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obJect Sport-related concussion (SRC) is a major public health problem. Approximately 90% of SRCs in high school 
athletes are transient; symptoms recover to baseline within 1 week. However, a small percentage of patients remain 
symptomatic several months after injury, with a condition known as postconcussion syndrome (PCS). The authors aimed 
to identify risk factors for PCS development in a cohort of exclusively young athletes (9–18 years of age) who sustained 
SRCs while playing a sport.
methods The authors conducted a retrospective case-control study by using the Vanderbilt Sports Concussion Clinic 
database. They identified 40 patients with PCS and matched them by age at injury and sex to SRC control patients 
(1 PCS to 2 control). PCS patients were those experiencing persistent symptoms at 3 months after an SRC. Control 
patients were those with documented resolution of symptoms within 3 weeks of an SRC. Data were collected in 4 cat-
egories: 1) demographic variables; 2) key medical, psychiatric, and family history; 3) acute-phase postinjury symptoms 
(at 0–24 hours); and 4) subacute-phase postinjury features (at 0–3 weeks). The chi-square Fisher exact test was used 
to assess categorical variables, and the Mann-Whitney U-test was used to evaluate continuous variables. Forward step-
wise regression models (Pin = 0.05, Pout = 0.10) were used to identify variables associated with PCS.
results PCS patients were more likely than control patients to have a concussion history (p = 0.010), premorbid 
mood disorders (p = 0.002), other psychiatric illness (p = 0.039), or significant life stressors (p = 0.036). Other factors 
that increased the likelihood of PCS development were a family history of mood disorders, other psychiatric illness, and 
migraine. Development of PCS was not predicted by race, insurance status, body mass index, sport, helmet use, medi-
cation use, and type of symptom endorsement. A final logistic regression analysis of candidate variables showed PCS to 
be predicted by a history of concussion (OR 1.8, 95% CI 1.1–2.8, p = 0.016), preinjury mood disorders (OR 17.9, 95% CI 
2.9–113.0, p = 0.002), family history of mood disorders (OR 3.1, 95% CI 1.1–8.5, p = 0.026), and delayed symptom onset 
(OR 20.7, 95% CI 3.2–132.0, p < 0.001).
coNclusioNs In this age- and sex-matched case-control study of risk factors for PCS among youth with SRC, risk 
for development of PCS was higher in those with a personal and/or family history of mood disorders, other psychiatric 
illness, and migraine. These findings highlight the unique nature of SRC in youth. For this population, providers must 
recognize the value of establishing the baseline health and psychiatric status of children and their primary caregivers 
with regard to symptom reporting and recovery expectations.
In addition, delayed symptom onset was an unexpected but strong risk factor for PCS in this cohort. Delayed symptoms 
could potentially result in late removal from play, rest, and care by qualified health care professionals. Taken together, 
these results may help practitioners identify young athletes with concussion who are at a greater danger for PCS and 
inform larger prospective studies for validation of risk factors from this cohort.
http://thejns.org/doi/abs/10.3171/2014.10.PEDS14356
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E
ach year in the United States, an estimated 136,000 
sports-related concussions (SRCs) occur in young 
people.49 Recognition of the burden of SRC among 

children and adolescents has provoked a wave of study 
into its prevention and treatment. Concussion incidence 
peaks among those 9 to 22 years of age, when school and 
group athletics are most popular.70 At least 25% of con-
cussions in children seen at emergency departments are 
sports related.

Most SRC symptoms are transient.11 In fact, for more 
than 90% of high school athletes, symptoms recover to 
baseline within 1 week after SRC.23,24,30,42,44,46 However, for 
a minority of athletes, recovery is protracted, in the form of 
what has been termed postconcussion syndrome (PCS).49,51 
Classic features of PCS can be grouped into 4 symptom 
domains: somatic, cognitive, sleep, and emotional (Table 
1).10,37 For young athletes who experience postconcussion 
symptoms for months, the ramifications can be devastat-
ing. Young athletes with PCS can demonstrate prominent 
exercise intolerance, neurocognitive dysfunction, reaction 
time variability, and decreased working memory.12,19,53 
The literature indicates that the percentage of young ath-
letes in whom PCS develops after SRC varies from 1.5% 
to 15%.3,40,49,69 This wide range of PCS incidence is prob-
ably attributable to variation in the population studied, the 
time frame used for making the diagnosis, and measurable 
risk factors. Numerous studies have attempted to identify 
predictive factors for PCS: For example, in samples of 
high school and collegiate athletes, an increasing number 
of previous concussions has been found to be a risk fac-
tor for PCS.23,57,62 Also associated with a higher likelihood 
of PCS after mild traumatic brain injury (mTBI) in youth 
are immediate postinjury amnesia, loss of consciousness, 
confusion, migraine headache, photophobia, phonopho-
bia, and poor cognition.15,16,33,35,38,43 However, even these 
findings have been disputed; the association depends on 
whether the mTBI was sport related.50

Demographic risk factors have also been studied. 
Young, female athletes have been shown to have a higher 
number of PCS symptoms after mTBI, report more mi-
graines, and demonstrate more pronounced cognitive defi-
cits.10,66 Preinjury psychosocial context is also thought to 
play a role. Predictors of PCS after mTBI in children are 
increasing parental anxiety, parental financial resources, 
preexisting learning difficulties, psychiatric illness, fam-
ily stressors, symptom attribution, and a child’s decreasing 
health-related quality of life.56,58,70

Although the literature is replete with studies that have 
evaluated risk factors for PCS in a general mTBI popula-

tion, to our knowledge, there is a dearth of research re-
porting exclusively on SRCs among youth.5,6,56,58,63,69,70 The 
goal of our study was to determine which risk factors pre-
dicted PCS in a cohort of young athletes with SRC after 
controlling for sex, previous concussions, and age at the 
time of injury. We investigated 4 potential predictive fac-
tors and surveyed a variety of factors that were obtained 
from a review of the literature and that had significant em-
pirical potential for the prediction of PCS.

methods
study design

Institutional review board approval was obtained, and 
all participants (or their guardians) provided written, in-
formed consent for research participation. Our study was 
a retrospective, case-control design. Participants were 
recruited into the Vanderbilt Sports Concussion Center 
(VSCC) database from high schools in the middle Tennes-
see area that had participated in regional neurocognitive 
testing programs during 2007–2013. Most high schools in 
this region, which represents a diversity of socioeconomic 
demographics, school size, and geography, participate in 
this program.

Patient Data Identification
Patients with PCS after SRC were identified from the 

VSCC database. After a child experienced head trauma, 
a certified athletic trainer or team physician diagnosed 
concussion if the examiner noted the following on-field 
or sideline signs or symptoms: 1) lethargy, fogginess, 
headache, and so on; 2) altered mental status; 3) loss of 
consciousness; and/or 4) amnesia. Following the recom-
mendations of the Concussion in Sports Group consen-
sus guidelines, we used no grading system for concussion 
severity. All peri-injury consultation notes, vital signs, 
hospitalizations, radiological images, outside medical re-
cords, and clinical communications were reviewed in our 
electronic medical record.45,46

Patients with PCS were defined as those experienc-
ing postconcussion symptoms for greater than 3 months. 
Control patients were defined as those with documented 
symptom resolution by 3 weeks. The inclusion criteria 
were as follows: 1) the patient sustained the index con-
cussion while playing a sport and 2) the patient was 9–18 
years of age at time of injury. Exclusion criteria were as 
follows: 1) symptoms persisted from 3 weeks to 3 months 
and 2) no verifiable documentation of symptom resolution 
was available. Various studies diagnose PCS in patients 

table 1. Pcs clusters

Somatic Cognitive Sleep Emotional

Headaches Fatigue Difficulty sleeping More emotional
Visual problems Fogginess Sleeping less than usual Sadness
Dizziness Drowsiness Sleeping more than usual Nervousness
Photophobia/phonophobia Difficulty concentrating/remembering Irritability
Nausea/vomiting Cognitive slowing
Balance problems
Numbness/tingling
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with symptoms lasting 1 month; however, we chose to 
adhere to the strict temporal definition in the Diagnostic 
and Statistical Manual of Mental Disorders, Edition 4, 
which states that PCS patients are symptomatic beyond 3 
months.1,2,27,39,59

During 2011–2013, a total of 1116 patients were seen at 
VSCC. From this group, 40 patients identified as having 
PCS resulting from a sports-related mechanism were iden-
tified from a cohort referred to the Pediatric Neurology 
Clinic at Monroe Carell Jr. Children’s Hospital at Vander-
bilt. The first 40 patients with PCS were identified in al-
phabetical order and then matched by both age and sex 
to 2 control patients (1:2 matching) who had sustained an 
SRC but who had clear documentation by a trained health 
care provider (those with an MD, DO, PhD, PA, or NP 
degree) of symptom resolution, at rest and with exertion, 
within 3 weeks of injury.

data collection

From each patient’s electronic medical record, we com-
piled provider consultation notes, radiological findings, 
medications prescribed, clinical communications, and 
scanned documentation. We collected data in 4 categories: 
1) demographic variables; 2) key past medical, psychiatric, 
and family history; 3) acute-phase postinjury symptoms 
(at 0–24 hours); and 4) subacute-phase postinjury features 
(at 0–3 weeks). Significant stressors were noted if they 
represented major life events that were acknowledged by 
the patient or provider as possibly interfering with concus-
sion recovery and symptomatology.

Although in a retrospective study it is difficult to in-
dependently corroborate medical, psychiatric, and family 
history, we used all peri-injury consultation notes, hospi-
talizations, outside medical records, and clinical commu-
nications available in our robust electronic medical record 
to confirm these variables. Most patients were queried by 
use of a standard health history form, affording each the 
opportunity to self-report medical, psychiatric, and fam-
ily history. For symptoms in both phases, we looked for 
categorical endorsement of symptoms on the widely used 
Post-Concussion Symptom Scale (PCSS).34,36 However, 
because of variability in the format of provider documen-
tation of symptom endorsement, we were not able to use 
the 0–6 scale of the PCSS; instead we assessed the cat-
egorical endorsement of a particular symptom (endorsed 
or not endorsed). Symptom clusters are detailed in Table 1. 
Total scores for endorsement of representative symptoms 
in each cluster were calculated. These data were compiled 
into a single database and analyzed. Body mass index 
(BMI) data were collected if they represented measure-
ments taken within 6 months of the SRC.

statistical analyses

Descriptive statistics are reported as mean ± SD for 
continuous variables and as frequency and proportion for 
categorical variables. Before performing analyses, we as-
sessed variable distributions for normality by using histo-
gram and Kolmogorov-Smirnov statistics. Univariate and 
bivariate association analyses were performed for demo-
graphic variables, presenting characteristics, and health 

care utilization variables to describe their distributions 
and assess their association with PCS, respectively. The 
chi-square Fisher exact test was used for categorical vari-
ables, ANOVA was used for normal continuous variables, 
and the Mann-Whitney U-test was used for nonparametric 
continuous variables. For bivariate analyses, significance 
was determined at a level of a = 0.05.

To identify the predictors most strongly associated with 
development of PCS, we used forward stepwise binary 
logistic regression models (Pin = 0.05, Pout = 0.10). Each 
model was controlled, a priori, for patient age, sex, num-
ber of previous concussions, and race. Acute and subacute 
symptom cluster scores were entered into the model a pri-
ori according to our hypotheses, namely that the number 
of symptoms would be higher among PCS patients than 
among control patients for each of the 4 symptom clus-
ters (somatic, cognitive, sleep, and emotional). Bivariate 
associations between PCS and independent variables were 
analyzed. Variables found to have a trend-level associa-
tion (p < 0.100) with PCS were assessed for collinearity 
by using the Spearman rank correlation coefficient. When 
collinearity was found, the variable with the weaker asso-
ciation with PCS, as defined as a smaller absolute correla-
tion coefficient, was disqualified from the list of candidate 
predictor variables entered into the regression model. This 
regression model was evaluated for assumptions and apt-
ness. Significance for the logistic regression was set at 0.01 
(calculated as a = 0.05/5) via the Bonferroni continuity 
correction; 5 final variables were entered into the stepwise 
model. To generate the specificity and sensitivity data, we 
developed this model and then applied it retrospectively to 
the same data set. Statistical analyses were performed by 
using SPSS Statistics, version 20.0.0 (IBM Corp.).

results
demographics

Characteristics of the 2 groups are detailed in Table 
2. Several potentially confounding factors such as age (p 
= 0.722) and sex (p = 0.848) did not differ significantly 
between groups. Regarding the sport associated with the 
concussion, we found no significant difference (p = 0.197) 
between the 2 groups in the 5 major involved sports (foot-
ball, basketball, baseball/softball, soccer, and other). The 
3 most common sports categorized as “other” were eques-
trian sports, water sports, and lacrosse.

Neither race (p = 0.134) nor type of insurance (p > 
0.999) was associated with PCS. Female sex did not pre-
dict any symptom cluster (somatic, cognitive, sleep, or 
emotional) in either group. When analyzing BMI data 
measured within 6 months of injury, we found no signifi-
cant difference in the percentage of children in whom PCS 
did (69.3%) and did not (72.6%) develop (p = 0.480).

medical, Psychiatric, and Family history

One possible confounding factor that was purposely 
not kept constant was the number of previous concussions, 
because the literature indicates that previous concussions 
represent a major potential risk factor for PCS.70 In this 
cohort, athletes with PCS reported having previously sus-
tained more concussions than did controls (p = 0.010). At 
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table 2. characteristics of 120 participants 

Characteristic PCS Patients (n = 40) Control Patients (n = 80) p Value

Demographic
  Age, mean (SD) 14.9 (2.1) 14.8 (2.0) 0.722
  Male, no. (%) 19 (47.5) 40 (50.0) 0.848
  Race, no. (%)
    Black 4 (10.0) 18 (22.5)
    Caucasian 36 (90.0) 60 (75.0)
    Unknown 0 (0.0) 2 (2.5) 0.134
  Insurance, no. (%)
    Private 32 (80.0) 63 (78.8)
    Other 8 (20.0) 17 (21.3) >0.999
Medical history
  Prior concussions, mean, no. (SD) 0.9 (0.7) 0.4 (0.7) 0.041*
  Neurological history, no. (%)
    Attention deficit disorder 3 (7.5) 8 (10.0) 0.750
    Mood disorder 7 (17.5) 1 (1.3) 0.002*
    Psychiatric 4 (10.0) 1 (1.3) 0.042*
    Migraine 8 (20.0) 7 (8.8) 0.088
  Family history, no. (%)
    Mood disorder 8 (20.0) 3 (3.8) 0.006*
    Psychiatric 8 (20.0) 5 (6.3) 0.031*
    Migraine 14 (35.0) 9 (11.3) 0.003*
Acute & subacute phase of injury
  Sport, no. (%)
    Football 10 (25.0) 27 (33.8)
    Baseball/softball 3 (7.5) 4 (5.0)
    Basketball 5 (12.5) 14 (17.5)
    Soccer 4 (10.0) 15 (18.8)
    Other 18 (45.0) 20 (25.0) 0.197
  Admitted, no. (%) 3 (7.5) 0 (0.0) 0.035*
  Helmeted, no. (%) 11 (27.5) 25 (31.3) 0.833
  Initial presentation, no. (%)
    Athletic trainer, certified 0 (0.0) 1 (1.2)
    Clinic 23 (57.5) 41 (51.3)
    Emergency department 17 (42.5) 36 (45.0)
    On field 0 (0.0) 1 (1.3)
    Outside emergency department 0 (0.0) 1 (1.3) 0.785
  Acute symptoms, mean score (SD)
    Somatic cluster  3.0 (1.7) 3.0 (2.1) 0.861
    Cognitive cluster  0.4 (1.1) 0.6 (1.2) 0.122
    Sleep cluster  0.1 (0.4) 0.1 (0.3) 0.826
    Emotional cluster  0.0 (0.2) 0.1 (0.4) 0.270
  Loss of consciousness, no. (%) 9 (22.5) 17 (21.3) >0.999
  Delayed symptoms, no. (%) 10 (25.0) 2 (2.5) <0.001
  Neck pain, no. (%) 7 (17.5) 17 (21.2) 0.809
  Amnestic, no. (%) 11 (27.5) 26 (32.5) 0.677
  Subacute symptoms, mean (SD)
    Somatic cluster score 3.0 (1.7) 2.8 (2.3) 0.426
    Cognitive cluster score 1.4 (1.6) 1.6 (1.7) 0.760
    Sleep cluster score 0.4 (0.7) 0.4 (0.6) 0.834
    Emotional cluster score 0.5 (1.0) 0.6 (0.9) 0.487

(continued)
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least 2 previous concussions had been sustained by 27.5% 
of PCS patients and only 7.5% of control patients. PCS 
was more likely to develop in athletes with history of pre-
morbid mood disorders (p = 0.002) and psychiatric ill-
ness (p = 0.039) but not migraine (p = 0.088). Significant 
stressors (close family member deaths and bullying) dur-
ing SRC recovery was reported by 3 (7.5%) PCS patients. 
Other PCS predictors were a family history of mood dis-
orders (p = 0.006) and migraine (p = 0.003). No signifi-
cant association was found between development of PCS 
and presence of attention deficit hyperactivity disorder or 
a learning disability (p = 0.750).

acute and subacute symptoms

No bivariate associations were found between acute-
phase symptom scores or subacute-phase symptom scores 
and development of PCS. Delayed symptom onset, defined 
as the report of being asymptomatic for at least 3 hours 
postinjury, was 10 times more prevalent among PCS than 
control patients (25.0% vs 2.5%, p = 0.001). PCS was not 
predicted by loss of consciousness, amnesia, use of an 
over-the-counter pain reliever, use of a narcotic pain re-
liever, initial consultation with a healthcare provider, or 
wearing a helmet.

overall Pcs Prediction model

Bivariate analysis identified a personal or family his-
tory of mood disorders and the presence of delayed symp-
toms as candidate predictor variables to be entered into 
the forward stepwise binary logistic regression model. 
For model entry, the forward stepwise logistic regression 
model used these candidate variables along with acute 
and subacute symptom cluster scores, history of mood 
disorders, family history of mood disorders, presence of 
delayed symptoms, and the acute emotional cluster. The 
overall model explained a significant proportion of vari-
ance in PCS development with the Nagelkerke R2 = 0.450 
and was significant at p < 0.001 according to the model 
chi-square statistic. The model predicted 80.2% of correct 
classifications overall with a sensitivity of 55.0% and a 
specificity of 92.6%. Independently, a history of mood dis-
orders was associated with increased risk for PCS devel-
opment (relative risk 17.9, 95% CI 2.9–113.0, p = 0.002), 
along with presence of delayed symptoms (relative risk 
20.7, 95% CI 3.2–132.0, p = 0.001). The acute emotional 
cluster scores were not associated with a decreased likeli-
hood of PCS when the Bonferroni-corrected significance 
level of a = 0.01 was used. Results of the final logistic 
regression model are detailed in Table 3.

discussion
In this case-control study of risk factors for PCS among 

young athletes, risk for PCS was higher among those with 
an individual or family history of preinjury psychiatric ill-
ness and migraines. Other predictors were an increasing 
number of previous concussions and delay in symptom 
onset. Findings from this study expand the growing list 
of known risk factors for PCS identified in our literature 
review (Table 4).

demographics

We found that for this cohort, insurance status did not 
predict PCS. Although evidence suggests that high family 
stress in higher-functioning families with greater environ-
mental resources may predict PCS in children with mTBI, 
our data do not indicate an effect of having private insur-
ance over state or federally funded programs.56,69

We also did not find an association between race and de-
velopment of PCS. This finding was notable because chil-
dren of minority race are significantly more likely to ex-
perience underdiagnosis; undertreatment; and conditions 
like asthma, attention deficit hyperactivity disorder, and 
learning difficulties.14,20,21,54,67 In addition, a prospective, 
observational study of 71 adults with mTBI who sought 
care at an emergency department found that although 
patients were discharged with instructions to follow up 
with a primary care provider within 1–2 weeks, African 
Americans were less likely to do so (OR = 0.36, 95% CI 
0.13–0.99).4 In that study, patients without a primary care 
provider were assigned one, which introduced the patient 
to an unknown physician. Also in that study, confidence 
intervals were remarkably wide. Because that study ex-

table 2. characteristics of 120 participants (continued)

Characteristic PCS Patients (n = 40) Control Patients (n = 80) p Value

Acute & subacute phase of injury (continued)
  Pain medication use, no. (%)
    Over-the-counter 29 (72.5) 48 (60.0) 0.227
    Narcotics 9 (22.5) 8 (10.0) 0.094
  Significant stressor, no. (%) 3 (7.5) 0 (0.0) 0.036*

*  Indicates statistical significance.

table 3. Final stepwise logistic regression model assessing 

predictors of Pcs after src

Predictor of PCS
Independent Variable Exp (β) 95% CI p Value

Constant 0.31 0.558
Age 0.97 0.78–1.21 0.806
Male sex 0.78 0.30–2.02 0.606
No. of previous concussions 1.78 1.12–2.84 0.016*
Mood disorder 17.94 2.85–112.95 0.002*
Family history 3.11 1.14–8.45 0.026
Delayed symptoms 20.69 3.24–131.97 0.001*
Acute emotional cluster 0.04 0.00–6.33 0.023*

*  Indicates statistical significance.
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amined adults with all forms of mTBI, it is not clear if this 
trend would be expected for children with SRC.

medical, Psychiatric, and Family history

We found that PCS was more likely to develop after 
concussion in young athletes with preexisting mood dis-
orders or psychiatric illness. These findings corroborate 
those of studies of general mTBI in older patients, that 
PCS is more likely to develop after mTBI in adults expe-
riencing depression, anxiety, and/or life stressors.16,29,41,57,68 
However, whether this finding applies to young athletes 
with SRC remains unclear. One prospective study of 130 
children 6–15 years of age who received care for mTBI 
at 2 emergency departments were followed up at 1 week 
and 3 months after injury.59 Concussions were sustained 
mostly from falls (34%), cycling accidents (21%), and 
sports (24%). Of the 85% examined during a 3-month fol-
low-up visit, PCS had developed in 17%. Those with PCS 
were more likely to have had a previous head injury (p < 
0.001), learning difficulties (p = 0.02), psychiatric illness 
(p = 0.02), or premorbid family stressors (p < 0.001).58 
One major limitation of the aforementioned study was that 
postinjury behavior and symptoms were obtained from the 
parent or guardian, not the child. If parental stress modi-
fies endorsement of PCS symptoms, it is unclear if these 
data truly reflect the child’s symptoms.56

Prevalent among our cohort of young athletes with PCS 
after concussion were family histories of mood disorders 
(p = 0.006), other psychiatric illness (p = 0.031), and mi-
graine (p = 0.003). It is worth mentioning that migraine 
histories were determined on the basis of self-report of a 
migraine disorder or chronic headache syndrome. For ex-
ample, many patients reported that siblings at times expe-
rienced “headaches.” However, we only included patients 
who self-reported either a significant chronic headache 
syndrome or migraine disorder.

This higher prevalence of mood disorders and psy-
chiatric illness is consistent with previous findings that 
preinjury parental anxiety and family and life stressors 
predict protracted mTBI recovery in children.56,58 These 
findings emphasize the value of addressing concussion 
recovery specifically in children and adolescents, who 
must recover within the context of complex modifiers like 
parental stressors. It is difficult to say whether these pro-
posed modifiers are genetic, environmental, or both. True 
manifestations of PCS can be difficult to distinguish from 
symptoms of primary disorders of depression, anxiety, and 
migraine.10,48 Baseline health and psychiatric status of both 
the child and the primary caregivers should be considered 
with regard to symptom reporting and expectations re-
garding recovery.

acute and subacute symptoms

We did not find that loss of consciousness, amnesia, or 
any symptom cluster predicted PCS. This finding probably 
results from the fact that these risk factors have been iden-
tified in youth cohorts that included all forms of mTBI, not 
just those resulting from sporting activities. These more 
severe forms of impact include motor vehicle collisions, 
falls, and assaults. However, one unexpected finding was 
that in our cohort, PCS was significantly more likely to de-

velop in athletes who endorsed delayed symptoms (onset > 
3 hours postinjury) (p < 0.001). A common scenario was 
the athlete continuing to play after the significant hit and 
only noticing symptoms well after the game. The implica-
tion of this finding is that athletes who do not experience 
symptoms immediately might not be removed from play 
at the actual time of injury. This implication is especially 
true given that loss of consciousness and amnesia, obvious 
and severe manifestations of SRC, were rare in our cohort 
and in the literature for this population.49 By remaining 
in play, these young athletes may then experience second 
hits, exposing their already injured brain to additional in-
sults. The interaction between delayed symptoms and de-
velopment of PCS is complex and warrants further study.

Second hits in a short time frame are significant for 
2 reasons. First, the American Academy of Pediatrics, 
the American Medical Society for Sports Medicine, the 
American College of Sports Medicine, the Concussion in 
Sports Group, and the American Academy of Neurology 
have all issued statements instructing both physical rest and 
cognitive rest immediately after SRC in a young person, 
based on evidence that rest expedites symptom-free recov-
ery.22,25,26,28,45 However, although recommended by these 
groups, the exact nature and quantifiable benefit of quality 
physical and cognitive rest remains controversial.12,54,55,67 
Second, decreasing the time between repeat concussions 
is an independent risk factor for protracted recovery in 
mice and children.52 Beckwith et al. and Duhaime et al. 
highlighted the difficulty of SRC diagnosis because of 
variability in on-field symptoms, an athlete’s willingness 
to report, and the potential for delayed symptom onset, 
seen in up to 50% of a sample of college football play-
ers with SRC.8,17 Furthermore, subconcussive impacts are 
increasingly being recognized as having potentially nega-
tive long-term cognitive effects for those who play contact 
sports. Talavage et al. reported that for 11 male football 
players who had no clinical concussion symptoms over 
the course of 1 season, neurocognitive testing indicated 
development of significant deficits, highlighting the risks 
and ramifications of repetitive, subconcussive impacts.65 
Another study by Duhaime et al. used instrumented hel-
mets to follow 450 college football and ice hockey teams. 
Although 486,594 head impacts were recorded during the 
study period, for one-third of all diagnosed concussions, 
the contact event was not clinically apparent to officials or 
by report from the athlete.32

In another prospective study of 1208 college football 
players wearing instrumented helmets, concussions were 
more likely to be diagnosed immediately after impacts 
with the highest kinematic measures. These more force-
ful hits resulted in these same players being removed from 
play immediately. However, those players for whom diag-
nosis was delayed were more likely to continue to play and 
have a higher number of recorded, subconcussive, repeated 
head impacts.8 These findings could potentially explain 
why young athletes with SRC in this study in whom PCS 
later developed were more likely to report delayed symp-
tom onset; if symptoms were delayed, diagnosis would be 
delayed, play would continue with risk for repeated im-
pacts, and beneficial physical rest and cognitive rest could 
not begin. Although each of these studies focuses on older, 
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collegiate athletes, there is no plausible reason to think that 
the younger athletes in our study are less prone to these 
same repetitive, subconcussive impacts.

All patients included in this study experienced a “big 
impact” during play, based on the medical record history 
provided by the patient or a family member. We offer only 
serial hits or lack of rest as possible explanations. How-
ever, other possibilities could explain the connection be-
tween delayed symptoms and PCS. The high prevalence 
of behavioral health problems in the PCS cohort may also 
influence the onset of symptoms. Regardless, these pre-
liminary data argue for prospective evaluation of serial 
hits and delayed symptom onset in larger samples.

limitations

The lack of predictive symptom clusters could be ex-
plained by a limitation in our study, which precluded the 
use of anything beyond categorical variables for endorse-
ment of a given symptom. Although we used symptoms 
present on the PCSS, because of variability in formats of 
symptom documentation by providers, a 0–6 scale was im-
possible to use consistently for patients in this retrospec-
tive case-control study. Widely used standard forms like 
the Rivermead Post-Concussion Symptoms Questionnaire 
and the PCSS have severity of symptom scales, which al-
low more nuance for the endorsement of a given symp-
tom.13,32,34 However, these forms were not consistently used 
by clinicians involved with patients in our study. Our ob-
served variation in symptom documentation used by pro-
viders is troubling and is probably a source of significant 
variability in the literature.

We also do not know what the scores on such a scale 
would have been for patients in this cohort before an SRC. 
This baseline information would be useful, given the 
relative nonspecificity of postconcussion symptoms. This 
finding speaks to the urgent need for consistent provider 
use of a symptom scale to allow quality continuity of care 
between emergency departments, primary care physicians, 
sports medicine providers, and other specialists. Addition-
ally, it is unclear if symptom scales currently in use are 
generalizable to populations at increased risk for PCS, like 
those with mood disorders, migraine histories, or numer-
ous previous concussions. Both the retrospective nature of 
our study and its location in only 1 region of the country 
limit the generalizability of our results.

Future directions

The lack of verified biological explanations for the non-
specific symptoms seen with PCS has led many to ques-
tion its legitimacy as a disease entity.18,48 As a result, many 
have recently focused efforts on identifying biomarkers 
that might predict or be hallmarks of PCS development. 
Noting that the G(-1019) allele of HTR1A is associated 
with major depression and suicide, a team led by Smyth 
et al.64 examined the prevalence of the G(-1019) allele in 
children with mTBI. In their cross-sectional study of 47 
symptomatic children who experienced postconcussive 
symptoms for 7 or more days, the G allelic frequency and 
genotypic frequency for HTR1A polymorphisms was simi-
lar to that among controls.64 In another study, S100B, an 
astroglial calcium-channel binding protein was found to 

be elevated after mild to severe TBI.1 S100B is also highly 
correlated with abnormal cranial CT scans of mTBI pa-
tients; sensitivity is remarkable (90%–100%).1,2 A ret-
rospective analysis of 76 children with mTBI measured 
S100B levels immediately after mTBI; however, no asso-
ciation was found between serum levels of S100B at this 
time and later development of PCS.1 Cleaved tau protein, 
although elevated in patients after intracranial injury and 
correlated with functional outcomes after moderate to se-
vere TBI, is also not detected more often in adult patients 
with PCS than in those without.7,9,31,39 However, because 
each of these studies in this developing field focused on 
head injury of adults, the current generalizability to SRC 
in youth remains unclear.

conclusions
We present demographic and clinical evidence high-

lighting the value of recognizing the unique nature of 
SRC in young athletes. Children and adolescents who ei-
ther themselves have, or have family members with, mood 
disorders, psychiatric illness, or migraines may occupy a 
disproportionate share of the “miserable minority” of PCS 
sufferers.60,61 Our study also demonstrates that delayed 
symptom onset may be more prevalent among young ath-
letes with PCS; the implications of this delay and how this 
affects decisions surrounding removal from play should be 
investigated more thoroughly in large prospective cohorts.
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