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ORIGINAL ARTICLE

The relationship between mental fatigue, cognitive functioning, and employment 
status in patients with low-grade glioma: a cross-sectional single-center study 

Ellen M. P. van Coevorden- van Loona,b,c, Majanka H. Heijenbrok- Kala,b, Herwin L. D. Horemansa,b, Robin Boered, 
Rianda A. K. M. de Batc, Arnaud J. P. E. Vincente, Martin J. van den Bente and Gerard M. Ribbersa,b 

aRijndam Rehabilitation, Rotterdam, The Netherlands; bDepartment of Rehabilitation Medicine, Erasmus MC, University Medical Center 
Rotterdam, Rotterdam, The Netherlands; cDepartment of Rehabilitation, Revant Rehabilitation, Goes, The Netherlands; dFaculty of Social and 
Behavioural Sciences, Leiden University, Leiden, The Netherlands; eThe Brain Tumor Center at Erasmus MC Cancer Institute, Rotterdam, 
The Netherlands    

ABSTRACT  
Purpose: To evaluate fatigue and cognitive functioning in patients with low-grade glioma and to assess 
whether cognitive functioning and employment status differ between patients with severe and non- 
severe mental fatigue. 
Methods: Cross-sectional study. Fatigue was measured with the multidimensional fatigue inventory, 
objective cognitive functioning with a neuropsychological test battery, and mood with the Center for 
Epidemiological Studies Depression Scale. 
Results: Thirty-one patients, mean age 44 ± 11, mean time post-diagnosis 2.5 ± 1.4 years, participated. 
Severe mental fatigue was present in 55% and depression in 36% of the patients. Attention deficits were 
observed in 75% (Stroop’s test), memory deficits in 36% (Rey Auditory Verbal Learning Test), and execu-
tive functioning deficits in 42% (Stroop’s test). Severe mental fatigue patients demonstrated significantly 
worse scores on Stroop’s test-Card-II (p¼ 0.043), Trail Making Test-B (p¼ 0.014), Trail Making Test-B/A 
(p¼ 0.014), and Digit-Span (p¼ 0.046), compared to non-severe mental fatigue patients. Severe mental 
fatigue patients worked significantly less hours per week (p¼ 0.013) and had more changes in their 
employment status (p¼ 0.009) after diagnosis. 
Conclusions: Patients with low grade glioma show high rates of fatigue, especially in the mental domain, 
which might be associated with deficits in cognitive functioning and changes in employment status.    

� IMPLICATIONS FOR REHABILITATION 
� The majority of patients with low grade glioma suffers from severe mental fatigue and has deficits in 

cognitive functioning, which may affect employment status. 
� Patients with low grade glioma should be screened for fatigue with the multidimensional fatigue 

inventory, to differentiate between mental and physical fatigue. 
� Patients with low grade glioma with severe mental fatigue should be screened for problems in cogni-

tive functioning with an objective neuropsychological test battery. 
� Cognitive and vocational rehabilitation programs should aim at coping with severe mental fatigue 

and attention deficits in patients with low grade glioma. 
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Introduction 

Low-grade gliomas (LGGs) are the most common primary brain 
tumors, with a mean incidence in Europe of approximately 1:100 
000 patients per year and a peak incidence in young adults aged 
30–40 years [1]. The overall survival of patients with LGG has 
increased in recent decades, with a median survival time ranging 
from 10 to 15 years, due to new and improved treatment options 
[2,3]. Increased life expectancy may lead to new challenges with 
regard to daily functioning and social participation, as LGG 
patients often report a diverse array of symptoms/complaints, 
such as fatigue, cognitive disorders, and mood problems [4]. 

Cancer-related fatigue is considered to be one of the most 
prevalent and disturbing long-term effects of cancer, significantly 
affecting a patient’s quality of life, daily functioning, and product-
ivity [5–7]. Despite the high prevalence of cancer-related fatigue, 
also in LGG patients, and its major impact on patients, it is under-
reported, underdiagnosed, and undertreated [8], and its multifac-
tor pathophysiology is still unknown [9,10]. 

A possible factor underlying fatigue complaints in LGG patients 
is cognitive impairment, which may impact daily life activities and 
quality of life [11–13]. Several cognitive domains including atten-
tion, memory, and executive functioning are frequently impaired 
in patients with LGG [14,15]. The cognitive coping hypothesis 
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states that patients with brain injury may develop mental fatigue 
because of the increased cognitive efforts they have to deliver, in 
order to meet the demands of everyday life, including demands 
at work. The assumption is that these patients have to compen-
sate for their information processing deficits [16,17]. 

A second explanation for a relationship between fatigue and 
cognitive functioning in brain injury is based on the central 
fatigue theory. This theory states that (mental) fatigue is a result 
of injury in the basal ganglia, thalamus and/or prefrontal cortex, 
or the connecting pathways between them, resulting in e.g., diffi-
culties in attention, memory and a decline in overall cognitive 
performance over (testing)time [18–20]. 

Based on these theories, we hypothesized that patients with 
LGG who suffer from severe fatigue, especially in the mental 
domain, will have more cognitive and occupational problems 
than patients without severe mental fatigue. Therefore, the aim of 
this study was to evaluate the prevalence of mental fatigue in 
patients with LGG and to study differences in cognitive function-
ing and employment status between patients with and without 
severe mental fatigue. 

Methods 

Design 

This study is an observational cross-sectional single-center study 
in patients with LGG. It is part of a larger research project 
(Assessment of Fatigue in Glioma Patients (AFIG)), where in add-
ition to cognitive functioning in relation to fatigue also psycho-
social and physical functioning are taken into account. 

Participants 

Consecutive patients were recruited between May 2016 and 
September 2018 from the neuro-oncology and neurosurgery 
department of the Erasmus University Medical Centre Rotterdam 
(Erasmus MC). Patients were included if they met the following 
inclusion criteria: (1) histologically proven grade II or III glioma, (2) 
time post diagnosis was >6 months and �5 years, (3) were in fol-
low-up at Erasmus MC, and (4) were �18 years of age at diagnosis. 

Patients were excluded in case they met the following exclu-
sion criteria: (1) were actively treated by means of a surgical inter-
vention, radiotherapy, and/or chemotherapy (<3 months), (2) 
were diagnosed with any additional progressive neurological dis-
ease and/or psychiatric disorder according to the DSM-IV, and (3) 
who insufficiently mastered the Dutch language in order to 
understand instructions during psychometric investigation. 

Procedure 

All patients completed a battery of standardized neuropsycho-
logical tests, which included tests of attention, memory, and 
executive functioning. The full test battery was administered in a 
single 65-min session at the patient’s home by a trained research 
assistant, according to a predetermined protocol. Standardized 
self-report questionnaires, including fatigue and depression, were 
explained to the patient and were completed during the visit or 
could be completed at a later time and returned by postal mail. 

The study was approved by the Medical Ethics Committee of 
the Erasmus MC (MEC-2015-577) and all patients provided written 
informed consent before the start of the study. 

Outcome measures 

Fatigue was measured with the Multi-dimensional Fatigue Index 
(MFI-20), which is a self-report questionnaire [21]. The MFI is a 20- 
item questionnaire designed to evaluate five dimensions of 
fatigue: general fatigue, physical fatigue, reduced motivation, 
reduced activity, and mental fatigue [21]. Each subscale contains 
4 items, with scores on a 1–5 point Likert scale. The subdomain 
score ranges from 4 to 20, with higher scores indicating 
more fatigue. 

Cognitive functioning was measured with the following tests: 
Rey Auditory Verbal Learning Test (RAVLT), Trail Making Test A 
and B (TMT-A and TMT-B), Modified Wisconsin Card Sorting Test 
(M-WCST), the Stroop Color and Word Test (SCWT), Digit Span 
(DS), and a Clock Drawing Task (Clox1). Raw scores of al tests 
were converted to standardized t-scores for outcome analyses, 
with higher t-scores representing better performance on the 
measured cognitive domain. 

The RAVLT is an auditory verbal memory task. Patients were 
given a list of 15 unrelated words and were asked to repeat as 
many words as possible over five different trials. Scores on the 
different trials were added to generate a total score, with a max-
imum score of 75. Another performance measurement was the 
number of words memorized after a 20 minute interval (delayed 
recall). A higher score representing a better memory performance 
[22]. Raw scores were converted to standardized t-scores, with 
higher scores representing a better memory performance. 

The TMT is a paper and pencil test that consists of two parts. 
TMT-A is used to assess the domain of attention. TMT-B is a test 
of executive functioning, since it measures higher level cognitive 
skills such as mental and cognitive flexibility [22,23]. In part A, 
patients are instructed to connect numbers in ascending order. 
For part B, patients were instructed to alternately connect num-
bers and letters in the correct order. Scoring was based on the 
time it took to complete the trials. There is also a performance 
score, in which the score on part B was corrected for part A. 
Higher t-scores are associated with a better performance on the 
respective domain. 

The M-WCST was used to measure cognitive flexibility and 
problem solving skills, both important measures of executive 
functioning. The test required the sorting of cards with character-
istics according to a sorting principle that must be derived from 
feedback provided by the researcher at the time of placement of 
the cards. The outcome measures for performance were: the num-
ber of matching categories or concepts and the number of wrong 
or perseverative answers [22]. Scores were converted to standar-
dized t-scores. Higher t-scores on matching categories or concepts 
and a smaller amount of perseverative answers indicate better 
performance. 

The SCWT is a test to measure divided attention (Card-I/II), as 
well as the ability to inhibit an automatic response, which is an 
aspect of executive functioning (Card-III) [24]. 

Card-I showed the names of four different colors, Card-II rec-
tangles printed in these colors. The patient was instructed to 
name the colors as quickly as possible. Conversely, Card-III 
showed the names of the colors printed in a mismatched color of 
ink. Interference occurred when on Card-III the color had to be 
named instead of the word. For each card, the time to complete 
was considered as the outcome measure, with higher t-scores 
indicating a better performance on each domain [25]. 

The DS test was used to assess memory. The DS is part of the 
Wechsler Adult Intelligence Scale (WAIS-III-NL). This test comprises 
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two modalities, Digits Forward and Digits Backward. Series of digits, 
which increased from three to nine forward and from two to eight 
backward, were read aloud to the patient. The patient was asked 
to repeat them in the correct sequence. The performance measure 
was the maximum number of correctly repeated digits, which were 
measured distinctively for both modalities. Raw scores were con-
verted to t-scores by using the WAIS-III-NL normative data, with 
higher scores indicating a better memory performance [25]. 

The Clox1 test is a commonly used neuropsychological test to 
measure visuo-spatial functioning and executive functioning [22]. 
The patient was instructed to draw a clock on an empty piece of 
paper containing all the numbers and to set the time to a quarter 
to two. Clox1 scores ranged from 0 (worse) to 15 (good), by a 
standard scoring system [26]. Raw scores were converted to t- 
scores, higher t-scores indicating better executive functioning. 

Depression was measured with the Center for Epidemiological 
Studies Depression Scale (CES-D) and is a widely used self-report 
instrument for screening depressive symptoms [27]. The CES-D 
uses a 20-item scale, with a total score ranging from 0 to 60, and 
covers the most important depressive symptoms experienced by 
a respondent during the one-week period prior to the assess-
ment. A higher score indicates more symptoms of depression. A 
score �16 indicates the presence of depression [27,28]. 

Disease characteristics and sociodemographic characteristics 
were collected by using a self-developed questionnaire. Disease 
characteristics included, e.g., tumor type, tumor location, under-
going treatment(s), and time-post-diagnosis. Sociodemographic 
characteristics included, e.g., age, social status, education, and 
work items (employment status, number of hours per week of 
paid employment and changes in type and duration of employ-
ment). The premorbid level of intelligence was estimated with the 
Dutch version of the National Adult Reading test (NLV) [25,29]. 
This test consists of a series of words with an irregular pronunci-
ation. These words were read aloud by the patient. The perform-
ance measure was the number of correctly pronounced words. 
Higher scores on the test indicate a higher level of estimated pre-
morbid intelligence. 

Statistical analysis 

In order to analyze the degree of cognitive impairment, raw cog-
nitive test scores were converted to standardized t-scores with a 
mean of 50 and a standard deviation (SD) of 10, which are based 
on published normative values corrected for age, gender, and 
education [22]. Major cognitive impairment was defined as a t- 
score �30, while t-scores >30 and �40 were defined as slightly 
deviant, suggesting mild cognitive impairment. t-scores higher 
than 40 were considered to be normal [22]. 

Patients were divided into two groups, based on their z-score 
on the MFI-20 fatigue subscale. z-scores, which have a mean of 0 
and SD of 1, were calculated using published normative values 
corrected for age and gender [30]. Severe mental fatigue was 
defined as a score more than two SDs above the mean (>2.0 
SD) [31]. 

Non-parametric Mann–Whitney’s tests were used to compare 
variables on an interval scale and Chi-square tests to compare cat-
egorical variables between severely mental fatigued patients and 
non-severely mental fatigued patients. For all tests, the level of 
statistical significance was set at a p value <0.05. Windows SPSS 
software, version 23 (SPSS Inc., Chicago, IL) was used for 
the analyses. 

Results 

Characteristics of the patients 

Ninety-seven patients diagnosed with glioma fulfilled the in- and 
exclusion criteria, and were sent an invitation to participate in the 
study by their oncologist. Fifty-one patients returned the reply 
form, of which 20 refused participation (poor health condition 
(n¼ 6), duration of the assessments (n¼ 7), or unknown reason 
(n¼ 7)). Thirty-one patients provided written informed consent 
and were included in the study. The mean age of the patients 
was 44.2 (SD 11.0) years and the proportion of males was 68%. 
Thirty patients had a grade II tumor, one patient had a grade III 
tumor. The most common histopathological diagnoses were dif-
fuse astrocytoma II IDH mutant (42%) and oligodendroglioma II 
IDH mutant/1p19q codeleted (42%). Most patients underwent a 

Table 1. Baseline and clinical characteristics (N¼ 31).  

Total group (N¼ 31) 
Mean (SD)/n (%)  

Socio-demographic     
Gender, male   21 (68%)  
Mean age, years   44.2 (11)  
Age range, years 23–62  
Living with partner, yes   23 (74%)  
Education, years   14.4 (3.3)  
Mean estimated premorbid IQ (NLV)   110 (8.1)  
Estimated premorbid IQ, range 90–127  
Currently employed   24 (77%)  
Employed hours/week   25.7 (13.3)  
Employed hours/week, range 2–40  
Change in employment status after diagnosis   10 (32%) 

Histopathology     
Diffuse astrocytoma II IDH mutant   13 (42%)  
Diffuse astrocytoma III IDH mutant   1 (3%)  
Diffuse astrocytoma II NOS   4 (13%)  
Oligodendroglioma II IDH mutant/1p19q codeletion   13 (42%) 

Disease characteristics     
Time post diagnosis, months   29.3 (16.7)  
Time post diagnosis, range, months 0.39–5.95  
Laterality, left   20 (65%)  
Location     
Frontal   18 (58%)  
Parietal   2 (6%)  
Temporal   3 (10%)  
Diffuse   8 (26%) 

Treatment characteristics     
Biopsy only   2 (6%)  
Resection   29 (94%)  
Chemotherapy   17 (55%)  
Radiotherapy   19 (61%)  
Combination treatment (SR, RT, CT)   15 (48%) 

Co-morbidity     
Epilepsy   18 (58%)  
AED treatment   18 (58%)  
Multi AED (�2)   3 (17%)  
Depressed (CES-D score �16)   11 (36%)  

NLV: Dutch version of the National Adult Reading test [25,29]; IDH: isocitrate 
dehydrogenase; NOS: not otherwise specified; SR: surgery treatment; RT: radio-
therapy treatment; CT: chemotherapy treatment; AED: anti-epileptic drugs; CES- 
D: Center for Epidemiological Studies Depression Scale.

Table 2. Fatigue characteristics of the patients, measured with the MFI-20, 
N¼ 31. 

Fatigue subscales Score, mean (SD) Severe fatigue, n (%)  

Mental fatigue   12.8 (4.7)   17 (55%) 
Physical fatigue   11.6 (4.3)   9 (29%) 
Reduced activity   11.3 (4.4)   9 (29%) 
Reduced motivation   9.5 (3.6)   6 (19%) 
General fatigue   13.4 (4.0)   12 (39%)  

SD: standard deviation.
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surgical resection (94%), and almost half of the patients under-
went a combination of surgery, radiotherapy, and chemotherapy 
(48%). Baseline characteristics of the patients are listed in Table 1. 

Fatigue: prevalence and severity 

Fatigue scores and the prevalence of severe fatigue per domain 
are presented in Table 2. Severe mental fatigue was present in 
55% of the study population. In the other fatigue domains, the 
prevalence of severe fatigue varied from 19% to 39%. 

Between the severely mental fatigued LGG patients and non- 
severely mental fatigued LGG patients, no differences were found 
in disease characteristics, including location of the tumor 
(p¼ 0.191) and the percentage of depressed patients 
(36%), (p¼ 1.0). 

Cognitive impairment: prevalence and severity 

In the domain of attention, impairments were observed in 75% of 
the patients for Card-I of the SCWT, and 55% for Card-II, with 
respectively 36% and 23% of patients showing major cognitive 
impairment. In the memory domain, 26% mild cognitive impair-
ment was found on the RAVLT (immediate recall and delayed 

recall) and 10% showed a major cognitive impairment on both 
immediate recall and delayed recall. Regarding executive function-
ing, impairments were primarily found on the Clox1 and the 
SCWT (Card-III) with respectively 35% and 42% of patients demon-
strating mild or major cognitive impairment. Mild impairments 
were found in 10–16% of patients on the other tests for executive 
functioning. Overall results and the prevalence of mild and major 
cognitive impairment are detailed in Table 3. 

Mental fatigue and cognitive functioning 

LGG patients with severe mental fatigue demonstrated lower 
scores on nearly all cognitive tests. Scores on the SCWT (Card-II) 
in the attention domain, the DS in the memory domain and TMT 
(B and B/A) in the executive functioning domain were significantly 
lower in patients with severe mental fatigue (Table 4). 

Mental fatigue and employment 

LGG patients with severe mental fatigue differed from patients 
with no severe mental fatigue in that they worked less hours per 
week and/or had to make changes in their employment status 
after diagnosis (Table 5). 

Table 3. Cognitive functioning in LGG patients; no, mild, or major impairment, N¼ 31. 

Neuropsychological test t-score, mean (SD) Mild impairment, n (%) Major impairment, n (%) No impairment, n (%)  

Attention              
SCWT (Card-I), time to completion   32.2 (12.2)   12 (39%)   11 (36%)   8 (25%)  
SCWT (Card-II), time to completion   38.8 (13.0)   10 (32%)   7 (23%)   14 (45%)  
TMT-A, time to completion   53.3 (10.5)   0 (0%)   1 (3%)   30 (97%) 

Memory              
RAVLT, immediate recall   47.4 (13.5)   8 (26%)   3 (10%)   20 (64%)  
RAVLT, delayed recall   45.8 (11.0)   8 (26%)   3 (10%)   20 (64%)  
DS, total score   54.7 (11.4)   7 (23%)   0 (0%)   24 (77%) 

Executive functioning              
M-WCST, number of matching categories   50.5 (9.1)   3 (10%)   2 (6%)   26 (84%)  
M-WCST, number of perseverative mistakes   51.5 (11.3)   5 (16%)   1 (3%)   25 (81%)  
TMT-B, time to completion   53.0 (11.7)   3 (10%)   1 (3%)   27 (87%)  
TMT, ratio (B/A)   51.3 (10.5)   4 (13%)   1 (3%)   26 (84%)  
Clox1, number of criteria   42.7 (11.2)   5 (16%)   6 (19%)   20 (65%)  
SCWT (Card-III), time to completion   42.7 (11.0)   8 (26%)   5 (16%)   18 (58%)  
SCWT (interference)   51.0 (8.1)   0 (0%)   1 (3%)   30 (97%)  

SD: standard deviation; SCWT: the Stroop Color and Word Test; TMT: Trail Making Test; RAVLT: Rey Auditory Verbal Learning Task; DS: Digit Span; M-WCST: Modified 
Wisconsin Card Sorting Test.

Table 4. Differences in cognitive functioning between non-severely mental fatigued patients and severely mental fatigued patients. 

Neuropsychological test 
Non-severely mental fatigued patients 

(n¼ 14), mean t-scores (SD) 
Severely mental fatigued patients (n¼

17), mean t-scores (SD) p Value  

Attention     
SCWT (Card-I), time to completion   36.5 (10.7)   28.7 (12.6)   0.131  
SCWT (Card-II), time to completion   43.9 (9.9)   34.6 (14.0)   0.043  
TMT-A, time to completion   54.5 (7.9)   52.4 (12.4)   0.591 

Memory     
RAVLT, immediate recall   50.6 (14.5)   44.8 (12.4)   0.340  
RAVLT, delayed recall   46.6 (11.4)   45.1 (10.9)   0.937  
DS, total score   58.8 (12.5)   51.4 (9.6)   0.046 

Executive functioning     
M-WCST, number of 
matching categories   

51.1 (5.2)   50.0 (11.5)   0.255  

M-WCST, number of 
perseverative mistakes   

50.1 (11.6)   52.6 (11.3)   0.415  

TMT-B, time to completion   58.5 (6.3)   48.5 (13.2)   0.014  
TMT, ratio (B/A)   56.1 (7.1)   47.2 (11.2)   0.014  
Clox1, number of criteria   45.3 (10.7)   40.7 (11.4)   0.220  
SCWT (Card-III), time to completion   46.0 (9.6)   40.1 (11.7)   0.070  
SCWT (interference)   51.3 (9.0)   50.8 (7.7)   0.564  

SD: standard deviation; SCWT: the Stroop Color and Word Test; TMT: Trail Making Test; RAVLT: Rey Auditory Verbal Learning Task; DS: Digit Span; M-WCST: Modified 
Wisconsin Card Sorting Test.
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Discussion 

The aim of this pilot study was to assess the experienced mental 
fatigue in patients with LGG in relation to cognitive functioning in 
the domains of attention, memory, executive functioning, and 
employment status. We found that 55% of the patients reported 
severe mental fatigue, 75% of patients had mild or major cogni-
tive impairments in at least one test in the domain of attention, 
and 53% of patients had a change in employment status due 
to LGG. 

The high prevalence of severe mental fatigue in our study is in 
agreement with a previous study, which assessed the effects of a 
multifaceted cognitive rehabilitation program on cognitive func-
tioning and mental fatigue in patients with LGG. In this study, 
patients also demonstrated relatively high scores on the mental 
fatigue subscale of the MFI-20 [32]. Other articles which intended 
to examine fatigue in patients with LGG predominantly used uni-
dimensional fatigue measurement instruments or subscales to 
measure the severity of experienced fatigue [33,34]. Although 
these instruments are considered to have robust psychometric 
characteristics to support their use, they are insufficient to gain 
insight into fatigue as a multidimensional concept [9,35]. 
However, fatigue measurement still relies on patient reported out-
comes and therefore multidimensional measurements only gain 
insight in the subjective experience of fatigue in different 
domains. Mental fatigue might therefore not always correspond 
to the most closely related objective measurement of cognitive 
functioning [36]. Therefore, we objectively measured cognitive 
functioning and examined whether cognitive functioning differed 
between severely fatigued patients and non-severely fatigued 
patients in the mental domain of fatigue. 

The outcomes of the present study showed that patients had 
cognitive problems predominantly in the domains of attention, 
whereas a minority of patients showed deficits in memory or 
executive functioning. Our results are in line with previous stud-
ies, that documented cognitive deficits in similar domains in 
patients with LGG [11,37]. However, our findings concerning 
impairment in executive functions do not match prior research. 
Other studies reported major impairment in executive functioning 
in at least 50% of the patients [38,39]. We observed major impair-
ment in executive functions in only 19% of the patients. One pos-
sible explanation for this discrepancy is the differences in the 
studied glioma populations. Most of the patients that we included 
had an IDH mutant type glioma. None of the patients had a IDH- 
wild type glioma. The severity of neurocognitive impairment 
seems to be different between these IDH subgroups [40]. IDH- 
wildtype gliomas are associated with poorer neurocognitive per-
formance in the domains of verbal learning and memory, process-
ing speed and executive functioning compared to patients with 
IDH-mutant gliomas [40]. This explanation is further supported by 
a conclusion from a recent study that IDH mutated gliomas are 
associated with relatively good performance in memory function 
and a possible lower risk of impairment in executive functioning 
[41]. Together, this supports the hypothesis that patients with 
IDH-mutant tumors have a more favorable cognitive profile 

compared to patients with IDH-wildtype tumors. Another explan-
ation is the composition of the test battery of cognitive tests. 
Unfortunately, there is no standardization of using a specific cog-
nitive test battery in glioma patients [42]. The three key executive 
functions are: inhibition, working memory, and cognitive flexibil-
ity. However, executive functioning consists of a very broad spec-
trum of (high)cognitive skills that enable people to control and 
regulate their behavior and functions that are necessary for deci-
sion making [22,39]. Different cognitive tests measure different 
“elements” of executive functioning, which makes the comparison 
of different studies difficult. 

By studying the relationship between cognitive functioning 
and fatigue, we found that severely mentally fatigued LGG 
patients demonstrated lower scores on all cognitive domains 
compared to non-severely fatigued LGG patients. The relationship 
between higher levels of self-reported mental fatigue and 
impaired cognitive functioning might be explained by the cogni-
tive coping-hypothesis, which states that mental fatigue may 
develop due to increased cognitive efforts that patients with brain 
injury have to deliver to compensate for their information proc-
essing deficits [17]. Our study is in line with this hypothesis. A 
broad interpretation of the central fatigue theory can also be a 
(partial) explanation for the relationship between cognitive 
impairments and fatigue. Studies in LGG patients concluded that 
impairment in cognitive functioning and fatigue cannot be 
explained by tumor location alone [43], as in our study, but also 
depends on widespread changes in the strength and spatial 
organization of brain networks [44,45]. 

Fatigue is a negative predictor of return to work in patients 
that survived a diagnosis of cancer [46–48]. We also found that 
LGG patients with severe mental fatigue differed from patients 
without severe mental fatigue in employment status. Severe men-
tal fatigue patients worked significantly less hours per week and/ 
or had more changes in their employment status after diagnosis. 
This is in line with a recent study on return to work in glioma 
patients, in which mental fatigue was significantly associated with 
unemployment [49]. 

Glioma patients experience increased levels of depression, with 
reported rates between 15% and 48% [50,51]. In our study, 36% 
of the patients was depressed. Glioma patients with a depression 
have poorer outcomes with respect to quality of life and even on 
survival time [52]. Depression has been associated with increased 
levels of general fatigue [53], but in our study, we did not find a 
difference in the proportion of depressed patients between the 
non-severe mental fatigue patients and the severe mental 
fatigue patients. 

Some limitations of this study need to be mentioned. This 
study only focused on the domains of executive functioning, 
memory, and attention. Cognitive impairment in glioma patients 
has also been reported with regard to visuoconstruction, process-
ing speed, and verbal memory [54]. As our study does not cap-
ture the full scope of cognitive functioning, results obtained by 
our study might be an underestimation of the true impaired cog-
nitive functions in patients with LGG. Future studies must there-
fore include additional cognitive domains. In addition, we would 

Table 5. Differences in employment status between non-severely mental fatigued patients and severely mental fatigued patients.  

Non-severely mental fatigued patients (n¼ 14) Severely mental fatigued patients (n¼ 17)  

Employment status Mean (SD) Mean (SD) p Value  

Currently employed, yes   13 (93%)   12 (71%)   0.185 
Employed average hours/ week   32.1 (7.9)   18.2 (14.7)   0.013 
Change in employment status after diagnosis, yes   1 (7%)   9 (53%)   0.009  

SD: standard deviation.

FATIGUE AND COGNITION IN GLIOMA PATIENTS 5 



like to emphasize that due to a small sample size results must be 
interpreted with caution and that the results are tentative and 
suggestive only. Also, the approach used to identify patients 
could have selected patients with more severe complaints. 

In conclusion, although far from being conclusive, our study 
demonstrates that LGG patients show high rates of fatigue, espe-
cially in the mental domain. The high rates of mental fatigue 
were associated with impairments in cognitive functioning and 
changes in employment status. Despite the increased awareness 
of cancer-related fatigue in LGG patients, understanding of under-
lying mechanisms is still limited. We recommend a routine screen-
ing for all LGG patients and development of vocational 
rehabilitation programs specifically tailored to the needs of LGG 
patients, which focus on coping with cognitive impairment and 
mental fatigue. 

Disclosure statement 

No potential conflict of interest was reported by the author(s). 

Funding 

The author(s) reported there is no funding associated with the 
work featured in this article. 

References 

0[1] Correa DD, DeAngelis LM, Shi W, et al. Cognitive functions 
in low-grade gliomas: disease and treatment effects. J 
Neurooncol. 2007;81(2):175–184. 

0[2] van den Bent MJ. Practice changing mature results of 
RTOG study 9802: another positive PCV trial makes adju-
vant chemotherapy part of standard of care in low-grade 
glioma. Neuro Oncol. 2014;16(12):1570–1574. 

0[3] Soffietti R, Baumert BG, Bello L, et al. Guidelines on man-
agement of low-grade gliomas: report of an EFNS-EANO 
Task Force. Eur J Neurol. 2010;17(9):1124–1133. 

0[4] Wefel JS, Witgert ME, Meyers CA. Neuropsychological 
sequelae of non-central nervous system cancer and cancer 
therapy. Neuropsychol Rev. 2008;18(2):121–131. 

0[5] Gustafsson M, Edvardsson T, Ahlstrom G. The relationship 
between function, quality of life and coping in patients 
with low-grade gliomas. Support Care Cancer. 2006;14(12): 
1205–1212. 

0[6] Coomans MB, Dirven L, Aaronson NK, et al. Symptom clus-
ters in newly diagnosed glioma patients: which symptom 
clusters are independently associated with functioning and 
global health status? Neuro Oncol. 2019;21(11):1447–1457. 

0[7] Boele FW, Meads D, Jansen F, et al. Healthcare utilization 
and productivity loss in glioma patients and family care-
givers: the impact of treatable psychological symptoms. J 
Neurooncol. 2020;147(2):485–494. 

0[8] Mock V, Atkinson A, Barsevick AM, et al. Cancer-related 
fatigue. Clinical practice guidelines in oncology. J Natl 
Compr Canc Netw. 2007;5(10):1054–1078. 

0[9] van Coevorden-van Loon EMP, Coomans MB, Heijenbrok- 
Kal MH, et al. Fatigue in patients with low grade glioma: 
systematic evaluation of assessment and prevalence. J 
Neurooncol. 2017;133(2):237–246. 

[10] Berger AM, Abernethy AP, Atkinson A, et al. NCCN clinical 
practice guidelines cancer-related fatigue. J Natl Compr 
Canc Netw. 2010;8(8):904–931. 

[11] Klein M, Engelberts NH, van der Ploeg HM, et al. Epilepsy 
in low-grade gliomas: the impact on cognitive function 
and quality of life. Ann Neurol. 2003;54(4):514–520. 

[12] Klein M, Heimans JJ, Aaronson NK, et al. Effect of radiother-
apy and other treatment-related factors on mid-term to 
long-term cognitive sequelae in low-grade gliomas: a com-
parative study. Lancet. 2002;360(9343):1361–1368. 

[13] Miotto EC, Junior AS, Silva CC, et al. Cognitive impairments 
in patients with low grade gliomas and high grade glio-
mas. Arq Neuropsiquiatr. 2011;69(4):596–601. 

[14] Gehring K, Aaronson NK, Taphoorn MJ, et al. Interventions 
for cognitive deficits in patients with a brain tumor: an 
update. Expert Rev Anticancer Ther. 2010;10(11):1779–1795. 

[15] Tucha O, Smely C, Preier M, et al. Cognitive deficits before 
treatment among patients with brain tumors. 
Neurosurgery. 2000;47(2):324–333. 

[16] van Zomeren AH, van den Burg W. Residual complaints of 
patients two years after severe head injury. J Neurol 
Neurosurg Psychiatry. 1985;48(1):21–28. 

[17] Zomeren AH, van Brouwer WH, Deelman BG. Attentional 
deficits: the riddles of selectivity, speed and alertness. In: 
Closed head injury. Psychological, social and family conse-
quences; 1984. p. 398–415. 

[18] Chaudhuri A, Behan PO. Fatigue in neurological disorders. 
Lancet. 2004;363(9413):978–988. 

[19] Chaudhuri A, Behan PO. Fatigue and basal ganglia. 
J Neurol Sci. 2000;179(S 1–2):34–42. 

[20] Hanken K, Eling P, Hildebrandt H. Is there a cognitive sig-
nature for MS-related fatigue? Mult Scler. 2015;21(4): 
376–381. 

[21] Smets EM, Garssen B, Bonke B, et al. The multidimensional 
fatigue inventory (MFI) psychometric qualities of an instru-
ment to assess fatigue. J Psychosom Res. 1995;39(3): 
315–325. 

[22] Lezak MD, Howieson DB, Bigler ED, et al. 
Neuropsychological assessment. 5th ed. New York: Oxford 
University Press; 2012. 

[23] Crowe SF. The differential contribution of mental tracking, 
cognitive flexibility, visual search, and motor speed to per-
formance on parts A and B of the Trail Making Test. J Clin 
Psychol. 1998;54(5):585–591. 

[24] Scarpina F, Tagini S. The Stroop Color and Word Test. Front 
Psychol. 2017;8:557. 

[25] Bouma AM, Lindeboom J, Schmand A. Handbook neuro-
psychological diagnostic. Amsterdam: Pearson; 2012. 

[26] Royall DR, Cordes JA, Polk M. CLOX: an executive clock 
drawing task. J Neurol Neurosurg Psychiatry. 1998;64(5): 
588–594. 

[27] Radloff LS. The CES-D Scale a self-reported depression scale 
for research in the general population; 1977. 

[28] Bouma JR, Sanderman R, van Sonderen E. Het meten van 
symptomen van een depressie met de CED-D: Een 
Handleiding; 1995. 

[29] Schmand BB, Saan RJ, Louman J. De Nederlandse Leestest 
voor Volwassenen: een maat voor het premorbide intelli-
gentieniveau. Tijdschrift Gerontol Geriatr. 1991;22(1):15–19. 

[30] Schwarz R, Krauss O, Hinz A. Fatigue in the general popula-
tion. Oncol Res Treat. 2003;26(2):140–144. 

[31] Hendricks MPHM, Kessels RPC. Uniformiteit in de kwalita-
tieve beschrijving van scores op prestatietaken. Tijdschrift 
Neuropsychol. 2020;15(3):166–176. 

6 E. M. P. VAN COEVORDEN- VAN LOON ET AL. 



[32] Gehring K, Sitskoorn MM, Gundy CM, et al. Cognitive 
rehabilitation in patients with gliomas: a randomized, con-
trolled trial. J Clin Oncol. 2009;27(22):3712–3722. 

[33] Cheng JX, Liu BL, Zhang X, et al. Health-related quality of 
life in glioma patients in China. BMC Cancer. 2010;10:305. 

[34] Taphoorn MJ, Schiphorst AK, Snoek FJ, et al. Cognitive 
functions and quality of life in patients with low-grade glio-
mas: the impact of radiotherapy. Ann Neurol. 1994;36(1): 
48–54. 

[35] Minton O, Stone P. A systematic review of the scales used 
for the measurement of cancer-related fatigue (CRF). Ann 
Oncol. 2009;20(1):17–25. 

[36] Leavitt VM, DeLuca J. Central fatigue: issues related to cog-
nition, mood and behavior, and psychiatric diagnoses. PM 
R. 2010;2(5):332–337. 

[37] van Kessel E, Baumfalk AE, van Zandvoort MJE, et al. 
Tumor-related neurocognitive dysfunction in patients with 
diffuse glioma: a systematic review of neurocognitive func-
tioning prior to anti-tumor treatment. J Neurooncol. 2017; 
134(1):9–18. 

[38] Blonski M, Taillandier L, Herbet G, et al. Combination of 
neoadjuvant chemotherapy followed by surgical resection 
as a new strategy for WHO grade II gliomas: a study of 
cognitive status and quality of life. J Neurooncol. 2012; 
106(2):353–366. 

[39] van der Linden SD, Gehring K, De Baene W, et al. 
Assessment of executive functioning in patients with men-
ingioma and low-grade glioma: a comparison of self-report, 
proxy-report, and test performance. J Int Neuropsychol Soc. 
2020;26(2):187–196. 

[40] Wefel JS, Noll KR, Rao G, et al. Neurocognitive function 
varies by IDH1 genetic mutation status in patients with 
malignant glioma prior to surgical resection. Neuro Oncol. 
2016;18(12):1656–1663. 

[41] van Kessel E, Emons MAC, Wajer IH, et al. Tumor-related 
neurocognitive dysfunction in patients with diffuse glioma: 
a retrospective cohort study prior to antitumor treatment. 
Neurooncol Pract. 2019;6(6):463–472. 

[42] van Loon EM, Heijenbrok-Kal MH, van Loon WS, et al. 
Assessment methods and prevalence of cognitive 

dysfunction in patients with low-grade glioma: a systematic 
review. J Rehabil Med. 2015;47(6):481–488. 

[43] Taphoorn MJ, Klein M. Cognitive deficits in adult patients 
with brain tumours. Lancet Neurol. 2004;3(3):159–168. 

[44] Varela F, Lachaux JP, Rodriguez E, et al. The brainweb: 
phase synchronization and large-scale integration. Nat Rev 
Neurosci. 2001;2(4):229–239. 

[45] Bosma I, Reijneveld JC, Klein M, et al. Disturbed functional 
brain networks and neurocognitive function in low-grade 
glioma patients: a graph theoretical analysis of resting-state 
MEG. Nonlinear Biomed Phys. 2009;3(1):9. 

[46] Spelten ER, Verbeek JH, Uitterhoeve AL, et al. Cancer, 
fatigue and the return of patients to work-a prospective 
cohort study. Eur J Cancer. 2003;39(11):1562–1567. 

[47] Pryce J, Munir F, Haslam C. Cancer survivorship and work: 
symptoms, supervisor response, co-worker disclosure and 
work adjustment. J Occup Rehabil. 2007;17(1):83–92. 

[48] Curt G, Johnston PG. Cancer fatigue: the way forward. 
Oncologist. 2003;8(Suppl. 1):27–30. 

[49] van Coevorden- van Loon We EMP, Heijenbrok- Kal M, 
Horemans HLD, et al. Long-term employment status in 
patients with WHO grade II gliomas and the association 
with subjective symptoms of fatigue. J Rehabil Med. 2021; 
53(5). 

[50] Mainio A, Tuunanen S, Hakko H, et al. Decreased quality of 
life and depression as predictors for shorter survival among 
patients with low-grade gliomas: a follow-up from 1990 to 
2003. Eur Arch Psychiatry Clin Neurosci. 2006;256(8):516–521. 

[51] Rooney AG, Carson A, Grant R. Depression in cerebral gli-
oma patients: a systematic review of observational studies. 
J Natl Cancer Inst. 2011;103(1):61–76. 

[52] Shi C, Lamba N, Zheng LJ, et al. Depression and survival of 
glioma patients: a systematic review and meta-analysis. 
Clin Neurol Neurosurg. 2018;172:8–19. 

[53] Brown LF, Kroenke K. Cancer-related fatigue and its associ-
ations with depression and anxiety: a systematic review. 
Psychosomatics. 2009;50(5):440–447. 

[54] Lageman SK, Cerhan JH, Locke DE, et al. Comparing neuro-
psychological tasks to optimize brief cognitive batteries for 
brain tumor clinical trials. J Neurooncol. 2010;96(2): 
271–276.  

FATIGUE AND COGNITION IN GLIOMA PATIENTS 7 


	Abstract
	Introduction
	Methods
	Design
	Participants
	Procedure
	Outcome measures
	Statistical analysis

	Results
	Characteristics of the patients
	Fatigue: prevalence and severity
	Cognitive impairment: prevalence and severity
	Mental fatigue and cognitive functioning
	Mental fatigue and employment

	Discussion
	Disclosure statement
	Funding
	References


