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REVIEW

Is there evidence for a relationship between cognitive impairment and fatigue 
after acquired brain injury: a systematic review and meta-analysis 

Avril Dillona, Jackie Caseyb , Helen Gaskellc, Avril Drummondd , Nele Demeyeree and Helen Dawesf,g 

aDepartment of Health and Life Sciences, Oxford Brookes University, Oxford, UK; bDepartment of Clinical Sciences, Orthopedics, Lund 
University, Lund, Sweden; cOxford Centre for Enablement, Oxford University Hospitals NHS Trust, Oxford, UK; dSchool of Health Sciences, 
University of Nottingham, Nottingham, UK; eDepartment of Experimental Psychology, Cognitive Neuropsychology Centre, University of Oxford, 
Oxford, UK; fExeter BRC, Exeter, UK; gCollege of Medicine and Health, University of Exeter, Exeter, UK    

ABSTRACT  
Purpose: Fatigue is a major symptom of ABI. Greater fatigue is associated with cognitive impairment. Our 
aim was to systematically review, describe and analyse the literature on the extent of this relationship. 
Methods: Five databases were searched from inception. Studies were included where: participants had a 
defined clinical diagnosis of ABI which included TBI, stroke or subarachnoid haemorrhage; a fatigue measure 
was included; at least one objective cognitive measure was used. Three reviewers individually identified studies 
and determined quality using the Quality Assessment Tool for Observational Cohort and Cross-sectional Studies. 
Results: Sixteen of the 412 identified studies, investigating the relationship between cognitive dysfunc-
tion and fatigue, comprising a total of 1,745 participants, were included. Quality ranged from fair to 
good. Meta-analysis found fatigue was significantly associated with an overall pattern of cognitive slowing 
on tasks of sustained attention. A narrative synthesis found weak associations with fatigue and informa-
tion processing, attention, memory and executive function. 
Conclusion: Analysis found sustained attentional performance had stronger associations with fatigue after 
ABI. Whereas, weak associations were found between fatigue and information processing, attention and 
to some extent memory and executive function. More focused research on specific cognitive domains is 
needed to understand the mechanisms of fatigue.    

� IMPLICATIONS FOR REHABILITATION 
� Cognitive dysfunction is associated with higher fatigue levels after stroke, traumatic brain injury or 

subarachnoid haemorrhage. 
� Management of cognitive dysfunction may improve fatigue and participation in meaningful activities 

after stroke, traumatic brain injury or subarachnoid haemorrhage. 
� Intervention strategies that reduce cognitive load during everyday activities (e.g., grading the burden 

on attentional resources), may potentially be effective in managing post-ABI fatigue. 
� Agreement on core measures could facilitate integration of findings into clinical practice. 
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Introduction 

Acquired Brain Injury is an injury to the brain that is not heredi-
tary, congenital, degenerative, or induced by birth trauma [1]. It is 
over-arching clinical term which includes Stroke, Traumatic Brain 
Injury (TBI), and Subarachnoid Haemorrhage (SAH), with the inci-
dence of Stroke and TBI alone accounting for 13.7 [2] and 69 mil-
lion [3] respectively each year worldwide [1–3]. These groupings 
(Stoke, SAH, TBI) will be collectively referred to as ABI within this 
review. Advances in medical management mean that more people 
are surviving and living longer with the consequences of ABI [4,5]. 
The number of people experiencing ABI at a younger age is also 
increasing. ABI is considered a long-term health condition [5] with 
cognitive, physical, and psychological deficits affecting family, 
social and vocational roles. 

Fatigue is reported by ABI survivors as a highly problematic 
and persisting experience with many rating it as their most severe 
symptom amongst post-ABI sequelae [6–8]. Fatigue can be char-
acterised in a number of ways, including physical, mental and 
social dimensions, resulting in an associated range of measure-
ment strategies [6,9–12]. The complexity of this mechanism, pres-
entation and measurement has led to inconsistency in reporting 
of fatigue trials in the literature, making it difficult to synthesise 
evidence. The mental or cognitive manifestations of fatigue are 
conceptualised by Chadhuri and Behan [13] as a difficulty with ini-
tiating or sustaining attentional tasks, which is experienced with-
out any peripheral motor impairment. Including cognitive fatigue 
is important, as individuals after an ABI often report a state of 
mental fatigue over physical fatigue, especially around performing 
a cognitive task which requires sustained effort [14,15]. An 
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emerging approach, known as the “coping hypothesis,” states 
fatigue results from the compensatory effort required by individu-
als with an ABI to meet the demands of everyday life tasks in the 
presence of cognitive deficits, namely impaired attention and 
information processing abilities [14,16]. 

Cognitive dysfunction post ABI is also suggested to signifi-
cantly overlap with and exacerbate any changes in physical, 
behavioural, or emotional status, and possibly fatigue [6,17–20]. 
However, whilst there have been extensive investigations into 
physical functioning and fatigue [9,21,22], the nature of the rela-
tionship between cognitive impairment and fatigue after ABI has 
received limited attention. Cognitive impairments are common 
and troublesome sequelae post ABI with almost 70% of survivors 
demonstrating at least some cognitive impairment on neuro-
psychological assessment [23,24]. Existing research details deficits 
in core domains such as attention and information processing 
speed [25], in line with revised definitions of post stroke vascular 
cognitive impairment [26]. Given the negative impact of fatigue 
on participation, an investigation into the possible underlying 
mechanisms mediating mental fatigue after ABI has clinical impli-
cations [5,27,28]. 

A systematic review in 2016, investigated the relationship 
between severity of fatigue, as assessed by questionnaire meas-
ures and broad cognitive abilities, after stroke [23]. There was 
some evidence to indicate associations, however studies which 
focused on the presence or impact of fatigue were not reviewed 
as inclusion was restricted to those that captured severity of 
fatigue. Similarly, no review has examined the extent of the rela-
tionship of domain-specific cognitive changes with fatigue across 
acquired brain injury. Thus, the aim of this systematic review and 
meta-analysis was to establish the presence and extent of any 
associations of cognitive impairment and domain specific cogni-
tive impairment to fatigue measures post ABI. The study design 
and quality of each study will be first described, and then 
followed by a meta-analysis and narrative summary of the 
reviewed literature. 

Methods 

This review was conducted in compliance with the Preferred 
Reporting Items for Systematic Reviews (PRISMA) guidelines [29]. 
The protocol was registered with the International Prospective 
Register of Systematic Reviews (PROSPERO) in October 2019 
(Registration no: CRD42019156038). A team of reviewers (ADi, JC, 
HG and HD) developed a pre-defined search strategy. 

Types of participants 

Adults aged 18 years and over (no upper age limit) who had a 
defined clinical diagnosis of ABI which includes TBI (moderate, 
severe), Stroke (all pathological subtypes), minor stroke, and 
Subarachnoid Haemorrhage where symptoms persisted over a 
24-h period were included. 

Studies with ABI participants with clinical symptoms typically 
lasting less than 24 h, and where diagnosis required less than 
30 min of loss of consciousness, memory loss of less than 24 h, 
and GCS of 13–15 were excluded. ABI studies with cohorts with a 
clinical diagnosis of Transient Ischaemic Attack (TIA), Mild 
Traumatic Brain Injury or concussion were therefore excluded. 

Differentiating between the mixed populations and sub-types 
of ABIs within each study required scrutiny of the individual study 
groups. Therefore, studies with mixed ABI study populations were 
initially included if the terms were detailed within the title and 

abstract of the papers. Following full assessment, papers were 
then included if at least 75% of participants had a defined clinical 
diagnosis of ABI which includes TBI (moderate, severe), Stroke or 
Subarachnoid Haemorrhage. If these participants comprised less 
than 75% of the study sample, studies were only included if they 
reported or provided separate data. 

Types of studies and information sources 

A comprehensive search strategy was developed with the terms 
Acquired Brain Injury, Stroke, fatigue, and cognitive impairment 
and their associated synonyms and terms (Supplementary 
Appendix 1 for the full search strategy). The search was limited to 
English language and human studies. Studies were included if a 
relationship between a cognitive impairment and fatigue was 
investigated. Any aspect of fatigue was included if it assessed 
concepts relating to fatigue, such as exhaustion, lack of energy or 
tiredness. Standardised and non-standardised fatigue measures 
were included. Studies were included if they reported at least one 
quantitative outcome measure of cognition. We specified object-
ive outcome measures of cognitive impairment, as subjective 
measures are known to be related to behavioural responses and 
mood and might therefore bias the relationship under investiga-
tion [30]. To aid interpretation, cognitive assessments and fatigue 
measures were categorised in accordance to how they have been 
described in each study. 

Randomised control trials, cohort studies, case-control and 
cross-sectional studies were considered for this review. 
Systematic reviews, single case studies, reviews and editorials, 
paediatric studies, dissertations, and articles with no primary data 
were excluded. 

For the purpose of summarising the literature comprehen-
sively, no distinction was made between study setting and timing 
of assessment of cognitive impairment or fatigue (Table 1). The 
following databases were searched from the date of inception to 
21 March 2022: PsycINFO, PubMed, CINAHL, OT Seeker, and Web 
of Science. 

Data extraction, charting process and quality assessment 

Data were extracted using a pre-defined abstraction form adapted 
for this review by one of the reviewers (ADi) and then verified by 
the second and third reviewers (HG, JC). Three reviewers inde-
pendently screened the title and abstracts against the inclusion 
criteria (ADi, HG, and JC). Full text articles were obtained for all 
titles/abstracts that met the inclusion criteria and/or where there 
was any uncertainty. Three reviewers read the full reports and 
decided whether they met the inclusion criteria. Any disagree-
ments were resolved by a fourth independent reviewer (HD). 
Next, the reference lists of all identified studies were hand 
searched to identify further potentially relevant studies. Data were 
presented as per PRISMA guidelines, with a PRISMA flow chart 
used to present the progression of study selection against the 
inclusion/exclusion criteria (Figure 1). Extracted information 
included: Population demographics and ABI characteristics (Table 
1), measures of cognitive impairment (Table 2) and for fatigue 
(Table 3). Contact was made with authors of primary studies or 
reviews where further information was required. We hand 
searched the reference lists of the eligible studies and any papers 
identified were reviewed against the inclusion criteria. 

Three assessors (ADi, JC, and HG) independently assessed for 
risk of bias using the quality assessment tool for observational 
and cross-sectional studies [33]. This tool consists of 14 items that 
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examine the key concepts of each study’s internal validity and sci-
entific contribution including, reliability, implementation and time-
frame of outcome measures and assessment strategies used. 
Confounding variables, selection and attrition bias were also 
under review. The tool provided a rating for low, fair or high risk 
of bias and informed the interpretation of our results (Table 1). 

Strategy for data synthesis 

Due to the heterogeneity of measurement approaches and ABI 
populations, a mixed method approach was used to analyse the 
data: A narrative synthesis detailed the characteristics and find-
ings of all studies (see also Analysis of subgroups). 

Meta-analysis was performed on studies that investigated the 
relationship between mean reaction times (RTs) and fatigue, if 
data were available within individual studies and in the appropri-
ate format (Pearson’s r). A bespoke Exploratory Software for 
Confidence Intervals for analysis of Pearson r correlations was 
used [34]. As observed RTs differences are often vulnerable to 
trade-offs between speed and accuracy [35,36], only RTs (i.e., 
scores based on speed of RT) were included in meta-analysis 
(Figure 2). Also, mean RTs were the most consistent data available 
and in the appropriate format (correlations, r) to complete 
this analysis. 

Analysis of subgroups or subsets 

Due to the heterogeneity of ABI populations, it was not possible 
to explicitly pre-define subgroups in advance. Instead, subgroup 
analyses were performed where sufficient data on specific 

cognitive domains, assessments used, and study design were 
available. For this, the number of associations made in each study 
were counted. In longitudinal studies with multiple data time 
points, associations made were counted at each time point. We 
also determined whether studies were adequately powered. To 
detect a medium effect of association an a¼ 0.05 (2 tailed), and 
power of 0.9 was used. Therefore, studies with a sample <144 
participants were deemed underpowered [37,38] and not included 
in this stage of the analysis [39]. Associations that were found to 
be positive within subgroups were described in percentage. Three 
main sections are presented: (1) Study designs and study quality; 
(2) Overview and meta-analysis of associations between cognitive 
impairment and fatigue; (3) Detailed breakdown of domain spe-
cific cognitive impairment, the assessments used and their rela-
tionship to fatigue measures. 

Results 

Study designs and study quality 

Overall, 16 studies met the inclusion criteria. The ABI populations 
varied and included four studies with a Traumatic Brain Injury 
sample [15,16,31,38], ten with a stroke sample [11,12,32,36,37, 
40–44], and two studies in a Subarachnoid Haemorrhage sample 
[10,45]. Two further studies had mixed sample populations 
[46,47], however, did not meet the inclusion criteria: one had the 
wrong study design [46] with no separate data available, the 
other did not investigate for a relationship [47] and could not be 
included at this point. With regards to study design, eleven stud-
ies employed a cross-sectional design with the remaining five 
studies being longitudinal cohort designs. 

Table 1. Demographic characteristics, clinical variables in ABI, study participants (n¼ 1,745), and risk of bias.  

Study Ns Gender 
Time 

since onset Education Country 

Relationship 
cognitive 
& fatique Risk of bias   

TBI studies        
15 Azouvi et al. (2004)   43 # 11 10 Months 11 years (SD 2.6) France Yes Fair 
38 Beaulieu – Bonneau 

et al. (2017)   
22 # 5 53 Months 12.41 yrs (S.D 2.46) Canada No Fair 

16 Belmont et al. (2009)   27 # 6 9 Months 13.45 yrs (SD 2.63) France Yes Low 
31 Sinclair et al. (2013)   20 # 14 133 Days to  

13.4 years 
15.2 yrs (S.D 3.4) Australia Yes Low  

Stroke studies        
40 Delva et al. (2017)   156 # 73 6 Months 34% Higher Ed Ukraine Yes Low - Fair 
41 Drummond et al.(2017)   268 # 168 24 Days NS UK No Low 
44 Goh & Stewart (2019)   53 # 35 20 Months 0 yrs n¼ 2%; 6yrs n¼ 32%; 9 

yrs n¼ 28%; 12yrs n¼ 17%; 
16yrs n¼ 15%; 
>16yrs n¼ 6% 

USA Yes Fair 

11 Hubacher et al. (2012)   31 # 6 51 Days Secondary Ed n¼ 16%; college 
Ed n¼ 65%; university 
Ed n¼ 19% 

Switzerland Yes Fair 

37 Park et al. (2009)   40 # 26 33 Months NS South Korea No Fair 
43 Pihlaja et al. (2014)   133 # 86 85 Days 12 yrs Finland Yes Low 
42 Morsund et al. (2019)   325 # 205 3–12 Months NS Norway No Low 
12 Radman et al. (2012)   109 # 72 6 Months &  

12 months 
NS Switzerland Yes Low 

32 Holmberg et al. (2021)   311 # 180 3 Months NS Sweden No Low 
36 Ulrichsen et al. (2020)   53 # 38 6–45 Months 14.56 yrs (S.D 3.65) Norway Yes Low  

SAH studies        
10 Boerboom et al. (2017)   46 # 29 4.7 Years 41.3% ¼> High school Netherlands Yes Low 
45 Passier et al.. (2011)   108 # 19 11 Weeks Low/Intermediate n¼ 91 

(83.5%), high 
n¼ 18 (16.5%) 

Netherlands Yes Fair           

Total: 16 studies      Total: 11 studies   
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Study quality 
The study quality ranged from fair to low risk of bias. Justification, 
power description, or variance and effect estimates was not pro-
vided in 89% of studies. Overall, exposure measures were valid 
and reliable, with the exception of one study using a non-standar-
dised fatigue measure used [32]. Measures were not clearly 
defined in certain studies [10,12,38,42,43]. There was a total of 
1,745 (M973/F772) participants across these studies: TBI 112 (M36/ 
F76); Stroke 1,479 (M889/F590); SAH 154 (M48/F106). Seven stud-
ies had fewer than 50 participants [11,15,16,31,37,38,43], the 
larger sample sizes tended to come from stroke studies with 8/10 
studies having between 53-325 participants (Table 1). 

Overview of measures 

There were a total of 59 measures of cognition used including 
objective, subjective and reaction time assessments (Table 2). 
These measures included cognitive screening measures, neuro-
psychological assessment and reaction time (RT) based assess-
ments. In all, 51 assessments were paper based subtests from 
detailed neuropsychological batteries of assessment. 

In total, there were eight measures used to explore fatigue lev-
els, and these were grouped into either unified style scales or 
multi-dimensional scales to aid analysis (Table 3). A unified scale, 
often referred to as Likert self-rating scale was often used to cap-
ture the experience of momentary fatigue or fatigue over a given 
period. The Fatigue Severity Scale (FSS) was the most frequently 
used unified scale. The FSS “clinical cut off” score varied across 
the studies from �4 [10,31,36,37,41,44,45], �4.6 [11] and �5 [42]. 
One study did not indicate this score [16]. 

A multi-dimensional (MD) fatigue scale aims to capture various 
aspects that describe the experience of fatigue such as mental, 
cognitive, physical, and social aspects. 

Overview and meta-analysis of associations between cognitive 
impairment and fatigue 

In total, 221 associations were investigated between cognitive 
impairment and fatigue across 16 studies (Table 2). Eleven studies 
found a 30% rate of positive association (67/221 comparisons ana-
lysed) between a cognitive impairment and fatigue across ABI 
populations [10–12,15,16,31,36,40,43–45]. The remaining five 

Figure 1. Preferred reporting item for systematic review and meta – analysis flow chart study selection.  
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studies did not find an association across 40 comparisons 
[32,37,38,41,42], two of these studies [37,38] were underpowered 
(Tables 2 and 4). In terms of domain specific investigations, the 
highest rate of positive association was with the domain of infor-
mation processing with 48% of all specific associations reported 
found to be significant. The domain of attention had a 40% rate 
of positive association with fatigue levels, memory had 16% and 
executive functioning had 14% (Table 4). 

A unified fatigue scale was used in 14 studies 
[10,11,15,16,31,32,36–38,41–45] and had an overall 24% rate of 
positive association with a cognitive impairment (Table 4). 
Notably, the two studies [11,42] that used higher FSS cut off 
scores did not find an association. All three studies that used the 
cognitive dimension of a Multi-Dimensional scale found positive 

associations with a cognitive domain impairment [11,12,40], an 
overall 56% rate of positive association (Table 4). 

In terms of measuring cognition and fatigue, the majority of 
studies used standardised cognitive screening and/or neuro-
psychological batteries to determine cognitive changes, though 
more complex experimental tasks aimed at picking up more sub-
tle changes were also used by some. 

Cognitive screening measures & fatigue 
Global dementia screens were utilised across five studies to inves-
tigate for a relationship [32,37,40,42,44], with two finding positive 
associations [40,44]. Delva et al. [40] formed a positive association 
with fatigue using the Montreal Cognitive Assessment (MoCA) 
and a multi-dimensional fatigue measure (MFI-20, mental 

Table 3. Fatigue scales and dimensions assessed. 

Measure Number of studies Dimension of fatigue assessed  

Unified scales    
Fatigue Severity Scale – FSS   10 General experience of fatigue  
Visual Analog Scale – VAS/VAS–f   2 General experience of fatigue  
Profile of Mood States fatigue subscale – POM–f   1 General experience of fatigue  
Fatigue Likert scale, unspecified� 1 General experience of fatigue  
Subtotal : 4   

Multi – dimensional scales    
Modified Fatigue Inventory – MFI � 20   1 Five domains: general fatigue, physical fatigue, 

reduced motivation, reduced activity, 
mental fatigue  

Modified Fatigue Impact Scale – MFIS   1 Four domains: cognitive, physical, psychosocial 
functioning.  

Fatigue Assessment Inventory – FAI   1 Four domains: severity; pervasiveness associated 
consequences; response to sleep.  

Fatigue Scale of Motor and Cognitive Functions 
– FMSC   

1 Two domains: cognitive & Motor subscales.  

Subtotal: 4   
Total: 8 measures of fatigue    
�Unspecified: Study [32], own non – standardized scale used.

Figure 2. Forest plot displaying reaction time scores in Pearson’s r and relationship between cognitive measures/fatigue scales.  
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dimension) at 3 times points (6 months: OR 3.23; CI 1.12–5.80; 
p¼ 0.03; 9 months: OR 2.77; CI 1.12–6.88; p¼ 0.03; 12 months OR, 
5.95: CI 2.18 � 16.28; p¼ 0.005). Goh & Stewart [44] formed a posi-
tive association with the MOCA and the FSS, alongside two reac-
tion time based assessments (SRT, CRT). Holmberg et al. [32] did 
not find an association with the MOCA and a Likert scale, 
3 months post stroke. The other two studies [37,42] failed to 
make an association with fatigue using another global dementia 
screen, the Mini-Mental State Examination (MMSE). Of these, one 
study was underpowered [37]. 

Domain-specific standardised neuropsychological assessment bat-
teries & fatigue 
A total of 9 studies utilised detailed neuropsychological batteries 
targeting specific cognitive domains when investigating a rela-
tionship across lengthy testing procedures [10–12,38,41–45]. Of 
these, six studies found a 23% rate of positive association (Table 
4). Three studies did not find an association [38,41,42]. One study 
[41] reported that the failure to make an association could be due 
to participants having relatively minimal cognitive deficits. One 
study was underpowered [38]. Two studies [12,45] used the sum 
score across a battery of cognitive assessments to investigate a 
relationship with fatigue levels, and 3/3 associations were 
established. 

Nine studies that considered fatigue during testing procedures 
[10,11,15,16,31,36,40,44,45] found a positive association with cog-
nitive impairment. Of the remaining seven studies 
[12,32,37,38,41–43] that did not consider a break (not explicitly 
mentioned), a relationship was not found in five studies 
[32,37,38,41,42]. Fatigue levels were examined pre or post-testing 
of the cognitive task trial within six studies [10,11,15,16,31,38]. Of 

these, five studies found an association with a cognitive impair-
ment [10,11,15,16,31] and the FSS [10,15], the Visual Analogue 
Scale (VAS) [16], the Fatigue Scale for Motor and Cognitive 
Functions (FSMC) [11] and Modified Fatigue Impact Scale 
(MFIS) [11] 

Complex task approaches and reaction time based assessments 
Analytical approaches based on mean Reaction Times (RTs) was 
used to investigate a relationship with fatigue in seven studies 
[11,15,16,31,36,38,44]. This approach required participants to sus-
tain attention on challenging reaction time based assessments 
(RT). Shorter RTs suggest faster information processing speed [38]. 
Longer RTs were an indication of difficulty with sustaining atten-
tion [16,31], mental fatigue [36] or mental effort [15]. In all, six 
studies [11,15,16,31,36,44] found a 39% positive association (Table 
2). The one study that did not find a relationship was underpow-
ered [38]. 

Meta-analysis. Only the studies employing RT based measures 
had sufficient comparable data to conduct a meta-analysis on the 
correlations found between fatigue levels and processing speed 
performance on cognitive tasks. The meta-analysis found a signifi-
cant but low overall effect size (r¼ 0.234) between higher fatigue 
levels and mean RTs [11,16, 31, 36,38,44] (Figures 2 and 3]. 

This evidence was of moderate quality (Table 1, Risk of bias). 
There was insufficient reporting of results in one study [15], cor-
relation values were not shown and described as “low.” Another 
study [36] used a mixed models approach when making compari-
sons. Therefore, these results [15,36] could not be included in 
meta-analysis. Duration of the specific assessment lasted more 
than 10 min in most studies [11,15,16,31,36,38,44]. Although 

Table 4. Summary of domain specific comparisons made, associations found, rate of positivity (%).  

No. of  
studies 

Study  
making  

investigations 

No. of studies  
with significant  

associations 

Positive associations  
found/total associations  

investigated 

Rate of  
positivity  

% 

Studies finding  
positive  

associations  

Relationship of domain specific       
cognitive impairments to fatigue        

Information processing   5 10,11,41,43,44   4 11/23   48 10,11,43,44  
Attention   10 10,12,15,16,31,36,38,41,44,45   7 33/82   40 10,12,15,16,36,44,45  
Memory   7 10,11,12,38,42,43,45   4 9/55   16 10,11,12,43  
Executive function   6 10,11,12,42,43,45   3 6/35   17 42,43,45  
Language   1 12   1 2/4   50 12  
Reasoning   1 43   0 0/9   0   
Visuoconstuction   1 10   0 0/1   0   
Subjective cognition   1 10   0 0/1   0  

Relationship of fatigue scales       
Unified fatigue scales       
Overall scores   13 10,11,13,15,16,31,36,37,41-45   7 44/180   24 10,15,16,36,43,44,45  

VAS/VAS–f   2 15,43   1 10/28   36 15  
FSS   10 10,11,16,31,36,37,41,42,44,45   5 28/106   26 10,16,36,44,45  
Fatigue Likert scale   1 32   0 0/1   0 0  
POMS – f   1 43   1 6/45   13 43 

Multi–dimensional fatigue scales       
Overall scores   3 11,12,40   3 23/41   56 11,12,40  

FSMC   1 11   1 4/8   50 11  
MFIS – C   1 11   1 4/8   50 11  
FAI   1 12   1 12/22   55 12  
MFI � 20� 1 40   1 3/3   100 40 

Overall associations   16    10 67/220   30 10-12,15,16,36,40,43-45 
Study designs:        

Design 1: domain 
specific assessment   

9 10-12,38,41-45   6 32/141   23 10-12,43,44,45  

Design 2 : RTs   7 11,15,16,31,36,38,44   6 28/71   39 11,15,16,31,36,44  
Domain general   5 32,37,40,42,44   2 4/8   50 40,44  
Global cognition abilities   2 12,45   2 4/5   80 12,45  
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certain studies did not detail the duration of each session, this 
can be inferred from the testing procedures used [11,15,44]. 

One study [44] found a significant relationship between base-
line fatigue (FSS) and increased RTs (SRT r¼ 0.29, p¼ 0.03, CRT 
r¼ 0.29, p¼ 0.03), and reports the findings may be due to a mani-
festation of cognitive deficits particularly information processing, 
and vigilance/attention: correlation coefficients were reported as 
fair in strength. Another study [11] did not find a significant cor-
relation with baseline FSS scores and RT measures: SDMT (0.23, 
p< 0.0); PASAT (0.21, p< 0.01) but did when cognitive subscales 
of two multidimensional fatigue scales were applied: MFIS-C 
(SMDT: r¼ 0.45, p< 0.05) and FSMC-C (SMDT: r¼ 0.54, p< 0.01; 
PASAT: r¼ 0.49, p< 0.05). FSS clinical cut-offs values were higher 
at >4.6 in this study in comparison to another study [44] who did 
find an association using a cut off of >4. One study [16] that 
completed two RT sessions on the Go/No Go with TBI participants 
(2� 30 min sessions, T1 & T2) also found baseline fatigue (FSS) 
was significantly correlated with deterioration in RTs during the 
second session only (r¼ 0.41, p� 0.5). Accuracy was associated 
with fatigue (FSS) in the first session only, but stayed steady dur-
ing the second half. These findings may be an indication of fatig-
ability with time on task accounting for effects seen during T2, 
however significant associations were also reported with higher 
mental effort and increased RTs across both sessions. 

Another study [15] reported “low” correlations between higher 
levels of momentary subjective and mental effort (VAS) to per-
form tasks, even during relatively simple tasks (Go/No Go) in com-
parison to healthy controls, and described as resulting in higher 

sensations of fatigue. As mentioned, data was not shown in the 
study [15]. 

Complexity of task was heightened in two studies [36,38]. The 
first study [38] did not find a relationship across 4 reaction time 
conditions on the CPT II (r¼<0.31, p� 0.16) and fatigue (VAS-f). 
There was a significant relationship between RT scores and 
“sleepiness” (VAS-s) before and after testing (r¼ 0.55, p< 0.01) 
with a noted progressive slowing in RT over time in the TBI 
group, compared to healthy controls possibly due to 
“accumulated fatigue” while sustaining [attentional] tasks. We 
explored the consequence of adding this trial to the analysis; the 
overall effect remained positive (r¼ 0.236). 

The other study [36] did not find a significant association 
between FSS and mean RT across (r¼0.09, p¼0.48) or within vary-
ing complex conditions (incongruent flanker: r¼ 0.05, p¼0.67, 
congruent flanker: r¼0.11, p¼0.47, neutral flanker: r¼0.12, 
p¼0.37). However, results from linear mixed models identified sig-
nificant associations between FSS score and RT with an observed 
decrement in sustained performance over time, however this for-
mat of analysis could not be included in meta-analysis. The final 
study [31], identified an overall pattern of cognitive slowing 
across the attention task (The PVT), with delayed RTs seen from 
the onset (between 1 and 2 min) in comparison to healthy con-
trols. However, statistical significance was not reached (r< 0.30, 
p> 0.14), the authors explain that this is likely due to the large 
heterogeneity between participants. On a much smaller homo-
genous sample (n¼ 3), the authors did observe a significant rela-
tionship with fatigue (FSS), speed of information processing and 

Figure 3. Meta-analysis effect size in Pearson’s r. 
Figure 2 &3, Abbreviations of cognitive assessments: SMDT: Symbol Digit Modalities Test; PASAT: Paced Auditory Serial Addition Test; CPT II: Continuous Performance Test II; PVT: Psychomotor 
Vigilance Task; SRT: simple reaction time; CRT: choice reaction time; ANT: Attention Network Test. Abbreviations of fatigue measures: FSMC – C: Fatigue Scale of Motor and Cognition – cogni-
tive subscale; MFIS – C: Modified Fatigue Impact Scale, cognitive subscale; VAS: Visual Analog Scale; FSS: Fatigue Severity Scale. Figure 2: Positive threshold target (yellow vertical line), 0.2.  
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attention deficits (PVT). Values were not provided in a suitable for-
mat (in r) to include in meta-analysis [31]. 

Domain specific cognitive impairment, assessments used and their 
relation to fatigue measures: overall findings 
Information processing. The relationship between the domain of 
information processing and fatigue was investigated across five 
studies [10,11,41,43,44]. Four studies established a 48% rate of 
positive association with fatigue [10,11,43,44] (Table 4). All five 
studies were adequately powered. There were nine different cog-
nitive assessments used when completing the investigations. Six 
cognitive assessments were paper based, with four assessments 
(TMT A, Digit span, D2 and symbol substitution) finding 8/19 posi-
tive associations [10,43], and all were formed with unified fatigue 
scales: the FSS (4) and POMS-f (4). Two assessments were reaction 
time based assessments (SRT, SMDT), with both assessments find-
ing 3/4 positive associations [11,44] using a variety of fatigue 
scales – the FSS (1), the MFIS (1) and the FSMC (1). 

Attention. The domain of attention was the most frequently inves-
tigated domain across ten studies [10,12,15,16,31,36,38,41,44,45]. 
Eight studies found a 40% rate of positive association with fatigue 
[10,12,15,16,31,36,44,45] (Table 4). One study that did not find an 
association were underpowered [38]. In all, 13 different cognitive 
assessments were used to investigate various domain specific 
aspects of attention including sustained, divided, and selective 
attention. Seven cognitive assessments were paper based tasks, 
with 3 assessments (TEA, D2, Digit span) finding 9/18 associations 
[10,12]. Two fatigue measures were used in these instances, the 
FAI (5) [12], and the FSS (4) [10]. Seven assessments were reaction 
time (RT) based assessments, with three (RT) assessments (Go No 
Go, CRT, ANT) finding 24/64 positive associations with fatigue lev-
els [15,16,36,44]. Two unified fatigue measures were used when 
forming these associations: the VAS (10) [15], and the FSS (14) 
[16,36,44]. As noted (see Meta-analysis), the PVT also found posi-
tive associations with fatigue levels [31]. 

Memory. The relationship between the domain of memory and 
fatigue levels was explored across seven studies 
[10–12,38,42,43,45]. Four studies found 16% rate of association 
with fatigue [10–12,43], (Table 4). One study that did not find an 
association was underpowered [38]. In all, 19 paper based assess-
ments and one reaction time based assessment of memory were 
used to assess either short-term or long-term memory. Two stud-
ies found weak associations (3) when using unified fatigue scales 
(1/13 with FSS; 2/12 with POMS-f) [10,12]. Two studies found the 
remaining six associations using the cognitive dimensions from 
three multi-dimensional fatigue scales were applied – the MFIS-C 
(2), FSMC (3), and FAI (1) [11,12]. 

Executive function. The domain of executive function was 
assessed in six studies [10–12,42,43,45]. Three studies [10–12] 
found a 14% rate of positivity (Table 4). All studies that did not 
find an association were adequately powered [42,43,45]. Eight dif-
ferent paper based cognitive measures were used. One study 
found weak associations (2) with a Word Fluency Task and the 
FSS fatigue scale [10]. Two studies used three cognitive assess-
ments (Word list generation, Stroop, Category and Letter Fluency 
task) and two multi-dimensional fatigue scales to find three posi-
tive associations – the MFIS-C (1), and the FAI (2) [11,12]. 

Language was investigated in one study with 2/4 positive asso-
ciations found with a multi-dimensional fatigue measure (FAI) [12] 
(Table 4). There was no association with reasoning [43], or 

visuoconstruction [10] and fatigue levels, nor a subjective cogni-
tive assessment and fatigue [10]. Two studies utilised the sum 
score across a battery of assessments to find the three remaining 
associations with fatigue [12,45]. 

Discussion 

To the researchers’ knowledge, this is the first systematic review 
that explored the complex relationship between cognitive impair-
ment and fatigue after Acquired Brain Injury (ABI). We found over-
all that the association between cognitive impairment and fatigue 
across the included ABI populations was weak (67/221). However, 
in-depth analysis of domain specific cognitive impairment 
revealed more robust relationships with fatigue levels. The 
domains of information processing and attention were the most 
frequently investigated cognitive domains and consistently associ-
ated with fatigue post-ABI, reaching statistical significance. 
Furthermore, studies that challenged attentional resources (i.e., 
via Reaction time based assessments) were positively associated 
with fatigue (7/7 studies), some results were dependent on the 
method of data analysis performed [36,38] and population sample 
assessed [31]. 

Our results showed an overall weak association between a 
cognitive impairment and fatigue. This review contributes new 
insights that may explain why we managed to find a relationship 
in comparison to other studies who found none [23,48]. First, the 
broad scope of this review lends itself to extensive investigations 
of this literature (as opposed to stroke alone [23,48]) and under-
lines the plethora of measures and methodologies used across 
the included ABI studies. Next, our results provide insights on the 
use of two domain general screens, the MMSE and the MOCA: 
while the lack of association with the MMSE [37,42] aligns with 
previous study findings [23,48], we found associations with fatigue 
and the MOCA in two studies [40,44]. Delva et al. [40] formed an 
association with fatigue using the MOCA and a multi-dimensional 
fatigue measure (MFI-20, mental dimension) however, wide confi-
dence intervals were applied to make these associations. Goh & 
Stewart [44] formed a positive association with the MOCA and the 
FSS, alongside two RT assessments (SRT, CRT). The authors [44] 
explained that the MOCA may be a more sensitive assessment to 
investigate this relationship, as executive function and attention 
are included in this screen and not the MMSE. Although, one 
study [32] noted that lack of association in their research was due 
to the use of the MOCA, a global dementia screen known to be 
insensitive in detecting cognitive change after stroke, which aligns 
with previous studies [23,49]. Indeed, the measurement strategy 
used [44] could have placed demands on other cognitive proc-
esses, such as sustained performance, given the use of two RT 
testing measures [44]. It is therefore unclear if the associations 
formed in these studies [40,44] were due to the measures used, a 
domain specific function required to complete the test or indeed 
the measurement strategy. 

In addition, while there is sufficient evidence for the use of 
domain specific cognitive batteries of assessment when investi-
gating this relationship (32/141), the observed associations are 
also weak overall. This may be due to two possible reasons: (1) 
the subtests have been used interchangeably to assess several 
cognitive domains across some studies. For example, the D2 was 
used to find associations with fatigue and sustained attention in 
one study [12], and with speed of information processing and 
concentration performance in another [10] (2) While the research 
has shown how batteries of assessment offer valid standalone 
subtests that reliably detect cognitive dysfunction within core 
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domains, arguably each subtest involves several cognitive proc-
esses alongside the domain under review. For example, the TMT 
was utilised in studies to assess speed of information processing 
[10,43], selective attention, scanning, sequencing, motor speed 
[38], and executive function (obtained by using both TMT forms A 
& B) [10,42]. These findings are also unclear and likely account for 
the weak associations overall (See Table 2 for further examples 
and results). 3) The approaches used may well exacerbate fatigue 
for participants. The experience of fatigue may be triggered by 
the lengthy duration of the testing procedure, rather than a dys-
function in a cognitive domain per se. For example, five 
[32,37,38,41,42] of the seven studies that did not consider a break 
(that is, not explicitly stated), did not find an association. 
Conversely, all nine studies that made attempts to minimise fati-
guing situations (such as offering alternative testing days [44], 
split sessions [16]), found positive associations (9/9 studies). The 
findings indicate that attentional load (i.e., sustained attentional 
performance) may be relating to fatigue not fatigue elicited 
through the testing method [10,11,15,16,31,36,40,44,45]. 

An in-depth analysis of cognitive domain investigations 
revealed positive associations with information processing and 
attention, and to some extent memory and executive function 
and higher fatigue levels after an ABI. The domains of information 
processing and attention were most frequently investigated and 
consistently associated with fatigue. A possible theoretical explan-
ation is that information processing and attention are core 
domains within a hierarchy of cognition and any changes to these 
may affect appropriate functioning of higher-level cognitive abil-
ities, such as executive function, and possibly new learning 
[19,36]. This theory supports the observed interaction between 
increasing RTs and higher fatigue levels as participants failed to 
benefit from any learning effect as they progressed through the 
task, a finding previously noted in one study [36]. An array of 
techniques are emerging to objectively measure the cognitive 
manifestations of fatigue within the literature, with typical meas-
urements of deterioration of performance during sustained activ-
ity. RT testing (finding 28/71 positive comparisons) may have 
exposed subtle cognitive deficits that give rise to the manifesta-
tions of fatigue, namely information processing and attention. The 
results from meta-analysis found fatigue was significantly associ-
ated with an overall pattern of slowing in RT over time and this 
was irrespective of complexity of the task. The findings indicate 
that sustaining an optimal performance on a task of attention 
over a prolonged period (>10 min) requires greater mental effort 
[15,16] which may come at a cost of feeling increasingly fatigued. 
These findings support the theoretical framework of the “coping 
hypothesis” [50], where the experience of fatigue could be from 
the constant compensatory effort required by individuals with an 
ABI to maintain performance on tasks in the absence of internal 
attentional resources, resulting in a response perceived as mental 
fatigue. However, the complex aetiology involved in each domain, 
for example the domain of attention, were not entirely accounted 
for in studies, so results are not entirely conclusive. Further tar-
geted research is needed to establish the strength of associations 
between cognitive changes after ABI and fatigue. 

Half of the studies that used the FSS did not find an associ-
ation with cognitive impairment. As the FSS has no validated 
“cut-off” score to define clinically significant fatigue [41], the vari-
ability of this could account for the results. As seen, studies that 
used a higher FSS clinical cut off score [11,42] did not find an 
association in comparison to others who used a lower (<4) cut 
off point [10,44,45]. One study [11], using a higher FSS cut off 
score did not find an association with fatigue but did using two 

MD fatigue scales (FSMC, FMIS-C). The use of multi-dimensional 
scales in studies may have minimised confounders known to be 
associated with response rates (e.g., difficulty with recall) and 
assisted with the sub-domains under review (e.g., cognitive 
aspects), increasing the rate of positive association. One study 
[38] found an association between a cognitive impairment and 
“sleepiness” (VAS-s) describing the observations as “accumulated 
fatigue.” These results [10,11,42,44] highlight the lack of a univer-
sally accepted definition and measurement of fatigue. 

This present review has limitations. The broad scope was both 
a strength and a limitation. First, all categories of ABI were 
included where rehabilitation was usually provided. This however, 
does not include other forms of ABI including mild TBI, a sub- 
group shown to experience severe fatigue post-ABI [51]. Second, 
all types of studies were included, irrespective of analysis per-
formed. The heterogeneity of assessment used and analysis meth-
ods across these studies, meant that a meta–analysis was limited 
to reaction time based assessments (RT speed) only. This study 
was operationalised to address the complex question of the rela-
tionship between cognitive impairment and fatigue. However, this 
methodology may favour a reporting bias, as for example certain 
eligible studies could not be included in the meta-analyses due to 
the data not being in a suitable format [31,36]. Results from the 
included studies (Stroke, TBI and SAH) and meta-analyses in this 
review should be interpreted with this in mind. Indeed, the find-
ings in this review may favour significant outcomes, as in certain 
instances the associations formed are not only non-specific, the 
findings overall are weak. It must also be noted that not all con-
founding factors of fatigue such as diurnal changes and comor-
bidities were documented in all studies, factors known to be 
associated to the experience of fatigue. In addition, primary data 
was not provided in two studies, Radman et al. [12] and Azouvi 
et al. [15], contact was made however no response has been 
received to date. While most studies found an association, results 
should be interpreted with caution, as a number of studies have 
a fair risk of bias (Table 1). 

Conclusion 

Overall this review provides positive, though relatively weak, evi-
dence for a relationship within the core domains of information 
processing and attention – and, to some extent, memory and 
executive function, and higher fatigue levels after ABI. To identify 
more robust relationships, we suggest the use of purer measures 
targeting domain specific functions could reveal stronger associa-
tions. Evidently it appears that sustained attentional tasks demand 
greater mental effort for optimal performance, but this comes 
with a cost of feeling very fatigued. 
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