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Abstract
Background Gliomas make up approximately 26.5% of all primary CNS tumors and 80.7% of malignant tumors. They are 
classified according to histology, location, and genetics. Grade III and IV gliomas are considered high-grade gliomas (HGGs). 
The cognitive signs and symptoms are attributed to mass defects depending on location, growth rapidity, and edema. Our 
purpose is to review the cognitive status of patients diagnosed with HGGs; the effect of treatments including surgical resec-
tion, radiotherapy, and chemotherapy; and the predictors of the cognitive status.
Methods We utilized the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines as a 
template for the methodology. A comprehensive literature search was performed from three databases (PubMed, Science-
Direct, and Cochrane Library) for clinical trials and longitudinal studies on patients diagnosed with HGGs assessing their 
cognitive status.
Results Thirteen studies were selected among which 9 assessed cognitive function before and after treatment. One assessed 
the consistency of cognitive complaints and objective cognitive functioning. Three reported factors affecting disease pro-
gression and cognitive status. Most HGG patients have impairment in at least one cognitive domain. Treatments including 
surgical resection or radio-chemotherapy did not impair cognitive status.
Discussion The cognitive status could be used to assess sub-clinical tumor progression. Factors correlated to cognitive 
status were tumor location, edema, and grade. Patient characteristics correlated were pre-operative epilepsy, corticosteroid 
use, and age at the time of diagnosis.
Conclusion Assessment of the cognitive status of HGG patients indicates sub-clinical tumor progression and may be used 
to assess treatment outcomes.

Keywords Gliomas · High-grade gliomas · Cognitive function · Cognitive function · Cognitive status

Introduction

There are over a hundred histologically distinct types of 
primary central nervous system (CNS) tumors, each with 
different clinical presentation, treatment, and outcome. 
The total incidence of primary CNS tumors is approxi-
mately 24.25 per 100,000, and 7 out of 100,000 for 

malignant CNS tumors globally. Malignant CNS tumors 
have an average annual mortality rate of 4.43. The inci-
dence is highest among those aged above 85 years and 
lowest among children and adolescents 0–19 years of age 
[1]. Gliomas are neuroepithelial tumors that originate from 
the glial cells of the CNS. Gliomas make up approximately 
26.5% of all primary CNS tumors and 80.7% of malignant 
CNS tumors [2].

The WHO classifies CNS tumors into four grades, 
grades I and II being low-grade, whereas grades II and III 
are considered high grade. Gliomas are further divided 
into adult-onset or pediatric-onset. For our review, we 
only focus on adult-type diffuse gliomas which account 
for the majority of primary brain tumors. In the fifth edi-
tion of the WHO Classification of Tumors of the Central 
Nervous System (WHO CNS-5) (2021) the adult-type, 
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diffuse gliomas include astrocytoma, IDH-mutant; oligo-
dendroglioma, IDH-mutant, and 1p/19q-co-deleted; and 
glioblastoma, IDH-wildtype [3]. In the previous WHO 
CNS-4 (2016), they were divided into 15 categories 
[4]. Earlier the classifications have been changed with 
the editions of WHO CNS Blue books in 1979, 1993, 
2000, 2007, and 2016 [5, 6]; therefore, different studies 
on gliomas have taken various sub-types. The prognosis 
of patients with high-grade gliomas has been based on 
clinical factors [7]. The initial therapy in the standard 
management of high-grade gliomas is maximal surgical 
resection which can rapidly reduce the mass effect and 
improve neurologic symptoms, followed by radiotherapy 
dose of 54 to 60 Gy along with chemotherapy with temo-
zolomide (TMZ) [7].

Cognitive functions (CFs) refer to “The men-
tal processes involved in the acquisition of knowl-
edge, manipulation of information, and reasoning” 
[8]. The components of cognitive functions may be 
divided into perception, memory, learning, attention, 
decision-making, and language abilities [8]. The cog-
nitive effects of gliomas are dependent on location 
within the brain, rapidity of growth, mass effect of the 
tumor, and associated edema. Gliomas may damage 
eloquent brain areas or connectivity and cause white 
matter alterations secondary to glioma infiltration, 
which may lead to the deterioration of specific cog-
nitive domains. Fast-growing tumors with significant 
cerebral edema can lead to acute onset of cognitive 
deficits; slower-growing tumors are more likely to 
produce subtle changes in behavior or cognition. This 
review assesses the domains of CF mostly affected by 
HGGs and the factors affecting the cognitive outcome 
in patients with HGGs.

Methodology

We utilized the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines as a 
template for the methodology.

Search strategy

Systematic searches of the PubMed, Science Direct, 
and Cochrane Library databases were conducted for 
relevant evidence. The following search was done using 
Medical Subject Headings (MeSH) terms (Gliomas OR 
High-Grade Gliomas) AND (Cognitive effects OR Cog-
nition OR Cognitive functions) in the “Title/Abstract.” 
Only English-language articles were considered. The 

eligibility of relevant articles was first assessed by 
screening results based on title/abstract review and 
removing duplicates. The full texts were then screened 
according to predefined inclusion and exclusion 
criteria.

Inclusion and exclusion criteria

Studies were included if the terms gliomas or high-grade 
gliomas and cognitive effects or cognition or CF were men-
tioned or implied in the title or the abstract.

Prospective studies on patients diagnosed with higher-
grade (anaplastic astrocytoma, oligodendroglioma, ana-
plastic mixed glioma) or highest-grade gliomas (glio-
blastoma multiforme, gliosarcoma, gliomatosis cerebri) 
assessing their cognitive function before/after treat-
ment were chosen. Articles assessing factors influenc-
ing the cognitive status of patients with HGGs were also 
included.

Review articles, trials not assessing cognitive func-
tion or impairment, articles on pediatric patients, and 
trials on patients with lower-grade gliomas (grade 1 or 
2) or any other form of tumor were excluded. The WHO 
CNS classifications were limited to 2000–2021; thus, 
articles using classifications before these were excluded.

Data collection

Data was collected and analyzed using Zotero® soft-
ware. The duplicates in the results of the initial database 
search were removed. The articles had titles and abstracts 
assessed by 2 authors MWSB and RT and articles not 
matching the requirement were excluded. The remaining 
articles were assessed for full-text by RT and MWSB. 
Included and excluded articles were then discussed and 
approved by all authors.

Data extraction and analysis

Duplicates were eliminated from the articles of the initial 
database searches using the Zotero software package. The 
titles of the articles were then reviewed independently by the 
authors to select articles relevant to the study. Subsequently, 
the abstracts of the selected articles were reviewed for eligi-
bility within this study.

Risk of bias assessment

STROBE guidelines [9] were used to assess the quality of 
observational studies including case-control, cohort, and 
cross-sectional studies. The final included studies were 
assessed and approved by all authors.
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Data synthesis

The demographic details including sample size, 
WHO classif ication used in the study, treatment 

interventions, baseline assessment, and follow-up 
time were tabulated in Table 1. Table 2 reports the 
neuro-cognitive domains assessed, the assessment tool, 
baseline, and follow-up outcomes. The effects of tumor 

Table 1  Description of populations, classification, intervention, and assessment timings of individual studies

Study Population (n) WHO clas-
sification 
used

Interventions/treatments Baseline Follow-up

Bosma I, Vos MJ et al. 68 at baseline
32 at follow-up

2016 Surgical resection, 
radiotherapy (not 
defined)

After surgery and 
before radiotherapy

8 and 16 months

Caramanna I, Bottomley 
A et al.

546 2007 Radiotherapy and 
chemotherapy

After radiotherapy and 
chemotherapy

No follow-up

Dehcordi SR, Mariano 
M et al.

42, out of which 27 had 
HGGs

2007 Surgical resection (not 
defined)

Pre-operatively 6 months and 1 year after 
surgery

Bonifazi S, Passamonti 
C et al.

19 2016 Awake craniotomy 
(6 had a gross-total 
resection, 1 had a 
near-total resection, 
12 had sub-total 
resection). ± radio ± 
chemotherapy

Pre-operatively 3 and 12 months post-
surgery

Habets EJ, Kloet A 
et al.

62 at baseline, 39 at 
follow-up

2007 Total or subtotal tumor 
resection

A week preceding 
surgery

At least 3 weeks fol-
lowing surgery, before 
subsequent therapy

Brown PD, Jensen AW 
et al.

1244 2000 Surgical resection After surgery 6, 12, 18, and 24 months

Bian Y, Meng L et al. 18 2016 Craniotomy and inte-
grated boost IMRT 
before chemotherapy 
with TMZ

Before IMRT At the end of IMRT, and 
3, 6, 9, and 12 months 
after IMRT

Bodensohn R, Corradini 
S et al.

44 at baseline
21 on follow-up

2007 GTR with three-dimen-
sional conformal 
radiotherapy

Before radiotherapy After radiotherapy

Wang Q, Xiao F et al. 229 2007 Surgical resection fol-
lowed by fractionated 
external beam radia-
tion therapy with con-
comitant administra-
tion of TMZ followed 
by up to six cycles of 
adjuvant TMZ

After surgery and 
before radiotherapy, 
and chemotherapy

3, 6, 9, 12, 15, and 18 
months after radio-
therapy

Butterbrod E, Bruijn J 
et al.

25 2016 Surgical resection (not 
defined), adjuvant 
chemoradiation with 
TMZ

One day before surgery Every third month for 24 
months

Dallabona M, Sarubbo 
S et al.

30 2016 Surgical resection with 
neoadjuvant radiother-
apy ± chemotherapy

Before surgery 7 days and about 40 days 
after surgery

Wang Q, Qi F et al. 72 2016 6-week RT and con-
comitant temozolo-
mide (TMZ) and six 
cycles of adjuvant 
TMZ

After surgery, before 
radio-chemotherapy

3, 6, 9, and 12 months 
posttherapy

Zarino B, Di Cristofori 
A et al.

102 2016 Surgical resection with 
radio- and chemo-
therapy

Before surgery After surgery and at 3, 6, 
9, and 12 months



1920 Neurological Sciences (2023) 44:1917–1929

1 3

Ta
bl

e 
2 

 N
eu

ro
co

gn
iti

ve
 a

ss
es

sm
en

ts
 o

f i
nd

iv
id

ua
l s

tu
di

es

A
ut

ho
rs

N
C

Fs
 a

ss
es

se
d

M
ea

su
re

m
en

ts
 u

se
d

B
as

el
in

e 
(c

om
pa

re
d 

to
 h

ea
lth

y 
po

pu
la

tio
n)

Fo
llo

w
-u

p(
s)

B
os

m
a 

I, 
Vo

s M
J e

t a
l.

In
fo

rm
at

io
n-

pr
oc

es
si

ng
 sp

ee
d

A
 st

an
da

rd
iz

ed
 b

at
te

ry
 o

f t
es

ts
–

(8
 m

on
th

s)
↓

(1
6 

m
on

th
s)

↓↓
Ps

yc
ho

m
ot

or
 fu

nc
tio

n
–

↓
↓

A
tte

nt
io

na
l f

un
ct

io
n

–
–

–
Ve

rb
al

 m
em

or
y

–
–

–
W

or
ki

ng
 m

em
or

y
–

–
–

Ex
ec

ut
iv

e 
fu

nc
tio

n
–

↓
↓

C
ar

am
an

na
 I,

 B
ot

to
m

le
y 

A
 

et
 a

l.
Ve

rb
al

 le
ar

ni
ng

 a
nd

 m
em

or
y

H
op

ki
ns

 V
er

ba
l L

ea
rn

in
g 

Te
st-

Re
vi

se
d

↓
N

o 
fo

llo
w

-u
p

A
tte

nt
io

n,
 sp

ee
d,

 m
en

ta
l fl

ex
-

ib
ili

ty
Tr

ai
l M

ak
in

g 
Te

st 
(A

 a
nd

 B
)

↓

Sp
on

ta
ne

ou
s p

ro
du

ct
io

n 
of

 
w

or
ds

C
on

tro
lle

d 
O

ra
l W

or
d 

A
ss

o-
ci

at
io

n 
Te

st
↓

Pa
tie

nt
’s

 su
bj

ec
tiv

e 
N

C
F

Q
ue

sti
on

na
ire

 fr
om

 M
ed

ic
al

 
O

ut
co

m
es

 S
tu

dy
Pa

tie
nt

s a
w

ar
e 

of
 th

ei
r c

og
ni

-
tiv

e 
de

fic
its

D
eh

co
rd

i S
R

, M
ar

ia
no

 M
 

et
 a

l.
V

is
ua

l-s
pa

tia
l-i

nt
el

lig
en

ce
 a

nd
 

lo
gi

ca
l c

ap
ac

ity
R

av
en

’s
 c

ol
or

ed
 p

ro
gr

es
si

ve
 

m
at

ric
es

–
–

Ve
rb

al
 m

em
or

y
Re

y’
s W

or
d 

Te
st

–
Sl

ig
ht

 im
pr

ov
em

en
t

W
or

ki
ng

 m
em

or
y,

 sh
or

t-t
er

m
 

m
em

or
y

D
ig

it 
Sp

an
 T

es
t

↓
↑

A
tte

nt
io

n,
 sp

ee
d,

 m
en

ta
l fl

ex
-

ib
ili

ty
Tr

ai
l M

ak
in

g 
Te

st 
(A

 a
nd

 B
)

↓
↓

Le
xi

ca
l s

co
re

Fl
ue

nc
y 

ve
rb

al
 te

st
–

Sl
ig

ht
 im

pr
ov

em
en

t
Pr

ob
le

m
 so

lv
in

g
To

w
er

 o
f L

on
do

n 
Te

st
–

–
B

on
ifa

zi
 S

, P
as

sa
m

on
ti 

C
 e

t a
l.

La
ng

ua
ge

 fu
nc

tio
ns

La
ia

co
na

-C
ap

ita
ni

 N
am

in
g 

Te
st

↓
Tr

an
si

en
t l

an
gu

ag
e 

im
pa

ir-
m

en
ts

 in
 th

e 
im

m
ed

ia
te

 
po

st-
op

er
at

iv
e 

ph
as

e

Th
e 

m
aj

or
ity

 o
f p

at
ie

nt
s 

sh
ow

ed
 re

co
ve

ry
 w

ith
in

 3
/6

 
m

on
th

s.
B

at
te

ry
 fo

r A
na

ly
si

s o
f A

ph
a-

si
c 

D
efi

ci
ts

Ve
rb

al
 m

em
or

y
Re

y 
W

or
d 

Li
st

–
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 fr

om
 B

L
Le

xi
ca

l s
co

re
Ve

rb
al

 fl
ue

nc
y 

te
st

↓
Ex

ec
ut

iv
e 

fu
nc

tio
ns

Fr
on

ta
l A

ss
es

sm
en

t B
at

te
ry

↓



1921Neurological Sciences (2023) 44:1917–1929 

1 3

↓:
 im

pa
ire

d/
re

du
ce

d;
 ↑

: s
ig

ni
fic

an
t i

m
pr

ov
em

en
t; 

–:
 n

ot
 re

po
rte

d/
no

t s
ig

ni
fic

an
t

Ta
bl

e 
2 

 (c
on

tin
ue

d)

A
ut

ho
rs

N
C

Fs
 a

ss
es

se
d

M
ea

su
re

m
en

ts
 u

se
d

B
as

el
in

e 
(c

om
pa

re
d 

to
 h

ea
lth

y 
po

pu
la

tio
n)

Fo
llo

w
-u

p(
s)

H
ab

et
s E

J, 
K

lo
et

 A
 e

t a
l.

Ve
rb

al
 m

em
or

y
Ve

rb
al

 le
ar

ni
ng

 te
st

↓
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 fr

om
 B

L
W

or
ki

ng
 m

em
or

y
D

ig
it 

sp
an

 fo
rw

ar
d 

an
d 

ba
ck

w
ar

d
↓

Ex
ec

ut
iv

e 
fu

nc
tio

n
C

on
ce

pt
 S

hi
fti

ng
 T

es
t

↓
Ps

yc
ho

m
ot

or
 fu

nc
tio

n
↓

In
fo

rm
at

io
n 

pr
oc

es
si

ng
 sp

ee
d

Le
tte

r d
ig

it 
m

od
al

iti
es

 te
st

↓
↑

A
tte

nt
io

n
St

ro
op

 c
ol

or
-w

or
d 

te
st

↓
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 fr

om
 B

L
V

is
uo

co
ns

tru
ct

io
n

Re
y 

co
m

pl
ex

 fi
gu

re
 te

st
↓

↑

B
ro

w
n 

PD
, J

en
se

n 
AW

 e
t a

l.
O

ve
ra

ll 
co

gn
iti

ve
 st

at
us

M
M

SE
D

ec
lin

ed
 in

 3
3.

94
%

 o
f t

he
 

po
pu

la
tio

n
C

og
ni

tiv
e 

de
te

rio
ra

tio
n 

of
 1

8%
 a

t 6
 m

on
th

s, 
16

%
 a

t 1
2,

 1
4%

 
at

 1
8,

 a
nd

 1
3%

 a
t 2

4 
m

on
th

s

Fu
nc

tio
na

l s
ta

tu
s

EC
O

G
W

or
se

 in
 p

at
ie

nt
s w

ith
 

de
cl

in
ed

 M
M

SE
B

ia
n 

Y,
 M

en
g 

L 
et

 a
l.

O
ve

ra
ll 

co
gn

iti
ve

 st
at

us
M

M
SE

–
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
s b

et
w

ee
n 

B
L

M
oC

A
↓

B
od

en
so

hn
 R

, C
or

ra
di

ni
 S

 
et

 a
l.

O
ve

ra
ll 

co
gn

iti
ve

 st
at

us
N

eu
ro

C
og

Fx
D

ep
en

de
d 

on
 tu

m
or

 a
nd

 
pa

tie
nt

 c
ha

ra
ct

er
ist

ic
s

N
o 

si
gn

ifi
ca

nt
 c

ha
ng

e 
af

te
r r

ad
io

th
er

ap
y

W
an

g 
Q

, X
ia

o 
F 

et
 a

l.
O

ve
ra

ll 
co

gn
iti

ve
 st

at
us

M
oC

A
–

67
%

 o
f p

at
ie

nt
s d

ev
el

op
ed

 c
og

ni
tiv

e 
im

pa
irm

en
t.

B
ut

te
rb

ro
d 

E,
 B

ru
ijn

 J 
et

 a
l.

N
eu

ro
co

gn
iti

ve
 a

nd
 b

eh
av

io
ra

l 
as

se
ss

m
en

t
C

N
S 

V
ita

l S
ig

ns
–

Pa
tie

nt
s w

ith
 c

og
ni

tiv
e 

de
cl

in
e 

sh
ow

ed
 a

 fi
ve

 ti
m

es
 h

ig
he

r 
ch

an
ce

 o
f p

ro
gr

es
si

ve
 d

is
ea

se
.

W
or

ki
ng

 m
em

or
y

D
ig

it 
Sp

an
 T

es
t

Ve
rb

al
 fu

nc
tio

n
Le

tte
r fl

ue
nc

y 
ta

sk
D

al
la

bo
na

 M
, S

ar
ub

bo
 S

 e
t a

l.
La

ng
ua

ge
A

 b
at

te
ry

 o
f 3

1 
ne

ur
op

sy
ch

o-
lo

gi
ca

l t
es

ts
D

ep
en

de
d 

on
 tu

m
or

 v
ol

um
e,

 
m

as
s e

ffe
ct

, a
nd

 a
ge

 o
f t

he
 

pa
tie

nt
s a

t d
ia

gn
os

is

A
 sh

or
t-t

er
m

 d
ec

lin
e 

in
 a

 fe
w

 n
eu

ro
-c

og
ni

tiv
e 

do
m

ai
ns

, b
ut

 
no

 si
gn

ifi
ca

nt
 w

or
se

ni
ng

 in
 la

te
 fo

llo
w

-u
p 

w
ith

 im
pr

ov
e-

m
en

t i
n 

so
m

e 
do

m
ai

ns
M

em
or

y
A

tte
nt

io
n 

an
d 

ex
ec

ut
iv

e 
fu

nc
-

tio
ns

Pr
ax

is
W

an
g 

Q
, Q

i F
 e

t a
l.

O
ve

ra
ll 

co
gn

iti
ve

 st
at

us
M

M
SE

–
N

o 
si

gn
ifi

ca
nt

 c
ha

ng
e 

af
te

r r
ad

io
- o

r c
he

m
ot

he
ra

py
Za

rin
o 

B
, D

i C
ris

to
fo

ri 
A

 
et

 a
l.

N
eu

ro
ph

ys
io

lo
gi

ca
l f

un
ct

io
n-

in
g

M
ila

no
-B

ic
oc

ca
 B

at
te

ry
Im

pa
ire

d 
in

 2
9%

 p
re

-o
pe

ra
-

tiv
el

y 
an

d 
34

%
 p

os
t-o

pe
ra

-
tiv

el
y

Tu
m

or
 p

ro
gr

es
si

on
 le

ad
s t

o 
a 

de
cl

in
e 

in
 1

4 
ou

t o
f 2

7 
co

gn
i-

tio
n 

te
sts

.



1922 Neurological Sciences (2023) 44:1917–1929

1 3

Ta
bl

e 
3 

 E
ffe

ct
s o

f t
um

or
 c

ha
ra

ct
er

ist
ic

s a
nd

 tr
ea

tm
en

t m
od

al
iti

es
 o

n 
ne

ur
o-

co
gn

iti
ve

 fu
nc

tio
ns

A
ut

ho
rs

Lo
ca

tio
n

Ed
em

a
Si

ze
/v

ol
um

e
Re

cu
rr

en
ce

M
ed

ic
at

io
n

Su
rg

ic
al

 re
se

ct
io

n
R

ad
io

th
er

ap
y

C
he

m
ot

he
ra

py
O

th
er

B
os

m
a 

I, 
Vo

s M
J 

et
 a

l.
–

–
–

Lo
w

er
 in

fo
rm

a-
tio

n-
pr

oc
es

si
ng

 
ca

pa
ci

ty
, 

ps
yc

ho
m

ot
or

, 
an

d 
ex

ec
ut

iv
e 

fu
nc

tio
n

Th
e 

ne
ur

o-
co

g-
ni

tiv
e 

de
cl

in
e 

co
ul

d 
be

 a
ttr

ib
-

ut
ed

 to
 th

e 
us

e 
of

 a
nt

ie
pi

le
pt

ic
 

dr
ug

s.

–
–

–

C
ar

am
an

na
 I,

 
B

ot
to

m
le

y 
A

 
et

 a
l.

–
–

–
–

–
–

–
–

D
eh

co
rd

i S
R

, 
M

ar
ia

no
 M

 
et

 a
l.

Le
ft-

si
de

d 
le

si
on

s 
w

er
e 

as
so

ci
-

at
ed

 w
ith

 lo
w

er
 

sc
or

es
 o

n 
ve

r-
ba

l t
es

ts
. R

ig
ht

-
si

de
d 

tu
m

or
s 

w
er

e 
re

la
te

d 
to

 
lo

w
er

 sc
or

es
 o

n 
a 

te
st 

of
 fa

ci
al

 
re

co
gn

iti
on

.

Tu
m

or
 si

ze
 <

4 
cm

 sh
ow

ed
 

im
pr

ov
em

en
t i

n 
th

e 
pr

oc
es

s-
in

g 
sp

ee
d 

af
te

r 
su

rg
er

y.

Ve
rb

al
Sh

or
t-t

im
e 

m
em

-
or

y 
an

d 
co

rr
ec

t 
re

sp
on

se
s i

n 
ex

ec
ut

iv
e 

fu
nc

-
tio

ns

–
–

–
–

–

B
on

ifa
zi

 S
, P

as
-

sa
m

on
ti 

C
 e

t a
l.

–
–

–
–

–
A

w
ak

e 
cr

an
io

to
m

y 
do

es
 n

ot
 a

ffe
ct

 
N

C
G

s i
n 

th
e 

m
aj

or
ity

 o
f 

pa
tie

nt
s.

–
–

H
ab

et
s E

J, 
K

lo
et

 
A

 e
t a

l.
Tu

m
or

s i
n 

th
e 

le
ft 

he
m

is
ph

er
e 

ha
d 

po
or

er
 

ba
se

lin
e 

ve
rb

al
 

m
em

or
y,

 w
or

k-
in

g 
m

em
or

y,
 

an
d 

at
te

nt
io

n.

–
La

rg
er

 tu
m

or
s 

in
 th

e 
le

ft 
he

m
is

ph
er

e 
ha

d 
a 

po
or

er
 

ba
se

lin
e 

ex
ec

u-
tiv

e 
an

d 
sl

ow
er

 
ps

yc
ho

m
ot

or
 

fu
nc

tio
ni

ng
.

–
Pa

tie
nt

s o
n 

co
rti

-
co

ste
ro

id
s h

ad
 

w
or

se
 b

as
el

in
e 

at
te

nt
io

n 
an

d 
ex

ec
ut

iv
e 

fu
nc

-
tio

ni
ng

, a
nd

 
lo

w
er

 in
fo

rm
a-

tio
n 

pr
oc

es
si

ng
 

sp
ee

d.

N
o 

si
gn

ifi
ca

nt
 

eff
ec

t o
f s

ur
ge

ry
 

in
 N

C
Fs

–
–

B
ro

w
n 

PD
, 

Je
ns

en
 A

W
 

et
 a

l.

W
or

se
 c

og
ni

tio
n 

at
 b

as
el

in
e 

in
 

fro
nt

al
 tu

m
or

s

–
–

–
–

–
–

–
A

dv
an

ce
d 

ag
e 

an
d 

G
B

M
 d

ia
gn

os
es

 
co

rr
el

at
ed

 to
 

de
cr

ea
se

d 
co

gn
i-

tiv
e 

ou
tc

om
es

.
Tu

m
or

 p
ro

gr
es

si
on

 
w

as
 c

or
re

la
te

d 
to

 c
og

ni
tiv

e 
de

cl
in

e.



1923Neurological Sciences (2023) 44:1917–1929 

1 3

Ta
bl

e 
3 

 (c
on

tin
ue

d)

A
ut

ho
rs

Lo
ca

tio
n

Ed
em

a
Si

ze
/v

ol
um

e
Re

cu
rr

en
ce

M
ed

ic
at

io
n

Su
rg

ic
al

 re
se

ct
io

n
R

ad
io

th
er

ap
y

C
he

m
ot

he
ra

py
O

th
er

B
ia

n 
Y,

 M
en

g 
L 

et
 a

l.
–

–
–

–
–

–
N

o 
ap

pa
re

nt
 si

g-
ni

fic
an

t e
ffe

ct
 

on
 c

og
ni

tiv
e 

fu
nc

tio
n

N
o 

ap
pa

re
nt

 
si

gn
ifi

ca
nt

 
eff

ec
t o

n 
co

gn
iti

ve
 

fu
nc

tio
n

–

B
od

en
so

hn
 R

, 
C

or
ra

di
ni

 S
 

et
 a

l.

Lo
w

er
 v

er
ba

l 
m

em
or

y 
in

 le
ft-

si
de

d 
tu

m
or

s
B

et
te

r fi
gu

ra
l 

m
em

or
y 

in
 

tu
m

or
s d

ire
ct

ly
 

in
va

di
ng

 th
e 

hi
pp

oc
am

pu
s

–
–

–
W

or
se

 c
og

ni
-

tiv
e 

ou
tc

om
es

 
in

 p
at

ie
nt

s o
n 

hi
gh

er
 d

os
es

 o
f 

co
rti

co
ste

ro
id

s

G
TR

 m
ay

 im
pr

ov
e 

so
m

e 
su

bs
et

s o
f 

co
gn

iti
on

.

–
N

o 
si

gn
ifi

ca
nt

 
eff

ec
t o

n 
co

gn
iti

ve
 

fu
nc

tio
n

A
ge

 w
as

 si
gn

ifi
-

ca
nt

ly
 c

or
re

-
la

te
d 

w
ith

 th
e 

de
cr

ea
se

d 
ve

rb
al

 
m

em
or

y 
an

d 
w

or
d 

flu
en

cy
.

W
an

g 
Q

, X
ia

o 
F 

et
 a

l.
–

–
Re

si
du

al
 tu

m
or

 
vo

lu
m

e 
>

 
5.

58
  c

m
3  w

as
 

an
 in

de
pe

nd
-

en
t r

is
k 

fa
ct

or
 

fo
r c

og
ni

tiv
e 

im
pa

irm
en

t.

–
–

–
G

ra
de

 IV
 g

lio
m

a 
ha

s a
 h

ig
he

r 
ris

k 
of

 c
og

ni
-

tiv
e 

im
pa

ir-
m

en
t a

fte
r 

C
C

RT
.

–
N

eg
at

iv
e 

M
G

M
T 

pr
om

ot
er

 m
et

h-
yl

at
io

n 
an

d 
G

B
M

 
di

ag
no

se
s w

er
e 

ris
k 

fa
ct

or
s f

or
 

co
gn

iti
ve

 im
pa

ir-
m

en
t.

B
ut

te
rb

ro
d 

E,
 

B
ru

ijn
 J 

et
 a

l.
–

–
–

–
–

–
–

–
Pr

og
re

ss
iv

e 
di

s-
ea

se
 w

as
 c

or
re

-
la

te
d 

to
 c

og
ni

tiv
e 

de
cl

in
e.

A
ge

 w
as

 n
ot

 a
 si

g-
ni

fic
an

t p
re

di
ct

or
 

of
 c

og
ni

tiv
e 

de
cl

in
e.



1924 Neurological Sciences (2023) 44:1917–1929

1 3

Ta
bl

e 
3 

 (c
on

tin
ue

d)

A
ut

ho
rs

Lo
ca

tio
n

Ed
em

a
Si

ze
/v

ol
um

e
Re

cu
rr

en
ce

M
ed

ic
at

io
n

Su
rg

ic
al

 re
se

ct
io

n
R

ad
io

th
er

ap
y

C
he

m
ot

he
ra

py
O

th
er

D
al

la
bo

na
 M

, 
Sa

ru
bb

o 
S 

et
 a

l.
Pa

tie
nt

s w
ith

 
le

ft-
la

te
ra

liz
ed

 
tu

m
or

s h
ad

 
w

or
se

 v
er

ba
l 

m
em

or
y 

th
an

 
pa

tie
nt

s w
ith

 
rig

ht
-s

id
ed

 
tu

m
or

s i
n 

bo
th

 
th

e 
sh

or
t a

nd
 

lo
ng

 te
rm

.
Tu

m
or

s i
n 

th
e 

rig
ht

 d
or

sa
l 

str
ea

m
 h

ad
 

w
or

se
 se

le
ct

iv
e 

at
te

nt
io

n.

Ed
em

a 
le

ad
s 

to
 m

as
s 

eff
ec

t w
hi

ch
 

si
gn

ifi
ca

nt
ly

 
co

rr
el

at
ed

 to
 

ov
er

al
l c

og
ni

-
tiv

e 
de

cl
in

e.

In
cr

ea
se

d 
vo

lu
m

e 
si

gn
ifi

ca
nt

ly
 

co
rr

el
at

ed
 to

 
ov

er
al

l c
og

ni
-

tiv
e 

de
cl

in
e.

–
–

Sh
or

t-t
er

m
 

w
or

se
ni

ng
 in

 
th

e 
re

pe
tit

io
n 

of
 se

nt
en

ce
s 

an
d 

nu
m

be
rs

, 
sh

or
t-t

er
m

 a
nd

 
lo

ng
-te

rm
 v

er
ba

l 
m

em
or

y,
 a

nd
 

vi
su

al
 a

tte
nt

io
n.

 
N

o 
si

gn
ifi

ca
nt

 
w

or
se

ni
ng

 in
 

la
te

 fo
llo

w
-

up
. I

m
pr

ov
e-

m
en

t i
n 

vi
su

al
 

co
m

pr
eh

en
si

on
 

of
 se

nt
en

ce
s, 

na
m

in
g 

ve
rb

s 
an

d 
no

un
s, 

sh
or

t-
te

rm
 sp

at
ia

l 
m

em
or

y,
 re

co
g-

ni
tio

n 
m

em
or

y,
 

lo
ng

-te
rm

 sp
at

ia
l 

m
em

or
y,

 a
nd

 
or

of
ac

ia
l p

ra
xi

s.

–
–

Pa
tie

nt
s y

ou
ng

er
 

th
an

 6
5 

ye
ar

s 
ol

d 
ha

d 
be

tte
r 

lo
ng

-te
rm

 v
er

ba
l 

m
em

or
y,

 a
tte

n-
tio

n,
 a

nd
 e

xe
cu

-
tiv

e 
fu

nc
tio

ns
.

Th
ey

 a
ls

o 
ha

d 
be

t-
te

r c
on

str
uc

tiv
e 

sk
ill

s.

W
an

g 
Q

, Q
i F

 
et

 a
l.

–
–

–
–

–
–

N
o 

si
gn

ifi
ca

nt
 

eff
ec

t o
n 

co
gn

i-
tiv

e 
fu

nc
tio

n

N
o 

si
gn

ifi
ca

nt
 

eff
ec

t o
n 

co
gn

iti
ve

 
fu

nc
tio

n

–

Za
rin

o 
B

, D
i 

C
ris

to
fo

ri 
A

 
et

 a
l.

–
–

–
–

–
–

–
–

C
og

ni
tiv

e 
de

cl
in

e 
pr

ed
ic

te
d 

tu
m

or
 

pr
og

re
ss

io
n.



1925Neurological Sciences (2023) 44:1917–1929 

1 3

characteristics and treatment modalities on CF were 
tabulated in Table 3.

Results

A total of 1703 articles were identified through database 
search and 3 through additional resources (institute librar-
ies). After removing duplicates 991 articles were left. Nine 
hundred twenty out of the 991 articles were removed in 

the initial screening of title and abstracts for relevance. 
Out of the 71 remaining articles, 58 could be accessed for 
full text. Forty-five were excluded according to exclusion 
criteria and 13 were included in the systematic review. The 
PRISMA flowchart is illustrated in Fig. 1.

Results of individual studies

Nine articles [10–18] assessed CFs before and after treat-
ment. Caramanna et al. assessed the consistency of cognitive 

Fig. 1  PRISMA flowchart
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complaints and objective cognitive functioning [19]. But-
terbrod et al. and Dallabona et al. reported factors affecting 
disease progression and neuro-cognitive status, respectively 
[18, 20]. Zarino et al. studied neuropsychological function 
status predicting patient’s outcome after treatment [21].

Table 1 summarizes the populations of individual stud-
ies, the WHO-CNS classification used to select the tumors, 
treatment modalities, and CF assessment timings including 
baseline and follow-ups.

Table 2 summarizes the CF assessments of individual 
studies including the CF assessed, the tool used to assess 
the CF, and baseline and follow-up scores as compared to 
the healthy population.

Table 3 summarizes the effects of tumor characteristics 
and treatment modalities on CFs. The tumor characteristics 
included the location of the tumor, edema, size/volume, and 
recurrence. The treatment modalities included medication, 
surgical resection, radiotherapy, chemotherapy, age, and 
others.

Cognitive function before treatment

Before treatment, 79% of HGG patients showed impair-
ment in at least one cognitive domain, while 21% were not 
impaired. Thirty-five percent of patients had mild, 34% mod-
erate, and 10% severe impairment [13]. Cognitively impaired 
patients reported more complaints than patients without cog-
nitive impairment [19].

Cognitive function following treatment 
and on follow‑up

Following surgical resection, patients deteriorated in CF; 
however, this functional decline was not statistically sig-
nificant [10]. Verbal memory, attention, and psychomotor 
function were the domains most frequently impaired [13].

An improvement in memory functions and in process-
ing speed was seen after surgery, especially in patients with 
widespread edema [11, 12]. Awake craniotomy was reported 
to contribute to preserving language and decrease the risk of 
postoperative permanent aphasic deficits when operating in 
eloquent areas [12]; thus, despite the deterioration of neu-
ropsychological performances at early follow-up, surgery is 
also effective for improving the cognitive performances of 
patients and thus their quality of life [18].

Predictors of CFs

The possible predictors and their effects on CFs have been 
summarized in Table 3.

Tumors in the left hemisphere had worse verbal function 
[11, 13, 16, 18], working memory, and attention [13]. Right-
sided tumors were related to worse facial recognition [11]. 

Tumors in the frontal lobe had an overall worse cognition 
[14]. Increased tumor volume was associated with overall 
cognitive decline [18], and so was a greater residual tumor 
volume after surgery [17]. Along with tumor volume, the 
surrounding edema also constituted a mass effect and lead 
to cognitive decline [18]. Epilepsy before surgery also con-
tributed to the decline in cognition preoperatively and was 
also found to cause deteriorated cognition postoperatively 
[13]. Corticosteroids [13, 16] and anti-epileptics [10] could 
also contribute to cognitive impairment. Advanced age at 
diagnosis may be a risk factor for a worse cognitive outcome 
[14, 16, 18].

Following surgical resection, there was no specific effect 
reported on the CF. Bodensohn et al. reported that gross-
total resection (GTR) may improve some subsets of cog-
nition [16]. Dallabona et al. reported a short-term decline 
in some CFs but no significant worsening in late follow-up 
[18].

No study reported any evidence of cognitive impairment 
in glioma patients who had undergone radio-chemotherapy 
at least within the first year [15, 16, 22]. Wang et al. reported 
that grade IV glioma has a higher risk of cognitive impair-
ment after concurrent chemoradiation [17].

Tumor progression was correlated to cognitive decline 
[14, 20]; thus, a decline in CFs may predict sub-clinical 
tumor progression [21].

Discussion

We conducted a systematic review and evaluated the neuro-
CF of patients with high-grade gliomas before and after 
treatment along with the predictors of cognitive status in 
HGGs. Before surgical resection HGG, patients have impair-
ment in at least one cognitive domain. Following surgical 
resection and/or chemo/radiotherapy, some aspects of CF 
deteriorated with time; however, this functional decline was 
not statistically significant. The predictors of greater cog-
nitive decline were tumor localization, the mass effect of 
tumor and edema, pre-operative epilepsy, medication includ-
ing anti-epileptics and corticosteroids, and greater age of the 
patient at diagnosis. Chemo- or radiotherapy has no signifi-
cant effect on CFs.

Archibald et al. studied the long-term CFs of HGG survi-
vors and reported impaired baseline CFs of several survivors 
and deterioration on specific tasks of the rest within 2 years 
of baseline testing [23]. Archibald et al. also reported that 
the most impaired CFs at baseline were verbal memory and 
sustained attention, whereas verbal learning and flexibility 
in thinking were the most frequent to decline over time [23]. 
Weitzner and Meyers reviewed similar studies before 1996 
and reported that a decline in CFs is inevitable following 
successful treatment of HGGs; however, contrary to our 
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analysis, this decline is irrespective of tumor localization or 
grade; instead was related to the type of therapy and tumor 
lateralization [24]. These differences may be explained by 
the disparities in WHO-CNS classifications and different 
treatment approaches of chemo- and radiotherapy. Similar 
to our results, Taylor et al. reported no significant effect of 
radiotherapy on CFs; older age, lower baseline CFs, and sub-
clinical tumor progression were reported to be the predictors 
of cognitive decline [25]. There is no significant effect of 
radiotherapy on CFs in low-grade gliomas either [26].

Tucha et al. studied the cognitive impairments among 
patients with brain tumors of the frontal or temporal lobes 
and reported that lesions of the left temporal lobe are often 
associated with disturbances of language functions similar 
to our findings [27]. The difference based on location is also 
due to the dominancy of the left cerebral hemisphere over 
the right cerebral hemisphere. The reason behind these defi-
cits is the presence of Broca’s area and Wernicke’s area in 
the left hemisphere. Tumors that were found to be diagnosed 
and reported to be in the temporal lobe also significantly 
decreased the cognition in patients with HGGs. This also can 
be explained by the presence of Wernicke’s area in the pos-
terior one-third of the temporal convolution in the left hemi-
sphere of the brain. De Baene et al. reported that the local 
efficiency of the contralesional hemisphere was associated 
with reaction time and contralesional activity was associated 
with attention and cognitive flexibility [28]. Further, HGGs 
were associated with decreased verbal memory, worse atten-
tion, and cognitive flexibility; tumor volume was associated 
with visual memory; however, age at diagnosis, epilepsy, 
and the use of anti-epileptic medication were not associated 
with decline in any of the assessed CF [28]. Acevedo-Ver-
gara et al. reviewed the effects of specific tumor localiza-
tions and also reported that language function was associated 
with lesion in the dominant cerebral hemisphere, memory 
function in the left-hemisphere, and executive functioning 
in prefrontal cortex of the frontal lobes [29].

Tucha et al. also reported that patients with larger lesions 
and those with accompanying edema displayed significantly 
more cognitive impairments [27]. Edema is a leading fac-
tor that causes compression of the brain matter; its removal 
during surgical resection helped improve the results [11, 12]. 
Upon eradicating associated edema, with drugs like beva-
cizumab and temozolomide, an improvement in processing 
speed and memory functions can be observed [27, 30]

Cognitive and social functioning, physical, emotional, 
and spiritual well-being collectively comes under the health-
related quality of life (HRQOL). Since HGGs have a poor 
prognosis and low life expectancy, HRQOL is an impor-
tant concern for doctors and caregivers. There are several 
determining factors including sex, tumor location, and his-
tological classification. Rogers et al. reported lower QOL 
in females than in males [31]. Although tumor location and 

its relation to QOL is controversial, however, several stud-
ies reported that HGG patients with left-sided brain lesions 
were found with increased memory problems [32], poor flu-
ency while speaking [32, 33], and more depressed state and 
symptoms [32] and difficulty in communication [34]. GBM 
patients are reported to have low HRQOL as compared to 
others because of its aggressively growing nature, shorter 
time of progression, and faster deterioration in cognition 
[35, 36].

Additionally, the drugs used in the treatment after resec-
tion such as dexamethasone and previously used anti-epi-
leptic drugs [27] to treat seizures (carbamazepine, valproic 
acid, and phenytoin) taken alongside the radiotherapy had 
a correlation with the declined cognitive functions. Apart 
from the medicine intake, patients who presented with 
epileptic seizures preoperatively could have higher rates 
of deteriorated cognitive function. A possible explanation 
can be the deteriorating effects of epilepsy preoperatively 
which worsened postoperatively along with anti-epileptic 
drugs. Patients were also taking corticosteroids which was 
found to be associated with a decline in executive func-
tioning, information processing, and attentive behavior 
preoperatively.

Moreover, the age of the patient at the time of diagno-
sis was also found to have an impact on the progression of 
the disease and the related impairment. Older patients were 
found to have greater cognitive impairment than the younger 
ones who were found to be less impaired and showed a good 
prognosis.

Only one study reported a molecular subgroup in rela-
tion to cognitive impairment with negative MGMT pro-
moter methylation being a risk factors for cognitive impair-
ment [17]. Derks et al. studied cognitive performances 
of HGG patients in relation to IDH-mutation status and 
reported that patients with IDH-with gliomas had poorer 
cognitive performances as compared to patients with IDH-
mut gliomas [37].

Tumor progression was correlated to cognitive decline 
[14, 20, 21]. Klein et al. assessed the prognostic value of 
cognitive functioning in HGGs and reported that the meas-
urement of CF in HGG patients may be of high clinical 
relevance throughout the disease [38]. Meyers et al. also 
reported that the assessment of CFs, HRQOL, and patient 
function in terms of ability to perform activities of daily liv-
ing can be important in predicting the survival of patients 
with recurrent malignant brain tumors [39]. Taphoorn and 
Klein reported that cognitive deterioration may be the first 
indicator of progressive disease after treatment [40]. van 
Kessel et al. conducted a retrospective analysis of CF of 
HGG patients and concluded that impaired executive func-
tions and memory were significantly correlated with sur-
vival, whereas language, psychomotor speed, and visuospa-
tial functioning were not [41].
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Specific limitations of individual studies included a risk 
of bias associated with the sample sizes and the number of 
people who showed up on all the follow-ups and participated 
in tests. The first limitation of our study is the heterogeneity 
of WHO-CNS classifications used; thus, different tumors 
being considered in the category of HGGs. Further limi-
tations include non-specification in different brain tumors, 
variability of sample sizes, and heterogeneity of the CF tests 
used by individual studies.

Conclusion

HGG patients have CF impairments in at least one cognitive 
domain. These impairments tend to increase with time and 
disease progression. Factors that impact CF include tumor 
localization, grade, recurrence, mass impact of both tumor 
volume and surrounding edema, corticosteroids and antie-
pileptic drugs intake during radiotherapy, and patients age 
at diagnosis. Treatment modalities including surgical resec-
tion and radio- or chemotherapy have no significant effect 
on CFs. An important clinically relevant finding was that 
the deterioration of cognitive status may indicate subclinical 
tumor progression thus emphasizing the importance of CF 
assessment throughout the course of the disease.
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