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Association of Premorbid Anxiety and
Depression Symptoms in Concussion
Recovery in Collegiate Student-Athletes

Sabrina P. Sawlani, DO,* Joshua T. Goldman, MD, MBA, Talin Babikian, PhD,
David L. McArthur, PhD, MPH, Michael McCrea, PhD, Thomas McAllister, MD,
and the CARE Consortium

Background: Mental health disorders are linked to prolonged concussion symptoms. However, the association of
premorbid anxiety/depression symptoms with postconcussion return-to-play timelines and total symptom burden is unclear.

Objective: To examine the association of self-reported premorbid anxiety/depression symptoms in collegiate student-
athletes with (1) recovery times until asymptomatic, (2) return-to-play, and (3) postconcussion symptom burden.

Study Design: Athletes in the Concussion Assessment, Research and Education Consortium completed baseline concussion
assessments (Sport Concussion Assessment Tool [SCAT3] and Brief Symptom Inventory-18 [BSI-18]). Athletes were tested
postinjury at <6 hours, 24 to 48 hours, time of asymptomatic and start of return-to-play protocol, unrestricted return-to-play,
and 6 months after injury. Injured athletes were categorized into 4 groups based on BSI-18 scores: (1) B-ANX, elevated
anxiety symptoms only; (2) B-DEP, elevated depression symptoms only; (3) B-ANX&DEP, elevated anxiety and depression
symptoms; and (4) B-NEITHER, no elevated anxiety or depression symptoms. Relationship between age, sex, BSI-18 group,
SCAT3 total symptom and severity scores, and time to asymptomatic status and return-to-play was assessed with Pearson’s
chi-squared test and robust analysis of variance.

Level of Evidence: Level 3.

Results: Among 1329 athletes with 1352 concussions, no respondents had a self-reported premorbid diagnosis of anxiety/
depression. There was no difference in time until asymptomatic or time until return-to-play between BSI-18 groups (P = 0.15
and P = 0.11, respectively). B-ANX, B-DEP, and B-ANX&DEP groups did not have higher total symptom or severity scores
postinjury compared with the B-NEITHER group.

*Address correspondence to Sabrina P. Sawlani, DO, UCLA Department of Orthopaedics, 100 Medical Plaza (Suite 170), Los Angeles, California 90095 (email: ssawlani@
mednet.ucla.edu) (Twitter: @SabrinaSawlani).
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Conclusion: Baseline anxiety/depression symptoms in collegiate student-athletes without a mental health diagnosis are
not associated with longer recovery times until asymptomatic, longer time to return-to-play, or higher postconcussion total
symptom and severity scores compared with athletes without baseline symptoms.

Clinical Relevance: Anxiety and depression symptoms without a clear mental health diagnosis should be considered
differently from other comorbidities when discussing prolonged recovery in collegiate student-athletes.

Keywords: anxiety; concussion; depression; mental health

ver the last 3 decades, sport-related concussion (SRC)
has garnered increasing attention from sports medicine
clinicians, researchers, media, sports organizations, and
athletes due to its reported prevalence, acute effects, and
potential long-term neurological consequences.” It is estimated
that 1.6 to 3.8 million SRC occur in the United States (US)
annually, and SRC is more common in contact- and collision-
sport athletes at all participation levels. #2750
Concussions may result in a range of signs and symptoms
across physical, cognitive, and emotional domains. Whereas
some symptoms may present rapidly and resolve spontaneously,
persistent symptoms may also occur, 323132495153 Existing
mental health conditions have been linked broadly to prolonged
concussion symptoms in youths and adults.”> Collegiate
student-athletes are at high risk for experiencing anxiety and
depression due to new life stressors, reduced parental support,
the challenges associated with competitive intercollegiate sports,
and difficulty coping with injury.******** Discerning the role
premorbid anxiety and/or depression symptoms may have on
postconcussion symptom duration and return-to-play timeline is
therefore essential to the care of this unique population.
Extensive research over the past 2 decades indicates that some
collegiate athletes may take longer than the typical recovery
window of 7 to 10 days to clinically return-to-play after a
concussion (ie, 10-14 days in adults).*****3%>% Symptoms and
severity usually improve 2 weeks postconcussion, with a majority
of concussed athletes recovering within 1 month 1)05tirlj111"§7.35'5("52
Previous studies have found that the strongest and most
consistent predictor of prolonged recovery after concussion was
a greater severity of acute and subacute symptoms
postinjury.ﬁ54 Multiple studies have investigated preinjury
characteristics associated with increased risk for prolonged
recovery.”*% These include female sex, %1% adolescent
age,"*”*% personal or family history of migraine,®® and
personal or family history of mental health
problems. > #5488 Reults for nearly all studies
investigating potential predictors of clinical recovery are mixed,
and there are some studies that do not show a significant
association between potential predictors and duration of clinical
recovery. This is likely due to variable qualities of the studies,
methodologies utilized (specifically, measured outcomes,
sample sizes, and statistical power), sport population
representativeness, and study follow-up duration.”*#37
Recent studies continue to demonstrate conflicting results of
psychiatric history on concussions. Lumba-Brown et al*’ found
that concussed college student-athletes with a history of mental

health problems and higher symptoms of anxiety and mood
disruption at baseline were more likely to have higher
postinjury reports of mood and anxiety symptoms following
injury. However, a recent systematic review of SRC did not find
psychiatric history as a strong factor in symptom recovery,65
similar to findings in a smaller study where concussion did not
have a significant impact on trait anxiety.18

The objective of the current study was to examine whether
self-reported premorbid anxiety and/or depression symptoms in
collegiate student-athletes are associated with longer times until
asymptomatic and return-to-play postconcussion. A secondary
objective was to determine whether collegiate student-athletes
with self-reported premorbid anxiety and/or depression symptoms
have higher total symptom scores and symptom severity scores
postinjury. We hypothesized that collegiate student-athletes with
self-reported premorbid anxiety and/or depression-related
symptoms would have longer recovery periods after SRC before
returning to play and have higher symptom burden postinjury,
compared with athletes without these conditions.

METHODS

Overview of Study Design and
NCAA-DoD CARE Consortium

The current analysis investigated prospectively collected data on
1329 collegiate student-athletes with 1352 concussions who
participated in the Concussion Assessment, Research and
Education (CARE). The National Collegiate Athletic Association
(NCAA)-Department of Defense (DoD) sponsored the CARE
Consortium to study clinical and neurobiological recovery after
SRC. The NCAA-DoD CARE Consortium is the largest
prospective cohort study of SRC in collegiate athletes and US
military service cadets, and it has enrolled over 40,000 athletes
at 30 NCAA Division I, II, and III institutions.'** Data collection
was carried out from 2014 to 2018 by the Consortium at 33
participating sites, and participant informed consent was
obtained. Data were anonymized and approved by the
appropriate Institutional Review Board for use following their
ethics guidelines. All participating athletes had undergone
detailed preseason baseline testing including concussion
assessments.”’ The current study utilized the most recent
baseline before the date of their first postinjury assessment. The
CARE postinjury protocol involves follow-up testing of
concussed athletes at several timepoints: <6 hours, 24 to 48
hours, time of asymptomatic and start of return-to-play protocol,
unrestricted return-to-play, and 6 months after injury.
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Demographics, clinical recovery, management, return-to-play,
and repeat concussion are recorded."” Demographics and

history were provided by athletes on a self-report questionnaire.

The definition of concussion for diagnosis is based on the
observed mechanism of injury and clinical criteria of the DoD:
“a change in brain function after a force to the head that may
be accompanied by temporary loss of consciousness but is
identified in awake individuals with the use of measures of
neurologic and cognitive dysfunction.”"* Trained physicians and
athletic trainers made the diagnosis of concussion, assessments
of recovery, and decisions on return-to-play.

Assessments included symptom evaluation using the graded
symptom checklist from the Sport Concussion Assessment Tool
(SCAT3) and Brief Symptom Inventory 18 (BSI-18) — a
psychological state assessment.” The BSI-18 has been validated
as a measure of emotional state in concussed athletes and may
portray psychological distress in the general populatiox1.26‘le The
BSI-18 contains 3 scales: somatization, anxiety, and depression;
in this analysis, we focused on the anxiety and depression
scales. The BSI-18 scores range from 0 to 24 and were
calculated by sum scores for anxiety and depression items.
Determination of “asymptomatic” on the BSI-18 was based on
gender norms per the instrument’s published manual; to have
clinical significance of anxiety or depression, a cut-off >5 was
used for male subjects, and >7 was used for female subjects.”*!
On the SCAT3 graded symptom checklist, “asymptomatic” was
defined as a symptom score of 0. We recognize there is
discussion among experts regarding whether a “0” symptom
score accurately defines asymptomatic; for this study, to be
consistent with other studies, we opted to use 0."

In the current analysis, athletes were categorized based on
self-reported premorbid anxiety/depression symptoms on the
BSI-18. Athletes self-reported being diagnosed with anxiety/
depression in response to the following questionnaire item:

“For every condition below, have you ever been diagnosed
by a Physician/MD with:

21,26

Psychiatric Disorder: [ ] Yes, [ ] No

- [] Unknown

- []Mood Disorder (excluding depression and bipolar
disorder)

- [ ] Anxiety Disorder

- [1PTSD

— [ ] Personality Disorder

- [] Alcohol Abuse

- []Drug Abuse

— [ ] Personality Disorder

— [ ] Psychiatric Disorder (excluding schizophrenia)

- [] Other

Depression: [ ] Yes, [ ] No”

Concussed athletes were categorized into 4 groups as follows:
(1) B-ANX, elevated anxiety symptoms only on the BSI-18, (2)

B-DEP, elevated depression symptoms only on the BSI-18, (3)
B-ANX&DEP, elevated anxiety and depression symptoms on the
BSI-18, and (4) B-NEITHER, no elevation of anxiety or
depression symptoms on baseline BSI-18.

Outcome Measures

Primary outcomes were time until asymptomatic and time to
return-to-play. Time until asymptomatic was calculated as the
number of days from injury to being determined asymptomatic
and beginning the return-to-play protocol. Time to return-to-
play was calculated as the number of days from injury to return
to unrestricted sport-related activities. Secondary outcomes were
total symptom score (ie, total number of symptoms endorsed)
and symptom severity score (ie, sum of severity scores for each
symptom) as measured by the SCAT3 graded symptom checklist
at 24 to 48 hours and 6 months postconcussion."

Inclusion and Exclusion Criteria

A CONSORT diagram detailing participants and eligibility
criteria is presented in Figure 1. The 1352 concussive injuries
included were those containing data for all 5 timepoints in
chronological order: baseline, 24 hours postinjury, time until
asymptomatic, time to return-to-play, and 6 months postinjury. If
any timepoints were missing, then the case was excluded.
Persons with multiple injuries were included if the second or
third injury likewise had complete chronological data. Athletes
who self-reported a diagnosis of a psychiatric disorder,
unknown psychiatric disorder, mood disorder, posttraumatic
stress disorder (PTSD), somatoform disorder, personality
disorder, psychotic disorder, other psychiatric disorder not
otherwise specified, bipolar disorder, or schizophrenia were not
excluded. Athletes who self-reported prescription medication
use (ie, antidepressants, anti-anxiety medication, antipsychotic
medication, psychostimulant medication, or other prescription
medication) also were not excluded. Our source file conforms
with updated CARE guidelines to include data through 2018,

Data Analysis

Primary Analysis
Groups categorized by having both, neither, or only anxiety- or
depression-related symptoms on the BSI-18 were compared.
Time until asymptomatic and time to return-to-play were
analyzed as a function of self-reported symptoms on the BSI-18.
Pearson’s chi-squared test and robust analysis of variance
(ANOVA; Welch’s test) were used to compare age, sex (assigned
at birth), the aforementioned groups, time to asymptomatic
status, and time to return-to-play. Welch’s ANOVA is unaffected
by unequal variances and thus is statistically robust compared
with the traditional Fisher ANOVA.

Secondary Analysis

Welch’s test was employed to assess whether the self-reported
symptoms on BSI-18 have higher symptom severity and/or
higher total symptom scores at multiple follow-up assessments,
compared with the control group. Symptom scores and severity
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ENROLLMENT

Assessed for eligibility (n=34487)

Excluded (n=33158)

S .

| -Incomplete cases missing
any data points

(baseline, injury, or follow-up)

Case-control study involving
complete cases (n=1329 persons with
1352 injuries)

\ 4
| Analyzed (n=120) ‘

ANALYSIS

\ 4

v ALLOCATION v
Allocated to: Allocated to B-NEITHER
B-ANX (n=40), (n=1232)
B-DEP (n=27), or
B-ANX&DEP (n=53)

v FOLLOW-UP v
Lost to follow-up (n=0) Lost to follow-up (n = 0)
Discontinued intervention (n=0) Discontinued intervention (n = 0)

v
‘ Analyzed (n= 1232) |

Figure 1. Consort diagram detailing participant and case inclusion and exclusion criteria. B-ANX, elevated anxiety symptoms only
on BSI-18; B-ANX&DEP, elevated anxiety and depression symptoms on BSI-18; B-DEP, elevated depression symptoms only on BSI-
18; B-NEITHER, no elevation of anxiety or depression symptoms on baseline BSI-18; BSI-18, Brief Symptom Inventory 18.

at 24 to 48 hours and 6 months postinjury were the main focus.
Statistical analyses were conducted in R Version 3.63.5

RESULTS

Baseline data included 47,397 rows of data (“reports”) from
34,487 athletes who were assessed for eligibility in our study.
Out of 34,487 athletes, 33,158 cases were excluded for missing
datapoints (baseline, injury, or follow-up datapoints). In our
analysis, there were 1329 remaining athletes comprising 1352
separate injuries who had complete cases. A total of 680
athletes answered “Yes” to being diagnosed with Anxiety
Disorder and 1320 with Depression; however, all of these cases
were excluded due to missing datapoints. Due to our exclusion
criteria, 0 out of 1329 athletes in our analysis reported a
diagnosis of anxiety and/or depression at baseline (ie, athletes
who answered “Yes” to a diagnosis of anxiety or depression
lacked a complete dataset). Thus, our analysis specifically
involves athletes without a diagnosis of anxiety/depression but
who may report anxiety/depression symptoms.

Sample Characteristics

The sample included 1329 collegiate student-athletes with 1352
concussions. A total of 1329 student-athletes had a single injury,
19 had a second injury with a complete dataset, and 2 had a
third injury with a complete dataset. Student-athletes were

41.16% female (n = 547) and 58.84% male (n = 782) (Table 1),
with multiple races and ethnicities represented (Table 2), and
participated in a variety of sports (Table 3 and Figure 2). Sample
characteristics are presented in Table 1.

Fewer than 7% of responses had numerical ratings on the
BSI-18 that were at or above the validated sex-specific cut-off
scores. There were no significant differences between BSI
groups in terms of sex, age, years of participation, previous
concussions, and current medication prescription use.

Using the full baseline CARE dataset (n = 34,487),
approximately 1% (n = 341) of those who responded “Yes” to
taking mental health medication (anti-anxiety or antidepressant
medication) at baseline reported a corresponding mental health
diagnosis (self-reported anxiety and/or depression). The odds
ratio for the relationship between any mental health medication
usage and any self-reported mental health diagnosis was found
to be 47.4 times more likely; thus, reported anti-anxiety or
antidepressant medication use is associated with premorbid
mental health diagnosis of anxiety or depression (95% CI [39.9,
56.2], P < 0.01).

Time Until Asymptomatic and
Time to Return-to-Play

There was no evidence by Welch’s ANOVA that time until
asymptomatic (F[3,40.069] = 1.888; P = 0.15) or time to return-
to-play (F[3,40.385] = 2.175; P = 0.11) differs by BSI group
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Table 1. Summary of target group and injury characteristics in the current study

Target Group Characteristics Mean (SD)

Injuries, n B-ANX B-DEP B-ANX&DEP B-NEITHER
Female subjects n=27 n=40 n=>53 n=1232
Male subjects n=12 n=13 n=19 n=512

n=15 n=27 n=234 n=720
Total n =1352

Female subjects, n = 556; Total % = 41.12%
Male subjects, n = 796; Total % = 58.88%

Age,y

19.40 (1.37)

Median =19
Age 17,n =40
Age 18, n =390
Age 19, n =340
Age 20, n = 265
Age 21,n=196
Age22,n=75
Age 23,n=18
Age24,n=5

Participation in primary sport, y

10.79 (4.00) for n = 931; Range, 1-15
“NA”, n =398

Previous concussions, n

0.72 (0.87); Range, 0-7
Median = 1
“NA”, n=12

Current use of prescription medications

“No”, n=935

“Yes”, n =376
Birth control, n =210
Antidepressants, n = 33
Anti-anxiety medication, n = 21
Sleep sedatives, n=8
Psychostimulant, n = 22

+ Reported diagnosed anxiety 0%

+ Reported diagnosed depression 0%

B-ANX 0.06 (0.24)

B-DEP 0.07 (0.25)

Injury characteristics
Time until asymptomatic, days 17.38 (35.01)
Time to return-to-play, days 27.25 (37.93)
SCAT3 total symptoms 24 hours postconcussion, n 10.02 (6.32)
SCAT3 symptom severity 24 hours postconcussion, n 23.51 (21.53)
SCAT3 total symptoms 6 mo postconcussion (n) 0.70 (1.74)
SCAT3 symptom severity 6 mo postconcussion, n 1.07 (3.48)

B-ANX, elevated anxiety symptoms only on BSI-18; B-DEP, elevated depression symptoms only on BSI-18; BSI-18, Brief Symptom Inventory 18; SCAT3,

Sport Concussion Assessment Tool.
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Table 2. Race and ethnicity of participants

Hispanic  Non-Hispanic  Skipped  Unknown NA Total Number (%)
African American 7 133 15 18 13 186 (14.00)
Asian 2 45 1 1 1 50 (3.76)
Hawaiian/Pacific Islander 3 5 1 2 0 11 (0.83)
American Indian/Alaskan Native 4 4 0 0 0 8 (0.60)
Multiple races 10 107 6 5 1 129 (9.71)
Skipped 14 1 1 0 0 16 (1.20)
Unknown 9 0 0 5 0 14 (1.05)
White 70 793 17 25 5 910 (68.47)
NA 3 0 1 1 0 5(0.38)

NA, participants who did not supply any entry for one or the other of the 2 items.

(B-ANX, B-DEP, B-ANX&DEP, and B-NEITHER). Table 4 lists
means and medians for recovery time with respect to each BSI
group, and Figures 3 and 4 demonstrate violin plot
representations for group distributions. The degree to which the
mean diverges from the median due to marked skewness in the
data distributions indicates that conventional statistical testing is
likely to be inadequate.

Using Pearson’s chi-squared test, there were no statistically
significant differences between any of the 4 BSI groups (B-ANX,
B-DEP, B-ANX&DEP, B-NEITHER) in relation to sex (y° = 2.06;
P =0.56). Using Pearson’s chi-squared test with Yates™ continuity
correction, there was no statistically significant difference in
relation to sex between all +BSI groups combined (B-ANX|
B-DEP, and B-ANX&DEP) compared with B-NEITHER (y° =
0.89; P=0.35).

Total Symptom Score and
Symptom Severity Score

The 4 BSI groups outlined above were also analyzed in relation
to SCAT3 total symptom scores and symptom severity scores at
24 hours and 6 months postinjury. Analysis demonstrated that
B-ANX, B-DEP, and B-ANX&DEP groups did not have higher
total symptom scores or higher symptom severity scores at
postassessments, when compared with B-NEITHER. SCAT? total
symptom score at 24 hours postconcussion differed between
B-NEITHER and B-DEP, with a higher total symptom score
reported in B-DEP, but this is not statistically significant in
Welch’s ANOVA (F3,37.88] = 2.51; P = 0.07). Findings suggest
that BSI groups differ in SCAT? total symptoms at 6 months
postconcussion, but Welch’s test indicates no statistically
significant difference (H3,37.25] = 0.19; P = 0.90). Total SCAT3
symptoms per BSI group at 24 hours and 6 months postinjury
are shown in Figures 5 and 6, respectively.

There was no statistical difference between SCAT3 symptom
severity score at 24 hours postconcussion by BSI group
(F[3,37.07] = 1.98; P = 0.13). Findings suggest that the SCAT3
symptom severity score at 6 months postconcussion differs by
BSI group, but Welch’s ANOVA indicates no statistically
significant difference (F[3,360.68] = 0.18; P = 0.91). Table 5
demonstrates mean and median scores for all BSI groups.
Symptom severity scores per BSI group at 24 hours and 6
months postinjury are depicted in Figures 7 and 8, respectively.

DISCUSSION

To our knowledge, no multicenter study has directly addressed
the role of premorbid symptoms of anxiety and/or depression
with regard to postconcussion symptom duration and return-to-
play timeline, particularly in NCAA collegiate student-athletes.
Findings in our study suggest that, in collegiate student-athletes
without a diagnosis of anxiety or depression, baseline anxiety-
or depression-related symptoms as determined on a validated
symptom scale are not associated with longer recovery time
until asymptomatic, longer time to return-to-play, or higher
postconcussion total symptom and symptom severity scores
compared with athletes without baseline anxiety/depression
symptoms. These findings support the 2018 single-center study
by Putukian et al® that demonstrated self-reported anxiety/
depression symptoms were not predictive of recovery times
until asymptomatic or return-to-play. The lack of demonstrated
association between anxiety-/depression-related symptoms and
longer recovery time is an intriguing result, as it is not
congruent with what many previous studies have found
regarding a premorbid diagnosis of anxiety and/or depression
and prolonged concussion recovery. Notably, in our analysis,
there were no athletes with a complete dataset who reported a
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Table 3. Sorted proportion of reports (n = 47,397 reports
from 34,487 athletes) by sport

Sorted Proportion
Sport of Reports, %
Football 19.82
Cross country/track 11.90
Soccer 9.85
Swimming 6.69
Baseball 6.46
Rowing/crew 6.26
Basketball 5.90
Lacrosse 4.97
Softball 3.49
Volleyball 3.46
Field event 3.26
Tennis 3.14
Wrestling 3.06
Cheerleading 2.40
Gymnastics 2.13
Golf 2.07
Water polo 1.61
Ice hockey 1.42
Field hockey 1.40
Diving 0.99
Rugby 0.77
Fencing 0.73
Sprint football 0.44
Rifle 0.34
Sailing 0.28
Beach volleyball 0.11
Boxing 0.08
Track and field 0.01
Bowling 0.01

Ice Hockey -
Swimming
Water polo 4
Baseball 4
Volleyball {

Gymnastics - group

W excluced
W tercet

Sport

Softball {

Cross Country / Track 4

Lacrosse 4

Soccer 4

Football 4

Bestetbaly -
=10 0 10 20

Proportion

Figure 2. Sorted proportion of athletes in the 12 most
popular sports in the target group, along with proportion
of athletes in the excluded group for the same sports (n =
47,397 reports from 34,487 athletes).

diagnosis of anxiety and/or depression. As such, we cannot
extend our conclusions to definitively say that premorbid self-
reported diagnosis of anxiety/depression are unrelated to
prolonged symptoms; rather, we can only conclude that, in this
highly defined sample, self-reported anxiety and/or depression
symptoms at baseline were not predictive of prolonged SRC
symptoms.

Much of the previously published literature has demonstrated
that premorbid mental health issues result in delayed recovery
and higher postinjury symptom burden. Previous research has
looked at many comorbidities for SRC, including history of
previous concussion, learning disability, personal or family
history of migraine, family psychiatric history, as well as
personal history of mental health problems, all of which have
been associated with prolonged concussion recovery.“‘zﬂ’'35'54'62'63
In particular, previous psychiatric history has been investigated
in relation to concussion recovery with mixed
ﬁndiﬂgs .2,17,24,25,3958,62,65,74,84,85

Differences between the current analysis and previous studies
include that this analysis had zero athletes who identified a
diagnosis of anxiety/depression. In various other CARE
publications, there is a baseline report of diagnosis of anxiety
and/or depression of approximately 4%, which is similar to our
study’s baseline percentages for these diagnoses before
exclusion criteria (4.2%).
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Table 4. Time until asymptomatic and time to return-to-play per BSI group

B-ANX B-DEP B-ANX&DEP B-NEITHER
Time until asymptomatic
Mean (SD) 8.47 (5.86) 11.11 (11.45) 13.52 (20.49) 17.95 (36.31)
Median 6.38 8.27 8.19 8.38
Time until return-to-play
Mean (SD) 16.34 (10.18) 19.29 (12.75) 25.72 (25.45) 27.81(39.24)
Median 12.88 15.72 18.01 15.92

B-ANX, elevated anxiety symptoms only on BSI-18; B-ANX&DEP, elevated anxiety and depression symptoms on BSI-18; B-DEP, elevated depression symp-

toms only on BSI-18; B-NEITHER, no elevation of anxiety or depression symptoms on baseline BSI-18; BSI-18, Brief Symptom Inventory 18.

400

300

200

100

ANX DEP BOTH

Figure 3. Time until asymptomatic per BSI group. Violin
plots are shown with colored lines connecting the medians
(dark gray), averages (blue) and Huber’s robust estimates
of the distribution centers (crimson), along with deciles
connected by thin gray lines. ANX, anxiety; BSI, Brief
Symptom Inventory; DEP, depression.

NEITHER

It is possible that some athletes included in our study had an
actual diagnosis of anxiety or depression but did not report
it. 1939 Collegiate student-athletes may underreport mental
health issues to avoid perceived stigma or consequences.
Changing the social stigma associated with mental health issues
and seeking psychological help may aid in providing greater
social awareness and access to treatment for those who could
benefit from it, particularly on college campuses where
prevalence has been rising.” Interestingly, although no athletes
included in the analysis endorsed a history of anxiety/

400

300

200

100

ANX DEP BOTH

Figure 4. Time to return-to-play per BSI group. ANX,
anxiety; BSI, Brief Symptom Inventory; DEP, depression.

NEITHER

depression, 7% rated themselves as anxious and/or depressed
based on the BSI symptom scale cut-offs; this may be
interpreted as athletes were willing to rate their anxiety/
depression symptoms but not endorse a history of diagnosis.
Still, underreporting of symptoms may have occurred. In a
previous study, fewer student-athletes report anxiety- or
depression-related symptoms compared with their nonathlete
counterparts: 48% of female student-athletes and 31% of male
student-athletes report experiencing anxiety symptoms
compared with 56% female and 40% male nonathlete
counterparts, while 28% of female student-athletes and 21% of
male student-athletes “felt depressed” compared with 33%
female and 27% male nonathlete counterparts within the last 12
months.” Involvement in sports may be protective against
premorbid anxiety/depression symptoms. Aerobic exercise has
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Figure 5. SCAT3 total symptom score per BSI group at
24 hours postinjury. ANX, anxiety; BSI, Brief Symptom
Inventory; DEP, depression; SCAT3, Sport Concussion
Assessment Tool.

been shown to reduce symptoms of anxiety and depression, in
acute and chronic settings.”****"*""7 While premorbid
diagnoses of anxiety/depression in previous studies have been
associated with higher symptom burden postconcussion,
premorbid anxiety/depression symptoms may not affect an
athlete’s time until asymptomatic or return-to-play due to the
protective effects of aerobic exercise.

Although other studies have focused on broader populations
(eg, children, adolescents, and slightly older adults),” the
current study is limited to collegiate student-athletes. Student-
athletes are notably different from the general population in
terms of rates of anxiety and depression, general health, and
quality of life. College campuses have recently seen an increase
in the number of students experiencing mental health issues
such as anxiety and depression.(’o Former Division [ athletes
report decreased levels of wellness and health-related quality of
life, specifically psychologically, socially and physically,
compared with former nonathletes.”” Although sports
encourage physical activity and promote healthy lifestyle, the
demands of Division I sports may result in lingering injuries that
decrease future quality of life in former athletes.” Looking at all
college students (athletes and nonathletes), 11.9% admit to a
history of any anxiety disorder, and 7.0% have a history of
major depression disorder.” The prevalence of depression in
college students is 10% to 85%, with weighted mean prevalence
of 30.6%.%* Although estimates regarding anxiety/depression
prevalence rates in college student-athletes remain controversial,
previous studies have suggested depression prevalence rates to
be 15.6% to 21%.** One study found the prevalence of
depressive symptoms to be as high as 23.7%, with 6%
expressing moderate-to-severe depressive symptoms, consistent

T T T 1
ANX DEP BOTH NEITHER

Figure 6. SCAT3 total symptom score per BSI group at
6 months postinjury. ANX, anxiety; BSI, Brief Symptom
Inventory; DEP, depression; SCAT3, Sport Concussion
Assessment Tool.

with the major depression prevalence rate of 6.7% in
adults.***** While some studies of collegiate student-athletes
show rates of depression symptoms comparable with the
nonathlete college population,™ other studies have shown that
college athletes have lower levels of depression than
nonathletes."* Weber et al”’ found that, of 8652 collegiate
student-athletes who participated in the CARE Consortium, 59
(0.7%) reported premorbid anxiety, 283 (3.3%) reported
premorbid depression, and 68 (0.8%) reported both. In the
current study, prevalence rates of premorbid self-reported
anxiety/depression diagnoses in collegiate student-athletes are
notably below general college population rates, likely due to
athlete underreporting due to concerns about the self- and
public stigma associated with mental health conditions.

Factors thought to be protective in curbing depression in
athletes include having a social network and team support."
Athletes have unique risk factors for anxiety and depression
compared with nonathletes, including sports injury, involuntary
career termination, athletic performance expectations, and,
possibly, overtraining.” In certain subsets of athletes, there
appears to be a higher rate of depression than in nonathletes.
Female athletes have reported experiencing higher levels of
depression and social anxiety compared with their male
counterparts.”>*# Track and field was associated with the
highest risk of depressive symptoms by sport.* The incidence
of suicide in collegiate student-athletes at 0.93 per 100,000
students remains below the suicide rate of all collegiate
students; out of all collegiate sports, football maintains the
highest suicide rate.”

By determining an accurate prognosis for college athletes with
SRC, clinicians may be able to provide more reliable information
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Table 5. Total symptom and symptom severity scores per BSI group

B-ANX B-DEP B-ANX&DEP B-NEITHER

Total symptom score at 24 hours postinjury

Mean (SD) 11.33 (6.58) 12.68 (6.27) 10.36 (6.66) 9.89 (6.29)

Median 12.16 12.52 9.63 9.86
Total symptom score at 6 months postinjury

Mean (SD) 1.25 (2.60) 0.88 (1.84) 1.23 (3.17) 0.66 (1.62)

Median 0.02 0.00 0.00 0.00
Mean symptom severity score at 24 hours postinjury

Mean (SD) 29.52 (22.19) 29.73 (21.29) 26.11 (25.30) 23.06 (21.31)

Median 27.35 25.35 16.66 16.91
Mean symptom severity score at 6 months postinjury

Mean (SD) 2.52 (5.53) 1.50 (3.37) 1.98 (5.98) 0.98 (3.27)

Median 0.02 0.00 0.00 0.00

B-ANX, elevated anxiety symptoms only on BSI-18; B-ANX&DEP, elevated anxiety and depression symptoms on BSI-18; B-DEP, elevated depression symp-
toms only on BSI-18; B-NEITHER, no elevation of anxiety or depression symptoms on baseline BSI-18; BSI-18, Brief Symptom Inventory 18.
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Figure 7. SCAT3 symptom severity score per BSI group
at 24 hours postinjury. ANX, anxiety; BSI, Brief Symptom

Inventory; DEP, depression; SCAT3, Sport Concussion
Assessment Tool.

to patients and potentially intervene earlier in patients who are
actually at higher risk of developing persistent postconcussive
symptoms (PPCS).” It is possible that persons with preinjury

10

Figure 8. SCAT3 Symptom Severity Score per BSI Group
at 6 months postinjury. ANX, anxiety; BSI, Brief Symptom
Inventory; DEP, depression; SCAT3, Sport Concussion
Assessment Tool.

psychiatric history may respond to experiencing mild traumatic
brain injury and PPCS with greater anxiety, thus potentially
exacerbating their symptoms.

03
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Study Limitations

Several limitations of the current analysis warrant recognition.
First, this study was limited to college athletes and may not be
applicable to other athletic populations. Second, our
requirement for a complete dataset (baseline, postinjury, and all
follow-up timepoints) excluded an analysis of athletes with a
self-reported diagnosis of anxiety or depression. While this was
not the intent of our inclusion/exclusion criteria, our findings
provide unique insights regarding self-reported anxiety/
depression symptoms on the BSI-18 and how this may (or may
not) impact concussion prognosis and recovery. We compared
the demographics of the target group with the excluded group,
and these 2 groups had similar demographics by sex (M/F ratio
= 1.44/1 in target group vs 1.72/1 in excluded group), age
(mean age, 18.80 years [SD 1.18] in target group vs 19.21 years
[SD 1.43] in excluded group), and sport (Figure 2). Since the
included and excluded groups have similar demographics, the
generalizability of our findings is strengthened. Third, our study
utilized self-reported diagnoses of anxiety and/or depression by
athletes using a yes/no questionnaire, which may differ from
medical diagnoses of anxiety and/or depression by a physician
and DSM-V (Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition) criteria, and this may have contributed
to underreporting. In comparison with younger patient
populations, where parents may report formal medical
diagnoses, adolescents may be more likely to report
“depression” or “anxiety” as a premorbid condition, despite
never having received this clinical diagnosis.” In the college
population, this is likely the first time athletes are answering
their own medical history while lacking parental support.
Furthermore, in freshmen, increased stress levels while
completing the baseline BSI-18 due to recently moving from
home to a new environment limits the ability to tease out true
anxiety/depression from situational symptoms. Depression and
anxiety are cyclic issues, worsening during stressful time periods
such as fall and winter, and remitting during summer - when
baseline testing is usually performed; therefore, some athletes
may not have had baseline testing elevations. Fourth, we
recognize that our main measure of recovery was self-reported
symptom resolution by the athlete. While modern tools assist in
clinical assessment, the medical professional’s clinical judgment
employed in this study remains the gold standard for injury
management and guiding return-to-play. Fifth, although our
results indicate that symptoms of anxiety or depression may not
influence recovery time in student-athletes, we did not test for
cognitive misattribution of expectation, anxiety sensitivity, or
kinesiophobia - possible factors related to anxiety/depression
that may contribute to the development of postconcussive
symptoms and prolonged recovery after concussion, and can be
mistaken for anxiety/depression.""***7617 Cognitive
misattribution or “expectation as etiology” was coined after
investigating the expectation of symptoms after a head injury,
which resulted in the misattribution of common symptoms to
the injury.””® Anxiety sensitivity is a personality trait where a
person demonstrates a fearful response associated with bodily

sensations due to the belief that these sensations precede
dangerous outcomes, which may influence how people
perceive pain postconcussion.v'61 The Tampa Scale for
Kinesiophobia-11 may be utilized to capture the construct of
fear of movement in workers across pain levels, ages, and
sexes.” Sixth, sports medicine specialists care for college
athletes in our study, thus impacting the ability to generalize our
findings to clinical management of concussion in other settings.
Finally, our analysis was a prospective study, unlike most
retrospective reports that sample from clinics, and it is an
example of how prospective research can add to our
understanding of a given topic, considering that it does not
bring with it the selection bias issues to which retrospective
studies are prone.

Future Research

Further research may investigate anxiety sensitivity and
kinesiophobia as possible contributors to prolonged recovery in
collegiate student-athletes, and whether there is a correlation of
BSI-18 findings immediately postinjury compared with those at
baseline. In addition, assessing recovery timelines with less
restrictive criteria (ie, including participants with a baseline
history of anxiety or depression) would be beneficial.

CONCLUSION

Our findings suggest that baseline anxiety and/or depression
symptoms in collegiate student-athletes without a mental health
diagnosis are not associated with longer recovery times until
asymptomatic, longer time to return-to-play, or higher
postconcussion total symptom and severity scores compared
with athletes without baseline symptoms. Our results highlight
the importance of understanding the role of mental health,
specifically symptoms associated with anxiety and depression,
on concussion recovery in collegiate student-athletes. Anxiety
and depression symptoms without a clear mental health
diagnosis should be considered differently from other
comorbidities, such as previous concussion, migraine, or other
psychiatric illnesses, when discussing prolonged recovery in
collegiate student-athletes. Understanding the role these
underlying symptoms play in postinjury concussion recovery
and symptom severity is essential for healthcare professionals
managing concussions in collegiate student-athletes.
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