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Abstract
Objective: The author’s aim was twofold: (1) to investigate the prevalence and severity of
different facets of fatigue and impairments in simple information processing speed, response
inhibition and divided attention in patients with low grade glioma (LGG) and (2) to examine
the relationship between mental fatigue and these three cognitive functions in patients with
LGG. Method: Patients with LGG were assessed with neuropsychological tests measuring
simple information processing speed (VTS RT-S1 and RT-S2), response inhibition (VTS RT-
S3) and divided attention (VTS DT-S1). Different facets of fatigue were measured with a
multidimensional fatigue scale, the Dutch Multifactor Fatigue Scale (DMFS). Descriptive
statistics and between group comparisons were performed. Results: In total, 124 patients with
LGG were included. Approximately forty percent of LGG patients reported severe mental
fatigue and a high impact of their fatigue on daily life. A quarter reported severe physical
fatigue. Regarding cognitive functioning, simple information processing speed was impaired
in 1-3% of patients, while frequencies of impairment in response inhibition and divided
attention were 21% and 27% respectively. Furthermore, at group level no significant
differences were found in mean performance on simple information processing speed,
response inhibition and divided attention between severely mental fatigued patients and non-
severely mental fatigued patients. However, we found that the percentage of patients with
impaired divided attention was significantly higher in the severely mental fatigued group
compared to the non-severely mental fatigued group. Conclusions: Patients with low grade
glioma show high rates of fatigue, especially in the mental domain. Complex attention was
impaired in around a quarter of patients with LGG, while simple information processing
speed remained relatively intact. As we only found a relationship between impaired divided
attention and severe mental fatigue, results imply that the higher the cognitive load of a test,
the larger the difference in performance between severely fatigued and non-fatigued patients.
Considering the importance of mental fatigue and complex attention for daily functioning, and
following the results of the present study, it is recommended to assess both constructs and its
relationship thoroughly in order to develop rehabilitation programs specifically tailored to the

needs of patients with LGG.
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Introduction

Low grade gliomas (LGG) are primary diffusely infiltrative brain tumors of glial origin
that often arise in young adults (Claus et al., 2015; Smits & Jakola, 2019). Gliomas are classified
from grade | to 1V based on morphological and molecular features as specified in the World
Health Organization (WHO) Classification of Tumours of the Central Nervous System. Grade
Il gliomas are regarded as low grade, whereas grades Ill and IV include high grade gliomas
(Louis et al., 2007; Louis et al., 2016). It is estimated that approximately 70% of LGG undergo
anaplastic progression into a higher-grade glioma within 5-10 years (Furnari et al., 2007).
However, due to new and improved treatment options (commonly a combination of surgical
resection, radiation therapy and/or chemotherapy), the median life expectancy of LGG patients
has increased in recent decades, ranging from 4 to 13 years (van den Bent, 2014; Schomas et
al., 2009; van der Weide et al., 2020). Consequently, this led to increased attention for patients’
quality of life, as patients with LGG often report a large array of complaints, such as fatigue,
cognitive problems and symptoms of depression and anxiety (Wefel et al., 2008).

Fatigue in patients with cancer is the most prevalent and important cause of loss of
quality of life for both the patient and caregiver (Gustafsson et al., 2006; Mock et al., 2000).
However, fatigue and its associated factors have not been extensively studied in patients with
LGG. Reported frequencies vary from 39% to 77%, depending on the definition and instrument
used (van Coevorden-van Loon, 2017). Fatigue in LGG patients is often investigated as a
unitary construct and measured with a limited number of items from a quality of life scale.
However, fatigue after brain injury is a multidimensional phenomenon with various modes of
expression (e.g., mental, physical, emotional and experienced impact on daily life) and should
therefore be comprehensively assessed with a multidimensional instrument (Pattyn et al., 2018;
Struik et al., 2009). While these different components of fatigue are of great influence on quality
of life, specifically mental fatigue has shown to be debilitating in patients with brain injury
(Kluger et al., 2013). Mental fatigue is described as a sustained feeling of exhaustion and lack
of mental energy and initiative after performing mentally demanding activities (Johansson &
Roénnbéck, 2014). Unfortunately, only two studies have used a multidimensional instrument to
assess mental fatigue in patients with LGG. Van Coevorden-van Loon et al. (2021) found high
rates on all subscales of the Multidimensional Fatigue Inventory-20 (MFI-20), and specifically
mental fatigue (subscales are mental fatigue, physical fatigue, reduced activity and reduced
motivation). However, the MFI-20 is not specifically designed for patients with brain injury
and this study only included a small group of LGG patients (n=31) of whom the majority

received a combination of treatments more than three months before assessment (resection,
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radiation therapy and/or chemotherapy). Gehring et al. (2009) also found high scores on the
MFI-20, but did not study fatigue as a primary outcome and excluded subscales. Research on
other aspects of fatigue, such as physical and emotional influences, is even more limited in
patients with LGG. It is crucial to conduct more extensive research on fatigue as a
multidimensional construct in this patient group, as these different facets of fatigue presumably
require different types of treatment.

A possible factor underlying fatigue in glioma patients is cognitive impairment. While
patients with glioma often experience impairment in physical and emotional functioning,
specifically deficits in neurocognitive functioning negatively affects daily functioning and
quality of life (Habets et al., 2019). Impairments are possible in all cognitive domains, but
attentional deficits are suggested to be the most common (30% of LGG patients) (van
Coevorden-van Loon et al., 2021; Ek et al., 2010; Gehring et al., 2010; Habets et al., 2019; van
Kessel et al., 2017). However, the available literature is very heterogeneous regarding the
neuropsychological tests used, making it difficult to compare results between studies (van
Coevorden-van Loon et al., 2015; van Kessel et al., 2017). Related to this complication is the
fact that many studies classify the subtests differently, do not report results of subtests or specify
which neuropsychological tests were used. Furthermore, not all cognitive tests may be
appropriate to use in this patient group. Short assessments and simple screenings are not
sufficient to detect the often subtle cognitive deficits in patients with LGG. Sensitive and wide-
ranged tests are therefore required to detect these milder neurocognitive deficits in LGG
patients (van Kessel et al., 2017). The majority of studies on cognitive functioning in LGG
patients used the Trailmaking Test (TMT) and Stroop Color-Word Test (SCWT) to measure
processing speed, attention and inhibition, an element of executive functioning. However, these
tests also tap into other cognitive domains and processes. For instance, the TMT requires visual
search strategies and motor speed; and the SCWT requires verbal speed. A test that disentangles
the confounding effects of peripheral slowness and central slowness and that permits
distinguishing reaction and motor times may be more appropriate to measure simple
information processing speed and attention (Spikman & van Zomeren, 2010). The Vienna Test
System (VTS) Reaction Time (RT) and Determination Test (DT) allows for this
disentanglement, but has not yet been applied to measure simple information processing speed,
response inhibition and divided attention in patients with LGG.

Another factor that may be considered an underlying mechanism of fatigue is
psychological symptoms. Studies suggest that patients with LGG experience increased levels
of depression (15%-48%) and anxiety (21%) (Alessandra et al., 2021; Mainio et al., 2006;
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Rooney et al., 2011). Although not extensively studied in patients with LGG, depression, and
to a lesser degree anxiety, have been found to have relatively high correlations with fatigue in
several patient populations, including cancer patients (Brown & Kroenke, 2009; Day et al.,
2015). It is therefore suggested to control for these psychological factors when investigating
fatigue and cognitive functioning in patients with LGG

Regarding mental fatigue and cognitive functioning, only a singular study has examined
this relationship in patients with LGG. Van Coevorden-van Loon et al. (2021) showed that
mentally fatigued patients perform worse than non-mentally fatigued patients on various
attention, inhibition and mental flexibility tasks (SCWT card Il and I1I; TMT-B). However,
results were inconsistent in cognitive domains and may not be generalizable to the whole LGG
population, as results are based on a small group of patients with mostly WHO grade 11 IDH-
mutant tumors (n=31). Furthermore, simple information processing speed was not examined.

The relationship between mental fatigue and cognitive functioning has been better
established in patients with traumatic brain injury (TBI). A recent systematic review stated that
several studies have demonstrated that mental fatigue is related to slower information
processing speed and problems in attention in mild TBI patients (Johansson, 2021). Some
studies found worse performance on more demanding attentional tasks to be related to mental
fatigue (Hattori et al., 2009), but this relationship is also found with automatic and simple
attention measures in mild TBI patients (Johansson et al., 2009). However, other studies on
mild to severe TBI only find complex attention to be associated with mental fatigue (Stuss,
1989; Ziino & Ponsford, 2006). For instance, Mdller et al. (2014) found decreased performance
for a mild TBI group who reported more mental fatigue than controls in a demanding divided
attention task. However, they did not find this decrease to be present for less demanding tests
involving simple information processing speed and automatic attention. These inconsistencies
in results demonstrate a complex relationship between mental fatigue, information processing
speed and attention that is not yet understood.

More research is needed on the role of different facets of fatigue, attentional functioning
and the relationship between both factors in LGG patients. Therefore, the aim of the present
study is twofold. First, to investigate the prevalence and severity of different facets of fatigue
and impairments in simple information processing speed, response inhibition and divided
attention in LGG patients. Secondly, to examine the relationship between mental fatigue and

these three cognitive functions in LGG patients.
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Method
Patients and procedure

This study is part of a larger research project in which LGG patients were included who
receive proton therapy in the UMCG Proton Therapy Center in Groningen, the Netherlands.
Patients with confirmed WHO grade I, 1l and 111 gliomas, who were treated between November
2017 and February 2022, were eligible for inclusion in the present study. Exclusion criteria
were age under 18, diagnosis with any additional neurological disease and/or psychiatric
disorder, alcohol or drugs abuse, indicative performance on a symptom validity test during
neuropsychological assessment and insufficient mastery of the Dutch language.

All patients completed a battery of standardized neuropsychological tests at the UMCG,
before the start of proton therapy. The battery contained tests measuring a wide range of
cognitive domains and has an administration time of approximately 150 minutes. Self-report
questionnaires were completed during the visit or could be completed later and returned by
postal mail. Demographical data and tumor characteristics were obtained during the assessment
or from patients’ medical reports. The study was approved by the Medical Ethical Committee
of the UMCG. All participants provided written informed consent and were treated in

accordance with the Declaration of Helsinki.

Measurement instruments
Speed of information processing

Two simple information processing tasks (RT-S1 and RT-S2) of the computerized
Vienna Test System (VTS) (Prieler, 2008) were used to assess the ability to react under simple
stimulus constellations by measuring reaction time and motor time separately. During the task,
participants need to place their dominant index finger on a rest key and react as quickly as they
can to optical (RT-S1) or acoustic (RT-S2) stimuli by pressing a response key. Both tasks
consisted of five practice trials and 28 test trials. Two scores were calculated for each
participant: (1) the mean reaction time (RT), that is the mean time between the appearance of
the stimulus and lifting the index finger and (2) the mean motor time (MT), the mean time
between lifting the index finger and pressing the response key. Times in milliseconds are
converted to percentiles adjusted for age group. Only the RT was used in the present study. The
RT-S1 and RT-S2 have shown to have good reliability and validity (Prieler, 2008).
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Response inhibition

Response inhibition was measured with the RT-S3 of the VTS (Prieler, 2008), which
assesses the ability to react to a critical stimulus combination, including an inhibitory element.
During the task, participants are asked to place their dominant index finger on a rest key and
react as quickly as they can to a certain stimulus combination (optical and acoustic), while
inhibiting responses to other simultaneous or sequentially presented stimuli combinations.
Equivalent to the information processing tasks, the RT and MT are calculated for each
participant in milliseconds. These scores are converted to percentiles adjusted for age group.
Only the RT was used in the present study. The RT-S3 has shown to have good reliability and
validity (Prieler, 2008).

Divided attention

Divided attention was measured with the Determination Test-S1 (DT-S1) of the VTS
(Neuwirth & Benesch, 2007). The DT-S1 assesses the ability to react under complex multi-
stimuli conditions, having to sustain continuous and diverse responses in a fast pace, making it
necessary for the participant to divide their attention. Participants had to react to different
auditory and visual signals by pressing the corresponding buttons or foot pedals. The speed of
the presentation of the stimuli was automatically adapted to the participant’s response to make
the subjective difficulty of the test sufficiently high. The test takes four minutes, and the
outcome is the number of accurate responses, which is converted to a percentile adjusted to age

group. The DT-S1 has shown to have good reliability and validity (Neuwirth & Benesch, 2007).

Fatigue

Different facets of fatigue were measured with the Dutch Multifactor Fatigue Scale
(DMFS) (Visser-Keizer et al., 2015). The DMFS is a multidimensional scale designed to
measure fatigue in patients with brain injury and is subdivided into five scales: (1) mental
fatigue, addressing precursors and consequences of mental fatigue (range 7-35) (Mental-f); (2)
physical fatigue, addressing physical fitness and precursors and consequences of physical
fatigue (range 6-30) (Physical-f); (3) signs and direct consequences of fatigue, addressing
emotional and physical symptoms that directly co-occur with fatigue (range 9-45) (Signs-f);
(4) impact of fatigue, addressing the impact of fatigue patients experience on their life in general
(Impact-f) and (5) coping with fatigue, addressing the ability of patients to signal fatigue and
use this signal to adapt to fatigue (Coping-f). The scale consists of 38 items and each item is

scored on a five-point Likert scale (1 = totally disagree to 5 = totally agree). Scores on the
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subscales were compared to a norm group based on 129 healthy control participants and are

converted to percentile ranges. All subscales have a sufficient to good reliability and validity.

Depression and anxiety

The Hospital and Depression Scale (HADS) (Zigmond & Snaith, 1983) was used to
compare reports of depression (HADS-D) and anxiety (HADS-A) between severely mental
fatigued and non-severely mental fatigued patients. Higher scores indicate higher symptom
frequency. Three thresholds are recommended: > 7 for a mild indication; > 11 for a moderate
indication and > 15 for a severe indication (with a maximum of 21). We used a cut-off of > 7

to define increased levels of depression and anxiety.

Statistical analysis

Statistical analyses were conducted using SPSS software, version 23.0 (SPSS Inc.
Armonk, NY, USA). Educational level was recorded with the Dutch classification system of
Verhage (1964), ranging from 1 (no primary school) to 7 (university). Test data were assessed
for normality using quantile-quantile (Q-Q) plots, non-parametric alternatives were applied in
case of not-normally distributed scores. Test performances were examined in contrast to
normative data as used in clinical practice and performances below the tenth percentile were
considered impaired (Lezak et al., 2004).

Scores on the DMFS Mental-f subscale were dichotomized into two patient groups as
‘non-severe mental fatigue’ (0-88 percentile) and ‘severe mental fatigue’ (89-100 percentile).
Differences between groups on demographical, clinical and psychological factors were
analyzed with Mann-Whitney U and Pearson Chi-Squared tests. Differences in mean
percentiles of cognitive performance between the two mental fatigue groups were investigated
using Mann-Whitney U tests. Additionally, Pearson Chi-squared tests were performed to
compare the percentages of impaired performance between the severely mental fatigued group
and non-severely mental fatigued group. Effect sizes (r and phi) were calculated. The overall

alpha level was set at 0.05, two sided.
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Results
Participant characteristics
In total, 124 patients were included in this study. Table 1 shows the sociodemographic

and tumor characteristics of all patients.

Table 1
Sociodemographic and tumor characteristics of LGG patients.
Characteristic patients (n=124)
Sex, number of women (%) 59 (47.6%)
Age in years, mean (SD) 42.1(12.5)
Educational level, mean (SD) 5.2 (1.0)
Diagnosis
Oligodendroglioma, n (%) 60 (48.4%)
Astrocytoma, n (%) 62 (50.0%)
Pilocytic astrocytoma, n (%) 1 (0.8%)
Ependymoma, n (%) 1 (0.8%)
WHO tumor grade?
Grade I, n (%) 1 (0.8%)
Grade I1, n (%) 99 (79.8%)
Grade 111, n (%) 24 (19.4%)
Histopathology
IDH-mutated 119 (96%)
IDH-wildtype 2 (1.6%)
Unknown 3 (2.4%)
Lateralization®
Left-sided, n (%) 66 (53.2%)
Right-sided, n (%) 54 (43.5%)
Bilateral, n (%) 4 (3.2%)
Tumor location®
Frontal, n (%) 82 (66.1%)
Temporal, n (%) 24 (19.4%)
Parietal, n (%) 22 (17.7%)
Occipital, n (%) 6 (4.8%)
Insular, n (%) 9 (7.3%)
Otherd, n (%) 11 (8.9%)
Type of surgery
Basic craniotomy, n (%) 51 (41.1%)
Advanced craniotomy (awake craniotomy or intraoperative
neurophysiological monitoring), n (%) 53 (42.7%)
Unknown 12 (9.7%)
Other treatments
Chemotherapy, n (%) 4 (2.6%)

Radiotherapy, n (%) 0 (0.0%)
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Comorbidity

Depressive symptoms (HADS-D)
Mild (score 8-10) 17 (13.7%)
Moderate (score 11-14) 7 (5.6%)
Severe (score 15-21) 1 (0.8%)

Anxiety symptoms (HADS-A)
Mild (score 8-10) 12 (9.7%)
Moderate (11-14) 1 (0.8%)
Severe (15-21) 0 (0.0%)

Note. Educational level is according to Verhage classification system, ranging from 1 (no
primary school) to 7 (university); WHO = World Health Organization.

2 Indicated as the highest glioma grade within the tumor according to WHO 2006.

b aterality of the main bulk of the tumor.

¢ Presence of tumor may overlap in multiple location domains.

dCorpus callosum, cingulate gyrus, brain stem, thalamus, basal ganglia and cerebellum.

Fatigue: prevalence and severity

Mean scores and the prevalence of severe fatigue per DMFS subscale are shown in Table

No significant differences were found between severely mental fatigued patients and
non-severely mental fatigued patients in terms of sex, educational level, type of glioma, WHO
tumor grade, lateralization and location of the tumor (all p > 0.05). Importantly, there were also
no significant differences in increased depression or anxiety scores between the two fatigue
groups (HADS-D: X?=0.55 (1, 113), p = .460; HADS-A: X?=1.19 (1, 99), p = .276). However,
there was a significant difference in terms of age (fatigued M = 45.0 years [SD = 11.4 years];
non-fatigued M = 40.2 years [SD = 12.9 years]; Z = -2.308; p =.021).

Table 2

Fatigue characteristics of the patients, measured with the DMFS (n=124).
DMFS subscales Score, mean (SD) Severe fatigue?, n (%)
Mental-f 20.9 (5.9) 51 (41.1%)
Physical-f 15.3 (5.3) 31 (25.0%)
Impact-f 27.4 (10.1) 47 (37.9%)
Signs-f 24.0 (6.8) 43 (34.7%)
Coping-f 14.1 (3.5) 19 (15.3%)

Note. DMFS, Dutch Multifactor Fatigue Scale; Mental-f, Mental fatigue; Physical-f, Physical
fatigue; Impact-f, Impact of fatigue; Signs-f, Signs and direct consequences of fatigue; Coping-f,
Coping with fatigue. Mean, in raw scores. SD, standard deviation.

aSevere fatigue is defined as scores above the 89™ percentile.
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Cognitive impairment: prevalence and severity

In simple information processing speed, impairments were observed in 0.8-3.2% of the
patients for RT-S1, RT-S2 and the summary score of these two tests. Regarding response
inhibition, 21.1% of patients demonstrated impaired scores on the RT-S3. In the domain of
divided attention, 26.7% of patients showed impairment on the DT-S1 accuracy score. Overall

results and frequencies of impaired scores are detailed in Table 3.

Table 3
Cognitive functioning in LGG patients: percentiles and percentages of impaired scores.
Neuropsychological test N M (SD) Impaired, n (%)
Simple information processing speed
VTS RT-S1, mean reaction time 124 61.7 (26.6) 4 (3.2%)
VTS RT-S2, mean reaction time 123 65.1 (29.1) 2 (1.6%)
Summary score of RT-S1 and RT-S2 123 63.2 (24.8 1 (0.8%)
Response inhibition
VTS RT-S3, mean reaction time 123 35.7 (26.6) 26 (21.1%)
Divided attention
VTS DT-S1, accuracy score 120 31.1 (26.6) 32 (26.7%)

Note. VTS, Vienna Test System. Summary score of RT-S1 and RT-S2, mean of RT-S1 and RT-S2 percentiles
per patient. M, mean in percentiles. SD, standard deviation in percentiles. Impaired, scores below tenth
percentile.

Cognitive functioning and mental fatigue

Mann-Whitney U tests showed no significant differences in mean scores on all
neuropsychological tests between severely mental fatigued patients and non-severely mental
fatigued patients (Table 4).

Additionally, Chi-squared tests were performed with an added impaired and non-
impaired group. In simple information processing speed and response inhibition, there were no
significant differences in the percentages impaired between the severely mental fatigued and
non-severely mental fatigued group. However, on divided attention the percentage impaired in
the severely mental fatigued group (38.8%) is significantly higher than in the non-severely
mental fatigued group (16.2%). Overall results are detailed in Table 5; results on divided

attention are displayed with a graph (Figure 1).
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Table 4
Differences in cognitive functioning between severely fatigued patients and non-severely fatigued patients.
Neuropsychological test Severely mental fatigued patients Non-severely mental fatigued patients p value?® re
(n=51), mean percentiles (SD) (n=70), mean percentiles (SD)
Simple information processing speed
VTS RT-S1, mean reaction time 59.5 (25.6) 62.5 (27.7) 0.461 -0.067
VTS RT-S2, mean reaction time 64.1 (29.1) 65.6 (28.8) 0.880 -0.014
Summary score of RT-S1 and RT-S2 61.8 (24.6) 63.8 (25.0) 0.644 -0.042
Response inhibition
VTS RT-S3, mean reaction time 30.6 (25.1) 38.1(26.1) 0.117 -0.143
Divided attention
VTS, DT-S1, accuracy score 26.5 (24.5) 34.9 (27.6) 0.076 -0.164

Note. VTS, Vienna Test System.
aMann-Whitney U tests. °r, effect size. *p value <05.

Table 5
Chi-squared test results of impaired and non-impaired neuropsychological performance between severely mental fatigued and non-severely
mental fatigued patients (n=120).

Severely mental fatigued, Non-severely mental fatigued, X2 p value ol
n (%) (n=51) n (%) (n=69)
Simple information processing speed 1.364 0.243 0.107
Impaired® 1 (2.0%) 0 (0.0%)
Response inhibition 0.764 0.382 0.080
Impaired® 13 (25.5%) 13 (18.8%)
Divided attention 7.628 0.006* 0.255
Impaired ° 19 (38.8%) 11 (16.2%)

Note. Information processing, summary score of RT-S1 and RT-S2; Response inhibition, RT-S3 mean reaction time; Divided attention, DT-S1 accuracy score.
2pearson Chi-squared test value. ® Phi, effect size. ¢Impaired, scores below the tenth percentile. *Significant p value <.05.
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Figure 1
Percentages of impaired and non-impaired neuropsychological performance in divided
attention between severely mental fatigued and non-severely mental fatigued patients.
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Note. Divided attention, VTS DT-S1 accuracy score. Impaired, scores below the tenth
percentile.
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Discussion

The present study aimed to better understand different facets of fatigue, simple information
processing speed, response inhibition and divided attention in patients with LGG. Secondly, the
relationship between mental fatigue and these three cognitive functions was investigated.
Approximately forty percent of LGG patients reported severe mental fatigue and a high impact
of their fatigue on daily life. Regarding attentional functioning, simple information processing
speed seemed to be relatively intact, while approximately one fifth to one fourth of LGG
patients perform impaired on response inhibition and divided attention tasks. Furthermore, we
found significantly more patients with an impairment in divided attention in the severely mental
fatigued group compared to the non-severely mental fatigued group.

The outcomes of the present study showed that multiple aspects of fatigue are present in
many LGG patients. Severe mental fatigue was found to be frequent in patients with LGG
(41%) and 38% of all patients experienced a high impact of fatigue on daily life. Physical
fatigue was also present in a quarter of LGG patients. A previous study has found comparable
percentages on mental and physical fatigue in patients with LGG with a multidimensional
fatigue scale (MFI-20) (van Coevorden-van Loon et al., 2021). As mentioned before, this study
has some limitations. Results are based on a small group of IDH-mutant LGG patients (n=31)
and they used a scale not designed for patients with brain injury, such as the DMFS. Other
studies examining fatigue in patients with LGG used unidimensional fatigue scales or subscales
(Cheng et al., 2010; van Coevorden-van Loon et al., 2017; Struik et al., 2009; Taphoorn et al.,
1994). The present study is therefore the first that has used a multidimensional fatigue scale
specifically designed for patients with brain injury in a relatively large LGG sample. The high
rates on the subscales show that it is important to consider different types of fatigue in LGG
patients even before having received radiation- and chemotherapy.

Regarding neurocognitive functioning, the present study found clear deficits on response
inhibition (21%) and divided attention (27%), whereas barely any patients showed impairment
on simple information processing speed (1-3%). These results imply that simple or automatic
variants of information processing and attention remain relatively intact in LGG patients, while
complex aspects of attention are more frequently affected. Accordingly, it seems that the higher
the cognitive load of a task, the more LGG patients perform impaired. This is an important find,
because it suggests that impairments in divided attention in LGG patients do not result from
reduced information processing speed per se, but rather from problems processing competing
stimuli, inefficient sharing of resources or switching of attention between tasks. Studies found
cognitive deficits in patients with LGG, although these were often subtle and not severe in
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nature (Laack et al., 2005; Correa et al., 2008). Taking the results of the present study into
account, it seems that the complex VTS tests are appropriate measures for detecting those
milder and complex impairments. The present study is the first study that investigated simple
information processing speed and complex variants of attention with these VTS tests in LGG
patients. Furthermore, due to the disentanglement of reaction times and motor times, the VTS
controls for motor slowness, resulting in a clean measure of information processing speed and
attention. Other articles examining neurocognitive functioning in LGG patients also found the
domain attention to be most frequently affected (van Coevorden-van Loon et al., 2021; Habets
et al., 2019; van Kessel et al., 2017). However, these studies did not investigate simple
information processing speed with such a ‘simple’ test; and have not used a measurement that
equals in complexity regarding divided attention. This difference in test selection makes it
difficult to compare the results of the present study to other articles.

By studying the relationship between cognitive functioning and mental fatigue, we found
no significant differences at group level in mean performance on simple information processing
speed, response inhibition and divided attention between the two mental fatigue groups.
However, when investigating the composition of the more and less severely fatigued group
more closely, we found significantly more patients with an impairment in divided attention in
the severely mental fatigued group compared to the non-severely mental fatigued group. To
explain the relationship between these two factors, the coping hypothesis has been proposed.
This hypothesis states that patients have to increase their cognitive efforts to compensate for
their information processing and attention deficits, resulting in mental fatigue (van Zomeren et
al., 1984). This would mean that performance on cognitive tests would not differ between
fatigued and non-fatigued patients. Although this hypothesis is in accordance with the results
on simple information processing speed and response inhibition, it is not for divided attention.
These findings imply that when a task becomes too complex and exceeds a fatigued person’s
capacity of cognitive load, compensation is not possible and a drop in performance will be
visible. Accordingly, it may be that the influence of mental fatigue becomes more visible when
a test is more resource demanding. Another possible explanation for this relationship is based
on a central fatigue hypothesis stating that injury in certain brain regions (e.g. basal ganglia,
thalamus, prefrontal cortex and/or connecting pathways ) results in complex attention deficits,
while may in turn lead to mental fatigue (Chaudhuri & Behan, 2000). The present study
indicates that it is important to consider the association between mental fatigue and complex
attention in patients with LGG, as both factors have a large (and possibly entangled) influence
on daily functioning (Ziino & Ponsford, 2006).
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Studies indicate that patients with LGG experience increased levels of depression (15%-
48%) and anxiety (21%). In our study, frequencies of increased levels of depression and anxiety
were 20.1% and 10.5% respectively. Although an association between fatigue and
psychological symptoms has been found in several patient groups, we did not find a difference
in the proportion of patients with an increased depression or anxiety score between the severely
mental fatigued group and the non-severely mental fatigued group.

Some limitations have to be taken into account. First, our sample only included patients with
LGG who were eligible for proton therapy and thus have a favorable prognosis. Our results
may not be applicable to more severely impaired patients who have to restrain from
comprehensive neuropsychological testing and proton therapy. Second, almost all patients
included had an IDH-mutant type glioma, only a few patients had an IDH-wildtype glioma. In
comparison to IDH1-mutant gliomas, patients with IDH1-wildtype gliomas show reduced
neurocognitive functioning in multiple domains, including processing speed (Wefel et al.,
2016). As a result, the cognitive impairments that we found may be underestimating deficits
when compared to the whole LGG population. Lastly, the severely mental fatigued group was
significantly older than the non-severely mental fatigued group. However, we controlled for
age by using the percentiles of the VTS tests, which are based on age groups. Also, the absolute
differences in years between groups were small, so we do not expect this to have had a large
influence on the results.

In conclusion, our study shows high rates of different facets of fatigue in patients with LGG,
especially in the mental domain. Regarding neurocognitive functioning, we found deficits in
response inhibition and divided attention in a significant proportion of patients with LGG, while
simple information processing speed remained relatively intact. Although no significant
differences between severely mental fatigued patients and non-severely mental fatigued
patients were found at group level on the three cognitive functions, we found a significant
higher percentage of patients with deficits in divided attention in the severely mental-fatigued
group compared to the non-severely mental fatigued group.

For future research it is recommended to use tests such as the VTS, as these have shown to
be sensitive in patients with LGG and are not dependent on motor speed, search strategies and
visuo-motor skills. Furthermore, although awareness of cancer-related fatigue is increasing,
there is still a lack of knowledge of the mechanisms underlying mental fatigue and its
relationship with neurocognitive functioning. Improving our knowledge on this relationship is
necessary to investigate strategies to treat mental fatigue and cognitive impairment and
improve quality of life and chances of returning to work (van Coevorden-van Loon et al.,
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2021). Emphasizing the importance of attentional functioning and mental fatigue, we
recommend assessing these constructs thoroughly in LGG patients in order to develop

rehabilitation programs specifically tailored to the needs of this patient group.
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