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Abstract 
Background.   Fatigue is a commonly reported and severe symptom in primary brain tumor patients, but the exact 
occurrence in meningioma patients is unknown. This study aimed to determine the frequency and severity of 
fatigue in meningioma patients as well as associations between the level of fatigue and patient-, tumor-, and 
treatment-related factors.
Methods.   In this multicenter cross-sectional study, meningioma patients completed questionnaires on fatigue 
(MFI-20), sleep (PSQI), anxiety and depression (HADS), tumor-related symptoms (MDASI-BT), and cognitive func-
tioning (MOS-CFS). Multivariable regression models were used to evaluate the independent association between 
fatigue and each patient-, tumor-, and treatment-related factor separately, corrected for relevant confounders.
Results.   Based on predetermined in- and exclusion criteria, 275 patients, on average 5.3 (SD = 2.0) year since 
diagnosis, were recruited. Most patients had undergone resection (92%). Meningioma patients reported higher 
scores on all fatigue subscales compared to normative data and 26% were classified as fatigued. Having expe-
rienced a complication due to resection (OR 3.6, 95% CI: 1.8–7.0), having received radiotherapy (OR 2.4, 95% CI: 
1.2–4.8), a higher number of comorbidities (OR 1.6, 95% CI: 1.3–1.9) and lower educational level (low level as refer-
ence; high level OR 0.3, 95% CI: 0.2–0.7) were independently associated with more fatigue.
Conclusions.   Fatigue is a frequent problem in meningioma patients even many years after treatment. Both pa-
tient- and treatment-related factors were determinants of fatigue, with the treatment-related factors being the most 
likely target for intervention in this patient population.

Key Points

1.	 Fatigue is a frequent problem in meningioma patients on the long term.

2.	 Important determinants of fatigue in meningioma patients are treatment-related.

The prevalence and severity of fatigue in meningioma 
patients and its association with patient-, tumor- and 
treatment-related factors  
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Meningiomas are the most frequent primary central 
nervous system tumor, accounting for 38.3% of the cases.1 
Meningiomas are classified according to the World Health 
Organization Classification of Tumors of the Central 
Nervous System into three grades: WHO grade 1 (benign), 
WHO grade 2 (atypical), and WHO grade 3 (anaplastic).2 
Depending on their intracranial location, meningioma pa-
tients may present with focal neurological symptoms, 
seizures, motor deficits, cranial nerve deficits, cogni-
tive deficits, personality changes, and/or psychosocial 
problems.3–5

Fatigue has been reported as the most common and 
severe symptom in patients with a primary brain tumor 
during the entire disease course.5–8 However, since these 
studies mainly included glioma patients, little is known 
about the occurrence and severity of fatigue in menin-
gioma patients. A recent small study investigating fatigue 
in meningioma patients before and 1 year after surgery 
showed that patients reported high levels of fatigue9 and 
another small study found that meningioma patients as-
sessed fatigue as the most important health-related quality 
of life (HRQoL) issue.10 These findings suggest that fatigue 
may be a relevant symptom in meningioma patients as 
well.

Fatigue can be caused by the emotional and physical 
consequences of the diagnosis11 and due to side effects 
of medication usage, such as antiepileptic drugs and cor-
ticosteroids.12 Furthermore, fatigue has many associations 
and can occur in a cluster of symptoms with sleep-wake 
disturbances, depression, anxiety, and cognitive symp-
toms.13–15 There are many theories for the development 
of fatigue in primary brain tumor patients. Cytokine 
dysregulation, particularly elevated levels of IL-1 and IL-6, 
can lead to a stimulation of the hypothalamic-pituitary-
adrenal axis (HPA-axis), resulting in inflammatory-related 
fatigue and excessive daytime sleepiness.11,16 Moreover, 
radiotherapy can cause endocrine dysfunction and neuro-
inflammation leading to aberrant cytokine and neurotrans-
mitter production and hormone dysregulation, resulting in 
fatigue.6,17–19

While some small studies have evaluated the frequency 
of fatigue in meningioma patients, large studies on this 
topic are lacking, including data on the longer term and 
factors influencing fatigue. Increasing this knowledge may 

result in the identification of interventions targeting fa-
tigue in this patient population, possibly resulting in an im-
proved HRQoL. This study aimed to assess the frequency 
and severity of fatigue in meningioma patients, and to 
identify determinants of fatigue (etiological research), by 
determining the association between the overall level of 
fatigue and each patient-, tumor- and treatment-related 
factor.

Materials and Methods

Study Design and Patients

A cross-sectional study was performed in three large 
medical centers in the Netherlands; the Leiden University 
Medical Center (LUMC) in Leiden, the Haaglanden Medical 
Center (HMC) in The Hague, and the Erasmus Medical  
Center (EMC) in Rotterdam. Patients were eligible if they 
(1) were clinically (Magnetic Resonance Imaging) or histo-
pathologically diagnosed with a meningioma WHO grade 
1 or 2 between 2009 and 2017 (according to the WHO 2016 
classification20), (2) were 18 year or older, and (3) had 
given written informed consent. Patients were excluded if 
they (1) were not fluent in Dutch or English, (2) had phys-
ical or mental conditions (as determined by the treating 
physician) interfering with the understanding and com-
pletion of patient-reported outcome measures (PROMs), 
and/or (3) were diagnosed with neurofibromatosis type 
II. All patients from the participating centers were ap-
proached for participation, irrespective of treatment his-
tory and moment in the disease trajectory. Approval for 
this study was obtained from the respective medical 
ethics committees (LUMC: P17.190, HMC: 2018-004, EMC: 
MEC-2018-1405).

Data Collection

Information on tumor- and treatment-related characteris-
tics (ie, tumor size, time since treatment) were obtained 
from patients’ medical records. All tumor sizes were meas-
ured unidimensionally1 and classified, similar to previous 
studies in meningioma patients,21–26 by one researcher to 

Importance of the Study

While some small studies have evaluated fatigue in 
meningioma patients, larger studies on this topic are 
lacking. Furthermore, little is known about the occur-
rence of fatigue in long-term meningioma patients as 
well as factors influencing fatigue in this particular pa-
tient population.In this study, we describe the frequency 
and severity of fatigue in meningioma patients on av-
erage > 5 year since diagnosis, showing that fatigue is a 
clinically relevant problem even many years after treat-
ment. Moreover, we identified several determinants of 

fatigue in this patient population, including having ex-
perienced a complication due to resection, having re-
ceived radiotherapy, a higher number of comorbidities 
and lower educational level. This information may help 
clinicians better understand the cause of fatigue in me-
ningioma patients, and may help to identify possible tar-
gets of intervention which may result in reduced levels 
of fatigue. Ultimately, this may lead to an improved level 
of health-related quality of life.
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ensure uniformity of measurement. Comorbidities were 
classified according to the Charlson Comorbidity Index 
(CCI),27 and complications of treatment were based on 
physicians’ descriptions in the medical charts and categor-
ized independent of severity (yes/no variable). Information 
on sociodemographic characteristics were obtained or 
verified by telephone interview. In addition, patients 
completed PROMs on fatigue (MFI-20), sleep (PSQI), anx-
iety and depression (HADS), tumor-related symptoms 
(MDASI-BT), and subjective cognitive functioning (MOS-
CFS). Detailed information regarding the questionnaires 
can be found in Supplementary Table 1.

Statistical Analysis

Sociodemographic and clinical characteristics, as well as 
scores on the questionnaires were described by means of 
descriptive statistics. The extent of response bias was as-
sessed with a nonresponse analysis comparing selected 
baseline characteristics of participating and nonpartici-
pating patients.

Using a similar cutoff as for the different dimensions of 
fatigue, fatigue was defined as a Z-score ≥ 1.5 below the 
general Dutch population28 on the MFI-20 summary score 
and a minimal clinically important difference of two points 
was used for each subscale as recommended by Purcell et 
al. (2010).29 This dichotomized outcome allowed to investi-
gate determinants of clinically relevant fatigue. The MFI-20 
summary score has shown to be a valid measure in people 
with fatiguing illness.30 Fatigue prevalence was calculated 
for the entire population as well as for several clinically rel-
evant subgroups (ie, 0–5 year vs. >5 year since diagnosis 
and treatment modality), for which scores were compared 
using chi-square tests. Next, scores on the questionnaires 
were compared with normative data (i.e. general Dutch 
population28 for the MFI-20, general German population31 
for the PSQI, low-grade glioma32 for the MDASI-BT, Medical 
Outcomes Study33 for the MOS-CFS, and the general Dutch 
population34 for the HADS) using a 2-tailed 1-sample t-test.

To identify determinants of fatigue, the association be-
tween the overall level of fatigue and each patient-, tumor- 
and treatment-related factor was determined using a 
multivariable logistic regression model. Each relevant 
sociodemographic and clinical characteristic was included 
as an independent variable in a separate model, corrected 
for its specific confounders. Confounders were selected 
prior to each analysis and were defined as associated with 
both the determinant and outcome, but not lying in the 
causal path between the determinant and outcome. The se-
lection of confounders was based on available information 
in the literature and expert opinion. In case of high correla-
tion between confounders, the most relevant and/or most 
practical variable to assess in clinical practice was selected, 
based on consensus between authors. Information re-
garding the selected confounders for each association 
can be found in Supplementary Table 2. Because of the ex-
ploratory nature, no adjustments were made for multiple 
comparisons.

All statistical analyses were performed with SPSS 27.0 
for Windows and a P-value < 0.05 was considered statisti-
cally significant.

Results

Patient Characteristics

In total, 552 patients met the inclusion criteria and were 
approached for study participation of which 275 (49.8%) 
patients provided informed consent to participate. Patient 
characteristics are presented in Table 1. Patients were on av-
erage 61.9 (SD 11.5) year old and 5.3 (SD 2.0) year since diag-
nosis. The majority of patients was female (73%). Moreover, 
40% of the patients had a tumor located at the skull base. 
Most patients had undergone resection (92%), 18% of the 
patients had received radiotherapy, and 6% of the patients 
had not undergone any treatment and were currently in a 
wait-and-scan trajectory. Patients were on average 4.3 (SD 
2.0) year since treatment. More detailed patient characteris-
tics are presented in Supplementary Table 3.

Patients who were eligible but did not participate were 
on average older (64.7 vs. 61.9 year, P = 0.007) and more 
often did not receive any tumor treatment (13% vs. 6%, 
P = 0.008). No differences were found between eligible pa-
tients who did and did not participate regarding sex, time 
since diagnosis, tumor location and lateralization and time 
since treatment (see Supplementary Table 4 for patient 
characteristics of nonparticipants).

Fatigue Frequency and Severity

Patients’ mean score on the MFI-20 ranged between 9.9 and 
11.9 for the different fatigue subscales (Table 2). Patients 
had a clinically relevant higher score on the general fa-
tigue, physical fatigue and mental fatigue subscale and 
a significantly higher score on all fatigue subscales com-
pared to the general Dutch population28 (mean difference 
range: 1.2–2.4, all P-values < 0.001). Twenty-six percent 
of the patients were classified as being fatigued (ie, 
score ≥ 1.5 SD below the general Dutch population on the 
MFI-20 summary score). Regarding the fatigue subscales, 
31% of patients reported being mentally fatigued, 23% and 
21% reported general fatigue and physical fatigue, respec-
tively, whereas 16% of patients suffered from reduced mo-
tivation and 19% from reduced activity (Figure 1). Based on 
the results of the MDASI-BT, patients more often reported 
severe fatigue (25%) than moderate fatigue (17%).

We compared fatigue prevalences between several 
relevant subgroups of patients. First, when comparing 
patients 0–5 year and > 5 year since diagnosis, no sig-
nificant difference was found for fatigue prevalence 
(Figure 2A). Higher fatigue prevalences were seen in 
patients who had undergone treatment compared to 
patients who had not received any treatment, how-
ever these differences were not statistically significant 
(Figure 2B).

Sleep, Tumor Symptom Severity and Interference, 
Symptoms of Anxiety and Depression and 
Cognitive Complaints

Patients’ mean scores on the PSQI, MDASI-BT, MOS-CFS, 
and HADS are presented in Table 2.
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Patient characteristics (n = 275) No. % 

2 27 11

3c 1 0

Unknown/not clear 10 4

Underwent radiotherapy

Yes 50 18

No 225 82

Most recent anti-tumor treatment

Resection 214 78

Radiotherapy 44 16

No treatment 17 6

Time since (most recent) treatment (years; 
n = 275)

Mean (SD) 4.3 (2.0)

KPS

<70 15 5

≥70 260 95

Marital status

Married 188 68

Divorced 25 9

Single 21 8

Widow/widower 19 7

Living together with partner 20 7

Partner, not living together 2 1

Educational level

Low 93 34

Intermediate 91 33

High 91 33

Profession

Working 102 37

Not working but able to work 18 7

Not able to work 37 13

Retired 117 43

Unknown 1 0

Seizures in the past 3 months

0 256 93

≥1 15 5

Unknown 4 1

Total number of comorbidities

0 116 42

1 60 22

2 43 16

≥3 56 20

No., number; n, number; SD, standard deviation; WHO, World Health 
Organization; KPS, Karnofsky Performance Status.
Percentages may not total 100% due to rounding.
aSkull base tumors were classified according to Al Mefty’s 
definition of skull base meningioma.26

bA cutoff of 40 mm was used, similar to previous studies in 
meningioma patients.21–26

cAt the time of study inclusion WHO 2, however the patient 
was shortly operated on before filling in the questionnaires 
after which the pathology showed a WHO 3 meningioma.

 

Table 1.  Sociodemographic and clinical characteristics

Patient characteristics (n = 275) No. % 

Sex

Male 73 27

Female 202 73

Age (years) (n = 275)

Mean (SD) 61.9 
(11.5)

Time since diagnosis (years, n = 274)

Mean (SD) 5.3 (2.0)

0–5 year 116 42

>5 year 158 57

Unknown 1 0

Total number of meningioma present during 
study participation

0 (complete resection) 150 55

1 91 33

2 13 5

≥3 9 3

Unknown 12 4

Tumor location

Skull basea 110 40

Cerebral convexity 72 26

Falx 39 14

Multiple locations 29 11

Other 24 9

Unknown 1 0

Tumor lateralization

Left 100 36

Right 109 40

Midline 43 16

Multiple locations 23 8

Tumor size at the time of study participationb

No tumor (complete resection) 150 55

<40 mm 102 37

≥40 mm 9 3

Unknown 14 5

Underwent resection

Yes 254 92

No 21 8

Underwent re-resection

Yes 23 9

No 231 91

Complications after resection

Yes 74 29

No 179 70

Unknown 1 0

Simpson grade most recent resection

I 61 24

II 111 43

III 33 13

IV 34 13

Unknown 15 6

WHO grade most recent resection

1 216 85

Table 1. Continued
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With respect to sleep (PSQI), patients reported the most 
amount of difficulty with sleep latency (16% severe diffi-
culty), and the least amount of difficulty with sleep disturb-
ances (2% severe difficulty) and sleep quality (3% severe 
difficulty). Patients had a significantly higher score on the 
PSQI global score compared to the general German popu-
lation31 (mean difference 1.3, p < 0.001).

Based on the total symptom severity score of the 
MDASI-BT, 3% of the patients had moderate symptoms 
and 0.4% severe symptoms. Of note, a large proportion re-
ported moderate to severe symptoms of fatigue (42%), dis-
turbed sleep (32%), difficulty remembering things (29%), 
drowsiness (32%), a dry mouth (21%), sadness (23%), con-
centration problems (25%), vision problems (24%) and irri-
tability (22%). Patients reported higher scores on the total 
symptom severity scale (mean difference 0.5, P < 0.001) 
and symptom interference scale (mean difference 1.5, 
P < 0.001) compared to glioma patients of which 63% had 

a low-grade glioma.32 Results for each individual symptom 
and their interference with daily living are presented in 
Supplementary Table 5.

With respect to self-reported cognitive functioning, pa-
tients reported the most difficulty with concentration 
(21% at least “a good bit of the time”) and forgetfulness 
(19% at least “a good bit of the time”) and reported the 
least amount of trouble with delayed reaction time (10% 
at least “a good bit of the time”). Patients reported lower 
scores on the MOS-CFS total score (mean difference –3.5, 
P = 0.005) compared with normative data from the Medical 
Outcomes Study.33

Based on the results of the HADS, 11% and 12%of the pa-
tients were suspected of having an anxiety disorder and 
depression (score ≥ 11), respectively. Patients reported a sig-
nificantly higher score on the anxiety (mean difference 1.2, 
P < 0.001) and depression (mean difference 0.7, P = 0.008) 
subscale compared to the general Dutch population.34

Table 2.  Scores on the MFI-20, PSQI, MDASI-BT, MOS-CFS, HADS

Measure Mean 
(SD) 

n= (%) One sample t-test compared with normative data; 
mean difference (95% CI) 

MFI-20 Clinically relevant fatigue
(Z-score ≥ 1.5)

General Dutch population28

General Fatigue (n = 275) 11.9 (5.1) 64 (23%) 2.1 (1.5;2.7), P < 0.001

Physical Fatigue (n = 273) 10.9 (5.0) 58 (21%) 2.1 (1.5;2.6), P < 0.001

Mental Fatigue (n = 275) 10.7 (4.7) 84 (31%) 2.4 (1.9;3.0), P < 0.001

Reduced Activity (n = 273) 10.9 (4.9) 53 (19%) 1.6 (1.0;2.2), P < 0.001

Reduced Motivation (n = 275) 9.9 (4.4) 45 (16%) 1.2 (0.6;1.7), P < 0.001

Summary Score (n = 271) 54.4 (20.8) 70 (26%) 9.5 (7.0;11.9), P < 0.001

PSQI Severe difficulty General German population31

Subjective Sleep Quality (n = 275) 1.0 (0.7) 9 (3 %) −0.1 (−0.2; −0.03), P = 0.011

Sleep Latency (n = 270) 1.1 (1.0) 43 (16%) 0.1 (0;0.2), P = 0.2

Sleep Duration (n = 275) 0.8 (0.8) 15 (6%) 0.2 (0.1;0.3), P < 0.001

Habitual Sleep Efficiency (n = 266) 0.9 (1.1) 34 (13%) 0.2 (0.1;0.4), P = 0.001

Sleep Disturbances (n = 255) 1.2 (0.6) 4 (2%) 0.6 (0.6;0.7), P < 0.001

Use of Sleeping Medication (n = 275) 0.4 (0.9) 24 (9%) 0.3 (0.2;0.4), P < 0.001

Daytime Dysfunction (n = 273) 0.9 (0.8) 12 (4%) 0.1 (0.1;0.2), P = 0.004

Global Score (n = 240) 6.3 (4.0) 1.3 (0.7;1.8), P < 0.001

MDASI-BT Symptom severity/interference Glioma patients32

Total Symptom Severity (n = 273) 1.6 (1.5) 8 (3 % moderate symptoms)
1 (0.4% severe symptoms)

0.5 (0.4;0.7), P < 0.001

Symptom Interference (n = 272) 2.1 (2.4) 30 (11% moderate interference)
17 (6% severe interference)

1.5 (1.2;1.8), P < 0.001

MOS-CFS (n = 273) 77.4 (20.7) Normative data from the MOS Study33

−3.5(−6.0; −1.1), P = 0.005

HADS Borderline/suspected disorder General Dutch population34

Anxiety (n = 273) 5.1 (4.0) 42 (15% borderline anxiety)
30 (11% suspected anxiety)

1.2 (0.8;1.7), P < 0.001

Depression (n = 273) 4.4 (4.3) 24 (9% borderline depression)
33 (12% suspected depression)

0.7 (0.2;1.2), P = 0.008

n, number; SD, standard deviation: CI, confidence interval: MFI, Multidimensional Fatigue Inventory: PSQI, Pittsburgh Sleep Quality Index: MDASI-BT, 
MD Anderson Symptom Inventory—Brain Tumor Module; MOS-CFS, Medical Outcomes Study Cognitive Functioning Scale, HADS, Hospital Anxiety 
and Depression Scale.
Statistically significant differences are outlined in bold.
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Fatigue in Relation to Patient-, Tumor-, And 
Treatment-Related Factors

The results of the multivariable analyses (Table 3) showed 
that having experienced a complication due to resection 
(OR 3.6, 95% CI: 1.8–7.0, P < 0.001), having received radio-
therapy (OR 2.4, 95% CI: 1.2–4.8, P = 0.019) and the number 
of comorbidities (OR 1.6, 95% CI: 1.3–1.9, P < 0.001) were 
independently associated with higher levels of fatigue. In 
contrast, patients with a high educational level reported 
lower levels of fatigue compared to patients with a low ed-
ucational level (low level as reference; high level OR 0.3, 
95% CI: 0.2–0.7, P = 0.005). No significant associations were 
found between other sociodemographic and clinical char-
acteristics (sex, age, tumor location, tumor size, tumor re-
section, WHO grade, seizures) and the level of fatigue.

Discussion

Meningioma patients were fatigued in 26% of cases and 
reported higher levels of fatigue compared to the general 
Dutch population.28 Most patients reported mental fatigue 
(31%) followed by general fatigue (23%). No significant 
differences in fatigue prevalence were found between 
patients who were 0–5 year and > 5 year since diagnosis. 
After adjusting for relevant sociodemographic and clinical 
variables, having experienced a complication due to re-
section, having received radiotherapy, a higher number of 
comorbidities, and lower educational level were independ-
ently associated with more fatigue.

To our knowledge, this is the first large cross-sectional 
study to show that fatigue is a clinically relevant problem in 
long-term meningioma patients (on average > 5 year since 
diagnosis). A previous study has shown that meningioma 
patients both shortly and > 2 year after surgery assess fa-
tigue as the most important HRQoL issue.10 Similar to our 
study, a recent study investigating fatigue in meningioma 
patients before and 1 year after neurosurgery9 showed that 

meningioma patients reported higher levels of fatigue on 
all the subscales of the MFI-20 compared to data from the 
general population (current study: 16%–31% fatigued, van 
der Linden et al.9: 34%–43% fatigued preoperatively, 19%–
49% fatigued postoperatively) and also mostly suffered from 
mental fatigue (current study: 31% mental fatigue, van der 
Linden et al.:9 43% mental fatigue preoperatively, 49% mental 
fatigue postoperatively). Moreover, levels of general fatigue, 
physical fatigue and mental fatigue did not decrease 1 year 
after surgery.9 These findings indicate that fatigue is a per-
sistent and relevant problem in meningioma patients both 
shortly and also many years after completion of treatment.

In the present sample, patients were more often fa-
tigued if they had undergone radiotherapy (OR 2.4, 95% 
CI: 1.2–4.8, P = 0.019). This finding is supported by current 
literature. A study investigating the side effects of ad-
juvant radiotherapy in meningioma patients who were 
on average 3.3 year since treatment found that patients 
who had received adjuvant radiotherapy reported lower 
scores on the SF-36 vitality subscale compared to pa-
tients who had only received surgery (mean difference 
16.5, P = 0.039).35 Furthermore, fatigue during cranial irra-
diation is common36 and can significantly affect patients’ 
HRQoL.37 Lovely et al.7 reported that more than 80% of pri-
mary brain tumor patients suffer from fatigue during radi-
otherapy. Fatigue has been reported occurring as early as 
within the first week of radiotherapy38 and may even per-
sist after completion of treatment.13 A possible explanation 
is that radiotherapy can cause endocrine dysfunction when 
the irradiated area encroaches upon the hypothalamus or 
pituitary gland.37,39 Moreover, radiotherapy can also cause 
neuro-inflammation leading to aberrant cytokine and neu-
rotransmitter production and hormone dysregulation, 
resulting in fatigue.6,17–19 Since there was no significant 
difference in fatigue prevalence between patients who 
had received different treatment modalities (no treatment 
12% fatigued; resection 25% fatigued; radiotherapy 36% 
fatigued) and since the number of patients in both the ra-
diotherapy and wait-and-scan group were small, further re-
search in larger patient samples is warranted.
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Figure 1.  Fatigue prevalence in all meningioma patients.
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In this study, having experienced a complication due 
to resection was strongly associated with a higher level 
of fatigue (OR 3.6, 95% CI: 1.8–7.0, P < 0.001). A study 
investigating perioperative fatigue in glioma patients 
had similar findings: having experienced a postoperative 
complication was strongly associated with high levels of 
fatigue (OR 7.1, 95% CI: 1.7–30.6, P = 0.008).40 A possible ex-
planation is that patients who experience a complication 
after resection may simultaneously have other patient- 
and tumor-related factors (such as a larger tumor size, 
lower KPS, and more comorbidities41–43), which predis-
poses them for developing fatigue.13,44 However, previous 
studies in primary brain tumor patients13 and patients with 
other solitary tumors45–47 found no association between 
tumor size and the level of fatigue. Differences can also be 
explained by the fact that complications in our study could 
not reliably be categorized based on existing criteria.48 In 

addition, the fact that the degree of complications may 
vary between patients, and because patients may also de-
velop several complications at once, the exact relationship 
between complications and fatigue remains unknown, 
warranting further research.

In this study, we also found that patients with a high ed-
ucational level reported lower levels of fatigue compared 
to patients with a low educational level (low level as ref-
erence; high level OR 0.3, 95% CI: 0.2-0.7, P = 0.005). This is 
in contrast to a study in meningioma patients which found 
no association between educational level and fatigue.9 It is 
unknown whether these observed associations are of im-
portance in meningioma patients. In general, a higher edu-
cational level and social status have been associated with 
less fatigue.49–56 An explanation is that patients with a high 
educational level may be better able to employ energy 
conservation techniques. Energy conservation techniques 
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Figure 2.  (A) Fatigue prevalence in meningioma patients 0–5 year and > 5 year since diagnosis: No statistically significant differences 
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treatment modality: No statistically significant differences between the different treatment modalities.
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decrease the amount of energy required to complete a task 
by changing actions or the environment (ie, task delega-
tion, time management),57 and if used correctly, can ulti-
mately lead to lower levels of overall fatigue.57,58

The present study has several limitations. Due to the 
cross-sectional and exploratory nature of the study, we are 
unable to confirm a causal relationship between the exam-
ined patient-, tumor- and treatment-related factors and fa-
tigue. Furthermore, because most patients had undergone 
resection and only a small number had undergone radio-
therapy, the accuracy and interpretation of these variables 
may have been hampered. Likewise, our results are not gen-
eralizable to meningioma patients who have not received 
any treatment and are currently in a wait-and-scan trajectory 
due to small numbers, or to patients being treated in a pe-
ripheral setting since we only included patients from large 
medical centers who may have had more complex tumors 
(40% of the patients had a tumor located at the skull base). 
Similarly, our results are not generalizable to recently diag-
nosed meningioma patients since the number of patients 
who were recently diagnosed with a meningioma in our 

study were small (only 4.7% of the patients were 0–2 years 
after diagnosis, range 0.8–11 year). Nevertheless, other 
studies have shown that meningioma patients frequently 
report fatigue before and 1 year after neurosurgery9 and 
report fatigue to be the most important HRQoL issue both 
shortly and > 2 year after surgery,10 indicating that fatigue 
is a problem in both short- and long-term meningioma pa-
tients. Another limitation is the selection of confounding 
variables, which was based on the available literature and 
expert opinion, and may have been suboptimal. Moreover, 
although 1D measurements have shown to be comparable 
to volumetric measurements in adult glioma patients,1 
volumetric measurements may be an appropriate alterna-
tive as they might better represent the probability of tissue 
damage/compression that may underly fatigue and other 
symptoms. Finally, response bias may have occurred due 
to patients declining study participation because they “felt 
too tired” or due to other health issues, likely resulting in an 
underestimation of fatigue. Although the nonresponse anal-
ysis showed participants and non-participants to be similar 
regarding measured relevant tumor- and treatment-related 
characteristics, there still may be some residual confounding 
due to unknown confounders, hampering generalizability of 
results. No patients were excluded because of physical or 
mental conditions interfering with the completion of ques-
tionnaires, but one patient was excluded because of lack of 
understanding of the Dutch or English language, hampering 
generalizability.

Conclusion and Future Perspectives

In conclusion, the results indicate that fatigue is a frequent 
problem in meningioma patients even many years after 
completion of treatment. More extensive research is war-
ranted to determine the causal relation between the identi-
fied determinants of fatigue in the present study. Preferably, 
a large longitudinal study investigating fatigue before and 
after surgery, and possibly other treatments, should be con-
ducted, thereby including the measurement of the identified 
factors from the present study and other possible relevant 
factors (such as inflammatory and endocrine markers). Such 
a study will enhance our understanding of the cause of fa-
tigue in the meningioma patient population. Furthermore, 
randomized controlled trials may be performed to de-
termine the effectiveness of both pharmacological and 
nonpharmacological interventions in the treatment of fa-
tigue in meningioma patients as current evidence is lacking.6

Supplementary Material

Supplementary material is available online at Neuro-
Oncology Advances online.

Keywords 

central nervous system tumor | fatigue | long-term | menin-
gioma |patient-reported outcome.

Table 3.  Determinants of fatigue as measured with the MFI-20 sum-
mary score

Determinant OR (95% CI) 

Sex 0.9 (0.5−1.7), P = 0.732

Age 1.0 (0.97−1.02), P = 0.576

Educational level

Low (reference) –

Intermediate 0.9 (0.5−1.7), P = 0.716

High 0.3 (0.2−0.7), P = 0.005

Number of comorbidities 1.6 (1.3−1.9), P < 0.001

Tumor location

Multiple locations (reference) –

Cerebral convexity 1.2 (0.4−3.1), P = 0.738

Skull base 0.6 (0.2−1.6), P = 0.331

Falx 1.0 (0.3−3.0), P = 0.988

Other 1.0 (0.3−3.5), P = 0.939

Tumor size

No tumor (complete resection)  
(reference)

–

<40 mm 1.2 (0.6−2.3), P = 0.581

≥40 mm 0.9 (0.2−4.8), P = 0.867

WHO grade

1 (reference) –

2 2.2 (1.0−5.2), P = 0.064

Unknown/not clear 0.4 (0.1−3.7), P = 0.453

Seizures in the past 3 months 1.1 (0.9−1.5), P = 0.285

Underwent resection 1.7 (0.5−5.9), P = 0.373

Underwent radiotherapy 2.4 (1.2−4.8), P = 0.019

Complications after resection 3.6 (1.8−7.0), P < 0.001

OR, odds ratio, CI, confidence interval.
Statistically significant differences are outlined in bold.
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