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Abstract

Persisting concussion symptoms (PCS) can last for months, years, or indefinitely and affect a considerable number of
concussion patients. The objectives of this study were to evaluate the prevalence of clinical symptoms of anxiety and
depression and the relationship between PCS and quality of life in patients examined at the Canadian Concussion Centre.
The Depression and Anxiety Stress Scale-42 (DASS-42) and the World Health Organization Quality of Life Assessment—
BREF (WHOQOL-BREF) were sent to 526 adult patients diagnosed with PCS. Median with interquartile range follow-up
time was 5 (4-7) years. Of the 105 respondents, 35.2% displayed mild or greater symptoms of anxiety, depression, or both.
Importantly, the number of previous concussions was correlated with elevations on the DASS-42 Anxiety (p=0.030) and
Depression (p=0.018) subscale scores, suggesting an acquired cause of symptoms. Patients with clinical elevations of
depression, anxiety, or both exhibited poorer mean WHOQOL-BREF scores in each domain (p<0.001) compared to
those who scored in the normal range on the DASS-42. These findings indicate that depression and anxiety in PCS can
endure for years and are associated with diminished quality of life. Consequently, depression and anxiety should be
identified and treated early in PCS populations in order to optimize recovery. Although the underlying etiology of
depression and anxiety cannot be ascertained with certainty in the present study, the association between depression and
anxiety and the number of concussions may indicate an organic explanation. In the future, quality-of-life measures should
be incorporated into treatment and research in PCS to improve intervention strategies and enhance understanding of the
trajectory of recovery in this population.
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Introduction

APPROXIMATELY 75% of persons will recover from a concus-
sion within 7-10 days, although some take longer, whereas
others never recover."> There is considerable variability in the
recovery rate and completeness of recovery.® The literature re-
veals variable estimates of the prevalence of prolonged symptoms
of concussion—commonly referred to as post-concussion syn-
drome—ranging from 5%* to 50%.° The most commonly re-
ported rate is 10-15%."%” These disparate estimates may be
attributable to differing diagnostic criteria for the enduring effects

of concussion. In the absence of a reliable imaging or body fluid
biomarker, clinical signs and symptoms remain the criterion for
the diagnosis of this condition, which we have chosen to call
persisting concussion symptoms (PCS) and which we define as
three or more symptoms persisting for more than 1 month after
concussion, a definition we have previously reported.'

In contrast, The International Classification of Diseases, Tenth
Revision requires three symptoms or more from a restricted list of
symptoms including headache, dizziness, fatigue, irritability, in-
somnia, concentration difficulty, memory difficulty, and reduced
tolerance to stress, emotional excitement, or alcohol ® However, the
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Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-1IV) requires three or more symptoms from an over-
lapping list, including fatigue, headache, personality change, apathy,
depression, or anxiety, and requires these symptoms to last =3
months after injury.” The DSM-IV further requires the presence of
cognitive deficits in attention or memory and a significant decline in
social and/or occupational functioning.” The Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition (DSM-V) replaced
the term PCS and created a new term for the condition called ‘“major
or mild neurocognitive disorder due to traumatic brain injury,”
consistent with a general movement away from assumptions re-
garding the presence of a syndrome and/or an underlying aetiology of
the symptoms.m

Further, the DSM-V only recognizes patients with loss of con-
sciousness, disorientation, amnesia, hemiparesis, or abnormal neu-
roimaging, '’ thereby incorporating more severe neurological events.
The 5th International Concussion Consensus Conference in Sport did
not provide a list of required symptoms for a diagnosis of PCS, but
rather defines it as a “‘constellation of non-specific symptoms related
to traumatic brain injury” that need to persist for “10-14 days in
adults and 4 weeks in children” to qualify for a diagnosis of ‘““per-
sisting symptoms of concussion.” ' Thus, there is a lack of consensus
with respect to the list of eligible symptoms and duration of PCS.

The most common persisting symptoms of concussion are head-
aches, memory deficits, concentration difficulties, imbalance, dizzi-
ness, fatigue, and nausea.' Psychosocial contributions include greater
functional limitations (contributing to anger and frustration), reduced
participation in daily living, including social and recreational activi-
ties, poorer quality of life, and the experience of loss.'>'* Across
studies, reported prevalence rates for depression after concussion have
been wide ranging, from 14% to 29% in some studies,'*'” to 35% in
others, 1316 and from 14% to 61% in still another.” Similarly, the
estimated prevalence of anxiety disorders in PCS ranges from 18% to
60%,'3'° depending on diagnostic criteria, population, and timing of
assessment.”® Frequently cited pre-injury predictors of depression in
patients with PCS include younger age,'**' pre-morbid psychiatric
illness,13 1622 famale sex,23 24 and increased number of previous
concussions. " Pre-injury predictors of anxiety in PCS include older
age,”>*” female sex,”’ > as well as pre-morbid psychiatric illness.!

Depressive symptoms in PCS patients are associated with worse
functional outcomes and poorer cognitive performance.'® Studies
have also shown that the risk of suicide in concussion patients is 3
times the population norm, regardless of patient demographics and
independent of past psychiatric conditions.*® Persisting symptoms
of depression and anxiety not only affect the patient, but also have
economic implications as a result of delayed return to work, di-
minished productivity at work, reduced rates of labor participation,
and increased healthcare and welfare expenditures.*’

With regard to quality of life (QOL), only a small number of
studies have examined this outcome to date in PCS patients. These
studies, predominantly based in Europe, assessed QOL in adult>
and pediatric patients,®* as well as Short Form 36 (SF-36) scores in
adults,** and found that, generally, patients with PCS have lower
SE-36 scores compared to concussion patients without PCS.*
However, to our knowledge, no studies have examined QOL in
patients with prolonged symptoms of concussion in a North
American sample, and little is known about the associations be-
tween QOL and symptoms of depression and/or anxiety in PCS.
Given the complexity of PCS, the paucity of definitive treatments,
and an incomplete understanding of the pathophysiology of en-
during symptoms of concussion, it is important to evaluate QOL in
these patients. Such measures represent an important outcome after
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concussion, given that they provide data on recovery patterns,
frequency, nature, severity, and duration of the functional conse-
quences after injury.”° These measures are essential in the evalu-
ation of functional recovery, costs, and return to work and play.?°

The present study sought to address some of these gaps in the
literature through a survey of 105 patients in the community with
PCS referred to the Canadian Concussion Centre (CCC) for con-
sultation. The patient population in this study represents a very
specific subset of patients with PCS given that this Centre focuses
on PCS and has long wait times.

The three main objectives of the study were to: 1) determine the
prevalence and severity of depression and anxiety symptoms in
PCS patients as measured through the Depression and Anxiety
Stress Scale-42 (DASS-42%); 2) evaluate how symptoms of de-
pression and anxiety in PCS relate to age, sex, mechanism of
concussion injury, and number of previous concussions; and 3)
determine the correlation of DASS-42% scores as a general mea-
sure of distress to QOL in PCS.

We hypothesized that depression and anxiety are significant is-
sues in PCS and that factors such as age, sex, mechanism of injury,
and number of previous concussions influence the prevalence of
depression and anxiety in PCS, and that depression and anxiety in
PCS influence QOL.

Methods
Patient population

Participants were recruited from a clinical database of 840 PCS
patients who were seen in consultation by the senior author (C.H.T.,
a neurosurgeon) between 1997 and 2018 at the CCC. This study
was approved by the University Health Network Research Ethics
Board, and each of the questionnaire respondents provided written
informed consent before participation. For those participants under
the age of 18, consent was obtained from a parent or guardian in
addition to the consent of the participant. All patients in the clinical
database had been referred to the CCC by their family physician or
another specialist. Elapsed time between referral to the CCC and
examination varied from 1 to 4 months. Persons referred to the
CCC do not represent the entire spectrum of PCS patients, but
rather those with prolonged recovery that required specialized
management after assessment in the community.

Participants in the database were eligible for the current study if
they: 1) had received a clinical diagnosis of concussion at the CCC,
based on the definition of concussion prescribed by the Interna-
tional Consensus on Concussion in Sport,'" and 2) were suffering
from persisting symptoms of concussion upon presentation at the
CCC. Some participants had sustained more than one concussion.
In the present study, we considered the most recent concussion
recorded in their clinical history, which usually precipitated their
visit to the CCC, as the index concussion. Not all eligible partici-
pants had magnetic resonance imaging (MRI) or computed to-
mography (CT) imaging; however, those who did had normal
findings without the presence of any other underlying diagnoses
such as hemorrhage, stroke, or tumor.

Patients were ineligible if there was any of the following: 1) a
clinical history of an underlying neurological disorder, or a psy-
chiatric disorder apart from anxiety or depression; 2) abnormal
MRI or CT findings suggesting a more severe brain injury, such as
contusion or hemorrhage, or had a stroke or tumor; 3) involvement
in pending litigation, given how some authors suggest that these
patients are more likely to report a larger number of symptoms and
exaggerate the severity of their symptoms’®; 4) extracerebral
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injuries such as skull or facial fractures; or 5) incomplete demo-
graphic and/or imaging information. Required demographic in-
formation included age, sex, mechanism of injury, and number of
previous concussions.

Based on these criteria, 314 patients were ineligible (Table 1),
and thus 526 participants from the clinical database were eligible
for inclusion in the current study. These 526 patients were mailed
the study questionnaire (see below), and of these, 120 patients
provided complete information by the study cut-off period
(10 weeks). From the 120 questionnaires received by the study cut-
off period, 15 additional questionnaires were excluded because of
new information about litigation or skull fracture (Fig. 1). Thus,
105 patients were included in the final sample for the study (Fig. 1).
When conducting the (WHOQOL-BREF)*’ analysis, we excluded
an additional 5 patients because of incomplete WHOQOL-BREF*’
questionnaire data, resulting in a total of 100 patients being in-
cluded in the WHOQOL-BREF?’ portion of the analysis (Fig. 1).

Measures

Depression and Anxiety Stress Scale-42. The DASS-42%
is a 42-item self-report questionnaire, which consists of 42 negative
emotional symptoms and is available in the public domain.>> Re-
spondents are asked to rate the extent to which they have experi-
enced each symptom on the scale over the previous week on a
4-point severity scale.” In keeping with DASS-42%° guidelines,
patients scoring above the normal range for symptom severity—
anywhere from mild to extremely severe—were classified as
endorsing the symptom. The DASS-42% has demonstrated good
reliability and validity in clinical and non-clinical populations,
including concussion.®® The DASS-42%> corresponds to the tri-

TABLE 1. ExcLUSIONS (N=1329)

Percentage
No. of patients  of excluded
Exclusion type excluded (n) patients
Abnormal CT, MRI, SPECT 106 322
Other (missing info, no 53 16.1
concussion diagnosis, unclear
MRI findings, failure of
patient to attend follow-up
appointment, etc.)
Extracerebral injuries 53 16.1
Litigation 31 9.4
No PCS diagnosis because 28 8.5
<3 symptoms
No PCS diagnosis because 27 8.2
<1 month of follow-up
Other lesion present: arachnoid 16 4.9
cyst, brain tumor, cerebral
contusion, craniotomy, IHH,
stroke
Other psychiatric illness besides 13 4.0
anxiety and depression
Addiction, drug use 2 0.6
Total 329 100

Table includes patients who were initially excluded before the question-
naire package was mailed (n=314) as well at the additional exclusions that
were made upon receipt of the questionnaire package (n=15).

CT, computed tomography; MRI, magnetic resonance imaging; SPECT,
single-photon emission computed tomography; ITH, idiopathic intracranial
hypertension; PCS, post-concussion syndrome.
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840 clinical cases of persisting
symptoms of concussion diagnosed
between 1997-2018

314 cases were
ineligible and
excluded from the
study (Table 1)

»

Questionnaire package
were sent to eligible
participants (n=526)

-

120 participants mailed
completed
questionnaire package
before cut-off date (10
weeks)

—

Unanswered
questionnaires returned
via post due to address

change (n=55)

Additional 15 patients excluded
due to litigation (n=14) and skull———
fracture (n=1) (Table 1)

5 questionnaire packages
were excluded from the
WHOQOL-Bref analysis due
to incomplete questionnaire

Final study

population
(n=105)

FIG. 1. Flowchart outlining study participant selection. A total
of 329 patients were excluded from the initial population of 840
patients. The total number of patients included in the study was
105. WHOQOL-BREF, World Health Organization Quality of
Life Assessment—-BREF.

partite model of anxiety and depression,® which suggests that
anxiety and depression possess unique features as well as common
ones. The DASS-42% is unique because of its ability to assess
mood disturbance without the inclusion of somatic items, such as
sleep problems and loss of appetite, which may be better explained
by a medical condition rather than a mood disturbance.*® The
structure of the DASS-42% presumes that depression and anxiety
have a common, non-specific factor of general distress, like irri-
tability and nervous tension.*® Thus, the total score is a meaningful
indicator of a patient’s general mood distress.

However, the DASS-42* also provides meaningful domain
scores for depression (low mood, motivation, and self-esteem),
anxiety (physiological arousal, perceived panic, and fear), and
stress (difficulty relaxing, nervous arousal, and being easily up-
set/agitated).*® The Total DASS-42 score was the summation of
each of the three DASS-42*> domain scores (depression, anxiety,
and stress).

World Health Organization Quality of Life-BREF. The
WHOQOL-BREF*’ is a 26-item version derived from the
WHOQOL-100, and is a cross-culturally valid assessment of well-
being.*! The WHOQOL-BREF"’ contains two questions that are
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not included in the overall score, but act as a measure of overall
QOL. The first question asks, ‘“‘How would you rate your quality of
life?”” with a rating of 1 indicating ‘““very poor’” and a rating of 5
indicating “‘very good.” The second question asks, ‘‘How satisfied
are you with your health?”” with a rating of 1 indicating ‘‘very
poor” and a rating of 5 indicating ‘‘very good.” The remaining 24
items of satisfaction are divided into four domains. The domains
cover physical health, psychological health, social relationships,
and the environment. Each item is rated on a 5-point Likert scale.
Raw scores from each domain are transformed according to scoring
guidelines. Domain scores are scaled in a positive direction, with
higher scores denoting a higher QOL.

The WHOQOL-BREF?” has been validated as having excellent
psychometric properties of reliability (internal consistency) and is a
valid, cross-cultural assessment of quality of physical, psycholog-
ical, social, and environmental health.*! Mean overall WHOQOL-
BREF?” score was calculated by averaging the four domain scores
(physical health, psychological health, social relationships, and
environment) for each patient.

Procedure

The questionnaire package was mailed to eligible participants and
consisted of: 1) a letter explaining the purpose of the study; 2) a
consent form; 3) the DASS-42°; 4) the WHOQOL-BREF"’; and 5) a
pre-paid postage return envelope. Participants were invited to com-
plete these documents and mail them back to the CCC within 4 weeks
of receiving them. Instructions regarding completion of each com-
ponent were specified on each assessment measure. Returns were
accepted up to 10 weeks after they were mailed out, and packages
received beyond the cut-off date were not included in the study.

Statistical analysis

Descriptive statistics were summarized by frequencies and pro-
portions for categorical data, and means and standard deviation (SD),
or medians and interquartile ranges (IQRs), as appropriate, for con-
tinuous variables. The chi-square test was used to compare the cat-
egorical variables: sex, mechanism of injury, and number of previous
concussions, and the Student r-test was used for continuous variables:
current age between respondents and non-respondents.

DOROSZKIEWICZ ET AL.

Fisher’s exact test was used for the comparison of DASS-42°°
depression and anxiety symptom severity according to categorical
variables. Kruskal-Wallis” rank-sum test was used to assess the
medians difference of DASS-4233 depression, anxiety, stress, and
total score between each categorical variables. One-way analysis of
variance was used to compare the mean difference of WHOQOL-
BREF.*” Boxplots were generated to visualize the difference of
DASS-42% score between the number of previous concussions.
Scatterplots and a Spearman correlation coefficient were performed
to evaluate the relationship between the DASS-42* score and
WHOQOL-BREF” score.

Statistical analyses were performed using R software (version
3.6.0; R Foundation for Statistical Computing, Vienna, Austria),
and descriptive statistics were performed using the ‘‘tableone
package.” Statistical significance was set at a two-sided level of
0.05.

Results

Compatrison of respondent and total
eligible populations

Table 2 compares the demographics of respondents with non-
respondents. No differences were found in mean age at the time of
concussion between the respondent and non-respondent popula-
tions (p=0.078). Respondents did not differ from non-respondents
in terms of patient sex (p=0.313). Table 2 shows that respondents
were more likely to sustain their concussion as a result of a fall
compared to a motor vehicle collision, sports and recreation injury,
or strike by object (p=0.045). There were no differences in the
number of previous concussions acquired by respondents compared
to non-respondents (p=0.462).

Depression and Anxiety Stress Scale-42 outcomes

Thirty-seven (35.2%) patients in the respondent population
had clinically elevated symptoms of depression, anxiety, or both
according to the DASS-42,% defined as clinically elevated be-
yond the normal range, but ranged from mild to extremely se-
vere. Eight (7.6%) patients had symptoms of depression alone, 8
(7.6%) had symptoms of anxiety alone, and 21 (20%) patients

TABLE 2. COMPARISON OF PATIENTS WHO RESPONDED TO QUESTIONNAIRE PACKAGE (N=105)
WITH THOSE WHO DID NOT RESPOND (IN=421)

No response (n=421) Response received (n=105) p value
Age at the time of concussion, years, mean (SD) 30.57 (14.7) 33.46 (15.9) 0.078
Sex, n (%) Male 198 (47.0) 43 (41.0) 0.313
Female 223 (53.0) 62 (59.0)
Mechanism of injury, n (%) Fall 57 (13.5) 25 (23.8) 0.045%*
MVC 70 (16.6) 12 (11.4)
S &R 225 (53.4) 55 (52.4)
SO 69 (16.4) 13 (12.4)
No. of previous concussions, n (%) 0 104 (25.3) 32 (31.4) 0.462
1 88 (21.4) 20 (19.6)
2+ 219 (53.3) 50 (49.0)

Demographic comparison of patients who responded to the questionnaire package (n=105) with those who did not (n=421).

Respondent and non-respondent groups differed according to mean age and mechanism of injury. Patients who responded to the study questionnaire
package were, on average, older in comparison to those who did not respond.

*A greater percentage of patients who sustained their concussion as the result of a fall were represented in the respondent population in comparison to
those who did not respond. No differences were found between the respondent and non-respondent populations according to patient sex and number of

previous concussions.

MVC, motor vehicle collision; S & R, sports and recreation; SO, struck by object.
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had symptoms of both depression and anxiety. Thus, the ma-
jority of patients in this population did not endorse elevated
symptoms of depression or anxiety and scored in the normal
range on the DASS-4235 (n=68; 64.8%). We elected to focus on
the anxiety and depression subscales, but it should be noted that
we included the stress score in the total DASS-42% score
analysis below. According to clinical chart history, 10 patients
in the respondent population had a history of depression and
anxiety that pre-dated their concussion and were included in the
analysis. Of these 10, 4 had elevated symptoms of depression
alone, 2 had elevated symptoms of depression and anxiety, and 4
respondents scored in the normal range for depression and
anxiety. Table 3 provides an overview of other PCS symptoms
that respondents with elevated DASS-42%3 scores self-reported
as currently being experienced.
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Depression and Anxiety Stress Scale-42 symptom
severity and score in relation to patient age, sex,
mechanism of injury, and number

of previous concussions

No differences were found with respect to patient sex for DASS-
4235 depression subscale median scores (p=0.777), DASS-42%
anxiety subscale scores (p=0.235), and DASS-42%° total score
(p=0.325; Table 4). Likewise, we found no association between
mechanism of injury and DASS-42°° depression subscale median
score (p=0.959), DASS-4233 anxiety subscale median score
(p=0.953), and DASS-42% total score (p=0.985; Table 4).

The increased number of previous concussions was correlated
with an increased median score on each of the depression
(p=0.018), anxiety (p=0.030), and stress (p=0.010) DASS-4233

TABLE 3. OTHER CURRENTLY EXPERIENCED SYMPTOMS IN PCS PATIENTS WITH SYMPTOMS OF DEPRESSION ALONE, ANXIETY
ALONE, DEPRESSION, AND ANXIETY AND ALL PATIENTS WITH EITHER DEPRESSION AND/OR ANXIETY (N=37)

Present in patients with Present in patients with

Present in patients with Present in patients with DASS-42 symptoms of DASS-42 symptoms of anxiety,

DASS-42 symptoms of  DASS-42 symptoms of  depression and anxiety

depression, or both

depression only (n=38) anxiety only (n=8) (n=21) (n=37)

Symptom type n (%) n (%) n (%) n (%)
Imbalance 4 (50) 3(37.5) 6 (28.6) 13 (35.1)
Blurred vision 2 (25) 0 (0) 4 (19.0) 6 (16.2)
Difficulty concentrating 5 (62.5) 5 (62.5) 13 (61.9) 23 (62.2)
Confusion 2 (25.0) 1 (12.5) 8 (38.1) 11 (29.7)
Dazed 2 (25.0) 0 (0) 3(14.3) 5 (13.5)
Disorientation 2 (25.0) 1.(12.5) 4 (19.0) 7 (18.9)
Dizziness 4 (50.0) 0 (0) 8 (38.1) 12 (32.4)
“Don’t feel right” 5 (62.5) 2 (25.0) 9 (42.9) 16 (43.2)
Double vision 1(12.5) 0 (0) 2 (9.5) 3(8.1)
Fatigue 5 (62.5) 2 (25.0) 13 (61.9) 20 (54.1)
Feeling slowed down 4 (50.0) 1(12.5) 7 (33.3) 12 (32.4)
Frustration 3(37.5) 3(37.5) 10 (47.6) 16 (43.2)
Headache 5 (62.5) 5 (62.5) 12 (57.1) 22 (59.5)
Increased sensitivity 2 (25.0) 1 (12.5) 6 (28.6) 9 (24.3)

to alcohol
Irritability 6 (75.0) 1(12.5) 11 (52.4) 18 (48.6)
Insomnia 3 (37.5) 2 (25.0) 6 (28.6) 11 (29.7)
Lightheaded 3(37.5) 2 (25.0) 7 (33.3) 12 (32.4)
Loss of appetite 0 (0) 1(12.5) 3 (14.3) 4 (10.8)
Difficulty remembering 2 (25.0) 4 (50.0) 12 (57.1) 18 (48.6)

recent events
Difficulty remembering 3 (37.5) 2 (25.0) 6 (28.6) 11 (29.7)

remote events
Feeling in a fog 3 (37.5) 1(12.5) 6 (28.6) 10 (27.0)
Nausea 3 (37.5) 3 (37.5) 6 (28.6) 12 (32.4)
Neck pain 6 (75.0) 2 (25.0) 10 (47.6) 18 (48.6)
Numbness 1 (12.5) 1.(12.5) 5 (23.8) 7 (18.9)
Panic attacks 1(12.5) 1(12.5 8 (38.1) 10 (27.0)
Personality changes 3 (37.5) 0 (0) 6 (28.6) 9 (24.3)
Pressure in the head 5 (62.5) 3 (37.5) 12 (57.1) 20 (54.1)
Sadness 5 (62.5) 0 (0) 10 (47.6) 15 (40.5)
Sensitivity to light 5 (62.5) 1(12.5) 10 (47.6) 16 (43.2)
Sensitivity to noise 5 (62.5) 3(37.5) 12 (57.1) 20 (54.1)
Sleeping too little 2 (25.0) 0 (0) 5 (23.8) 7 (18.9)
Sleeping too much 1(12.5) 0 (0) 5 (23.8) 6 (16.2)
Noise in the ears 3 (37.5) 0 (0) 6 (28.6) 9 (24.3)
Vertigo 4 (50.0) 0 (0) 5 (23.8) 9 (24.3)
Vision changes 2 (25.0) 1.(12.5) 5 (23.8) 8 (21.6)

PCS, post-concussion syndrome; DASS-42, Depression and Anxiety Stress Scale-42.



498

DOROSZKIEWICZ ET AL.

TABLE 4. COMPARISON OF MEDIAN DASS-42 DEPRESSION, ANXIETY, STRESS, AND TOTAL SCORE ACCORDING TO PATIENT SEX,
MECHANISM OF INJURY, AND NUMBER OF PREVIOUS CONCUSSIONS

DASS-42 depression

DASS-42 anxiety score DASS-42 stress score DASS-42 total score

Variable score (median [IQR]) (median [IQR]) (median [IQR]) (median [IQR])
Patient sex Male (n=44) 3.50 [1.00, 9.25] 2 [0.75, 8.00] 8.5 [3.8, 14.3] 15 [5.0, 29.6]
Female (n=61) 2 [0, 11] 41, 8] 10 [6, 19] 18 [8, 39]
P 0.777 0.235 0.12 0.325
Mechanism of injury Fall (n=32) 2 [0, 13] 3 [1.0, 7.3] 8.5 [4.8, 16.8] 11.5 [7.3, 39.5]
MVC (n=12) 3.5[1.0, 10.3] 3 [2.0, 6.5] 11.5 [4.3, 15.3] 17 [12.5, 30.5]
S &R (n=42) 3.5 0.0, 9.8] 4 (1.5, 7.0] 11 [3, 18] 18 [6.5, 36.4]
SO (n=19) 3 [1.0, 4.5] 4 (1.5, 7.0] 11 [3, 18] 19 [6.5, 28.8]
p 0.959 0.953 0.99 0.985
No. of previous 0 (n=40) 1 [0.0, 3.3] 2 [0.0, 5.3] 6 [2.0, 11.5] 9 [3.0, 19.5]
concussions 1 (n=1) 4 10, 8] 32, 8] 13 [6, 18] 20 [9, 43]
2+ (n=48) 6.5 1.9, 13.9] 5 [2.0, 9.3] 10.5 [6.0, 18.3] 22 [11.0, 39.5]
p 0.018* 0.03%* 0.01%* 0.004*

Distribution of median DASS-42 depression, anxiety, stress, and total score according to patient sex, mechanism of injury, and number of previous

concussions.

There were no differences in median DASS-42 score according to patient sex in the DASS-42 depression (p=0.78), anxiety (p=0.24), and stress
(p=0.12) subscales, as well as DASS-42 total score (p=0.33). Likewise, no differences in median DASS-42 score according to patient mechanism of
injury were observed in the DASS-42 depression ( p=0.96), anxiety (p=0.95), and stress (p=0.99) subscales, as well as DASS-42 total score (p=0.99).

*Increased number of previous concussions was correlated with an increased median DASS-42 score in the depression (p=0.018), anxiety (p=0.030),
stress (p=0.010) subscale domains, as well as overall DASS-42 total score (p=0.004).

DASS-42, Depression and Anxiety Stress Scale-42; IQR, interquartile range; MVC, motor vehicle collision; S & R, sports and recreation; SO, struck

by object.

subscales (Table 4; Fig. 2), as well as DASS-42°° total score
(p=0.004).

Tables 5 and 6 illustrate the distribution of patients in the normal,
mild, moderate, severe, and extremely severe symptom range of the
DASS-42% depression and anxiety subscales, respectively. Of the
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FIG. 2. Boxplot illustrating the relationship between number of
previous concussions and DASS-42 anxiety, depression, and stress
score. The top and bottom of each box represent the interquartile
range (IQR). The solid line that traverses each box horizontally
represents the median DASS-42 score for each subscale. An in-
creased number of previous concussions is correlated with an
increased DASS-42 score for each of the depression (p=0.018),
anxiety (p=0.03), and stress (p=0.01) subscales. DASS-42,
Depression and Anxiety Stress Scale-42.

total 105 patients, most scored in the normal range (n=76; 72.4%)
on the depression subscale, whereas most of the patients who
scored above normal were clustered in the moderate severity of
depression symptom range (n =13 [12.4%]; Table 5). We observed
no differences in DASS-42%° depression symptom severity ac-
cording to patient age (p=0.98), sex (p=0.13), mechanism of
injury (p=0.15), and number of previous concussions (p=0.58;
Table 5). Likewise, no differences were found in DASS-42°°
anxiety symptom severity according to patient age (p=0.19), sex
(p=0.76), mechanism of injury (p=0.76), and number of previous
concussions (p=0.32; Table 6). Of the total 105 patients, most
scored in the normal range (72.4%) on the anxiety subscale,
whereas of the patients who scored above normal, most were
clustered in the moderate severity anxiety symptom range (n=13
[12.4%]; Table 6).

Table 7 compares patients who scored normal on the DASS-42°°
anxiety and depression subscales (no symptoms) with those who
had clinically elevated symptoms of depression, anxiety, or both.
We found no differences based on patient age (p=0.58), sex
(p=0.64), mechanism of injury (p =0.67), and number of previous
concussions ( p=0.22) between the two groups. Table 8 compares
patients who had clinically elevated symptoms of both depression
and anxiety with patients who had clinically elevated symptoms of
depression or anxiety alone. We found no differences between
these two groups based on patient age (p=0.305), sex (p=0.705),
mechanism of injury (p=0.337), and number of previous concus-
sions (p=0.808).

World Health Organization Quality
of Life Assessment—-BREF outcomes

The first two questions of the WHOQOL-BREF? are not in-
cluded as part of the WHOQOL-BREF*’ score and provide a broad
overview of patient satisfaction in relation to quality of life. The
mean score of patient responses to question 1, “How would you
rate your quality of life?”” was 3.90+£0.95. The mean score of
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TABLE 5. DISTRIBUTION OF DASS-42 DEPRESSION SYMPTOM SEVERITY ACCORDING TO PATIENT AGE, SEX, MECHANISM
OF INJURY, AND NUMBER OF PREVIOUS CONCUSSIONS (N=105)

DASS-42 Depression Symptom Severity Rating

Extremely  Significance
Variable Normal Mild Moderate Severe severe p value
Current age, years, mean (SD) 38.6 (15.9) 41.7 (12.8) 39.5(13.6) 38.8 (12.8) 41.0 (16.8) 0.98
Patient sex, n (%) Female (n=61) 43 (70.5) 6 (9.8) 5(8.2) 3(4.9) 4 (6.6) 0.13
Male (n=44) 33 (75.0) 123) 8 (18.2) 2 (4.5) 0 (0)
Mechanism of injury, n (%) Fall (n=32) 23 (71.9) 2 (6.3) 4 (12.5) 0 (0) 3094 0.15
MVC (n=12) 7 (58.3) 3 (25.0) 1(8.3) 0 (0) 1(8.3)
SO (n=19) 15 (78.9) 1(5.3) 2 (10.5) 1(5.3) 0 (0)
S & R (n=42) 31 (73.8) 1 (24) 6 (14.3) 4(9.5) 0 (0)
No. of previous 0 (n=40) 32 (80.0) 3(7.7) 3(1.7) 1 (2.6) 1 (2.6) 0.58
concussions, 1 (%) 1 (n=17) 13 (76.5) 0 (0) 2 (12.5) 2 (12.5) 0 (0)
2+ (n=48) 31 (64.6) 4 (8.0) 8 (16.0) 2 (4.0) 3 (6.0)
Total (n=105) 76 (72.4) 7 (6.7) 13 (12.4) 5 (4.8) 4 (3.8) —

Distribution of DASS-42 depression symptom severity according to patient age, sex, mechanism of injury, and number of previous concussions. No
differences in depression symptom severity were found based on patient age (p=0.98), sex (p=0.13), mechanisms of injury (p=0.15), or number of

previous concussions (p=0.58).

DASS-42, Depression and Anxiety Stress Scale-42; SD, standard deviation; MVC, motor vehicle collision; S & R, sports and recreation; SO, strike by object.

patient responses to question 2, ‘“How satisfied are you with your
health?”” was 3.19 £ 1.20. Table 9 illustrates the mean WHOQOL-
BREF*” score for each domain according to patient sex, mechanism
of injury, and number of previous concussions. No differences in
mean WHOQOL-BREF3 7 score were observed between male and
female patients in the physical health (p=0.484), psychological
health (p=0.483), or environment (p =0.641) domains. However,
we observed that the mean WHOQOL-BREF*’ score in domain 3
(social relationships) was 9 points lower in females compared to
males (p=0.083; Table 9).

No differences were found in mean WHOQOL-BREF?’ score in
the physical health (p=0.119) and psychological health
(p=0.891) domains across mechanisms of injury. However, we
observed a difference in mean WHOQOL-BREF?’ score in the
social relationships domain (domain 3) across mechanisms of in-
jury (F3.06,=3.572, p=0.017; Table 9). More specifically, patients

who sustained their concussion as a result of a motor vehicle col-
lision (MVC) had lower mean WHOQOL-BREF® social rela-
tionship domain scores in comparison to those who sustained their
concussion as a result of a sports and recreation injury (p=0.002)
or fall (p=0.04). Likewise, we observed a difference in mean
WHOQOL-BREF*’ score in the environment domain (domain 4)
across mechanisms of injury (F(396,=3.761, p=0.0133; Table 9).
Patients who sustained their concussion as a result of an MVC had
lower mean WHOQOL-BREF?’ scores in the environment domain
in comparison to those patients who acquired their concussion as a
result of a fall (p=0.038), object strike (p=0.002), or through
sports and recreation (p=0.007).

No differences were observed in mean WHOQOL-BREF* scores
with respect to number of previous concussions in the physical health
(p=0.488), psychological health (p=0.257), social relationships
(p=0.782), and environment ( p=0.670) domains (Table 9).

TABLE 6. DISTRIBUTION OF DASS-42 ANXIETY SYMPTOM SEVERITY ACCORDING TO PATIENT AGE, SEX, MECHANISM OF INJURY,
AND NUMBER OF PREVIOUS CONCUSSIONS (N=105)

DASS-42 anxiety symptom severity rating

Extremely  Significance

Variable Normal Mild Moderate Severe severe p value
Current age, years, mean (SD) 39.6 (15.4) 32.1 (15.1) 39.2 (15.2) 39.3 (16.2) 43.0 (5.6) 0.75
Patient sex, n (%) Female (n=61) 44 (72.1) 349 10 (16.4) 2 (3.3) 2 (3.3) 0.19
Male (n=44) 32 (72.7) 5(11.4) 3 (6.8) 49.1) 0 (0)
Mechanism of injury, n (%) Fall (n=32) 24 (75.0) 2 (6.3) 309.4) 2 (6.3) 1 (3.1 0.76
MVC (n=12) 9 (75.0) 0 (0) 2 (16.7) 1(8.3) 0 (0)
SO (n=19) 14 (73.7) 3 (15.8) 1(5.3) 0 (0) 1(5.3)
S & R (n=42) 29 (69.0) 3(7.1) 7 (16.7) 3(7.1) 0 (0)
No. of previous concussions, n (%) 0 (n=40) 33 (82.5) 2 (5.1 5 (12.8) 0 (0) 0 (0) 0.32
1 (n=17) 12 (70.6) 1(6.3) 3 (18.8) 1 (6.3) 0 (0)
2+ (n=48) 31 (64.6) 5 (10.0) 5 (10.0) 5 (10.0) 2 (4.0)
Total (n=105) 76 (72.4) 8 (7.6) 13 (12.4) 6 (5.7) 2 (1.9) —

Distribution of DASS-42 anxiety symptom severity according to patient age, sex, mechanism of injury, and number of previous concussions. No
differences in anxiety symptom severity were found based on patient age (p=0.75), sex (p=0.19), between males and mechanisms of injury (p=0.76),

or number of previous concussions (p=0.32).

DASS-42, Depression and Anxiety Stress Scale-42; SD, standard deviation; MVC, motor vehicle collision; S & R, sports and recreation, SO, strike by

object.



TABLE 7. COMPARISON OF PATIENTS WITH DASS-42 SYMPTOMS OF ANXIETY, DEPRESSION, BOTH,
OR NEITHER ACCORDING TO PATIENT AGE, SEX, MECHANISM OF INJURY, NUMBER
OF PrEvious CoNcussioNs AND WHOQOL-BREF MEAN DOMAIN SCORE (N=105)

No symptoms

Symptoms of Symptoms of of depression,
depression depression anxiety, or both
and anxiety (n=21) or anxiety (n=16) (n=68) p value
Current age, years, mean (SD) 40.1 (14.65) 354 (11.73) 39.5 (16.04) 0.58
Sex, n (%) Female 12 (57.1) 11 (68.8) 38 (55.9) 0.64
Male 9 (42.9) 5(31.2) 30 (44.1)
Mechanism of injury, n (%) MVC 3 (14.3) 2 912.5) 7 (10.3) 0.67
Fall 6 (28.6) 5(31.2) 21 (30.9)
S&R 10 (47.6) 4 (25.0) 28 (41.2)
SO 2 (9.5) 5(31.2) 12 (17.6)
No. of previous concussions, 0 6 (28.6) 3 (18.8) 31 (45.6) 0.22
n (%) 1 3(14.3) 3 (18.8) 11 (16.2)
2+ 12 (57.1) 10 (62.5) 26 (38.2)
WHOQOL-BREF score?, Domain 1 (physical health) 50.05 (20.57) 61.40 (15.43) 72.35 (16.21)  <0.001%*
mean (SD; n=100) Domain 2 (psychological health) 40.45 (15.97) 52.60 (17.05) 71.82 (15.70) <0.001*
Domain 3 (social relationship) 46.90 (25.46) 58.40 (27.58) 70.46 (21.80) 0.001*
Domain 4 (environment) 67.85 (18.47) 73.87 (14.49) 84.35 (12.21) <0.001*

No differences were found in the distribution of patients with symptoms of anxiety, depression, both, or neither according to patient sex, mechanism of
injury, and number of previous concussions.
*Patients with symptoms of both depression and anxiety or depression or anxiety alone had lower mean WHOQOL-BREF scores in all four domains
compared to patients with no symptoms of either depression or anxiety (p <0.001).
“Mean WHOQOL-BREF scores were calculated on data from 100 patients, because of the exclusion of 5 patients from the total population because of

incomplete data.

DASS-42, Depression and Anxiety Stress Scale-42; WHOQOL-BREF, World Health Organization Quality of Life—abbreviated version; SD, standard
deviation; MVC, motor vehicle collision; S & R, sports and recreation; SO, strike by object.

TABLE 8. COMPARISON OF PATIENTS WITH DASS-42 SYMPTOMS OF DEPRESSION AND ANXIETY COMBINED WITH PATIENTS
WITH SYMPTOMS OF DEPRESSION OR ANXIETY ALONE (N=37)

Symptoms of
depression and

Symptoms of
depression or

anxiety (n=21) anxiety (n=16) p value
Current age, years, mean (SD) 40.1 (14.65) 354 (11.73) 0.305
Sex, n (%) Female 12 (57.1) 11 (68.8) 0.705
Male 9 (42.9) 5(31.2)
Mechanism MVC 3(14.3) 2 912.5) 0.337
of injury, n (%) Fall 6 (28.6) 5(31.2)
S &R 10 (47.6) 4 (25.0)
SO 2 (9.5) 5(31.2)
No. of previous 0 6 (28.6) 3 (18.8) 0.808
concussions, n (%) 1 3(14.3) 3 (18.8)
2+ 12 (57.1) 10 (62.5)
WHOQOL-BREF score?, Domain 1 (physical health) 50.05 (20.57) 61.40 (15.43) 0.083
mean (SD; n=100) Domain 2 (psychological health) 40.45 (15.97) 52.60 (17.05) 0.038*
Domain 3 (social relationship) 46.90 (25.46) 58.40 (27.58) 0.211
Domain 4 (environment) 67.85 (18.47) 73.87 (14.49) 0.305

No differences were found in the distribution of patients with combined symptoms of depression and anxiety and depression or anxiety alone according
to patient age (p=0.305), sex (p=0.705), mechanism of injury (p=0.337), number of previous concussions (p=0.808), domain 3 mean WHOQOL-
BREF score (p=0.211), and domain 4 mean WHOQOL-BREEF score (p=0.305).

Patients with symptoms of both depression and anxiety had lower mean WHOQOL-BREF scores in the physical health (p=0.083) domain compared
to patients with symptoms of depression alone or anxiety alone.

*Patients with symptoms of both depression and anxiety had lower mean WHOQOL-BREEF scores in the psychological health (p=0.038) domains
compared to patients with symptoms of depression alone or symptoms of anxiety alone.

“Mean WHOQOL-BREF scores were calculated on data from 100 patients, because of the exclusion of 5 patients from the total population because of

incomplete data.

DASS-42, Depression and Anxiety Stress Scale-42; SD, standard deviation; WHOQOL-BREF; World Health Organization Quality of Life—abbreviated
version; MVC, motor vehicle collision; S & R, sports and recreation; SO, strike by object.
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TABLE 9. MEAN WHOQOL-BREF ScoRE IN EACH QUALITY OF LIFE DOMAIN CATEGORIZED BY PATIENT SEX, MECHANISM
OF INJURY, AND NUMBER OF PREVIOUS CONCUSSIONS (/N=100)
Domain 1: Domain 2: Domain 3: Domain 4:
physical health psychological health social relationships environment

Variable

mean score (SD)

mean score (SD)

mean score (SD)

mean score (SD)

Respondent
population (n=100)

Female (n=58)

Male (n=42)

Patient sex

p
Fall (n=32)
MVC (n=12)
S & R (n=42)
SO (n=19)

Mechanism
of injury

p
0 (n=37)
1 (n=16)
2+ (n=47)
p

No. of previous
concussions

66.25 (19.13)

65.10 (18.81)
67.83 (19.67)
0.484
62.50 (18.53)
57.64 (16.26)
70.83 (17.83)
67.12 (22.98)
0.119
69.24 (22.20)
65.00 (15.76)
64.32 (17.58)
0.488

62.66 (20.48)

61.43 (21.66)
64.36 (62.22)
0.483
62.70 (21.64)
58.55 (18.84)
62.83 (19.71)
64.82 (22.63)
0.891
67.00 (20.26)
61.50 (23.37)
59.64 (19.45)
0.257

63.94 (25.11)

60.24 (27.19)
69.04 (21.17)
0.083
63.00 (27.92)
45.36 (20.44)
71.12 (20.25)
59.88 (28.02)
0.017*
62.00 (26.70)
67.19 (25.41)
64.36 (24.12)
0.782

79.48 (15.47)

78.86 (17.10)
80.33 (13.03)
0.641
78.20 (17.22)
67.18 (19.83)
81.07 (12.39)
85.76 (12.15)
0.013*
77.68 (18.62)
80.94 (14.58)
80.40 (13.03)
0.670

No differences were observed between mean WHOQOL-BREF domain scores based on patient sex or number of previous concussions.

*A difference in mean WHOQOL-BREF score across mechanisms of injury was found in the social relationships (p=0.017) and environment
(p=0.013) domains. Mean social relationship domain WHOQOL-BREF score was lower for patients who acquired their concussion as a result of a motor
vehicle collision compared to a fall (p=0.04) or as a result of a sports and recreation injury (p=0.002). No differences were observed between patients
who acquired their concussion as a result of a motor vehicle collision and object strike in the social relationship domain (p=0.12). Mean WHOQOL-
BREEF score was lower for patients who acquired their concussion as a result of a motor vehicle collision compared to a fall (p=0.038), sports and
recreation injury (p=0.0069), and strike by object (p=0.0016) in the environment domain.

WHOQOL-BREF, World Health Organization Quality of Life—abbreviated version; SD, standard deviation; MVC, motor vehicle collision; S & R,

sports and recreation; SO, strike by object.

Relationship between Depression and Anxiety Stress
Scale-42 score and quality of life

We conducted a Spearman correlation between total DASS-42°7
score and mean WHOQOL-BREF" score, and found a statistically
significant correlation between elevated total DASS-42>° score and
a poorer overall QOL (n=100, r=-0.655; p<0.001). The rela-
tionship between total DASS-42* score and mean QOL score is
shown in Figure 3. Table 7 shows a comparison of patients who had
clinically elevated symptoms of depression or anxiety (n = 16), both
depression and anxiety (n=21), or neither (n=68) in relation to
mean WHOQOL-BREF?’ score in each domain. Patients who had
symptoms of both depression and anxiety, or anxiety or depression
alone, had lower mean WHOQOL—BREF37 scores in comparison to
patients who had no symptoms of depression or anxiety (p <0.001)
in all four WHOQOL-BREF?? domains (Table 7). When compar-
ing patients who had both symptoms of depression and anxiety
(n=21) with those who had symptoms of only depression (n=28) or
only anxiety (n=38), we found that patients with symptoms of both
depression and anxiety had a mean WHOQOL-BREF?” score ~ 10
points lower than those who had either symptoms of depression
alone (n=28) or anxiety alone (n=28) in the physical health domain
(p=0.083; Table 8).

Similarly, patients with symptoms of both depression and anx-
iety had a mean WHOQOL-BREF*’ score ~ 10 points lower than
those who had either symptoms of depression alone (n=38) or
anxiety alone (n=8) in the psychological health domain
(p=0.038). We observed no difference between these two groups
for the social relationship (p=0.211) and environment (p =0.305)
WHOQOL-Bref*” domains. Figure 4 illustrates a correlation matrix
between each of the DASS-423° depression, anxiety, and stress
subscales as well as DASS-42>7 total score and WHOQOL-BREF?’
domain scores. Increased DASS-42% depression subscale score
was correlated with a poorer WHOQOL-BREF?? score in the

psychological health domain (r=-0.72; Fig. 4A). Increased DASS-
42% anxiety subscale score was correlated with a poorer
WHOQOL-BREF?’ score in the psychological health domain
(r=—0.62; Fig. 4B). Increased total DASS-423° score was corre-
lated with a poorer WHOQOL-BREF*’ score in the psychological
health domain (r=-0.71; Fig. 4C).

Influence of Total DASS Score on Mean Quality of Life (n=100)
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FIG. 3. Scatterplot illustrating the correlation between total
DASS-42 score on mean overall WHOQOL-BREF score in 100
PCS patients. Total DASS-42 score was calculated through the
summation of each of the depression, anxiety, and stress domain
scores for each participant. Mean overall WHOQOL-BREF score
was calculated by averaging the total score in each of the four
respective quality-of-life domains (physical health, psychological
health, social relationships, and environment) for each respondent.
Elevated DASS-42 score was found to be a significant, unique
predictor of poorer quality of life (R*=0.429, F(1,09)=73.54,
p<0.0001, »=—0.655) in this PCS patient population. DASS-42,
Depression and Anxiety Stress Scale-42; WHOQOL-BREF,
World Health Organization Quality of Life Assessment—BREF.
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Discussion a
100 -

To our knowledge, this is the first study to measure the rela- ces

tionship between symptoms of mood disorders and QOL in a large 5 r=-0.72
sample of adults suffering from PCS in Canada. Thirty-five percent
(n=37) of respondents endorsed elevated symptoms of depression,
anxiety, or both as measured by the DASS-42,%> consistent with
other estimates of depression (11-44%) and anxiety (54%) preva-
lence in PCS samples.**** The variation in prevalence may be
related to differences in study population, setting, timing of re-
cruitment, and the types of assessment measures used.** Other
factors cited that contribute to depression include being female,
lower household income, low educational attainment, unemploy-
ment, and social isolation in older populations.45 However, in this
study, we focused only on demographic factors such as age and sex.
Additionally, because 76% of respondents in our study were still 25-
experiencing symptoms of PCS at the time of completing their

questionnaires, it is likely that the prevalence of symptoms of de-

pression and anxiety is on the higher end of the spectrum because of

75 -

50 -

WHO_Dom_2_Score

a respondent bias toward patients who have not recovered. We 0 10 20 30 40
found a correlation between the number of previous concussions DASS_Dep_Score
and an elevated DASS-42> depression and anxiety subscale score. b -

Other studies have also found a relationship between multiple
concussions and elevations in symptoms of depression in PCS
patie:nts,zs"“”47 indicating that preventing multiple concussions
should be a public health concern given that it may mitigate the =
development of mood disorders in PCS patients. 75.

The mechanism of injury may play a role in the QOL rating for
PCS patients. Significant differences in mean WHOQOL-BREF*’
scores were found in the social relationship domain between pa-
tients who acquired their concussion as a result of an MVC in
comparison to those who sustained their concussion through sports
and recreation or a fall. Likewise, significant differences were
found in mean WHOQOL-BREF?’ score in the environment do-
main between patients with MVC injuries and those who acquired
their concussion as a result of being struck by an object, a fall, or
sports and recreation injuries. Respondents who acquired a con-
cussion as aresult of an MVC scored, on average, 15 points lower in E =
the social relationship and environment domain, in comparison to .
those with other mechanisms of injury. However, caution needs to p 5 10 i3 20
be taken when interpreting results pertaining to MVCs given that DASS_Anx_Score
many other factors, such as fault, trauma, and severity of other non-
concussion injuries, may influence QOL in these patients. 100-

We found that elevated total DASS-42 score correlated with a e e
poorer QOL in PCS patients. The total DASS-42> score is a r=-0.71
measure of overall distress attributable to symptoms of anxiety,
depression, and stress, and as it increased, the mean WHOQOL-
BREF*” QOL score decreased. Additionally, patients experiencing
combined symptoms of depression and anxiety exhibited a lower
mean WHOQOL-BREF?7 score in the physical and psychological
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FIG. 4. Simple scatterplot correlation matrix outlining the re-
lationship between DASS-42 score and WHOQOL-BREEF score.
(A) Increased DASS-42 depression subscale score was correlated
with a poorer WHOQOL-BREF score in the psychological health
domain (r=0.72). (B) Increased DASS-42 anxiety subscale score 25-
was correlated with a poorer WHOQOL-BREF score in the psy-

chological health domain (r=0.62). (C) Increased total DASS-42

score was correlated with a poorer WHOQOL-BREEF score in the
psychological health domain (r=0.71). DASS-42, Depression and 0 25 50 75
Anxiety Stress Scale-42; WHOQOL-BREF, World Health Orga- DASS Total Score

nization Quality of Life Assessment—-BREF.
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health domains in comparison to those who endorsed one or the
other, suggesting that combined symptoms of depression and
anxiety may exacerbate the negative effects of mood disorders on
QOL in PCS patients. Because of limited previous studies of QOL
in PCS patients, especially those with symptoms of depression and
anxiety, there are only a small number of studies available for
comparison. For example, Reddy and colleagues found that
WHOQOL-BREF?” scores were negatively correlated with PCS
symptoms, as well as diminished cognitive functioning.*®

Another study examining health-related QOL measures con-
firms our findings that depression and anxiety are common in PCS
and are associated with a considerable decrease in functional out-
comes and health-related QOL.*° Additionally, health-related QOL
assessments of PCS patients in the Netherlands have shown that
PCS patients have lower health-related QOL scores, compared to
concussion patients without PCS,** and concussion patients in
general exhibit lower SF-36 scores compared to Dutch population
norms.>* Poorer QOL has also been observed in pediatric patients,
with lower social, emotional, physical, and school QOL for at least
12 weeks after concussion.*® We have shown that patients with
elevated DASS-42°° scores experience a poorer QOL, which may
not resolve for years post-injury.

Currently, little is known about the relationship between mood
disorders, PCS, and QOL, which is an important factor in devel-
oping a comprehensive post-concussive evaluation that en-
compasses whole-person health.® QOL measures have become
increasingly important in the treatment of patients with chronic
disease, including those with PCS.>! In our view, measurement of
QOL should become standard practice in PCS, given that QOL
measures can be used to form the framework for future research,
assess the effectiveness of interventions, distinguish specific sub-
sets of patients within a population, and develop treatment plans
using a patient-centered approach.’’ Perhaps, increasing access to
treatment that is structured around the many facets of QOL during
recovery from PCS can improve QOL for PCS patients, as well as
address the issues of pain management, working capacity, depen-
dence on medication, and access to healthcare and social care. In
the future, QOL measures should be incorporated into the treatment
and research in PCS to improve intervention strategies and enhance
understanding of the trajectory of recovery in this population.

Conclusions

This study advances knowledge regarding the interaction be-
tween symptoms of depression, anxiety, stress, and QOL in PCS
patients. It illustrates that a considerable number of PCS patients
continue to suffer with symptoms of depression and anxiety for
many years post-injury. PCS is a debilitating condition for which
there is a paucity of effective treatment strategies. PCS patients
find it difficult to return to their previous level of functioning.
As we have shown, PCS significantly affects QOL, especially for
those with symptoms of depression and anxiety, whereas the pau-
city of definitive treatments leaves patients suffering for years, or
indefinitely.

Limitations

The patients in this study were all recruited from the CCC, a
major urban clinic, which attracts patients who do not recover
rapidly from concussion, and thus do not represent all concussion
patients. It is likely that more complicated and persistent cases of
PCS are referred to this Centre, often because of the longer wait
times likely accounting for patients having seen multiple specialists
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before being seen at our centre. Also, all patients were referred to
and examined by only one specialist. Moreover, this study most
likely had a response bias toward patients who have not recovered,
given that 76% of respondents self-reported still experiencing PCS
symptoms. Thus, the results of this study may not be representative
of the general population of PCS patients.

Moreover, significant differences were observed between the
eligible and respondent population of PCS patients in relation to
age and mechanism of injury. Accordingly, any results pertaining
to mechanism of injury and age may not be representative of the
total eligible population. We received fewer questionnaires from
patients involved in MVCs, compared to other mechanisms of in-
jury, most likely attributable to the fact that respondents with MVC
injuries are often involved in litigation and would have been ex-
cluded from the population or did not respond on the basis of legal
advice. Moreover, a response bias related to age was observed, with
the average respondent age being 3 years older than that of the
eligible population.

Despite these limitations, this is the first study to examine the
relationship between WHOQOL-BREF scores and DASS-42°°
scores in a large Canadian population with persisting symptoms of
concussion. We were able to confirm the results of other studies
with respect to the relationship between number of previous con-
cussions and depression and anxiety in PCS. Further, we used a
definition of concussion that excluded patients with other serious
brain injuries, such as hemorrhage or lesions, which would have
been included if eligibility was based on the definition of mild
traumatic brain injury. This was done to ensure that study partici-
pants had a diagnosis of concussion that was not confounded by
other neurological and focal deficits that are included in the defi-
nition of mild traumatic brain injury.
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