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RESEARCH PAPER

Physical fitness and its association with fatigue in patients with low-grade glioma

Ellen M. P. van Coevorden-van Loona,b,c , Herwin H. L. D. Horemansa,b, Majanka H. Heijenbrok-Kala,b ,
Rita J. G. van den Berg-Emonsb , Robert Rozenbergb , Arnaud J. P. E. Vincentd, Gerard M. Ribbersa,b and
Martin J. van den Bentd

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; dThe Brain Tumor Center
at Erasmus MC Cancer Institute, Rotterdam, The Netherlands

ABSTRACT
Purpose: To evaluate physical fitness and its association with fatigue in patients with low grade gli-
oma (LGG).
Methods: Cross-sectional study. Muscle strength was measured with a digital dynamometer, cardio-
respiratory fitness (peak oxygen uptake (VO2peak), maximal workload (MWL)) by cardiopulmonary-exer-
cise-testing, and fatigue by using the Multidimensional Fatigue Inventory.
Results: Thirty patients were included, mean age of 44.1 (SD11.2) years, and 67% were men, 31.2 (SD18)
months post-diagnosis. Muscle strength (p< 0.01), and cardiorespiratory fitness (VO2peak, MWL) (p< 0.01)
were significantly decreased compared to predicted values based on age and gender. Thirty percent of
the patients experienced severe physical fatigue, and severe mental fatigue was reported in 57% of the
patients. Cardiorespiratory fitness showed weak to moderate (r � 0.46 to r � 0.52) but significant (p< 0.01)
correlations with physical fatigue, not with mental and general fatigue. Muscle strength was not associ-
ated with fatigue. A lower VO2peak was independently associated with a higher level of physical fatigue,
adjusted for Karnofsky Performance Status (R2 0.40).
Conclusions: Physical fitness (muscle strength, cardiorespiratory fitness) is reduced in patients with LLG,
and a lower level of cardiorespiratory fitness (VO2peak) is independently associated with a higher level of
experienced physical fatigue. Trials to explore the benefit of exercise programs to improve cardiorespira-
tory fitness and, consequently, fatigue are warranted.

� IMPLICATIONS FOR REHABILITATION
� Physical fitness (muscle strength and cardiorespiratory fitness) is reduced in patients with low-

grade glioma.
� 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 physical fatigue should be screened for reduced physical

fitness, especially cardiorespiratory fitness by objective cardiopulmonary-exercise-testing.
� Rehabilitation exercise programs to improve cardiorespiratory fitness and, consequently, (physical)

fatigue could be warranted in patients with low-grade glioma.
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Introduction

Gliomas encompass 30% of all tumors in the brain and central
nervous system and 80% of all malignant brain tumors [1].
Nowadays, these tumors are classified according to their genetic
abnormalities; most of the histologically lower grade diffuse glio-
ma’s (LGG, in particular, astrocytoma and oligodendroglioma) are
characterized by the presence of a mutation in the gene encoding
for isocitrate dehydrogenase (IDH). Patients with an IDH mutated
grade 2 or 3 gliomas have a median survival time between eight
and fifteen years, emphasizing the importance of quality of life
after treatment [2–4]. Fatigue is considered to be one of the most
prevalent and disturbing long-term effects of cancer, significantly
affecting the ability to perform activities of daily living and

reducing a patient’s quality of life [5,6]. Cancer-related fatigue is
defined as a “persistent, subjective sense of tiredness related to
cancer and cancer treatment that interferes with usual daily
functioning,” and is described as a multidimensional phenomenon
where physical, cognitive and emotional issues interfere [7,8].
Unfortunately, little is known about the specific determinants of
cancer-related fatigue, especially in patients with glioma, which
makes treatment difficult [9–11].

The pathophysiology of cancer-related fatigue can be viewed
from a mental and physical perspective [12]. The mental perspec-
tive of fatigue focuses on the increased cognitive effort required
by patients with brain injury to meet the demands of everyday
life [13,14] and, according to previous findings, provides a
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plausible partial explanation for (mental) fatigue in glioma
patients [15]. The physical perspective focuses on health-related
components of physical fitness, including cardiorespiratory fitness
and muscle strength [16,17]. Poorer fitness means that carrying
out ordinary daily tasks becomes more physically demanding,
which can lead to fatigue [18]. A decrease in cardiorespiratory fit-
ness and muscle strength is reported in patients with other types
of cancer [18,19], and relations between decreased physical fitness
and fatigue were shown [20,21]. Moreover, studies in patients
with all sorts of cancer have shown that exercise therapy during
and after cancer is beneficial in improving physical fitness [22,23]
and reducing fatigue [24,25]. Exercise therapy may therefore be
an effective intervention to reduce fatigue. However, levels of
fatigue in patients with a brain tumor are 40–50% higher than in
patients suffering from other types of cancer [26,27]. Therefore, it
is important to evaluate the relationship between physical fitness
levels and fatigue in LGG patients. So far, the physical fitness of
LGG patients has only been reported in 2 studies. Both studies
reported reduced fitness compared to the norm. However, one of
these studies only included patients who had recently (<10 days)
undergone surgical treatment whereas the other study selected
patients with demonstrated low to moderate physical fitness
[28,29]. Therefore, the reported physical fitness of these patients
may not be representative of the total group of patients with
LGG in the chronic phase. To the best of our knowledge, there
are no studies on LGG patients that have examined the relation-
ship between physical fitness and fatigue.

Therefore, the aim of this study was to evaluate physical fit-
ness in terms of muscle strength and cardiorespiratory fitness and
to study its relationship with fatigue in patients with low-grade
glioma. Knowledge about this can contribute to the development
of appropriate rehabilitation programs aimed at reducing fatigue,
expanding the ability to perform activities of daily living and
improving the patient’s quality of life.

Methods

Design and procedure

This study has an observational cross-sectional single-centre
design. The study is part of the Assessment of Fatigue in Glioma
Patients [AFIG] study. Patients were invited for a study visit to
Erasmus MC, University Medical Center Rotterdam in the
Netherlands, where a blood sample was taken and physical fitness
tests were performed. Standardized questionnaires and cognitive
tests were completed during a study visit at the patient’s home.
Cognitive outcomes were analysed in a separate study [15]. The
study was approved by the Medical Ethics Committee of Erasmus
MC (METC-2015-577). All patients provided written informed con-
sent before the start of the study.

Participants

Consecutive patients were recruited between May 2016 and
September 2018 from the neuro-oncology and neurosurgery
department of Erasmus MC. Patients in the stable chronic phase
were included if they met the following inclusion criteria [1]: his-
tologically proven grade II glioma or grade III IDH mutant glioma
[2], time post histological diagnosis >6months and �5 years [3],
in clinical follow-up at Erasmus MC and [4] age at diagno-
sis �18 years.

Patients were excluded if they [1] underwent active treatment
or were treated with surgery, radiotherapy and/or chemotherapy
in the previous three months [2]; were diagnosed with any

additional progressive neurological disease and/or psychiatric dis-
order according to the DSM-IV; or [3] did not have sufficient com-
mand of the Dutch language to understand instructions during
the psychometric investigation and exercise testing. Patients in
the active treatment phase (surgery, radiotherapy, chemotherapy)
were included at a later time (�3months after treatment) because
the temporary side effects of treatment may interfere with the
outcomes of the physical fitness tests and other outcomes of
the study.

Outcome measures

Physical fitness
Tests were performed in a fixed order, starting with the muscle
strength test, and ending with the cardiopulmonary exercise test.
Muscle strength was determined from the hand grip strength of
the dominant hand with a custom-made digital dynamometer
(Hartech, Wormerveer, The Netherlands) at the most common
grip width [30]. During measurement, patients sat on a chair with-
out armrests with zero shoulder rotation, with the elbow flexed at
90 degrees, and with the forearm and wrist in the neutral pos-
ition. Hand grip strength was expressed in kg, and the mean of 3
maximum voluntary contractions was analysed. Individual pre-
dicted values were calculated using norm values specified for
gender, age and preferred hand [31].

Cardiorespiratory fitness was assessed by cardiopulmonary
exercise testing (CPET), using a cycle ergometer (Excalibur Sport,
Lode, Groningen, the Netherlands). Gas exchange was analysed
by indirect calorimetry (Oxycon Pro; ViaSys Healthcare, Houten,
the Netherlands). After instructions and calibration, patients
warmed up for 4min without resistance, after which a ramp
protocol started to reach their maximum physical effort within
10–14min. Resistance increased every 10 s, and varied by gender
(women: 12W/min, men: 16W/min). Verbal encouragement was
provided to continue as long as possible until maximum exhaus-
tion. The test stopped when the participants were not able to
maintain the target pedal rate (70–90 rpm). The respiratory
exchange ratio (RER) was used to determine whether participants
had reached maximal physical exertion (RER > 1.0) [32]. Directly
after stopping the test, patients were asked to rate their subject-
ive feeling of exertion using the revised category-ratio Borg-scale.
The scale ranges from 0 (no exertion at all) to 10 (maximal exer-
tion) [33].

Peak oxygen uptake (VO2peak) was defined as the highest
mean value during a 15 s window of exercise and was expressed
in mL/kg/min. Maximal workload (MWL) was defined as the max-
imal wattage sustained for 10 s and expressed in Watt/kg.
Measured values for VO2peak and MWL were compared to individ-
ual predicted values calculated from published equations speci-
fied for gender and age (VO2peak) [34] and gender, age, weight
and height (MWL) [35]. The ventilatory anaerobic threshold was
estimated by two assessors using the ventilator equivalent
method, defined as the moment at which the ventilatory equiva-
lent for CO2 (VE/VCO2) and end-tidal CO2 partial pressure
(PETCO2) remained stable, and the VE/VO2 and the end-tidal O2

partial pressure (PETO2) increased disproportionally [36].
Additionally, the metabolic equivalent of task (MET) at the anaer-
obic threshold was calculated [37]. The MET concept represents a
simple, practical, and easily understood the procedure for express-
ing the energy cost of all kinds of daily functioning and physical
activities, as a multiple of the resting metabolic rate. An anaerobic
threshold �5 MET is required to perform basic daily self-care
(ADL) and instrumental activities of daily living (IADL) [38].
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Fatigue
Fatigue was measured using the Multi-dimensional Fatigue Index
(MFI-20), which is a self-report questionnaire [39]. The MFI is a 20-
item questionnaire designed to evaluate five domains of fatigue:
general fatigue, physical fatigue, reduced motivation, reduced
activity, and mental fatigue [39,40]. Each domain contains 4 items,
with scores on a 1–5 point Likert scale. Each subdomain score
ranges from 4 to 20, with higher scores indicating more fatigue.
Normative values were used to classify patients into subgroups of
severe and non-severe fatigue adjusted for age and sex [41]. Mild
fatigue was defined as a score >1 and �2 standard deviations
(SD) above the norm value and severe fatigue > 2 SD above the
norm [42].

Other outcomes
Clinical characteristics (e.g., tumor type, tumor treatment and
Karnofsky Performance Status) were retrieved from patient records
and sociodemographic characteristics were collected by a ques-
tionnaire developed for the purpose of the study. Depression was
measured with the Center for Epidemiological Studies Depression
Scale (CES-D) [43]. The CES-D uses a 20-item scale, with a total
score ranging from 0 to 60. A higher score indicates more symp-
toms of depression. A score � 16 indicates the presence of
depression [43,44]. Data on anthropometry (body mass index) and
body composition (fat mass) were collected. A general screening
laboratory (blood)test for known and easily treatable causes of
fatigue such as anemia, thyroid dysfunction and vitamin defi-
ciency was performed. The screening consisted of determining
Hemoglobin, Haematocrit, Mean Corpuscular Volume, Ferritin,
Vitamin B12, Vitamin B11, 25-OH-Vitamin D, thyroid stimulating
hormone, leucocytes and differentiation.

Statistics/data-analysis
IBM SPSS software, version 23, was used for the statistical analy-
ses. Descriptive statistics and frequency distributions were gener-
ated for the sociodemographic and clinical characteristics of the
study population. Paired t-tests were used to compare the phys-
ical outcomes to predicted values. Associations between physical
outcomes and fatigue were expressed in Pearson correlations. A
correlation coefficient between 0.3 and 0.5 is considered a weak
correlation, between 0.5 and 0.7 is moderate, and �0.7 is a strong
correlation [45]. A multivariable linear regression analysis was per-
formed to evaluate the independent association between physical
fitness, as expressed by VO2peak, and physical fatigue, the depend-
ent variable. The relationship was adjusted for potential con-
founders, which included age, sex, tumor type, Karnofsky
Performance Status (KPS), presence of epilepsy, and symptoms of
depression. First univariable analyses were performed and, if sig-
nificant, variables were subsequently added to the multivariable
model. Variables were kept in the multivariable model if they sig-
nificantly added to the explained variance of the model. For all
tests, the level of statistical significance was set at a p value
< 0.05.

Results

Study population

Ninety-seven patients diagnosed with LGG were invited to partici-
pate in the study by a letter from 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 health

status of one patient deteriorated due to a new, unrelated neuro-
logical condition (Multiple Sclerosis) and was excluded. In total,
30 patients underwent all physical tests.

The mean age of the study population was 44.1 (SD 11.2)
years, 67% were male, and the mean time post-diagnosis was
31.2 (SD 18) months. Twenty-nine patients had a grade II tumor,
one patient had a grade III IDH mutant tumor. The most common
histopathological diagnoses were diffuse astrocytoma II IDH
mutant (43%) and oligodendroglioma II IDH mutant/1p19q code-
leted (40%). Most patients had undergone surgical resection
(97%). In 40% of the patients, surgical resection was the only
treatment. Half of the patients (50%) had received a combination
of surgery, radiotherapy, and chemotherapy. None of the patients
used steroid medication. The outcomes of the blood sample
screening of the patients showed no obvious reasons for fatigue
complaints or reduced physical fitness. The baseline characteristics
of the patients are listed in Table 1.

Physical fitness

Muscle strength tests were successfully performed on all 30
patients. During the cardiopulmonary exercise test, one patient

Table 1. Socio-demographic, clinical, and treatment characteristics (N¼ 30).

Mean (SD)/n (%)

Socio-demographic
Sex, male 20 (67%)
Mean age, years 44.1 (11.2)
Living with partner, yes 22 (73%)
Education, years 14.4 (3.3)
Currently employed 23 (77%)
Body Anthropometry/Body composition
Body mass index 26.7 (3.2)
Fat mass 25.6 (7.7)
Clinical characteristics
Hemoglobin (Hb) $ 8.6 (0.55) # 9.2 (0.64)
Thyroid stimulating hormone 1.8 (1.2)
Vitamin D 56.2 (25.4)
Karnofsky performance status (KPS) 92.7 (8.3)
KPS range 80–100
Histopathology
Diffuse astrocytoma II IDH mutant 13 (43%)
Diffuse astrocytoma III IDH mutant 1 (3%)
Diffuse astrocytoma II NOS 4 (13%)
Oligodendroglioma II IDH mutant/1p19q co-deletion 12 (40%)
Time post diagnosis, months 31.2 (18)
Tumor location
Frontal 18 (60%)
Parietal 2 (7%)
Temporal 3 (10%)
Diffuse 7 (23%)
Laterality, left 19 (63%)
Treatment characteristics
Biopsy only 1 (3%)
Surgical resection 29 (97%)
Surgical resection, as only treatment 12 (40%)
Chemotherapy 16 (53%)
Radiotherapy 18 (60%)
Combination treatment (SR,RT,CT) 15 (50%)
Co-morbidity
Epilepsy 17 (57%)
AED treatment 17 (57%)
Multiple AED (� 2) 3 (17%)
Depression (CES-D� 16) 11 (37%)

Abbreviations: SD: standard deviation; IDH: Isocitrate dehydrogenase; NOS: not
otherwise specified; SR: surgical resection; RT: radiotherapy; CT: chemotherapy;
AED: Anti-epileptic drugs; CES-D: Center for Epidemiological Studies
Depression Scale.
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did not reach the maximal physical exertion criterion (RER > 1.0),
and therefore the results of this test were excluded from the anal-
yses. The mean rate of exertion on the BORG scale was 8.7 (range
7–10). Both muscle strength and cardiorespiratory fitness were
significantly lower than the predicted values. The average MET
value at the anaerobic threshold was 6.5 (SD 2.2). Eight patients
(28%) had a MET < 5. All physical outcomes are shown in
Table 2.

Fatigue

Fatigue outcomes are shown in Table 3 and the distribution of
severity of fatigue in Figure 1. Severe mental fatigue was present
in 17 patients (57%) and 9 patients (30%) experienced severe
physical fatigue. Of the 17 patients who experienced severe men-
tal fatigue, 8 (47%) also experienced severe physical fatigue.
Twenty-one patients (70%) had severe fatigue in at least one
domain of fatigue.

In Table 4 Pearson correlations between physical fitness out-
comes and physical, mental and general fatigue are presented.
No significant association was found between muscle strength
and fatigue. Cardiorespiratory fitness outcomes showed significant
weak to moderate inverse correlations with physical fatigue. A
lower cardiorespiratory fitness correlated with a higher level of
physical fatigue.

Clinical characteristics and physical fatigue

Table 5 shows the results of the multivariable regression analysis.
In univariable analyses, peak oxygen uptake (p¼ 0.02) and
Karnofsky Performance Status (p¼ 0.03) were significantly associ-
ated with physical fatigue, whereas depression (p¼ 0.92), epilepsy
(p¼ 0.29), tumor type (p¼.92), sex (p¼ 0.87) and age (p¼ 0.68)
were not. In the final multivariable model, VO2peak was signifi-
cantly associated with physical fatigue, adjusted for Karnofsky’s
Performance Status.

Discussion

This study shows that patients with LGG in the chronic phase
after treatment have impaired physical fitness. Muscle strength
and cardiorespiratory fitness were significantly reduced when
compared to predicted values. Thirty percent of the study popula-
tion experienced severe physical fatigue, severe mental fatigue
was present in 57% of the patients with LGG. Cardiorespiratory fit-
ness outcomes showed weak to moderate (r between � 0.46 and
� 0.52) but significant correlations with physical fatigue, but not
with mental and general fatigue. A more impaired cardiorespira-
tory fitness correlated with higher levels of physical fatigue.
Multivariable regression analysis showed that a lower VO2peak was
independently associated with a higher level of physical fatigue,
adjusted for KPS. With respect to cardiorespiratory fitness, VO2peak

and maximal workload were significantly lower than the predicted
reference values based on gender and age, showing a reduction
of, respectively, 24% and 20%. We found that reduced cardio-
respiratory fitness was related to increased physical fatigue. This is
in agreement with previous studies on patients with different
types of cancer [20–22,46]. Twenty-eight percent of the patients
in our study had a MET score <5 at their anaerobic threshold.
This means that just carrying out daily routines (ADL/IADL) is
already a great effort for these patients and that they may experi-
ence metabolic acidosis when carrying out such tasks. Previous
research reported that most patients with primary brain cancer
are open to information about exercise and estimated that these
patients are able to participate in an exercise program during and
after cancer treatment [26,47]. A study about a home-based exer-
cise intervention in patients with stable glioma who had low to

Table 2. Outcomes of physical fitness.

Physical fitness Mean (SD)
Predicted value

(% of the predicted value)

Muscle strength (n¼ 30)
Hand grip strength (kg) 42.5 (12.6)� 46.8 (91)a

Cardiorespiratory fitness (n¼ 29)
VO2peak (ml/min/kg) 30.8 (8.0)� 39.3 (76)b

MWL (Watt/kg) 2.6 (0.7)� 3.2 (80)c

VO2AT (ml/min/kg) 22.8 (7.7)
Load at AT (Watt/kg) 1.8 (0.7)
MET at AT 6.5 (2.2)
Maximal heart rate (beats/min) 165 (19)
Maximal breathing frequency

(breaths/min)
38 (9)

BORG score 8.7 (0.8)

Abbreviations: SD: standard deviation; �p< 0.01 compared to the predicted val-
ues; amean of individually predicted hand grip strength based on reference val-
ues (31); bmean of individually predicted VO2 peak based on reference values
(34); cmean of individually predicted maximal workload based on reference val-
ues (35); VO2peak: peak oxygen uptake; MWL: maximal workload; VO2AT: oxygen
uptake at anaerobic threshold; AT: anaerobic threshold; MET: metabolic equiva-
lent of task.

Table 3. Fatigue as measured with the Multi-dimensional
Fatigue Index (N¼ 30).

Fatigue subscales Mean score (SD)

Physical fatigue 11.5 (4.3)
Reduced activity 11.4 (4.8)
Reduced motivation 9.5 (3.6)
Mental fatigue 13.0 (4.7)
General fatigue 13.5 (4.0)

Abbreviation: SD: standard deviation.

Figure 1. Proportions of no, mild, and severe fatigue for the physical, mental and general fatigue domains of the Multi-dimensional Fatigue Index.
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moderate fitness levels reported a trend of improvement in
VO2peak and reduction in perceived physical fatigue in the exercise
group [48]. Exercise interventions in several other populations of
patients with cancer also show positive effects on cardiorespira-
tory fitness and decreased levels of fatigue [21]. Therefore,
improving cardiorespiratory fitness, aimed at increasing VO2peak

and anaerobic threshold, should be considered a treatment goal
in severely physically fatigued patients with LGG, with the aim of
reducing the effort required to perform daily activities.

The reduction in muscle strength relative to predicted values
(9%) was significant but probably not to an extent that it affects
everyday activities. The decrease in hand grip strength confirms
the results of another study in patients with high-grade glioma
[44]. We found no relation between hand grip strength and
fatigue. Studies in other patient groups with a different type of
cancer also failed to demonstrate correlations between hand grip
strength and fatigue [49–51]. A relationship has been found
between decreased quadriceps muscle strength and increased
general fatigue in patients with low-grade glioma who recently
underwent surgical tumor resection (<1month) [28]. In addition,
reduced functional capacity (e.g., timed sit-to-stand test) was
found to be related to increased cancer-related fatigue [49]. In
contrast to hand grip strength, lower limb strength is more
decisive for endurance and energy consumption, and may there-
fore be more strongly related to fatigue [52].

Although this study focused on the physical domain of fatigue,
a large proportion of our patients also experienced severe mental
fatigue. Mental fatigue may be associated with cognitive and psy-
chosocial disorders, from which patients with LGG may suffer [53].
Acquired brain injury patients with cognitive disorders, need to
deliver more cognitive effort in order to handle the demands of
everyday life (ADL/IADL), which is likely to lead to mental fatigue
[14]. An important psychosocial factor is a mood. Depression has
been associated with cancer-related fatigue but the nature and
directionality of the depression-fatigue relationship are incom-
pletely understood [46,54]. In our study population, 37% had
symptoms of depression, but we found no association between
depression and physical fatigue.

A limitation of this study is in particular the cross-sectional
study design from which no causal relationships can be

established. Furthermore, the study included a relatively small
sample from a single academic medical center. Together with the
low response rate, this may have resulted in selection bias and
therefore the results should be interpreted with caution.

In conclusion, this study indicates that physical fitness (muscle
strength and cardiorespiratory fitness) is reduced in patients with
LGG in the chronic phase after treatment and that lower cardio-
respiratory fitness is associated with a higher level of experienced
physical fatigue. Physically fatigued patients with LGG may benefit
from a personalized rehabilitation program to improve cardio-
respiratory fitness.
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