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aBsTracT
Background: It is often assumed that brain tumor patients’ significant others (SOs: partners, other 

family members or close friends) may face greater stress than those of patients with malignancies 

not involving the central nervous system (CNS), due to progressive changes in neurological and 

cognitive functioning. We compared health-related quality of life (HRQOL) of SOs of patients with 

high-grade glioma (HGG) and low-grade glioma (LGG) with that of SOs of patients with non-CNS 

tumors with similar prognosis and at a similar phase in the disease trajectory (i.e. non-small cell 

lung cancer (NSCLC) and low-grade hematological malignancies (NHL/CLL), respectively). 

methods: HRQOL of SOs and patients was assessed using the Short Form-36 (SF-36) Health 

Survey. Patients’ neurological functioning was indexed and they underwent comprehensive 

neurocognitive testing.

results: SOs of 213 LGG patients, 99 NHL/CLL patients, 55 HGG patients and 29 NSCLC patients 

participated. The SOs of LGG and NHL/CLL patients reported similar levels of HRQOL. SOs 

of HGG patients reported significantly lower mental health scores (MCS; p=0.041) and social 

functioning (p=0.028) than those of NSCLC patients. Mental health scores (MCS) of HGG and 

NSCLC patients were associated significantly with the mental health of their SOs (p=0.013 and 

p<0.001, respectively). Surprisingly, HGG patients’ cognitive and neurological functioning were 

not predictive of SOs’ mental health at the multivariate level. 

conclusion: SOs of patients with highly malignant CNS tumors in the acute phase are at 

increased risk of compromised HRQOL compared to those of patients with systemic tumors 

without CNS involvement and a comparable life expectancy. 
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inTroducTion
The diagnosis, disease trajectory, and treatment of a malignant tumor have a profound impact on 

the lives of both patients and their significant others (SOs: including partners, family members or 

close friends). Across different stages of the disease trajectory, SOs may experience considerable 

stress and caregiver burden, fatigue, and financial strain.223, 224 They often experience levels of 

psychological distress equal to or even greater than that of the patients themselves.224, 225 In 

particular, previous studies have indicated that the mental health aspects of the health-related 

quality of life (HRQOL) of SOs of cancer patients may be particularly affected.226, 227

With an incidence of five to seven per 100,000,228 gliomas are the most common primary 

brain tumors. The median survival for glioma patients depends on the malignancy grade of the 

tumor. Patients with glioblastoma multiforme (GBM; WHO grade IV) have a median survival of 

one to two years,6 whereas patients with low-grade glioma (LGG) can live substantially longer, 

with a median survival of approximately 16 years for low-grade oligodendroglioma.119 Yet, even 

within relatively homogeneous patient groups, the survival range can vary considerably at the 

individual patient level and is largely unpredictable.229

Because SOs of brain tumor patients not only have to deal with the diagnosis of cancer in 

their loved one, but are also confronted with the neurological sequelae associated with the 

disease and progressive changes in neurological and cognitive functioning, it is assumed that 

these SOs experience greater levels of distress than SOs of patients with tumors not involving 

the central nervous system (CNS).15, 27, 158 However, this assumption has, to our knowledge, not 

been examined empirically. Because identifying vulnerable SO groups is an important step in 

developing possible interventions aimed at improving their well-being, we performed a cross-

sectional, observational study to compare the HRQOL of the SOs of glioma patients with that 

of SOs of patients with non-CNS malignancies. As we expected that mental health of SOs in 

particular is a potential target in future intervention studies, an additional aim of the study was 

to identify patient-related variables (e.g., HRQOL, neurological and cognitive functioning) 

associated with the mental health of those SOs suffering from a deterioration in HRQOL. 

maTerials and meThods

participants

The data reported here were derived from a larger, nationwide, multicenter study of the 

neurocognitive functioning and HRQOL of glioma patients and their SOs (here defined as a 

spouse or partner, family member or good friend of the patient). The study design and methods 

have been reported in more detail elsewhere.9, 31, 121 Briefly, glioma patients were recruited 

from 11 neurosurgical centers throughout the Netherlands (see the acknowledgements for a 

complete list of participating centers). LGG patients were included in the study if they had: (1) 

been diagnosed with a histologically confirmed low-grade astrocytoma, oligodendroglioma, 

or oligoastrocytoma at least one year prior to study entry; (2) no clinical signs of tumor 

recurrence for at least one year after diagnosis and primary treatment; (3) no radiological signs 
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of recurrence within three months before the first assessments were performed, (4) no current 

treatment with corticosteroids, and (5) basic proficiency in the Dutch language. On average, 

patients were diagnosed six years prior to data collection.

HGG patients were recruited into the study if they: (1) had histologically confirmed 

anaplastic glioma or GBM; (2) had a life expectancy of three months or more; (3) were eligible 

for postoperative radiotherapy; and (4) had basic proficiency of the Dutch language. They were 

recruited after initial diagnosis but prior to receiving post-operative treatment. 

Two comparison groups were formed simultaneously, one for the LGG and one for the HGG 

patient-SO samples. As a comparator for the LGG sample, we included patients with non-Hodgkin’s 

lymphoma or chronic lymphatic leukemia (NHL/CLL) and their SOs. The NHL/CLL patients had 

to have no radiological signs of recurrence within three months before the first assessment, no 

clinical signs of CNS involvement, and they had to have completed treatment at least one year 

earlier. The second comparison group was composed of patients with non-small cell lung cancer 

(NSCLC, stage IIIa/IIIb/IV) and their SOs. The NSCLC patients had to have (1) a life expectancy of 

three months or more; (2) a basic proficiency of the Dutch language; and (3) no clinical evidence 

of brain metastases. The NHL/CLL and the NSCLC comparison groups were chosen because of 

similarities in terms of disease stage, expected disease course and prognosis with that of the LGG 

and the HGG patient groups, respectively. For the interpretation of the neuropsychological data, 

healthy control groups, matched for age, sex, and educational level were formed. These controls 

were selected from a large cohort of healthy participants of the Maastricht Aging Study.125 

All patients were asked to identify a SO who could be invited to take part in the study. The 

current analysis was restricted to the available patient-partner dyads, i.e., those patients whom 

had a SO who was willing to participate in the study. 

procedures

After inclusion procedures, SOs were asked to complete the Short Form-36 (SF-36) Health Survey19 

once. The SF-36 is composed of 36 items, organized into eight multi-item scales assessing: (1) 

physical functioning; (2) limitations in role functioning due to physical problems; (3) limitations in 

role functioning due to emotional problems; (4) pain; (5) vitality; (6) social functioning; (7) mental 

health; and (8) general health perceptions. Raw scores are converted linearly to 0 to 100 scales, with 

higher scores indicating better levels of functioning. From these scales, two higher-order summary 

scores can be calculated: (1) Physical Component Summary (PCS), measuring physical health; and 

(2) Mental Component Summary (MCS), measuring mental health. The SOs also were asked to 

provide sociodemographic information, including their age, gender and level of education. 

The patients underwent objective neuropsychological testing and completed a series 

of self-report questionnaires. Details of the neuropsychological test battery are reported in 

more detail elsewhere.9, 31, 121 Briefly, it included a broad range of tests assessing perception and 

psychomotor speed, memory, attention, and executive function. Self-report questionnaires 

included measures of performance status (Karnofsky Performance Status230), activities of daily 

living (ADL; Barthel Index231), HRQOL (SF-36), neurological functioning (EORTC QLQ-BN2022) 

and subjective cognitive functioning (MOS subjective cognitive functioning scale190). 
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The study was approved by the institutional review boards of all participating centers. All 

patients and SOs provided written, informed consent. 

statistical analysis

All statistical analyses were performed using SPSS version 17.0.232 Standard scoring rules were 

used to convert the data from the questionnaires. The SF-36 PCS and MCS scores were calculated 

based on normative data of 2,393 Americans from the general population. Sociodemographic 

characteristics of the LGG and NHL/CLL groups as well as of the HGG and NSCLC groups were 

compared using univariate analysis of variance (ANOVA) and the chi-square statistic. Multivariate 

analysis of covariance (MANCOVA) adjusting for age (for the low-grade malignancy groups) 

and educational level (for the high-grade malignancy groups) was performed to compare the 

HRQOL of the SOs of the LGG patients with that of the SOs of the NHL/CLL patients, and the 

HRQOL of the SOs of the HGG patients with that of the SOs of the NSCLC patients. Effect sizes 

were calculated using Cohen’s d statistic. Cohen’s d of 0.20 is considered a small effect size, of 

0.50 a moderate effect size, and 0.80 a large effect size.233 If differences between the groups 

were found, univariate linear regression analyses were conducted to assess the association 

between patient-related factors (age, gender, performance status, ADL, HRQOL, neurological 

functioning, subjective and objective cognitive functioning) and the mental health of the SOs. 

Neuropsychological test scores were dichotomized to represent either normal or impaired 

scores (i.e., two standard deviations below the mean of healthy matched controls). The total 

number of deviant test scores was used as a measure of overall objective cognitive functioning. 

Those variables that were significantly associated with the SO’s SF-36 scores at the 0.10 level 

were subsequently entered in a backward multivariate linear regression analysis. Here, a 

two-sided p-value of less than 0.05 was considered statistically significant. 

resulTs

demographic characteristics

Approximately 70% of the patients identified a SO who could be invited to participate in the 

study. For the original study, 281 LGG patients, 68 HGG patients, 143 NHL/CLL patients, and 

50 NSCLC patients signed written, informed consent. The current study sample included 213 

LGG patient-SO dyads, 55 HGG patient-SO dyads, 99 NHL/CLL patient-SO dyads, and 29 NSCLC 

patient-SO dyads (see Table 1). Primary reasons for SO non-participation included perceived 

burden of the study (37.0%), and insufficient mastery of the Dutch language or visual or mental 

disability (14.8%). 48.2% of non-participants did not provide a reason. 

The SOs of the NHL/CLL patients were significantly older than those of the LGG patients 

(p<0.001) while the educational level of the SOs of the HGG patients was significantly higher 

than that of the SOs of the NSCLC patients (p=0.004). From the patient report forms we learned 

that the large majority of SOs were partners of the patients, although it should be noted that 

this information was not available for 36 dyads in total (9.1% of all participants), see Table 1. 
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hrqol (sf-36)

SOs of LGG patients versus NHL/CLL patients

Corrected for age, we found no statistically significant differences in HRQOL, as measured by 

the SF-36, between the SOs of the LGG patients and those of the NHL/CLL patients (Table 2).

HGG patient partners versus NSCLC patient partners

As shown in Table 3, corrected for differences in educational level, the SOs of the HGG patients 

reported significantly worse mental health as assessed by the SF-36 mental component summary 

(MCS) than the SOs of the NSCLC patients (p=0.041, d=0.48). The SOs of the HGG patients also 

reported significantly lower social functioning than those of the NSCLC patients (p=0.028, 

d=0.495). No other statistically significant group differences in SF-36 scores were observed. 

Table 1. Characteristics of SOs of LGG, NHL/CLL, HGG and NSCLC patients.

lgg sos 
(N=213)

nhl/cll 
sos (N=99) p-value

hgg sos 
(N=55)

nsclc sos 
(N=29) p-value

Age in years M (sd) 45.27 (11.94) 52.96 (11.94) < 0.001* 53.31 (11.43) 57.32 (11.75) 0.133

Gender N (%)

Male

Female

78 (36.6%)

135 (63.4%)

37 (37.4%)

62 (62.2%)

0.898

9 (16.4%)

46 (83.6%)

5 (17.2%)

24 (82.8%)

0.918

Educational level N (%)

Low

Middle

High

62 (29.1%)

89 (41.8%)

62 (29.1%)

31 (31.3%)

46 (46.5%)

22 (22.2%)

0.440

14 (25.5%)

16 (29.1%)

25 (45.4%)

14 (48.3%)

12 (41.4%)

3 (10.3%)

0.004*

Marital status N (%)

Single

Married or living together

Divorced

Widow(er)

9 (4.2%)

195 (91.5%)

3 (1.4%)

6 (2.8%)

7 (7.1%)

91 (91.9%)

1 (1.0%)

0 (0.0%)

0.268

2 (3.6%)

50 (90.9%)

3 (5.4%)

0 (0%)

0 (0.0%)

28 (96.6%)

1 (3.4%)

0 (0%)

0.527

Relationship to patient N (%)

Husband, wife or partner

Parent

Sibling

Child

Friend

Unknown

152 (71.4%)

24 (11.3%)

3 (1.4%)

5 (2.3%)

2 (0.9%)

27 (12.7%)

90 (90.9%)

1 (1.0%)

2 (2.0%)

1 (1.0%)

1 (1.0%)

5 (5.1%)

0.002*

43 (78.2%)

2 (3.6%)

1 (1.8%)

0 (0.0%)

6 (10.9%)

3 (5.4%)

25 (86.2%)

0 (0.0%)

1 (3.4%)

2 (6.9%)

0 (0.0%)

1 (3.4%)

0.129

Abbreviations: SO, significant other; LGG, low-grade glioma; NHL/CLL, non-Hodgkin lymphoma/chronic 
lymphatic leukemia; HGG, high-grade glioma; NSCLC, non-small cell lung cancer
*p<0.05
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Table 2. Means and standard deviations for HRQOL scores for SOs of LGG and NHL/CLL patients. 

lgg sos (N=213) nhl/cll sos (N=99) p-value

Component scales 

Physical Component Summary M (sd)

Range

Mental Component Summary M (sd)

Range

51.54 (8.40)

23.24–67.89

48.94 (10.67)

16.11-64.58

50.01 (9.76)

21.65–66.15

50.39 (10.96)

18.94–68.09

0.385

0.203

SF-36 subscales 

Physical functioning 89.31 (17.11) 85.03 (20.97) 0.254

Physical role functioning 77.54 (34.34) 78.03 (36.47) 0.782

Bodily pain 80.47 (22.81) 76.98 (24.40) 0.398

Social functioning 82.86 (20.99) 84.22 (21.99) 0.329

Mental health 72.19 (18.94) 73.49 (18.78) 0.348

Emotional role functioning 80.13 (34.36) 81.14 (35.37) 0.599

Vitality 65.03 (19.66) 67.14 (20.24) 0.477

General health perceptions 71.48 (21.02) 70.39 (16.66) 0.707

Abbreviations: HRQOL, health-related quality of life; SO, significant other; LGG, low-grade glioma; NHL/CLL, 
non-Hodgkin lymphoma/chronic lymphatic leukemia; SF-36, Short-form 36 Health Survey. 

Table 3. Means and standard deviations for HRQOL scores for SOs of HGG and NSCLC patients. 

hgg sos (N=55) nsclc sos (N=29) p-value

Component scales 

Physical Component Summary M (sd)

Range

Mental Component Summary M (sd)

Range

52.61 (9.99)

27.64–68.59

36.37 (12.45)

9.90-60.20

49.39 (9.04)

32.87-63.22

42.56 (12.69)

14.66-64.43

0.370

0.041*

SF-36 subscales M(sd)

Physical functioning 85.75 (17.69) 82.76 (15.27) 0.803

Physical role functioning 60.91 (46.59) 54.02 (38.87) 0.774

Bodily pain 77.85 (24.46) 76.69 (23.77) 0.963

Social functioning 60.68 (28.61) 74.14 (22.14) 0.028*

Mental health 54.80 (21.56) 60.28 (21.55) 0.168

Emotional role functioning 41.21 (42.05) 55.17 (37.03) 0.219

Vitality 54.36 (20.53) 60.00 (16.37) 0.123

General health perceptions 67.40 (21.88) 64.59 (18.40) 0.993

Abbreviations: HRQOL, health-related quality of life; SO, significant other; HGG, high-grade glioma; NSCLC, 
non-small cell lung cancer; SF-36, Short-form 36 Health Survey.
*p<0.05
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patient-related factors associated with so’s mental health 

Several patient-related variables were found to be associated significantly with the SF-36 MCS scores 

of the SOs of both the HGG and the NSCLC patients at the univariate level (Table 4 and Table 5). 

The mental health (MCS) of the SOs of the HGG patients exhibited a significant, positive 

association with the mental health (MCS) of the patients (r2 = 0.098, p=0.020), and a significant 

negative association with patients’ subjective cognitive functioning (r2 = 0.050, p=0.090), as 

well as with three aspects of the patients’ brain cancer-specific HRQOL: uncertainty about the 

future (r2 = 0.086, p=0.030); drowsiness (r2 = 0.091, p=0.021); and motor dysfunction (r2 = 0.062, 

p=0.062) (Table 4). 

The mental health (MCS) of the SOs of the NSCLC patients exhibited a very similar pattern 

of association with the patients’ mental health (r2 = 0.327, p<0.001) and the patients’ sense of 

uncertainty about the future (r2 = 0.129, p=0.034). In addition, patients’ age was associated 

positively (r2 = 0.080, p=0.100), and objective measures of cognition were associated negatively 

(r2 = 0.080, p=0.099) with SOs’ mental health (Table 5).

In the multivariate regression analyses, the patients’ mental health status (MCS) was associated 

significantly with the SOs mental health (r2 = 0.301, p=0.034 and r2 = 0.464, p=0.002, for the HGG and 

the NSCLC patient SOs, respectively) (Tables 4 and 5). Furthermore, patients’ cognitive functioning 

was associated significantly with NSCLC SOs’ mental health (r2 = -0.363, p=0.019). 

discussion
The present study clearly shows that not all partners of all cancer patient groups experience the same 

limitations in HRQOL. The most prominent finding of our study is that the SOs of recently diagnosed 

HGG patients suffer from significantly lower levels of mental health and social functioning than 

SOs of recently diagnosed NSCLC patients, while both partner groups experienced similar burden 

in term of the dismal prognosis and the disease phase of their loved one. Contrary to what one 

might expect given the nature of the different diseases, the HRQOL of SOs of stable LGG and NHL/

CLL patients did not differ. It appears that the added burden of neurological and cognitive deficits 

associated with being the SO of a glioma patient does not necessarily impact on the SO’s HRQOL, at 

least not as measured by the SF-36 and objective neuropsychological assessment. 

When the prognosis is poorer and the diagnosis is more recently established, as was the case 

in our HGG patient cohort, having a glioma appears to impact negatively on the SO’s mental 

health. This is consistent with a study by Janda et al., who described that, in a diverse group of 

brain tumor patients and their informal caregivers (relatives and friends), there was a trend for 

lower HRQOL among those taking care of patients with a glioblastoma multiforme compared 

to lower-grade CNS tumors.198 Consistent with our findings in the univariate analyses of patient-

related factors, previous studies have found that patients with more rapidly progressive malignant 

tumors report more uncertainty concerning the future than patients with less rapidly progressive 

malignant tumors,9, 31 and that fear of tumor recurrence can have a profound impact on the HRQOL 

of patient and partners alike.234 A different study on caregivers of patients with malignant gliomas 
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Table 4. Backward linear regression analysis for mental health (MCS) of SOs of HGG patients. 

model B r2 p-value

95% confidence interval

lower bound upper bound

Univariate analyses

Age patient

Gender patient

Tumor grade patient

Lateralisation tumor patient

Cognition patient

Subjective cognition patient

Barthel patient

Karnofsky patient

PCS patient (SF36)

MCS patient (SF36)

Future uncertainty (BN20)

Visual disorder (BN20)

Motor dysfunction (BN20)

Communication deficit (BN20)

Headaches (BN20)

Seizures (BN20)

Drowsiness (BN20)

0.090

2.971

-0.146

-2.371

-0.168

-0.157

-0.238

-0.053

0.004

0.368

-0.126

-0.043

-0.136

-0.091

-0.024

-0.008

-0.165

0.009

0.011

<0.001

0.009

0.003

0.050

0.003

0.005

<0.001

0.098

0.086

0.003

0.062

0.039

0.004

<0.001

0.091

0.472

0.439

0.970

0.471

0.668

0.090*

0.688

0.580

0.982

0.020**

0.030**

0.673

0.060*

0.137

0.645

0.886

0.021**

-0.158

-4.654

-7.811

-8.909

-0.947

-0.339

-1.418

-0.242

-0.340

0.060

-0.239

-0.246

-0.278

-0.211

-0.126

-0.118

-0.306

0.337

10.595

7.519

4.167

0.612

0.025

0.943

0.137

0.348

0.676

-0.013

0.160

0.006

0.030

0.079

0.102

-0.025

Multivariate analyses 

MCS patient 0.348 0.301 0.034** 0.028 0.669

Abbreviations: SO, significant other; HGG, high-grade glioma; SF36, Short-form 36 Health Survey; BN20, brain 
cancer module. 
*p<0.10; **p<0.05

reported that declining health and fear that the loved one would die was negatively associated 

with the HRQOL of caregivers of glioma patients.235 In our study however, uncertainty concerning 

the future, a scale that takes this fear into account, was not predictive of the SOs’ HRQOL at 

the multivariate level (although a significant association was observed at the univariate level). 

Unexpectedly, glioma patients’ cognitive and neurological functioning proved to be less important 

to glioma patient SOs’ mental health than is commonly assumed. Moreover, contrary to a study 

on caregivers of a diverse group of cancer patients,225 we did not find a significant association 

between the physical functioning of the patient and the SOs’ HRQOL. Mental health, however, was 

associated significantly with the HRQOL of the SOs of both the HGG and the NSCLC patients. We 

would note, however, that the amount of variance in SOs’ mental health scores explained by the 

mental health of the patients was relatively modest, particularly for the HGG sample. 

Several limitations of the study should be noted. Due to the nature of this multi-center 

study described previously, mental well-being of SOs of cancer patients was not the primary 

objective of the study. As a consequence, we could not compare SOs of the low- and high-

grade malignancy groups because the time since diagnosis of the patients differs by a number 
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Table 5. Backward linear regression analysis for mental health (MCS) of SOs of NSCLC patients. 

model B r2 p-value

95% confidence interval

lower bound upper bound

univariate analyses

Age patient

Gender patient

Cognition patient

Subjective cognition patient

Barthel patient

Karnofsky patient 

PCS patient (SF36)

MCS patient (SF36)

Future uncertainty (BN20)

Visual disorder (BN20)

Motor dysfunction (BN20)

Communication deficit (BN20)

Headaches (BN20)

Drowsiness (BN20)

0.422

-3.934

-0.915

-0.134

-0.438

-0.003

-0.263

0.608

-0.184

0.085

-0.047

-0.038

0.006

-0.020

0.080

0.012

0.080

0.014

0.002

<0.001

0.047

0.327

0.129

0.012

0.003

0.002

<0.001

0.001

0.100*

0.531

0.099*

0.493

0.795

0.985

0.212

<0.001**

0.034**

0.538

0.771

0.789

0.948

0.835

-0.085

-16.573

-2.011

-0.527

-3.839

-0.297

-0.684

0.299

-0.353

-0.193

-0.373

-0.320

-0.177

-0.214 

0.930

8.705

0.181

0.259

2.964

0.291

0.157

0.917

0.015

0.364

0.279

0.245

0.188

0.174

multivariate analyses

MCS patient

Cognition patient

Age patient

0.494

-1.171

0.457

0.464

-0.363

0.306

0.002**

0.019**

0.052

-0.190

-2.138

-0.003

0.797

-0.205

0.918

Abbreviations: SO, significant other; NSCLC, non-small cell lung cancer; SF36, Short-form 36 Health Survey; 
BN20, brain cancer module.
*p<0.10; **p<0.05

of years. Therefore we cannot determine at what point in time these SOs might benefit most 

from psychological interventions. Furthermore, only data on HRQOL of SOs were collected. 

Since the amount of variance in SOs’ mental health explained by our model was quite modest, 

it seems plausible that there are other factors that may be associated with SOs’ mental health. 

Future studies should also include other assessments such as caregiver burden, depression 

and anxiety. Using a qualitative approach may add valuable information, as this may provide data 

that is not covered by questionnaires. In addition, while we evaluated HRQOL of SOs of four 

different groups of cancer patients, it would be valuable to compare these with a group of SOs 

of non-cancer patients undergoing neurosurgery per se to determine its relative contribution. 

As HRQOL is diminished in, for example, patients with subarachnoid hemorrhage and patients 

treated for unruptured intracranial aneurysms,236, 237 exploring their SOs’ HRQOL in comparison 

to our cancer patient SO groups seems worthwhile.  

Despite these imperfections and our recommendations for future studies, the present 

cross-sectional analysis of multi-center data adds valuable information regarding HRQOL in 

SOs of cancer patients to the existing body of literature. In this relatively large dataset we show 

that SOs of recently diagnosed HGG patients experience worse mental health and that they are 
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an especially vulnerable group compared to SOs of patients with a recently diagnosed non-CNS 

high-grade malignancy. Better mental health of the patient proved to be modestly predictive 

of better mental health of HGG SOs. This knowledge provides new insight in potential areas 

that can be addressed in supportive interventions. We recommend that targeted psychological 

interventions be developed which include support in coping with impaired mental health of the 

patient in order to enhance HRQOL of significant others of HGG patients.
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