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ABSTRACT

A subset of mild traumatic brain injury (mTBI) patients experience post-concussion symptoms. When a
cluster of post-concussion symptoms persists for over three months, it is referred to as post-concussion
syndrome (PCS). Little is known about the association between PCS and Health-Related Quality of Life
(HRQoL) after mTBI. The aims of this study were to assess the implications of PCS on HRQoL six months
after mTBI and the relationship between PCS and HRQoL domains. A prospective observational cohort
study was conducted among a sample of mTBI patients. Follow-up postal questionnaires at six months
after emergency department (ED) admission included socio-demographic information, the Rivermead
Post-Concussion Symptoms Questionnaire (RPQ), and HRQoL measured with the 36-item Short-Form
Health Survey (SF-36) and the Perceived Quality of Life Scale (PQoL). In total, 731 mTBI patients were
included, of whom 38.7% were classified as suffering from PCS. Patients with PCS had significantly lower
scores on all SF-36 domains, lower physical and mental component summary scores and lower mean
PQoL scores compared to patients without PCS. All items of the RPQ were negatively correlated to all SF-
36 domains and PQoL subscale scores, indicating that reporting problems on any of the RPQ symptoms
was associated with a decrease on different aspects of an individuals’ HRQoL. To conclude, PCS is common
following mTBI and patients with PCS have a considerably lower HRQoL. A better understanding of the
relationship between PCS and HRQoL and possible mediating factors in this relationship could improve
intervention strategies, the recovery process for mTBI patients and benchmarking.

© 2018 Elsevier Ltd. All rights reserved.

Introduction

849/100,000 in the European population [1]. TBI is defined as “an
alteration in brain function, or other evidence of brain pathology,

Traumatic brain injury (TBI) represents a substantial burden caused by an external force” [2]. The greater part (70-80%) of all TBI
worldwide and reported annual incidence rates vary from 47 to cases can be classified as mild TBI (mTBI). Despite the term ‘mild’,
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many patients experience post-concussion symptoms such as
somatic symptoms (e.g. headaches, dizziness, blurred vision,
fatigue and sleep disturbances), cognitive complaints (e.g. poor
memory, attention and executive difficulties), and behavioral or
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emotional symptoms (e.g. depression, irritability, anxiety-related
disorders, emotional lability) [3]. When a subset of these
symptoms persist for over three months [4,5], it is typically
referred to as post-concussion syndrome (PCS). In previous
literature, the prevalence rates of PCS vary considerably (5-
43%), dependent on timing, measurement and classification
method used [4-8]. Additionally, van der Naalt et al. have
determined an incomplete recovery in almost half mTBI patients
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six months after injury [9]. Generally, the International Classifica-
tion of Diseases (ICD)-10 [10] or Diagnostic and Statistical Manual
of Mental Disorders (DSM)-IV [11] diagnostic criteria are used to
determine the presence of PCS. In the literature, PCS continues to
be a subject of discussion and remains controversial, because of
diverging definitions and classification methods [8], disagreement
regarding etiology and no clear impartial neurologic results. Health
related quality of life (HRQoL) has been acknowledged as an
important outcome, reflecting to what degree a medical condition
and its treatment affect the physical, mental and social aspects of
someone’s life perceived from an individual’s perspective [12].
Previous studies have shown that many people suffering from
mTBI experience a reduction in HRQoL, because of physical,
cognitive and/or emotional impairments [13,14]. Furthermore, PCS
may result in loss of functional health, which prohibits return to
work after injury and leads to additional economic and societal
costs [15] and it may hamper someone’s psychosocial functioning
[16]. However, the topic of HRQoL and outcomes for people with
PCS after mTBI is important and under-researched. Furthermore, to
date no large comprehensive study has addressed the association
between PCS and HRQoL and its subscales in the general adult
mTBI population. This information could also add to the discussion
concerning the clinical relevance of PCS; i.e. a strong association
between PCS symptoms and a decreased quality of life may
indicate that PCS is a clinical relevant syndrome. More insight is
needed in the relationship between PCS and HRQoL. Therefore, the
objectives of this study were to assess the association between PCS
and HRQoL six months after mTBI and the correlation between
post-concussion symptoms and HRQoL domains.

Materials and methods
Study design

In this study, data were acquired through the Radboud
University Brain Injury Cohort Study (RUBICS) [17-20], which is
a prospective observational cohort study. Patients who attended
the emergency department (ED) of the Radboud University
Nijmegen Medical Center (RUNMC) between January 2003 and
June 2010 with a diagnosis of mild, moderate or severe TBI were
included in the RUBICS database. The clinical data registered in the
ED by a neurologist and/or neurosurgeon were entered into the
RUBICS databank by a research nurse. Demographic data (age, sex
and education), trauma mechanism, hospital admission and length
of hospitalization, clinical variables and comorbidities are reflected
in the RUBICS databank and follow-up postal questionnaires were
utilized to obtain this data. The clinical variables described are the
Glasgow Coma Scale (GCS), abbreviated injury scale (AIS) and
injury severity score (ISS). The AIS is used to classify and describe
the severity of injury to trauma patients in every body region on a
six-point ordinal scale [21] and the AIS head (AISH) is classified as
the AIS score specific for the head. The ISS [22,23] is derived from
the AIS and represents the severity of the trauma. The question-
naires were self-rated by patients or guardians of patients six
months after the injury. This study has been approved by the
ethical standards committee of the RUNMC. For more details on the
RUBICS dataset, see Scholten et al [13] and Haagsma et al [20].

Study participants

In the current study, mTBI was diagnosed by a GCS score of 13-
15 in the ED after initial resuscitation or followed by sedation and
intubation during resuscitation for non-neurological cause.
Exclusion criteria were: being 16 years and younger, no written
informed consent given by patients/guardians, abusive use of
drugs or alcohol, diagnosed with dementia, unknown address of

the patient, and inability to speak or write Dutch. A total of 731
patients, which were classified as having mTBI and had completed
all items of the RPQ at six-month follow-up, were selected for the
current analyses.

Post-concussion symptoms and diagnosis of PCS

The RPQwas applied toidentify the existence and severity of post-
concussion symptoms at six-month follow-up. The RPQ describes 16
post-concussion symptoms frequently identified after TBI including
headaches, dizziness, nausea/vomiting, noise sensitivity, sleep
disturbance, fatigue, being irritable, feeling depressed or tearful,
feeling frustrated or impatient, forgetfulness, poor concentration,
taking longer to think, blurred vision, light sensitivity, double vision
and restlessness. Patients were asked to assess the severity of these
symptoms over the past 24 h compared with the pre-injury situation.
The symptoms are rated on a 5-point Likert scale, which covers
responses from O (not a problem) to 4 (severe problem). A higher
total score, which ranges from 0 to 64, on the RPQ represents a higher
and more severe number of symptoms to be in place [24]. Rating
scores of one did not contribute to the total score of the RPQ as
recommended by King et al [24].

In this study, we mapped the symptoms of the ICD-10
diagnostic criteria [25] on the RPQ. Patients were classified as
having PCS when they reported three or more of the following
symptoms with a rating score of two (mild) or higher: headache,
dizziness, fatigue, irritability, insomnia, concentration difficulty,
and memory difficulty (Panel 1 ). Additionally, the ICD-10
diagnostic criteria also requires reduced tolerance to stress,
emotional excitement or alcohol as one of the criteria. However,
this information is not available in the RPQ nor in the RUBICS
database.

Health-related quality of life

The paper-and-pencil version of the 36-Item Short-Form (SF-36)
Health Survey (Version 1) [26] was self-rated by the patients
included in the databank at six months post-injury. The SF-36
instrument has been validated in a TBI population and has
demonstrated good internal consistency and validity [27,28], and
isthe most used generic HRQoL instrumentinTBIresearch [29].Itisa
36 item multidimensional self-reported survey of patient’s health
that reflects the physical, mental and social functioning. It consists of
eight domains of health status: physical functioning (PF), role
limitations related to physical functioning (RP), bodily pain (BP),
general health perception (GH), vitality (VT), social functioning (SF),
role limitations related to emotional problems (RE), and mental
health (MH) [26]. The weighted sums of the item responses for each
domain are linearly transformed to a score ranging from 0 to 100. The
physical and mental health summary component scores are
calculated by first standardizing the patients’ scores, specifically
by subtracting the subscale means for the general Dutch population
sample from each individual’s subscale scores and dividing the
results by the standard deviation of the Dutch sample to generate Z-
scores [30]. Second, to facilitate international comparison, Z-scores

Mapped ICD-10

At least 3 symptoms from the list below
Headache

Dizziness

Sleep disturbance

Fatigue

Being irritable, easily angered
Forgetfulness, poor memory

Poor concentration

Three items with score > 2

Eligible symptoms from the RPQ

Cut-off; rating score 2

Panel 1. Classification method regarding Post-Concussion Syndrome.
Abbreviations. ICD = International Classification of Diseases.
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are multiplied by the subscale factor coefficients for physical and
mental health summary component scores of the U.S. sample and
summed over eight subscales into the physical and mental health
summary component scores. Finally, both sums were re-scaled into
T-scores, with a mean of 50 and standard deviation of 10 for the U.S.
norm [31]. Mean values of the respondents’ completed items in the
same scale were used as replacement for the missing values at six
months, under one condition that at least 50% of the items within
that scale had been completed [26].

The Perceived Quality of Life Scale (PQoL) is also a generic HRQoL
instrument, initially developed as a cognitive appraisal of life
satisfaction for patients after intensive medical care [32]. The
instrument has previously been used in adults with chronic
neurologic disability and additionally in stroke and TBI [33,34].
The PQoL showed good internal reliability in a TBI population [35].
The PQoL measures an individuals’ satisfaction with his or her
functional status on an 11-point scale ranging from 0 (extremely
dissatisfied) to 10 (extremely satisfied). It contains 19 items in three
different domains (physical health, cognitive health and social
health), estimating the level of functioning in 10 different areas,
including physical health, thinking and remembering, family
relationships, community participation and leisure, work and
income, and meaning and purpose of life. The overall PQoL score
is established by the mean of the 19 item scores and seen as a
measure of global life satisfaction, in which a score of < 7.5 is
considered as “Dissatisfied” and a score > 7.5 as “Satisfied” [32]. For
our analyses, the mean score (range 0 to 10) was chosen. Hot deck
imputation per domainwas used to estimate the missing values at six
months, provided that at least 50% of the items within that domain
had been completed, applying similar scores on the items in that
specific domain. This was done because PQoL scores are only allowed
to be computed in case of complete information on all items [32].

The PQoL can be divided in physical, social and cognitive
subscales. The physical subscale includes physical health (item 1),
take care of yourself (item 2), amount of walking (item 4), getting
outside the house (item 5) and amount and kind of sleep (item 19).
The social subscale consists of see or talk to family and friends
(item 8), help from family and friends (item 9), help you give to
family and friends (item 10), contribution to community (item 11),
work situation (item 12), kind and amount of recreation or leisure
(item 13), level or lack of sexual activity (item 14), income meets
your needs (item 15), respected by others (item 16), meaning and
purpose of your life (item 17) and amount of variety in your life
(item 18), and the cognitive subscale entails think and remember
(item 3) and carry on a conversation (item 6) [32].

Statistical analysis

Descriptive analyses were conducted on the demographic (age,
sex and educational level), trauma mechanism, hospitalization,
clinical injury variables and comorbidities. Patients diagnosed
with mTBI and who had completed the entire RPQ were included in
the analyses. To distinguish on socio-demographic and injury-
related variables between mTBI patients experiencing PCS and not
experiencing PCS, chi-squared tests (dichotomous variables) and t-
tests were applied. Mann Whitney U tests were used to evaluate
the differences in SF-36 domain scores and PQoL scores between
mTBI patients with and without PCS. Statistical significance was
determined by a p-value of p<.05. Spearman’s correlation
coefficients were utilized to evaluate the linear relationship and
correlation between the RPQ and the various SF-36 domains and
PQoL subscales. Cohen’s Set Correlation and Contingency
Tables were used to differentiate between strong, moderate and
weak correlations. A correlation was considered strong when the
coefficient was above 0.5, moderate when the coefficient was
between 0.3 and 0.5, and weak when the coefficient was below 0.3

[36]. Missing data for the following variables: education (182
missing), comorbidity (237 missing), and hospital admission (2
missing) were imputed using multiple imputation technique with
five datasets. Multiple regression was performed to adjust for
differences in case-mix between patients with and without PCS.

All statistical analyses were performed using SPSS version 24
for Windows (IBM SPSS Statistics, SPSS Inc, Chicago, IL).

Results
Patient characteristics

In total, 797 mTBI patients were selected from the RUBICS
database, of which 731 were included in this study. There were no
significant differences in characteristics between the 731 patients
with complete outcome data and the 66 patients with missing
items on the RPQ, except that the median age of the 66 patients
was significantly higher 54.5 (IQR: 42.75-68, p<.01). Table 1
shows the characteristics of our study sample. The median age of
the respondents was 44 years and 63% were male. Road traffic
accidents (48%) and falls (33%) were the most reported causes of
injury. The median ISS and AISH scores were respectively 6 (IQR 4-
14) and 2 (IQR 2-2). Forty-five per cent of the patients had no pre-
existing disease and 81% received a computed tomography (CT)
scan of the head in which no abnormalities were found.
Approximately 51% of the mTBI patients were admitted to hospital
with an average length of stay of 3 days (range 1 to 8 days).
Furthermore, 35 patients (4.8%) were admitted to the intensive
care unit (ICU).

The prevalence of PCS in this population according to our
criteria was 38.7%, which defines a total of 283 patients as
experiencing PCS six months after the injury. Patients with PCS
were significantly more often female, had a lower education, were
more likely to be injured by assault compared with other causes of
injury, had higher ISS and AISH scores, were more likely to be
hospitalized and had a higher RPQ total score (Table 1).

PCS and Health-related quality of life

SF-36 - Table 2 shows the median SF-36 and PQoL scores for
mTBI patients with and without PCS six months post-injury.
Patients with mTBI and PCS had significantly lower scores on all
domains of the SF-36 compared to mTBI patients without PCS. The
lowest mean score for mTBI patients with PCS compared to
patients without PCS was reported on the role limitations related
to physical functioning domain, which represents problems with
work / daily activities as a result of physical health (mean: 40, SD:
42 vs. mean: 82, SD: 33, p <.001). The median physical component
summary score was 44 (IQR 35-53) and 56 (IQR 49-59),
respectively for patients with PCS and without PCS (p<.001).
Furthermore, the median mental component summary score was
43 (IQR 32-52) for patients experiencing PCS and 54 (IQR 50-58)
for patients without PCS (p <.001) (Appendix A).

PQoL - The median PQoL score for patients with PCS was 6.7
(IQR 5.3-7.8) and significantly lower compared to the median PQoL
of patients without PCS (8.6 (IQR 7.7-9.5), p <.001) (Appendix B).
Approximately, 45% of patients with PCS were dissatisfied with
their functioning (PQoL< 7.5), whereas only 14% of patients
without PCS were dissatisfied with their functioning.

After adjusting for case-mix differences, there were still
significant differences between patients with and without PCS.

Correlation of RPQ with SF-36

In Fig. 1 the Spearman’s correlation coefficients of the RPQ
items and the eight domains of the SF-36 are shown. All items of
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Table 1
Characteristics of the study population.
Total PCS No PCS P-value
N 731 283 448
Gender (male) 463 161 (56.9%) 302 (67.4%) <.01
(63.3%)
Age! (years) 44 (27-57) 45 (31-56) 43 (26-57) .14
Education <.01
Primary education 21 (2.9%) 6 (2.1%) 15 (3.3%)
Secondary education 336 142 (50.2%) 194(43.3%)
(46.0%)
Higher professional 108 (14.8%) 32 (11.3%) 76 (17.0%)
education
Academic education 84 (11.5%) 18 (6.4%) 66 (14.7%)
Unknown 182 (24.9%) 85 (30.0) 97 (21.7%)
Injury Mechanism .03
Road traffic accident 351(48.0%) 139 (49.1) 212 (47.3%)
Fall 240 96 (33.9%) 144(32.1%)
(32.8%)
Sports 77 (10.5%) 19 (6.7%) 58 (12.9%)
Assault 41 (5.6%) 22 (7.8%) 19 (4.2%)
Other/Unknown 22 (3.0%) 7 (2.6%) 14 (3.3)
Injury severity
Iss? 6 (4-14) 8 (5-16) 5 (4-13) <.01
AISH' 2 (2-2) 2 (2-3) 2(1-2) <.01
Head AIS 3 93 (12.7%) 42 (14.8%) 51 (11.4%)
Head AIS 4 57 (7.8%) 30 (10.6%) 27 (6.0%)
Head AIS 5 11 (1.5%) 6 (2.1%) 5(1.1%)
Comorbidity? <.01
No pre-existing disease 329 102 (36.0%) 227
(45.0%) (50.7%)
1 comorbid disease 92 (12.6%) 36 (12.7%) 56 (12.5%)
2 comorbid disease 33 (4.5%) 13 (4.6%) 20 (4.5%)
3 or more comorbidities 40 (5.5%) 24 (8.5%) 16 (3.6%)
Unknown 237(32.4%) 108(38.2%) 129
(28.8%)
CT scan .20
No CT scan 46 (6.3%) 18 (6.4%) 28 (6.3%)
CT scan, no abnormalities 591(80.8%) 223 368(82.1%)
(78.8%)

CT scan, abnormalities
Hospitalization®
Hospital admission

94 (12.9%) 42 (14.8%) 52 (11.6%)

373 (51.0%) 180(63.6%) 193 (43.1%) <.01

Number of days hospitalized! 3 (1-8) 4(1-9) 3 (1-6) 37

ICU admission 35 (4.8%) 22 (7.8%) 13 (2.9%) <.01

GCS! 15 (14-15) 15 (14-15) 15(15-15) <.01

13 40 (5.5%) 22 (7.8%) 18 (4.0%)

14 152(20.8%) 71 (25.1%) 81 (18.1%)

15 539 190 (67.1%) 349 (77.9%)
(73.7%)

RPQ total score’ 4 (0-15) 18 (12-28) 0 (0-4) <.01

Abbreviations. ISS=Injury Severity Score; AISH=Abbreviated Injury Scale of the
Head; AIS =Abbreviated Injury Scale; CT = Computed Tomography; ICU = Intensive
Care Unit; GCS = Glasgow Coma Scale; RPQ = Rivermead Post-Concussion Symptoms
Questionnaire; TBI=traumatic brain injury.

'Data are displayed as median, with the first and third quartile given within
brackets.

2Comorbidity was defined as the presence of any co-existing diseases or disease
processes additional to injury that the TBI patients sustained. The following
diseases were assessed as comorbid disease: asthma, chronic bronchitis, chronic
non-specific lung disease (not questioned), heart disease, diabetes, back hernia or
chronic backache, osteoarthritis, rheumatoid arthritis, and cancer. *Hospital or IC
admission for one day or more after arrival at emergency department.

the RPQ were negatively correlated to the SF-36 domains,
indicating that reporting problems on any of the RPQ items is
associated with a decrease on different aspects of an individuals’
HRQoL. The strongest negative correlation (-0.671, p<.001) was
found between fatigue and the vitality (VT) domain of the SF-36.
Double vision was determined as having the weakest correlations
with all domains. Moreover, fatigue was observed as having a
strong negative correlation with all domains except for role
limitations related to emotional problems (RE) and mental health
(MH). All correlations were statistically significant on a p <.001
level.

Correlation of RPQ with PQoL

The Spearman’s correlation coefficients of the RPQ items and
the three PQoL subscales are shown in Fig. 2. All the items of the
RPQ were negatively correlated with the PQoL subscales. All
correlations were statistically significant on a p<.001 level. The
strongest correlation (-0.621, p<.001) was found between
forgetfulness and the PQoL cognitive subscale. Double vision
was observed as having the weakest correlation with all subscales,
which is in line with the SF-36 domain correlations.

Discussion

The objectives of this paper were to elucidate the association
between PCS and HRQoL six months after mTBI and the
correlation between the RPQ items with SF-36 domains and
PQoL subscale scores. Almost 40% of our mTBI cohort were
experiencing PCS six months post-injury and PCS was negatively
associated with HRQoL as measured with both the SF-36 and
PQoL. MTBI patients with PCS had a 20% lower HRQoL on
average, compared with mTBI patients without PCS. Almost half
of mTBI patients with PCS were dissatisfied with their
functioning. When adjusting for possible confounding effects
of baseline differences between the two groups, it was shown
that PCS decreases HRQoL. Additionally, significant negative
correlations between all RPQ items and SF-36 domains and PQoL
subscale scores were found, indicating that reporting problems
on any of the RPQ items was associated with a decrease on
different aspects of an individual's HRQoL. These results are in
line with previous literature, where Emanuelson et al. have
found a significant correlation between higher rates of
symptoms and low SF-36 scores in patients 16-60 years of
age living in western Sweden [14]. However, they did not use the
RPQ to assess post-concussion symptoms. Patients could only
rate each symptom as existing (yes) or non-existing (no), which
meant they weren't able to identify the severity of post-
concussion symptoms and they didn't use the term PCS
throughout their paper. Patients with mTBI and PCS had lower
SF-36 scores on all domains compared to the Dutch population
norm [30]. However, when looking at patients without PCS,
mean SF-36 scores were higher on all domains compared to the
Dutch population norm. This is in line with a previous study by
Scholten at al. where it was reported that respondents with
mTBI reached outcomes comparable to the Dutch population
norm on all the SF-36 domains at one year follow-up [13]. In
previous literature, a reduction of HRQoL was found for mTBI
patients [13], nevertheless there is a gap in the literature
concerning the factors that cause this reduction. This study
shows that a decrease in HRQoL for mTBI patients could be
affected by PCS. We adjusted for the most important factors,
however, there may also be an intricate role of other factors
influencing the relationship between PCS and HRQoL. Both, the
reporting of post-concussion symptoms with the RPQ and
functional impairments with the SF-36 may be mediated by pre-
injury psychological, personality, psycho-social factors and the
severity of the injury [29,37,38]. Additionally, 14% of patients
without PCS demonstrated dissatisfaction with their function-
ing, which implies that other factors play a role. Several
limitations have been encountered during this study. Firstly,
an abundance of information was requested from TBI patients to
acquire the RUBICS database, which may have resulted in lower
quality responses. Secondly, RPQ, SF-36 and PQoL were all
reported through self-administration. For HRQoL self-report is
inherent in the concept. However, as the general population
already had difficulties to fill out the SF-36 in its entirety38], this
might be even more complex for the TBI population; these
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Table 2
Data on health-related quality of life at six months after mTBI.
PCS No PCS
N Observed Mean Median N Observed Mean Median Unadjusted mean Adjusted mean
range (SD) (IQR) range (SD) (IQR) difference difference
(95% CI) (95% CI)*
SF-36 (0-100)
Physical 277 0-100 68.9 75 (50-95) 432 0-100 88.7 100 (90- 19.8 (16.2-23.4) 15.2 (11.7-18.8)
Functioning (27.9) (20.4) 100)
Role Physical 279 0-100 40.0 25 (0-75) 437 0-100 82.2 100 (75- 42.2 (36.7-47.8) 36.4 (30.7-42.1)
(42.1) (33.1) 100)
Bodily Pain 283 0-100 58.8 62 (41-74) 446 0-100 82.8 100(72-100) 24.0 (20.5-27.4) 20.3 (16.7-24.0)
(25.6) (21.5)
General Health 281 5-100 56.9 57 (40-72) 442 6-100 77.6 80 (67-92)  20.7 (17.7-23.6) 19.1 (16.0-22.1)
(22.0) (18.5)
Vitality 283 0-100 49.2 50 (40-65) 443 15-100 73.0 75 (60-85)  23.8 (21.2-26.4) 22.2 (19.5-25.0)
(18.7) (16.7)
Social Functioning 283 0-100 61.5 63 (50- 447 25-100 89.7 100 (75- 28.2 (25.0-31.3) 25.9 (22.6-29.2)
(27.0) 87.5) (16.1) 100)
Role Emotional 279 0-100 58.2 67 (0-100) 438 0-100 92.6 100 (100- 34.4 (29.7-39.2) 31.9 (26.9-36.9)
(42.3) (22.6) 100)
Mental Health 283 0-100 62.2 64 (48-76) 443 28-100 81.7 84 (76-92)  19.6 (17.1-22.0) 19.1 (16.5-21.7)
(20.3) (13.7)
Physical CS 271 9-69 43.2 44 (35-53) 423 16-70 52.5(9.0) 56 (49-59) 9.2 (7.7-10.8) 7.3 (5.8-8.9)
(11.4)
Mental CS 271 7-66 411 43 (32-52) 423 16-73 52.7 (7.5) 54 (50-58)  11.6 (10.1-13.1) 11.6 (10.0-13.2)
(12.5)
PQoL (0-10) 192 1-10 6.5(19) 6.7(5.3-7.8) 347 0-10 84 (15) 8.6(7.7-9.5) 1.9 (1.6-2.2) 1.6 (1.2-1.9)

*Variables adjusted for: gender, age, education, ISS, comorbidity, hospital admission, GCS and yes/no PCS.
Abbreviations. mTBI=mild Traumatic Brain Injury; PCS = post-concussion syndrome; IQR =interquartile range; Cl=confidence interval; SF-36 = Short-Form-36; Physical
CS = physical component score; Mental CS=mental component score; PQoL = Perceived Quality of Life; ISS =Injury Severity Score; GCS = Glasgow Coma Scale.

SF-36 domains
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Fig. 1. Correlation RPQ items and SF-36 domains.
Abbreviations. SF-36Short-Form-36; RPQRivermead Post-Concussion Symptoms
Questionnaire.

patients may experience cognitive problems and may have more
difficulties answering complicated and extensive questions.
Concerning the RPQ, previous research has revealed that self-
report might lead to under- or over-reporting of symptoms [39].

By asking explicitly for the existence of symptoms patients
might furthermore be made aware of a symptom they would
have otherwise not reported or they may not understand the
meaning of a symptom and may just simply endorse it anyway
[39]. Researchers have questioned whether the sensitivity and
specificity of most instruments (e.g. RPQ) are sufficient for mTBI
patients, because they have been developed for more severe
cases of TBI [29]. Stulemeijer et al. have shown that additional
extracranial injuries could also have an impact on lowered SF-36
scores [40]. Furthermore, even though questionnaires are very
convenient in the clinical and research context, the RPQ alone
cannot be used to diagnose PCS, a full clinical evaluation by a
health professional is necessary. Lastly, the cohort data were
collected in an academic hospital where it is more likely that
patients with severe trauma have been admitted to the ED,
which is shown in the high percentage of patients admitted to
the hospital (51%). Additionally, no pre-injury data with the
exception of pre-existing comorbidity was available in the dataset.
Therefore, the cohort is likely to not be representative for the overall
mTBI population. This study gives us more information on PCS
and the association with HRQoL, which could ultimately lead to a
better comprehension of recovery and burden of PCS after mTBL
A better understanding of the relationship between PCS and
HRQoL and possible mediating factors in this relationship could
improve intervention strategies and the recovery process. TBI
outcome covers a broad spectrum of HRQoL [38] and more
knowledge about the specific effects on the HRQoL domains will
justify future decisions concerning quality of life measures and
interventions. Nevertheless, the role of mediating factors in the
relationship between PCS and generic and disease-specific HRQoL is
not clear. For future studies it would be interesting to look at the role
of pre-injury psychological, personality and psychosocial factors
which may influence both, the report of post-concussion symptoms
and physical, mental and social functioning measured with the
SF-36.
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PQolL subscales
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Fig. 2. Correlation RPQ items and PQoL subscales.
Abbreviations. RPQ = Rivermead Post-Concussion Symptoms Questionnaire; PQoL:
Perceived Quality of Life.

Conclusions

To conclude, PCS is common after mTBI and patients suffering
from PCS have a considerably lower HRQoL. These findings
highlight that better assessment and intervention strategies for
PCS are needed, because intervention and support strategies can
be targeted more appropriately when mTBI patients with PCS
are detected shortly after sustaining the injury [40]. More
insight is needed in the role of pre-injury psychological,
personality and psychosocial factors that may influence both
the report of post-concussion symptoms and physical, mental
and social functioning.
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