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ABSTRACT

Purpose: To investigate the course of fatigue, subjective and objective language functions in patients
with lower-grade gliomas during the first year of disease. Further, to examine if subjective and
objective language variables predicted ratings of fatigue.

Methods: Fatigue was assessed with the Fatigue Severity Scale, subjective language with self-reported
word-finding, expression of thoughts, reading and writing from the Functional Assessment of Cancer
Therapy — Brain, and objective language with standardized tests. Mixed models were used to investigate
changes in variables over time and predictors of fatigue.

Results: Twenty-three patients with gliomas (WHO 1-3) were included. Average ratings of fatigue did
not change significantly, but altering patterns were observed. Subjective concerns about word-finding
and expression of thoughts increased significantly during follow-up. The regression analyses showed
that concerns about abilities to read and write significantly predicted fatigue. The results indicated that
less concerns about reading and writing were associated with lower levels of fatigue.

Conclusions: Patients with lower-grade gliomas report fatigue and language concerns throughout the
first year. Concerns about reading and writing call for careful consideration as they seem to provoke
fatigue. The findings underline the importance of the patients’ perspective in treatment and follow-up.

h IMPLICATIONS FOR REHABILITATION

+ Fatigue should be assessed routinely in glioma patients, to identify patterns and contributing factors
throughout the course of disease.

+ Subjective language assessment may provide important information about the patients’ experience
of difficulties that are not detected with objective tests.

+ Language assessment, both subjective and objective, should not be limited to verbal tasks, as other
abilities such as reading and writing may be of great importance in everyday life.

+ Rehabilitation programs for glioma patients should aim to identify and address factors that provoke
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fatigue.

Introduction

Diffuse lower-grade gliomas (WHO grade 1-3) are primary malig-
nant brain tumors of the central nervous system (CNS). They are
often located within areas eloquent for language/cognitive, motor
and sensory functions in the brain [1]. Patients with these types
of tumors have a median survival of 5-15years [2] depending on
molecular subtype [3]. They must adapt to living with an array
of symptoms, such as fatigue, neurological disturbance, language/
cognitive disfunction, as well as uncertainty of progression in the
disease [4,5]. Despite this, they have a more favorable prognosis
than patients with glioblastomas and can in some cases endure
progression free periods for years [6].

Fatigue has been defined as “a subjective state of overwhelm-
ing and sustained exhaustion and decreased capacity for physical
and mental work that is not relieved by rest” [7]. Fatigue is one
of the most disturbing and burdensome symptoms of cancer [8,9],
associated with significant loss of quality of life (QoL), social

participation and productivity [10-12]. Despite, its high prevalence
and major impact on well-being, fatigue is in many cases under-
reported by patients and undetected and untreated by health
care professionals [13-15].

Approximately 39-82% of glioma patients report fatigue at
some point during the course of disease [16-19]. The difference
in prevalence rates may be due to variation in definitions and
assessment instruments. Fatigue is seldom reported as the primary
outcome in glioma studies and has mostly been investigated as
a side-effect of oncological treatment [20-23]. Further, there is a
lack of longitudinal studies that investigate changes throughout
the disease trajectory.

The underlying mechanisms of fatigue are multifactorial, and
so far findings indicate a contribution of biological, behavioral,
social and treatment-related factors [24]. It is still poorly under-
stood how fatigue and contributing variables influence each other
[18]. One of the factors said to induce fatigue is cognitive dys-
function [25]. The cognitive coping theory implies that patients
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with brain damage use elevated effort to compensate for their
cognitive difficulties in everyday life. In turn, this increased effort
provokes fatigue and prolongs restoration time compared to
non-injured individuals [26,27].

Not only cognitive, but also language changes are a major
concern of glioma patients [28,29]. Studies demonstrate that up
to 90% of glioma patients report word-finding difficulties [30-32].
Discrepancies between subjective and objective language func-
tions are a common finding [33-35], with the patients’ evaluation
of language status generally being worse than what test results
indicate [31,35,36]. Subjective cognitive concerns have been shown
to mirror other self-reported concerns, among those fatigue
[17,18,37]. Less is known about the associations between language
concerns and fatigue.

Ake et al. [38] interviewed 12 patients with gliomas about the
impact of communicative disturbances on everyday functioning.
Fatigue was frequently reported and associated with the need to
concentrate and use effort to put thoughts into words, both orally
and in written text. In that sense, communication was no longer
regarded as an automatic process, but rather as a demanding
task which required attention and planning. The patients used
coping strategies to compensate for their difficulties. Similar find-
ings have been demonstrated in other patient groups. Stroke
patients with very mild aphasia reported a constant need for
preparation and concentration when engaging in language related
tasks [39]. Further, patients with multiple sclerosis expressed put-
ting great effort into appearing normal and concealing word-finding
and memory problems from their communication partners [40].

So far, studies have mainly focused on the impact fatigue has
on communication [40-42]. Since communication and conversation
are reported as demanding tasks [36,38], language dysfunction
itself could provoke fatigue.

The purpose of the current study was to examine how fatigue
as well as subjective and objective language functions evolved
from pre-surgery assessment to six- and twelve-months follow-up
in patients with lower-grade gliomas. In a second step we inves-
tigated the impact of subjective and objective language functions
on fatigue. A better understanding of the relationships between
language and fatigue can facilitate treatment planning and
increase the focus on individualized care during rehabilitation.

Method
Design

The study was an observational, prospective, longitudinal
single-center study on patients with gliomas. It was embedded
in a larger project, where cognitive function, quality of life and
emotional distress were additionally investigated.

Participants and procedures

A detailed description of the procedures for patient recruitment
and data collection for the study is published in [30]. Briefly sum-
marized, patients were included if they met the following criteria:
(1) a suspected glioma grade 1-3 based on symptoms and MRI
imaging diagnostics, (2) = 18years of age, and (3) no previous
neurological disease. Exclusion criteria were: (1) a histologically
confirmed glioblastoma, (2) severe psychiatric disorders, alcohol
or substance abuse, or (3) insufficient Norwegian language skills.
Assessments were conducted pre-surgery (T1), at six months
follow-up (T2) and at twelve months follow-up (T3). All included
patients gave informed consent to participate in the study, which

was approved by the Regional Committee for Medical Research
Ethics (REK West, #2018/345), and conducted in accordance with
the Declaration of Helsinki [43].

Measures

Fatigue was measured with the Fatigue Severity Scale (FSS), a
unidimensional nine-item questionnaire [44]. It is one of the most
used inventories for assessing fatigue in patients with chronic
iliness [45]. The FSS has shown high test-retest reliability
(r=0.82-0.94) [45]. Each item consists of a statement that is
scored on a seven-point Likert type scale, ranging from “1” (I
strongly agree) to “7” (I strongly disagree). The scores are summed
and averaged. The mean indicates the FSS total score (max 7).
Higher scores imply more symptoms of fatigue. According to prior
recommendations, a score of = 4 was defined as borderline
fatigue, and a score of = 5 as severe fatigue [46].

Subjective language function was assessed with four items
from the brain cancer subscale of the Functional Assessment of
Cancer Therapy — Brain version 4 (FACT-BR) [47]. These included
“l am able to find the right word(s) to say what | mean,” “I have
difficulty expressing my thoughts,” “I can read as before,” “I can write
as before” Each item is rated on a five-point Likert type scale
ranging from “0” (not at all) to “4” (very much). Where indicated,
scores were reversed according to scoring criteria. A higher score
suggests less subjective concerns. In the present study, a score
of “0-1" was defined as serious difficulties, “2” as moderate diffi-
culties, “3” as mild difficulties, and “4” as no difficulties. Test-retest
reliability for the brain cancer subscale in a larger sample has
been reported r=0.66, p<0.001, which was considered sufficient
by the authors [47].

Objective language function was assessed with four tests.
Confrontation naming was tested with the Boston Naming Test
(BNT) [48]. The test contains 60 black and white drawings,
graded in difficulty from high frequent words like “bed” to low
frequent words like “harness™ One point is given for each correct
answer. Verbal fluency was assessed with two conditions, pho-
nemic fluency and semantic fluency [49]. The patients’ task is
to produce words within 60s for each condition. In the pho-
nemic fluency condition, the task is to generate words that
begin with three different letters. In the semantic fluency con-
dition, the task is to name words from two semantic categories.
The number of generated words complies with the raw score
for each category. Word knowledge was tested with the
Vocabulary test [50]. The patient is asked to define the meaning
of words. The words are listed in order of difficulty, starting
with highly imaginable and familiar words like “lunch,” continu-
ing to words of more abstract nature and lower frequency like
“pretentious” (42 words). Depending on accuracy, 0-2 points are
given for each definition. Tests of confrontation naming and
verbal fluency are among the most frequently used tests to
measure language functions in glioma patients [51]. Additionally,
the Vocabulary test has been shown to be a sensitive test in
the patient group [30].

Statistical analyses

Descriptive statistics were used to explore patient characteristics,
fatigue and subjective concerns. Raw scores on objective tests
were converted into T-scores according to normative data from
the respective manuals. Normative values for the BNT were
applied according to Tallberg [52]. Deviant performance on lan-
guage tests was defined as performance < — 2.0 SD on at least



one test [53]. Mann Whitney U tests were applied to examine
differences in ratings of fatigue between patients who received
post-surgery adjuvant therapy and those who did not. To test
a change in fatigue, subjective language concerns and objective
test performance between T1-T2 and T1-T3, we applied mixed
models regression analyses. Time was included in all models as
a fixed effect and the only predictor. It was treated as a cate-
gorical variable with three levels: T1, T2 and T3. The reference
time point was considered at T1. In all regression analyses a
patient-level random intercept was included to clarify the
repeated outcome measurements within patients. Due to dis-
similar scales of the dependent variables, different types of
regressions were applied. For fatigue and Vocabulary, a linear
mixed model was implemented through Imer function from Ime4
R package [54]. For ordinal scale variables (subjective language
concerns), a cumulative link mixed model using the cimm func-
tion from the ordinal R package [55] was applied. For count
variables (BNT, phonemic fluency and sematic fluency), mixed
model Poisson regressions were used through glmer function
from Ime4 R package. Overdispersion was tested, and in case
of existence, a negative binomial mixed model was used to relax
the Poisson assumption of equality of the mean and variance
(glmer.nb function from Ime4 package). To explore subjective
and objective language functions as predictors of fatigue, a
linear regression mixed model was used with fatigue as the
dependent variable. Time, subjective and objective predictors
were considered as fixed effects. Additionally, a patient-level
random intercept was incorporated. Given the limited sample
size, each candidate predictor, along with Time, was included in
the model. Mann Whitney U tests were performed in IBM SPSS
Statistics for Windows (IBM Corp., Version 26.0. Armonk, NY.) All
other statistical analyses were performed in R version 4.1.1. (R
Foundation for Statistical Computing, Vienna, Austria). An alpha
level was set at p<0.05.

Table 1. Demographic and clinical characteristics of the sample.

n=23
Sex, female 13 (57%)
Age, years™ 42 (14)
Education, years™ 147 (2.8)
Handedness, right 22 (91%)
Adjuvant therapy® 14 (61%)
Localization
Left hemisphere 18 (78%)
Right hemisphere 4 (18%)
Bilateral 1 (4%)
Frontal* 9 (39%)
Temporal 4 (18%)
Parietal* 1 (4%)
Limbic cortex 3 (13%)
Parietooccipital 1 (4%)
Temporoparietal 2 (9%)
Frontoparietal 2 (9%)
Frontotemporal 1 (4%)
Histopathology
Grade 1 2 (9%)
Ganglioglioma 1
Not de nable 1
Grade 2 11 (48%)
Astrocytoma 5
Oligodendroglioma 6
Grade 3 10 (43%)
Anaplastic astrocytoma 7
Anaplastic oligodendroglioma 3

~Mean (SD), °All patients that received adjuvant therapy had both radiation-
and chemotherapy, *One patient with bilateral tumors. Histological diagnosis
and tumor characteristics were registered from medical journals.
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Results
Sample characteristics

The current sample consisted of 23 patients (57% female) with a
mean age of 42years (SD 14; range 21-70years). The mean edu-
cation was 14.7years (SD 2.8; range 10-19years). In 21 patients,
surgery was performed with microsurgical techniques assisted
with neuronavigation and intraoperative ultrasound to maximize
safe resection. One patient had a biopsy and one patient had
awake surgery with perioperative language mapping. Fourteen
patients (61%) received adjuvant cancer treatment after surgery.
Four patients (17%) did not complete the full assessment at all
points in time. An overview of demographic variables is provided
in Table 1 and an overview of missing data is shown in Table 2.

Fatigue

Mean scores on the FSS were 3.5 (SD 1.3) at T1, 3.9 (SD 1.5) at T2
and 3.6 (SD 1.4) at T3 (Table 3). There were no significant changes
in the mean scores between T1-T2 and T1-T3 at group level. At
pre-surgery assessment, 7/22 (32%) of the patients reported bor-
derline fatigue and one patient (4%) reported severe fatigue. At six
months follow-up, borderline fatigue was reported by 3/22 (14%)
and severe fatigue by 8/22 (36%). At twelve months follow-up, 3/22
(14%) reported borderline fatigue and 5/22 (23%) reported severe
fatigue (Figure 1 and Table 2). No differences were found in ratings
of fatigue between patients who received adjuvant therapy and
those who did not at T2 (U=47.5, p=0.471) or T3 (U=68.5, p=0.512).

Subjective language concerns

Concerns regarding word-finding difficulties were reported by
68% of the patients at T1, this increased to 90% at T2 and 85%
at T3. Similar patterns were found with expression of thoughts,
reported by 59% (T1), increasing to 73% (T2) and 85% (T3).
Concerns about reading were reported by 68% (T1), changing to

Table 2. Levels of fatigue, number of language concerns and deviant perfor-
mance on language tests at all assessments during the study period.

Number of Deviant test
Fatigue concerns performance
ID Tl T2 T3 T1 72 T3 T1 T2 T3
1 Borderline No No 4 4 4 No No No
2 No No No 0 2 — No No No
3 Borderline No No 4 3 2 Yes Yes No
4 Borderline No No 4 4 4 No No No
5 No No No 0 0 0 No No No
6 No No — 4 4 — No Yes —
7 No Borderline Borderline 3 2 4 No No No
8 No No No 1 3 4 Yes Yes Yes
9 No Severe Severe 0 2 2 No No No
10 Borderline Severe No 4 4 4 No No No
11 — Borderline No — 2 2 Yes No No
12 No No No 4 2 4 Yes No No
13 Borderline — No 4 — — No No No
14 No Severe Severe 2 1 2 No No No
15 Borderline Severe Severe 2 4 4 No Yes  Yes
16 No Severe Borderine 4 4 4 No No No
17  Severe Borderline  Severe 3 3 3 No No No
18 No No No 2 1 2 No No No
19 Borderline Severe No 1 4 4 No Yes  Yes
20 No Severe Severe 3 3 4 No No No
21  No No No 2 4 4 Yes Yes Yes
22 No Severe Borderline 4 4 4 Yes Yes No
23 No No No 0 2 0 No No No

T1: pre-surgery, T2: 6 months follow-up, 12 months follow-up;—: missing data.
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Table 3. Subjective ratings of fatigue and language concerns and performance scores on objective tests.

T1 T2 T3 T1-12 T1-T3
Test/measure Max. M (SD) M (SD) M (SD) estimate 95% Cl p estimate 95% ClI p
Fatigue Severity Scale 7 35 (1.3) 39 (15) 3.6(14) 0.462 -0.107, 1.049 0.118 0.127 -0.415,0.705  0.669
Subjective language
concerns
I can nd the right 4 2.7 (1.0) 23 (1) 2.5 (0.9) -1.332 -2.614,-0.050 0.041* -0.737 -1.972,0498 0.242
word(s) to say what |
mean
| am able to express my 4 3.0 (1.0) 8 (0.9) 5 (0.9) —-0.661 -1.856,0.524 0.278 —-1.459 —-2.726,-0.192  0.024*
thoughts
| can read as before 4 2.7 (1) 29 (11) 2712 0.363 —-0.898,1.624 0.573 —-0.250 —1544,1.044  0.705
| can write as before 4 3.3(0.7) 29 (1.3) 3.0(0.9) -0.872 -2.165,0.422 0.186 —-0.748 -2.021,0526  0.250
Objective language tests
Boston Naming Test 60 Raw 504 (6.3) 46.6 (10.9) 483 (10.4) -0.056 -0.143,0.031  0.205 -0.021 —-0.108,0.636  0.636
T-score 419 (14.6) 406 (14) 434 (13.8)
Semantic uency n Raw 43.6 (9.5) 386 (10.2) 417 (10.6) -0.112 -0.203-0.021 0.015* —0.044 -0.126,0.048 0.359
T-score 56.1 (13.7) 49.9 (12.9) 52.9 (12.2)
Phonemic uency n Raw 38.0 (124) 351 (11.7) 389 (10.1) -0.080 -0.177,0.0147 0.160 0.004 -0.092,0.101  0.919
T-score 50.3 (124) 475 (89) 51.1 (10.5)
Vocabulary 80 Raw 549 (8.9) 528 (9.9) 565 (8.0) -2.584 -5.160,0.019  0.057 0.909 -1.166,3517 0.495
T-score 47.1 (9.0) 452 (9.6) 489 (7.9)

T1: pre-surgery, T2: 6 months follow-up, T3: 12 months follow-up, M: mean, SD: standard deviation, ~produced words pr 60s, *p<0.05.
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Figure 1. Box plot demonstrating distribution of ratings of fatigue and numbers of patients reporting borderline fatigue and severe fatigue during the study
period. T1: pre-surgery assessment, T2: 6 months follow-up, T3: 12 months follow-up.

64% (T2) and 70% (T3), and concerns about writing were reported
by 57% (T1), changing to 55% (T2) and 65% (T3). An overview
of distribution between answer categories is provided in Figure
2. There was a significant increase in the severity of word-finding
difficulties between T1 and T2 (estimate=-1.332, 95% Cl [-2.614,
—0.050], p=0.041) and expression of thoughts between T1 and
T3 (estimate=-1.459, 95% CI [-2.726, —0.192], p=0.024).

Objective language function

An overview of scores on objective tests is provided in Table 3.
There was a significant decrease in performance on semantic

fluency between T1 and T2 (estimate=-0.112, 95% CI [-0.203,
-0.021], p=0.015). At group level, scores on all objective variables
were within normative range. Deviant performance on the objec-
tive assessment was found in 6/23 (26%) of the sample at T1,
7/23 (30%) at T2, and 4/22 (18%) at T3.

Predictors of fatigue

Results from linear mixed models indicated that subjective con-
cerns about reading (estimate=-0.471, 95% CI [-0.784, —0.158],
p=0.004), and writing (estimate =-0.365, 95% Cl [-0.684, —0.047],
p=0.025), significantly predicted fatigue. An increase in these two
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Figure 2. Percentages of patients reporting concerns within each response category on the subjective language items. T1: pre-surgery assessment, T2: 6 months

follow-up, T3: 12months follow-up.

Table 4. Results of linear mixed models regression with fatigue as the dependent
variable and subjective and objective variables as predictors.

Test/measure B 95% CI p B 95% CI p
Subjective language
concerns
| can nd the right —-0.318 -0.652, 0.061
word(s) to say 0.016
what | mean
| am able to express -0.179 -0.514, 0.291
my thoughts 0.157
| can read as before —0.471 -0.784, 0.004**
-0.158
| can write as before —0.365 -0.684, 0.025*
-0.047
Objective language
tests
Boston Naming Test 0.001 -0.042, 0.951
0.045
Semantic uency 0.009 -0.026, 0.597
0.045
Phonemic uency 0.018 -0.015, 0271
0.051
Vocabulary 0.003 -0.050, 0.880
0.043

*p<0.05, **p<0.01.

subjective scores (less concerns) was associated with a decrease
in ratings of fatigue (less fatigue). No significant associations were
found between fatigue and objective language function (Table 4).

Discussion

We investigated how fatigue, subjective and objective language
functions in patients with lower-grade gliomas, evolved from
assessment before surgery until one year follow-up. Severe fatigue
was most often reported at six months follow-up. Most patients
expressed one or more concerns about language functions, while
objective test results were within normative range at group level

throughout the study period. Fatigue was predicted by subjective
concerns about abilities to read and write.

We did not find significant differences on average ratings of
fatigue between time points. Yet, changes in patterns were
observed. The percentage of patients reporting severe fatigue
expanded from 4% to 36% between pre-surgery and six-months,
ceasing at 23% at twelve months. However, most patients had
scores below the cutoff, and it was only at six months that the
number of patients who reported fatigue and those who did not
was equal. The results imply that patients reported a worsening
during the first months after resection, followed by improvement
in some cases. Previous studies have found a proportion of
34-45% reporting high levels of fatigue before surgery and
40-42% at follow-up [16,18]. While the answer formats in these
studies were dichotomized, our results differentiated between no
fatigue, borderline and severe fatigue. It is therefore difficult to
make direct comparisons between the results.

The increase found in reports of severe fatigue between
pre- and post-surgery assessments could not be explained with
regard to adjuvant therapy. This is in line with earlier studies
that found no relationships between treatment related factors
and fatigue severity [17,18,25]. Glioma patients have a mixed
and complex symptom burden [56]. Identifying patterns of
fatigue and factors that contribute to it should be included in
rehabilitation plans. Clinicians can play a central role in helping
patients to manage their fatigue. Carlson, et al. [57] discussed
that cancer patients require different levels of support at var-
ious stages in their disease course. During the diagnostic phase,
the need for information is high and psychoeducation may be
beneficial. At later stages, cognitive-behavioral approaches,
such as mindfulness, stress management and coping strategies,
may be most useful. A recent study highlighted that even
though fatigue was considered the most burdensome symptom
of glioma, only one fifth of the patients said that they had
considered treatment for the condition [58]. Our results
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highlight the need for assessing fatigue routinely to facilitate
counseling and care.

Only one patient in the sample had no concerns about lan-
guage function throughout the study period. The remaining
patients demonstrated diverse patterns of concerns. At group
level, a significant increase in the severity of difficulties with
word-finding and expression of thoughts was found during the
first year. An earlier study in 12 glioma patients reported both
continuous and new concerns about language up to seven months
after surgery [35], but studies including subjective variables are
seldom conducted until one year after resection. Our finding,
showing that the patients had significantly more concerns about
abilities to express their thoughts at 12 months compared to
pre-surgery, is noteworthy. Expression of thoughts is not only
dependent on language but also on cognitive abilities such as
attention, working memory and processing speed. How these
functions interact may change dynamically during the course of
disease [4]. Our results suggest long-term clinical follow-up to
detect individual changes and meet the patients’ concerns.

Given that word-finding difficulties are the most common lan-
guage concern in glioma patients [31,35,36], and because patients
describe struggling more with word-finding when tired [38,40,41],
it was somewhat surprising that concerns about word-finding
showed only a trend in predicting ratings of fatigue. As our sam-
ple size was small, the findings should be replicated in a larger
study population. Concurrently, it is also important to consider
other aspects of language function than word-finding
difficulties.

An important finding of this study was that subjective concerns
about reading and writing significantly predicted levels of fatigue.
Reading and writing are fundamental functions for many reasons.
They are essential for educational purposes and involved in most
professions. Moreover, they are highly important for socializing
and communication. The importance of reading and writing has
only increased through the use of digital information and online
correspondence [59]. Studies of aphasia have shown relationships
between difficulties with reading and writing and restrictions in
everyday and leisure activities [60]. Reading and writing abilities
in glioma patients are still understudied. Antonsson, et al. [61]
investigated writing fluency before and after surgery and found
that both production rate and length of pauses within tasks
increased between assessments. They concluded that the reason
could be a word retrieval deficit or impairments in underlying
cognitive functions.

As we assessed subjective concerns with a self-reported ques-
tionnaire, we do not know which aspects of reading and writing
the patients regarded as difficult. This is a shortcoming of our
assessment method. Since reading and writing are dependent on
the interaction between linguistic and cognitive skills, as well as
on motor and visual processes [62], our results can be interpreted
in terms of the cognitive-coping hypothesis. Our findings suggest
that glioma patients use greater effort to read and write than
before, and that presumably contributes to fatigue. This issue
could be addressed in rehabilitation programs. To minimize the
effort used while reading and writing, compensatory tools can
be introduced. These include text simplification systems, audio
books, word-prediction software and e-readers with text-to-speech
and speech-to-text functions [59,62]. Studies on patients with
aphasia after stroke have shown that accessing written information
in two modalities seems less cognitively demanding than access-
ing text in a single modality [63]. The same may apply for glioma
patients. There is a need to address how subjective language
concerns affect everyday life in more detail and which strategies
are used to compensate for these difficulties [38].

We did not find an impact of any of the objective language
tests on fatigue in our sample. This seems to be in accordance
with a recent study by Rottgering, et al. [64]. The authors found
that neurocognitive function was only a minor contributor to
fatigue in a large multinational sample of glioma patients. Our
results concur with the previous findings of Gehring, et al. [37]
who reported fatigue in 169 glioma patients to be associated
with subjective cognitive concerns, but not objective tests results.
Both fatigue and self-reported language concerns are measured
subjectively and reflect the patients’ evaluation of their strengths
and limitations. In that sense, it could be expected to find a closer
relationship between fatigue and the subjective variables than
with objective test results [65].

Antonsson, et al. [66] discussed that instead of focusing on
adapting and developing language tests, that could capture all
aspects of self-reported difficulties, clinicians and researchers
should in greater degree rely on subjective reports. Our results
support their view and suggest that subjective assessment can
be used to minimize the test burden in a patient group that is
already prone to fatigue. To address subjective language concerns
more closely, there is a need for greater involvement of
speech-language pathologists in the follow-up of glioma patients
[67]. Such professionals can identify aspects of language that are
important to the patient in everyday life and provide targeted
therapy during rehabilitation. Speech-language pathologists can
also help to improve the patients’ self-awareness. The findings of
this study demonstrate that subjective concerns were high, despite
performance on objective tests remaining within normative range.
That may indicate that the patients needed reassurance, which is
unfortunately often overlooked in clinical settings [53]. Current
guidelines recommend multidisciplinary cognitive rehabilitation
for patients with brain tumors, and research demonstrates positive
outcome, improving both attention and memory [68-70]. To our
knowledge, there are no studies focusing on language rehabili-
tation in glioma patients.

We acknowledge the limitations of our study. First, the small
sample size suggests cautious interpretation of the results. We
argue that there is still value in the data since both language
function and fatigue are frequent concerns in glioma patients and
there is a need to investigate them more closely. We are aware
that the patient group has a mixed symptom burden [56], and
other factors such as emotional distress and cognitive abilities
may have contributed to the results. It is known that glioma
patients, especially those with higher malignancy and more severe
symptoms, tend to underreport cognitive concerns [71], while
more distressed patients tend to overreport concerns [37].
Secondly, we recognize that the FSS is a unidimensional instru-
ment which only assesses the level of perceived fatigue. Using a
multidimensional instrument could have provided a more com-
prehensive understanding of fatigue in our sample. The Norwegian
version of the FSS has been validated and shows acceptable psy-
chometric properties and was therefore our preferred choice for
this study. Finally, we investigated how subjective and objective
language functions impact fatigue. Yet, we acknowledge that these
relationships may be bidirectional. We argue that because fatigue
is burdensome, and its etiology is still poorly understood [18], it
is important to seek to identify aspects that contribute to fatigue,
in particular those that can be addressed in multidisciplinary
rehabilitation.

Taken together, this study showed that subjective concerns
about fatigue and language function were common in a sample
of patients with gliomas from pre-surgery assessment to twelve
months follow-up. Concerns about reading and writing were sig-
nificant predictors of fatigue. The results suggest that glioma



patients consider various aspects of language function as demand-
ing tasks, which in turn may contribute to increased levels of
fatigue. There is a need for routine multimodal assessment in
glioma patients, as symptoms may contribute to each other and
demonstrate different patterns throughout the course of disease.
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