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non-PCS group (38.6%). The PCS and non-PCS groups 
did not differ in regards to sex, contact level, or helmet 
status. However, compared with the non-PCS group, the 
PCS group had a greater proportion of student-athletes 
with recurrent concussion (p < 0.001) and a higher average 
number of symptoms (p < 0.001).

Univariate Analysis
The odds of PCS increased among student-athletes with 

recurrent concussion (OR 2.22, 95% CI 1.41–3.50; Table 
3). The odds of PCS also increased among student-athletes 
who played helmeted sports (OR 1.48, 95% CI 0.95–2.30). 
In terms of symptoms, the odds of PCS increased 26% for 
each additional symptom reported (OR 1.26, 95% CI 1.18–
1.34). In addition, the odds of PCS were higher among 
those who reported the following concussion symptoms 
than those who did not report them: posttraumatic am-
nesia, retrograde amnesia, difficulty concentrating, dizzi-
ness, excess irritability, nausea/vomiting, loss of balance, 
visual disturbance, sensitivity to light, sensitivity to noise, 
insomnia, and excess drowsiness. In addition, the univari-
ate analysis for helmet status yielded a p value of < 0.08. 

Multivariate Analysis
A multivariate model was constructed by using all the 

variables for which the OR in univariate analyses yielded a 
p value of < 0.10 (Table 4). Controlling for other variables, 
recurrent concussion was associated with increased odds 
of PCS (OR 2.08, 95% CI 1.28–3.36). Concussion symp-
toms also associated with increased odds of PCS, when 
controlling for other variables, included retrograde am-
nesia (OR 2.75, 95% CI 1.34–5.64), difficulty concentrat-
ing (OR 2.35, 95% CI 1.23–4.50), sensitivity to light (OR 
1.97, 95% CI 1.09–3.57), and insomnia (OR 2.19, 95% CI 
1.30–3.68).

Discussion
Our findings originate from surveillance data that exam-

ined concussions sustained in 25 NCAA sports throughout 
the 2009–2010 to 2014–2015 seasons. Several variables 
were found to be associated with the odds of PCS, includ-
ing recurrent concussion, retrograde amnesia, difficulty 
concentrating, light sensitivity, and insomnia. Sex, helmet 
status, contact level, and LOC were not associated with 
PCS. Our results highlight the importance of identifying 
potential risk factors before and at the onset of concussion.

As in previous research,33,39 recurrent concussion was 
associated with protracted recovery. Morgan et al.33 stud-
ied a pediatric sports-related population by using multi-
variate analysis and found that history of concussion was 

Fig. 1. Flow chart of final cohort.
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positively associated with PCS. Concussion history has 
been associated with PCS in other studies as well.39 These 
findings highlight the need for those working with stu-
dent-athletes to be acutely aware of previous concussions, 
although they may be difficult to elicit on history. Once an 
athlete has suffered numerous SRCs, each with an expand-
ed recovery time, it has been our anecdotal experience that 
the student-athlete may be less likely to return to sport as 
willingly as after previous injuries, especially if there has 
been a negative academic impact.

Alongside recurrent concussions, specific concussion-

related symptoms were also associated with PCS, including 
retrograde amnesia, difficulty with concentration, insom-
nia, and sensitivity to light. Retrograde amnesia is defined 
as the inability to retain information from events that oc-
curred before onset of the cerebral pathology.23,37 Although 
studies in non–sports-related populations have shown 
no association with PCS,17,23 McCrea et al.26 found post-
traumatic amnesia (similar but different from retrograde 
amnesia) to be associated with longer symptom recovery; 
however, their groups were dichotomized at greater than 
7 days, a time frame inconsistent with the most standard 

TABLE 2. Characteristics of concussed student-athletes in NCAA sports

Characteristic Total PCS No PCS p Value*

Sex (no. [%]) 0.14
  Male 1037 (68.8) 70 (62.5) 967 (69.3)
  Female 470 (31.2) 42 (37.5) 428 (30.7)
Sport (no. [%]) NA
  Men’s football 563 (37.4) 25 (22.3) 538 (38.6)
  Men’s ice hockey 200 (13.3) 32 (28.6) 168 (12)
  Women’s soccer 121 (8) 8 (7.1) 113 (8.1)
  Women’s basketball 86 (5.7) 6 (5.4) 80 (5.7)
  Men’s basketball 76 (5) 1 (0.9) 75 (5.4)
  Men’s wrestling 72 (4.8) 5 (4.5) 67 (4.8)
  Women’s ice hockey 72 (4.8) 15 (13.4) 57 (4.1)
  Women’s volleyball 56 (3.7) 1 (0.9) 55 (3.9)
  Men’s soccer 52 (3.5) 2 (1.8) 50 (3.6)
  Women’s lacrosse 50 (3.3) 3 (2.7) 47 (3.4)
  Men’s lacrosse 48 (3.2) 3 (2.7) 45 (3.2)
  Women’s softball 47 (3.1) 2 (1.8) 45 (3.2)
  Men’s baseball 15 (1) 2 (1.8) 13 (0.9)
  Women’s field hockey 14 (0.9) 2 (1.8) 12 (0.9)
  Women’s gymnastics 13 (0.9) 4 (3.6) 9 (0.6)
  Men’s swimming & diving 7 (0.5) 0 7 (0.5)
  Men’s track & field 4 (0.3) 0 4 (0.3)
  Women’s swimming & diving 4 (0.3) 1 (0.9) 3 (0.2)
  Women’s track & field 4 (0.3) 0 4 (0.3)
  Women’s tennis 2 (0.1) 0 2 (0.1)
  Women’s cross-country 1 (0.1) 0 1 (0.1)
Contact level (no. [%]) 0.93
  Collision 835 (55.4) 62 (55.4) 773 (55.4)
  High contact 455 (30.2) 35 (31.3) 420 (30.1)
  Low/noncontact 217 (14.4) 15 (13.4) 202 (14.5)
Helmet status (no. [%]) 0.08
  Helmeted 1018 (67.6) 84 (75.0) 934 (67.0)
  Unhelmeted 489 (32.4) 28 (25.0) 461 (33.0)
Recurrent concussion (no. [%]) <0.001
  Yes 210 (13.9) 28 (25.0) 182 (13.0)
  No 1297 (86.1) 84 (75.0) 1213 (87.0)
No. of symptoms (mean [SD]) 5.4 (2.8) 7.2 (3.2) 5.2 (2.7) <0.001
Total (no. [%]) 1507 (100.0) 112 (100.0) 1395 (100.0)

NA = not applicable.
*  p value from tests that examined differences between the PCS and non-PCS groups. For sex, contact level, helmet status, and recurrent con-
cussion, chi-square tests were used. For the number of symptoms, independent-sample t-tests were used. The test was not run for sport type.
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TABLE 3. Univariate analyses predicting odds of PCS in concussed student-athletes in NCAA sports

Variable Value PCS (no./total [%])* OR (95% CI)† p Value

Sex Male 70/1037 (6.7) 0.74 (0.49–1.10) 0.14
Female 42/470 (8.9) 1.0

Contact level Collision 62/835 (7.4) 1.08 (0.60–1.93) 0.80
High contact 35/455 (7.7) 1.12 (0.60–2.10) 0.72
Low/noncontact 15/217 (6.9) 1.0

Helmet status Helmeted 84/1018 (8.3) 1.48 (0.95–2.30) 0.08
Unhelmeted 28/489 (5.7) 1.0

Recurrent concussion Yes 28/210 (13.3) 2.22 (1.41–3.50)† <0.001
No 84/1297 (6.5) 1.0

No. of symptoms (1-unit increase) 1.26 (1.18–1.34)† <0.001
Symptom prevalence
  Posttraumatic amnesia Yes 22/195 (11.3) 1.73 (1.06–2.83)† 0.03

No 90/1312 (6.9) 1.0
  Retrograde amnesia Yes 20/132 (15.2) 2.49 (1.48–4.19)† <0.001

No 92/1375 (6.7) 1.0
  Difficulty concentrating Yes 92/898 (10.2) 3.36 (2.05–5.52)† <0.001

No 20/609 (3.3) 1.0
  Disorientation Yes 40/492 (8.1) 1.15 (0.78–1.73) 0.47

No 72/1015 (7.1) 1.0
  Dizziness Yes 88/1037 (8.5) 1.72 (1.08–2.74)† 0.02

No 24/470 (5.1) 1.0
  Headache Yes 109/1415 (7.7) 2.48 (0.77–7.95) 0.13

No 3/92 (3.3) 1.0
  Excess excitability Yes 6/60 (10.0) 1.41 (0.59–3.34) 0.44

No 106/1447 (7.3) 1.0
  Excess irritability Yes 24/225 (10.7) 1.62 (1.01–2.61)† 0.05

No 88/1282 (6.9) 1.0
  LOC Yes 8/79 (10.1) 1.43 (0.67–3.06) 0.35

No 104/1428 (7.3) 1.0
  Nausea/vomiting Yes 47/465 (10.1) 1.69 (1.14–2.50)† 0.009

No 65/1042 (6.2) 1.0
  Tinnitus Yes 12/118 (10.2) 1.46 (0.78–2.74) 0.24

No 100/1389 (7.2) 1.0
  Loss of balance Yes 53/552 (9.6) 1.61 (1.10–2.37)† 0.02

No 59/955 (6.2) 1.0
  Visual disturbance Yes 46/440 (10.5) 1.77 (1.19–2.63)† 0.005

No 66/1067 (6.2) 1.0
  Sensitivity to light Yes 81/755 (10.7) 2.80 (1.82–4.28)† <0.001

No 31/752 (4.1) 1.0
  Sensitivity to noise Yes 60/472 (12.7) 2.75 (1.87–4.06)† <0.001

No 52/1035 (5.0) 1.0
  Insomnia Yes 49/332 (14.8) 3.06 (2.06–4.54)† <0.001

No 63/1175 (5.4) 1.0
  Excess drowsiness Yes 51/433 (11.8) 2.22 (1.50–3.27)† <0.001

No 61/1074 (5.7) 1.0

*   Of note – denominators added are raw totals in each category
†   Statistically significant.
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PCS definition of approximately greater than 4 weeks. We 
also found that the total number of symptoms was not as-
sociated with PCS. Although definitions of PCS specify 
a threshold for the number of symptoms that a concussed 
person must identify,2,3 our findings may suggest that the 
type of symptoms reported are more important than the 
quantity. As mentioned previously, in a study in which 
more than 500 physicians were surveyed, the majority of 
the physicians diagnosed PCS in patients with 1 symptom 
for a minimum of 4 weeks.42

However, it is important to note that other studies have 
found an association between concussion symptom inven-
tory scores and PCS. Meehan et al.30 reported that among 
a host of possible signs and symptoms, only total score 
on a symptom inventory was associated with symptoms 
lasting more than 4 weeks. In a comprehensive systematic 
review of general traumatic brain injury,45 the total symp-
tom severity score was associated with PCS in 4 of the 
8 studies discussed. Although the ISP uses a 17-symptom 
checklist, it does not measure the severity of the symp-

toms. Future research should continue to examine how 
the type, number, and severity of symptoms are associated 
with long-term outcomes associated with SRC.

Our findings contradict previous results in that several 
variables included in our models had null associations with 
PCS. For example, our findings did not detect an associa-
tion between sex and PCS, whereas previous research has 
found an increased risk among females,28,50 although those 
studies were conducted in children/adolescents, not colle-
giate student-athletes. In addition, a meta-analysis of stud-
ies that examined individuals who sustained a traumatic 
brain injury found that only 6 of the 12 studies examined 
reported worse symptomatic outcomes for women.45 Pre-
vious research also identified LOC as a risk factor associ-
ated with PCS.26 McCrea et al.26 studied a sport-specific 
cohort and found a positive correlation between LOC and 
PCS; however, prolonged recovery was defined at only > 
7 days.26 A recent meta-analysis found LOC not to be as-
sociated with outcomes in only 2 of 8 studies, and 1 of 
the 2 positive studies was unblinded.45 All those studies 

TABLE 4. Multivariate analyses predicting odds of PCS in concussed student-athletes in NCAA sports

Variable Value OR (95% CI) p Value

Helmet status Helmeted 1.43 (0.90–2.29) 0.13
Unhelmeted 1.0

Recurrent concussion Yes 2.08 (1.28–3.36)* 0.003
No 1.0

No. of symptoms (1-unit increase) 0.88 (0.65–1.19) 0.40
Symptom prevalence
  Posttraumatic amnesia Yes 1.34 (0.67–2.67) 0.41

No 1.0
  Retrograde amnesia Yes 2.75 (1.34–5.64)* 0.006

No 1.0
  Difficulty concentrating Yes 2.35 (1.23–4.50)* 0.01

No 1.0
  Dizziness Yes 1.35 (0.71–2.56) 0.36

No 1.0
  Excess irritability Yes 0.97 (0.52–1.82) 0.93

No 1.0
  Nausea/vomiting Yes 1.19 (0.69–2.07) 0.53

No 1.0
  Loss of balance Yes 1.05 (0.59–1.87) 0.87

No 1.0
  Visual disturbance Yes 1.31 (0.76–2.24) 0.33

No 1.0
  Sensitivity to light Yes 1.97 (1.09–3.57)* 0.004

No 1.0
  Sensitivity to noise Yes 1.53 (0.86–2.74) 0.15

No 1.0
  Insomnia Yes 2.19 (1.30–3.68)* 0.003

No 1.0
  Excess drowsiness Yes 1.56 (0.88–2.77) 0.12

No 1.0

*  Statistically significant.
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were conducted in a general population, and most were in 
children and adolescents who presented to the emergency 
department.

Also, although 1 previous study identified helmeted ver-
sus unhelmeted status as a predictor of acute outcome after 
SRC,53 we did not find helmet status to be associated with 
PCS. Although most media attention surrounds collision 
sports such as football and hockey, contact level did not 
predict PCS in our cohort. Given the body of mixed find-
ings in the literature, we recommend additional prospec-
tive research with large samples of concussed individuals 
to better identify the risk factors associated with PCS.

When interpreting the results of this study, the setting 
and context of a collegiate environment must be consid-
ered. The current NCAA guidelines mandate that clear-
ance for a concussed student-athlete to return to athletic 
activity must be determined by a physician or physician 
designee.34 Furthermore, same-day return to play is not 
permitted.34 A recent survey of coaches, sports medicine 
clinicians, and compliance administrators at 907 NCAA 
institutions reported that more than one-third of the re-
spondents thought that concussion safety education among 
coaches and players could be improved.5 Another poten-
tial area of improvement is communication between team 
medical staff and academic advisors. In an academic 
setting, memory, concentration, and sleep are crucial for 
successful scholastic performance. Thus, in the collegiate 
population, the student-athlete may be hyperaware of small 
declines in concentration, memory, and sleep, leading to 
appropriately increased reporting of these specific symp-
toms. For example, the concentration, memory, and sleep of 
college student-athletes who are studying for an examina-
tion will need to be at a high level, or at least at their previ-
ous baseline level, or they will be aware of their suboptimal 
performance. Some studies have discussed guidelines for 
students returning to class after a concussion—including 
deadline extensions, rest periods, and accommodation for 
light or noise sensitivity—although such guidelines have 
been used mostly at the high school level and below.4,36,49 
One study evaluated 34 collegiate concussions among a 
greater cohort of 159 patients and found that recurrence or 
worsening of symptoms was seen in almost half (44.7%) of 
the patients after a premature return to learning.9

Limitations
The NCAA ISP is a convenience sample of ATs from 

several NCAA member institutions and may not be gen-
eralizable to nonparticipating sports programs or other 
levels of competition (e.g., club sports, high school sports). 
Data were also collected from a previous time period that 
may not represent the current climate of SRC reporting. In 
addition, we did not provide a working definition of SRC, 
although the ATs were encouraged to follow the definition 
provided by the Consensus Statement on Concussion in 
Sport.27 This lack of a standard may have resulted in varia-
tion in SRC reporting. Other variables of interest, such as 
player position, NCAA divisional differences, and SRC 
outcomes, were outside the scope of this study. Factors 
such as learning disability, depression/anxiety, psychiatric 
illness, and family history have been shown to modify out-
comes after concussion33; however, they could not be ac-

counted for in our study, because the ISP is strictly for sur-
veillance and is not a database of student-athletes’ medical 
histories. Moreover, no baseline information was available; 
thus, predictive factors could be accounted for only in the 
postconcussive setting, and association only—not causa-
tion—could be concluded. Last, the accuracy of recurrent 
concussion status may have been variable, because this in-
formation can be difficult to obtain retrospectively from 
student-athletes.

Future Directions
The literature is replete with studies that aimed to de-

lineate the precise factors that lead to PCS. However, many 
studies used heterogeneous cohorts, which makes their re-
sults difficult to apply. Nevertheless, it is essential to iden-
tify interventions that can assist concussed individuals in 
returning to their normal daily activities. In the case of a 
collegiate student-athlete, normal daily activities would in-
clude return to both sports and academics. Several pharma-
cological agents exist to treat unremitting symptoms such 
as headache, sleep disturbance, nausea, and dizziness.38,46 
Conder and Conder10 described psychological rehabilita-
tion efforts targeted at PCS symptom resolution, including 
cognitive behavioral therapy, relaxation training, biofeed-
back, and heart-rate-variability training. Although most 
of these interventions have had limited empirical support 
for efficacy in a sports environment, they have had suc-
cess with similar injuries. Preliminary studies evaluated 
noninvasive brain stimulation, specifically repetitive trans-
cranial magnetic stimulation over the prefrontal cortex, for 
the treatment of PCS.18 With respect to imaging, diffusion 
tensor imaging and detailed MRI data may provide new 
insight into those at risk for PCS.1,19 Last, education among 
athletes, coaches, and parents remains critical for improv-
ing PCS outcomes. Novel ways of disseminating concus-
sion and PCS information may help diagnose and make 
school accommodations for those with persistent symp-
toms, especially in more rural populations.14 However, 
evaluation through prospective observational research and 
randomized controlled trials is important for gauging the 
effectiveness and efficacy of these interventions.

Conclusions
Our study ventured to examine factors associated with 

PCS at the collegiate level. The factors in our multivariate 
model that predicted the odds of PCS included recurrent 
concussion, retrograde amnesia, difficulty concentrating, 
light sensitivity, and insomnia. Sex, contact level, helmet 
status, and LOC were not associated with PCS. Our abil-
ity to identify the determinants of PCS may enable earlier 
preventative care aimed at decreasing morbidity. Further 
study is needed to continue improving our predictive abil-
ity and to employ early treatment strategies to prevent the 
development of PCS. 
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