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ABSTRACT

Background: It is well established that patients with glioma may
experience adverse general (eg, headache) or focal symptoms (eg,
personality changes) and neurocognitive deficits (eg, planning), but
they may also experience severe emotional distress. We investigated
theprevalenceof depressive symptoms in patientswith newly diagnosed
glioma and in matched cancer-free persons. Methods: For this study,
we recruited patients with glioma diagnosed within 12 months at all 4
neurosurgical clinics in Denmark. The cancer-free comparison group was
identified through the Danish Central Person Register and matched on
sex and age. Participants’ depressive symptoms were evaluated using
the Center for Epidemiologic Studies Depression Scale (CES-D; score
range, 0–60), with a cutoff score $16 indicating moderate-to-severe
depressive symptoms. Results: In this study, 363 of 554 patients with
glioma and 481 of 1,304 cancer-free persons participated. Mean age
of all patients was 55 years and 60% of the population was male.
Mean scores for depressive symptoms were statistically significantly
higher among patients with glioma, with a mean CES-D score of
10.9 (95% CI, 10.1–11.8) compared with 5.3 (95% CI, 4.7–5.8) among
cancer-free persons (P,.0001). Overall, 92 patients with glioma (25%)
and 30 cancer-free persons (6%) had moderate-to-severe depressive
symptoms. After adjustment for marital status, education level, and
comorbidity, the prevalence of depressive symptoms was 5 times
higher among patients with glioma compared with cancer-free per-
sons. Conclusions: A substantially higher prevalence of moderate-to-
severe depressive symptoms was identified in patients with glioma
compared with cancer-free persons. This indicates the importance of
programs to systematically identify and manage depressive symp-
toms in patients with glioma.
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Background
Gliomas are the most common type of primary in-
tracranial tumors in adults, with an incidence rate of 5
per 100,000 and a relative 5-year survival rate of 10%.1

Patients experience a significant burden of symptoms
related to the disease and its treatment.2,3 Frequent
symptoms include global cerebral manifestations (fa-
tigue, nausea, headache, and confusion), focal symptoms
(hemiparesis, paresthesia, motor control deficiency, vi-
sual disturbances, seizures, and speech difficulties), and
neurocognitive deficits (impaired attention, concentra-
tion difficulty, reduced short-term memory, and per-
sonality or behavior changes).4,5 Treatment depends on
the location and size of the tumor, grade of malignancy,
and patient age and performance status,6 and it often
involves a combination of surgery (diagnostic biopsy or
surgical resection),7 radiotherapy, and chemotherapy.8,9

Corticosteroids, analgesics, and antiepileptic treatment
are often prescribed for symptom management, con-
tributing to significant adverse effects, such as cognitive
dysfunction and fatigue.10 Although epidemiologic data,
in general, indicate that depression is 2 to 3 times more
prevalent in patients with cancer than in the general
population, a meta-analysis of 211 studies of patients
with cancer showed that patients with brain tumors had
the highest prevalence of self-reported depression.11

Furthermore, authors of a systematic review of 42 ob-
servational studies reported that a median of 27% of
adults with glioma had depression; however, the prev-
alence ranged widely, depending on the study design
and diagnostic methods used.12 Furthermore, important
methodological limitations exist in these studies, in-
cluding small sample sizes, which compromise precise
estimation of the prevalence, and, most important, the
absence of a control group. Such information is im-
portant because depressionmay have a severe impact on
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patient outcomes, including neurologic function and
performance status,13 impaired health-related quality of
life,14,15 and even survival.16,17 In the present study, we
investigated the prevalence of self-reported moderate-
to-severe depressive symptoms in patients with glioma
and compared the prevalence with that in a sex- and age-
matched cancer-free comparison group derived from the
general population. We also investigated associations
between various clinical factors and moderate or severe
self-reported depressive symptoms in patients with glioma.

Methods
We used data collected for the Danish part of the in-
ternational GLIOGENE (Glioma Gene) study,18 which
addressed epidemiologic and biologic risk factors for the
development of glioma. Thus, the inclusion criteria were
developed for this international study. All patients aged
18–80 years with a primary low- or high-grade glioma
(ICD-O-3 morphology codes 94303, 94013, 94003, 94203,
94113, 94103, 94003, 93913, 93923, 93941, 93913, 94413,
94403, 93803, 93803, 93813, 94423, 93823, 93853, 94503,
94513, 93823, 94243, and 93831) diagnosed at 1 of the 4
neurosurgical clinics in Denmark between June 15, 2001,
and December 31, 2013, were invited to participate in the
study. The diagnosis had to have been made no more than
12 months before entry into the study. We excluded indi-
viduals who were unable to read or understand Danish and
those with severely low cognitive function, who were thus
potentially unable to cooperate or give informed consent.No
formal evaluation of the patients’ cognition was performed,
but patients were subjectively evaluated by the interviewer.

Cancer-free persons were identified through the
Danish Central Person Register19 and matched on sex
and age in 5-year intervals as control subjects (ratio of
2 controls per glioma patient). The comparison group
consisted of cancer-free persons; however, we had no
information on whether these persons had other ill-
nesses. The cancer-free persons were invited to partic-
ipate between June 15, 2001, and December 31, 2013, as
were the patients with glioma. All participants were
contacted either by a nurse at 1 of the 4 neurosurgical
clinics or by mail and invited to participate in an in-
terview to determine depressive symptoms. The inter-
views were conducted by a nurse research coordinator
and took place at one of the neurosurgical clinics, at the
person’s home, or at the Danish Cancer Society Research
Center. All participants provided written consent. The
study protocol was approved by the Danish National
Committee on Health Research Ethics (H-2-2010-032)
and the Danish Data Protection Agency (2013-41-1502).

Outcome Measures
Depressive symptoms were measured using the Center
for Epidemiologic Studies Depression Scale (CES-D),20

which was administered during an interview conducted
by a trained nurse. The patients indicated how often
during the previous week they had experienced each of
20 symptoms on a scale from 0 to 3 (05 rarely or none of
the time; 15 some or a little of the time; 25 occasionally
or a moderate length of time; 35most or all the time).
The scores range from 0 to 60, with a cutoff of $16 in-
dicating moderate-to-severe depressive symptoms.20

Age at diagnosis, sex (male or female), marital status
(married/living with a partner vs divorced/single), edu-
cation level (low,#10 years of schooling; medium, 11–12
years of schooling; high, $13 years of schooling), and
comorbidities (absent or present, including diabetes
mellitus, emphysema, chronic bronchitis, chronic ob-
structive pulmonary disease, rheumatoid arthritis, lupus,
liver diseases, AIDS/HIV, stomach ulcer, hepatitis, heart
attack, stroke, and cerebral blood clot) were ascertained
at interviews. Date of diagnosis, tumor type, stage, and
morphology (grades 1 and 2, 3, and 4) were obtained
from the patients’ medical records.

Statistical Analyses
To examine the generalizability of the study results, we
compared the age and sex of the patients with glioma
who participated in the study with the age and sex of
those who did not. In addition, we compared the age and
sex of the cancer-free persons who participated in the
study with the cancer-free persons who were invited but
did not participate.

We used descriptive statistics (means, SDs, and
frequencies) to characterize the patients with glioma and
the cancer-free persons, and using a t test we compared
the average depressive symptom scores of the 2 groups.
Although age and sex were the only matching criteria for
the original study on glioma risk, we adjusted for marital
status, education level, and comorbidity21,22 in the lo-
gistic regression models because they may act as po-
tential confounders. In these analyses, we compared the
prevalence of moderate-to-severe depressive symptoms
in patients with glioma and in cancer-free persons; re-
sults are presented as odds ratios (ORs) with 95%CIs, and
a P value ,.01 was considered to be statistically signif-
icant. In descriptive analyses (numbers and frequencies),
we compared the sex, age, education level, marital status,
presence of comorbidity, tumor grade, and time since
diagnosis of patients with glioma with moderate-to-
severe depressive symptoms versus those with no de-
pressive symptoms. We calculated differences in mean
depressive score between 3 periods after glioma di-
agnosis (#3, .3 to #6, and .6 months) and compared
with the cancer-free persons and presented them as
means (SDs), b-estimates, and significance levels. All
statistical analyses were performed using SAS 9.3 soft-
ware (SAS Institute Inc).
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Results
A total of 554 patients with glioma and 1,304 cancer-free
persons fulfilled the inclusion criteria and were invited to
participate in the study. Of these, 15 patients with glioma
and 261 of the cancer-free persons were not reached, 72
with glioma and 471 cancer-free persons did not agree to
participate, and 6 patients with glioma and 28 cancer-
free persons were excluded for unknown reasons. We
excluded participants with missing data for the CES-D
(98 patients with glioma and 63 cancer-free persons).
This resulted in 363 patients with glioma (response
rate, 66%) and 481 cancer-free persons (response rate,
37%) included in this study (Figure 1). On average, the
patients with glioma were interviewed 4 months after
diagnosis.

We found no significant differences in age, sex, or
tumor grade between the patients with glioma who
participated in the study and those who did not, and no
significant differences were seen in age or sex between
the cancer-free persons who participated and those who
were invited but refused to participate or for whom data
were missing (supplemental eTable 1, available with this
article at JNCCN.org).

Study Cohort Characteristics
Characteristics of the study samples are presented in
Table 1. Men represented 60% of the participants,

and the average age was 55 years (SD, 13.4). Among
the patients with glioma, 60% were diagnosed with
glioblastoma.

Severity of Depressive Symptoms
In total, 92 patients with glioma had moderate-to-severe
depressive symptoms (CES-D score, $16). Patients
with moderate-to-severe depressive symptoms had a
mean age of 56 years; 53% were male; most (77%) were
living with a partner; 66% had tumor grade 4; and half
of the patients had been diagnosed within the past
3 months.

The average depressive symptom scores were 10.8
(95% CI, 10.1–11.8) in the group of patients with glioma
and 5.3 (95% CI, 4.7–5.8) in the cancer-free persons
(P,.0001). Moderate-to-severe depressive symptoms
were present in 25%of the patients with glioma and 6%of
the cancer-free comparison group (P,.0001) (Table 1).

After adjustment for age and sex, we found an in-
creased prevalence of depressive symptoms in patients
with glioma, with an OR of 5.16 (95% CI, 3.32–8.01)
compared with cancer-free persons. After further ad-
justment for sex, age, marital status, education level, and
comorbidity, the prevalence of depressive symptoms
remained statistically significantly higher for patients
with glioma, with an OR of 5.12 (95% CI, 3.29–7.98)
compared with cancer-free persons. In a comparison of

Patients with glioma 
(N=554)

Participants with glioma 
(n=461)

Participants with glioma
 included in the analysis 

(n=363)

Excluded (n=93):
• No contact (n=15)
• Did not agree to participate (n=72)
• Unknown reasons (n=6)

Excluded due to missing data (n=98)

A

Cancer-free persons 
(N=1,304)

Cancer-free participants 
(n=544)

Excluded (n=760):
• No contact (n=261)
• Did not agree to participate (n=471)
• Excluded for unknown reasons (n=28)

Excluded due to missing data (n=63)

B

Cancer-free participants
included in the analysis 

(n=481)

Figure 1. Cohort selection for (A) patients with glioma and (B) cancer-free persons.
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patients with glioma with moderate-to-severe (CES-D
score, $16) and low depressive symptom scores (CES-D
score,,16), we foundno statistically significant difference

according to sex, age, comorbidity, or tumor grade (Table 2).
Compared with cancer-free persons, only patients di-
agnosed with glioma .6 months after diagnosis had

Table 1. Demographic and Clinical Characteristics

Patients With Glioma
n (%)

Cancer-Free Persons
n (%) P Value

Sex .83

Male 220 (61) 288 (60)

Female 143 (39) 193 (40)

Age, mean (SD), y 55.4 (13) 55.2 (14) .80

Depressive symptoms score, mean (SD) 10.9 (8) 5.3 (6) ,.0001

Moderate-to-severe depressive symptoms (CES-D score,$16) 92 (25) 30 (6)
,.0001

Low depressive symptoms (CES-D score, ,16) 271 (75) 451 (94)

Education levela .04

Low 64 (18) 63 (13)

Medium 187 (52) 233 (48)

High 112 (31) 185 (39)

Marital status .73

Married/Living with a partner 288 (79) 377 (78)

Divorced/Single 75 (21) 104 (22)

Comorbidities .94

Absent (0) 255 (70) 339 (71)

Present ($1) 108 (30) 142 (30)

Tumor grade

1 and 2 79 (22)

3 57 (16)

4 225 (62)

Tumor type

Astrocytoma, diffuse 34 (9)

Astrocytoma, anaplastic 26 (7)

Ependymoma 5 (1)

Glioblastoma 218 (60)

Glioma, unclassified anaplastic 6 (2)

Gliosarcoma 7 (2)

Oligoastrocytoma 9 (3)

Oligoastrocytoma, anaplastic 3 (1)

Oligodendroglioma 28 (8)

Oligodendroglioma, anaplastic 22 (6)

Pleomorphic xanthoastrocytoma 1 (0.3)

Subependymoma 2 (1)

Time since diagnosis, mean (SD), mo 4.18 (3)

#3 mo 179 (50)

.3 to #6 mo 110 (30)

.6 mo 72 (20)

Abbreviation: CES-D, Center for Epidemiologic Studies Depression Scale.
aLow, #10 years of schooling; medium, 11–12 years of schooling; high, $13 years of schooling.
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significantly increased depressive symptoms (–4.13 points;
95% CI, 25.83 to 22.43) (Table 3).

Discussion
We observed a 5 times higher prevalence ofmoderate-to-
severe depressive symptoms in Danish patients with
glioma than in cancer-free persons. The highest scores
for depressive symptoms were observed 3 to 6 months

after diagnosis; although they decreased subsequently,
the scores remained significantly higher than in the
cancer-free persons. This finding is in line with previous
longitudinal studies reporting a higher incidence of de-
pressive symptoms during the first year after diagnosis.23,24

In a longitudinal study of 30 patients with high-grade gli-
oma, depressive symptoms were highest at baseline (1
week after surgery) and lowest after week 52,23 but with a

Table 2. Demographic and Clinical Data for Patients With Glioma Based on Depressive Symptoms

Moderate-to-Severe Depressive Symptoms
(CES-D Score ‡16)

n (%)

No Depressive Symptoms
(CES-D Score <16)

n (%) P Value

Total, n 92 269

Sex .08

Male 49 (53) 171 (64)

Female 43 (47) 98 (36)

Age, mean (SD), y 55.7 (14) 55.3 (13) .81

Education levela .53

Low 15 (16) 49 (18)

Medium 52 (57) 134 (50)

High 25 (27) 86 (32)

Marital status .47

Married/Living with a partner 71 (77) 217 (81)

Divorced/Single 21 (23) 52 (19)

Comorbidities .46

Absent (0) 57 (62) 178 (66)

Present ($1) 35 (38) 91 (34)

Tumor grade .48

1 and 2 16 (17) 63 (23)

3 15 (16) 42 (16)

4 61 (66) 164 (61)

Time since diagnosis, mo .54

#3 46 (50) 133 (49)

.3 to #6 31 (34) 79 (29)

.6 15 (16) 57 (21)

Abbreviation: CES-D, Center for Epidemiologic Studies Depression Scale.
aLow, #10 years of schooling; medium, 11–12 years of schooling; high, $13 years of schooling.

Table 3. Depressive Symptoms at 3 Time Points After Glioma Diagnosisa

Mean (SD) b-Estimate (95% CI) P Value

Time since diagnosis #3 mo (n5179) 11.3 (8.2) 1.69 (–0.2 to 3.57)b .08

Time since diagnosis .3 mo and #6 mo (n5110) 11.7 (8.8) 2.10 (0.04 to 4.15)b .05

Time since diagnosis .6 mo (n574) 9.5 (8.5) 0.0

Cancer-free control subjects (n5481) 5.3 (5.9) 24.13 (–5.83 to –2.43)c ,.0001

aAdjusted for sex, age, marital status, education level, and comorbidity.
bComparison between the 3 time periods.
cComparison between each of the 3 periods and cancer-free persons.
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nonsignificant decrease in depressive symptoms over time.
Thus, despite reductions in depressive symptoms over
time, it cannot be assumed that patients with glioma will
recover from these symptoms on their own.

As in previous studies,25,26 we did not detect statis-
tically significant differences in patient-related factors
(sociodemographic characteristics) or clinical factors
(comorbidity, tumor extent, and disease duration)
among patients with low versus moderate-to-severe
depressive symptoms. A longitudinal multicenter study
of 598 patients with high-grade glioma found, however,
that patients with multifocal tumor sites and large
tumors more frequently experienced postsurgery de-
pressive symptoms than patients with a tumor at one
site or with small tumors.13 The study by Litofsky et al13

only included patients with high-grade glioma and
measured depressive symptoms after surgery using
36-Item Short Form Health Survey mental health
summary scores, whereas in the present study, we
included both low- and high-grade glioma and mea-
sured depressive symptoms at different time points
using the CES-D. These differences make direct
comparison between the studies difficult; however, the
study by Litofsky et al13 does indicate that the impact of
tumor site and size on depressive symptoms needs
further investigation.

Although no evidence exists, it is possible that the
explanation for the development of depressive symp-
toms in patients with glioma includes clinical factors.
Although neither chemotherapy nor radiotherapy has
been associated with depressive symptoms in patients
with glioma,12 the commonly used treatment with
glucocorticoids has been associated with depressive
symptoms.13 This may be due to the fact that gluco-
corticoids are prescribed primarily for large tumors
and poor disease status, which may contribute to
mood disturbances,27 or to the direct adverse effects
of glucocorticoids, including well-known symptoms of
depression such as cognitive dysfunction, sleep distur-
bance, and fatigue.28 Biochemical changes or a direct
destructive effect of the gliomamay also act as a potential
explanatory biologicmechanism, because they can cause
specific symptoms such as learning and memory im-
pairment and concentration problems, which are also
symptoms of depression.2,29 The existential reaction to
the disease and the poor prognosis may also play a role.
Although the short life expectancy of patients with high-
grade glioma makes them vulnerable to developing de-
pressive symptoms,30 existential concerns are likely to
play a role for patients with low-grade glioma, including
anxiety arising when a brain tumor is diagnosed and
related to treatment and its effectiveness, adverse effects
of antiepileptic drugs, and uncertainty about family
and work.30

Clinical Implications
Failure to recognize severe depressive symptoms may
delay or even prevent patients from receiving appro-
priate treatment. According to the ICD-1031 for de-
pression, moderate-to-severe depressive symptoms can
pervade various aspects of life, including inability to
experience joy, feelings of worthlessness, withdrawal
from social relationships, irritability, insomnia, and
symptoms of psychosis, including delusions or halluci-
nations and suicidality. A systematic review and meta-
analysis documented worse survival for patients with
both low- and high-grade glioma with depression, re-
gardless of time of diagnosis,32 which underlines the
importance of identifying and treating depression in
this patient group.

Thus, in view of the high prevalence of depressive
symptoms in patients with glioma, treatment (antide-
pressants and psychotherapy, such as cognitive behav-
ioral therapy) may be particularly relevant. A meta-
analysis33 of 563 patients with primary breast cancer
showed that depressive symptoms can be treated ef-
fectively with antidepressants, with an estimated effect
size of 1.56 (95% CI, 1.07–2.28) compared with placebo.
Walker et al34 concluded, in a systematic review of 7
randomized controlled trials, that there is some evidence
for the effectiveness of antidepressants alone or in
combination with psychologic treatment in patients with
cancer with depression. However, we still lack knowledge
of the effects of psychologic counseling and antide-
pressant treatment specifically in patients with glioma.
Better understanding of these effects can contribute to
clinical guidelines for the prevention and treatment of
depressive symptoms in patients with glioma. Further-
more, future studies could benefit from including more
information on clinical factors that may contribute to
depressive symptoms in patients with glioma. Such in-
formation may contribute to identification of patients
with glioma at high risk of developing depression.

Study Limitations
The cross-sectional design of this study did not allow
determination of causal directions. Although 80% of the
patients completed the CES-D within 6 months of di-
agnosis, variation in the time since diagnosis might
have influenced the prevalence of reported depressive
symptoms. We had no information on whether the pa-
tients with glioma or the cancer-free persons were re-
ceiving antidepressant treatment, and we may therefore
have underestimated the prevalence of moderate-to-
severe depressive symptoms. Furthermore, we had no
information about other psychologic symptoms, such as
anxiety or posttraumatic stress disorder, which could
have influenced the depressive symptoms.35,36 Although
we included clinical factors, we had no information on
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tumor site or size or the treatment received, restricting
our ability to examine these potential risk factors. Ex-
clusion of patients aged .80 years limits the ability to
generalize the results to the oldest age group of patients
with glioma, in whom depressive symptoms may be
overlooked. In addition, the exclusion of patients with
severely decreased cognitive function limited our ability
to cover the entire population of patients with glioma
and limited the generalizability of our results to patients
with no or only limited cognitive problems; thismay have
resulted in underestimation of the prevalence of de-
pressive symptoms in the population of patients with
glioma. Furthermore, this leaves open the question of
how depressive symptoms can best be measured in
patients who may have difficulty participating in ques-
tionnaire studies or even in psychiatric interviews to
evaluate depressive symptoms. Of importance is also the
fact that patients diagnosed with high tumor grades were
less likely to agree to participate in the study, which may
also impact the reported prevalence of depressive
symptoms and calls for further studies to examine de-
pressive symptoms in patients with high-grade tumors.
Finally, the response rate of the cancer-free population
was quite low (37%), which may limit the generalizability
to the cancer-free population.

A strength of this study is greater robustness when
assessing the prevalence of depressive symptoms in
patients with glioma, because our study included a sex-
and age-matched cancer-free comparison group, was
nationwide, and covered one of the largest populations
studied so far. The inclusion of cancer-free persons
identified through the Danish Central Person Register is
a major strength of the study, because it allowed a

comparison level of depressive symptoms in persons of
similar age and sex, indicating the added burden of a
glioma diagnosis. Most previous studies had either no
comparison group or a comparison group consisting of
the spouses of patients with glioma, who have been
reported to have levels of depressive symptoms similar to
or even higher than those of patients with glioma.37

Inclusion of several glioma-specific clinical factors in our
study alsomade it possible to evaluate the relationship of
these factors to depressive symptoms.

Conclusions
In one of the first studies to include a cancer-free com-
parison group, we found a 5 times higher prevalence of
moderate-to-severe depressive symptoms in patients
with glioma than in cancer-free persons. The increased
prevalence of depressive symptoms was not explained by
differences in age, sex, tumor type, or comorbidity.
Regular screening for depressive symptoms in patients
with glioma might help to identify those who require
further psychiatric assessment and treatment of clinical
depression.
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eTable 1. Differences in Characteristics Between Individuals Who Did and Did Not Participate

Patients With Glioma

P Value

Cancer-Free Persons

P ValueIncluded in Study Did Not Participate Included in Study Did Not Participate

Total, n 363 191 481 823

Sex, n (%) .74 .27

Male 220 (61) 113 (59) 288 (60) 467 (57)

Female 143 (39) 78 (41) 193 (40) 336 (43)

Age, mean (SD), y 55.4 (13.4) 57 (14.4) .22 55.2 (13.8) 55.5 (15.9) .71

Tumor grade, n (%) .08

1 and 2 82 (23) 28 (16)

3 51 (14) 21 (12)

4 221 (63) 126 (72)

Abbreviation: CES-D, Center for Epidemiologic Studies Depression Scale.
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