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Posttraumatic brain injury patients with depres-
sive symptoms were compared with nondepressed
mild and moderate traumatic brain injury (TBI)
patients based on their scores on the Rivermead
Post-Concussion Symptoms Questionnaire
(RPCSQ). A factor analysis demonstrated that
the items of the RPCSQ loaded into three factors:
mood and cognition, general somatic, and visual
somatic symptom groups. Factor scores based on
this model were calculated for each group and it
was found that depressed subjects reported a
greater severity of all three symptom groups
compared to nondepressed patients. These results
suggest that depression post-TBI may influence
patient perception of postconcussion symptoms.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2009; 21:181–188)

Traumatic brain injury (TBI) affects 1.5 million peo-
ple in Canada and the United States each year,1

making it a significant health problem. In addition to
the accident-related trauma, numerous studies have
found that mild-to-moderate TBI may increase the risk
of developing depression. Studies focusing on TBI pop-
ulations have found that the incidence rates of depres-
sion have been up to three times greater than that ob-
served in the general population.2,3 This suggests that
depression secondary to a TBI is a common occurrence
and a symptom that merits further study.

Multiple scales have been used to assess depression
in TBI patients, including the Hamilton Depression Rat-
ing Scale (HAM-D),4–6 the Beck Depression Inventory
(BDI),7 and the Centre for Epidemiologic Studies-De-
mentia scale (CES-D).8 While these scales are useful to
quantify severity of depression, the impact of a TBI
extends beyond mood symptoms. Many studies have
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observed a detrimental effect of TBI on cognitive func-
tion9,10 and activities of daily living,11 which can persist
for many years following the injury.12 The most com-
mon postconcussion symptoms are headaches, irritabil-
ity, anxiety, dizziness, fatigue, and impaired concentra-
tion,13 but a wider variety of symptoms that can include
decreased libido, noise sensitivity, and social with-
drawal have also been reported.14 While it has recently
been suggested that depression may increase the inci-
dence of postconcussion symptoms,15 little is known
regarding the type of postconcussion symptoms experi-
enced. A further exploration of the specific types and se-
verities of postconcussion symptoms linked to the pres-
ence of depression would provide a better understanding
of the impact of a mood disorder on TBI symptoms.

Factor analyses, using a variety of outcome scales,
have been previously performed in TBI populations. A
recent study looked at the factors of the Centre for
Epidemiologic Studies-Dementia scale in mild-to-mod-
erate TBI and found that the items of this scale com-
pacted into four factors, where mood accounted for two
factors (depressed and positive affect) followed by daily
tasks functioning (somatic/reduced activity) and social
functioning (interpersonal relationships).8 Another
study in a predominantly mild TBI group without a
prior diagnosis of depression, performed a factor anal-
ysis of the Rivermead Post-Concussion Symptoms
Questionnaire (RPCSQ)16 and found that it formed
three factors: cognitive, emotional, and somatic.17

Our goal was to determine whether patients with
post-TBI depression report greater postconcussion
symptoms and to characterize the type of postconcus-
sion symptoms reported. We hypothesized that, follow-
ing factor analysis to define relevant, population-spe-
cific postconcussion symptoms clusters, post-TBI
subjects with depression would report greater mood
impairment and other postconcussion symptoms com-
pared to nondepressed patients. Gaining a better un-
derstanding of the differences between these two
groups may highlight the effects of depression in the
TBI rehabilitation process and provide a rationale for
the treatment of depression in conjunction with
postconcussion symptoms.

METHODS

Participants
Two hundred seven mild-to-moderate TBI patients
were recruited from the Traumatic Brain Injury Clinic at

the Sunnybrook Health Sciences Centre from October
2003 to April 2007. Patients were either referred from
the emergency department and trauma wards within
the hospital (75%) or from external referrals from family
physicians (25%). The patients recruited for this study
were consecutive referrals who met the inclusion and
exclusion criteria for study participation. Informed con-
sent was obtained from all study subjects. The time of
assessment was 113.6�92.7 days post-TBI. To be in-
cluded, patients had to have experienced a mild-to-
moderate TBI within 1 year. Patients were excluded
from this study if they had a prior traumatic brain
injury; a significant acute medical illness; or presence of
a premorbid psychiatric diagnosis of schizophrenia, de-
mentia, or bipolar disorder. The severity of the TBI
(mild, moderate, or severe) was determined by the
study physician, based on the guidelines of The Amer-
ican Congress of Rehabilitation Medicine.18 Mild TBI is
defined by a loss of consciousness that lasted less than
30 minutes, a Glasgow Coma Scale (GCS) at the emer-
gency room score of 13–15, a duration of posttraumatic
amnesia lasting less than 24 hours, and negative CT
head scan results. Moderate TBI is defined as a GCS
score of 9–12 and a posttraumatic amnesia lasting less
than 1 week. Patients with indices of GCS and posttrau-
matic amnesia in the mild range who had focal injuries
coded on their head CT were also categorized as mod-
erate. Patients were diagnosed with a major depressive
episode in the context of mood disorder secondary to
TBI, based on the depression module of the Structured
Clinical Interview for DSM-IV (SCID)19 as administered
by the study psychiatrist. The depression group con-
sisted of individuals who were characterized as suffer-
ing from a major depression-like episode or depressive
features. Individuals who met five of the nine categories
of the depression module of the SCID were said to be
suffering from a major depression-like episode. Indi-
viduals who did not meet the full criteria, but had a
predominant mood of “depressed” or answered posi-
tive for the first question, “In the last month, has there
been a period of time when you were feeling depressed
or down most of the day nearly every day (what was
that like?). If yes, how long did it last (as long as 2
weeks?)” were said to have depressive features. Infor-
mation was recorded regarding the TBI, including de-
tails of accident, CT head scan results (classified as
normal, atrophy, or focal injury), and any other injuries
sustained during the accident. Three subjects who were
initially classified as having a “moderate” TBI were
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later reclassified as “severe.” Baseline demographics,
which included age, gender, number of years of educa-
tion and marital status were also recorded.

Assessments
All participants were asked to complete the Rivermead
Post-Concussion Symptoms Questionnaire (RPCSQ).
The RPCSQ is a 16-item self-reported questionnaire that
assesses the severity of common symptoms that occur
after a head injury or accident.16 Questions examine the
cognitive, somatic, and emotional symptoms concus-
sion patients may experience following the injury in
question. Responses range from 0 (not experienced at
all) to 4 (a severe problem) and the maximum score that
can be achieved is 64. The SCID was administered
alongside the RPCSQ in order to determine if subjects
met criteria for a major depressive episode.

Statistical Analysis
To determine the postconcussion symptoms experi-
enced by those with depression, confirmatory factor
analysis was conducted using SPSS for Windows, ver-
sion 14.0. Varimax (orthogonal) rotation was used to
generate the resulting three-factor solution. All three
factors had eigenvalues greater than 1. Variables with
factor loadings equal to or greater than a value of 0.4
were selected into a given model. The factor loadings
were generated using the depressed patient group’s
RPCSQ scores while nondepressed patients were ex-
cluded. Factors were named based on the underlying
theme of the variables comprising the factor. Factor
scores were generated using a weighted calculation. To
test our hypothesis, these factor scores were compared

between depressed and nondepressed TBI patients us-
ing an independent t-test. Given that comparison of
depressed versus nondepressed patients indicated dif-
ferences by race, the analyses were repeated in Cauca-
sians and non-Caucasian groups separately. Given that
three separate analyses were performed, a Bonferroni
correction was utilized. A p value 0.017 (�0.05/3) was
considered significant and all tests were two-tailed.

RESULTS

Demographics
Of 207 participants initially consenting, seven de-
pressed patients did not complete the RPCSQ, leaving
200 cases for analysis. Demographic information was
recorded and compared between the two study groups
(depressed, nondepressed) and there were no signifi-
cant differences observed in age, gender, and marital
status (Table 1). However, race was significantly differ-
ent between the two groups with Caucasians (Fisher’s
exact 11.4, df�1, p�0.01) less likely to be depressed
compared to non-Caucasians, while years of education
demonstrated a trend (�2, p�0.06).

Factor Analysis
The 16 items of the RPCSQ formed a three factor model
(Table 2). The three factors consisted of mood/cogni-
tion, general somatic, and visual somatic. Factor 1:
Mood/Cognition contained the variables fatigue, irrita-
bility, depression, frustration, forgetfulness, poor con-
centration, and taking longer to think. Factor 1 had an
eigenvalue of 7.29 and it accounted for 45.7% of the

TABLE 1. Demographics of Study Group

Variable
Nondepressed

(n�104)
Depressed

(n�96) p

Age of subject 37.49�17.76 37.24�16.27 0.92
Sex of subject, male (%) 70 (67.3) 54 (56.3) 0.11 (Fisher’s)
Marital Status

Single 48 41 0.56 (�2)
Married 45 49
Other 11 6

Race
Caucasian 72 46 �0.01* (�2)
Asian 9 14
Other 18 35

Years of Education
Grade school 9 12 0.074 (�2)
High school 59 39
Post Secondary 35 44

*p�0.05
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variance. Factor 2: General Somatic contained the vari-
ables headache, feelings of dizziness, nausea, noise sen-
sitivity, sleep disturbance, fatigue, and restlessness.
Factor 2 had an eigenvalue of 1.81 and accounted for
11.29% of the variance. Factor 3: Visual Somatic con-
tained the variables blurred vision, light sensitivity, and
double vision. This factor had an eigenvalue of 1.20 and
accounted for 7.49% of the variance in our study pop-
ulation.

Weighted factor scores were generated for each pa-
tient and compared between the two study groups (Ta-
ble 3). The depressed TBI group had higher scores on all
three factors of postconcussion symptoms (Bonferonni
corrected p�0.017); Factor 1: Mood and Cognition
(F��11.19, df�198, p�0.01), Factor 2: General Somatic
(F��8.476, df�198, p�0.01), and Factor 3: Visual So-
matic (F��6.68, df�198, p�0.01). A breakdown of how
the patients answered all 16 questions of the RPCSQ is
also summarized in Table 4.

Subanalyses by Race
In order to further explore the relationship of race with
depression, we looked at depressed compared to non-
depressed in the Caucasian and non-Caucasian sub-
populations separately. Our subanalysis found that fac-
tor scores of all three factor groups remained
significantly different between depressed and nonde-
pressed in both Caucasians [Factor 1: Mood and Cog-
nition (F�2.126, df�116, p�0.01), Factor 2: General So-
matic (F�0.274, df�116, p�0.01), and Factor 3: Visual
Somatic (F�29.8, df�65.9, p�0.01)] and non-Cauca-

sians [Factor 1: Mood and Cognition (F�2.569, df�74,
p�0.01), Factor 2: General Somatic (F�1.398, df�74,
p�0.01), and Factor 3: Visual Somatic (F�4.265,
df�71.86, p�0.01)].

DISCUSSION

The main objective of this study was to determine if
depression would influence how subjects reported an
array of symptoms experienced post-TBI. The RPCSQ
and the three distinct factors found in this study outline
the impact of depression on the perception of postcon-
cussion symptoms. We have found that depressed pa-
tients scored higher in all factor scores versus nonde-
pressed patients. More interestingly, despite the high
prevalence of somatic symptoms linked to mild-to-
moderate TBI, somatic symptoms were still reported as
more severe by those suffering from depression.

Factor analyses have been performed previously in
TBI patients using a variety of validated scales. One
such example is the Center for Epidemiologic Studies-
Depression scale (CES-D), where four separate factors
were found: depressed affect, positive affect, somatic/
reduced activity, and interpersonal relationships. A fac-
tor analysis of the RPCSQ in a TBI population without
a diagnosis of depression found that the 16 questions
compacted best into three separate factors: somatic,
emotional, and cognitive.17 The results from our own
study were similar to this study, in that we found three
distinct factors. However, it must be noted that the

TABLE 2. Component Matrix Derived From RPCSQ Scores From Depressed TBI Patients Showing Factor Loadings of Each Variable

Questions
Factor 1

Mood and Cognition
Factor 2

General Somatic
Factor 3

Visual Somatic

1. Headaches 0.784
2. Feelings of dizziness 0.709
3. Nausea and/or vomiting 0.635
4. Noise sensitivity 0.649
5. Sleep disturbance 0.576
6. Fatigue 0.443
7. Being irritable 0.819
8. Feeling depressed or tearful 0.739
9. Feeling frustrated or impatient 0.837
10. Forgetfulness, poor memory 0.810
11. Poor concentration 0.751
12. Taking longer to think 0.745
13. Blurred vision 0.850
14. Light sensitivity 0.672
15. Double vision 0.794
16. Restlessness 0.512

RPCSQ�Rivermead Post-Concussion Symptoms Questionnaire; TBI�traumatic brain injury
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individual variables were grouped into mood/cogni-
tive, general somatic and visual somatic symptoms.

Regarding the mood/cognition factor, it is expected
that individuals with depression, based on the SCID,
would report more severe mood symptoms, which in-
cluded irritability, feelings of depression or tearfulness,
and feelings of frustration or impatience. The RPCSQ
depressive symptoms subgroup thus confirms the re-
sults of the SCID. The cognitive factor group consisted
of poor memory, poor concentration, and longer time to
think. The depressed group reported higher impair-
ment with these questions, which is consistent with
previous studies: TBI patients with a diagnosis of de-
pression have been observed to perform poorly on cog-
nitive testing when compared to nondepressed pa-
tients.2,10 Somatic symptoms have generally been
grouped together in previous factor analyses.8,20 How-
ever, we found that visual somatic, which dealt with
blurred vision, light sensitivity, and double vision,
formed its own factor that was separate from the gen-
eral somatic symptoms. Visual impairment has been
previously observed in patients with a moderate-to-

severe TBI.21,22 A recent study found that individuals
with a mild TBI were more likely to develop, among
other illnesses, depression and visual imperceptions
relative to healthy comparison subjects.23 The visual
somatic factor scores were significantly different be-
tween depressed and nondepressed patients in the
present study, indicating that depressed patients re-
ported more severe visual symptoms. Although the vi-
sual somatic symptoms experienced by our study
group may be considered nominal, a study looking at
postoperative cataract patients found an association be-
tween visual impairment and depressive symp-
toms.24,25

General somatic symptoms, which included head-
aches, dizziness, nausea, noise sensitivity, sleep distur-
bance, fatigue, and restlessness formed the final factor.
Common somatic symptoms observed in post-TBI in-
clude headaches, dizziness and nausea, which can oc-
cur immediately after the accident and persist for up to
6 months.26–28 Comparing factor scores between the
two groups, the depressed group reported greater so-
matic impairment. This could indicate that the presence

TABLE 3. Factor Scores for Each Factor Comparing Depressed Group to Nondepressed Group

Group n Mean p

Factor 1: Mood and Cognition Depressed 96 14.71 � 4.14 �0.01
Nondepressed 104 7.63 � 4.81

Factor 2: General Somatic Depressed 96 8.98 � 3.40 �0.01
Nondepressed 104 4.88 � 3.43

Factor 3: Visual Somatic Depressed 96 3.53 � 2.66 �0.01
Nondepressed 104 1.40 � 1.69

TABLE 4. Distribution of Responses to the RPCSQ

Depressed (n�96) Nondepressed (n�104)

0 1 2 3 4 0 1 2 3 4

Headaches (%) 9 (9.4) 9 (9.4) 22 (22.9) 28 (29.2) 28 (29.2) 33 (31.7) 15 (14.4) 27 (26.0) 21 (20.2) 8 (7.7)
Feelings of dizziness (%) 12 (12.5) 8 (8.3) 30 (31.3) 30 (31.3) 16 (16.7) 36 (34.6) 15 (14.4) 28 (26.9) 16 (15.4) 9 (8.7)
Nausea and/or vomiting (%) 36 (37.5) 12 (12.5) 28 (29.2) 16 (16.7) 4 (4.2) 80 (76.9) 10 (9.6) 13 (12.5) 1 (1.0) 0 (0.0)
Noise sensitivity (%) 11 (11.5) 9 (9.4) 24 (25.0) 22 (22.9) 30 (31.3) 50 (48.1) 13 (12.5) 25 (24.0) 10 (9.6) 6 (5.8)
Sleep disturbance (%) 4 (4.2) 5 (5.2) 17 (17.7) 31 (32.3) 39 (40.6) 23 (22.1) 13 (12.5) 31 (29.8) 25 (24.0) 12 (11.5)
Fatigue (%) 2 (2.1) 3 (3.1) 8 (8.3) 35 (36.5) 48 (50.0) 21 (20.2) 11 (10.6) 24 (23.1) 31 (29.8) 17 (16.3)
Being irritable (%) 2 (2.1) 3 (3.1) 15 (15.6) 30 (31.3) 46 (47.9) 28 (26.9) 19 (18.3) 26 (25.0) 24 (23.1) 7 (6.7)
Feeling depressed or tearful (%) 5 (5.2) 3 (3.1) 13 (13.5) 28 (29.2) 47 (49.0) 41 (39.4) 22 (21.2) 24 (23.1) 12 (11.5) 5 (4.8)
Feeling frustrated or impatient (%) 3 (3.1) 5 (5.2) 12 (12.5) 29 (30.2) 47 (49.0) 23 (22.1) 23 (22.1) 23 (22.1) 23 (22.1) 12 (11.5)
Forgetfulness, poor memory (%) 4 (4.2) 8 (8.3) 22 (22.9) 29 (30.2) 33 (34.4) 26 (25.2) 27 (26.2) 30 (29.1) 16 (15.5) 4 (3.9)
Poor concentration (%) 7 (7.3) 4 (4.2) 22 (22.9) 35 (36.5) 28 (29.2) 30 (29.1) 18 (17.5) 31 (30.1) 17 (16.5) 7 (6.8)
Taking longer to think (%) 4 (4.2) 4 (4.2) 21 (21.9) 39 (40.6) 28 (29.2) 34 (33.0) 18 (17.5) 26 (25.2) 20 (19.4) 5 (4.9)
Blurred vision (%) 27 (28.4) 16 (16.8) 24 (25.3) 12 (12.6) 16 (16.8) 58 (56.3) 20 (19.4) 17 (16.5) 5 (4.9) 3 (2.9)
Light sensitivity (%) 23 (24.0) 14 (14.6) 20 (20.8) 22 (22.9) 17 (17.7) 59 (57.3) 25 (24.3) 10 (9.7) 8 (7.8) 1 (1.0)
Double vision (%) 53 (55.2) 18 (18.8) 11 (11.5) 10 (10.4) 4 (4.2) 85 (82.5) 10 (9.7) 5 (4.9) 1 (1.0) 2 (1.9)
Restlessness (%) 8 (8.3) 9 (9.4) 22 (22.9) 33 (34.4) 24 (25.0) 39 (37.9) 20 (19.4) 24 (23.3) 16 (15.5) 4 (3.9)

RPCSQ�Rivermead Post-Concussion Symptoms Questionnaire. 0�not experienced at all; 1�no more than before accident; 2�a mild problem;
3�a moderate problem; 4�a severe problem
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of depression may be contributing to the severity of
somatic symptoms, which is consistent with previous
observations of depressed TBI patients when compared
to nondepressed TBI patients.29 Although RPCSQ
scores have been previously compared between de-
pressed and nondepressed TBI patients, this study goes
one step further by examining the differences in specific
symptom clusters in a larger subject group. The indi-
vidual items of the RPCSQ were grouped into mood/
behavior, general somatic, and visual somatic symp-
toms and scores were then compared on this basis.
These findings suggest that depressed TBI patients re-
port more severe postconcussion symptoms compared
to their nondepressed counterparts. Since many
postconcussion symptoms overlap with those of de-
pression, depressed TBI patients may be experiencing a
cumulative effect of head injury and depressive symp-
toms, therefore increasing the severity of symptoms
reported by the depressed group. It has yet to be deter-
mined if this could influence the overall rehabilitation
of this patient cohort. Another study found that the
presence of secondary depression was associated with
medical comorbidities, although this was observed in
postmyocardial infarction patients.30 With regard to the
general depressed population, it was found that de-
pressed individuals tend to report greater somatic
symptoms.31,32

Focusing on the demographic information of our
study sample, race was significantly different between
our study groups. It was found that a lower proportion
of individuals who identified themselves as Caucasian
were susceptible to developing depression compared to
the Asian and other subgroups. However, self-report-
ing of postconcussion symptoms between depressed
and nondepressed subjects was similarly greater in
those with depression, irrespective of race. The number
of years of education displayed a trend between the
depressed and nondepressed groups, where individu-
als with a high school education or less were shown to
be less likely to develop depression when compared to
individuals with postsecondary education. A previous
study has reported the opposite, showing that fewer
years of education was a risk factor for the development
of depression.33 These factors may also be important in
determining both depressive and other postconcussion
symptoms.

Although our findings for this study highlight the
differences between depressed and nondepressed TBI
patients, some caution must be taken in interpreting our

results. A potential limitation of the RPCSQ, a self-
report scale, is that patients with depression typically
report more severe postconcussion symptoms despite
having similar severity of injury as nondepressed pa-
tients.34 Utilizing a scale that would be administered by
a trained interviewer or a physician may yield different
results. Additionally, the validity of the RPCSQ as a
scale has been recently questioned. A review found that
the RPCSQ scale had good test-retest reliability and had
the best construct reliability as two separate scales,
where headache, dizziness, and nausea formed its own
subscale.35 Performing our factor analysis, we have es-
sentially looked at the RPCSQ not as one score, but
instead as a group of subscores pertaining to a specific
symptom group. A second limitation of this study is the
sample size. Although our sample group is 200 patients
and is similar in size to other factor analyses,17,36 a
larger sample size would be helpful to confirm these
results. It is also important to consider that this study
was performed in a regional trauma center, and the
patient population may differ from a community pop-
ulation. A final limitation to this study is the diagnosis
of a mild and moderate TBI. Within our own study, 55%
of the study population met criteria for a moderate TBI
while 45% were considered mild. To diagnose our
study participants, we have used the guidelines put
forth by The American Congress of Rehabilitation
Medicine. There is some controversy regarding the
classification of TBI severity, particularly with the
length of posttraumatic amnesia. While we character-
ized a moderate TBI as a posttraumatic amnesia of
1–7 days, other groups would consider this a severe
TBI37 or have alternatively opted to use only GCS
scores.38 Recently, a new guideline, the Mayo TBI
Severity Classification System, considers a posttrau-
matic amnesia greater than 24 hours a characteristic
of a moderate-severe TBI.39 The variation in guideline
use may lead to different conclusions when compar-
ing TBI studies to one another.40

Despite these limitations, a strength of this study is
that there was an objective diagnosis of depression us-
ing the well-validated SCID and this has allowed us to
determine how depressed patients view their own so-
matic symptoms compared with nondepressed pa-
tients.

In summary, we found that depressed patients scored
higher than nondepressed on self-reported mood, cog-
nitive, somatic, and visual postconcussion symptoms.
This study emphasizes the need to treat depression con-
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currently with rehabilitation, and suggests treatment
response may improve postconcussion symptoms. This
is consistent with other illnesses, where researchers
have proposed treating patients for their depression in
order to improve symptoms related to the primary ill-
ness.41 By alleviating these depressive symptoms, TBI

patients may more quickly regain their ability to lead an
independent life style.

We would like to acknowledge the support of the Ontario
Mental Health Foundation (OMHF) and the Ontario Neu-
rotrauma Foundation (ONF).
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