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ABSTRACT 
Stress-related exhaustion is associated with cognitive deficits, measured subjectively using question-
naires targeting everyday slips and failures or more objectively as performance on cognitive tests. Yet, 
only weak associations between subjective and objective cognitive measures in this group has been 
presented, theorized to reflect recruitment of compensational resources during cognitive testing. This 
explorative study investigated how subjectively reported symptoms of cognitive functioning and burn-
out levels relate to performance as well as neural activation during a response inhibition task. To this 
end, 56 patients diagnosed with stress-related exhaustion disorder (ED; ICD-10 code F43.8A) completed 
functional magnetic resonance imaging (fMRI) using a Flanker paradigm. In order to investigate associa-
tions between neural activity and subjective cognitive complaints (SCCs) and burnout, respectively, 
scores on the Prospective and Retrospective Memory Questionnaire (PRMQ) and the Shirom-Melamed 
Burnout Questionnaire (SMBQ) were added as covariates of interest to a general linear model at the 
whole-brain level. In agreement with previous research, the results showed that SCCs and burnout lev-
els were largely unrelated to task performance. Moreover, we did not see any correlations between 
these self-report measures and altered neural activity in frontal brain regions. Instead, we observed an 
association between the PRMQ and increased neural activity in an occipitally situated cluster. We pro-
pose that this finding may reflect compensational processes at the level of basic visual attention which 
could go unnoticed in cognitive testing but still be reflected in the experience of deficits in everyday 
cognitive functioning.   
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Neural activation and performance on the Flanker 
task in stress-related exhaustion 

Exhaustion disorder (ED; ICD-10-SE code F43.8A) is a diag-
nose adapted into Swedish healthcare practice to operation-
alize stress-related exhaustion, or clinical burnout. This novel 
construct defines a response to long-term psychosocial stress 
characterized by psychological and physical symptoms of 
exhaustion, including cognitive deficits (Grossi et al., 2015). 
Accordingly, a recent meta-analysis supported that patients 
with clinical burnout perform worse than healthy controls in 
multiple cognitive areas, such as episodic and working mem-
ory, attention and processing speed, fluency and executive 

functions, albeit with modest between-group effect sizes for 
all cognitive domains (Gavelin et al., 2022). These findings 
broadly indicate deficits in cognitive control which accord 
with neuro-imaging studies of people with clinical burnout, 
showing structural and functional aberrations in primarily 
prefrontal and striatal brain areas, suggesting a biological link 
to impaired cognitive functioning in clinical burnout (Blix 
et al., 2013; Gavelin et al., 2017, 2020; Golkar et al., 2014; 
Jovanovic et al., 2011; Sandstr€om et al., 2012; Savic, 2015). 
Clinical burnout is also associated with high levels of subject-
ive cognitive complaints (SCCs) as measured with question-
naires targeting everyday cognitive slips and failures (Ellbin 
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et al., 2018; Jonsdottir et al., 2013; Krabbe et al., 2017; Nelson 
et al., 2021; Oosterholt et al., 2014; €Osterberg et al., 2009). 
However, previous studies by our group and others have 
highlighted limited associations between cognitive test per-
formance and the magnitude of self-reported burnout and 
SCCs (Ellbin et al., 2018; Gavelin et al., 2017; Jonsdottir et al., 
2013; Nelson et al., 2021; €Osterberg et al., 2009). This could 
reflect an inability of traditional neuropsychological tests to 
adequately capture the experienced cognitive impairment 
and it has been proposed that patients with clinical burnout 
may take a “high-effort approach” toward cognitive tasks, 
compensating for slight neural deficits by increasing their 
mental effort, a strategy which may help to uphold test per-
formance but in the long run exacerbate the core symptom 
of exhaustion (Krabbe et al., 2017; Oosterholt et al., 2014). 

Compensational processes have also been implicated at 
the neural level where structural magnetic resonance imag-
ing has shown a link between smaller striatal volumes and 
elevated levels of mental fatigue, in turn associated with 
stronger working memory performance (Gavelin et al., 2020). 
Using functional magnetic resonance imagining (fMRI), 
altered neural activation during cognitive tasks has been 
shown. For example, patients with clinical burnout displayed 
less activation than healthy controls in prefrontal cortical 
areas during the n-back task, tapping working memory 
updating (Sandstr€om et al., 2012), and the Stroop-Simon task, 
measuring response inhibition (Skau et al., 2021), while per-
forming as accurately but with slower response times (RT). 
Contrastingly, however, a study by our group found burnout 
levels in patients with ED to be uncorrelated with task per-
formance, but instead associated with more neural activation 
in the prefrontal cortex (PFC), the posterior parietal cortex 
and striatum when performing the n-back task, suggesting 
that hyper-recruitment of these regions may be a neural cor-
relate to a compensational effort put in by ED patients dur-
ing working memory updating (Gavelin et al., 2017). 

The concept of compensational neural processes has been 
repeatedly studied in aging populations where similar dis-
crepancies between subjective and objective cognitive meas-
ures have long been noted. Specifically, resting-state fMRI 
studies of persons with SCCs have revealed altered functional 
connectivity in structures associated with the visual network 
and the default mode network (Hafkemeijer et al., 2013; 
Kawagoe et al., 2019). Further, task-fMRI studies have found 
individuals with subjective cognitive decline (i.e. self-reported 
cognitive impairment in the absence of lessened cognitive 
test performance) to show altered neural activity during cog-
nitive tasks when compared to controls, suggesting that 
SCCs may be an indicator of slight neural changes undetect-
able in behavioral performance. For instance, Rodda et al. 
observed an association between subjective cognitive decline 
and increased activation in the left prefrontal cortex (PFC) 
during an episodic memory encoding task (Rodda et al., 
2009) and in the left medial temporal lobe, bilateral thal-
amus, posterior cingulate and caudate during a divided 
attention task (Rodda et al., 2011). Erk et al. (2011) similarly 
saw increased activity in the right dorsolateral PFC relating to 
subjective cognitive decline during an episodic memory recall 
task, and that this increase was concurrent with a decrease in 

hippocampal activity, suggesting a compensational mechan-
ism counteracting early neural deterioration. 

In sum, research from the aging field suggests that even 
when SCCs are uncorrelated with cognitive performance, 
they may be associated with alterations at the neural level, 
possibly indicating compensational processes as a response 
to neurodegeneration (Sun et al., 2015). The overall aim of 
this explorative study was to examine if similar associations 
could be seen in the clinical burnout population using task 
fMRI. To this end, we examined fMRI data of the Flanker task 
from 56 patients diagnosed with ED. Using an event-related 
design, we specifically investigated if SCCs and burnout levels 
were associated with (a) behavioral performance on the 
Flanker task, measured as accuracy and response time inhib-
ition costs and (b) functional brain response during task per-
formance. Drawing from previous research we expected that 
SCCs and burnout, respectively, would be uncorrelated with 
task performance but positively associated with a stronger 
BOLD response when contrasting incongruent and congruent 
trials, possibly indicating compensational neural activity dur-
ing response inhibition in this clinical group. 

Methods 

Participants 

This study was a part of the research project Rehabilitation 
for improved cognition (RECO) conducted at the Stress 
Rehabilitation Clinic at the University Hospital in Umeå, 
Sweden (ClinicalTrials.gov: NCT03073772). This three-armed 
randomized trial primarily examined the effects of cognitive 
and aerobic training as additional interventions to a 24-week 
multimodal stress rehabilitation (MMR) programme for 
patients diagnosed with Exhaustion disorder (ED), according 
to the diagnostic criteria coded F43.8A in the Swedish ver-
sion of the International Classification of Diseases and 
Related Health problems (ICD-10). The methods and out-
comes of the RECO project has previously been described in 
detail (for a review of the overall trial, see Gavelin et al., 
2018; for a presentation of the n-back fMRI study, see 
Gavelin et al., 2017). The study was conducted in agreement 
with the Declaration of Helsinki and approved by the Umeå 
Regional Ethical Review Board (Dnr 2010-53-31). All partici-
pants provided written informed consent prior to the start of 
the study. The patients were screened for eligibility and 
recruited from the Stress rehabilitation clinic and the Social 
insurance agency in Umeå from April 2010 until June 2013. 
Inclusion criteria for the patients were (1) ED diagnosis, con-
firmed by a physician and a psychologist; (2) 18–60 years old; 
(3) currently employed; (4) considered by a physician and a 
psychologist to be suitable for group-based stress rehabilita-
tion; (5) no known abuse of alcohol or drugs; (6) not in need 
of more urgent treatment; and (7) not participating in other 
interventional studies. Patients with other diagnoses in add-
ition to ED that required special care (e.g. neurological or 
chronic psychiatric diagnoses) were excluded from the 
group-based rehabilitation programme, and thus also from 
this study. All patients were on partial or fulltime sick-leave 
when recruited to the study. A total of 161 patients were 
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consecutively recruited to the randomized trial. At baseline 
(after 12 weeks of MMR rehabilitation, before randomization 
to the experimental arms), a subsample of 60 patients were 
examined with additional fMRI. Of these, two participants 
were excluded due to technical reasons, one to reporting 
poor eyesight during the imaging procedure, and one due to 
response time on the Flanker task being more than three 
standard deviations from the mean. Thus, data from 56 
patients were included in the present study. This subsample 
did not significantly differ from the excluded participants 
with respect to age, sex, education level or burnout level 
(analyses are presented in Table S1 in the Supplemental 
Material). Figure S1 in the Supplemental Material shows the 
flow and attrition of participants graphically. Demographic 
and clinical characteristics of the sample, as well as self- 
reported occupation, are displayed in Table 1. 

Measures and procedure 

Questionnaires 
SCCs were operationalized using the Prospective and 
Retrospective Memory Questionnaire (PRMQ), a validated sur-
vey comprised of 16 items describing memory failures in 
everyday situations. The questionnaire is constructed to 
describe situations dependent on prospective, retrospective, 
short-term, long-term, self-cued or environmentally cued 
memory functioning. In this study the results were analyzed 
as the summed total score of all items (Cronbach’s alpha: 
0.89) expressing a general memory failures factor, with a pos-
sible range between 16 and 80. Answers were given on a 
Likert scale ranging from never (1) to very often (5). Two 
sample items are “Do you fail to recall things that have hap-
pened to you in the last few days” and “Do you mislay some-
thing that you have just put down, like a magazine or 
glasses?.” Detailed descriptions of the scale structure, items, 
and properties of the Swedish adaptation can be found in 

Crawford et al. (2003) and R€onnlund et al. (2008), respect-
ively. Burnout was measured using the Shirom-Melamed 
Burnout Questionnaire (SMBQ), a validated instrument con-
sisting of 22 items targeting physical fatigue, experiences of 
tension, listlessness, and cognitive weariness (Lundgren- 
Nilsson et al., 2012; Melamed et al., 1992). Answers were 
rated on a seven-point Likert scale (1¼ almost never, 
7¼ almost always) and results were analyzed as the mean 
score of all items (Cronbach’s alpha: 0.91). Two sample items 
are “I feel physically exhausted” and “I feel an intense inner 
tension.” Depression and anxiety levels were assessed with 
the Hospital anxiety and depression scale (HADS), a question-
naire comprising items rated on a four-point Likert scale (0– 
3), targeting both anxiety (seven items. Cronbach’s alpha: 
0.79) and depression (seven items, Cronbach’s alpha: 0.87) 
(Zigmond & Snaith, 1983). The total score on each scale (pos-
sible range: 0–21) was used as the outcome measure. For all 
questionnaires, higher scores indicate more symptoms. 

In-scanner task 
The Flanker task was conducted at the same experiment ses-
sion as the n-back task, previously presented in Gavelin et al., 
2017. Flanker was the first of the two tasks being adminis-
tered and was followed by a period of rest. The rationale 
behind including these two tasks in the RECO trial were two- 
fold. First, to map executive functioning and their neural cor-
relates in this clinical group. Second, to evaluate physical 
exercise and computerized cognitive training as add-on inter-
ventions to standard clinical rehabilitation. The Flanker task 
was an adaptation of the Eriksen Flanker paradigm (Eriksen & 
Eriksen, 1974) and consisted of trials in which five horizon-
tally aligned arrows appeared on the computer screen. The 
participants were instructed to indicate as fast and accurately 
as possible if the middle arrow pointed to the left (<) or 
right (>) using their right-hand index and middle finger. The 
four adjacent arrows (i.e. the flankers) were either pointing in 
the same or opposite direction as the targeted middle arrow, 
thus forming a congruent (n� or o�) or incongruent 
(�>� or �<�) task condition. Each trial consisted of a fix-
ation cross (þ) presented for 2 s, immediately followed by a 
2 s display of the principal stimulus (i.e. the arrows). The 
design was event-related. The congruent and incongruent tri-
als appeared in a random order and the interval between 
each trial was jittered according to the reaction time of each 
participant. The trials were presented in four blocks with a 
total of 68 trials. Between each block, a message was pre-
sented saying: “Part [“one,” “two” or “three”] is now over. The 
next part will soon begin”. There were 34 congruent trials 
and 34 incongruent trials; the number of correct answers 
were therefore 34 per condition. Accuracy was defined as 
correct answers given within the 2 s time limit. If a person 
failed to respond within this limit, the event was coded as 
“No answer.” 

Data analysis 
Behavioral data. Since incongruent trials normally require 
increased levels of inhibitory control, and therefore longer 

Table 1. Demographic and clinical characteristics. 

Variable 
Sample  
(N¼ 56) 

n included  
in analysis  

Demographics     
Female   45 (80.36%)   56   
Age   42.76 (8.60)   56   

Range 22–60  
Education    56   

Elementary school   3 (5.36%)    
High school   22 (39.29%)    
University   31 (55.36%)  

Occupationa    56   
Healthcare sector   22 (39.30%)    
Education sector/academia   12 (21.40%)    
Otherb   22 (39.30%)  

Clinical characteristics     
Subjective cognitive complaints (PRMQ)   48.64 (10.23)   50   
Burnout (SMBQ)   5.01 (0.88)   52   
Depression (HADS)   7.23 (3.71)   52   
Anxiety (HADS)   9.94 (3.76)   52  

Note: Mean (SD) and n (%) are presented for continuous and categorical varia-
bles, respectively. 

aBased on self-reported occupation and/or current employer at baseline. 
bComprises a range of professions including retail and the industrial sector.
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RTs, inhibition cost variables were calculated by (1) subtract-
ing the mean RT of correct answers given in the incongruent 
trials from those of the congruent trials and (2) by subtract-
ing the mean accuracy of the incongruent trials from that of 
the congruent trials, respectively. As none of these variables 
were normally distributed (see Table 2), differences were 
evaluated using the Wilcoxon paired ranks test. In order to 
assess the relationships between test performance, SCCs and 
burnout, Kendall’s tau correlation analysis was conducted. 
Bayes factors (BF) were estimated to draw inferences about 
the correlation coefficients, investigating the likelihood of the 
alternative hypothesis (i.e. a non-zero correlation) in favor of 
the null hypothesis. These analyses included the PRMQ and 
SMBQ total scores, the RT and accuracy variables for the con-
gruent and incongruent conditions, as well as the inhibition 
cost measures. The statistical analyses of behavioral data 
were completed using IBM SPSS, versions 27 and 28 with the 
exception of the correlation analysis which was conducted 
using JASP, version 0.16. Following Wagenmakers et al. 
(2011), we interpret a BF (BF10) of: 1–3 as anecdotal evidence 
for the alternative hypothesis (H1), 3–10 as substantial evi-
dence, 10–30 as strong evidence for H1, 30–100 as very 
strong evidence, and >100 as extreme evidence for H1. 

Image acquisition. Functional and structural neuroimaging 
was obtained using a 32-channel head coil 3 T scanner (GE 
Medical Systems). The parameters of the sequence were: 
echo time (TE) ¼ 30 ms, repetition time (TR) ¼ 2000 ms, flip 
angle ¼ 80�, field of view (FOV) ¼ 25� 25 cm, matrix size ¼
96� 96, slice thickness ¼ 3.4 mm, number of slices ¼ 37. A 
total of 10 dummy scans were collected before image acqui-
sition in order to calibrate the fMRI signal. Structural T1- 
weighted images were attained for each subject using the 
following parameters: 180 slices, 1 mm thickness, TE ¼
3.2 ms; TR ¼ 8.2 ms, flip angle 12�, FOV ¼ 25� 25 cm. During 
image acquisition, stimuli were presented on a computer 
screen through a mirror mounted on the head coil, using E- 
prime version 2.0 (Psychology Software Tools, Inc., USA). 
Responses during the Flanker task were given using the 
index finger (“yes”/“<”) and middle finger (“no”/“>”) of the 
right hand using a fiber optic response pad (Current Designs, 
Philadelphia, PA, USA). 

Pre-processing. Pre-processing and statistical analysis of the 
neuroimaging data were performed with a standard general 

linear model approach using SPM12 (http://www.fil.ion.ucl.ac. 
uk/spm/software/spm12/), with help of an inhouse program 
(DataZ). All functional images were corrected for slice timing 
and realigned and unwarped to correct for head movements. 
The anatomic images were segmented into grey and white 
matter maps and used for creating a sample-specific group 
template with DARTEL (Ashburner, 2007). The functional 
images were co-registered to the anatomic images, normal-
ized to MNI space with DARTEL-created transformation maps 
and smoothed using an 8 mm Gaussian filter. The voxel size 
was set to 2� 2 � 2 mm. 

Statistical analyses of neuroimaging data. A general linear 
model was designed with event regressors for the incongru-
ent and congruent conditions, and for a baseline block con-
sisting of the last 60 s of rest. The regressors were convolved 
with the hemodynamic response function. The six movement 
parameters from the realignment procedure were added as 
regressors of no interest to the model. A high-pass filter of 
128 s/0.0078 Hz was applied. A first-level analysis contrasted 
[Congruent–Rest], [Incongruent-Rest], and [Incongruent– 
Congruent] for each participant. In order to assess the rela-
tionship between the inhibition cost and neural activity, an 
[Incongruent–Congruent] contrast for all subjects were 
included in a t-test at the group level, using a FWE corrected 
p< 0.05 threshold, minimum cluster size 10 voxels. To inves-
tigate the relationship between functional brain response 
and level of burnout and subjective cognitive complaints, 
respectively, we added the total scores of the SMBQ and the 
PRMQ as covariates of interest to the model at the group 
level using an uncorrected threshold of p< 0.001, minimum 
cluster size 10 voxels. An explicit mask defined by threshold-
ing the grey-matter part of the DARTEL template in MNI 
space (probability level 0.2) was applied on all group 
analyses. 

Results 

Behavioral data 

Performance on the Flanker task 
The Wilcoxon paired ranks test revealed that performance 
was significantly worse in the incongruent compared to the 
congruent condition, indicated by both slower response 
times (RT) (Z¼ 6.57, p¼<0.001) and less accurate responses 
(Z¼ 4.78, p¼<0.001). Mean RT and number of correct 
answers for the congruent and incongruent conditions as 
well as for the inhibition cost measures are presented in 
Table 2. 

SCCs and burnout level 
As shown by the correlation matrix (Table 3), the Bayes fac-
tors revealed that there is moderate to substantial evidence 
in favor of a non-zero correlation between PRMQ and SMBQ 
levels (Bayes Factor 10¼ 3.58), indicating that more burnout 
symptoms are associated with higher levels of SCCs. 
Substantial evidence was found for zero correlations between 
PRMQ levels and the other test performance levels, as well as 

Table 2. Performance on the flanker task. 

Variable  Median Range Mean SD 

Skewness Kurtosis 

Statistic SE Statistic SE  

Congruent            
RT    692.52   782.21   726.46   150.05   1.16   .32   2.28   .63   
Accuracy    34   7   33.50   1.22   � 3.85   .32   17.02   .63 

Incongruent            
RT    834.46   898.68   868.46   180.64   1.08   .32   1.57   .63   
Accuracy    33   8   32.23   2.23   � 1.53   .32   1.43   .63 

Inhibition cost            
RT    � 133.10   365.11   � 142.00   77.86   � 1.14   .32   1.51   .63   
Accuracy    1   10   1.27   1.98   1.81   .32   3.40   .63  

Note. Response times (RT) are presented in milliseconds. Accuracy denotes cor-
rect answers within the 2 s time limit. SD: standard deviation; SE: standard 
error.
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between SMBQ levels and Incongruent accuracy, Inhibition 
cost RT and -accuracy. Only anecdotal evidence was found 
for a correlation between SMBQ and congruent RT, as well as 
for zero-correlations between SMBQ and congruent accuracy 
and incongruent RT. Figure S2 in the Supplemental Material 
shows the distribution of the values visually. 

Neuroimaging 

Functional brain response during task performance 
Contrasting the incongruent and congruent conditions 
revealed a significant association with BOLD response in 
eight clusters, primarily located in occipital and parietal areas, 
and the supplementary motor area and insula (see Table 4 
for statistics, location, coordinates in MNI-space, and cluster 
extent), suggesting differentiated patterns of neural activa-
tion for the incongruent and congruent trials, and thus a link 
between inhibition cost and neural activity. 

SCCs and burnout level 
When adding the scores of the PRMQ and SMBQ as covari-
ates to the model, PRMQ score was positively correlated with 
activity to the [Incongruent – congruent] contrast in a cluster 
comprising 245 voxels, with peak activations in the right 
superior occipital gyrus (x¼ 22, y¼ � 84, z¼ 28, t¼ 4.22; and 
x¼ 22, y¼ � 82, z¼ 18, t¼ 3.42) and the cuneus, (x¼ 16, 
y¼ � 72, z¼ 28; t¼ 3.69). This finding, shown visually in 
Figure 1, suggests an association between higher level of 
SCCs and more activity in this brain area as demands of cog-
nitive control increases. As an additional analysis, we plotted 
the beta values of the same cluster during the congruent Ta
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Table 4. Regions showing significant activation in the incongruent relative 
congruent interference contrast. 

Brain region 
Nr of  

voxels BA L/R X y z t  

Cluster 1   2241        
1. Inferior occipital gyrus    19 R   38   � 80   8   9.45  
2. Superior parietal Lobule    7 R   22   � 64   46   7.79  
3. Inferior occipital gyrus    19 R   44   � 78   � 6   7.54  
4. Superior occipital gyrus    19 R   28   � 70   30   6.77  
6. Middle occipital gyrus    19 R   34   � 82   22   6.07  
7. Superior parietal lobule    7 R   34   � 48   48   5.76  
8. Inferior occipital gyrus    19 R   44   � 64   � 10   5.68  
9. Inferior temporal gyrus    37 R   48   � 54   � 16   5.52  
10. Supramarginal gyrus    40 R   38   � 38   40   5.52 

Cluster 2   786        
1. Inferior occipital gyrus    19 L   � 46   � 74   � 6   7.60  
2. Middle occipital gyrus    18 L   � 32   � 82   8   7.08  
3. Inferior occipital gyrus    18 L   � 36   � 80   � 2   5.89 

Cluster 3   79        
1. Middle frontal gyrus    6 R   26   � 2   52   5.94 

Cluster 4   63        
1. Supplementary motor area    6 R   6   12   46   5.60  
2. Supplementary motor area    6 L   � 6   12   44   5.49 

Cluster 5   51        
1. Superior parietal lobule    7 R   � 22   � 62   54   5.55 

Cluster 6   15        
1. Insula    13 R   32   28   � 2   5.52 

Cluster 7   13        
1. Precentral gyrus    6 L   � 26   � 10   54   5.23 

Cluster 8   11        
1. Superior occipital gyrus    19 L   � 24   � 72   26   5.21  

Note. p< .05 FWE corrected. Locations are reported in MNI-space.
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and incongruent trials, respectively, to the mean activity of 
the entire session. Figure 1 also displays how the mean 
BOLD response of the session was stronger compared to the 

task conditions, implying a deactivation of this area during 
task response. No significant correlation was revealed 
between burnout level and neural activity. 

Figure 1. Cluster showing a positive correlation between beta weights and PRMQ-score when contrasting incongruent and congruent Flanker trials. (A,B) Sagittal 
and axial views of the cluster (x ¼ 22, y ¼ � 84, z ¼ 28; t ¼ 4.22) comprising the right superior occipital gyrus and cuneus. (C) The regression analysis revealing a 
significant positive association between beta weights of this cluster for the incongruent vs congruent contrast (y-axis) and PRMQ score (x-axis), R ¼ 0.27, p ¼.0001. 
(D) The additional analysis showing differences in beta values of the same cluster (x-axis) when contrasting the two task conditions (i.e. the incongruent and con-
gruent trials, respectively) to the session constant, indicating lower neural activity during task compared to mean session activity. The bar furthest down in the chart 
displays the difference in beta values when contrasting incongruent vs congruent trials.  
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Discussion 

This exploratory study investigated if SCCs and burnout levels 
were associated with response inhibition performance or 
altered brain activity. The results revealed (anecdotal to sub-
stantial) evidence for zero-correlations between SCCs or burn-
out levels and the behavioral Flanker measures, agreeing 
with previous studies showing no associations between 
measures of self-reported cognitive functioning and objective 
cognitive test performance in stress-related exhaustion (e.g. 
Nelson et al., 2021; €Osterberg et al., 2009). A sole exception 
was anecdotal evidence that burnout level correlated posi-
tively with response time during the congruent condition. 
That is, individuals who reported more burnout symptoms 
tended to perform more slowly during the less executively 
demanding task condition, which accord with studies display-
ing generally slower responses in patients with clinical burn-
out (Sandstr€om et al., 2012; Skau et al., 2021). On a similar 
note, we did not see any correlation between SCCs or burn-
out to the magnitude of neural activation in the frontal brain 
areas predominantly associated with cognitive control. 
Instead, the results showed that level of SCCs was positively 
associated with activity in a right-sided cluster containing the 
superior occipital gyrus and the cuneus. We thus observed 
that during the more challenging task condition, patients 
reporting more SCCs tended to recruit these posteriorly 
located brain regions to a higher degree. Previous ED 
research has primarily highlighted the role of frontally 
located neural networks, with the overarching idea that 
stress-related exhaustion may elicit additional executive 
resources to more demanding cognitive tasks (Gavelin et al., 
2017; Oosterholt et al., 2014). Yet, for response inhibition in 
particular, involvement of occipital brain regions has been 
repeatedly reported with smaller cuneus volume being asso-
ciated with poorer inhibition performance (Haldane et al., 
2008) and amplified cuneus activation being noted during 
inhibitions tasks, including Flanker (e.g. Imburgio et al., 2020; 
Siemann et al., 2018; Ware et al., 2015; Wittfoth et al., 2006; 
Zhu et al., 2010). The cunei, which are functionally and ana-
tomically connected to the precuneus through the dorsal 
attention network, have predominantly been associated with 
fundamental spatial and visual processing, such as visual 
attention and imagery, orientation and motion (Palejwala 
et al., 2021; Parks & Madden, 2013) and are in the explicit 
context of response inhibition theorized to contribute more 
to attentional processes and motor response than to error 
monitoring (Haldane et al., 2008; Wittfoth et al., 2006). Thus, 
a possible interpretation of our results is that the SCCs indi-
cate a slight compensational response operative at the level 
of basic visual attention, perception or motor control, rather 
than executive functioning per se. Such conception would 
harmonize with resting-state fMRI studies in aging proposing 
associations between SCCs and altered functional brain activ-
ity in the cuneus and adjacent structures. Specifically, 
Kawagoe et al. (2019) found that while SCCs were uncorre-
lated with objective cognitive functioning in elderly subjects, 
persons who reported higher levels of SCCs showed stronger 
functional connectivity within occipital regions seeded at the 
cuneus. The authors’ interpretation was that these results 

may reflect a compensatory response to pathological proc-
esses affecting the occipital cortex at an early stage of neural 
degeneration. Similarly, Hafkemeijer et al. (2013) compared 
functional connectivity in eight predefined resting-state net-
works between elderly subjects with subjective memory com-
plaints and healthy controls. The SCCs group displayed 
increased functional connectivity of structures within the vis-
ual resting state network and the default mode network, 
including the cuneus which was defined as an integral region 
of both networks. 

In the present study, despite the discrepancy in occipital 
response between the incongruent versus the congruent 
condition, we observed a deactivation during task perform-
ance when plotting the response versus the mean activity of 
the entire session. Notably, the mean of session included a 
1 min rest condition at the end of the paradigm. Considering 
the aforementioned link between the cuneus and the default 
mode network, we propose that future studies should expli-
citly address whether SCCs in stress-related exhaustion reflect 
changes in functional connectivity of task-positive and task- 
negative networks during response inhibition and resting- 
state alike. Specifically, such studies should investigate if the 
integrity of these networks interact with task difficulty and 
behavioral measures of attention to address neural altera-
tions involving the interchange between the default mode 
and task-positive networks when task difficulty increases, 
possibly reflecting difficulties in switching between different 
attentional states for this patient group. If empirically sup-
ported, such interpretation would harmonize with observa-
tions that the neural response to the [Incongruent vs 
Congruent] contrast in the Flanker task is correlated with the 
functional integrity of resting-state attentional networks, an 
effect primarily driven by the incongruent trials in healthy 
individuals (Mennes et al., 2010). 

The lack of neural correlates between burnout levels and 
task-evoked response during the Flanker task is interesting in 
that we did see such an association in the same subjects dur-
ing n-back performance (Gavelin et al., 2017). There are sev-
eral feasible explanations for this discrepancy. Given that the 
n-back task primarily taps working memory updating, rather 
than response inhibition, one possibility is that the compen-
sational neural response suggested in the previous study is 
domain specific. Similarly, it should be noted that the correl-
ation between burnout level and activity in the fronto-striatal 
network was primarily seen in the two-back condition, and to 
a lesser extent in the three-back ditto, indicating that recruit-
ment of these processes may be dependent on cognitive 
load. That is, compensational employment of fronto-parietal, 
top down control processes possibly only occurs when task 
difficulty is at an optimal level. Moreover, Flanker was the 
first of the two tasks to be administered in the scanner which 
could have influenced the dissimilar neural findings of the 
two tests as patients with stress-related exhaustion may be 
particularly prone to fatigue during elongated cognitive test 
procedure (e.g. Oosterholt et al., 2014). 

There are limitations to this study that need to be consid-
ered. Firstly, the explorative approach of this study entailed 
investigation of neural activity at the whole-brain level by 
using a relatively liberal statistical threshold for the covariate 
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analyses. Given the modest variability in task performance, it 
is also possible that other, or additional, more cognitively 
demanding paradigms would have been better apt to investi-
gate the relationship to SCCs and to find the comparatively 
small neural effects previously noted in this clinical group. 
We suggest that future studies systematically manipulate the 
difficulty of cognitive tasks and also perceived task-associated 
effort and fatigue, thereby providing more detailed informa-
tion on potential effort-related compensational mechanisms. 
Furthermore, the lack of a healthy control group prohibits 
conclusions to be drawn whether the results are specific for 
clinical burnout. While we consider the well-defined patient 
group – assessed using standardized diagnostic criteria – a 
strength of this study, it should be noted that our sample is 
heterogeneous with regard to both demographic and clinical 
characteristics, which holds true for the clinical group in gen-
eral (Linds€ater et al., 2022). Hence, we recommend future 
research on this population to include not only healthy con-
trols but also additional clinical control participants such as 
patients with clinical depression, which may provide more in- 
depth information on how to best interpret potential cogni-
tive and neural findings in ED. Future studies should seek to 
replicate and expand our results by investigating the com-
pensational approach in response inhibition by targeting the 
cuneus and the superior occipital gyrus as specific regions of 
interest. We recommend such studies to include multiple 
inhibition tasks permitting separation of possible task-specific 
effects, and also to include resting-state measurement of 
functional connectivity in order to directly test a hypothesis 
that SCCs are associated with altered functionality of the 
default mode network and to use inhibition paradigms that 
allow more elaborate analyses of the behavioral strategy and 
cognitive processing employed by the participants, such as 
diffusion modeling. 

In conclusion, this exploratory study found that in a 
group of patients with stress-related exhaustion disorder, 
SCCs and burnout symptoms were essentially uncorrelated 
with performance on the Flanker task. Moreover, the fMRI 
analyses did not reveal any link between neural activity in 
the frontally located areas usually expected during cognitive 
control performance and self-reported measures of SCCs 
and burnout symptoms. Overall, these findings add to a 
general notion that the cognitive dysfunction experienced 
by this group is difficult to capture using the neuroimaging 
paradigm of the current study. Nevertheless, we did observe 
an association between level of SCCs and less attenuated 
occipital activity during the more executively demanding 
task condition, possibly due to deviation in the interchange 
between task-positive and task-negative neural networks, 
applying to basic visual attention. We thus propose that 
SCCs may be an indicator of subtle compensatory processes 
and attentional changes that are indistinguishable in stand-
ardized tests of response inhibition but still reflected in 
everyday slips and failures. Given that patients with clinical 
burnout have been attributed a high-effort, arduous 
approach toward cognitive tasks, such concept could inform 
development of more efficient assessment of cognitive func-
tioning as well as the core symptom of exhaustion, and 

should be further investigated and empirically validated by 
future research. 
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