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Context: Researchers have indicated that individuals may
experience anxiety symptoms after concussion. A potential
mechanism for these presentations is shifts in anxiety throughout
recovery.

Objective: To examine the levels of state and trait anxiety in
individuals after concussion throughout recovery compared with
the levels in individuals serving as uninjured matched control
participants.

Design: Prospective cohort study.

Setting: University laboratory.

Patients or Other Participants: Seventy-eight high school-
and college-aged individuals (concussion group ¼ 39, age ¼
18.4 6 2.3 years; matched control group ¼ 39, age ¼ 18.4 6
2.3 years) were enrolled.

Main Outcome Measure(s): The State-Trait Anxiety Inven-
tory was administered within 72 hours of injury (day 0: first test
session), 5 days (61 day) after the first test session (day 5), and
at the time of full medical clearance (þ2 days). Separate 2 3 3
repeated-measures analyses of variance were used to investigate

differences in state and trait anxiety for each group throughout
recovery.

Results: State and trait anxiety were higher in the concussion
group than in the control group at day 0, day 5, and full medical
clearance. For state anxiety, we observed a group 3 time
interaction (F2,150 ¼ 10.45, P , .001, ƞp2 ¼ 0.12). For trait anxiety,
we did not note an interaction (F1.74,150 ¼ 1.5, P ¼ .22, ƞp2 ¼ 0.02)
but did find main effects for time (F1.74,150 ¼ 25.7, P , .001, ƞp2 ¼
0.3) and group (F1,75 ¼ 7.23, P ¼ .01, ƞp2 ¼ 0.09).

Conclusions: Participants with concussion experienced
higher levels of state anxiety throughout recovery than matched
control individuals. Although trait anxiety was higher in the con-
cussion group and decreased over time, no interaction was seen,
demonstrating that concussion may not affect this aspect of
personality. Postinjury anxiety may result from increased state
anxiety, and clinicians should screen for and manage these symp-
toms throughout recovery.

Key Words: postinjury anxiety, individualized treatment,
concussion assessments, concussion symptoms

Key Points

• State and trait anxiety were higher in individuals postconcussion than in uninjured matched control participants.
• State, not trait, anxiety levels fluctuated across recovery, indicating that individuals who sustained a concussion were
experiencing heightened anxiety symptoms throughout the entire recovery process compared with uninjured
matched control participants.

• Measuring the types of anxiety at baseline and specifically state anxiety at postconcussion assessments will allow for
individualized treatment and rehabilitation protocols (ie, mental health services) and may minimize the burden of
anxiety on recovery.

Between 1.6 and 3.8 million sport- and recreation-related
traumatic brain injuries occur annually in the United
States,1 with concussions constituting 75% of all trau-

matic brain injury–related diagnoses. In addition, sport-related
concussions account for 8.9% and 5.8% of all high school
and collegiate athletic injuries, respectively.2 Concussion is a
heterogeneous injury that results in a variety of physical
symptoms (eg, headache and dizziness), affective symp-
toms (eg, anxiety and depression), cognitive impairments
(eg, memory problems), and sleep impairments.3 Researchers4

and clinicians have used clinical profiles to assess and manage
concussions. These clinical profiles are vestibular and ocular

impairment, posttraumatic migraine, anxiety and mood distur-
bances, and cognitive impairment, along with cervical and
sleep disturbances as modifiers. Investigators4 have suggested
that 24% of patients with concussion experience anxiety and
mood clinical profiles. Furthermore, clinicians often find
it difficult to disentangle postconcussion symptoms and anxi-
ety symptoms (eg, nervousness and irritability)5 because of
the overlapping nature of these conditions. Despite this chal-
lenge, most authors have focused on associations of preexisting
anxiety with increased symptoms6,7 and prolonged recovery.8–10

However, characterizing postinjury anxiety in individu-
als with a diagnosed concussion and assessing whether
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fluctuations in anxiety occur throughout the recovery process
are important.
Recently, researchers11 determined that 13% of patients

with concussion exhibited clinical levels of postinjury anxi-
ety. These postinjury anxiety symptoms may be attributed
to increased stress, lack of team involvement, lack of social
support, or uncertainty about recovery time.12 Postinjury
anxiety has been an area of focus because it is an indicator
of prolonged recovery. Schilling et al13 found that youth
(aged 12–18 years) who exhibited anxiety symptoms had a
prolonged recovery (.28 days postinjury). Other investiga-
tors14 noted elevated levels of anxiety at return to play (28
days) in collegiate athletes. Yet a major limitation of these
studies was the measurement of postinjury anxiety at only
1 time point. In addition, Singh et al15 suggested that colle-
giate football players had no increase in anxiety symptoms
at 1 month after concussion. This examination was limited
to football players, did not involve measurement of anxiety
after individuals were fully cleared to play, and lacked an
evaluation of specific aspects of anxiety.
Anxiety has been categorized into 2 distinct factors: state

and trait anxiety. State anxiety is a transient emotional
response to a situation that can result in feelings of apprehen-
sion and tension.16 Trait anxiety is a stable aspect of personal-
ity that represents a predisposition to assessing a situation as
threatening and influences whether an anxiety response is ini-
tiated.16 Wood et al17 explored state and trait anxiety in adults
(mean age ¼ 40 years) who presented at a concussion clinic
2 weeks postinjury and did not find elevated state or trait
anxiety scores versus those of a healthy control group. Among
collegiate athletes, Yang et al18 observed that athletes with
concussion who experienced depression symptoms at baseline
were 3.4 times more likely to report increased state anxiety
than athletes with concussion who did not describe anxiety or
depression at baseline. However, the authors did not address
postconcussion state or trait anxiety across recovery. Turner
et al19 identified elevated levels of state anxiety at the start of
the stepwise concussion progression and at return to play.
More specifically, 73% of collegiate athletes with concussion
had scores above the state anxiety threshold that decreased
slightly to 60% at return to play.19 The researchers com-
mented that state anxiety was normal among competitive
athletes and that the results might represent a typical
response for this population.19,20

A more complete understanding and assessment of state
and trait anxiety may help to improve our existing knowledge
of postinjury anxiety. Fluctuations in state anxiety across
recovery may have implications for how a clinician chooses
to assess and treat an individual. Furthermore, although trait
anxiety is considered part of one’s stable personality, whether
this remains true after an event such as a concussion is
unknown. In addition, no current studies have assessed both
state and trait anxiety after a concussion in high school and
collegiate populations or compared these populations with
an uninjured matched control group to determine whether
elevated levels of state anxiety are a typical response for
competitive athletes. Therefore, the purpose of our study
was to examine the levels of state and trait anxiety in patients
with concussion throughout recovery compared with those in
uninjured matched control participants. We hypothesized that
patients with concussion would have higher levels of state
anxiety than uninjured matched control participants overall

and at each time point. We also hypothesized that the level of
trait anxiety would remain stable for both groups.

METHODS

Study Design and Participants

We used a prospective cohort study with a case-control,
repeated-measures design to characterize anxiety throughout
recovery. A total of 78 participants were enrolled; 39 high
school– and college–aged patients with concussion (25 males
and 14 females; age ¼ 18.46 2.3 years) in the mid-Michigan
area were matched to 39 uninjured control individuals (25
males and 14 females; age ¼ 18.4 6 2.3 years) on sex, age,
and, when possible, contact sport (n ¼ 62). Inclusion criteria
were no history of a neurologic disease (eg, epilepsy), age
between 14 and 24 years, and written informed assent and
consent, as appropriate, from the participant and a parent or
guardian. Exclusion criteria were no testing within 72 hours
of injury, a visible abnormality on computed tomography
scan, loss of consciousness for �20 minutes, or hospital
admission for .24 hours due to the head injury or collateral
injuries. Recruits were excluded from the uninjured matched
control group if they had a concussion within the past year.
This study received approval from the University of Michi-
gan Institutional Review Board.

Operational Definitions

Concussion. Concussion was defined as an altered mental
status due to a direct or indirect blow to the head, face, or
body that resulted in a variety of clinical signs and symp-
toms.3 All participants with suspected concussions were
assessed by physicians using the following criteria: (1) the
presence of �1 on-field signs (eg, loss of consciousness,
amnesia, disorientation or confusion, balance difficulty), (2)
symptoms (eg, headache, nausea, dizziness), (3) any impair-
ment on sideline assessment (eg, Sport Concussion Assess-
ment Tool), or (4) a combination of these.
Full Medical Clearance. Full medical clearance (FMC)

was defined as the time when the physician cleared the partic-
ipant for full unrestricted activity. To achieve FMC, partici-
pants with concussion had to report no symptoms, have normal
vestibular assessment, complete all 5 stages of the Concussion
in Sport3 return-to-play stepwise protocol, and be examined
and cleared by a physician. Individuals with concussion were
in the stepwise progression for 5 days. If symptoms returned
at any stage of the protocol, they remained in that stage until
they were symptom free.

Instrumentation

State-Trait Anxiety Inventory. Anxiety was measured
using the State-Trait Anxiety Inventory Form Y (STAI),
a self-reported 40-item questionnaire that consists of separate
measures for state anxiety and trait anxiety (20 items each).16

The state anxiety scale focuses on the present moment, with
items representing the emotional state of the participant at the
time of administration. State anxiety is rated on a scale from 1
to 4, with 1 indicating not at all and 4 indicating very much
so. In contrast, the trait anxiety scale asks how people feel
generally, with items representing their ongoing emotional
state. It is rated on a scale from 1 to 4, with 1 indicating almost
never and 4 indicating almost always. Scores on both scales
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range from 20 to 80, with higher scores reflecting greater levels
of anxiety. The STAI classifies high levels of state anxiety as
scores .38 and trait anxiety as scores .52.21 The STAI has
been shown to have good test-retest reliability for trait anxiety
(intraclass correlation coefficient ¼ 0.84) with internal consis-
tency ranging from a Cronbach a of .86 to .92 for a normative
sample.22 Internal consistency for state anxiety ranged from a
Cronbach a of .83 to .94 in a sample of high school and college
students.22 The STAI also has very good concurrent and facto-
rial validity, ranging from a Cronbach a of .70 to .85.22

Procedures

Patients with a concussion were recruited via an established
network of athletic trainers and health clinics at nearby uni-
versities, colleges, and high schools. Clinicians in these net-
works contacted the study team when a patient received
a concussion diagnosis, and trained research coordinators
(A.J.Z. and C.P.T.) travelled to the school to enroll the patient
and administer the study procedures. Uninjured matched con-
trol participants were recruited through patients with concus-
sion and recruitment flyers.
Participants with a diagnosed concussion were tested within

72 hours of injury (day 0: first test session), 5 days (61 day)
from the first test session (day 5), and at the time of FMC
(þ2 days). Uninjured matched control individuals were tested
following the same schedule as their matched participant with
concussion. On day 0, we collected demographic and medical
history and concussion characteristics (for the concussion
group only) and administered the STAI. For the subsequent
visits (day 5), FMC participants completed the STAI. All data
were collected using pen and paper and were transcribed into
an Excel (version 2016; Microsoft Corp) spreadsheet by a
study coordinator (C.P.T.).

Statistical Analysis

Descriptive statistics were calculated for the demographic
and medical history variables in the concussion and control
groups. Independent-samples t tests were used to compare
continuous demographic characteristics, and the v2 test was
used to compare categorical variables between groups. Sepa-
rate 2 3 3 repeated-measures analyses of variance were
computed to investigate changes in state and trait anxiety for
each group throughout recovery. Within-subject variables
were time (day 0, day 5, and FMC), and between-subjects
variables were group (concussion and uninjured matched con-
trol). Estimates of the effect size for each repeated-measures
analysis of variance were determined as partial h2 (ƞp2).
Greenhouse-Geisser e corrections were applied when the
assumption of sphericity was violated. Interactions were
further explored via independent-samples t tests as post hoc
testing at each time point. For the post hoc t tests, we esti-
mated Cohen d effect sizes, which we interpreted as small
(d ¼ 0.2), medium (d ¼ 0.5), or large (d ¼ 0.8).23 We set the
a level a priori at .05. All statistical analyses were completed
using SPSS (version 27; IBM Corp).

RESULTS

Demographic Characteristics and Medical History

No differences in demographic characteristics and medical
history were found between groups (Table 1). Of note,

5 (12.8%) participants in the concussion group and 2 (5.1%)
participants in the uninjured matched control group reported a
history of depression or anxiety (P ¼ .23). The average time
from concussion to day 0 was 2.2 6 0.8 days, to day 5 was
5.5 6 1.0 days, and to FMC was 11.6 6 14.4 days. On aver-
age, participants in the control group were enrolled within
7.02 6 39 days of the participants in the concussion group to
whom they were matched. Furthermore, we observed no dif-
ferences in the timing of visits and, subsequently, the timing
of STAI assessments between groups (Table 2).

State Anxiety

We observed a group 3 time interaction (F2,150 ¼ 10.45,
P , .001, ƞp2 ¼ 0.12), indicating that the change in state
anxiety scores over time differed by group membership. The
post hoc analysis revealed that the concussion group reported
a higher level of state anxiety than the control group at each

Table 1. Participant Characteristics

v2 Value

Variable

Concussion

Group (n ¼ 39)a
Control

Group (n ¼ 39)a
t76

Value

P

Value

Age, y 18.36 6 2.29 18.38 6 2.30 �0.05 .96

Sex 0.00 ..99

Male 25 (64.1) 25 (64.1)

Female 14 (35.9) 14 (35.9)

Level 0.22 .64

College 24 (61.5) 24 (61.5)

High school 15 (38.5) 15 (38.5)

Sport 14.19 .65

Basketball 2 (5.1) 2 (5.1)

Football 16 (41.0) 15 (38.5)

No sport 2 (5.1) 5 (12.8)

Rugby 2 (5.1) 3 (7.7)

Soccer 3 (7.7) 3 (7.7)

Tennis 1 (2.6) 3 (7.7)

Other 13 (33.3) 8 (20.5)

Previous

concussion 5.07 .17

Yes 13 (33.3) 8 (20.5)

No 16 (41.0) 19 (48.7)

Not reported 10 (25.6) 12 (30.8)

Headaches or

migraines 0.72 .40

Yes 4 (10.3) 2 (5.1)

No 34 (87.2) 36 (92.3)

Not reported 1 (2.6) 1 (2.6)

Learning disorder 3.12 .08

Yes 0 (0.0) 3 (7.7)

No 38 (97.4) 35 (89.7)

Not reported 1 (2.6) 1 (2.6)

Attention-deficit or

hyperactivity

disorder 1.12 .29

Yes 3 (7.7) 1 (2.6)

No 31 (79.5) 34 (87.2)

Not reported 5 (12.8) 4 (10.3)

Depression or

anxiety 1.42 .23

Yes 5 (12.8) 2 (5.1)

No 33 (84.6) 36 (92.3)

Not reported 1 (2.6) 1 (2.6)

a Values are mean 6 SD or No. (%). Percentages were rounded
and may not total 100%.
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time (Table 3). In both groups, state anxiety was highest on
day 0 and decreased across time. On day 0, 56.4% (n ¼ 22)
of the concussion and 10.3% (n ¼ 4) of the uninjured matched
control group had scores above the clinical cutoff of 38 for a
high level of state anxiety. On day 5, 38.5% (n¼ 15) of the con-
cussion and 12.8% (n ¼ 5) of the control group had scores
.38. At FMC, 20.5% (n¼ 8) of the concussion and 7.7% (n¼
3) of the uninjured matched control group had scores.38.

Trait Anxiety

No group 3 time interaction was found (F1.74,150 ¼ 1.5,
P ¼ .22, ƞp2 ¼ 0.02), although main effects for time
(F1.74,150 ¼ 25.7, P , .001, ƞp2 ¼ 0.3) and group (F1,75 ¼
7.23, P ¼ .01, ƞp2 ¼ 0.09) were seen. At each time, the con-
cussion group reported more trait anxiety than the control
group (Table 4). In both groups, trait anxiety was highest
on day 0 and decreased across time. On day 0, 15.4% (n ¼
6) of the concussion and 2.6% (n ¼ 1) of the control group
had scores above the clinical cutoff of 52 for a high level of
trait anxiety. On day 5, 12.8% (n ¼ 5) of the concussion
and 2.6% (n ¼ 1) of the control group had scores .52. At
FMC, 10.3% (n ¼ 4) of the concussion and 2.6% (n ¼ 1)
of the control group had scores .52.

DISCUSSION

We examined the levels of state and trait anxiety in high
school– and college–aged individuals after concussion and
compared them with those in uninjured matched control
participants across recovery. Differences were present in
state anxiety for patients with concussion on day 0 and day
5 and at FMC compared with the control group. More spe-
cifically, state anxiety was consistently higher in those with
a concussion throughout recovery despite diminishing levels
over time in both groups. This interaction was not observed
for trait anxiety, although individuals with concussion demon-
strated higher levels of trait anxiety overall. Therefore, health
care professionals should be aware that individuals with con-
cussion may be more susceptible to anxiety after injury, which
could negatively influence recovery outcomes.

State Anxiety Throughout Recovery

Previous researchers14,19 have suggested that anxiety symp-
toms increase after concussion and that measuring state anxi-
ety affords clinicians the opportunity to efficiently assess
these emotional responses. The STAI classifies a high level
of state anxiety as a score .38, which can indicate a current
anxiety response.22 On day 0, 56.4% of the concussion group
had scores above the clinical cutoff for a high level of state
anxiety; however, by FMC, only 20.5% of the concussion
group had scores above this clinical cutoff. The results sug-
gest that individuals with concussion were at the greatest
risk for increased anxiety symptoms during the days imme-
diately after injury but still had a greater emotional response
at all 3 times than their uninjured counterparts.
Heightened state anxiety during the acute phase of injury

may be attributed to the uncertainty and confusion participants
had surrounding the concussive incident and the potential for
further harm.21,24,25 This possibility is further supported by a
systematic review of student-athletes in which the investiga-
tors24 identified the most common barriers to reporting con-
cussion symptoms as fears of losing current or future playing
time and letting their team down. In addition, Anderson et al25

reported that athletes with more fear of reinjury after a con-
cussion had more affective symptoms than those with less
fear of reinjury. These fears could induce feelings of appre-
hension and tension when individuals are removed from nor-
mal activities and begin concussion treatment. However, we
did not examine the fear of reinjury, and it should be consid-
ered for future research.
The concussion group had higher levels of state anxiety

throughout recovery than the control group. These results are
similar to those of Turner et al,19 who also reported elevated
levels of state anxiety at both the start of the stepwise con-
cussion protocol and return to play in collegiate athletes. The
persistence of state anxiety throughout recovery may rep-
resent the patients’ anxiety about how the concussion might
affect everyday life, such as not knowing what to expect
during recovery or concern that their symptoms would not
improve.21 Even though the level of state anxiety at FMC

Table 2. Time Between Visits and State-Trait Anxiety Inventory Assessments in the Concussion and Matched Control Groups

Time Concussion Group (n ¼ 39)a Control Group (n ¼ 39)a t76 Value P Value Cohen d Effect Size

Date of injury to day 0b 2.2 6 0.8 NA NA NA NA

Day 0 to 5c 5.5 6 1.0 5.8 6 1.1 �1.42 .16 �0.3

Day 5 to full medical clearance 11.6 6 14.4 13.4 6 14.8 �0.53 .59 �0.1

Abbreviation: NA, not applicable.
a Values are mean 6 SD.
b Day 0 indicates within 72 h of injury.
c Day 5 indicates 5 days (61 day) postenrollment.

Table 3. State Anxiety Scores on the State-Trait Anxiety Inventory in the Concussion and Matched Control Groups Over Time

Time Concussion Group (n ¼ 39)a Control Group (n ¼ 39)a t76 Value P Valueb Cohen d Effect Size

Date of injury to day 0c 41.5 6 11.4 28.1 6 7.4 6.19 ,.001 1.40

Day 0 to 5d 35.6 6 13.3 27.2 6 8.7 3.36 .001 0.76

Day 5 to full medical clearance 31.4 6 9.9 26.3 6 7.8 2.47 .02 0.56

a Values are mean 6 SD.
b Post hoc tests compared state anxiety scores between groups at each time (P , .05).
c Day 0 indicates within 72 h of injury.
d Day 5 indicates 5 days (61 day) postenrollment.
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for the concussion group did not exceed the cutoff score, it
could still indicate these individuals were anxious when they
were expected to resume normal activities.19 Earlier authors26

suggested that these individuals may be at risk for subsequent
injury or other consequential health outcomes. Finally, we
observed a decline in state anxiety for the control group that
could be attributed to external factors not captured in this study
(eg, attenuation effect, life events, academic responsibilities).27

Trait Anxiety Throughout Recovery

Unlike state anxiety, which represents the current emotional
state of individuals, trait anxiety represents the part of person-
ality that influences the initiation of anxiety responses.22

Therefore, it is considered a stable predisposition and may not
be susceptible to dramatic change after injury. Our result of
no interaction supported this notion, as did previous research28

that demonstrated no differences in trait anxiety across
concussion recovery. Nonetheless, main effects were present
between groups and over time, suggesting that the concussion
group may simply have had a higher predisposition to experi-
encing anxiety responses than their counterparts.
Furthermore, high levels of trait anxiety can be a potential

indicator of future injury.29 Concerning concussion, in a sys-
tematic review, Trinh et al30 described a relationship between
preexisting psychological factors (eg, life stressors, emotional
states, Big Five personality traits) and the incidence and severity
of sport-related concussion. Thus, the greater trait anxiety in the
concussion group may have indicated that they were already
more susceptible to injury and resulted in the higher state anxi-
ety levels throughout recovery. Unfortunately, this cannot be
explicitly determined because baseline trait anxiety levels were
not collected, but future researchers should focus on the mediat-
ing interaction between trait anxiety level and concussion inci-
dence. Overall, these findings add to the current understanding
of postconcussion anxiety and its role in recovery.

Clinical Implications

The anxiety and mood clinical profile is the second most
common single profile, representing 25% of patients with
concussion.4 We noted an increase in state anxiety during the
acute phase of concussion for the concussion group compared
with that in the control group. The STAI could be used as a
clinical tool pre- and postconcussion to identify individuals
who may be at risk (eg, history of psychiatric conditions, sig-
nificant life stressors) or experiencing state anxiety responses
throughout recovery due to their concussion. Although a base-
line STAI was not administered in this study, understanding
individuals’ baseline emotional states is important for evalu-
ating possible postconcussion changes in state anxiety or
those with higher trait anxiety who may be at risk for prolonged
recovery. Using the STAI could help identify individuals who

may require a referral to appropriate licensed professionals (eg,
sports psychologist, clinical psychologist) pre- or postconcus-
sion. In addition, incorporating the STAI into assessment and
management after a concussion could allow clinicians to
provide specific targeted treatments for individuals with high
state anxiety. Targeted treatments such as active rehabilita-
tion programs,31 psychotherapy,32 and cognitive behavioral
therapy33 reduced anxiety symptoms postconcussion in pedi-
atric and adult populations.

Limitations

This study had limitations. First, our sample consisted of
high school– and college–aged individuals in the mid-Michigan
area, yet their mean age was 18 years. Moreover, our partici-
pants were those who reported their concussion to a health
care provider. We did not account for unreported concus-
sions or individuals who declined to participate in the study.
However, trained researchers worked with individuals at
multiple visits, which can lead to greater comfort in the labo-
ratory with the researchers and, thus, more likelihood of par-
ticipating. Therefore, future investigations should include
youth and older adults to permit generalizability. Second, as
with all self-report surveys, participants may not have been
honest in their answers on the STAI. Third, we did not con-
duct a baseline assessment of trait anxiety. A baseline assess-
ment could confirm that no interaction existed between
baseline and postconcussion anxiety, which could then show
that trait anxiety remains stable over time. Fourth, partici-
pants with concussion could have typically experienced
more anxiety (ie, trait) that translated into greater vulnerabil-
ity to anxiety postinjury (ie, state). Similarly, we included
individuals with a history of depression or anxiety, which
might have contributed to anxiety postinjury (ie, state). Yet
we observed no differences between groups for their history
of anxiety or depression, so we did not remove these partici-
pants from the study. Finally, our sample size was small;
future authors should replicate our work and demonstrate
generalizability to other samples. Future researchers should
also examine the effect of high trait anxiety on concussion
incidence, determine if high levels of postconcussion state
anxiety yield longer recovery times, and assess the influence
of specific treatments on reducing state anxiety postinjury.

CONCLUSIONS

Individuals with concussion displayed higher levels of
state anxiety throughout recovery than uninjured matched
control participants. Although trait anxiety did not differ
between individuals with a concussion and uninjured matched
control participants, the former presented with higher levels,
but they were not statistically different. Overall, our findings
support current literature indicating that anxiety symptoms are
common after concussion and should be considered during
the assessment and treatment process.
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