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Background: People with a history of COVID-19 may expe-
rience persistent neuropsychological disruptions such as lower
satisfaction with life, depression, and anxiety. Although student-
athletes are at low risk for severe COVID-19 complications, the
effect of COVID-19 on mental health has not been elucidated.

Objective: To compare patient-reported mental health out-
comes for incoming collegiate athletes with (COVIDþ) or without
(COVID�) a history of COVID-19.

Design: Case-control study.

Setting: Laboratory.

Patients or Other Participants: A total of 178 student-
athletes, consisting of 79 in the COVIDþ group (44.3%; age ¼
18.90 6 0.16 years) and 99 in the COVID� group (55.6%; age ¼
18.95 6 0.16 years).

Main Outcome Measure(s): Participants completed the Satis-
faction With Life Scale (SWLS), the Hospital Anxiety and Depres-
sion Scale (HADS), and the State-Trait Anxiety Inventory (STAI).
Unadjusted 1-way analyses of variance were conducted across all
patient-reported outcomes. Analyses of covariance were calculated
to determine the interaction of COVID-19 group, sex, and race and
ethnicity on outcomes. Post hoc Bonferroni testing was performed
to identify specific differences between groups. A v2 analysis was

computed to compare the number of athletes in each group who
met the standard clinical cut points.

Results: We observed a between-groups difference for HADS
depression (P ¼ .047), whereby athletes in the COVIDþ group
had higher ratings (2.86 6 0.26). We found group differences for
the SWLS (P ¼ .02), HADS anxiety (P ¼ .003), and STAI state
anxiety (P ¼ .01) such that all scores were higher for the COVIDþ
group in the adjusted model. Post hoc testing revealed that female
student-athletes in the COVIDþ group had worse HADS anxiety
(P ¼ .01) and STAI trait anxiety (P ¼ .002) scores than individuals
in all other groups. We did not demonstrate differences between
groups in the percentage of responses below established diag-
nostic thresholds.

Conclusions: Incoming collegiate student-athletes who
reported a previous COVID-19 diagnosis displayed higher depres-
sion scores, suggesting that clinicians may need to provide appro-
priate identification and referral for mental health conditions.
However, we were encouraged that most participants, regard-
less of a history of COVID-19 diagnosis, had mental health scores
that did not exceed established diagnostic threshold values.

Key Words: patient-reported outcome measures, psychiatric
status rating scales, life satisfaction, coronavirus

Key Points

• Differences in mental health for student-athletes with and those without a history of COVID-19 were below the
established clinical cut points for satisfaction with life, anxiety, and depression.

• Female student-athletes reported worse anxiety than male student-athletes, regardless of their COVID-19 history.

According to the World Health Organization, as of
October 2022,.617 million cases of COVID-19 had
been diagnosed globally.1 The most common physio-

logical signs and symptoms are fever, respiratory problems,
headache, diarrhea, and loss of taste or smell.2 Furthermore,
.75% of patients with COVID-19 reported cognitive difficul-
ties with episodic memory, attention, and concentration, even
when their cases were mild.3 However, researchers4–8 have
indicated that one-third of people with a history of COVID-19
may experience persistent neuropsychological disruptions
(ie, long COVID), with major depressive and anxiety disor-
ders, posttraumatic stress disorder, obsessive-compulsive dis-
order, and insomnia being the most frequently noted, even
among individuals with mild cases who were not hospitalized.
Whereas authors8,9 have documented negative mental health

changes after COVID-19 recovery, investigation of the per-
ceived low risk for virus-related complications, such as long
COVID, among the intercollegiate student-athlete population
is lacking.
Physical activity is a well-established protective and treat-

ment approach for mental health. Habitual physical activity
protects against the development of new depression or anxiety
symptoms by releasing endorphins, increasing confidence,
improving sleep quality, and facilitating healthy coping.10 Inter-
estingly, collegiate athletes were found to have a higher rate of
mental health disorders than the general collegiate student pop-
ulation (38% of women, 22% of men).11 Rates and severity of
COVID-19 are lower in athletes than in nonathletes, yet sub-
stantial numbers of youth through collegiate athletes likely
have experienced COVID-19. Athletic trainers and other health
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care providers must be aware of the potential COVID-19–
related additive risk so they can ensure appropriate treatment as
these athletes move forward in their careers and encounter
sport- or life-related mental health challenges.
Many mental health disturbances reported after COVID-19,

including decreased satisfaction with life, anxiety, and depres-
sion, were acute and gradually disappeared or returned to base-
line levels5; however, depression remained prevalent for up to
1-year postrecovery in about 12% (range ¼ 7%–21%) of
patients.8 In the general population, depression is the most
common psychiatric disorder, with approximately 15% experi-
encing at least 1 lifetime episode. The diagnosis of depression
is based primarily on clinical symptoms such as sadness, apa-
thy, hopelessness, and irritability and is often supported by the
results on reliable and valid questionnaires.12 Furthermore,
depression is related to chronic, low-grade inflammation, with
emerging evidence suggesting that it may be an immune
response.12 The COVID-19 infection causes systemic inflam-
mation,5,13 which may play a key role in the development
of depression-like symptoms.8 Thus, the inflammation from a
COVID-19 infection may be related to depression and the
associated feelings of sadness, hopelessness, and loss of inter-
est (eg, in activities of daily living, sports), several of the hall-
marks of depression noted in the general population.
Whereas the acute pandemic component of COVID-19 is

declining, millions of youth athletes who have recovered from
it will become collegiate student-athletes and may have an ele-
vated risk of mental health disorders. Therefore, the primary
aim of our study was to compare patient-reported mental health
outcomes for incoming collegiate athletes with (COVIDþ) and
those without (COVID�) a history of COVID-19 diagnosis.
We hypothesized that satisfaction with life would be lower and
levels of anxiety and depression would be higher for athletes in
the COVIDþ group.

METHODS

Participants

As part of a larger concussion research project, we enrolled
178 student-athletes of 324 participants (54.9%) who self-
selected into this component by completing the COVID-19
question and all associated mental health measures. Included
were incoming freshmen or transfer varsity student-athletes
or cheerleaders. To achieve ecological validity of student-
athletes, we used no exclusion criteria. All participants pro-
vided written and oral informed consent, and the study was
approved by the University of Delaware Institutional Review
Board. A total of 79 athletes with a history of COVID-19
(COVIDþ; n ¼ 79, 44.4%; age ¼ 18.90 6 0.16 years) and
99 athletes without a history of COVID-19 (COVID�; n¼ 99,
55.6%; age ¼ 18.956 0.16 years) were included in our analy-
ses. We observed no differences between groups for a previ-
ous diagnosis of psychiatric disorder, anxiety, or depression
(P . .05). Complete demographic and health history infor-
mation are presented in Table 1.

Instrumentation

Participants completed 3 commonly used mental health
screening questionnaires.
The Satisfaction With Life Scale. The Satisfaction

With Life Scale (SWLS) measures subjective well-being
(college student sample: Cronbach a ¼ 0.82).14 It consists

of 5 questions scored on a 7-point Likert scale (1 ¼ strongly
disagree, 7 ¼ strongly agree). Scores range from 5 (extremely
dissatisfied) to 35 (highly satisfied), with a score ,20 consid-
ered dissatisfaction with one’s life.14

The Hospital Anxiety and Depression Scale. The Hos-
pital Anxiety and Depression Scale (HADS) is a valid and
reliable instrument (adult sample: Cronbach a range ¼
.68–.93) for detecting states of anxiety and depression with
subscales measuring the severity of emotional distress and has
been used in collegiate student-athletes.15 The survey consists
of 7 questions for anxiety and 7 for depression that are scored
separately. Subscores for anxiety and depression are catego-
rized as normal (0 to 7), borderline abnormal (8 to 10), or
abnormal (11 to 21).
The State-Trait Anxiety Inventory. The State-Trait Anx-

iety Inventory (STAI) consists of 40 questions separated
into 2 forms (state and trait) scored on a 4-point Likert
scale, with responses ranging from 1 (not at all) to 4 (very
much so) for state anxiety and 1 (almost never) to 4 (almost
always) for trait anxiety (range ¼ 20–80). As suggested by
previous researchers,16 we used a cutoff of 40 to evaluate
the presence or absence of state and trait anxiety. The STAI
has demonstrated good internal consistency (Cronbach a ¼
.90) and test-retest reliability (r ¼ 0.70, P , .001). We ana-
lyzed both state and trait anxiety total scores.

Procedures

All surveys were completed via convenience sampling dur-
ing the athletes’ preseason concussion baseline testing ses-
sion. Testing occurred individually in a dedicated laboratory
space under quiet conditions, and participants were informed
that their results would not be shared with the coaching staff
or teammates. The COVID-19 history question was part of a
larger set of questionnaires on the overall medical history
approved by our institutional review board for a separate
branch of the study from the required baseline testing. There-
fore, completion of these additional assessments was optional,
and athletes were informed that they were not required to take
part in the study. The total time to complete the entire battery
(Qualtrics) was approximately 30 minutes.

Statistical Analysis

Descriptive statistics were calculated to describe the sample
demographic and outcome measures. To test our hypotheses,
we compared the groups (COVIDþ and COVID�) in a series
of unadjusted models (model 1) across all patient-reported out-
comes (SWSL, HADS anxiety, HADS depression, and state
and trait anxiety) using 1-way analyses of variance. Effect
sizes were calculated using the Cohen d and interpreted as
small (d ¼ 0.20), moderate (d ¼ 0.50), or large (d ¼ 0.80).17

To control for potential contributors to model 1, we assessed
the groups in model 2 using a 1-way analysis of covariance
adjusted for the covariates of sex and race and ethnicity. Both
sex and race and ethnicity were independently associated with
mental health disorders18,19; thus, their inclusion in our model
was essential. Both models are presented because model 1 is
more clinically meaningful for athletic trainers. Furthermore, a
2-way analysis of covariance was computed to determine the
interaction of COVID-19 group and sex in patient-reported
mental health outcomes. Subsequent post hoc Bonferroni test-
ing was performed to identify specific differences between
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groups. Finally, we used v2 analyses to compare the number of
athletes who met the standard clinical cut points for both
groups. All analyses were conducted using JMP (version 16.0;
JMP Statistical Discovery LLC), and the a level was set a
priori at .05.

RESULTS

Patient-Reported Outcomes

Model 1 (Unadjusted). Means, SDs, and 95% CIs for
each mental health patient-reported outcome (ie, SWLS,
HADS anxiety, HADS depression, STAI) are provided in
Table 2. In the unadjusted model, we observed a differ-
ence between groups for HADS depression (F1,176 ¼ 2.83,
P ¼ .047), whereby athletes in the COVIDþ group had
higher depression ratings (2.86 6 0.26) than those in the
COVID� group (2.04 6 0.25), with a large effect size
(Cohen d ¼ 3.21). No other models were different (Table 2).
Individual responses are shown in the Figure.
Models 2 and 3 (Adjusted). After including sex and race

and ethnicity as covariates, we found a group difference for
the SWLS (F1,176 ¼ 2.27, P ¼ .02, Cohen d ¼ 0.47), HADS
anxiety (F1,173 ¼ 5.88, P ¼ .003, Cohen d ¼ 5.26), and STAI

state anxiety (F1,171 ¼ 2.36, P ¼ .01, Cohen d ¼ 0.21) such
that satisfaction with life, HADS anxiety, and state anxiety
scores were higher for the COVIDþ group. No group differ-
ences were found for the HADS depression or STAI trait anx-
iety scores in model 2.
Model 3 yielded group interaction effects for the HADS

anxiety (F1,173 ¼ 13.76, P ¼ .003) and STAI trait anxiety rat-
ings (F1,171 ¼ 6.74, P ¼ .03; Table 3). Post hoc testing
revealed that female athletes in the COVIDþ group had worse
HADS anxiety (P ¼ .01) and STAI trait anxiety (P ¼ .002)
ratings than all other athletes.

Proportion of Abnormal Scores by Group

We observed no differences between groups for the percent-
age of respondents who were classified as abnormal for any of
the outcome measures (Table 4).

DISCUSSION

Given the possible deleterious effect of a positive COVID-19
diagnosis on mental health, we described and compared
patient-reported measures among incoming intercollegiate
athletes who did and those who did not report having had

Table 1. Participant Characteristics

Variable

Group, No. (%)

P ValueCOVIDþ (n ¼ 79) COVID� (n ¼ 99)

Sex .83

Male 35 (44.3) 49 (49.5)

Female 44 (55.7) 50 (50.5)

Race and ethnicitya

Asian 1 (1.3) 8 (8.1) .02b

Black 11 (13.9) 10 (10.1) .61

Hispanic 8 (10.1) 9 (9.1) .97

Non-Hispanic 71 (89.9) 90 (90.9) .82

White 70 (88.6) 76 (76.8) .90

Psychiatric history

Anxiety 2 (2.5) 3 (3.0) .19

Attention-deficit/hyperactivity disorder 8 (10.1) 4 (4.0) .09

Depression 3 (3.8) 5 (5.1) .71

Learning disorder 4 (5.1) 1 (1.0) .07

Psychiatric disorder 3 (3.8) 5 (5.1) .71

None 61 (77.2) 83 (83.8) .89

Sportc

Baseball 5 (6.3) 8 (8.1) .66

Basketball 6 (7.6) 1 (1.0) .02b

Cheerleading 2 (2.5) 2 (2.0) .82

Cross-country 1 (1.3) 4 (4.0) .26

Field hockey 5 (6.3) 2 (2.0) .14

Football 10 (12.7) 8 (8.1) .31

Golf 0 (0.0) 4 (4.0) .25

Lacrosse 5 (6.3) 11 (11.1) .27

Rowing 11 (13.9) 21 (21.2) .21

Soccer 10 (12.7) 9 (9.1) .42

Softball 3 (3.8) 3 (3.0) .78

Swimming/diving 7 (8.9) 16 (16.2) .15

Tennis 10 (12.7) 5 (5.1) .07

Track and field 4 (5.1) 4 (4.0) .74

Volleyball 4 (5.1) 1 (1.0) .10

Abbreviations: COVIDþ, history of COVID-19; COVID�, no history of COVID-19.
a Participants could choose .1 race and ethnicity or not respond.
b Indicates a difference (P , .05).
c Participants could choose .1 sport.
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a COVID-19 diagnosis. We addressed this question using
both unadjusted, clinically relevant models and adjusted mod-
els. Overall, athletes in the COVIDþ group reported higher
depression ratings than the athletes in the COVID� group. In
addition, sex was a covariate linked to decreased life satisfac-
tion, heightened depression, and increased anxiety in female

compared with male student-athletes. Our findings suggest that
the COVID-19 pandemic may result in persistent adverse
effects on the mental well-being of otherwise healthy young
adults. Thus, prioritizing athletes’ mental health support is cru-
cial for schools. High-resource schools likely have access to a
team of sports psychologists working closely with the athletic

Table 2. Unadjusted Model Comparisons in Mental Health Surveys Between COVID1 and COVID2 Groups

Scale

Group, Mean 6 SD (95% CI)

P Value

Cohen d

Effect Size

Observed

PowerCOVIDþ COVID�
Satisfaction With Life Scale 28.41 6 0.59 (27.44, 29.37) 29.38 6 1.16 (26.89, 29.38) .73 1.05 0.06

Hospital Anxiety and Depression Scale

Anxiety 2.13 6 2.29 (1.62, 2.63) 2.27 6 2.29 (1.81, 2.74) .66 0.06 0.07

Depression 2.86 6 0.26 (2.32, 3.39) 2.04 6 0.25 (1.75, 2.76) .047a 3.21 0.39

State-Trait Anxiety Inventory

State anxiety 30.07 6 11.71 (27.53, 32.61) 29.38 6 10.91 (27.15, 31.61) .69 0.06 0.06

Trait anxiety 30.37 6 11.48 (27.87, 32.86) 29.84 6 11.35 (27.51, 27.52) .62 0.05 0.06

Abbreviations: COVIDþ, history of COVID-19; COVID�, no history of COVID-19.
a Indicates a difference (P , .05).

Figure. Individual data points for A, Hospital Anxiety and Depression Scale (HADS) anxiety, B, HADS depression, C, State-Trait Anxiety
Inventory (STAI) state anxiety, and, D, STAI trait anxiety. Solid horizontal lines indicate clinical cutoff points for A and B, normal (below
the lower line), borderline abnormal (between the lines), and abnormal (above the upper line) and C and D, average (below the line) and
above average (above the line). Percentages above normal for groups with (COVID1; n 5 75) or without (COVID2; n 5 96) a history of
COVID-19 were 96.2% and 94.9% for HADS anxiety, 94.4% and 95.6% for HADS depression, 78.2% and 80.1% for STAI state anxiety, and
82.3% and 84.9% for STAI trait anxiety, respectively.
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department, whereas schools with limited resources may need
to forge relationships with student health services to ensure that
athletes receive the necessary mental health care.
Anxiety and depression frequently occur together but reflect

different sequelae. Depression is often linked to past events in
which something or someone valued is lost and perceived as
challenging or impossible to regain.12 Furthermore, major life
events (eg, a pandemic) and other personal problems such as
social isolation are believed to increase depressed feelings.20

Depression was higher in the COVIDþ group, which may be a
psychological manifestation of not only the isolation and time
lost from participation associated with the pandemic but also
the systemic inflammation caused by COVID-19.13 Conversely,
anxiety reflects uncertainty about a potential future crisis.18

Interestingly, anxiety scores did not differ between the groups.
By the summer of 2021, vaccines for COVID-19 had become
available, which could have contributed to a more positive out-
look moving forward. Student-athletes appeared to remain opti-
mistic about their future, as demonstrated by the low anxiety
ratings on the HADS.
Although we demonstrated higher depression scores with a

large effect size (Cohen d ¼ 3.21) for the COVIDþ group,
most participants (94.5%) were still considered normal and
nearly 4 points below the mild depression classification crite-
rion.21 Therefore, these statistical differences likely have lim-
ited clinical meaningfulness; however, athletic trainers should
be aware that these individuals could have an increased risk
of clinical depression if another event (eg, concussion or ante-
rior cruciate ligament injury) occurs. Nearly all participants in
both groups (COVIDþ ¼ 96.4%, COVID� ¼ 95.7%) were

within the normal anxiety range. As the prevalence of mental
health concerns continues to increase globally,22 the authors
of a large study focused on physical activity as a protective
mediator of anxiety and depression.23 Involvement in sports
mediates the presentation of psychological disorders and may
serve as an effective treatment approach.24 In addition, orga-
nized sports engagement (eg, being on a team, including in
individual sports such as tennis) was associated with a
decreased risk of developing anxiety and depression com-
pared with physical activity alone.10 Hence, continuing to be
physically active and being on a team may explain why our
sample, regardless of COVID-19 history, had scores below
the clinical thresholds for anxiety and depression. However,
because we do not have data specific to summer 2020 or ear-
lier, we do not know if mental health declined when sport par-
ticipation was temporarily cancelled.
Anxiety is further subdivided into state and trait anxiety,

with state anxiety defined as a more transient reaction to an
adverse situation and trait anxiety defined as a more stable per-
sonality attribute that affects long-term thought processes.25

More than 83% of student-athletes in both groups had state or
trait anxiety scores below the clinical cutoffs. This result aligns
closely with prepandemic anxiety levels, when 30% of female
and 25% of male student-athletes self-reported anxiety.18 This
lack of group differences indicates that COVID-19 may not
have resulted in lasting, meaningful changes in either state or
trait anxiety. Still, we did observe differences in HADS and
trait anxiety scores between male and female student-athletes
such that female student-athletes had higher (worse) levels.
This finding is similar to most of the literature, with research-
ers18 consistently documenting more anxiety in women than
men. Therefore, critical demographic characteristics such as
sex may affect the mental health response of student-athletes
after COVID-19 recovery and should be considered by the
evaluating sports medicine professionals.
Satisfaction with life refers to a cognitive judgmental pro-

cess in which individuals assess their quality of life according
to criteria they deem important.14 It requires people to com-
pare their current circumstances with what they believe is the
standard. The COVID-19 pandemic likely influenced this
factor across the general population. Our incoming student-
athletes had higher SWLS scores (approximately 28.9) than
previously reported for typical college students (approxi-
mately 23.514; Tables 2 and 3); however, these scores were

Table 3. Adjusted Model for COVID-19 History and Sex

Scale Sex

Group, Mean 6 SD (95% CI)

P ValueCOVIDþ COVID�
Satisfaction With Life Scale Male 29.8 6 3.4 (25.6, 31.0) 29.1 6 5.6 (27.4, 30.8) .09

Female 27.3 6 4.6 (26.1, 28.8) 27.3 6 6.4 (23.5, 29.1)

Hospital Anxiety and Depression Scale

Anxiety Male 1.5 6 2.2 (0.8, 2.3) 1.5 6 1.5 (1.1, 2.0) .003a

Female 2.6 6 2.3 (1.9, 3.2) 2.3 6 2.2 (2.2, 3.7)

Depression Male 2.6 6 2.2 (1.9, 3.4) 1.9 6 2.1 (1.3, 2.6) .18

Female 3.0 6 2.6 (2.3, 3.8) 2.59 6 2.54 (0.80, 3.28)

State-Trait Anxiety Inventory

State anxiety Male 28.0 6 11.6 (24.0, 31.9) 26.7 6 9.3 (23.9, 29.6) .79

Female 31.6 6 11.7 (28.2, 34.9) 31.7 6 11.8 (28.3, 35.1)

Trait anxiety Male 27.8 6 10.3 (24.3, 31.3) 26.8 6 8.9 (28.9, 36.1) .03a

Female 32.2 6 12.1 (28.8, 35.7) 32.5 6 12.6 (28.9, 36.1)

Abbreviations: COVIDþ, history of COVID-19; COVID�, no history of COVID-19.
a Indicates a difference (P , .05).

Table 4. Chi-Square Analysis of Proportions of Clinical Cutoff

Scores by Group

Measure

Group, No.

v2 Value P ValueCOVIDþ COVID�
Hospital Anxiety and Depression Scale

Anxiety 79 94 1.298 .52

Depression 79 94 1.607 .45

State-Trait Anxiety Inventory

State anxiety 75 96 0.901 .34

Trait anxiety 75 96 0.029 .87

Abbreviations: COVIDþ, history of COVID-19; COVID�, no history
of COVID-19.
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lower than the SWLS scores of athletes before COVID-19
(range ¼ 29.2–29.5) in a Concussion Assessment, Research
and Education Consortium study.26 We did observe a large
effect size that was not different (P ¼ .73; Cohen d ¼ 1.05)
but no clinically meaningful difference (difference between
scores ,1) between groups. Starting their college experience
and joining a university sport team is an exciting period for
student-athletes. The higher-than-average SWLS scores for
college students in our study may reflect this optimism for the
future, yet these scores were still lower than those before
COVID-19. Involvement in sports and greater team cohesion
have been associated with better SWLS scores in athletes.27

Furthermore, postconcussion musculoskeletal injury rates in
intercollegiate student-athletes were lower in those with
higher SWLS scores.28 Future authors should examine how
SWLS evolves over an individual’s collegiate athletics career.
Our work had limitations. All mental health conditions

were self-reported by the participants, which is an inherent
limitation of questionnaire-based research. We could not
account for illness severity (eg, symptom magnitude and days
to recover) in athletes who had COVID-19. Furthermore, our
investigation was limited to a single mid-Atlantic university,
and surveys were administered only to new, incoming student-
athletes; however, this represents a large ecologically valid
patient sample. We reported low power (range ¼ 0.06–0.39)
for our unadjusted model, but the sample size of 178 partici-
pants was sufficient. Finally, future researchers should evaluate
both pathophysiological and psychosocial contributions to
post–COVID-19 mental health challenges in student-athletes
and, more importantly, treatment strategies focused on the spe-
cific demands of this unique population.

CONCLUSIONS

Incoming collegiate student-athletes who reported a previous
COVID-19 diagnosis displayed higher depression scores,
suggesting that clinicians may need to provide appropriate
identification and referral for mental health concerns. None-
theless, it was encouraging that most participants had mental
health scores that did not exceed established threshold values.
Thus, although the pandemic resulted in a global emotional
upheaval, this change may be transient in healthy young
adults. Female athletes may have a higher risk for mental
health challenges, and athletic trainers should continue to
incorporate mental health specialists in the treatment of stu-
dent-athletes.
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