered, whichever
came first.

Participants included male and female adolescents (aged 13-18 years) who sustained SRC
within 10 days of initial visit. Exclusion criteria were the following: (1) evidence of focal
neurologic deficit; (2) history of moderate or severe traumatic brain injury; (3) current
diagnosis of attention deficit hyperactivity disorder, learning disorder, depression, anxiety, or
history of >3 prior concussions because these factors are associated with delayed recovery?®;
(4) inability to understand English; and (5) having a symptom severity score of <5 on initial
clinic visit symptom questionnaire. Once the participant had joined the study, we excluded
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those who did not complete at least 75% of daily symptom reports, and those who missed 3
or more days in a row were considered to have withdrawn from the study (because this
interfered with determining the exact date of recovery).

Daily symptom reporting

Participants reported symptoms on a password-protected online data form each day between
7 and 10 PM. To ensure compliance, participants received daily e-mail or text message
reminders. The online symptom questionnaire was the Sport Concussion Assessment Tool 3
Post Concussion Symptom Scale (PCSS),22 a validated instrument with normative data for
male patients and female patients.23 The PCSS is a 22-item questionnaire, and each item is
scored on a 7-point Likert scale (0-6) for a maximum possible symptom severity score of
132.

Treatment interventions

Exercise group—-Participants were provided a subthreshold aerobic exercise prescription
that was calculated as 80% of the heart rate achieved at symptom exacerbation or voluntary
exhaustion on the Buffalo Concussion Treadmill Test (BCTT).24 Previous studies have
shown that the BCTT is a reliable method to determine the symptom exacerbation exercise
threshold in concussed patients and that performing it within 1 week of injury does not
affect recovery.1® Participants were instructed to perform aerobic exercise (eg, walking,
jogging, or biking) at home or in a gym under supervision each day for 20 minutes on a
treadmill or stationary bike at the prescribed heart rate, with a 5-minute warm-up and a 5-
minute cooldown. They were instructed to stop exercising if their symptoms got worse or at
20 minutes, whichever came first. Sports and exercise that rapidly increased heart rate were
prohibited. Participants were instructed to perform daily activities (eg, watching television,
using phones) as tolerated. Participants were given a Polar heart rate monitor® to measure
their heart rate at home during exercise. A new target heart rate was determined by weekly
clinic BCTT performance for as long as the participant remained symptomatic. Further
details about the subthreshold exercise prescription have been reported previously.13

Placebo group—~Participants were prescribed a progressive stretching program that
included breathing exercises and gentle whole body stretches that would not significantly
elevate heart rate. They were provided a booklet (with pictures and instructions) and
instructed to perform the exercises for 20 minutes per day. Each week the stretching
exercises were slightly more difficult to perform. As with the aerobic exercise group, they
were provided with Polar heart rate monitors and were instructed to stop exercising if their
symptoms got worse or if their heart rate showed a notable increase from their resting heart
rate. They were given the same instructions regarding sports and cognitive pacing as the
aerobic exercise group. They performed the BCTT weekly at each clinic visit. Additional
details about the placebo stretching program have been reported previously.13

Rest group—~Participants were prescribed relative rest according to the previous standard
of care.2® They were told that rest was recommended to give their concussed brain a chance

a.Polar heart rate monitor; H7 Polar USA.
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to heal. Rest was described as not participating in any sports or other forms of exercise,
including gym class. They were also told to limit activities that could exacerbate symptoms
such as watching television or using their phones. They were not instructed to remain in a
dark room or avoid social interaction. The participants in the rest group had weekly visits
with the clinic physician and were also assessed on the BCTT. Half of the participants in the
rest group were assessed on the BCTT on their first clinic visit as part of a study of the
safety of the BCTT.14

The primary outcome measure was days to recovery from date of injury. Recovery was
defined as symptom resolution to baseline, confirmed by a normal physical examination
(normal neurologic examination including normal vestibular and oculomotor systems), and
further confirmed by demonstration of the ability to exercise to exhaustion without
exacerbation of symptoms on the BCTT.26 Symptom resolution was defined as having no
symptoms or return to baseline symptoms, which is defined as a symptom severity score<7
on the PCSS for 3 consecutive days without return.2” The first day of symptom resolution
was considered to be the date of recovery (if confirmed by the independent assessments of
the treating physician and the BCTT results). For participants not recovering within 30 days,
date of recovery was determined through follow-up and medical record review. Secondary
outcome measures were incidence of delayed recovery, which is defined as recovery
requiring>30 days in adolescents,16:28 and daily symptom scores.

Sample size

We used data from a pilot study of exercise vs stretching in concussed patients2® and
estimated 4.2 and 7.8 as the standard deviation of the days to recovery for the aerobic
exercise and stretching groups, respectively. We used an underlying normal distribution to
simulate time to recovery data with the above standard deviations. Using a 2-sample 2-sided
ttest, we calculated an 80% chance to detect a clinically significant mean difference of 3.7
days in recovery time between groups with 50 participants in each group.

Statistical analysis

Analyses were based on per protocol analysis. Baseline characteristics were analyzed to
assess cluster differences between groups (exercise vs placebo vs rest). We assessed
groupwise differences in normally distributed variables (age, total symptom severity scores
on initial visit, and days to initial visit) using analysis of variance (ANOVA). Chi-square test
was used to assess groupwise differences in sex, prior concussions, number of physical
examination signs, and incidence of delayed recovery. Because the main outcome measure
(days to recovery) was not normally distributed, a test of medians was used to evaluate
group differences in days to recovery. Independent samples ¢test was used to compare male
participants and female participants in each group in age, days to initial visit, and symptom
severity scores. Equality of variance was assessed. Chi-square tests were used to compare
male participants and female participants in each group for concussion history, physical
examination findings, and incidence of delayed recovery. Test of medians was used to
compare male participants and female participants in each group for days to recovery. Days
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to recovery from start of treatment was demonstrated by Kaplan-Meier curves. The equality
of the survivor function across treatment groups was evaluated by log-rank test.

For secondary outcomes, we used a test of proportions to evaluate the proportion of subjects
with delayed recovery in each group. The effect of treatment was further evaluated by means
of a mixed effects linear regression model to account for repeated measures of symptom
scores. The outcome was daily symptom score and the model included sex to account for
differences in sex across treatment groups. Missing values for symptoms were calculated as
the mean of day-before and day-after scores. A Pvalue<.05 determined statistical
significance and all tests were 2-sided. Statistical analyses were performed using SPSS 24b
and Stata 14.¢

A total of 169 participants consented for the study, as shown in figure 1. One participant
from EG, 1 from PG, and 5 from RG did not return to the clinic. Three participants from
EG, 4 from PG, and 3 from RG were removed because they did not report their daily
symptoms, and date of recovery could not be accurately determined. One participant from
EG was removed because of influenza infection during recovery, and the participant stopped
the exercise intervention. Hence, 52 participants made up EG, 51 participants PG, and 48
participants RG. Participant demographics are presented in table 1. Except for sex, there
were no statistically significant differences in initial presentation between the treatment
groups.

Median duration of clinical recovery and incidence of delayed recovery are presented in
table 2. Median recovery time was significantly lower in EG (£=.020). Mean daily symptom
score with 95% CI for the initial visit and the first 14 days are presented in figure 2. There
was no significant difference between groups on repeated measures ANOVA (P=.343).
Kaplan-Meier estimates of time to recovery are presented in figure 3. There was a significant
difference (P=.039) on log-rank test between treatment groups. Proportional hazards
assumption was met for Cox regressions, which showed a significant difference with
treatment (P=.015) but not sex (P=.367).

Participant demographics and recovery times, separated by sex, for each intervention arm are
presented in table 3. Although female participants reported higher symptoms at the initial
visit than male participants in every group, these differences were not statistically
significant. Male and female participants did not significantly differ in recovery times or
incidence of delayed recovery.

Kaplan-Meier estimates of time to recovery for male and female participants are presented
in figures 4 and 5, respectively. Log-rank test on Kaplan-Meier curves showed a significant
difference between treatment and recovery time for male (£=.019) but not female
participants (P=.412).

b.spss 24; 1BM, Armonk, NY, United States.
C.Stata 14; Stata Corp, College Station, Texas, United States.
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Mean daily symptom severity scores, with 95% ClI, for male and female participants are
presented in figures 6 and 7, respectively. Regarding symptom change over time, repeated
measures ANOVA showed that there was a significant difference for female participants (P=.
013) but not for male participants (P=.712).

Discussion

For almost 2 decades, the treatment of choice for concussion has been strict rest. Moser et
al%11 provides the most detailed description of cognitive rest, which includes not attending
school, no tests, no note-taking, no homework, no household chores, no vacation travel, no
driving, no social visits, no television, no video games, no computer use, no reading, and no
aerobic exercise. The study by Arborgast et al3? suggests that most primary care providers
recommend cognitive rest to their patients, which appears be similar to the Moser et al®
description. In the current study, we prescribed relative rest, which meant that the adolescent
could participate in many of the activities listed above but do less of them, especially if the
activity exacerbated symptoms. Even when we examine the effects of relative rest,
participants took longer to recover than those prescribed subsymptom threshold aerobic
exercise. Participants prescribed relative rest had outcomes largely indistinguishable from
the PG. We conclude that relative rest may be less effective than aerobic exercise but may
not be especially harmful, as was suggested in the review by Silverberg and Iverson.” We did
not study complete cognitive rest and isolation as described by Moser et al®, which
apparently has been the treatment of choice for many primary care providers.

Consistent with previous research,!3 the current study showed that prescribing an active
treatment (ie, subsymptom threshold aerobic exercise) in the week following injury helped
adolescents recover from SRC faster than relative rest. Furthermore, the incidence of
delayed recovery was lower for the exercise group (4%) yet almost identical for the rest and
placebo groups (13% and 14%, respectively). This result did not reach statistical
significance. In an epidemiologic study with a large sample size, Grool et al3! found that of
2413 children with concussion, 30.4% had delayed recovery. Our study was underpowered
to detect rare events such as delayed recovery, but the clinical significance of 4% vs 14% vs
30% cannot be overlooked.32 Further research in larger samples should evaluate the effect of
prescribed subthreshold aerobic exercise on delayed recovery in adolescents after SRC.

There are several possible explanations for the benefits of aerobic exercise over rest. On the
cellular level, animal studies have shown that voluntary aerobic exercise increases neural
plasticity33 and proliferation of neuronal stem cells3* while reducing apoptotic cell behavior
and subsequent neural degeneration.3> Aerobic exercise training enhances neuroplasticity by
increasing serum BDNF levels,38 which may explain why it is effective for the treatment of
mild cognitive impairment.3” On the macrophysiological level, autonomic nervous system
dysfunction38 after concussion appears to limit or blunt the appropriate response to
physiological stressors, as revealed by measures of cerebrovascular vasoreactivity,3 blood
pressure regulation,3? heart rate variability,*% and CO, sensitivity.#142 Exercise is one type
of stressor that elicits symptoms when the stress level exceeds a tolerable level. Thus,
subsymptom threshold aerobic exercise training may stress physiological systems within the
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body’s autoregulatory capabilities after concussion to incrementally restore autonomic
nervous system control to normal.43:44

Another aim of this study was to assess the effect of sex on recovery after SRC. Previous
research has been mixed, with some studies finding female patients take longer to recover#®
while others do not.#® While male patients prescribed rest or placebo took slightly longer (~
1 day) to recover than female patients, we found no statistically significant difference in
recovery time between the sexes in any intervention group. Female patients had higher
symptom scores at the initial visit vs male patients but the small female sample size in the
rest group limited the statistical significance of this finding. Greater female symptom
reporting is consistent with previously published research.4” We observed a sharp rise in
symptom scores the day afterthe initial visit in female patients who had been prescribed
relative rest. Conversely, there was a sharp decline of symptoms in female patients who were
prescribed aerobic exercise or placebo, which was not observed in the male patients. The
mechanism for this observation is not clear, but it is possible that female patients advised to
rest after SRC may ruminate, which increased symptoms. Studies*849 have shown that
female patients tend to ruminate about medical conditions more than male patients, with one
report® linking increased rumination and depressive symptoms after mild traumatic brain
injury in female patients to BDNF gene polymorphisms. It may be particularly important for
medical providers to recommend active treatment for female patients early after SRC to
avoid early exacerbation of symptoms. Further research into sex differences in concussion
recovery is needed, and it is recommended that such differences be examined within the
context of treatment.

Study limitations

The historical sample prescribed relative rest was recruited several years prior to the other 2
groups. The RG had a smaller proportion of female participants. The relatively small sample
size limited our power to detect rare events and thus draw any conclusions about the effect
of the different treatments on delayed recovery. The disproportionately small sample of
female participants in the RG also limits the generalizability of findings of the female
symptom analysis. Further, we did not obtain any information about the menstrual cycle or
hormonal levels of female patients, something we believe essential to a study that examines
clinical outcomes of female patients following SRC. Finally, we had no objective measure as
to whether the rest group participants were compliant with their treatment recommendation.
Daily symptom reporting and self-reported compliance with treatment intervention,
however, in the exercise and placebo groups were 83% and 86%, respectively,3 so it is
reasonable to assume that patients prescribed relative rest also followed their physician’s
recommendations.

Conclusions

This study showed that a recommendation for relative rest was not as effective as prescribing
subsymptom threshold aerobic exercise to adolescents after acute SRC. The RG participants’
recovery was almost identical to the PG. We did not find significant differences in recovery

from SRC between male and female patients, regardless of intervention, which suggests that
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future research on sex differences should account for the advice given or treatment
recommendations made to concussed adolescents. Female patients prescribed rest had a
rather dramatic increase in symptoms the day after being seen in the clinic, suggesting that a
prescription for rest after SRC may be particularly problematic for female adolescents.
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Fig 1.
Participant inclusion.
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Mean daily symptom scores on Post-Concussion Symptom Scale with 95% CI for exercise,
placebo, and rest groups. NOTE. Repeated measures ANOVA does not show a significant
difference between groups (Wilk’s lambda=0.806, P=.343).
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Survival proportions: Survival of Male Adolescents
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Fig 4.

Kaplan-Meier estimates of time to recovery for male participants in exercise, placebo, and
rest groups.
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Survival proportions: Survival of Female Adolescents
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Fig5.
Kaplan-Meier estimates of time to recovery for female participants in exercise, placebo, and
rest groups.
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Fig 6.

Mean daily symptom severity score with 95% CI for male participants. NOTE. Repeated
measures ANOVA does not show a significant difference between groups (Wilk’s
lambda=0.750, P=.712).
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Mean daily symptom severity score with 95% CI for female participants.NOTE. Repeated
measures ANOVA shows a significant difference between groups (Wilk’s lambda = 0.389,
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