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Associations between illness perceptions, distress, self-reported 
cognitive difficulties and cognitive performance after mild 
traumatic brain injury 
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Lois J. SurgenorH and Richard J. SiegertG   

ABSTRACT 

Objectives. To examine associations between subjective and objective cognitive problems, and 
factors potentially modifying these relationships, after mild traumatic brain injury (mTBI). 
Methods. Treatment-seeking adults (n = 95) were assessed 6 weeks (Time 1) and then 6 months 
later (Time 2) after mTBI. Validated questionnaires assessed cognitive, emotional and somatic mTBI 
symptoms, distress, catastrophising, and beliefs about symptoms and recovery. Cognitive perform
ance was measured using the National Institutes of Health Toolbox Cognition Battery. Using 
correlations and linear regression, we explored associations between psychological factors, objec
tively measured cognitive performance and self-reported cognitive symptoms. Results. There were 
only modest correlations between subjective cognitive symptoms and objective cognitive perform
ance at assessment timepoints. In contrast, there were medium to large correlations between 
subjective cognitive symptoms, post-concussion symptom burden and psychological factors. Post- 
concussion symptom burden and beliefs about symptoms and recovery at Time 1 predicted 
persisting self-reported cognitive symptoms at Time 2. Conclusions. High post-concussion symptom 
burden and non-recovery expectations may increase risk for persistent subjectively experienced 
cognitive symptoms. Our findings may guide targeted treatment efforts focusing on factors with 
potential to influence cognitive symptom reporting after mTBI. Summary. In this study, we 
investigated factors that might influence cognitive recovery after concussion. We found having 
many post-concussion symptoms and fears of nonrecovery may increase risk for persisting cognitive 
symptoms. Our findings may guide targeted treatment efforts focusing on factors with potential to 
influence cognitive symptom reporting after concussion.  

Keywords: adults, cognitive outcomes, cognitive performance, expectations, mild traumatic 
brain injury (mTBI), National Institutes of Health Toolbox Cognition Battery, post-concussion 
symptoms, self reported cognitive symptoms. 

Introduction 

Recovery after mild traumatic brain injury (mTBI) is expected within the first few weeks 
to months after injury (Belanger et al. 2010; Karr et al. 2014; Iverson et al. 2019). 
However, for a subgroup, persisting cognitive, emotional and somatic symptoms, along 
with functional difficulties, continue beyond this timeframe. The size of this subgroup is 
contentious and estimates vary across studies, ranging from 13%, (Schneider et al. 2022) 
to >50% of cases (Theadom et al. 2016; Dikmen et al. 2017; Theadom et al. 2017;  
Cancelliere et al. 2023). For this subgroup, persisting symptoms can become increasingly 
interrelated, mutually amplifying and reinforcing with time (Iverson 2019). Many factors 
can contribute to the development and maintenance of this cycle, including acute 
biological impacts of the injury itself, as well as a range of interacting pre-, peri- and 
early post-injury cognitive, psychological and psychosocial factors (Karr et al. 2014;  
Faulkner and Snell 2023; Silverberg and Mikolić 2023). 
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Cognitive signs and symptoms early after mTBI are com
mon, with potential to impact functioning, and are a fre
quently identified source of distress (Brands et al. 2019; Levy 
et al. 2023). There seems to be good agreement that mTBI can, 
at least temporarily, affect cognitive function, but that cognitive 
improvement occurs with time (McCrea et al. 2009). A single 
mTBI is not thought to be associated with a high incidence of 
chronic cognitive impairment (Iverson et al. 2019). Several 
systematic reviews and meta-analyses evaluating objectively 
measured cognitive outcomes among people with mTBI provide 
strong evidence for recovery of cognitive function within early 
weeks to months (Binder et al. 1997; Schretlen and Shapiro 
2003; Pertab et al. 2009; Boone et al. 2024). Additionally, 
studies using neuroimaging modalities to isolate diagnostic 
and prognostic biomarkers suggest that for some, occult brain 
changes occurring after mTBI may contribute to cognitive diffi
culties (Biagianti et al. 2020). However, determining cognitive 
recovery after mTBI is complex, with no agreed on criteria sets 
for defining what cognitive recovery means. This is further 
complicated by the range of factors that can influence cogni
tive function. Sleep, post-concussion symptom burden, 
expectations and anxiety, among others, can all affect cogni
tive performance (Silverberg et al. 2020; Pieroth 2022). 

There is also a growing body of evidence noting a discrep
ancy between self-reported cognitive symptoms and objective 
cognitive performance after mTBI (French et al. 2014;  
Stenberg et al. 2020; Vos et al. 2020). That is, with time, 
objectively assessed cognitive performances can improve and 
fall within expected ranges, but subjectively experienced cog
nitive symptoms persist. Such outcomes can be confusing for 
both clinicians and consumers of health services (Snell et al. 
2017). Factors that might influence the reduction or persist
ence of self-reported cognitive symptoms after mTBI remain 
unclear. A small number of studies have shown self-reported 
cognitive difficulties after mTBI are more closely associated 
with psychological factors, such as depression and anxiety, 
than with objective cognitive performance, and this relation
ship could be bidirectional (Vos et al. 2020). A recent study by  
Stenberg et al. (2020) showed that change in self-reported 
cognitive symptoms over 3 months after mTBI was more 
closely associated with changes in emotional and somatic 
symptoms than with changes in objective cognitive perform
ance. We have previously shown that along with general 
distress and depression, injury expectations and responses to 
symptoms impact mTBI symptomatic outcomes (Snell et al. 
2015). Furthermore, a recent study demonstrated catastro
phising was associated with higher levels of cognitive 
symptom-reporting relative to objectively measured cognitive 
performance (Shi et al. 2024). Unravelling these complex 
relationships and exploring factors beyond mood and anxiety 
that influence a person’s experience of their cognitive func
tioning after mTBI may guide treatment efforts and targeting 
of factors that influence subjectively experienced cognitive 
symptoms. These additional factors include symptom and 
recovery expectations, and catastrophising. 

Study objectives 

We aimed to investigate relationships between self-reported 
cognitive symptoms and objective cognitive performances 
after mTBI. Specifically, we were interested in: (i) associa
tions between self-reported cognitive symptoms and objec
tive cognitive performance at 6 weeks (Time 1) and 
6–9 months (Time 2) after mTBI, and (ii) which demo
graphic, injury or psychological factors were associated 
with persisting cognitive symptoms 6–9 months after mTBI. 

Methods 

Design and setting 

This is a secondary analysis of data collected as part of a 
prospective observational study examining impacts of psycho
logical factors on recovery after mTBI. Participants were 
recruited from five outpatient clinics providing rehabilitation 
services for mTBI patients across both the North and South 
Islands of New Zealand between February 2019 and June 
2022. Participating clinics were funded by New Zealand’s 
government-funded no-fault injury insurance scheme with 
standard operating procedures for mTBI management across 
all clinics. This means all participants had an accepted injury 
claim for mTBI and no participants had to litigate or were 
involved in litigation. Main data were collected at enrolment 
(Time 1: mean = 6.0 weeks after injury (s.d. = 2.5), range 
2–13 weeks) and 6 months later (Time 2: mean = 31.0 weeks 
post-injury (s.d. = 4.0), range 23–41 weeks). These time
frames were selected noting a large body of literature, includ
ing many robust systematic reviews, showing in the majority 
of cases a return to cognitive baseline is evident within the 
first 3–4 months after injury. Thus, at 6–9 months, persisting 
cognitive symptoms might be considered atypical (Boone 
et al. 2024). There is also evidence from various studies that 
improvement in general flattens after approximately 6 months 
post-injury (Machamer et al. 2022). In addition, monthly 
phone follow-ups were conducted in between Time 1 and 2 
assessments to monitor symptomatic recovery. Data collection 
was undertaken remotely during periods of restriction and 
lockdown in New Zealand during the COVID-19 pandemic. 
This meant that any participant who was seen for a study visit 
during these periods did not have cognitive assessment data 
available, as these were completed face-to-face only. The 
present study focuses on secondary cognitive outcomes data, 
with primary outcomes of the study not yet published. 

Ethical approval was received from New Zealand’s National 
Health and Disability Ethics Committee (ref 18/CEN/79). 

Participants 

Eligible consecutively referred participants were approached 
by a clinician from the outpatient clinic to invite participation. 
Eligibility criteria were: (1) aged ≥16 years, (2) sustained an 
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mTBI according to World Health Organization Neurotrauma 
Taskforce criteria (Holm et al. 2005), (3) were <3 months 
post-injury at enrolment, (4) were fluent in English, (5) had 
no prior neurological condition or severe unstable medical 
condition (e.g. respiratory illness, cancer), including a past 
history of moderate-to-severe traumatic brain injury, and (6) 
had at least one set of cognitive assessment scores at either 
Time 1 or Time 2. There were no inclusion or exclusion 
criteria based on post-concussion or psychological symptoms. 

Data collection and measures 

Demographic and clinical variables 
Demographic and clinical data were collected via self- 

report, and included age at injury, sex, ethnicity, highest 
education level, mental health history and history of previ
ous mTBI. Clinical variables included mechanism of injury, 
self-reported post-traumatic amnesia, Glasgow Coma Scale 
score at hospital arrival if seen on the day of injury, time 
from injury to the first study visit (Time 1) and time from 
injury to the second study visit (Time 2). 

Objective cognitive performance 
Cognitive functioning was assessed face-to-face at Times 

1 and 2 using the National Institutes of Health Tool Box 
Cognition Battery (NIHTB-CB; Gershon et al. 2010; Gershon 
et al. 2013). A trained research assistant administered the 
NIHTB-CB on a 9.7-inch iPad Pro (Apple) in a quiet, 
distraction-free room. Administration times ranged between 

30 and 45 min. The assessment was conducted in English. 
The NIHTB-CB was developed for ages 7–85 years, appears 
sensitive to cognitive impairment following traumatic brain 
injury (Holdnack et al. 2017), with evidence of adequate psy
chometric properties (Heaton et al. 2014; Scott et al. 2019). For 
example, the NIHTB-CB has shown acceptable internal consist
ency (Cronbach's alpha 0.8; test–retest reliability r = 0.8–0.9; 
convergent validity r = 0.8–0.90; and discriminant validity 
r = 0.2–0.4) against gold standard composites, in general and 
traumatic brain injury samples (Heaton et al. 2014; Tulsky 
et al. 2017). We have also shown that it is well tolerated by 
people early after mTBI (Macleod et al. 2021). The NIHTB-CB 
includes seven subtests measuring executive function, attention, 
episodic memory, language, processing speed and working 
memory (see Table 1). Individual subtest and composite scores 
were calculated. Raw scores were converted to age- and sex- 
corrected scaled scores; that is, normally distributed standard 
scores with a mean of 100 and standard deviation of 15. 

Overestimation of cognitive impairment based on nor
mally occurring variability is a noted concern in the wider 
neuropsychological literature (Brooks et al. 2008; Binder 
et al. 2009). To manage this with the NIHTB-CB, we deter
mined the presence or absence of cognitive impairment 
using a premorbid ability-stratified multivariate base rate 
approach using the algorithms developed by Holdnack et al. 
(2017). Following these algorithms, cognitive impairment 
was defined as two or more low scores considering the five 
fluid subtests of the NIHTB-CB relative to the Crystallised 
Composite Cognition score. For individuals with acquired 

Table 1. The NIHTB-CB. A     

Subtest Description and cognitive domain Estimated administration 
time (min)   

(1) Picture sequence memory test Evaluates episodic memory. Participants are asked to reproduce a sequence of pictures 
that is shown on the screen depicting a typical day in the park. 

7 

(2) Flanker inhibitory control and 
attention test 

Measures attention and inhibitory control. Participants focus on a given stimulus while 
inhibiting attention to stimuli flanking it. 

3 

(3) List sorting working memory Measures working memory. Participants recall and sequence different visually and orally 
presented stimuli. 

7 

(4) Dimensional Change Card 
Sort Test 

Measures cognitive flexibility and attention. Pictures are presented varying along two 
dimensions (e.g. shape and colour). The dimension for sorting is indicated by a cue word 
on the screen. 

3 

(5) Pattern Comparison 
Processing Speed Test 

Measures speed of processing. Participants discern whether two side-by-side pictures 
are the same or not and are required to respond as fast as possible. 

4 

(6) Picture Vocabulary Test Measures receptive vocabulary administered in a computer-adaptive test format. 
Participants select the picture that most closely matches the meaning of the word. 

3 

(7) Oral Reading Recognition Test Measures reading decoding skill and crystallised abilities. Participants are asked to read 
and pronounce letters and words as accurately as possible, and the test administrator 
scores using a pronunciation guide. 

3 

Crystallised Composite Cognition 
Score 

Subtests contributing to the crystallised composite cognition score are tests 6 and 7. – 

Fluid Composite Cognition Score Subtests contributing to the fluid composite cognition score are tests 1–5. – 

ANIHTB-CB = The National Institutes of Health Toolbox Cognition Battery (National Institutes of Health and Northwestern University, 2006–2018).  
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brain injury, the Crystallised Cognition Composite score 
may act as a proxy for estimated pre-injury general ability 
or baseline (Tulsky et al. 2017). The application of the 
algorithms and final determination of impairment was 
made by a neuropsychologist with experience undertaking 
cognitive assessment in mTBI populations (DS). 

To check performance validity, we administered the 
Advanced Clinical Solutions for WAIS-IV Word Choice 
(Pearson 2009). This is a 50-item forced choice procedure that 
has the appearance of a memory test, but is designed to detect 
below capacity performance. In this study, we followed base 
rates published in the Advanced Clinical Solutions for WAIS-IV 
Word Choice manual and considered the threshold for valid 
performance to be a score of >45 out of 50. Participants were 
not excluded from analyses based on performance validity out
comes, because this would not preclude examination of psy
chological factors contributing to cognitive concerns. 

Self-reported cognitive and post-concussion difficulties 
Self-reported cognitive difficulties were measured either 

face-to-face or remotely, using the three cognitive items of 
the Rivermead Post-Concussion Symptom Questionnaire 
(RPQ). The RPQ is a 16-item self-report questionnaire that 
assesses common symptoms following mTBI (King et al. 
1995). The RPQ consists of somatic symptoms (headaches, 
dizziness, nausea and vomiting, noise and light sensitivity, 
fatigue, sleep disturbance, double vision), cognitive symptoms 
(forgetfulness/poor memory, poor concentration taking lon
ger to think) and emotional symptoms (being irritable/easily 
angered feeling depressed or tearful, feeling frustrated or 
impatient). Participants rated the presence and problem status 
of these symptoms on a scale of 0–4 (0 = not experienced at 
all; 1 = no more of a problem than before injury; 2 = a mild 
problem; 3 = a moderate problem; 4 = a severe problem). 
Scores of 1 were recoded to 0 following recommendations of  
King et al. (1995). Rasch analysis has shown that the RPQ 
demonstrated good internal consistency in a traumatic brain 
injury sample (person separation index = 0.87; Balalla et al. 
2020). The RPQ was administered at Time 1 (M = 6.0 weeks 
post-injury, s.d. 2.5) and at Time 2 (M = 31 weeks after 
injury, s.d. 4.0). 

For this study, we calculated the physical, cognition and 
emotion subscale scores following the factor analysis of  
Potter et al. (2006). The cognitive subscale of the RPQ is a 
commonly selected measure of subjective cognitive symp
toms after mTBI, and scores range from 0 to 12 (Ngwenya 
et al. 2018). We then summed somatic and emotion subscale 
scores to create a post-concussion symptom datapoint that 
was not contaminated by inclusion of cognitive symptoms. 

Psychological measures 
Depression, Anxiety and Stress Scale-21. The Depression, 

Anxiety and Stress Scale-21 (DASS-21; Lovibond and Lovibond 
1995) is a 21-item self-report scale measuring depression, 
anxiety and stress symptoms with a focus on the previous 

7 days. Higher scores on this measure reflect elevated levels 
of depression, anxiety and stress symptoms. The DASS-21 has 
good psychometric properties, and is a valid measure of 
depression, anxiety and stress symptoms in people with brain 
injury (Ownsworth et al. 2008). For this study, total scale 
scores were calculated (range 0–63), with higher scores indi
cating higher distress (Zanon et al. 2021). The DASS-21 as a 
unidimensional scale has shown good internal consistency in 
general brain injury and mTBI samples (Zanon et al. 2021;  
Faulkner et al. 2024). The DASS-21 was administered at Time 
1 and Time 2. 

Illness Perception Questionnaire-Revised. The Illness 
Perception Questionnaire-Revised (IPQ-R) provides a quan
titative assessment of participant beliefs about their injury 
and recovery expectations (Moss-Morris et al. 2002). We 
have previously shown that such beliefs and expectations 
are associated with mTBI outcome (Snell et al. 2011, 2015). 
In this study, we used the timeline and consequences sub
scales of the IPQ-R; that is, perceptions of injury recovery 
and consequences. These two subscales have shown the 
strongest associations with outcomes in our previous 
work (Snell et al. 2013). Participants were asked to rate 
their agreement with statements about symptom beliefs on 
a 5-point Likert scale from ‘strongly disagree’ to ‘strongly 
agree’. As in our previous research, the IPQ-R was modified 
for mTBI by changing the word ‘illness’ to ‘injury’. The IPQ- 
R consequences and timeline subscales were administered at 
Time 1 and Time 2. Item responses from each scale were 
summed together to form an IPQ-R consequences and time
line total score, with scores ranging from 12 to 60, and 
higher scores reflecting stronger beliefs. We summed these 
scales to provide a single injury perception datapoint for the 
regression analyses. 

Pain Catastrophising Scale. The Pain Catastrophising 
Scale (PCS) is a 13-item scale evaluating the extent to which 
participants experienced various thoughts and feelings associ
ated with their symptoms, scored on a 5-point Likert scale 
from ‘not at all’ to ‘all the time’ (Sullivan et al. 1995). Items 
included experiencing fears about non-recovery, feelings of 
loss of control of symptoms, feeling overwhelmed by symp
toms and intrusiveness of symptoms. The PCS was originally 
developed for the chronic pain population. There is a body of 
evidence noting the similarity in patterns of catastrophising 
between people with chronic pain and those with persisting 
post-concussion symptoms following mTBI (Smith-Seemiller 
et al. 2003; Snell et al. 2018). Further recent work has high
lighted that catastrophising may be associated with high 
cognitive symptom reporting after mTBI (Shi et al. 2024). 
In our study, we calculated a total score for the PCS, with 
scores ranging from 0 to 52, and adapted items, where 
the word ‘pain’ was replaced with ‘symptoms,’ following  
Terpstra et al. (2021). The PCS was administered at Time 
1 and Time 2. 
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Statistical analyses 

Data were analysed using SPSS version 28 (IBM Corp. Released 
2020. IBM SPSS Statistics for MacIntosh). Findings are reported 
following Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines (Vandenbroucke et al. 
2007). Demographic and clinical characteristics were sum
marised using descriptive statistics, such as means, standard 
deviation, ranges and frequencies. Differences between cogni
tive performance scores between Times 1 and 2 were examined 
using paired samples t-tests. 

Bivariate correlations (Pearson’s r) were used to examine 
associations between self-reported cognitive symptoms 
(RPQ-Cognition subscale), objectively measured cognitive 
performance using the NIHTB-CB, the somatic and emotion 
RPQ subscales, and psychological measures at Times 1 and 2. 
Second, a series of unadjusted linear regression models were 
conducted to examine how much variance in self-reported 
cognitive symptoms at Time 2 (dependent variable) was 
explained by each of the Time 1 covariates. A multivariable 
model further examined associations between demographic 
and clinical variables including all covariates in the model 
together. For the linear regression models, the somatic and 
emotion subscales of the RPQ were summed to create a post- 
concussion symptoms datapoint. In a final step, a multi
variable model using stepwise backward selection showed 
covariates remaining in the model. 

Data are reported as 95% confidence intervals (CI). Effect 
sizes (ES) were calculated for significant results using 
Pearson’s r and Cohen’s interpretation rules (Cohen 1988), 
as appropriate. Small, medium and large effect sizes were 
respectively defined as |0.1–0.3|, |0.3–0.5| and |≥0.5| for 
Pearson’s r; 0.2, 0.5 and 0.8 for Cohen’s d; and 0.01, 0.09 
and 0.25 for R2 (Ellis 2010). A two-tailed P < 0.05 was 

used to evaluate statistical significance. The approach to 
missing data was list-wise deletion reflecting the prag
matic nature of the study, embedded within clinical 
practice. 

Results 

Description of study sample 

Of recruited participants to the main study (n = 131), n = 95 
were seen face-to-face at Time 1 and had cognitive assess
ment, n = 78 were seen face-to-face at Time 2, and n = 68 
had full sets of scores at both Times 1 and 2 (Fig. 1). The 
sample at Time 1 (n = 95) was on average aged 39.3 years 
(s.d. 16.1 years, range 16–76 years). There were more women 
(61.1%), and a majority reported their ethnicity as New 
Zealand European (90.5%). In terms of education, 43.2% 
described their highest education level as tertiary or univer
sity. The most common injury mechanisms were falls (31.6%) 
and transport-related accidents (30.5%). Over half of the 
sample reported a mental health history (60.6%), and 
47.4% reported a prior history of mTBI. Much of the cohort 
had post-concussion symptoms that could be considered 
severe at Time 1 (Voormolen et al. 2018; Zeldovich et al. 
2022), with an average symptom burden of 31.0 (s.d. 11.9) on 
the RPQ (total score). Levels of distress (DASS-21) fell in mild 
ranges overall at Time 1 (stress subscore: M = 8.1 (s.d. 4.3); 
anxiety subscore: M = 3.9 (s.d. 3.4); depression subscore: 
M = 5.0 (s.d. 4.2)). In terms of treatment accessed in concus
sion services, almost all participants reported having seen an 
occupational therapist (88.5%), and the majority participated 
in physiotherapy (78.6%) and a medical evaluation (57.3%). 
Few participants reported having seen a psychologist (9.2%) 

N = 131 recruited

N = 95
Cognitive assessment at T1

N = 78
Cognitive assessment at T2

N = 68
Both T1 and T2 cognitive

assessments

N = 36
No cognitive assessment at T1
(Remote study visit due to Covid restrictions)

N =17
No cognitive assessment at T2
(7 lost to FU; 10 remote T2 study visit due to
Covid restrictions)

N = 10
Cognitive assessment at T2 only
(Remote T1 study visit due to Covid restrictions)

Fig. 1. Participant flow through study.   
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or neuropsychologist (9.9%). Demographic and clinical infor
mation is shown in Table 2. 

Using the multivariable base rate approach to defining 
cognitive assessment outcomes using the NIHTB-CB, over 
half the sample (n = 51; 54%) met criteria for cognitive 

impairment at Time 1. At Time 2, 17% (n = 13) of those 
meeting criteria for cognitive impairment at Time 1 still met 
these criteria. A small number of participants met the crite
rion for performance invalidity at Time 1 (n = 11; 11.6%), 
with just three (3.8%) participants still meeting this crite
rion at Time 2. Participants were not excluded from analyses 
based on performance validity. Effect size differences com
paring performances for NIHTB-CB subtests and Fluid and 
Crystallised composite scores at Times 1 and 2 were large 
for subtests contributing to the fluid composite and small for 
crystallised subtests. Cognitive performance data are shown 
in Table 3. 

Associations between self-reported cognitive 
symptoms, objective cognitive performance and 
psychological variables 

Table 4 shows correlations between self-reported cognitive 
symptoms (RPQ cognitive score), cognitive performance as 
measured using the fluid composite score of the NIHTB-CB 
and psychological symptoms. At Time 1, self-reported cogni
tive symptoms were negatively correlated with cognitive per
formances, although the effect size was small. There were 
medium to large positive correlations between self-reported 
cognitive symptoms, emotional and somatic post-concussion 
symptoms (RPQ) and injury recovery beliefs (IPQ-R). 

At Time 2, self-reported cognitive symptoms were again 
negatively correlated with cognitive performances, but these 
relationships were small and not significant. In contrast, there 
were medium to large correlations between self-reported cog
nitive symptoms, post-concussion symptoms (RPQ) and injury 
recovery beliefs (IPQ-R). Associations between self-reported 
cognitive symptoms and other psychological variables (DASS21 
and PCS) were generally small. 

Time 1 predictors of persisting self-reported 
cognitive symptoms at Time 2 

In the unadjusted linear regression models, post-concussion 
symptoms and psychological variables each contributed to 
variance in Time 2 RPQ-Cognitive scores (Table 5). Table 5 
also shows that after controlling for variables in the adjusted 
model, no variable remained significant. In the adjusted 
model, 25.0% of variance was explained (R2 = 0.37; 
adjusted R2 = 0.25). Using a stepwise backward selection 
process, two variables remained, with an adjusted R2 = 
0.24 (Table 6). These were Time 1 post-concussion symptom 
burden (RPQ physical and emotional symptoms) and Time 1 
injury recovery beliefs (IPQ-R). 

Discussion 

In this study, we explored associations between self- 
reported cognitive symptoms and objectively measured 

Table 2. Demographic and clinical characteristics of the study 
sample at baseline (Time 1; n = 95).    

Variable Mean (s.d.) 
or n (%)   

Demographic characteristics   

Age [(years), M (s.d.), range] 39.3 (16.1), 
16.8–75.6  

Sex [male, n (%)] 37 (38.9)  

Ethnicity [n (%)]    

New Zealand Māori 9 (9.5)   

Non-New Zealand Māori 86 (90.5)  

Highest education level [n (%)]    

High school or less 54 (56.8)   

University/tertiary 41 (43.2)  

Previous traumatic brain injury [yes, n (%)] 45 (47.4)  

Previous mental health history [yes, n (%)] 57 (60.6) 

Injury and clinical characteristics  

Time to baseline assessment in weeks [Time 1, 
M (s.d.)] 

6.4 (2.6)  

Mechanism of Injury [n (%)]    

Transport-related 29 (30.5)   

Fall 30 (31.6)   

Assault 9 (9.5)   

Hit by object 7 (7.4)   

Other 20 (21.1)  

PTA [n (%)]    

No PTA 34 (35.8)   

PTA <1 h 45 (47.4)   

PTA >1 h, <24 h 16 (16.8)  

Glasgow Coma Scale Score [M (s.d.)] 14.9 (0.3)  

Symptoms at baseline [T1 RPQ total, M (s.d.)] 31.7 (11.7)  

DASS21 total score at time 1 [M (s.d.)] 17.4 (10.5)  

IPQ-R Consequences + Timeline score at Time 1 
[M (s.d.)] 

35.4 (5.3)  

Pain catastrophising scale score at time 1 
[M (s.d.)] 

21.2 (7.7) 

T1 = Time 1; RPQ = Rivermead Post-Concussion Symptom Questionnaire; 
PTA = post-traumatic amnesia; DASS21 = Depression Anxiety and Stress 
Scale 21; NIH = National Institutes of Health; IPQ-R = Illness Perception 
Questionnaire-Revised sum of consequences and timeline scales; PCS = Pain 
Catastrophising Scale.  
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Table 3. Cognitive performance measured with the NIHTB-CB at Times 1 and 2 (n = 95).       

Variable Time 1 Time 2 Mean difference 
(95% CI) 

Effect size A   

Time 1  

Crystallised composite score [M (s.d.), range] 106.42 (14.53), 72–144 104.31 (15.64), 75–138 2.19 (−4.64, 0.26) 0.22  

Fluid composite score [M (s.d.), range] 91.35 (17.72), 54–130 104.67 (18.16), 63–144 12.70 (9.21, 16.19) 0.89  

Picture sequence memory test [M (s.d.), range] 100.96 (15.96), 71–146 110.03 (17.55), 72–146 9.02 (5.32, 12.71) 0.59  

Flanker inhibitory control and attention test [M (s.d.), range] 81.67 (13.75), 54–114 89.51 (13.88), 56–126 7.91 (4.79, 11.03) 0.63  

List sorting working memory [M (s.d.), range] 99.11 (13.65), 64–136 104.04 (12.65), 72–128 4.65 (1.59, 7.70) 0.38  

Dimensional change card sort test [M (s.d.), range] 90.40 (17.87), 54–136 101.00 (19.79), 59–146 9.60 (4.99, 14.21) 0.50  

Pattern comparison processing speed test [M (s.d.), range] 98.26 (22.54), 54–140 110.27 (20.36), 63–146 11.40 (6.84, 15.97) 0.61  

Picture vocabulary test [M (s.d.), range] 102.94 (12.64), 64–136 102.76 (12.88), 79–127 0.38 (−2.21, 2.97) 0.04  

Oral reading recognition test [M (s.d.), range] 109.19 (17.43), 65–145 105.36 (17.90), 65–146 −4.60 (−7.02, −1.59) 0.37  

Met criteria for cognitive impairment [yes, n (%)] B 51 (53.7) 13 (16.7)    

Met criteria for invalid performance [yes, n (%)] C 11 (11.6) 3 (3.8)   

APaired samples t-tests and Cohen’s d for continuous variables. 
BDetermined using algorithms published by  Holdnack et al. (2017). 
CPerformance validity measured with Word Choice from Advanced Clinical Solutions from WAIS-IV; NIHTB-CB = The National Institutes of Health Toolbox 
Cognition Battery (National Institutes of Health and Northwestern University, 2006–2018).  

Table 4. Pearson correlations between cognitive symptoms, psychological variables and cognitive performances after mTBI.          

Variable RPQ-cognitive 
score 

Fluid composite 
score 

RPQ- 
physical 

RPQ- 
emotional 

IPQ-R DASS21 
total score 

PCS total 
score   

Time 1 (n = 95)  

RPQ-cognitive score 1 −0.21* 0.65** 0.51** 0.37** 0.17 0.09  

Fluid composite cognition score  1 −0.34** −0.36** −0.28** −0.18 −0.07  

RPQ-physical score   1 0.51** 0.52** 0.38** 0.40**  

RPQ-emotional score    1 0.40** 0.45** 0.31**  

IPQ-R consequences + timeline     1 0.46** 0.53**  

DASS21 total score      1 0.58**  

PCS total score       1 

Time 2 (n = 78)  

RPQ-cognitive score 1 −0.16 0.68** 0.55** 0.37** 0.24* 0.23*  

Fluid composite cognition score   −0.07 −0.10 −0.30** −0.23* −0.17  

RPQ-physical score   1 0.56** 0.53** 0.28** 0.26**  

RPQ-emotional score    1 0.47** 0.54** 0.45**  

IPQ-R consequences + timeline     1 0.38** 0.50**  

DASS21 total score      1 0.56**  

PCS total score       1 

*P < 0.05; **P < 0.01; 1. Fluid Composite Cognition Score from the National Institutes of Health Toolbox Cognition Battery; mTBI = mild traumatic brain injury; 
RPQ = Rivermead Post-Concussion Symptom Questionnaire; IPQ-R = Illness Perceptions Questionnaire-Revised Consequences and Timeline scales combined; 
DASS21 = 21-item Depression, Stress and Anxiety Scale.  
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cognitive performance within 3 months of an mTBI and 
6 months later. We also investigated demographic and clinical 
predictors of persisting subjectively experienced cognitive 
symptoms. Although there were slightly different patterns of 
associations depending on time post-injury, at both assess
ment points, subjectively experienced cognitive symptoms 
were more strongly associated with post-concussion symp
toms and psychological variables than with cognitive perform
ance. Early predictors of persisting self-reported cognitive 
symptoms included post-concussion symptom burden and 
injury recovery beliefs. 

Rates of cognitive impairment early and late after mTBI 
in our study are consistent with a large body of research 
identifying that measurable cognitive difficulties can be dis
cerned early after mTBI, generally resolving for a majority 
within early the weeks of injury (Karr et al. 2014; Boone et al. 
2024). Our findings of modest negative correlations between 
subjectively experienced cognitive symptoms and objec
tively measured cognitive performance early after mTBI 
are also consistent with other work. In a cross-sectional 
study investigating cognitive complaints within 3 months 

of injury in a highly symptomatic civilian sample (n = 100), 
subjective cognitive measures modestly negatively cor
related with actual cognitive/neurological performance, 

Table 5. Linear regression models evaluating associations between baseline variables (Time 1) and self-reported cognitive difficulties 7 months 
(Time 2) after mTBI         

Model Unadjusted Adjusted A 

B 95% CI P B 95% CI P   

Demographic variables        

Sex (male)  −0.32  −1.63, 0.99  0.63  −0.22  −1.82, 1.39  0.79  

Age at injury  0.00  −0.04, 0.04  0.98  −0.01  −0.06, 0.04  0.69  

Pre-injury ability (NIHTB-CB 
crystallised composite score) T1  

−0.02  −0.07, 0.03  0.46  0.02  −0.03, 0.07  0.44 

Clinical variables        

Previous depression (yes)  0.43  −0.86, 1.72  0.51  −1.29  −2.84, 0.26  0.10  

Previous concussion (yes)  −0.25  −1.52, 1.02  0.70  0.25  −1.18, 1.68  0.73  

Injury severity (any PTA yes)  −0.23  −1.51, 1.04  0.72  −1.40  −3.27, 0.47  0.14  

LOC (yes)  −0.09  −1.37, 1.19  0.89  0.53  −1.39, 2.45  0.57 

Objective cognitive performance        

NIHTB-CB fluid composite score T1  −0.04  −0.08, 0.01  0.10  0.00  −0.06, 0.05  0.91 

RPQ        

Physical + emotional symptoms T1  0.16  0.09, 0.22  <0.01  0.09  −0.04, 0.21  0.18 

Injury beliefs/expectations        

IPQ-R (total consequences and 
timeline beliefs) T1  

0.24  0.12, 0.34  <0.01  0.13  −0.06, 0.31  0.17 

Distress        

DASS21 total score T1  0.12  0.04, 0.17  <0.01  0.03  −0.05, 0.12  0.46  

PCS total score T1  0.17  0.09, 0.26  <0.01  0.08  −0.06. 0.22  0.24 

AR2 = 0.38; Adjusted R2 = 0.25; Dependent variable = Self-reported cognitive difficulties (RPQ-Cognitive score) at Time 2 (T2). mTBI = mild traumatic brain injury; 
CI = confidence interval; NIHTB-CB = National Institutes of Health Toolbox-Cognition Battery; LOC = loss of consciousness; T1 = Time 1; PTA = post-traumatic 
amnesia; RPQ = Rivermead Post-Concussion Symptom Questionnaire; IPQ-R = Illness Perceptions Questionnaire-Revised Consequences and Timeline combined 
subscale scores; DASS21 = 21-item Depression, Anxiety and Stress Scale; PCS = Pain Catastrophising Scale.  

Table 6. Linear regression model containing Time 1 predictors of 
self-reported cognitive symptoms remaining in the model after a 
backward selection process      

Variable B 95% CI P   

Post-concussion symptoms at T1:     

RPQ total physical and emotion 
symptom score T1  

0.13  0.03, 0.24  0.02 

Injury beliefs/expectations at T1:     

IPQ-R (total consequences and timeline 
beliefs) T1  

0.16  −0.01, 0.34  0.05 

R2 = 0.35; adjusted R2 = 0.24. 
Dependent variable = self-reported cognitive difficulties (RPQ-Cognitive 
score) at Time 2 (T2). 
CI = confidence interval; T1 = time 1; RPQ = Rivermead Post-Concussion 
Symptom Questionnaire; IPQ-R = Illness Perceptions Questionnaire-Revised 
Consequences and Timeline combined subscale scores.  
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mostly only for complex attentional tasks (Stillman et al. 
2020). 

Later after injury, at Time 2, correlations between sub
jectively experienced cognitive symptoms and objectively 
measured cognitive performances were weaker than those 
between subjective cognitive symptoms, post-concussion 
symptoms and psychological factors. This adds to other pub
lished research noting that factors contributing to persisting 
cognitive symptoms after mTBI are complex and multi
factorial, with psychological symptoms being important driv
ers of persistent self-reported cognitive outcomes (French 
et al. 2014; Barker-Collo et al. 2015; Ngwenya et al. 2018;  
Levy et al. 2024). Among these, the impacts of depression 
and anxiety on subjectively experienced cognitive symptoms 
after mTBI have been most studied. We have previously 
shown that recovery expectations and beliefs appear impor
tant in terms of general symptom outcomes (Snell et al. 2013,  
2015). In the present study, injury recovery beliefs also 
appeared to be associated more specifically with persisting 
self-reported cognitive symptoms. Factors that might contrib
ute to experiences of cognitive symptoms after mTBI include 
the representations of the injury, including expectations of 
cognitive recovery and the nocebo effect. The nocebo effect 
refers to symptoms that develop in response to negative 
health-related information, beliefs and/or experiences that 
can influence outcomes through their contextualised, psycho
social significance (Polich et al. 2020). 

There has been a recent upsurge in literature describing 
functional cognitive complaints; that is, where self-reported 
cognitive difficulties are not fully attributable to brain 
injury or disease, or that are in excess of objectively mea
sured or observed performance (Silverberg and Rush 2023). 
Mechanisms underlying such discrepancies are unclear, but 
could include increased concern about brain health follow
ing a neurological event, such as an mTBI, which could 
contribute to expectations of persistent poor cognitive func
tioning (Bhome et al. 2022). Bhome et al. (2022) suggest 
expectations of cognitive impairment reinforced by attribu
tion bias might override actual experience of good or improv
ing cognitive performance by not experiencing opportunities 
to update beliefs about cognition. 

Clinical implications 

Our findings add to work noting the impact of psychological 
symptoms on mTBI outcomes and the importance of early 
identification of at-risk individuals who may need prompt refer
ral for treatment (Silverberg et al. 2020). Although generic 
education and reassurance interventions early after mTBI 
have an evidence base (Snell et al. 2009; Silverberg et al. 
2020), there may be a specific opportunity to focus on factors 
thought to perpetuate cognitive symptoms (Silverberg and Rush 
2023). For example, better understanding of the expectations 
people hold about their cognitive recovery after mTBI and 
encouraging more normal (pre-injury) use of functions, such 

as memory, may provide an opportunity to challenge nega
tive expectations, experience cognitive successes and update 
beliefs about cognitive function (Griem et al. 2016; Mollica 
et al. 2022). 

Limitations 

First, we acknowledge the impact of the COVID-19 pandemic 
on missing datapoints in our sample and losses to follow up, 
with a small number of participants assessed only at either 
Time 1 or Time 2, but not both. Overestimating poor out
comes is a noted concern associated with attrition bias in 
mTBI studies (Cancelliere et al. 2023), although in this 
study, datapoints for cognitive assessment were missing at 
random and largely linked to the effects of the pandemic. In 
addition, it is possible that impacts of the pandemic contrib
uted to higher distress levels among participants recruited 
during 2020–2022; however, New Zealand’s COVID-19 cases 
were much lower than comparable countries in the first 
2 years of the pandemic, New Zealanders spent less time in 
lockdown than many other countries and the economy recov
ered faster (Anon 2024; French et al. 2025). Second, we did 
not have additional severity information, such as imaging, to 
explore whether cognitive outcomes were influenced by 
injury severity, beyond estimated post- traumatic amnesia 
and the Glasgow Coma Scale score. Third, it is worth noting 
the issue of ecological validity of neuropsychological assess
ment and the possibility that available cognitive tests and 
batteries, including the NIHTB-CB, may not be sensitive to 
day-to-day cognitive symptoms experienced by people after 
mTBI (Bigler et al. 2013). Furthermore, practice effects on the 
NIHTB-CB could have contributed to improved performances 
at 6–9 months post-injury. Although the test–retest reliability 
of the NIHTB-CB is generally considered to be excellent 
(Heaton et al. 2014), there are some accounts of practice 
effects evident at least at 3-month retest (Kuzmuk et al. 
2023). The NIHTB-CB practice effects have been described 
as similar to those obtained for the widely used gold standard 
neuropsychological measures, and practice effects would not 
undermine examination of associations between cognitive 
performance and other variables (Heaton et al. 2014). In 
addition, we did not exclude participants if they failed per
formance validity tests. This may have been a confounding 
factor, especially at Time 1. Fourth, we evaluated self- 
reported cognitive symptoms using the three cognitive symp
tom items of the RPQ. More robust measures of subjectively 
experienced cognitive symptoms (such as the Cognitive 
Failures Questionnaire (Broadbent et al. 1982) or Cognitive 
Complaint After Mild Closed Head Injury scale (Anderson 
2021)) are recommended to better understand and measure 
cognitive recovery after mTBI (Al Sayegh et al. 2010). Finally, 
the study recruitment procedure involved recruitment on 
presentation to an outpatient healthcare service following 
injury and consent to being contacted about the study. This 
means our findings may not generalise to the wider mTBI 
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population, and those who declined to be contacted and those 
sustaining mTBI, but not being referred or presenting to our 
recruitment sites or to health services at all, were missed 
(McCullagh and Feinstein 2003). Furthermore, those referred 
for outpatient rehabilitation are likely to be referred because 
they demonstrate risk factors for slow recovery, such as a 
high post-concussion and psychological symptom burden, 
prior history of mTBI, and mental health complications 
(Silverberg et al. 2015). Thus, although our sample reflects 
a subpopulation of people sustaining mTBI, it appears similar 
to the population of people referred to mTBI outpatient 
clinics (Forrest et al. 2018). 

Conclusions 

Factors contributing to subjectively experienced cognitive 
symptoms after mTBI appear complex. High early post- 
concussion symptom burden and psychological mechanisms, 
such as pessimistic recovery expectations, may increase risk 
for persistent subjectively experienced cognitive symptoms. 
Our findings may be helpful for clinicians by guiding targeted 
treatment efforts towards addressing factors with the potential 
to influence cognitive symptom reporting after mTBI. 
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