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Methods: In this case-control study, participants (n = 102) with chronic symptoms after mTBI (n = 45)

were matched with mTBI recovered (n = 31) and CP groups (n = 26), on age, gender, ethnicity and KEYWORDS

education. Psychological status, cognitive functioning, health symptoms, beliefs and behaviours were mTBI; chronic pain;
examined. psychological factors;
Results: Participants who had not recovered from an mTBI and participants with CP did not differ in depressive symptoms
terms of PCS symptoms, quality of life, distress or iliness behaviours, however, the CP group endorsed

fewer subjective cognitive problems, more negative expectations about recovery and more distress

(p < 0.05). On cognitive testing participants who had not recovered from an mTBI demonstrated greater

difficulties with attention (p < 0.01) although differences disappeared when depression was controlled in

the analyses.

Conclusions: Unique patterns associated with each condition were evident though caution is required in

attributing PCS and cognitive symptoms to a brain injury in people with mTBI presenting with chronic

pain and/or depression. Psychological constructs such as illness and recovery beliefs appear to be

important to consider in the development of treatment interventions.

Introduction The mechanisms that underpin the development of
chronic symptoms after an mTBI have been widely debated
and have been attributed to being older and female (2,13), and
various psychosocial and psychological factors (14-16). It is
generally accepted that the relative influence of factors shifts
with time, with neurogenic pathophysiology more relevant in
the immediate recovery phase after mTBI, with psychological
factors becoming more relevant with time (17). However, it is
also clear that psychological factors are important throughout
the course of recovery (16,17).

A similar pathway from acute to chronic symptoms is
discussed in the chronic pain literature. This is not surprising
given that people with chronic pain conditions and mTBI can
experience similar psychosocial factors that accompany phy-
sical injury such as depression, anxiety and life stresses (11).
There are a limited number of studies that have reported on
PCS symptoms in patients with chronic pain (10-12). In
addition, a number of studies and reviews describe cognitive
deficits among people with chronic pain that are very similar
to those seen in people with mTBI (18,19).

Few studies though have directly compared prevalence
of PCS-like symptoms, cognitive deficits and psychological

Mild traumatic brain injury (mTBI) is common and in most
cases, recovery is the expected outcome. However, there is
increasing evidence that a significant minority experience
ongoing symptoms with social and functional difficulties for
many months and even years (1-5). Such symptoms when
they persist, such as headaches, dizziness, fatigue, cognitive
and emotional changes, are often referred to as the post-
concussion syndrome (PCS)(6). The burden of chronic PCS
after an mTBI for the person, their families and their com-
munities can be considerable (7).

The incidence, prevalence, natural history and treatment of
PCS following mTBI is not well understood and this lack of
clarity may be underpinned by poor coherence across symp-
tom domains. Different PCS symptoms require different treat-
ments (8,9); improvements in some symptoms are not
necessarily reflected in improvements in others, (3) challen-
ging the notion of the PCS as a valid syndrome. A further
difficulty is the prevalence of PCS symptoms across all seve-
rities of traumatic brain injury, and in other health conditions
such as chronic pain and depression (10-12).
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factors across samples of people with chronic pain and
mTBI. We are aware of one study that compared the level
of self-reported PCS symptoms in people with mTBI and
chronic pain (11), with high levels of symptoms endorsed
by both groups. Extending the focus beyond self-reported
PCS symptoms may provide more information about the
specificity of chronic symptoms after mTBI. In this study,
we examined PCS symptom burden, neuro-cognitive and
psychological functioning in patients with either chronic
pain or chronic symptoms following an mTBI to assess
unique and overlapping phenomenology. We were speci-
fically interested in differences between people who had
not recovered from an mTBI after more than six months
and people who had developed a chronic pain condition,
in terms of PCS symptom burden, recovery beliefs and
expectations, general health status, cognitive functioning
and quality of life.

Methods
Design and setting

This is a cross-sectional case control descriptive study with
three groups matched on sex, age, ethnicity, education and
where relevant, injury severity. Participants who met study
inclusion and exclusion criteria (see below) were selected by
file review and consultation with relevant clinicians at a
regional specialist Concussion Service and a Pain
Management Service based at a rehabilitation hospital in
Christchurch, New Zealand. This study was approved by the
New Zealand Health and Disability Ethics Committees
(Southern) (ref URA/12/05/015).

Participants

Eligible participants were between 16 and 70 years of age, with
no previous history of clinically significant traumatic brain
injury or significant comorbid health conditions such as car-
diovascular disease or neurological disorder. A clinically sig-
nificant history of traumatic brain injury meant a history of
recurrent mTBI (i.e. more than three mTBIs (20-22), moder-
ate or severe traumatic brain injury).

Potential participants with mTBI were eligible to partici-
pate if they had sustained an mTBI more than six months
prior to recruitment. There was no upper limit established for
time since injury. The definition of mTBI was that recom-
mended by the New Zealand Guidelines Group (23) which is
based on that proposed by the World Health Organization
(WHO) Neurotrauma Task Force (24,25) (see Box 1).

Participants with chronic pain for this study were those
referred to a multidisciplinary pain management treatment
programme at a local hospital. Participants were eligible for
participation if they had a diagnosis of chronic pain and had
experienced symptoms for more than six months. There was
no upper limit for symptom duration. The Pain Management
Team agreed to provide flyers about the study to eligible and
interested potential participants.

Box 1: Injury markers of mTBI (23-25)

Loss of consciousness < 20-30 minutes

Glasgow Coma Scale(*® score > 13 (30 minutes after injury)
Post-Traumatic Amnesia < 24 hours

Absence of significant findings on imaging (CT/MRI)

Study measures

(1) Post-concussion symptoms

The Rivermead Post-concussion Symptoms Questionnaire
(RPQ) (26) is a 16-item self-report symptom inventory of
common PCS symptoms following mTBI. Three factors or
domain scores (somatic, cognitive and emotional) can be
derived from the RPQ (27,28) and were calculated. These
RPQ symptom domains were also used to determine group
membership (recovered or nonrecovered) for the participants
with mTBI. A participant was deemed nonrecovered from
their mTBI if they endorsed a score of two or more on any
symptom within each of the three RPQ symptom domains,
following our previous work (16,29).

(2) Psychological measures

The Iliness Perceptions Questionnaire-Revised (IPQ-R) (30,31)
provides a quantitative assessment of illness beliefs based on
Leventhal’s Common Sense Model (CSM) of Health and
lllness Behaviour(30). Only the Identity, Timeline (Acute/
Chronic), Timeline (Cyclic), Consequences, Coherence and
Emotional Significance scales were administered. These six
subscales evaluating beliefs about injury identity, timeline
for recovery, consequences, coherence and emotional signifi-
cance have been previously validated for mTBI(32).

The Hospital Anxiety and Depression Scale (HADS) (33)
has utility as a measure of anxiety, depression and psycholo-
gical distress symptoms following traumatic brain injury
(23,34). The anxiety and depression subscales were calculated
for this study.

The Behavioural Response to Iliness Questionnaire (BRIQ)
(35) is a brief measure examining behavioural responses to
illness in order to assess the importance of these behaviours in
the development of ongoing medically unexplained syn-
dromes. Four subscales can be calculated from 21 items,
addressing all or nothing and limiting behaviours, practical
and social help seeking.

The Quality of Life after Brain Injury - Overall Scale
(QOLIBRI-OS) (36) is a brief quality of life measure asking
six questions about overall satisfaction with physical health,
cognitive and emotional functioning, activities of daily living,
social functioning and expectations for the future.

(3) Neurocognitive battery

The  Repeatable  Battery  for the  Assessment  of
Neuropsychological Status (RBANS)(37) is a brief individually
administered neuropsychological test battery measuring atten-
tion, language, visuospatial/constructional abilities and
immediate and delayed memory, validated for TBI(38). The
RBANS provides a total scale score and five sub-scored



indices. An effort index can be calculated to screen for sub-
optimal effort during testing(39).

The Colour Word Interference Test from the D-KEFS™ bat-
tery(40) is a measure of executive attention network function-
ing, evaluating sustained attention, ability to inhibit a
dominant automatic verbal response, speeded cognitive pro-
cessing and cognitive flexibility. Four scaled scores can be
calculated.

Procedure

Participants who sustained an mTBI more than six-months
prior to recruitment with persisting symptoms (nonrecovered
group) were recruited first. Participants matching nonrecov-
ered participants who sustained an mTBI more than six-
months prior to recruitment but who no longer demonstrated
persisting symptoms (recovered group) and participants with
chronic pain (CP) for more than six months at time of recruit-
ment (CP group), were then approached and invited to parti-
cipate in the study. The six-month timeframe was considered
sufficient for development of chronic symptoms in both mTBI
and CP groups. The research literature suggests the majority of
mTBI cases demonstrate recovery within three months after
injury(41). Similarly, the International Association for the
Study of Pain defines CP as pain without biological value that
has persisted beyond the normal tissue healing time (usually
taken to be three months)(42).

Participants were matched on demographic variables in a
case-control fashion on the basis of age (+ 5 years), gender
and ethnicity. The participants with mTBI were also matched
on injury severity markers of mTBI and Injury Severity Scores
(ISS) (43-45).

Inclusion and exclusion criteria were applied by file review
by the lead researcher (DS). Eligible potential participants
(based on file review), were approached by a research assistant
by phone and invited to participate in the study. Those inter-
ested in participating were sent information packs containing
consent forms. At this time, PCS symptoms were screened for
all participants using the RPQ to clarify group membership as
described above. No potential participant who met study
inclusion and exclusion criteria and who agreed to participate
in the study was excluded. This resulted in more nonrecov-
ered participants being recruited because the RPQ scores for a
small number of people who appeared to meet criteria for the
recovered group (based on file review and initial application
of inclusion and exclusion criteria), indicated they should be
moved to the nonrecovered group.

Participants agreeing to participate also gave their writ-
ten consent for the study team to access demographic,
injury and medical information from clinical records.
Variables collected by file review and/or participant self-
report included the following: age; sex; ethnicity; highest
educational qualification; employment and compensation
status; injury severity indicators such as Glasgow Coma
Scale (GCS)(46) score, duration of post-traumatic amnesia
and loss of consciousness, ISS; history of treatment for a
psychiatric condition and/or comorbid psychiatric diagno-
sis; substance use; neurological and medical history.
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Information regarding compensation status was collected
given consistent findings in the literature that this is impor-
tant in understanding mTBI outcome(47). All participants
with mTBI in this study qualified for injury cover by New
Zealand’s ‘no-fault’ government funded injury insurance
scheme (Accident Compensation Corporation) at the time of
injury. For this study, participants were asked if they had
experienced any difficulties with their injury claim and if so,
what type of difficulties. Accordingly, compensation difficulty
(yes/no) was determined on the basis of the participants own
report and perception of their experiences.

Data analyses

Data were analysed using SPSSv24.0 for Mac operating sys-
tems(48). Demographic (except age) and injury severity indi-
cators (e.g. loss of consciousness, post-traumatic amnesia,
injury mechanism) were coded as categorical variables.
Continuous variables included age, days post injury, GCS,
ISS and all study psychological measures. The primary
approach to managing missing data was list-wise deletion,
the default procedure of SPSS. This resulted in n = 9 cases
being excluded from analyses of psychological measures
(n = 4 mTBI nonrecovered; N = 3 mTBI recovered; n = 2
CP). All participants provided complete RPQ data and all but
one completed cognitive testing.

Descriptive (univariate) statistics and multivariate statisti-
cal tests (Chi-Square tests, Analysis of Variance (ANOVA),
multiple regression) were used to describe the demographic,
health and psychometric features of participants. A 2-tailed
P < 0.05 was used to evaluate statistical significance and
Tukeys Honest Significant Difference Test was applied to
post-hoc analyses to correct for multiple comparisons. A
priori sample size estimates were based on n = 30 for each
group. At 80% power, and assuming 2-tailed alpha 0.05,
moderate effect sizes of 0.6-0.70 would be detectable.

Results
Demographic and clinical characteristics of participants

One hundred and five participants were approached and of these
102 were recruited into the study. Of these n = 45 continued to
demonstrate PCS symptoms more than six months following an
mTBI (nonrecovered group), n = 31 were deemed recovered
from an mTBI more than six months after injury (recovered
group) and n = 26 were participants with a chronic pain condi-
tion lasting more than six months (CP group). There were no
significant differences between the three participant groups on
the basis of age, sex, ethnicity and years of education (see
Table 1). The mean age of the mTBI nonrecovered group was
47.6 years, and although not reaching significance, there were
slightly more men than woman (male: 57.8%). The mean age of
the mTBI recovered group was 42.4 years and although not
reaching significance, there were slightly fewer men than
woman (male: 45.2%). The CP group was slightly older than
the other two groups (mean age 49.4 years) and there were
slightly fewer men than women (male: 38.5%), although again
these findings were not statistically significant.
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Table 1. Demographic and clinical characteristics of participants (n = 102).

mTBI Nonrecovered (n = 45)

Chronic pain (n = 26) Significance (p)

Variable mTBI recovered (n = 31)
Age [mean (SD)] 42.4 (14.5)
Sex (male) [N (%)] 14 (45.2)
Ethnicity [N (%)] 25 (80.6)
- NZ European 1(3.2)
- NZ Maori 13.2)
- Pacific Peoples 4(12.9)
- Other

Education [N (%)] 0

- No qualifications 10 (32.3)
- High school completion 17 (54.8)
- Tertiary 2 (6.5)
- Other

GCS [M (SD)] 14.7 (0.5)
PTA 7 (22.6)
- None 12 (38.7)
- < 1 hour 9 (29.0)
- >1 hour < 24 hours

ISS [M (SD)] 5.0 (2.3)
LOC (yes) [N (%)] 20 (64.5)
Months post injury [M (SD)] 37.8 (70.7)
Injury mechanism [N (%)] 15 (48.4)
— Road accident 3(9.7)
- Fall 3(9.7)
— Assault 3(9.7)
- Sports 7 (22.6)
- Other

Work Status [N (%)]* 2 (6.5)
- Still off work 3(9.7)
- Back part time 21 (67.7)
— Back full time 5 (16.1)
- Other

Compensation difficulties 5 (16.1)
(yes) [N (%)]

Previous TBI (yes) [N (%)]

Psychiatric History (yes) [N

(%)1*"

16 (51.6)
8 (25.8)

47.6 (14.3) 494 (12.2) 0.13'
26 (57.8) 10 (38.5) 0.26*
39 (86.7) 20 (76.9) 0.282

4(8.9) 2(7.7)

0 0

2 (4.4) 4 (15.4)

6 (13.3) 6 (23.7) 0.11%
15 (33.3) 11 (42.3)
20 (44.4) 6 (23.1)

12 1(3.8)
14.8 (0.6) N/A 1.00'
4 (8.9) N/A 0.29*
24 (53.3)

16 (35.6)

44 (2.4) N/A 0.32!
30 (66.7) N/A 0.44%

30.1 (33.9) N/A
14 (31.1) N/A 0.47%
10 (22.2)

6 (13.3)

6 (13.3)

9 (20.0)

12 (26.7) 7 (26.9) 0.032
10 (22.2) 4(129)

19 (42.2) 7 (26.9)

4 (3.8) 8 (30.8)

12 (26.6) 6 (23.1) 0.13?
25 (55.6) 8 (30.7) 0.19*
19 (42.2) 16 (61.5) 0.022

* Significant difference p < 0.05; mTBI = mild traumatic brain injury; GCS = Glasgow Coma Scale; ISS = Injury Severity Score; PTA = post-traumatic amnesia.; LOC = loss
of conciousness; TBI = traumatic brain injury (any severity). ' Difference between CP and both mTBI groups significant but difference between the mTBI recovered
and nonrecovered not significant.” ANOVA with Tukey’s HSD post-hoc correction for multiple comparisons (significance = p < 0.05)

2Chi Square

Table 1 also shows there were no significant differences
between the two mTBI groups on the basis of injury
mechanism or severity, in terms of Glasgow Coma Scale
scores, duration of post-traumatic amnesia, loss of con-
sciousness, or injury severity scores. However, at time of
study participation, the recovered group were on average
more likely to be back at work either full or part time than
the other groups, with 77.4% of mTBI recovered partici-
pants back at work compared with 64.4% nonrecovered and
42.3% CP participants (p < 0.05). The only other significant
demographic or clinical difference between the groups was
with respect to past psychiatric history. The CP group were
more likely to have a past psychiatric diagnosis than both
mTBI groups.

A range of pain conditions characterized participants with
CP. These conditions were characterized using International
Association for the Study of Pain terminology as follows:
musculoskeletal syndrome of lower limbs (n = 14); musculos-
keletal syndrome of shoulders and upper limbs (n = 3); mus-
culoskeletal syndrome lower back (n = 8); abdominal pain not

otherwise specified (n = 5); fibromyalgia (n = 4) and chronic
regional pain syndrome (n = 2). Some participants had more
than one pain condition.

Psychological characteristics of participants

Table 2 shows psychological characteristics compared across
the three participant groups with respect to symptom burden,
anxiety and depression symptoms, illness beliefs and beha-
viours and quality of life. There were significant differences
between participants who had recovered from an mTBI and
both other study groups across all measures, with the excep-
tion of three BRIQ subscales. These were the all or nothing,
emotional and practical support seeking subscales, where no
differences were evident between any of the groups.

The mTBI nonrecovered and CP groups were similar with
respect to reported levels of depressive symptoms, use of
limiting behaviours and quality of life. However, differences
were evident in that participants with CP; (i) endorsed higher
levels of anxiety about their health condition, (ii) were more



Table 2. Psychological characteristics across participants groups (n = 102).
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mTBI Recovered (n = 31) mTBI Non Recovered (n = 45) CP (n = 26)
Variable/Measure [M (SD)] [M (SD)] [M (SD)]
RPQ
- Total score* 12.9 (7.0)* 31.9 (9.1) 26.7 (13.7)
- Somatic subscore* 6.7 (4.0)* 17.5 (6.2) 15.5 (7.9)
— Emotional subscore* 23 (2.4)% 6.3 (2.3) 6.2 (3.7)
- Cognitive subscore** 4.0 (2.8) 7.9 (2.1) ** 5.0 (3.6)
HADS Anxietyt 57 (43) 1 8.0 (3.4) 8.9 (5.2)t
HADS Depression* 2.8 (3.1)* 6.7 (3.7) 7.2 (5.5)
BRIQ (Limiting Behaviour)* 16.9 (4.9)* 19.8 (3.9) 20.7 (5.1)
BRIQ (all or Nothing Behaviour) 16.6 (5.0) 17.8 (4.1) 17.7 (4.9)
BRIQ (Emotional Support Seeking) 6.0 (2.4) 6.1 (2.1) 7.0 (3.3)
BRIQ (Practical Support Seeking) 6.8 (2.8) 7.3 (3.6) 8.4 (3.6)
IPQR Identity** 30.3 (3.5) 25.7 (3.0)** 28.3 (3.8)
IPQR Timeline (acute/chronic)*t 17.1 (4.6)* 19.7 3.6) t 236 3.7) t
IPQR Timeline (cyclic)¥ 10.0 (3.6) ¥ 12.5 (3.9) ¥ 11.8 (4.3)
IPQR Consequences* 15.5 (5.3)* 20.1 (5.5) 22.1 (4.8)
IPQR Emotional Rep# 15.0 (5.6) £ 17.3 (4.7) 19.9 (5.6)
IPQR Coherence 17.3 (4.6) 16.5 (4.8) 17.5 (5.8)
QOLIBRI* 21.5 (5.7)* 16.5 (5.7) 15.7 (6.9)

ANOVA with Tukey's HSD post-hoc correction for multiple comparisons (significance = p < 0.05)
* Difference between mTBI recovered and both other groups significant; tDifference between mTBI nonrecovered and CP significant; $Difference between mTBI
recovered and CP significant. ** Difference between mTBI nonrecovered and both other groups significant; ¥ Difference between mTBI recovered and mTBI

nonrecovered significant.

mTBI = mild traumatic brain injury; CP = chronic pain; RPQ = Rivermead Post-Concussion Symptom Questionnaire; HADS = Hospital Anxiety and Depression Scale;
BRIQ = Behavioural Responses to lliness Questionnaire; IPQR = lliness Perceptions Questionnaire Revised; QOLIBRI = Quality of Life In Brain Injury — Overall Scale.

negative about prospects for recovery, (iii) endorsed more
expected negative consequences, and (iv) were less clear
about the identity of their condition.

Cognitive functioning

Table 3 shows that across cognitive measures both partici-
pants who had not recovered from an mTBI and partici-
pants with CP achieved lower RBANS index scores than the
participants who had recovered from an mTBI for immedi-
ate and delayed memory. These scores fell in the average
ability range across all groups so the clinical significance of
these patterns in terms of suggested impairment is not
clear. There were no other significant differences between
the groups across RBANS indices. Table 3 also shows that
the mTBI nonrecovered group performed at a lower level
on average than both other groups in terms of their colour

Table 3. Performances on cognitive tests across participant groups (n = 102).

word interference test scaled scores suggesting lower sus-
tained attention, speeded cognitive processing and cognitive
flexibility. These results were consistent with higher levels
of self-reported cognitive problems on the RPQ (see Tables
2 and 6). There were no other significant differences across
the three groups regarding cognitive functioning, including
an index of effort.

However, when the impact of psychological symptoms was
considered, results indicated that variance in scores between
groups could be explained by presence of depressive symp-
toms (HADS scores). The RBANS indices (immediate and
delayed memory, attention) and colour word interference
scores were highly correlated with HADS scores for the
whole sample as shown in Table 4. Multiple regression ana-
lyses identified the impact of depression in terms of explained
variance in cognitive performances (Table 5). Gender, age and
group assignment were not significant in the final models.

mTBI Recovered (n = 31) mTBI Non Recovered (n = 45) CP (n = 26)
Variable/Measure [M (SD)] [M (SD)] [M (SD)]
RBANS Total Score 110.4 (12.6) 104.4 (14.5) 105.6 (12.9)
RBANS Immediate Memory Index* 109.3 (13.7)* 99.4 (20.6)* 99.9 (13.6)
RBANS Delayed Memory Index* 111.1 (12.0)* 101.9 (16.3)* 104.3 (11.9)
RBANS Language Index 103.0 (9.7) 101.4 (10.3) 104.8 (9.8)
RBANS Visuospatial Index 114.1 (8.8) 112.8 (10.1) 110.6 (11.6)
RBANS Attention Index 102.7 (15.1) 100.4 (16.2) 102.4 (13.9)
RBANS Effort Index [N (%)]
- score of 0 28 (90.3) 41 (91.1) 23 (92.0)
— Score 1 or more 39.7) 4 (8.9) 3 (8.0)
CWIT-I Scaled Score 8.9 (3.0) 8.6 (3.4) 9.7 (2.9)
CWIT-II Scaled Score 9.2 (2.6) 9.2 (3.0) 10.0 (2.7)
CWIT-IIl Scaled Score 10.2 (2.6) 8.4 (4.0) 10.2 (2.7)
CWIT-IV Scaled Score** 104 (2.5) 8.5 (4.0)** 105 (2.2)

ANOVA with Tukey’s HSD post-hoc correction for multiple comparisons (significance = p < 0.05); 1 = Chi Square Test
*Difference between mTBI recovered and mTBI nonrecovered significant; ** Difference between mTBI nonrecovered and both other groups significant
mTBI = mild traumatic brain injury; CP = chronic pain; RBANS = Repeatable Battery for the Assessment of Neuropsychological Status; CWIT = Colour Word

Interference Test from D-KEFS Battery.
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Table 4. Pearson’s correlations between HADS anxiety and depression symptoms and cognitive measures for the whole sample (n = 102).

RBANS IMI RBANS V(I RBANS LI RBANS Al RBANS DMI RBANS TS CWIT 1l CWIT IV
HADS Anxiety -0.21* -0.13 —-0.19 —-0.09 —-0.25* —0.23* -0.13 0.07
HADS Depression —0.35%* -0.15 —-0.22* —0.28%* —-0.36** —0.39%* —0.34** -0.20

* p < 0.05 ** p < 0.01.

[HADS = Hospital Anxiety and Depression Scale; RBANS = Repeatable Battery for Assessment of Neuropsychological Status; IMI = immediate memory index;
VCl = visuospatial/constructional index; LI = language index; Al — attention index; DMI = delayed memory index; TSI = total scale index; CWIT-IIl = colour word
interference test condition 3 (from Delis Kaplin Executive Function System [DKEFS] Battery); CWIT-IV = colour word interference test condition 4 (from DKEFS

battery)].

Table 5. Regression analyses demonstrating impact of depression on selected cognitive performances (n = 102).

RBANS IMI RBANS DMI RBANS Al CWIT Il CWIT IV

Adjusted R* (step 3) 0.10* 0.12* 0.06* 0.19* 0.16*

F Change (step 3) 4.96* 5.65% 10.89* 11.25*% 10.72*

B (step 3)

- mTBI nonrecovered —4.28 (ns) —5.78 (ns) 1.88 (ns) —-0.61 (ns) —-1.44 (ns)
-CP —3.29 (ns) —2.90 (ns) 3.83 (ns) 1.24 (ns) 0.33 (ns)
- Age —0.15 (ns) 0.14 (ns) 0.10 (ns) —-0.01 (ns) 0.04 (ns)
- Gender (male) 2.67 (ns) 0.54 (ns) 0.77 (ns) 0.41 (ns) 0.40 (ns)
- HADS Anxiety 0.14 (ns) 0.04 (ns) 0.74 (ns) 0.12 (ns) 0.29*

- HADS Depression -1.23* -1.07* -1.61* —-0.35% -0.33*

* p < 0.05; ns = not significant;

Variables entered at step 1: group, gender, age; Variables entered at step 2: HADS anxiety; Variables entered at step 3: HADS Depression.

[mTBI = mild traumatic brain injury group; CP = chronic pain group; RBANS = Repeatable Battery for Assessment of Neuropsychological Status; IMI = immediate
memory index; DMI = delayed memory index; Al = attention index; CWIT-Ill = colour word interference test condition 3 (from Delis Kaplin Executive Function
System [DKEFS] Battery); CWIT-IV = colour word interference test condition 4 (from DKEFS battery)].

Finally, differences in cognitive functioning were examined
on the basis of age and gender for the whole sample. The only
significant difference was for the Language Index of the
RBANS where women on average achieved higher scores
than men (t = 4.19, mean difference = 7.60, 95% confidence
interval 3.94, 11.26; p < 0.05).

Self-reported post-concussion symptoms

Table 6 shows the breakdown of item scores from the RPQ
across the three groups indicating that participants who had
recovered from an mTBI reported significantly less difficulties
than both other groups across all items except item 16 (rest-
lessness). The mTBI nonrecovered group and the group with
chronic pain differed across emotional and cognitive symp-
tom items, and blurred vision. There were no differences on
the basis of age or gender for total RPQ scores but when
responses to individual item scores were examined, men
endorsed higher levels of irritability than women (item 7:
X? = 13.54; p = 0.01).

Discussion

There were similarities between participants who had not
recovered from mTBI and participants with CP in this
study. Both groups endorsed high levels of PCS symptoms,
expected to experience negative consequences of their health
condition, engaged in limiting behaviours, reported low QOL
and high distress. However, participants who had not recov-
ered from mTBI endorsed more self-reported cognitive pro-
blems and demonstrated more objective cognitive difficulties
than those with CP. These differences though appeared asso-
ciated with level of reported depressive symptoms. The CP

group were less clear about the identity of their condition and
more negative about prospects of recovery.

That people without a history of TBI might also report
PCS-like symptoms is not surprising when base rates in the
general population are considered (49-51). Our findings of
high reported PCS-like symptoms by participants with CP
are consistent with studies that have reported such symp-
toms in people with depression (52-54) as well as chronic
pain (10,12), and research challenging the specificity of PCS
symptoms in mTBI (55,56). Our findings add to this body of
literature and suggest as a diagnostic classification, the term
PCS is of limited use and should be discarded. Indeed shift
away from this terminology has been endorsed by the
recently published 5™ edition of the Diagnostic and
Statistical Manual for Mental Disorders (DSM-V)(57)
where the term post-concussional disorder has been
removed entirely in favour of neurocognitive disorder after
traumatic brain injury.

Patterns of PCS symptom reporting across the mTBI non-
recovered and CP groups in our study are also highly con-
sistent with the one other study by Smith-Seemiller et al (11)
comparing self-reported PCS symptoms in chronic pain and
mTBI. In this previous study, levels of PCS symptom report-
ing were compared across 63 people with chronic pain and 32
people who were recruited 12 months after an mTBI,
although participants were not matched across demographic
variables. Findings were very similar to those of the present
study, with the mTBI group endorsing a higher level of self-
reported cognitive symptoms, and with both groups endor-
sing similar levels of PCS symptoms. Our study however
extends these observations(11) by also evaluating objective
cognitive performances across these two patient groups,
recognizing the limitations of reliance on self-reported symp-
toms (58,59).
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Table 6. Percentage of scores > 2 for each item of the rivermead post-concussion symptoms questionnaire (RPQ) across the three study groups (n = 102).

mTBI recovered (n = 31) mTBI nonrecovered (n = 45) CP (n = 26)
[N (%)] [N (%)] [N (%)]

RPQ score 2 3 4 2 3 4 2 3 4

RPQ1* 6 (19.4) 3(9.7) 0 (0.0) 11 (24.4) 15 (33.3) 10 (22.2) 7 (26.9) 4 (15.4) 3 (11.5)
(Headaches)

RPQ2* 3(9.7) 0 (0.0) 1(3.2) 20 (44.4) 11 (24.4) 0 (0) 7 (26.9) 3 (11.5) 1(3.8)
(Dizzines)

RPQ3* 1(3.2) 0 (0.0) 1(3.2) 9 (20.0) 4 (8.9) 0 (0.0 6 (23.1) 2(7.7) 2(7.7)
(Nausea)

RPQ4* 10 (32.2) 2 (6.5) 0 (0.0) 11 (24.4) 11 (24.4) 10 (22.2) 3(11.5) 8 (30.8) 1(3.8)
(Noise)

RPQ5* 5 (16.1) 0 (0.0 0 (0.0) 10 (22.2) 17 (37.8) 8 (17.8) 1(3.8) 9 (34.6) 11 (42.3)
(Sleep)

RPQ6* 8 (25.8) 3(9.7) 1(3.2 7 (15.6) 21 (46.7) 14 (31.1) 3 (11.5) 11 (42.3) 9 (34.6)
(Fatigue)

RPQ7*t 4(12.9) 2 (6.5) 1(3.2 15 (33.3) 14 (31.1) 8 (17.8) 5(19.2) 5(19.2) 4 (15.4)
(Irritability)

RPQ8*t 2 (6.5) 1(3.2) 0 (0.0) 19 (42.2) 5(11.1) 2(44) 4 (15.4) 4 (15.4) 7 (26.9)
(Depressed)

RPQ9*t 7 (22.6) 2 (6.5) 0 (0.0) 13 (28.9) 20 (44.4) 5(11.1) 8 (30.8) 3(11.5) 7 (26.9)
(Frustration)

RPQ10*t 7 (22.6) 7 (22.6) 6 (19.4) 13 (28.9) 20 (28.9) 8 (17.8) 6 (23.1) 4 (15.4) 3(11.5)
(Memory)

RPQ11*t 7 (22.6) 3(9.7) 0 (0.0) 14 (31.1) 19 (42.2) 7 (15.6) 9 (34.6) 3 (11.5) 4 (15.4)
(Concentration)

RPQ12*t 14 (45.2) 2 (6.5) 1(3.2) 12 (26.7) 24 (53.3) 5(11.1) 6 (23.1) 4 (15.4) 2(7.7)
(Slow thinking)

RPQ13*t 3(9.7) 1(3.2) 1(3.2) 13 (28.9) 8 (17.8) 1(22) 2(7.7) 1(3.8) 1(3.8)
(Blurred Vision)

RPQ14* 6 (19.4) 0 (0.0 0 (0.0) 16 (36.4) 8(18.2) 4(9.1) 5(19.2) 2(7.7) 3 (11.5)
(Light)

RPQ15* 0 (0.0) 0 (0.0) 0 (0.0) 4 (8.9) 0 (0.0) 1(2.2) 0 (0.0) 1(3.8) 1(3.8)
(Double vision)

RPQ16 5(16.7) 2 (6.7) 0 (0.0) 15 (333) 9 (20.0) 2 (4.4) 5(19.2) 4 (15.4) 4 (15.4)
(Restless)

* Difference between mTBI recovered and both other groups significant p < 0.05; 1Difference between mTBI nonrecovered and CP significant p < 0.05.
mTBI = mild traumatic brain injury; CP = Chronic Pain; RPQ = Rivermead Post-Concussion Symptom Questionnaire; a score of 2 = mild difficulty, 3 = moderate

difficulty, 4 = severe difficulty.

Persisting cognitive impairment after mTBI is a conten-
tious issue. A number of systematic reviews with and without
meta-analyses involving many thousands of patients have
indicated that for the majority, resolution of cognitive diffi-
culties is evident between 1-3 months following a mTBI (60-
63). However, some studies report residual cognitive difficul-
ties, often in the attention domain long after injury (4,64). In
the present study participants with mTBI meeting criteria for
nonrecovery were on average 30 months’ post injury at time
of study participation. This group, consistent with some prior
research (4,64), demonstrated difficulties with higher level
attention compared with both participants with chronic pain
and those who had recovered from an mTBI. However, we
noted that these difficulties appeared associated with level of
reported depressive symptoms underscoring the importance
of controlling for depression and other psychiatric symptoms
when cognitive difficulties long after an mTBI are explored.

We also sought to compare aspects of psychological function-
ing across two groups with some similarities in terms of vulner-
ability for development of chronic symptoms. We hoped this
might shed light on the pathway from acute to chronic symptoms
particularly with respect to understanding and managing chronic
symptoms after mTBI. Contrary to expectations, our findings did
suggest some condition specific psychological factors. For exam-
ple, participants who had not recovered from mTBI, compared
with the participants with CP, demonstrated a stronger tendency

to attribute difficulties to their health condition (mTBI) even more
than two years following injury, as measured with the IPQ-R
Identity Scale. Such (mis)attribution of symptoms to injury has
been discussed in the wider mTBI literature(65) as potentially
harmful as this may limit a person’s ability to shift to considering
other factors that might underpin chronic symptoms such as life
stress, depression and anxiety(17).

We also examined illness behaviours using a measure vali-
dated for use in a context of medically unexplained symptoms
(66). Of the four Behavioural Responses to Illness
Questionnaire (BRIQ) subscales, both the mTBI nonrecovered
and CP participant groups endorsed a higher level of engage-
ment in limiting behaviours than the mTBI recovered group.
This included avoidance of activities, putting life on hold, and
spending time in bed. Beliefs about the dangerousness of
exertion and corresponding fear avoidance behaviour, termed
kinesiophobia by some(67), may lead some people with
chronic pain and mTBI to restrict their activities. In addition
and perhaps specific to mTBI, avoidance of cognitive activ-
ities, coined cogniphobia (67,68), may result in avoidance of
cognitive activities in particular.

Findings from the current study also underscore the impor-
tance of recovery beliefs and understandings. In a recently pub-
lished qualitative study involving a subset of the mTBI
participants from the present study(69), the possession of a
coherent understanding about their injury symptoms and a
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pathway or roadmap to recovery seemed to have a buffering
effect. When managed well participants indicated that these
factors helped them cope with anxiety, and facilitated self-
esteem, self-control, and positive recovery expectations. In
another qualitative study considering the perspectives of military
personnel with mTBI who were injured while serving in Iraq and
Afghanistan(70), participants highlighted chaos and confusion
as hindering recovery, with intervention perceived as helpful if
this enabled them to re-establish a sense of stability and order.
Accordingly, interventions focusing on optimizing recovery
expectations by providing evidence-based educational informa-
tion, reassurance regarding expected recovery, and a pathway to
wellness may be helpful. Educational interventions can help
validate the individual’s experience. There are a number of
systematic reviews now that demonstrate the effectiveness of
educational interventions after mTBI (71-73), however, the
components and timing of such interventions remain unclear
and not all patients benefit from this type of approach(73).

The patterns of similarities and differences between the
participants who had not recovered from mTBI and partici-
pants with CP in this study suggest individualized treatment
approaches may be beneficial and highlight the need to con-
sider psychological constructs that might enhance vulnerabil-
ity to development of chronic symptoms in both people with
mTBI and chronic pain. There is a growing body of work
indicating that psychological and psychosocial factors predict
outcomes after mTBI (14,16,74), and can discriminate
between clusters of cases at risk for persistent unremitting
symptoms beyond nine months(16).

Limitations

This was a small study with convenience samples, albeit
closely matched across demographic variables. Prospective
examination of the psychological factors examined in the
present study, with larger samples of participants will be
helpful to better understand associations between the myriad
of pre-, peri- and post-injury risk factors and outcomes after
mTBIL In addition, we did not collect information about
treatment experiences or medication use meaning we could
not explore the impact that intervention medications may
have had on symptom endorsement and neurocognitive mea-
sures examined in this study. These are importance factors to
consider in terms of understanding persisting symptoms and
recovery in both people with mTBI and chronic pain. Finally,
we did not collect information about duration of symptoms
from the participants with CP. This would have been helpful
in providing comparison data across the groups and could
have been an influencing factor, for example if participants
with CP had experienced their pain symptoms for a longer
duration, this may have contributed to differences in psycho-
logical status.

Conclusions

Similar patterns of psychological and psychosocial function-
ing were evident across CP and mTBI nonrecovered groups in
this study. Both groups endorsed high levels of PCS-like

symptoms, expected to experience negative consequences of
their health condition, engaged in limiting behaviours,
reported low QOL and high distress. While participants who
had not recovered from an mTBI endorsed more cognitive
symptoms than those in the CP group, cognitive differences
appeared associated with depressive symptoms. These find-
ings raise concern about attributing PCS and cognitive symp-
toms to a brain injury in people with mTBI who present long
after injury with chronic pain and/or depression as
comorbidities.
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