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Abstract
Prostate cancer is one of the most common malignancies and a leading cause of death in men. Owing to its excellent anti-
tumor effects, androgen deprivation therapy (ADT) is widely used in the treatment of prostate cancer. However, its use is 
controversial because of its potential for inducing cognitive decline. In this review, we summarized the findings of preclini-
cal and clinical studies investigating the effects of ADT on cognitive function in prostate cancer. We discussed the methods 
used to assess cognitive function in these studies, elucidated the mechanisms through which ADT affects cognitive func-
tion, and highlighted recent advancements in cognitive assessment methods. The findings of this review serve as a valuable 
reference for examining the relationship between ADT and cognitive function in future studies. Besides, the findings may 
help clinicians understand the advantages and disadvantages of ADT and optimize the treatment plan so as to minimize the 
adverse effects of ADT.
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Introduction

Prostate cancer is the second most common cancer, fol-
lowing lung cancer, among adult men worldwide. In 2020, 
more than 1.41 million new cases of prostate cancer were 
reported, with an incidence rate of 7.3% [1]. Because pros-
tate cancer is mostly asymptomatic in its early stages, the 
optimal time for treatment is frequently missed, leading to a 
high mortality rate [2]. Prostate cancer imposes a substantial 
socioeconomic burden and is a major challenge to the alloca-
tion of healthcare resources [3]. Because both progression 
and metastasis of prostate cancer are driven by androgens 
[4], androgen deprivation therapy (ADT) is considered the 

mainstay of treatment for prostate cancer. ADT works by 
suppressing androgens or inhibiting their production (serum 
testosterone < 50 ng/dL or 1.735 nmol/L) [5]. Over the past 
decades, ADT has demonstrated excellent therapeutic effects 
against prostate cancer, and significant advancements have 
been made in drug-based denervation therapy [6, 7]. At 
present, ADT is considered the cornerstone of treatment 
for metastatic prostate cancer [8]. The side effects of ADT 
include bone and joint pain [9], impaired sexual function, 
and an increased risk of cardiovascular disease and cogni-
tive decline. Although ADT is initially effective, patients 
may eventually develop castration-resistant prostate cancer 
[10–13]. Moreover, recent studies have reported that ADT 
increases the risk of cognitive decline in patients with pros-
tate cancer. Cognitive decline is a relatively slow-paced 
condition characterized by diminished performance in 
domains such as attention, executive function, and memory 
[14, 15]. Alibhai et al. conducted a 3-year follow-up study 
on patients with prostate cancer who underwent ADT and 
found that ADT was not associated with cognitive decline 
in these patients [16]. However, several large-sample studies 
have reported that ADT leads to a significant increase in the 
risk of cognitive decline [17–19]. Therefore, the utilization 
of ADT may exacerbate cognitive decline in patients with 

 *	 Chen Zhao 
	 ztzhaochen@126.com

 *	 Shi‑min Liu 
	 liusmin@sina.com

1	 Shanghai University of Traditional Chinese Medicine, 1200 
Cailun Road, Shanghai 201203, No, China

2	 Yueyang Hospital of Integrated Chinese and Western 
Medicine, Shanghai University of Traditional Chinese 
Medicine, No.110 Ganhe Road, Shanghai 200437, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-024-08753-3&domain=pdf


	 Supportive Care in Cancer (2024) 32:561561  Page 2 of 22

dementia and Alzheimer’s disease, and this high-risk treat-
ment behavior cannot be overlooked [20, 21]. In this review, 
we summarized the findings of preclinical and observational 
clinical studies investigating the effects of ADT on cognitive 
function. The findings and methodologies of the two types 
of studies were qualitatively analyzed to explain the incon-
sistencies in findings. Altogether, this review improves the 
understanding of the relationship between ADT and cogni-
tive function and serves as a valuable reference for designing 
and conducting future studies focusing on the effects of ADT 
on cognitive function.

Methods

Aim and research design

This present work is a systematic review including clinical 
and preclinical studies using ADT therapy, cognitive func-
tion, and cognitive impairment as keywords, with the aim of 
qualitatively analyzing whether the use of ADT increases the 
risk of cognitive decline in prostate cancer patients. A con-
cise meta-analysis was conducted to determine the impact of 
ADT on cognitive function in clinical trials. This review can 
provide support for managing the risk of cognitive decline in 
clinic patients with prostate cancer undergoing ADT therapy.

Search strategy

A comprehensive literature search was performed in the 
PubMed/Medline, Embase, Web of Science, and Cochrane 
databases to screen for eligible articles on ADT and cog-
nitive function published from the date of database incep-
tion to June 28, 2023, with no restrictions on language. The 
literature search was conducted using the following key-
words: “androgen,” “deprivation,” “therapy,” “cognitive,” 
“prostate,” “cancer,” “mouse,” and “rat.” The search strategy 
was formulated to select observational clinical studies and 
experimental animal studies. This review was performed in 
accordance with Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines [22].

Study selection

Clinical studies

The inclusion criteria for clinical studies were as follows: 
(1) study participants should include patients with prostate 
cancer who underwent ADT; (2) the study should include 
a detailed description of the methods used to assess cogni-
tive function; (3) the study should involve one or multiple 
follow-ups in addition to baseline assessment; (4) the study 

should report detailed data on the level of cognitive function 
of patients.

The following types of articles were excluded: (1) dupli-
cate publications; (2) reviews, conference abstracts, pathol-
ogy reports, and animal experiments; (3) studies based on 
the analysis of patient data from electronic databases; (4) 
retrospective or cross-sectional studies that lacked a follow-
up; (5) pilot studies or a qualitative research design.

Preclinical studies

The inclusion criteria for preclinical studies were as follows: 
(1) the animal species used in the study should be male mice 
or rats; (2) the characteristics of experimental animal species 
should be comprehensively described; (3) the method of cas-
tration of mice or rats should be comprehensively described; 
(4) the primary endpoint should be cognitive function. The 
following types of articles were excluded: (1) duplicated 
studies; (2) reviews, conference abstracts, and case reports; 
(3) clinical studies or studies that did not involve animal 
experiments.

Data extraction

Data were extracted from each study by three researchers 
independently (Mengfan Cui, Liming Chen, and Shimin 
Liu). The three researchers assessed the eligibility of stud-
ies based on the abovementioned criteria, and any disagree-
ments were resolved by reaching a consensus. All data col-
lected from the included studies are mentioned in Table 1.

Clinical studies

The following data were extracted from each clinical study: 
general information (first author, year of publication, and 
type of study), clinical characteristics (medications [or 
drugs] used for ADT, neuropsychological and other tests 
used in the study, place of patient recruitment, number and 
grouping of patients, age of patients, age of education, pros-
tate cancer-specific antigen [PSA] levels versus testosterone 
levels, and duration of follow-up), and conclusions (whether 
ADT affects cognitive function).

Preclinical studies

The following data were extracted from each preclinical 
study: general information (first author and year of publi-
cation), experimental models and methods (breed, strain, 
age, sex, and body weight of experimental animals; sample 
size; method of castration; and method used for cognitive 
assessment), and conclusions (whether ADT affects cogni-
tive function).



Supportive Care in Cancer (2024) 32:561	 Page 3 of 22  561

Ta
bl

e 
1  

S
um

m
ar

y 
of

 c
lin

ic
al

 st
ud

ie
s o

n 
w

he
th

er
 A

D
T 

aff
ec

ts
 c

og
ni

tiv
e 

fu
nc

tio
n

A
ut

ho
r (

re
f-

er
en

ce
)

St
ud

y 
ty

pe
A

D
T

St
ud

y 
us

in
g 

ne
ur

op
sy

-
ch

ol
og

ic
al

 
te

sti
ng

Re
cr

ui
t-

m
en

t f
or

 
th

e 
stu

dy

N
um

be
r o

f 
pa

rti
ci

-
pa

nt
s

A
ge

Ed
uc

at
io

n 
le

ve
ls

 (y
ea

rs
)

PS
A

(n
g/

m
l)

te
sto

ste
ro

ne
(n

g/
m

l)
Fo

llo
w

-u
p

C
og

ni
tiv

e 
fu

nc
tio

n 
re

la
te

d 
co

nc
lu

si
on

C
og

ni
tiv

e 
fu

nc
tio

n 
de

cl
in

ed
 o

r 
no

t

Sa
lm

in
en

, 
20

03
Pr

os
pe

ct
iv

e 
stu

dy
Fl

ut
a-

m
id

e +
 L

H
R

H
a

C
og

n-
iS

pe
ed

 
so

ftw
ar

e
M

M
SE

/
25

A
D

T
64

.4
0 ±

 6.
50

8.
90

 ±
 2.

90
31

.0
0 ±

 25
.4

/
B

as
el

in
e,

 6
 

m
on

th
s, 

12
 

m
on

th
s

A
D

T 
is

 n
ot

 
as

so
ci

-
at

ed
 w

ith
 

de
cl

in
e 

in
 

co
gn

iti
ve

 
fu

nc
tio

n

 ×
 

52
H

C
65

.3
0 ±

 6.
60

8.
50

 ±
 2.

10
/

/

Sa
lm

in
en

, 
20

04
Pr

os
pe

ct
iv

e 
stu

dy
Fl

ut
a-

m
id

e +
 L

H
R

H
a

C
og

n-
iS

pe
ed

 
so

ftw
ar

e
M

M
SE

19
99

–2
00

2
So

ut
h-

W
es

te
rn

 
Fi

nl
an

d

23
A

D
T

65
.0

0 ±
 6.

70
8.

50
 ±

 3.
10

28
.0

0
/

B
as

el
in

e,
 6

 
m

on
th

s, 
12

 
m

on
th

s

A
D

T 
ca

n 
aff

ec
t 

co
gn

iti
ve

 
fu

nc
tio

n 
in

 v
is

uo
-

m
ot

or
 

sl
ow

in
g,

 
sl

ow
ed

 
re

ac
tio

n 
tim

es
 

in
 so

m
e 

at
te

n-
tio

na
l 

do
m

ai
ns

√

Je
nk

in
s, 

20
05

Pr
os

pe
ct

iv
e 

stu
dy

C
yp

ro
te

ro
ne

 
ac

et
at

e +
 go

s-
er

el
in

AV
LT

FA
S

K
C

D
T

N
A

RT
​

RO
C

F
W

M
S-

II
I

/
32

A
D

T
67

.5
0 ±

 4.
70

/
/

/
B

as
el

in
e,

 3
 

m
on

th
s, 

9 
m

on
th

s

A
D

T 
ca

n 
aff

ec
t 

co
gn

iti
ve

 
fu

nc
tio

n 
m

od
es

tly
 

in
 sh

or
t 

te
rm

√
18

H
C

65
.4

0 ±
 5.

30
/

/
/

B
ee

r, 
20

06
Pr

os
pe

ct
iv

e 
stu

dy
/

M
M

SE
W

A
IS

-R
/

18
A

D
T

68
.9

0 ±
 2.

50
15

.6
0 ±

 0.
60

/
 ≤

 5
B

as
el

in
e,

 1
 

m
on

th
A

D
T 

ca
n 

aff
ec

t 
co

gn
iti

ve
 

fu
nc

-
tio

n 
in

 
w

or
ki

ng
 

m
em

or
y 

sp
ee

d

√
17

H
C

63
.9

0 ±
 2.

00
15

.7
0 ±

 0.
60

/
/



	 Supportive Care in Cancer (2024) 32:561561  Page 4 of 22

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

re
f-

er
en

ce
)

St
ud

y 
ty

pe
A

D
T

St
ud

y 
us

in
g 

ne
ur

op
sy

-
ch

ol
og

ic
al

 
te

sti
ng

Re
cr

ui
t-

m
en

t f
or

 
th

e 
stu

dy

N
um

be
r o

f 
pa

rti
ci

-
pa

nt
s

A
ge

Ed
uc

at
io

n 
le

ve
ls

 (y
ea

rs
)

PS
A

(n
g/

m
l)

te
sto

ste
ro

ne
(n

g/
m

l)
Fo

llo
w

-u
p

C
og

ni
tiv

e 
fu

nc
tio

n 
re

la
te

d 
co

nc
lu

si
on

C
og

ni
tiv

e 
fu

nc
tio

n 
de

cl
in

ed
 o

r 
no

t

C
he

rr
ie

r, 
20

09
Pr

os
pe

ct
iv

e 
stu

dy
Le

up
ro

lid
e +

 fl
-

ut
am

id
e

PS
R

LT
SC

W
IT

SO
PT

V
K

M
RO

T
W

A
IS

-R
W

M
S-

R

Th
e G
en

ito
-

ur
in

ar
y 

cl
in

ic
 

at
 th

e 
Se

at
tle

 
C

an
ce

r 
C

ar
e 

A
lli

an
ce

 
an

d 
th

e 
U

ro
lo

gy
 

cl
in

ic
s a

t 
th

e 
U

ni
-

ve
rs

ity
 o

f 
W

as
h-

in
gt

on
 

M
ed

ic
al

 
C

en
te

r 
(U

W
M

C
)

19
A

D
T

62
.0

5 ±
 7.

19
16

.3
0 ±

 3.
01

/
/

B
as

el
in

e,
 3

 
m

on
th

s, 
9 

m
on

th
s, 

12
 

m
on

th
s

A
D

T 
ca

n 
aff

ec
t 

co
gn

iti
ve

 
fu

nc
tio

n

√

19
H

C
65

.4
7 ±

 7.
99

17
.3

8 ±
 2.

55
/

/

N
ed

el
ec

, 
20

09
Pr

os
pe

ct
iv

e 
stu

dy
N

on
-s

te
ro

id
al

 
an

tia
nd

ro
ge

-n
s

G
B

RT
M

A
D

R
S

TM
T

W
A

IS
-I

II
W

M
S-

II
I

/
14

A
D

T
78

.0
0 ±

 4.
00

/
1.

20
 ±

 0.
64

3.
63

 ±
 1.

29
B

as
el

in
e,

 6
 

m
on

th
s, 

12
 

m
on

th
s

A
D

T 
ca

n-
no

t a
ffe

ct
 

co
gn

iti
ve

 
fu

nc
tio

n

 ×
 

A
lib

ha
i, 

20
10

Pr
os

pe
ct

iv
e 

stu
dy

/
BV

M
T

CA
LT

CO
W

A
T​

C
V

LT
D

-K
EF

S
JL

O
M

M
SE

N
A

A
RT

​
SP

W
M

TM
T

W
A

IS
-I

II
W

M
S-

II
I

20
04

.0
5–

20
07

.0
9

Th
e Pr

in
ce

ss
 

M
ar

ga
re

t 
H

os
pi

ta
l 

an
d 

th
e 

O
de

tte
 

C
an

ce
r 

C
en

tre

77
A

D
T

69
.3

0 ±
 6.

90
15

.2
5 ±

 1.
04

/
/

B
as

el
in

e,
 6

 
m

on
th

s, 
12

 
m

on
th

s

12
 m

on
th

s-
A

D
T 

is
 n

ot
 

as
so

ci
-

at
ed

 w
ith

 
de

cl
in

e 
in

 
co

gn
iti

ve
 

fu
nc

tio
n

 ×
 

82
PC

a 
pa

tie
nt

s
69

.6
0 ±

 6.
70

16
.0

0 ±
 1.

24
/

/

82
H

C
67

.9
0 ±

 7.
30

16
.2

5 ±
 1.

03
/

/



Supportive Care in Cancer (2024) 32:561	 Page 5 of 22  561

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

re
f-

er
en

ce
)

St
ud

y 
ty

pe
A

D
T

St
ud

y 
us

in
g 

ne
ur

op
sy

-
ch

ol
og

ic
al

 
te

sti
ng

Re
cr

ui
t-

m
en

t f
or

 
th

e 
stu

dy

N
um

be
r o

f 
pa

rti
ci

-
pa

nt
s

A
ge

Ed
uc

at
io

n 
le

ve
ls

 (y
ea

rs
)

PS
A

(n
g/

m
l)

te
sto

ste
ro

ne
(n

g/
m

l)
Fo

llo
w

-u
p

C
og

ni
tiv

e 
fu

nc
tio

n 
re

la
te

d 
co

nc
lu

si
on

C
og

ni
tiv

e 
fu

nc
tio

n 
de

cl
in

ed
 o

r 
no

t

M
oh

ile
, 

20
10

Pr
os

pe
ct

iv
e 

stu
dy

/
W

A
IS

-I
II

CO
W

A
T​

R
FT

H
V

LT
-R

BV
M

T-
R

TM
T

Th
e 

U
ni

-
ve

rs
ity

 o
f 

C
hi

ca
go

 
H

os
pi

ta
ls

21
A

D
T

71
15

/
/

B
as

el
in

e,
 6

 
m

on
th

s
A

D
T 

ca
n 

aff
ec

t 
co

gn
iti

ve
 

fu
nc

tio
n

√

C
ha

o,
 2

01
2

Pr
os

pe
ct

iv
e 

stu
dy

B
ic

al
ut

a-
m

id
e +

 go
se

r-
el

in

fM
R

I
th

e 
N

-b
ac

k 
ta

sk
th

e 
sto

p-
si

gn
al

 
ta

sk

20
09

.0
1–

20
10

.1
2

Th
e Ve

te
ra

ns
 

A
ffa

irs
 

(V
A

) 
C

on
-

ne
ct

ic
ut

 
H

ea
lth

-
ca

re
 

Sy
ste

m

M
ai

nl
y 

hi
gh

 
sc

ho
ol

/
0.

14
 ±

 0.
10

B
as

el
in

e,
 6

 
m

on
th

s, 
1 

2 
m

on
th

s

A
D

T 
ca

n-
no

t a
ffe

ct
 

co
gn

iti
ve

 
fu

nc
tio

n,
 

bu
t t

he
 

im
pa

ir-
m

en
t o

f 
fu

nc
-

tio
na

l 
br

ai
n 

co
n-

ne
ct

iv
ity

 
ca

n 
be

 
ob

se
rv

ed
 

on
 fM

R
I

 ×
 

15
A

D
T

69
.0

0 ±
 5.

30
15

H
C

66
.1

0 ±
 6.

20
/

C
ha

o,
 2

01
3

Pr
os

pe
ct

iv
e 

stu
dy

B
ic

al
ut

a-
m

id
e +

 go
se

r-
el

in

fM
R

I
M

M
SE

th
e 

N
-b

ac
k 

ta
sk

Th
e M
ed

ic
al

 
O

nc
ol

-
og

y 
an

d 
U

ro
lo

gy
 

C
lin

ic
s 

at
 th

e 
Ve

te
ra

ns
 

A
ffa

irs
 

(V
A

) 
C

on
-

ne
ct

ic
ut

 
H

ea
lth

-
ca

re
 

Sy
ste

m

12
A

D
T

69
.1

0 ±
 5.

60
M

ai
nl

y 
hi

gh
 

sc
ho

ol
 a

nd
 

co
lle

ge

/
0.

16
 ±

 0.
11

B
as

el
in

e,
 6

 
m

on
th

s
A

D
T 

ca
us

es
 

gr
ay

 
m

at
te

r 
vo

lu
m

e 
de

cr
ea

se
d 

an
d 

de
cl

in
e 

in
 

co
gn

iti
ve

 
fu

nc
tio

n

√
12

H
C

65
.5

0 ±
 6.

60
/

2.
88

 ±
 1.

01



	 Supportive Care in Cancer (2024) 32:561561  Page 6 of 22

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

re
f-

er
en

ce
)

St
ud

y 
ty

pe
A

D
T

St
ud

y 
us

in
g 

ne
ur

op
sy

-
ch

ol
og

ic
al

 
te

sti
ng

Re
cr

ui
t-

m
en

t f
or

 
th

e 
stu

dy

N
um

be
r o

f 
pa

rti
ci

-
pa

nt
s

A
ge

Ed
uc

at
io

n 
le

ve
ls

 (y
ea

rs
)

PS
A

(n
g/

m
l)

te
sto

ste
ro

ne
(n

g/
m

l)
Fo

llo
w

-u
p

C
og

ni
tiv

e 
fu

nc
tio

n 
re

la
te

d 
co

nc
lu

si
on

C
og

ni
tiv

e 
fu

nc
tio

n 
de

cl
in

ed
 o

r 
no

t

G
un

lu
so

y,
 

20
17

Pr
os

pe
ct

iv
e 

stu
dy

/
FA

B
M

oC
A

20
14

.0
4–

20
16

.0
2

78
A

D
T

67
.1

2 ±
 5.

12
/

14
.1

2 ±
 7.

11
 <

 50
B

as
el

in
e,

 6
 

m
on

th
s, 

12
 

m
on

th
s

A
D

T 
ca

n 
aff

ec
t 

co
gn

iti
ve

 
fu

nc
-

tio
n 

in
 

la
ng

ua
ge

 
ab

ili
ty

, 
sh

or
t-

te
rm

m
em

or
y 

ca
pa

ci
ty

, 
m

en
ta

l 
fle

xi
bi

l-
ity

 a
nd

 
in

hi
bi

to
ry

 
co

nt
ro

l

√

78
R

P
66

.8
4 ±

 4.
67

/
6.

55
 ±

 2.
03

/

M
or

ot
e,

 
20

17
Pr

os
pe

ct
iv

e 
stu

dy
LH

R
H

a
W

A
IS

-I
II

3D
-R

ot
a-

tio
n

ad
 h

oc
 

vi
su

al
 

m
em

or
y 

te
st

JL
O

20
10

.1
2–

20
13

.0
2

30
8A

D
T

71
.2

0 ±
 8.

10
/

59
.6

0 ±
 38

6.
60

 <
 20

B
as

el
in

e,
 6

 
m

on
th

s
6 

m
on

th
s-

A
D

T 
is

 n
ot

 
as

so
ci

-
at

ed
 w

ith
 

de
cl

in
e 

in
 

co
gn

iti
ve

 
fu

nc
tio

n

 ×
 

C
ey

la
n,

 
20

19
Pr

os
pe

ct
iv

e 
stu

dy
/

M
oC

A
20

14
.0

4–
20

17
.0

2
72

A
D

T
67

.2
7 ±

 5.
06

8.
00

 ±
 3.

81
14

.3
7 ±

 3.
20

 <
 50

B
as

el
in

e,
 6

 
m

on
th

s, 
12

 
m

on
th

s

A
D

T 
ca

n 
aff

ec
t 

co
gn

iti
ve

 
fu

nc
-

tio
n 

an
d 

in
cr

ea
se

 
th

e 
ris

k 
of

 d
ep

re
s-

si
on

√
72

su
rg

er
y

66
.6

5 ±
 4.

55
6.

90
 ±

 3.
05

6.
57

 ±
 2.

56
/



Supportive Care in Cancer (2024) 32:561	 Page 7 of 22  561

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

re
f-

er
en

ce
)

St
ud

y 
ty

pe
A

D
T

St
ud

y 
us

in
g 

ne
ur

op
sy

-
ch

ol
og

ic
al

 
te

sti
ng

Re
cr

ui
t-

m
en

t f
or

 
th

e 
stu

dy

N
um

be
r o

f 
pa

rti
ci

-
pa

nt
s

A
ge

Ed
uc

at
io

n 
le

ve
ls

 (y
ea

rs
)

PS
A

(n
g/

m
l)

te
sto

ste
ro

ne
(n

g/
m

l)
Fo

llo
w

-u
p

C
og

ni
tiv

e 
fu

nc
tio

n 
re

la
te

d 
co

nc
lu

si
on

C
og

ni
tiv

e 
fu

nc
tio

n 
de

cl
in

ed
 o

r 
no

t

G
ar

la
nd

, 
20

21
Pr

os
pe

ct
iv

e 
su

rg
er

y
/

EC
og

20
08

.0
9–

20
13

.1
0

Fl
or

id
a 

In
sti

tu
-

tio
na

l 
Re

vi
ew

 
B

oa
rd

83
A

D
T

67
.9

2 ±
 8.

72
M

ai
nl

y 
13

–1
6 

ye
ar

s

/
/

B
as

el
in

e,
 6

 
m

on
th

s, 
12

 
m

on
th

s, 
24

 
m

on
th

s

Pa
tie

nt
s 

w
ith

 
A

D
T 

ar
e 

m
or

e 
lik

el
y 

to
 

ex
pe

ri-
en

ce
 

co
gn

iti
ve

 
de

cl
in

e 
in

 
th

e 
pr

es
-

en
ce

 o
f 

in
so

m
ni

a

√

92
PC

a 
pa

tie
nt

s
67

.8
2 ±

 7.
46

/
/

11
2H

C
68

.4
1 ±

 8.
26

/
/

Sá
nc

he
z-

M
ar

tín
ez

, 
20

21

Pr
os

pe
ct

iv
e 

stu
dy

LH
R

H
a

B
co

g
M

M
SE

20
18

.0
1–

20
20

.0
3

33
A

D
T

70
.8

0 ±
 9.

80
M

ai
nl

y 
pr

im
ar

y 
stu

di
es

1.
86

 ±
 2.

50
/

B
as

el
in

e,
 

12
 

m
on

th
s

A
D

T 
ca

n-
no

t a
ffe

ct
 

co
gn

iti
ve

 
fu

nc
tio

n

 ×
 

B
us

kb
je

rg
, 

20
21

Pr
os

pe
ct

iv
e 

stu
dy

LH
R

H
a 

(le
up

ro
-

lid
e)

CO
W

A
T​

H
V

LT
-R

M
R

I
TM

T
W

A
IS

-I
V

W
C

ST
W

M
S-

II
I

20
18

.0
2–

20
19

.0
9

A
ar

hu
s 

U
ni

-
ve

rs
ity

 
H

os
pi

ta
l, 

R
an

de
rs

 
H

os
pi

-
ta

l, 
an

d 
H

ol
ste

br
o 

H
os

pi
ta

l

37
PC

a 
pa

tie
nt

s
71

.1
0 ±

 5.
20

14
.1

0 ±
 3.

30
16

.1
0 ±

 17
.2

2
0.

36
 ±

 0.
25

B
as

el
in

e,
 6

 
m

on
th

s
A

D
T 

ca
n 

aff
ec

t 
co

gn
iti

ve
 

fu
nc

-
tio

n 
an

d 
CO

M
T 

M
et

 
ho

m
oz

y-
go

te
 P

C
a 

pa
tie

nt
s 

ar
e 

m
or

e 
at

 ri
sk

√

27
H

C
70

.2
0 ±

 7.
80

15
.4

0 ±
 3.

10
/

/



	 Supportive Care in Cancer (2024) 32:561561  Page 8 of 22

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

re
f-

er
en

ce
)

St
ud

y 
ty

pe
A

D
T

St
ud

y 
us

in
g 

ne
ur

op
sy

-
ch

ol
og

ic
al

 
te

sti
ng

Re
cr

ui
t-

m
en

t f
or

 
th

e 
stu

dy

N
um

be
r o

f 
pa

rti
ci

-
pa

nt
s

A
ge

Ed
uc

at
io

n 
le

ve
ls

 (y
ea

rs
)

PS
A

(n
g/

m
l)

te
sto

ste
ro

ne
(n

g/
m

l)
Fo

llo
w

-u
p

C
og

ni
tiv

e 
fu

nc
tio

n 
re

la
te

d 
co

nc
lu

si
on

C
og

ni
tiv

e 
fu

nc
tio

n 
de

cl
in

ed
 o

r 
no

t

Tu
lk

, 2
02

1
Pr

os
pe

ct
iv

e 
stu

dy
/

CO
W

A
T​

FA
C

T-
C

og
H

V
LT

-R
W

A
IS

-I
V

Th
e 

D
r. 

H
. B

lis
s 

M
ur

ph
y 

C
an

ce
r 

C
en

tre

24
A

D
T

69
.6

3 ±
 5.

04
M

ai
nl

y 
co

l-
le

ge
 <

 10
/

B
as

el
in

e,
 

12
 

m
on

th
s

A
m

on
g 

th
e 

pa
tie

nt
s 

w
ho

 
re

ce
iv

ed
 

A
D

T,
 

m
en

 w
ith

 
su

bj
ec

-
tiv

e 
C

RC
I 

ar
e 

m
or

e 
lik

el
y 

to
 

su
ffe

r 
co

gn
iti

ve
 

im
pa

ir-
m

en
t, 

an
xi

et
y,

 
fa

tig
ue

 
an

d 
in

so
m

ni
a

√

C
in

ar
, 2

02
1

Pr
os

pe
ct

iv
e 

stu
dy

B
ic

al
ut

a-
m

id
e +

 le
up

ro
-

lid
e

BV
M

T-
 R

C
V

LT
-I

I
SD

M
T

TM
T

/
48

A
D

T
69

.0
8 ±

 4.
77

/
8.

00
 ±

 14
.0

0
1.

23
 ±

 0.
65

B
as

el
in

e,
 3

 
m

on
th

s, 
6 

m
on

th
s

A
D

T 
ca

n-
no

t a
ffe

ct
 

co
gn

iti
ve

 
fu

nc
tio

n

 ×
 

M
ye

rs
, 

20
22

RC
T​

LH
R

H
a 

or
 o

th
er

 
fo

rm
s o

f a
nd

ro
-

ge
n 

bl
oc

ka
de

AV
LT

C
TT

​
PR

O
M

IS
W

A
IS

-I
V

/
12

A
D

T
66

.4
0

M
ai

nl
y 

co
lle

ge
 o

r 
co

lle
ge

 
gr

ad
ua

te

/
/

B
as

el
in

e,
 6

 
m

on
th

s, 
12

 
m

on
th

s

A
D

T 
ca

n-
no

t a
ffe

ct
 

co
gn

iti
ve

 
fu

nc
tio

n

 ×
 

12
H

C
71

.8
0

/
/

A
ra

új
o,

 
20

22
Pr

os
pe

ct
iv

e 
stu

dy
B

ic
al

ut
am

id
e

M
oC

A
20

18
.0

2–
20

20
.0

3
Th

e 
Po

r-
tu

gu
es

e 
In

sti
tu

te
 

of
 O

nc
ol

-
og

y 
of

 
Po

rto

36
6A

D
T

67
.8

0 ±
 7.

27
6.

33
 ±

 4.
45

/
/

B
as

el
in

e,
 

12
 

m
on

th
s

A
D

T 
ca

n 
aff

ec
t 

co
gn

iti
ve

 
fu

nc
tio

n

√



Supportive Care in Cancer (2024) 32:561	 Page 9 of 22  561

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r (

re
f-

er
en

ce
)

St
ud

y 
ty

pe
A

D
T

St
ud

y 
us

in
g 

ne
ur

op
sy

-
ch

ol
og

ic
al

 
te

sti
ng

Re
cr

ui
t-

m
en

t f
or

 
th

e 
stu

dy

N
um

be
r o

f 
pa

rti
ci

-
pa

nt
s

A
ge

Ed
uc

at
io

n 
le

ve
ls

 (y
ea

rs
)

PS
A

(n
g/

m
l)

te
sto

ste
ro

ne
(n

g/
m

l)
Fo

llo
w

-u
p

C
og

ni
tiv

e 
fu

nc
tio

n 
re

la
te

d 
co

nc
lu

si
on

C
og

ni
tiv

e 
fu

nc
tio

n 
de

cl
in

ed
 o

r 
no

t

C
ha

ud
ha

ry
, 

20
22

Pr
os

pe
ct

iv
e 

stu
dy

B
ic

al
ut

a-
m

id
e +

 go
se

re
-

lin
 o

r l
eu

pr
ol

id
e

M
oC

A
M

R
I

th
e 

N
-b

ac
k 

ta
sk

Th
e 

W
es

t 
H

av
en

 
VA

 C
on

-
ne

ct
ic

ut
 

H
ea

lth
-

ca
re

 
Sy

ste
m

28
A

D
T

66
.9

0 ±
 6.

90
13

.7
0 ±

 3.
60

/
/

B
as

el
in

e,
 6

 
m

on
th

s
6 

m
on

th
s-

A
D

T 
ca

nn
ot

 
aff

ec
t 

co
gn

iti
ve

 
fu

nc
tio

n

 ×
 

38
H

C
64

.5
0 ±

 8.
20

14
.6

0 ±
 2.

90
/

/

3D
-R

ot
at

io
n,

 m
en

ta
l r

ot
at

io
n 

of
 th

re
e-

di
m

en
si

on
al

 o
bj

ec
ts

; A
D

T,
 a

nd
ro

ge
n 

de
pr

iv
at

io
n 

th
er

ap
y;

 A
VL

T,
 a

ud
ito

ry
-v

er
ba

l l
ea

rn
in

g 
te

st
; B

C
og

, t
he

 b
rie

f s
ca

le
 fo

r c
og

ni
tiv

e 
ev

al
ua

tio
n;

 B
VM

T,
 B

rie
f 

V
is

ua
l M

em
or

y 
Te

st
; B

VM
T-

R,
 th

e 
B

rie
f V

is
ua

l S
pa

tia
l L

ea
rn

in
g 

Te
st-

Re
vi

se
d;

 C
AL

T,
 C

on
di

tio
na

l A
ss

oc
ia

tiv
e 

Le
ar

ni
ng

 T
es

t; 
C

TT
​, C

ol
or

 T
ra

ils
 T

es
t; 

C
O

W
AT

​, t
he

 C
on

tro
lle

d 
O

ra
l W

or
d 

A
ss

o-
ci

at
io

n 
Te

st
; C

RC
I, 

ca
nc

er
-r

el
at

ed
 c

og
ni

tiv
e 

im
pa

irm
en

t; 
C

VL
T,

 C
al

ifo
rn

ia
 V

er
ba

l L
ea

rn
in

g 
Te

st
; C

VL
T-

II
, t

he
 C

al
ifo

rn
ia

 V
er

ba
l L

ea
rn

in
g 

Te
st,

 s
ec

on
d 

ed
iti

on
; D

-K
EF

S,
 D

el
is

-K
ap

la
n 

Ex
ec

u-
tiv

e 
Fu

nc
tio

n 
Sy

ste
m

; E
C

og
, E

ve
ry

da
y 

C
og

ni
tio

n 
Sc

al
e;

 F
AB

, F
ro

nt
al

 A
ss

es
sm

en
t B

at
te

ry
 te

sts
; F

AS
, p

ho
ne

m
ic

 v
er

ba
l fl

ue
nc

y 
ta

sk
; H

C
, h

ea
lth

y 
co

nt
ro

l; 
G

BR
T,

 G
ro

be
r-B

us
ch

ke
, R

ey
 T

es
t; 

H
VL

T-
R,

 th
e 

H
op

ki
ns

 V
er

ba
l L

ea
rn

in
g 

Te
st-

Re
vi

se
d;

 J
LO

, J
ud

ge
m

en
t o

f L
in

e 
O

rie
nt

at
io

n;
 K

C
D

T,
 K

en
dr

ic
k 

A
ss

es
sm

en
t o

f C
og

ni
tiv

e 
A

ge
in

g;
 L

H
RH

a,
 lu

te
in

iz
in

g 
ho

rm
on

e 
re

le
as

in
g 

ho
rm

on
e 

an
al

og
ue

; M
AD

RS
, M

on
tg

om
er

y 
A

sb
er

g 
D

ep
re

ss
io

n 
R

at
in

g 
Sc

al
e;

 M
M

SE
, T

he
 M

in
i-M

en
ta

l S
ta

tu
s 

Ex
am

in
at

io
n;

 M
oC

A,
 T

he
 M

on
tre

al
 C

og
ni

tiv
e 

A
ss

es
sm

en
t; 

M
RI

, m
ag

ne
tic

 re
so

na
nc

e 
im

ag
-

in
g;

 N
A,

 n
on

ste
ro

id
al

 a
nt

ia
nd

ro
ge

ns
; N

AA
RT

​, T
he

 N
or

th
 A

m
er

ic
an

 A
du

lt 
Re

ad
in

g 
Te

st
; N

AR
T​,

 th
e 

N
at

io
na

l A
du

lt 
Re

ad
in

g 
Te

st
; P

C
, p

ro
st

at
e 

ca
nc

er
; P

RO
M

IS
, P

at
ie

nt
-R

ep
or

te
d 

O
ut

co
m

es
 

M
ea

su
re

m
en

t I
nf

or
m

at
io

n 
Sy

ste
m

 A
pp

lie
d 

C
og

ni
tio

n–
G

en
er

al
 C

on
ce

rn
s 

an
d 

A
bi

lit
ie

s 
Sh

or
t F

or
m

s;
 P

SR
LT

, P
ug

et
 S

ou
nd

 R
ou

te
 L

ea
rn

in
g 

Te
st

; R
O

C
F,

 th
e 

Re
y-

O
ste

rr
ie

th
 C

om
pl

ex
 F

ig
ur

e;
 R

P,
 

ra
di

ca
l p

ro
st

at
ec

to
m

y;
 S

C
W

IT
, S

tro
op

 C
ol

or
 W

or
d 

In
te

rfe
re

nc
e 

Ta
sk

; S
D

M
T,

 S
ym

bo
l D

ig
it 

M
od

al
iti

es
 T

es
t; 

SO
PT

, S
ub

je
ct

 O
rd

er
ed

 P
oi

nt
in

g 
Ta

sk
; S

PW
M

, S
pa

tia
l W

or
ki

ng
 M

em
or

y 
Ta

sk
; T

he
 

FA
C

T-
C

O
G

, t
he

 F
un

ct
io

na
l A

ss
es

sm
en

t o
f C

an
ce

r T
he

ra
py

 C
og

ni
tiv

e 
su

bs
ca

le
; T

IA
D

L,
 T

im
ed

 In
str

um
en

ta
l A

ct
iv

iti
es

 o
f D

ai
ly

 L
iv

in
g 

Te
st

; T
M

T,
 th

e 
Tr

ai
l M

ak
in

g 
Te

st
; V

K
M

RO
T,

 V
an

de
nb

er
g 

an
d 

K
us

e 
M

en
ta

l R
ot

at
io

n 
Te

st
; W

AI
S-

II
I, 

W
ec

hs
le

r A
du

lt 
In

te
lli

ge
nc

e 
Sc

al
e 

II
I; 

W
AI

S-
IV

, W
ec

hs
le

r A
du

lt 
In

te
lli

ge
nc

e 
Sc

al
e 

IV
; W

AI
S-

R,
 W

ec
hs

le
r A

du
lt 

In
te

lli
ge

nc
e 

Sc
al

e–
Re

vi
se

d 
Vo

ca
bu

-
la

ry
 su

bt
es

t; 
W

C
ST

, W
is

co
ns

in
 C

ar
d 

So
rti

ng
 T

es
t; 

W
M

S-
II

I, 
W

ec
hs

le
r M

em
or

y 
Sc

al
e–

II
I; 

W
M

S-
R,

 W
ec

hs
le

r M
em

or
y 

Sc
al

e—
Re

vi
se

d



	 Supportive Care in Cancer (2024) 32:561561  Page 10 of 22

Quality assessment

The quality of the included studies was assessed by three 
researchers independently (Mengfan Cui, Liming Chen, and 
Shimin Liu), and any disagreements were resolved by reach-
ing a consensus.

The quality of cohort clinical studies was assessed using 
the Newcastle–Ottawa Scale (NOS) [20]. In the “Selection” 
section of NOS, studies that included individuals with local-
ized prostate cancer who had been receiving ADT for at 
least 6 months were considered true representatives of the 
exposed cohort and were assigned one point. In the “Selec-
tion of the Non-Exposed Cohort” section, studies including 
patients with localized prostate cancer who did not receive 
ADT or healthy individuals represented the non-exposed 
cohort and were assigned one point. In the “Comparabil-
ity” section, four points were assigned to studies providing 
information on age, education level, testosterone levels, and 
other factors. Finally, in the “Outcome” section, one point 
was assigned to studies that exclusively reported cognitive 
performance as assessed by cognitive tests. In addition, one 
point was assigned to studies with a follow-up of at least ≥ 6 
months, with a minimum follow-up adequacy of 80%, and 
one point was assigned to studies with a long-term follow-
up with documented data and a description of participants 
lost. Studies with a minimum NOS score of 6 (out of 9) were 
considered to be of high quality. The quality of randomized 
controlled trials (RCTs) was assessed using the modified 
Cochrane Collaboration risk-of-bias tool (Cochrane Hand-
book for Systematic Reviews of Interventions version 6.2). 
Each included study was evaluated for each item in the tool. 
Studies that completely met the criteria were identified to 
have a “low risk of bias” and were assigned a score of 1, 
indicating that the study quality was high. Studies with some 
missing information were identified to have an “unclear risk 
of bias” and were assigned a score of 0. Studies that did 
not meet the criteria at all were identified to have a “high 
risk of bias” and were assigned a score of 0, indicating that 
the study quality was low. The quality of preclinical studies 
was assessed following the Animal Research: Reporting of 
In Vivo Experiments version 2.0 (ARRIVE 2.0) guidelines 
[23]. For each animal study, 21 parameters were reviewed 
in detail, including study design, sample size, inclusion and 
exclusion criteria, randomization, blinding, outcome meas-
ures, statistical methods, experimental animals, experimen-
tal procedures, results, abstract, background, objectives, 
ethical statement, housing and husbandry, animal care and 
monitoring, interpretation/scientific implications, general-
izability/translation, protocol registration, data access, and 
declaration of interests. If an article clearly provided the 
aforementioned information, it was marked “reported.” If 
an article provided partial information or lacked the infor-
mation but did not explain the specific underlying reasons, 

it was marked “unclear.” If an article did not provide 
the abovementioned information at all or conform to the 
design recommended by the guidelines, it was marked “not 
reported.” This review has been registered on PROSPERO 
(CRD42022380347).

Risk of bias

Study quality and risk of bias were assessed by three review-
ers independently (Mengfan Cui, Liming Chen, and Shimin 
Liu), and any disagreements were resolved by reaching a 
consensus. The risk of bias was assessed using the System-
atic Review Centre for Laboratory Animal Experimentation 
(SYRCLE) risk of bias tool [24]. The tool consists of ten 
items with specific signaling questions. For each item, the 
risk of bias was classified as high, low, or unclear. “Yes” 
and “No” indicated a high and low risk of bias, respectively, 
whereas “Unclear” indicated the lack of sufficient informa-
tion for assessing the risk of bias adequately. If one or more 
sub-issues were partially met, the risk of bias was unclear; if 
no sub-issues were met, the risk of bias was high.

Statistical analysis

The data of cognitive function testing reported in the 
included studies were qualitatively analyzed to assess 
whether ADT affects cognitive function. If significant dif-
ferences were observed in at least one or more cognitive 
function assessment results (P < 0.05), ADT was considered 
to have an effect on cognitive function. We summarized the 
conclusions of clinical studies and preclinical studies and 
plotted the percentage loop. The methods for analyzing the 
studies included in the meta-analysis are provided in the 
supplementary materials.

Results

Literature search

Clinical studies

A total of 515 potentially eligible articles were preliminarily 
retrieved via a systematic literature search in the PubMed/
Medline, Embase, Web of Science, and Cochrane databases. 
Of these 515 articles, 244 duplicated articles were excluded. 
After reading the titles and abstracts, we removed 229 arti-
cles. After reading the full text, we removed seven articles 
owing to the lack of important follow-up data, In addition, 
we excluded ten articles owing to the lack of experimental 
data and four articles due to the duplicated study popula-
tions from the same recruitment site. Eventually, a total of 
21 clinical studies were included [12, 25–44]. There were 
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few studies using the same neuropsychological test, and only 
five studies were included in the meta-analysis [25, 26, 31, 
33, 41]. The literature screening protocol and results are 
shown in Fig. 1.

Preclinical studies

A total of 43 potentially eligible articles were preliminarily 
retrieved via a systematic search in the PubMed/Medline, 
Embase, Web of Science, and Cochrane databases. Of these 
43 articles, 12 duplicated articles were excluded. After read-
ing the titles and abstracts, we removed 16 articles. After 
reading the full text, we removed two articles owing to the 
lack of description of cognitive assessment methods and 
data related to cognitive assessment. Eventually, a total of 
13 preclinical studies were included [45–59]. The literature 
screening protocol and results are shown in Fig. 2.

Study characteristics and qualitative analysis

The 21 clinical studies included a total of 1308 patients 
with prostate cancer treated with ADT (test group) and 404 
healthy individuals, including 211 patients with prostate 
cancer not receiving any treatment (control group). The 

13 preclinical studies included a total of 673 rats and 155 
mice (age, 4–12 weeks; body weight: rats, 180–320 g; mice, 
18–22 g). For each study, we summarized the age and weight 
of patients or animals, animal breed or institution of recruit-
ment, form of ADT received, method used to assess cogni-
tive function, conclusions, and effects of ADT on cognitive 
function. Detailed information regarding the included stud-
ies is summarized in Tables 1 and 2.

Quality assessment

Clinical studies

The average NOS score of the 21 clinical studies was 6.76 
(higher than 6, out of 9), indicating that the studies were of 
high quality. The comparability of studies that had a before-
and-after design was relatively poor. The details of NOS 
scoring are provided in Table 3.

Preclinical studies

According to the ARRIVE 2.0 guidelines, the 13 preclini-
cal studies clearly provided information regarding study 
design, sample size, inclusion and exclusion criteria, 

Fig. 1   Flow diagram for study 
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Records after removal of

Duplicates (n=271)

Records excluded after 
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(n =229)

Full-text articles evaluated

for eligibility (n=42)

Exclude records (n=21)

-No follow-up (n=7)

-No available data (n=10)

-Different studies from 

duplicated study 

populations (n=4)

Reports assessed for 

eligibility (n =21)
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outcome measures, statistical methods, fexperimental ani-
mals, experimental procedures, results, abstract, housing 
and husbandry, animal care and monitoring, interpreta-
tion/scientific implications, and generalizability/trans-
lation. However, more significant discrepancies were 
observed in the reporting of studies with a randomized 
and blinded design. The details of the scoring are shown 
in Fig. 3.

Risk of bias

The only RCT among the included clinical studies had 
a high risk of bias in terms of blinding [43]. All clinical 
studies lacked allocation concealment and randomization 
of outcome assessment. According to the results of the 
SYRCLE tool, none of the preclinical studies had a low 
risk of bias. All preclinical studies failed to present well 
in terms of allocation concealment, blinding of partici-
pants and investigators, randomization of outcome assess-
ment, and blinding of outcome assessment. The details of 
the scoring are shown in Table 4.

Cognitive function assessment

Clinical studies

Of the 21 clinical studies, 12 studies concluded that ADT 
affected cognitive function in patients with prostate cancer 
[12, 25, 31, 33–40, 44], whereas the remaining nine stud-
ies concluded that ADT did not significantly affect or had 
no effect on cognitive function [26–30, 32, 41–43]. These 
conclusions are demonstrated in Fig. 4. A neuropsycho-
logical test battery was designed to assess eight cognitive-
related domains in each study (immediate span of atten-
tion, processing speed, verbal fluency, visuospatial ability, 
verbal learning and memory, visual learning and memory, 
executive functions of working memory, and executive 
functions of cognitive flexibility). Neuropsychological 
tests were the primary component of the test battery. Of 
the 21 studies, 18 studies reported the use of at least two 
or more neuropsychological tests for assessing cognitive 
function in patients with prostate cancer. Collectively, a 
total of 48 neuropsychological tests and batteries were 
used for cognitive function assessment. Ten studies chose 

Fig. 2   Flow diagram for study 
selection process Records identified through

database searching (n=43)
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Web of Science(n=29)

Embase(n=0)

Records removed before 
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Duplicate records removed 

(n =12)

Records after removal of

duplicates(n=31)

Records excluded after 

reading the title and abstract

(n =16)

Full-text articles evaluated

for eligibility (n=15)
Exclude records(n=2)

-No available data(n=2)

Reports assessed for 

eligibility

(n =13)

Studies included in table2

(n =13)
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the Wechsler Adult Intelligence Scale or the Wechsler 
Memory Scale, covering multiple cognitive functions, as 
one of the main compositions in the cognitive function 
assessment. Among The five studies included in the meta-
analysis, we found that only two neuropsychological tests, 
the Mini-Mental Status Examination (MMSE) and Digit 

Span, were suitable for completing the data analysis. The 
forest plot of MMSE shows that ADT use has a signifi-
cant effect on cognitive decline, the same conclusion was 
not evident in the Digit Span test. The detailed statistical 
methods and results of the forest map are shown in the 
supplementary data Fig. 1 and Fig. 2.

Fig. 3   1: study design; 2: 
sample size; 3: inclusion and 
exclusion; 4: randomization; 5: 
blinding; 6: outcome meas-
ures; 7: statistical methods; 
8: experimental animals; 9: 
experimental procedures; 
10: results; 11: abstract; 12: 
background; 13: objectives; 14: 
ethical statement; 15: housing 
and husbandry; 16: animal care 
and monitoring; 17: interpreta-
tion/scientific implication; 18: 
generalizability/translation; 
19: protocol registration; 20: 
data access; 21: declaration of 
interests
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Table 4   The SYRCLE scores of 
preclinical studies

1, sequence generation; 2, baseline characteristics; 3, allocation concealment; 4, random housing; 5, blind-
ing of participants and personnel; 6, random outcome assessment; 7, blinding of outcome assessment; 8, 
incomplete outcome data; 9, selective outcome reporting; 10, other bias; y, low risk of bias; ?, unclear; n, 
high risk of bias

Included studies SYRCLE items

1 2 3 4 5 6 7 8 9 10

Lagunas, 2011 n y n n n n n y y y
Mcconnell, 2012 n n n n n n y y y y
Hajali, 2015 n n n n n n y y y y
Betancourt, 2016 n n n n y n n y y y
Pintana, 2016 n n n n n n y y y y
Chunchai, 2018 y y n n n n n y y y
Zhao, 2018 y y n y n n n y y y
Ciprés-Flores, 2019 y y n y n n y y y y
Keawtep, 2019 n n n n n n n y y y
Sharp, 2019 n n n n n n n y y y
Yang, 2020 y y n y y n n y y y
Muthu, 2021 y n n y n n n y y y
Yawson, 2021 n n n n n n n y y y
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Preclinical studies

Of the 13 included studies, 12 studies concluded that bilat-
eral orchiectomy caused cognitive decline in rats or mice, 
whereas only one study concluded that castration did not 
cause significant cognitive impairment in young mice. These 
conclusions are demonstrated in Fig. 4. All included studies 
used behavioral tests to assess cognitive function in rats or 
mice. A total of seven studies reported the use of the Morris 
water maze (MWM) test. In addition, other similar maze 
tests, including the Barnes maze test, cross-maze test, and 
Y-maze test, were used. MWM was most frequently used in 
the included preclinical studies, indicating that the test is 
highly recognized for the assessment of cognitive function 
in rats or mice.

Discussion

Effects of ADT on cognitive function

Androgens are required for the growth of prostate cancer 
cells [4]. ADT inhibits the development of prostate cancer 
by suppressing androgens. Androgens are classified as C-19 
steroids and are mainly secreted by the testes and adrenal 
cortex [60]. Testosterone (T) and its 5α-reduced derivative 
5a-dihydrotestosterone (DHT) are the most prevalent andro-
gens in the human body [61]. Androgens play an impor-
tant role in cognitive function. They can readily cross the 
blood–brain barrier and control the central nervous system 
(CNS) [62]. Androgen receptors are widely distributed in the 
brain. Westlye et al. [63] reported that androgen receptors 
are highly expressed in the amygdala, brainstem, hypothala-
mus, and cerebral cortex. These regions play a dominant role 
in cognitive function and emotion regulation [64]. However, 
the expression of androgen receptors is decreased when the 

parietal cortex and hippocampus are damaged [62]. As an 
androgen, testosterone prevents tau hyperphosphorylation 
and regulates the accumulation of β-amyloid, preventing 
cognitive decline [65]. However, individuals with low tes-
tosterone levels are more susceptible to Alzheimer’s disease 
and dementia [66, 67]. The enzyme aromatase uses testos-
terone to make 17β-estradiol (E2) [68]. The hippocampus, 
prefrontal cortex, and amygdala, which exert protective 
effects on cognitive function, are memory-related regions 
associated with E2 [69]. Therefore, theoretically, the ADT-
induced decrease in androgen levels, including testosterone 
and dihydrotestosterone levels, influences cognitive function 
[48, 56].

Risk of cognitive decline associated with ADT use

Behavioral tests in preclinical studies have shown impair-
ments in cognitive function, such as spatial learning and 
working memory, in male mice or rats treated with ADT [46, 
51, 52]. Similarly, impairments in visuospatial learning and 
memory have been observed in patients with prostate cancer 
treated with ADT [40]. Although ADT has not been proven 
to affect cognitive function in clinical settings, the risk of 
cognitive decline cannot be overlooked. Therefore, the ADT-
induced decrease in testosterone levels potentially increases 
the risk of cognitive decline in patients with prostate cancer 
[36, 67, 70]. Patients should be informed of this risk before 
the use of ADT.

Limitations of clinical studies on ADT

Differences between study participants were prevalent

Although all of the 21 included clinical studies reported on 
the effects of ADT on cognitive function in patients with 
prostate cancer, significant differences were observed in 

Fig. 4   (a) Whether ADT affects 
cognitive function or not in 
clinical studies (b) Whether 
ADT affects cognitive function 
or not in preclinical studies

a b
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the baseline characteristics of patients among the studies. 
First, the age of patients largely varied across studies, rang-
ing from 60 to 80 years. Regarding age at education, some 
studies did not consider PSA and serum testosterone levels, 
which are indicators of cognitive function and prostate can-
cer, at the time of collection of baseline information. Moreo-
ver, heterogeneity was high for some indicators, such as PSA 
levels. A study by Morote et al. reported the highest PSA 
level of > 400 ng/mL in patients with prostate cancer, which 
is higher than the average level reported in other studies 
[28]. PSA is secreted by prostate acinar and ductal epithelial 
cells, and its production also requires the direct participa-
tion of testosterone, so there is a strong correlation between 
them. To some extent, PSA levels can be used as a proxy for 
looking at testosterone levels [71]. Popiołek et al. found a 
strong correlation between PSA levels and verbal memory 
and executive function test results, and PSA levels and free 
testosterone levels can be used together as biomarkers to 
observe cognitive function [72]. Therefore, owing to large 
differences in baseline characteristics, the prevalent differ-
ences among the study population cannot be overlooked. 
Some inconsistencies in the findings of the included studies 
may be attributed to the variability of the study population.

Differences among research methodologies

At present, maze-related and neuropsychological tests are 
the primary methods used to assess cognitive function in 
preclinical and clinical studies, respectively. The maze-
related tests mainly include the MWM test, Barnes maze 

test, elevated plus maze test, and Y-maze test [73–75]. Of 
these tests, the MWM test has been most frequently used in 
preclinical studies and yields comprehensive results. The 
MWM test reflects the spatial memory and learning ability 
of animals (rats or mice) by training them and recording the 
time required by animals to locate a transparent platform in a 
pool of water [76, 77]. It was first developed by neuroscien-
tist Richard G. Morris in 1981 [78]. Except for maze-related 
tests, other tests for assessing cognitive function in mice or 
rats are not yet available.

Neuropsychological tests are most commonly used for 
assessing cognitive function in clinical studies [79, 80]. 
These tests reflect the cognitive status and function of 
patients in a comprehensive manner. Most importantly, 
these diagnostic tests are non-traumatic for patients. Cogni-
tive functioning comprises seven domains, namely, atten-
tion/working memory, executive functioning, language, 
verbal memory, visual memory, visuospatial ability, and 
visuomotor ability [81]. Researchers should assess various 
cognitive domains to obtain a more comprehensive overview 
of cognitive functioning. Therefore, the protocol of cogni-
tive function assessment varies across studies. Overall, the 
inconsistency between the findings of clinical and preclini-
cal studies is attributed to two reasons. On the one hand, it 
is because of the large differences between the two types 
of study designs, behavioral tests, and neuropsychological 
tests. On the other hand, it is because there are many factors 
that should be considered in the design of clinical studies. 
Therefore, the research design of clinical studies cannot be 
relatively homogeneous as in the case of preclinical studies.

Table 5   Suggestions for clinical studies on whether ADT affects cognitive function or not

1. There is a clear assessment of indicators related to cognitive functioning in 

prostate cancer patients. Examples include age, age at education, serum testosterone 

levels, and other indicators.

3. Use with caution in patients with mild cognitive decline, dementia, 

Alzheimer's disease, and other cognitive impairments.

4. In studies that focus on cognitive functioning, add the necessary follow-up to track 

the status of cognitive functioning in a timely manner.

2. Addition of other measures of cognitive functioning, e.g., nuclear magnetic 

resonance, serologic index tests.
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Limitations of neuropsychological testing

With the continual advancement of neuropsychological test-
ing procedures and items, there is a wide variety of ver-
sions of neuropsychological tests available. For researchers, 
it is essential to carefully select the appropriate version of 
the test. Inappropriate versions will undoubtedly increase 
researchers’ statistical error [82]. In addition, neuropsy-
chological tests require researchers to score the completion 
performance of participants. This scoring process may lead 
to information bias. For example, researchers may assign 
inappropriate subtest and index scores in WAIS or make 
errors in converting and scaling the scores, eventually lead-
ing to inaccurate results [83].

With the advent of the information age and the deepening 
of neurological research, changes in cognitive function can 
no longer be understood through neuropsychological testing 
alone. Chao et al. found that patients with prostate cancer 
treated with ADT exhibited a significant decrease in fron-
tal lobe activity in the brain and the volume of gray matter 
on MRI scans. These changes were not readily observable 
through the neuropsychological tests designed by the authors 
[31, 32]. MRI and the establishment of brain networks [84], 
as well as the detection of specific markers related to cog-
nitive aging, such as β-amyloid and APOE4 [85, 86], may 
facilitate the prevention of cognitive decline.

Conclusions

To the best of our knowledge, this review is the first to sum-
marize and compare the findings of preclinical and clinical 
studies investigating the effects of ADT on cognitive func-
tion. We analyzed the challenges encountered in clinical 
studies and identified the reasons for inconsistencies in con-
clusions. Based on the findings of preclinical studies, ADT 
influences cognitive function. In this review, we first high-
lighted the importance of consistency in the baseline infor-
mation of patients in clinical studies. Second, we suggested 
other measures of cognitive function to facilitate diagnosis 
and increase the credibility of evidence. Third, we provided 
recommendations for the use of ADT in patients with pros-
tate cancer whose cognitive function is already declining or 
those who are at risk of cognitive decline. In addition, we 
summarized the assessment protocols and prevention guide-
lines that should be followed before using ADT. Fourth, for 
patients with cognitive decline, necessary follow-ups should 
be conducted to achieve long-term monitoring of cognitive 
function and prompt adjustment of the treatment plan. All 
of the abovementioned recommendations are mentioned in 
Table 5. Although ADT is effective in prolonging the sur-
vival of patients with prostate cancer, we should pay atten-
tion to not only the advantages of ADT but also its side 

effects. In conclusion, ADT is a double-edged sword, and 
its use relies on clinical decision-making.

Supplementary information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00520-​024-​08753-3.

Acknowledgements  The authors thank Prof. Shimin Liu and Dr. Lim-
ing Chen for their contribution to the writing of this manuscript and 
Prof. Fuwen Yuan and Dr. Danli Jiao for their valuable suggestions 
regarding the “Discussion” section. The authors also thank all study 
participants for their contribution and KetengEdit (www.​keten​gedit.​
com) for English language editing services.

Author contribution  Mengfan Cui, Liming Chen, and Shimin Liu: 
Designed the research, sought project funding, and searched and ana-
lyzed data. Mengfan Cui and Liming Chen: Prepared the manuscript. 
Mengfan Cui, Liming Chen, Fu-wen Yuan, Chen Zhao, Bing-zhe Ma, 
and Cindy Jiang: Edited the manuscript. Mengfan Cui and Liming 
Chen: Conducted the research and composed the final content of the 
manuscript. All authors have read and approved the final version of 
this manuscript.

Funding  This research was supported by the Scientific Research Pro-
ject of the Shanghai Municipal Health Commission (No. 202140348).

Data availability  No datasets were generated or analysed during the 
current study.

Declarations 

Competing Interests  The authors declare no competing interests.

References

	 1.	 Sung H, Ferlay J, Siegel RL et al (2021) Global cancer statis-
tics 2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 
71:209–249. https://​doi.​org/​10.​3322/​caac.​21660

	 2.	 Chan SY, Ng CF, Lee KW, Yee CH, Chiu PK, Teoh JY, Hou 
SS et al (2016) Differences in cancer characteristics of Chinese 
patients with prostate cancer who present with different symp-
toms. Hong Kong Med J 23(1):6

	 3.	 Pishgar F, Ebrahimi H, Saeedi Moghaddam S et al (2018) Global, 
regional and national burden of prostate cancer, 1990 to 2015: 
results from the Global Burden of Disease Study 2015. J Urol 
199:1224–1232. https://​doi.​org/​10.​1016/j.​juro.​2017.​10.​044

	 4.	 Huggins C, Hodges CV (1972) Studies on Prostatic Cancer: I. 
The effect of castration, of estrogen and of androgen injection on 
serum phosphatases in metastatic carcinoma of the prostate. CA 
Cancer J Clin 22:232–240. https://​doi.​org/​10.​3322/​canjc​lin.​22.4.​
232

	 5.	 Isbarn H, Boccon-Gibod L, Carroll PR et al (2009) Androgen dep-
rivation therapy for the treatment of prostate cancer: consider both 
benefits and risks. Eur Urol 55:62–75. https://​doi.​org/​10.​1016/j.​
eururo.​2008.​10.​008

	 6.	 Frampton JE, Lyseng-Williamson KA (2009) Degarelix. Drugs 
69:1967–1976. https://​doi.​org/​10.​2165/​10484​080-​00000​
0000-​00000

	 7.	 Akaza H, Hinotsu S, Usami M et al (2009) Combined androgen 
blockade with bicalutamide for advanced prostate cancer: long-
term follow-up of a phase 3, double-blind, randomized study for 

https://doi.org/10.1007/s00520-024-08753-3
http://www.ketengedit.com
http://www.ketengedit.com
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.juro.2017.10.044
https://doi.org/10.3322/canjclin.22.4.232
https://doi.org/10.3322/canjclin.22.4.232
https://doi.org/10.1016/j.eururo.2008.10.008
https://doi.org/10.1016/j.eururo.2008.10.008
https://doi.org/10.2165/10484080-000000000-00000
https://doi.org/10.2165/10484080-000000000-00000


	 Supportive Care in Cancer (2024) 32:561561  Page 20 of 22

survival. Cancer 115:3437–3445. https://​doi.​org/​10.​1002/​cncr.​
24395

	 8.	 Rebello RJ, Oing C, Knudsen KE et al (2021) Prostate cancer. Nat 
Rev Dis Primer 7:9. https://​doi.​org/​10.​1038/​s41572-​020-​00243-0

	 9.	 McDermed J, Diagnostics A, Scholz M 77 publications 2,539 
citations see profile. 2

	10.	 Grossmann M, Zajac JD (2011) Androgen deprivation therapy in 
men with prostate cancer: how should the side effects be moni-
tored and treated?: androgen deprivation therapy in men with 
prostate cancer. Clin Endocrinol (Oxf) 74:289–293. https://​doi.​
org/​10.​1111/j.​1365-​2265.​2010.​03939.x

	11.	 Nguyen PL, Alibhai SMH, Basaria S et al (2015) Adverse effects 
of androgen deprivation therapy and strategies to mitigate them. 
Eur Urol 67:825–836. https://​doi.​org/​10.​1016/j.​eururo.​2014.​07.​
010

	12.	 Ceylan Y, Gunlusoy B, Koskderelioglu A et al (2020) The depres-
sive effects of androgen deprivation therapy in locally advanced 
or metastatic prostate cancer: a comparative study. Aging Male 
23:733–739. https://​doi.​org/​10.​1080/​13685​538.​2019.​15868​69

	13.	 Attard G, Cooper CS, de Bono JS (2009) Steroid hormone recep-
tors in prostate cancer: a hard habit to break? Cancer Cell 16:458–
462. https://​doi.​org/​10.​1016/j.​ccr.​2009.​11.​006

	14.	 Sanford AM (2017) Mild cognitive impairment. Clin Geriatr Med 
33:325–337. https://​doi.​org/​10.​1016/j.​cger.​2017.​02.​005

	15.	 Atallah P, Kanaan RA, Russell N et al (2020) Cognitive function 
in prostate cancer patients on androgen deprivation therapy: a 
case-control study. Gen Hosp Psychiatry 67:152–153. https://​doi.​
org/​10.​1016/j.​genho​sppsy​ch.​2020.​04.​005

	16.	 Alibhai SMH, Timilshina N, Duff-Canning S et al (2017) Effects 
of long-term androgen deprivation therapy on cognitive function 
over 36 months in men with prostate cancer: impact of ADT on 
3-Year Cognitive Function. Cancer 123:237–244. https://​doi.​org/​
10.​1002/​cncr.​30320

	17.	 Sari Motlagh R, Quhal F, Mori K et al (2021) The risk of new 
onset dementia and/or Alzheimer disease among patients with 
prostate cancer treated with androgen deprivation therapy: a sys-
tematic review and meta-analysis. J Urol 205:60–67. https://​doi.​
org/​10.​1097/​JU.​00000​00000​001341

	18.	 Alonso Quiñones HJ, Stish BJ, Hagen C et al (2020) Prostate 
cancer, use of androgen deprivation therapy, and cognitive impair-
ment: a population-based study. Alzheimer Dis Assoc Disord 
34:118–121. https://​doi.​org/​10.​1097/​WAD.​00000​00000​000366

	19.	 Tae BS, Jeon BJ, Shin SH et al (2019) Correlation of androgen 
deprivation therapy with cognitive dysfunction in patients with 
prostate cancer: a nationwide population-based study using the 
national health insurance service database. Cancer Res Treat 
51:593–602. https://​doi.​org/​10.​4143/​crt.​2018.​119

	20.	 Neuropsychiatric impact of androgen deprivation therapy in 
patients with prostate cancer: current evidence and recommenda-
tions for the clinician. https://​www.​pmop.​cn/​pubmed/​32690​473. 
Accessed 9 Jun 2024

	21.	 Impact of testosterone on Alzheimer’s disease. https://​www.​pmop.​
cn/​pubmed/​35021​306. Accessed 9 Jun 2024

	22.	 Page MJ, McKenzie JE, Bossuyt PM et al (2021) The PRISMA 
2020 statement: an updated guideline for reporting systematic 
reviews. BMJ 372. https://​doi.​org/​10.​1136/​bmj.​n71

	23.	 Percie du Sert N, Ahluwalia A, Alam S et al (2020) Reporting 
animal research: explanation and elaboration for the ARRIVE 
guidelines 2.0. PLOS Biol 18:e3000411. https://​doi.​org/​10.​1371/​
journ​al.​pbio.​30004​11

	24.	 Hooijmans CR, Rovers MM, de Vries RB et al (2014) SYRCLE’s 
risk of bias tool for animal studies. BMC Med Res Methodol 
14:43. https://​doi.​org/​10.​1186/​1471-​2288-​14-​43

	25.	 Beer TM, Bland LB, Bussiere JR et al (2006) Testosterone loss 
and estradiol administration modify memory in men. J Urol 
175:130–135. https://​doi.​org/​10.​1016/​S0022-​5347(05)​00049-2

	26.	 Alibhai SMH, Breunis H, Timilshina N et al (2010) Impact of 
androgen-deprivation therapy on cognitive function in men with 
nonmetastatic prostate cancer. J Clin Oncol 28:5030–5037. https://​
doi.​org/​10.​1200/​JCO.​2010.​30.​8742

	27.	 Chaudhary S, Roy A, Summers C et al (2022) Hypothalamic con-
nectivities predict individual differences in ADT-elicited changes 
in working memory and quality of life in prostate cancer patients. 
Sci Rep 12:9567. https://​doi.​org/​10.​1038/​s41598-​022-​13361-4

	28.	 Morote J, Tabernero ÁJ, Álvarez-Ossorio JL et al (2018) Función 
cognitiva en pacientes tratados con supresión androgénica: estudio 
prospectivo y multicéntrico. Actas Urol Esp 42:114–120. https://​
doi.​org/​10.​1016/j.​acuro.​2017.​04.​007

	29.	 Nedelec C, Ragot S, Irani J et al (2009) Effet de la suppression 
androgénique par agonistes de la LH-RH sur les fonctions cog-
nitives de patients atteints de cancer de prostate. Prog En Urol 
19:47–53. https://​doi.​org/​10.​1016/j.​purol.​2008.​09.​056

	30.	 Cinar O, Turunc T, Kazaz IO et al (2021) Effects of androgen dep-
rivation therapy on cognitive functions in patients with metastatic 
prostate cancer: a multicentric, prospective study of the Society of 
Urological Surgery Andrology group. Int J Clin Pract 75:e14095. 
https://​doi.​org/​10.​1111/​ijcp.​14095

	31.	 Chao HH, Hu S, Ide JS et al (2013) Effects of androgen depri-
vation on cerebral morphometry in prostate cancer patients–an 
exploratory study. PLoS ONE 8:e72032. https://​doi.​org/​10.​1371/​
journ​al.​pone.​00720​32

	32.	 Chao HH, Uchio E, Zhang S et al (2012) Effects of androgen dep-
rivation on brain function in prostate cancer patients - a prospec-
tive observational cohort analysis. BMC Cancer 12:371. https://​
doi.​org/​10.​1186/​1471-​2407-​12-​371

	33.	 Jenkins VA, Bloomfield DJ, Shilling VM, Edginton TL (2005) 
Does neoadjuvant hormone therapy for early prostate cancer affect 
cognition? Results from a pilot study. BJU Int 96:48–53. https://​
doi.​org/​10.​1111/j.​1464-​410X.​2005.​05565.x

	34.	 Gunlusoy B, Ceylan Y, Koskderelioglu A et al (2017) Cognitive 
effects of androgen deprivation therapy in men with advanced 
prostate cancer. Urology 103:167–172. https://​doi.​org/​10.​1016/j.​
urolo​gy.​2016.​12.​060

	35.	 Mohile SG, Lacy M, Rodin M et al (2010) Cognitive effects of 
androgen deprivation therapy in an older cohort of men with pros-
tate cancer. Crit Rev Oncol Hematol 75:152–159. https://​doi.​org/​
10.​1016/j.​critr​evonc.​2010.​06.​009

	36.	 Cherrier MM, Aubin S, Higano CS (2009) Cognitive and mood 
changes in men undergoing intermittent combined androgen 
blockade for non-metastatic prostate cancer. Psychooncology 
18:237–247. https://​doi.​org/​10.​1002/​pon.​1401

	37.	 Salminen EK, Portin RI, Koskinen A et al (2004) Associations 
between serum testosterone fall and cognitive function in prostate 
cancer patients. Clin Cancer Res Off J Am Assoc Cancer Res 
10:7575–7582. https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​04-​0750

	38.	 Araújo N, Costa A, Lopes-Conceição L et al (2022) Androgen-
deprivation therapy and cognitive decline in the NEON-PC pro-
spective study during the COVID-19 pandemic. ESMO Open 
7:100448. https://​doi.​org/​10.​1016/j.​esmoop.​2022.​100448

	39.	 Tulk J, Rash JA, Thoms J et al (2021) Androgen deprivation ther-
apy and radiation for prostate cancer-cognitive impairment, sleep, 
symptom burden: a prospective study. BMJ Support Palliat Care 
13(e2):e454-63. https://​doi.​org/​10.​1136/​bmjsp​care-​2021-​003098

	40.	 Buskbjerg CR, Amidi A, Buus S et al (2021) Androgen depriva-
tion therapy and cognitive decline—associations with brain con-
nectomes, endocrine status, and risk genotypes. Prostate Cancer 
Prostatic Dis. https://​doi.​org/​10.​1038/​s41391-​021-​00398-1

	41.	 Salminen E, Portin R, Korpela J et al (2003) Androgen deprivation 
and cognition in prostate cancer. Br J Cancer 89:971–976. https://​
doi.​org/​10.​1038/​sj.​bjc.​66012​35

	42.	 Sánchez-Martínez V, Buigues C, Navarro-Martínez R et al (2021) 
Analysis of brain functions in men with prostate cancer under 

https://doi.org/10.1002/cncr.24395
https://doi.org/10.1002/cncr.24395
https://doi.org/10.1038/s41572-020-00243-0
https://doi.org/10.1111/j.1365-2265.2010.03939.x
https://doi.org/10.1111/j.1365-2265.2010.03939.x
https://doi.org/10.1016/j.eururo.2014.07.010
https://doi.org/10.1016/j.eururo.2014.07.010
https://doi.org/10.1080/13685538.2019.1586869
https://doi.org/10.1016/j.ccr.2009.11.006
https://doi.org/10.1016/j.cger.2017.02.005
https://doi.org/10.1016/j.genhosppsych.2020.04.005
https://doi.org/10.1016/j.genhosppsych.2020.04.005
https://doi.org/10.1002/cncr.30320
https://doi.org/10.1002/cncr.30320
https://doi.org/10.1097/JU.0000000000001341
https://doi.org/10.1097/JU.0000000000001341
https://doi.org/10.1097/WAD.0000000000000366
https://doi.org/10.4143/crt.2018.119
https://www.pmop.cn/pubmed/32690473
https://www.pmop.cn/pubmed/35021306
https://www.pmop.cn/pubmed/35021306
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1371/journal.pbio.3000411
https://doi.org/10.1371/journal.pbio.3000411
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1016/S0022-5347(05)00049-2
https://doi.org/10.1200/JCO.2010.30.8742
https://doi.org/10.1200/JCO.2010.30.8742
https://doi.org/10.1038/s41598-022-13361-4
https://doi.org/10.1016/j.acuro.2017.04.007
https://doi.org/10.1016/j.acuro.2017.04.007
https://doi.org/10.1016/j.purol.2008.09.056
https://doi.org/10.1111/ijcp.14095
https://doi.org/10.1371/journal.pone.0072032
https://doi.org/10.1371/journal.pone.0072032
https://doi.org/10.1186/1471-2407-12-371
https://doi.org/10.1186/1471-2407-12-371
https://doi.org/10.1111/j.1464-410X.2005.05565.x
https://doi.org/10.1111/j.1464-410X.2005.05565.x
https://doi.org/10.1016/j.urology.2016.12.060
https://doi.org/10.1016/j.urology.2016.12.060
https://doi.org/10.1016/j.critrevonc.2010.06.009
https://doi.org/10.1016/j.critrevonc.2010.06.009
https://doi.org/10.1002/pon.1401
https://doi.org/10.1158/1078-0432.CCR-04-0750
https://doi.org/10.1016/j.esmoop.2022.100448
https://doi.org/10.1136/bmjspcare-2021-003098
https://doi.org/10.1038/s41391-021-00398-1
https://doi.org/10.1038/sj.bjc.6601235
https://doi.org/10.1038/sj.bjc.6601235


Supportive Care in Cancer (2024) 32:561	 Page 21 of 22  561

androgen deprivation therapy: a one-year longitudinal study. Life 
Basel Switz 11:227. https://​doi.​org/​10.​3390/​life1​10302​27

	43.	 Myers JS, Manson A, Billinger SA et al (2022) An exploratory 
study of cognitive function and central adiposity in men receiv-
ing androgen deprivation therapy for prostate cancer. Oncol Nurs 
Forum 49:142–150. https://​doi.​org/​10.​1188/​22.​ONF.​142-​150

	44.	 Garland SN, Savard J, Eisel SL et al (2021) A 2-year prospective 
analysis of insomnia as a mediator of the relationship between 
androgen deprivation therapy and perceived cognitive function 
in men with prostate cancer. Cancer 127:4656–4664. https://​doi.​
org/​10.​1002/​cncr.​33850

	45.	 Sharp AM, Lertphinyowong S, Yee SS et al (2019) Vortioxetine 
reverses medial prefrontal cortex-mediated cognitive deficits in 
male rats induced by castration as a model of androgen depriva-
tion therapy for prostate cancer. Psychopharmacology 236:3183–
3195. https://​doi.​org/​10.​1007/​s00213-​019-​05274-4

	46.	 McConnell S, Alla J, Wheat E et al (2012) The role of testicular 
hormones and luteinizing hormone in spatial memory in adult 
male rats. Horm Behav 61:479–486. https://​doi.​org/​10.​1016/j.​
yhbeh.​2012.​01.​003

	47.	 Betancourt E, Wachtel J, Michaelos M et al (2017) The impact of 
biological sex and sex hormones on cognition in a rat model of 
early, pre-motor Parkinson’s disease. Neuroscience 345:297–314. 
https://​doi.​org/​10.​1016/j.​neuro​scien​ce.​2016.​05.​041

	48.	 Chunchai T, Apaijai N, Keawtep P et al (2019) Testosterone dep-
rivation intensifies cognitive decline in obese male rats via glial 
hyperactivity, increased oxidative stress, and apoptosis in both 
hippocampus and cortex. Acta Physiol 226:e13229. https://​doi.​
org/​10.​1111/​apha.​13229

	49.	 Pintana H, Pratchayasakul W, Sa-nguanmoo P et al (2016) Tes-
tosterone deprivation has neither additive nor synergistic effects 
with obesity on the cognitive impairment in orchiectomized and/
or obese male rats. Metabolism 65:54–67. https://​doi.​org/​10.​
1016/j.​metab​ol.​2015.​10.​015

	50.	 Zhao J, Bian C, Liu M et al (2018) Orchiectomy and letrozole 
differentially regulate synaptic plasticity and spatial memory in 
a manner that is mediated by SRC-1 in the hippocampus of male 
mice. J Steroid Biochem Mol Biol 178:354–368. https://​doi.​org/​
10.​1016/j.​jsbmb.​2018.​02.​007

	51.	 Yang L, Zhou R, Tong Y et al (2020) Neuroprotection by dihy-
drotestosterone in LPS-induced neuroinflammation. Neurobiol Dis 
140:104814. https://​doi.​org/​10.​1016/j.​nbd.​2020.​104814

	52.	 Yawson EO, Akinola OB (2021) Hippocampal cellular changes 
in androgen deprived insulin resistant rats. Metab Brain Dis 
36:1037–1048. https://​doi.​org/​10.​1007/​s11011-​021-​00678-8

	53.	 Meyers B, D’Agostino A, Walker J, Kritzer MF (2010) Gona-
dectomy and hormone replacement exert region- and enzyme 
isoform-specific effects on monoamine oxidase and catechol-O-
methyltransferase activity in prefrontal cortex and neostriatum 
of adult male rats. Neuroscience 165:850–862. https://​doi.​org/​10.​
1016/j.​neuro​scien​ce.​2009.​11.​013

	54.	 Lagunas N, Calmarza-Font I, Grassi D, Garcia-Segura L (2011) 
Estrogen receptor ligands counteract cognitive deficits caused 
by androgen deprivation in male rats. Horm Behav 59:581–584. 
https://​doi.​org/​10.​1016/j.​yhbeh.​2011.​02.​014

	55.	 Hajali V, Sheibani V, Ghazvini H et al (2015) Effect of castration 
on the susceptibility of male rats to the sleep deprivation-induced 
impairment of behavioral and synaptic plasticity. Neurobiol Learn 
Mem 123:140–148. https://​doi.​org/​10.​1016/j.​nlm.​2015.​05.​008

	56.	 Keawtep P, Pratchayasakul W, Arinno A et al (2019) Combined 
dipeptidyl peptidase-4 inhibitor with low-dose testosterone exerts 
greater efficacy than monotherapy on improving brain function in 
orchiectomized obese rats. Exp Gerontol 123:45–56. https://​doi.​
org/​10.​1016/j.​exger.​2019.​05.​008

	57.	 Fainanta T, Jaroenporn S, Wititsuwankul P, Malaivijit-
nond S (2019) Chronological molecular changes in neuronal 

communication in androgen-deficient rats. J Mol Neurosci 
69:83–93. https://​doi.​org/​10.​1007/​s12031-​019-​01335-7

	58.	 Ciprés-Flores FJ, Segura-Uribe JJ, Orozco-Suárez S et al (2019) 
Beta-blockers and salbutamol limited emotional memory dis-
turbance and damage induced by orchiectomy in the rat hip-
pocampus. Life Sci 224:128–137. https://​doi.​org/​10.​1016/j.​lfs.​
2019.​03.​043

	59.	 Muthu SJ, Seppan P (2020) Apoptosis in hippocampal tissue 
induced by oxidative stress in testosterone deprived male rats. 
Aging Male 23:1598–1610. https://​doi.​org/​10.​1080/​13685​538.​
2021.​18926​25

	60.	 Roy AK, Lavrovsky Y, Song CS, et al (1998) Regulation of 
androgen action. In: Vitamins & Hormones. Elsevier, pp 
309–352

	61.	 Roy AK, Chatterjee B (1995) Androgen action. Crit Rev Eukaryot 
Gene Expr 5:157–176. https://​doi.​org/​10.​1615/​critr​eveuk​argen​
eexpr.​v5.​i2.​30

	62.	 García-Ovejero D, Veiga S, García-Segura LM, Doncarlos LL 
(2002) Glial expression of estrogen and androgen receptors after 
rat brain injury: reactive glia express gonadal hormone receptors. 
J Comp Neurol 450:256–271. https://​doi.​org/​10.​1002/​cne.​10325

	63.	 Westlye LT, Kaufmann T, Alnæs D et al (2017) Brain connectivity 
aberrations in anabolic-androgenic steroid users. NeuroImage Clin 
13:62–69. https://​doi.​org/​10.​1016/j.​nicl.​2016.​11.​014

	64.	 Mahmoud R, Wainwright SR, Galea LA (2016) Sex hormones 
and adult hippocampal neurogenesis: regulation, implications, and 
potential mechanisms. Front Neuroendocrinol 41:129–52

	65.	 Verdile G, Laws SM, Henley D et al (2014) Associations between 
gonadotropins, testosterone and β amyloid in men at risk of Alz-
heimer’s disease. Mol Psychiatry 19:69–75. https://​doi.​org/​10.​
1038/​mp.​2012.​147

	66.	 Cherrier MM, Matsumoto AM, Amory JK et al (2005) Testoster-
one improves spatial memory in men with Alzheimer disease and 
mild cognitive impairment. Neurology 64:2063–2068. https://​doi.​
org/​10.​1212/​01.​WNL.​00001​65995.​98986.​F1

	67.	 Ford AH, Yeap BB, Flicker L et al (2018) Sex hormones and 
incident dementia in older men: the health in men study. Psycho-
neuroendocrinology 98:139–147. https://​doi.​org/​10.​1016/j.​psyne​
uen.​2018.​08.​013

	68.	 Miller WL, Auchus RJ (2011) The molecular biology, biochem-
istry, and physiology of human steroidogenesis and its disorders. 
Endocr Rev 32:81–151. https://​doi.​org/​10.​1210/​er.​2010-​0013

	69.	 Zhu Y, Zhang Q, Zhang W et  al (2017) Protective effect of 
17β-estradiol upon hippocampal spine density and cognitive func-
tion in an animal model of vascular dementia. Sci Rep 7:42660. 
https://​doi.​org/​10.​1038/​srep4​2660

	70.	 Lu PH, Masterman DA, Mulnard R et al (2006) Effects of testos-
terone on cognition and mood in male patients with mild Alzhei-
mer disease and healthy elderly men. Arch Neurol 63:177. https://​
doi.​org/​10.​1001/​archn​eur.​63.2.​nct50​002

	71.	 Kim DK, Noh J, Chang Y et al (2020) Association between pros-
tate-specific antigen and serum testosterone: a systematic review 
and meta-analysis. Andrology 8:1194–1213. https://​doi.​org/​10.​
1111/​andr.​12806

	72.	 Popiołek A, Brzoszczyk B, Jarzemski P et al (2021) Prostate-
specific antigen and testosterone levels as biochemical indicators 
of cognitive function in prostate cancer survivors and the role 
of diabetes. J Clin Med 10:5307. https://​doi.​org/​10.​3390/​jcm10​
225307

	73.	 Yoshizaki K, Asai M, Hara T (2020) High-fat diet enhances work-
ing memory in the Y-maze test in male C57BL/6J mice with less 
anxiety in the elevated plus maze test. Nutrients 12:2036. https://​
doi.​org/​10.​3390/​nu120​72036

	74.	 Vorhees CV, Williams MT (2006) Morris water maze: procedures 
for assessing spatial and related forms of learning and memory. 
Nat Protoc 1:848–858. https://​doi.​org/​10.​1038/​nprot.​2006.​116

https://doi.org/10.3390/life11030227
https://doi.org/10.1188/22.ONF.142-150
https://doi.org/10.1002/cncr.33850
https://doi.org/10.1002/cncr.33850
https://doi.org/10.1007/s00213-019-05274-4
https://doi.org/10.1016/j.yhbeh.2012.01.003
https://doi.org/10.1016/j.yhbeh.2012.01.003
https://doi.org/10.1016/j.neuroscience.2016.05.041
https://doi.org/10.1111/apha.13229
https://doi.org/10.1111/apha.13229
https://doi.org/10.1016/j.metabol.2015.10.015
https://doi.org/10.1016/j.metabol.2015.10.015
https://doi.org/10.1016/j.jsbmb.2018.02.007
https://doi.org/10.1016/j.jsbmb.2018.02.007
https://doi.org/10.1016/j.nbd.2020.104814
https://doi.org/10.1007/s11011-021-00678-8
https://doi.org/10.1016/j.neuroscience.2009.11.013
https://doi.org/10.1016/j.neuroscience.2009.11.013
https://doi.org/10.1016/j.yhbeh.2011.02.014
https://doi.org/10.1016/j.nlm.2015.05.008
https://doi.org/10.1016/j.exger.2019.05.008
https://doi.org/10.1016/j.exger.2019.05.008
https://doi.org/10.1007/s12031-019-01335-7
https://doi.org/10.1016/j.lfs.2019.03.043
https://doi.org/10.1016/j.lfs.2019.03.043
https://doi.org/10.1080/13685538.2021.1892625
https://doi.org/10.1080/13685538.2021.1892625
https://doi.org/10.1615/critreveukargeneexpr.v5.i2.30
https://doi.org/10.1615/critreveukargeneexpr.v5.i2.30
https://doi.org/10.1002/cne.10325
https://doi.org/10.1016/j.nicl.2016.11.014
https://doi.org/10.1038/mp.2012.147
https://doi.org/10.1038/mp.2012.147
https://doi.org/10.1212/01.WNL.0000165995.98986.F1
https://doi.org/10.1212/01.WNL.0000165995.98986.F1
https://doi.org/10.1016/j.psyneuen.2018.08.013
https://doi.org/10.1016/j.psyneuen.2018.08.013
https://doi.org/10.1210/er.2010-0013
https://doi.org/10.1038/srep42660
https://doi.org/10.1001/archneur.63.2.nct50002
https://doi.org/10.1001/archneur.63.2.nct50002
https://doi.org/10.1111/andr.12806
https://doi.org/10.1111/andr.12806
https://doi.org/10.3390/jcm10225307
https://doi.org/10.3390/jcm10225307
https://doi.org/10.3390/nu12072036
https://doi.org/10.3390/nu12072036
https://doi.org/10.1038/nprot.2006.116


	 Supportive Care in Cancer (2024) 32:561561  Page 22 of 22

	75.	 Yang L, Wu C, Li Y et al (2022) Long-term exercise pre-training 
attenuates Alzheimer’s disease–related pathology in a transgenic 
rat model of Alzheimer’s disease. GeroScience 44:1457–1477. 
https://​doi.​org/​10.​1007/​s11357-​022-​00534-2

	76.	 Bromley-Brits K, Deng Y, Song W (2011) Morris water maze test 
for learning and memory deficits in Alzheimer’s disease model 
mice. J Vis Exp e2920 https://​doi.​org/​10.​3791/​2920

	77.	 Taxier LR, Gross KS, Frick KM (2020) Oestradiol as a neuromod-
ulator of learning and memory. Nat Rev Neurosci 21:535–550. 
https://​doi.​org/​10.​1038/​s41583-​020-​0362-7

	78.	 Morris RGM (1981) Spatial localization does not require the pres-
ence of local cues. Learn Motiv 12:239–260. https://​doi.​org/​10.​
1016/​0023-​9690(81)​90020-5

	79.	 Ouvrard C, Berr C, Meillon C et al (2019) Norms for stand-
ard neuropsychological tests from the French CONSTANCES 
cohort. Eur J Neurol 26:786–793. https://​doi.​org/​10.​1111/​ene.​
13890

	80.	 Beaudin AE, Raneri JK, Ayas NT et al (2022) Contribution of 
hypercapnia to cognitive impairment in severe sleep-disordered 
breathing. J Clin Sleep Med 18:245–254. https://​doi.​org/​10.​5664/​
jcsm.​9558

	81.	 Corona G, Guaraldi F, Rastrelli G et al (2021) Testosterone defi-
ciency and risk of cognitive disorders in aging males. World J 
Mens Health 39:9. https://​doi.​org/​10.​5534/​wjmh.​200017

	82.	 Harrison AG, Armstrong IT, Harrison LE et al (2014) Compar-
ing Canadian and American normative scores on the Wechsler 

adult intelligence scale-fourth edition. Arch Clin Neuropsychol 
29:737–746. https://​doi.​org/​10.​1093/​arclin/​acu048

	83.	 Crawford JR, Allan KM, Stephen DW et al (1989) The Wechsler 
adult intelligence scale—revised (WAIS-R): factor structure in a 
U.K. sample. Personal Individ Differ 10:1209–1212. https://​doi.​
org/​10.​1016/​0191-​8869(89)​90091-3

	84.	 Benedict RHB, Amato MP, DeLuca J, Geurts JJG (2020) Cogni-
tive impairment in multiple sclerosis: clinical management, MRI, 
and therapeutic avenues. Lancet Neurol 19:860–871. https://​doi.​
org/​10.​1016/​S1474-​4422(20)​30277-5

	85.	 Bloom GS (2014) Amyloid-β and tau: the trigger and bullet in 
Alzheimer disease pathogenesis. JAMA Neurol 71:505. https://​
doi.​org/​10.​1001/​jaman​eurol.​2013.​5847

	86.	 Blanchard JW, Akay LA, Davila-Velderrain J et  al (2022) 
APOE4 impairs myelination via cholesterol dysregulation in 
oligodendrocytes. Nature 611:769–779. https://​doi.​org/​10.​1038/​
s41586-​022-​05439-w

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1007/s11357-022-00534-2
https://doi.org/10.3791/2920
https://doi.org/10.1038/s41583-020-0362-7
https://doi.org/10.1016/0023-9690(81)90020-5
https://doi.org/10.1016/0023-9690(81)90020-5
https://doi.org/10.1111/ene.13890
https://doi.org/10.1111/ene.13890
https://doi.org/10.5664/jcsm.9558
https://doi.org/10.5664/jcsm.9558
https://doi.org/10.5534/wjmh.200017
https://doi.org/10.1093/arclin/acu048
https://doi.org/10.1016/0191-8869(89)90091-3
https://doi.org/10.1016/0191-8869(89)90091-3
https://doi.org/10.1016/S1474-4422(20)30277-5
https://doi.org/10.1016/S1474-4422(20)30277-5
https://doi.org/10.1001/jamaneurol.2013.5847
https://doi.org/10.1001/jamaneurol.2013.5847
https://doi.org/10.1038/s41586-022-05439-w
https://doi.org/10.1038/s41586-022-05439-w

	Risks associated with cognitive function and management strategies in the clinical use of ADT: a systematic review from clinical and preclinical studies
	Abstract
	Introduction
	Methods
	Aim and research design
	Search strategy
	Study selection
	Clinical studies
	Preclinical studies

	Data extraction
	Clinical studies
	Preclinical studies

	Quality assessment
	Risk of bias
	Statistical analysis

	Results
	Literature search
	Clinical studies
	Preclinical studies

	Study characteristics and qualitative analysis
	Quality assessment
	Clinical studies
	Preclinical studies

	Risk of bias
	Cognitive function assessment
	Clinical studies
	Preclinical studies


	Discussion
	Effects of ADT on cognitive function
	Risk of cognitive decline associated with ADT use
	Limitations of clinical studies on ADT
	Differences between study participants were prevalent
	Differences among research methodologies
	Limitations of neuropsychological testing


	Conclusions
	Acknowledgements 
	References


