Prostate International 10 (2022) 68—74

Contents lists available at ScienceDirect

PROSTATE
INTERNATIONAL

APPS / Prostate International

%, o
e proste's

journal homepage: https://www.journals.elsevier.com/prostate-international

Review Article

Androgen deprivation therapy and risk of cognitive dysfunction in N
men with prostate cancer: is there a possible link? S

Myungsun Shim’, Woo Jin Bang, Cheol Young Oh, Yong Seong Lee, Jin Seon Cho

Department of Urology, Hallym University College of Medicine, Hallym University Sacred Heart Hospital, Anyang, Gyeonggi-do, South Korea

ARTICLE INFO ABSTRACT

Article history:

Received 5 February 2021
Received in revised form

19 February 2021

Accepted 26 February 2021
Available online 9 March 2021

The expansion of the indication to use androgen deprivation therapy (ADT) to treat patients with
advanced or metastatic prostate cancer has dramatically increased over the recent decades, resulting in
the progress of patients’ survival. However, chronic health implications can become more apparent as the
number of long-term cancer survivors is expected to be increased along with the adverse effect of ADT. In
particular, interest in investigating ADT, especially luteinizing hormone-releasing hormone (LHRH)
agonist association with cognitive dysfunction has been growing. Previous studies in animals and
humans suggest that the level of androgen decreases with age and that cognitive decline occurs with
decreases in androgen. Correspondingly, some of the extensive studies using common neurocognitive
tests have shown that LHRH agonists may affect specific domains of cognitive function (e.g., visuospatial
abilities and executive function). However, the results from these studies have not consistently
demonstrated the association because of its intrinsic limitations. Large-scale studies based on electronic
databases have also failed to show consistent results to make decisive conclusions because of its het-
erogeneity, complexity of covariates, and possible risk of biases. Thus, this review article summarizes key
findings and discusses the results of several studies investigating the ADT association with cognitive
dysfunction and risk of dementia from various perspectives.
© 2022 Asian Pacific Prostate Society. Publishing services by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords:

Adverse effects
Androgen deprivation
Cognitive dysfunction
Dementia

Prostate cancer

1. Introduction However, ADT may cause several adverse health events (e.g., hot

flashes, osteoporosis, anemia, gynecomastia, erectile dysfunction,

Widespread use of prostate-specific antigen test and subse-
quent biopsy have been determined to significantly contribute to
the increased diagnosis of prostate cancer (PCa) over the last two
decades."” Furthermore, randomized evidence supports the use of
androgen deprivation therapy (ADT) in combination with external
beam radiation therapy for locoregional disease with high-risk
features although ADT has been widely used to treat metastatic
PCa.>* Correspondingly, the use of ADT has dramatically increased,
and about 50% of patients are treated with ADT at some stage of PCa
diagnosis.>’

Abbreviations: AD, Alzheimer's disease; ADT, androgen deprivation therapy;
DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; DHT,
dihydrotestosterone; HR, hazard ratio; LHRH, luteinizing hormone-releasing hor-
mone; NHIS, National Health Insurance Service; SHBG, sex hormone-binding
globulin; PCa, Prostate cancer.
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gil, Dongan-gu, Anyang, Gyeonggi-do, 14068, South Korea
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obesity, muscle atrophy, loss of bone mineral density, and mood
disorders)® that are related to low male androgens because of its
testosterone-suppressing effect. Moreover, ADT is also known for
its adverse effect such as increased risk of metabolic syndrome and
cardiovascular diseases.” In particular, ADT has been known to
negatively affect cognitive function, which may, in turn, affect a
patient's ability to make informed treatment decisions, occupa-
tional or intellectual pursuits, and overall quality of life. As afore-
mentioned, broadening of indications for ADT use and early use of
ADT in PCa patients means that they will, on average, be treated
with ADT for a longer time over the disease course. As the number
of long-term cancer survivors is expected to increase, the chronic
health implications of ADT including cognitive dysfunction will
become increasingly important.

No definitive conclusions have been reached on the association
of ADT with cognitive dysfunction and risk of dementia although
extensive research has been focused on this field. Several previous
studies have shown that ADT may worsen performance in certain
cognitive domains,'>'" whereas others showed no association be-
tween ADT and neuropsychological tests.'>!> More recently, reports
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on the association of ADT with increased risk of Alzheimer's disease
(AD) and other types of dementia based on large electronic data-
bases have also demonstrated contradictory results.'* > Apart
from these controversies, the prevalence of dementia in South
Korea among elderly men (>65 years) was recorded to be as high as
9.2%,%* which indicates that exploring the correlation between ADT
and risk of dementia is based on a population already at increased
risk and therefore requires careful considerations. In this current
review, we discuss the general impact of androgen level on
cognitive function and further examine the results from previous
studies that have investigated the association of ADT with cognitive
dysfunction or risk of dementia in PCa patients.

2. Possible mechanisms of testosterone on cognition
2.1. ADT, cardiovascular diseases, and its association with dementia

AD and vascular dementia have been considered completely
different and distinct diseases in the past. However, it is now
generally thought that both can be accompanied frequently. This
means that these two types of dementia share several common risk
factors and pathologic features with atherosclerosis.”> Moreover,
traditionally accepted cardiovascular risk factors (e.g., hyperten-
sion, dyslipidemia, and diabetes) appear to be associated with an
increased risk of not only vascular dementia, but also AD.
Numerous observational studies have shown the correlation be-
tween hypertension and diabetes with dementia; hypertension in
mid-age have consistently increased the risk of all-cause dementia
including AD,%%?” and patients with diabetes were found to have a
doubled risk of developing vascular dementia’®?° as well as a
relatively higher risk of AD compared with those without dia-
betes.> These cardiovascular diseases can cause oxidative cell
damage, inflammation, and insulin resistance, resulting in blood
vessel dysfunction and stroke-like damage, leading to dementia.>'

The association between cardiovascular diseases and the risk for
dementia can lead to controversy over whether ADT directly in-
creases the risk of dementia. Because ADT may also be associated
with cardiovascular disease, ADT may not be directly related to the
risk of dementia, but it can indirectly increase the risk of dementia
by increasing the risk of cardiovascular diseases. These cardiovas-
cular diseases are also linked to testosterone, which further com-
plicates conclusions.

2.2. Age-related changes in androgen levels in the brain tissue

Men often experience a significant decline in circulating testos-
terone levels through the aging process.>> However, the difference
between the concentrations of testosterone at the serum and tissue
level can often be found because factors such as sex hormone-
binding globulin (SHBG) and steroid-converting enzymes may
create such difference.>>** Therefore, the testosterone level in a
specific tissue is expected to more accurately reflect the actual
measure of bioavailable testosterone. An animal study examining the
brain levels of sex steroids in male rats has explored the significant
reduction in brain levels of the potent androgen dihydrotestosterone
(DHT) with increasing age.>® The authors of this study have also
reviewed the male postmortem brain tissues neuropathologically in
their follow-up research, wherein they found that normal aging was
associated with significant decreases in both testosterone and DHT.>®
In particular, brain testosterone levels were found to be lower in
cases with mild neuropathological changes or AD than normal cases
in men aged 60—79 years.>®

2.3. The role of testosterone in the brain

Previous extensive studies found that changes in the sex steroid
levels can have a structural and functional effect on the brain.
Huppenbauer et al. noted that approximately 20% of neurons were
rescued by applying testosterone or estrogens to transected facial
nerve neurons using facial motor neurons from hamsters.>” In an
experiment using male mice that had undergone gonadectomy,
testosterone and DHT can also lower B-amyloid accumulation in the
hippocampus, which may probably result in reducing the risk of
dementia in humans.>® Another similar research observed that
synaptic density of hippocampus CA1 region in rats decreased with
castration and reversed by testosterone or DHT administration.>
Moreover, testosterone supplementation was also seen to enhance
cerebral perfusion in the superior frontal gyrus and cingulated gyrus
of hypogonadal men, which was assessed by single-photon emission
computed tomography.*’ Conversely, testosterone suppression by
androgen blockade resulted in decreased cerebral glucose meta-
bolism or decreased gray matter volume in the cerebral cortex,
which was assessed by fluorine-18 fluorodeoxyglucose positron
emission tomography and high-resolution magnetic resonance im-
aging, respectively.*"*? Testosterone also exerts its effect on cogni-
tion by modulating G-protein—coupled receptor, neurotransmitters,
and cholinergic activity (Fig. 1).*~*°

To summarize, testosterone may have a certain role in neuronal
regeneration and testosterone brain level can be possibly related to
brain function. Furthermore, testosterone may exert its effect on
cognition by modulating the hippocampus, which is supported by
many animal and human studies.“® However, testosterone has been
suggested to indirectly induce cognitive dysfunction through other
factors, such as cardiovascular illnesses.

3. Serum testosterone levels and cognitive function

3.1. Positive association between testosterone levels and cognitive
function

The production of testosterone in men declines slowly and
consistently after reaching the age of 30 years. Moreover, the rate of
hypogonadism in men in their 50s, 60s, 70s, and 80s were 9%, 34%,
68%, and 91%, respectively.*’ The findings from studies of elderly or
hypogonadal men generally indicate that serum testosterone level
is associated with cognitive performance in men although they are
not entirely consistent.*®*° Especially, men with high serum levels
of bioavailable testosterone, not total testosterone, were deter-
mined to have better cognitive scores such as in the Mini-Mental
State Examinations in a cross-sectional study.”® In the same
context, the serum level of SHBG was negatively associated with
cognitive scores in this observation.>® Thus, supplementing
testosterone has also been proven to be associated with beneficial
changes in cognitive function, particularly verbal and spatial
memory in several randomized controlled trials.”' 3

3.2. Controversial results on the association between androgen and
cognitive function

In contrast to the aforementioned studies, a few cross-sectional
analyses showed that various sex steroids such as testosterone,
estradiol, dehydroepiandrosterone (DHEA), or dehydroepiandros-
terone sulfate (DHEAS) were not related to cognitive decline.’*>°
Furthermore, a cross-sectional study of 450 men even reported
that men with lower free testosterone performed better on spatial
visualization tasks compared with those with higher testosterone,
showing fairly opposite results to previous studies.’® More complex
results have been reported by Geerlings et al. by examining the



70 Prostate International 10 (2022) 68—74

Testosterone

G-protein-coupled

Neurotransmitters

Cholinergic activity

A\

receptor
| /
Initiate Increased

transcription neuronal activity

Decreased Maintain

B-amyloid peptide

neural circuit

Signal pathway

Fig. 1. The potential mechanism of testosterone affecting cognition.

correlation between sex hormones with cognitive decline and
future dementia in a large longitudinal study of 2,974 men. They
found intriguing results that bioavailable testosterone was not
associated with the risk of dementia, whereas higher bioavailable
estradiol levels predicted increased incidence of AD.>’

To summarize up-to-date findings on the association between
serum testosterone levels and cognitive function, a large number of
previous studies suggest that the depletion of testosterone may
negatively impact the areas of working memory, verbal memory,
and visual-spatial ability. However, some contradictory results exist
on this issue, and the difference in the results can be even more
significant when different sex steroids such as estrogen, DHEA, and
DHEAS are taken into consideration. It is presumed that the dif-
ference in the results from the previous aforementioned studies is
probably due to its potential intrinsic limitations. First, no uniform
methods for the measurement of hormones exist (e.g., radioim-
munoassays, mass spectrometry, and so on). Second, adjustment
errors for other covariates including education, alcohol, depression,
or other medical comorbidities may exist.”®

4. Dementia and ADT in men with prostate cancer

4.1. The impact of serum testosterone reduction on the cognitive
function in patients undergoing ADT.

Since the beginning of the 21st century, numerous small-scale
studies have steadily suggested that ADT influences cognitive func-
tion in patients with PCa. An earlier study with 50 men undergoing
luteinizing hormone-releasing hormone (LHRH) agonist treatment
and 15 controls reported that patients with LHRH agonists, especially
goserelin, showed significant decreases in verbal and visual memory
when compared to the control group. Of the 50 men on LHRH
agonist treatment, 24 men demonstrated a reliable decline in
cognitive tasks, whereas the control group showed no decline on any
of the tasks including memory, attention, and executive functions.”
As per the results of an analysis of 26 patients whose testosterone

reached castrate levels after 6 months of LHRH agonist administra-
tion, the decline in serum testosterone coincided with a decline in
visuomotor processing (digit symbol) and working memory speed
(subtraction).!" Interestingly, when the LHRH agonist was ceased
after 9 months of treatment, patients’ decreased visuospatial ability
within 9 months of LHRH agonist administration returned to normal
levels after 3 months without LHRH agonists, which further implies
the effect of ADT on cognitive function.'”

On the contrary, a result from a longitudinal study investigating
37 PCa patients receiving a 36-week course of LHRH agonists was
quite the opposite.®’ This study assessed cognition eight times over
1 year with tests of verbal memory, visual memory, and visuo-
spatial ability. At the end of the 36-week LHRH agonist treatment
course, the researchers observed an increased performance on a
test of verbal and visual memory, which suggests that treatment
with LHRH agonists may have a positive impact on cognitive
function. This contradictory result, however, may be criticized
because the repetition of neuropsychological tests may lead to the
patient's improvement over time with practice: improved cogni-
tion ability may be caused by the artifacts of practice effects.
Nevertheless, a more recent cross-sectional study of 198 men
revealed only a weak association of total testosterone with working
memory, and neither total testosterone nor estradiol was related to
other cognitive domains such as verbal fluency, visuospatial abili-
ties, verbal memory, and visual memory, supporting the contra-
dictory results.®! It is presumed that one of the important reasons
for the aforementioned inconsistent results is probably because
different definition and measurement tools to assess cognitive
dysfunction were used for each study as shown in Table 1. Thus,
further investigations are warranted to confirm the actual effect of
suppressing testosterone by ADT on cognitive function changes.

4.2. The role of estrogen

Several previous studies have also suggested that estradiol
changes during ADT affect cognition in men with PCa. A study in



Table 1
Representative prospective studies on the association between ADT and cognitive dysfunction.

Year  Author Study design No. of patients ADT Cognitive assessment Cognitive function affected

. - duration -
Randomization Disease state ADT Control Cognitive parameters Measurement tools

Prostate  Healthy

cancer
2002 Green>® Yes Advanced 50 15 None 6 mo Memory, attention, executive function WMS-R, AVLT, WAIS-R, TMT, COWA All affected
2004 Almeida®® No Not specified 37 None None 13.5mo Depression, anxiety, verbal memory, = WMS-III, CAMCOG, BDI, BAI Verbal memory
‘ general mental health
2005 Jenkins®* No Localized 32 None 18 9 mo Intelligence, verbal ability, verbal FSIQ, NART, PVFT, RAVLT, CFT, CMRT, Spatial memory & ability
memory, visual memory, visual- KACAB
spatial memory, processing speed
2010 Alibhai'® No Not specified 77 82 82 12 mo Processing speed, verbal fluency, MMSE, NAART, TMT Not affected
visuospatial ability, verbal memory,
executive function
2015 Gonzalez’' No Asymptomatic 58 84 88 12mo  Verbal memory, visual memory, HVLT-R, WMS-III, BVMT-R, COWA Attention, executive function
attention, executive function
2015 Yang’? No Nonmetastatic 43 35 40 6 mo Memory, short-term memory, MoCA test, WAIS, TMT Prospective memory
executive function, processing speed
2017 Gunslusoy®® Yes Locally advanced or metastatic 78 78 None 12mo  Attention & concentration, executive =~ MoCA test, FAB test Language ability, short-term
function, memory, language, memory, mental flexibility,
] orientation, abstract thinking inhibitory control
2017 Alibhai”® No Nonmetastatic 77 82 82 36 mo Immediate span of attention, TMT, COWA, card rotations, CVL test, Not affected
processing speed, verbal fluency, BVM test

visuospatial ability, verbal learning &
memory, visual learning & memory,
executive function

ADT, androgen deprivation therapy; AVLT, Auditory Verbal Learning Test; BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; BVM, Brief Visual Memory; BVMT-R, Brief Visuospatial Memory Test—Revised; CAMCOG,
Cambridge Examination for Mental Disorders of the Elderly; CFT, Complex Figure Task; CMRT, Computerized Mental Rotation Task; COWA, Controlled Oral Word Association; CVA, California Verbal Learning; FAB, Frontal
Assessment Battery; FSIQ, Full Scale Intelligence Quotient; HVLT-R, Hopkins Verbal Learning Test—Revised; KACAB, Kendrick Assessment of Cognitive Aging Battery; MMSE, Folstein Mini-Mental State Examination; MoCA,
Montreal Cognitive Assessment; NAART, North American Adult Reading Test; NART, National Adult Reading Test; PVFT, Phonemic Verbal Fluency Task; RAVLT, Rey Auditory-Verbal Test; TMT, Trail Making Test; WAIS-R,
Wechsler Adult Intelligence Scale—Revised; WMS-R, Wechsler Memory Scale—Revised.
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which 23 men with PCa were prospectively enrolled investigated
the association between the decline of estradiol and cognitive
performance.®? Among various cognitive domains, visual memory
of figures and recognition speed of numbers were impaired,
whereas verbal fluency was improved with the decline of estradiol
during ADT. Beer et al. specifically tested the effect of estradiol
supplementation in patients with PCa undergoing ADT.°®> The re-
searchers compared three groups: 18 patients with castration-
resistant PCa undergoing ADT with estradiol administration, 18
age-matched patients with PCa undergoing continuous ADT, and 17
community-dwelling healthy men. Indeed, worse verbal memory
and slower processing speed were noted in patients with ADT
compared with healthy controls. However, no difference was noted
in working memory tasks. Verbal memory performance improved
with estradiol supplement, but it did not change in PCa patients
without estradiol therapy and control group in repeated-measures
analyses. Therefore, previous studies have suggested that estrogen
in men with PCa receiving ADT plays a positive role in cognitive
function.

The aforementioned studies focusing on the role of sex hor-
mones such as testosterone or estrogen on cognition in patients
with PCa are mostly cross-sectional or longitudinal studies, and
based on a relatively small number of patients. However, large-
scale studies using registered, cohort database that examined the
relationship between ADT and cognitive function or the risk of
dementia were announced intensively thereafter (Table 2), with the
development of techniques for manipulation of a great amount of
registry data.

4.3. ADT increases the risk of cognitive dysfunction or dementia

The first report from a large cohort analysis using novel infor-
matics technique based on the electronic medical records was
released in 2016 by Nead et al.'* The authors have extracted diag-
nosis codes, medication lists, and mentioned drugs and diseases
from clinical notes from the registry data in a retrospective cohort
of patients and explored the association of ADT with LHRH agonists
in the treatment of PCa with subsequent risk of AD in 16,888 pa-
tients (2,397 with ADT). A significant association of LHRH agonist
use and increased AD risk with a hazard ratio (HR) of 1.88 and the
correlation between the duration of LHRH agonist use with
increased risk of AD were found. A similar result was reported in
the succeeding protocol using a subcohort of 9,272 men (1,826 with
ADT), extending to all types of dementia, which showed an even
greater HR of 2.17 in patients undergoing ADT with LHRH

agonists.”> One of the most recent large retrospective cohort
studies using TRICARE Military Database investigated the effect of
ADT, particularly on the risk of depression along with those of
dementia in 9,117 men (40—64 years old) diagnosed with localized
PCa.? In this study, patients with ADT were determined to have a
significantly higher risk of depression (HR, 2.07) and dementia (HR,
1.70). A dose—response relationship was noted between outcome
and ADT duration. Another most recent large population-based
study using the Surveillance, Epidemiology, and End Results data-
base including 154,089 PCa patients revealed that both AD (HR,
1.140) and dementia (HR, 1.20) were significantly associated with
ADT.'® This study has its advantages over previous studies in that it
included additional clinical variables, for example, tumor grade and
being able to adjust for them. In addition, it has the longest re-
ported mean follow-up of 8.3 years. Apart from studies using
informatics approach evaluating registry databases, a few pro-
spective studies found the association of impaired cognitive per-
formance with ADT in PCa patients, especially in certain domains
such as language ability, short-term memory, mental flexibility, and
inhibitory control].5%646>

4.4. No increased risk of impaired cognition or dementia in patients
receiving ADT

In contrast, research from the United Kingdom using the na-
tional Clinical Practice Research Datalink tested the effect of ADT on
all incident events of dementia, including AD in 15,310 versus
15,593 PCa patients with or without ADT, respectively. In this
population-based study, either type or duration of ADT use was not
associated with the risk of dementia during a mean follow-up of
4.3 years."” A few reports from the Asian series have also raised
skeptical questions on the correlation between cognitive function
and ADT.'®?!?? Although LHRH agonist use was found to be asso-
ciated with dementia in univariable analysis, the association was
deemed not significant in the multivariable analysis adjusting
covariables in a Korean study using data from the National Health
Insurance Service (NHIS), which investigated the effect of ADT with
LHRH agonist on both dementia and Parkinson's disease in 7,324
patients with PCa (3,201 LHRH agonist users).'® The largest
population-based cohort study to date with a mean follow-up of
5.5 years examining 1.2 million fee-for-service Medicare benefi-
ciaries with PCa (35% received ADT) also observed no significant
ADT effect on dementia risk. Although unadjusted rates of de-
mentia were higher among ADT users (38.5 and 32.9 per 1,000
person-years in ADT users and nonusers, respectively), patients

Table 2

Observational studies examining the association between androgen deprivation therapy and cognitive function using large electronic registry database.
Year Author Study characteristics Patients’ demographics Type of cognitive Association

Country of  Period (y)  Mean follow- Total no. (%) Age at enrollment dysfunction
origin up (y) Mean + SD (y)
ADT group Control ADT group  Control

2016 Nead"'1 USA 1994-2013 2.7¢ 2,397 (16.7) 11,985 (83.3) 70.9 + 10.8 70.9 + 12.6 Alzheimer's disease Positive
2016 Chung?' Taiwan 2001-2008 5.0 768 (57.5) 567 (42.5) 742 + 8.0 69.5+10.2 Alzheimer's disease Negative
2017 Baik'® USA 2001-2014 5.5 440,129 (35.5) 798,750 (64.5) 76.7 + 6.4 74.6 + 6.6 All dementia Negative
2017 Nead”* USA 1994-2013 34 1,826 (19.7) 7,446 (80.3) 69.9 + 11.0 66.2 + 10.8 All dementia Positive
2017 Khosrow-Khavar'” UK 1988—-2015 43 15,310 (49.5) 15,593 (50.5) 72.8 +8.3 68.7 +9.0 All dementia Negative
2017 Kao* Taiwan 2001-2008 5.0 755 (57.5) 559 (42.5) 742 +79 69.3 + 10.1 All dementia Negative
2019 Tully*® USA 2007—-2014 8.7¢ 325(3.6) 8,792 (96.4) NS NS All dementia Positive
2019 Tae®® South Korea 2008—2015 4.1 12,712 (50.2) 12,620 (49.8) 712 +82 71.1+78 All dementia Positive
2019 Jayadgvappa”" USA 1996—2003 83 59,480 (38.9) 93,238 (61.1) 752 +5.9 752 +64 All dementia Positive
2020 Kang®’ South Korea 2007—2013 5.2 30,953 (22.0) 109,742 (78.0) 67.9 + 8.0 67.2 +8.5 All dementia Positive
2020 Shim'® South Korea 2012—-2016 4.0 3,201 (49.8) 3,228 (50.2) 728 +85 726+73 All dementia Negative

ADT, androgen deprivation therapy; NS, not specified; SD, standard deviation.
¢ Median value.
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with ADT had only a minuscule (1%) risk of dementia (sub-
distribution HR, 1.01; 95% confidence interval, 1.01-1.02). More-
over, the risks of AD and dementia were not associated with the
ADT duration under adjusted analysis."®

4.5. Possible reasons for the discrepancy and limitation of previous
studies using large databases

Various reasons can be suggested for such conflicting results
from the aforementioned studies using large databases examining
the effect of ADT on cognitive function. First, these inconsistent
results are likely due to the inherent limitations of the large data-
base itself. The investigators of the different studies had inevitably
selected subjects using different diagnostic codes as databases used
in these studies were captured primarily to aid reimbursements or
clinical usage rather than research, which therefore resulted in
potentially biased, heterogeneous cohorts. Second, possibilities of
unmeasured or unknown confounders exist (e.g., family history of
dementia, smoking, alcohol, physical activity, and so on), which are
usually not included in these studies using big data.'” The reason
for the discrepancy may not only just be because previous studies
used different cohorts from one another but also because the re-
sults are derived from the analyses using different or omitted
covariables as different results were reported by three studies from
South Korea using cohorts based on the same database, NHIS. Two
Korean studies reported a somewhat elevated risk of dementia or
AD in LHRH agonist users compared with nonusers.°®%” However,
one demonstrated no relevant association.'® Differences in covari-
ables included in the adjustment exist in these studies; socioeco-
nomic status, chronic obstructive pulmonary disease, and a few
other medical histories were exclusively included in the latter
study, demonstrating no elevated risk of dementia in patients un-
dergoing ADT with LHRH agonists.'® Third, the start of follow-up
was different between patients with and without ADT in some
studies.'® The start of follow-up was the time of ADT initiation for
patients with ADT, whereas it was the time of PCa diagnosis for
those without ADT. This difference in the follow-up period may
have introduced immortal time bias.”®® Patients without ADT may
have a longer average follow-up period compared with those with
ADT because some patients with ADT may have started treatment
years after the diagnosis, which can inflate the ratio denominator,
thereby overestimating HR.!” Fourth, complexity of the cognitive
function is another major obstacle to proceeding with accurate
research. Without any external influences, cognitive function can
be affected by differences in baseline interpersonal intelligence and
neuropsychological tests.% Lastly, diversities of study design,
methodologies, agent type, treatment duration, and follow-up
duration can make it difficult to draw consistent conclusions on
this issue.””

5. Conclusion

The progress in the treatment of PCa using LHRH agonists,
which has been proven to improve survival outcomes, however,
comes with the caveat that a larger population of older patients will
face serious adverse effects of contemporary ADT such as cognitive
dysfunction. Accordingly, it is likely that changes in androgen level
somewhat have implications for cognitive function based on the
previous work in animals and humans. However, present studies
using common neuropsychological tests as well as retrospective,
population-based studies based on diagnostic codes and textural
analysis from large data sets showed conflicting results.

Simply concluding whether ADT causes cognitive dysfunction is
difficult because of various complex factors that can affect patients'
cognition. Moreover, the literature review, so far, and the conduct of

a large numbered, population-based research, enabled the specu-
lation that the risk of cognitive dysfunction or dementia does not
increase only by administering LHRH agonists for a few months.
However, the cause and effects of association between ADT and
cognitive dysfunction are still yet to be confirmed by repetitive,
well-designed studies with properly adjusted covariables, a uni-
form assessment tool for cognitive function, and especially, long-
term follow-up. Until then, physicians should be encouraged to
discuss the possibility of cognitive decline—although not
certain—with their patients before ADT, Also, once ADT is initiated,
it is necessary to regularly assess patients’ neurocognitive changes
during follow-up and subsequent neuropsychiatrist referral with
the emergence of cognitive dysfunction.

Conflicts of interest

Nothing to declare.

Acknowledgments

None.

References

1. McHugh D], Root JC, Nelson CJ, Morris M]. Androgen-deprivation therapy, de-
mentia, and cognitive dysfunction in men with prostate cancer: how much
smoke and how much fire? Cancer 2018;124:1326—34.

2. Liu Y, Uemura H, Ye D, Lee JY, Chiong E, Pu YS, et al. Prostate cancer in Asia:
design of a patient registry to inform real-world treatments, outcomes, and
quality of life. Prostate Int 2019;7:108—13.

3. Jones CU, Hunt D, McGowan DG, Amin MB, Chetner MP, Bruner DW, et al.
Radiotherapy and short-term androgen deprivation for localized prostate
cancer. N Engl ] Med 2011;365:107—18.

4. Bolla M, Collette L, Blank L, Warde P, Dubois JB, Mirimanoff RO, et al. Long-term
results with immediate androgen suppression and external irradiation in pa-
tients with locally advanced prostate cancer (an EORTC study): a phase III
randomised trial. Lancet 2002;360:103—6.

5. Kuykendal AR, Hendrix LH, Salloum RG, Godley PA, Chen RC. Guideline-
discordant androgen deprivation therapy in localized prostate cancer: patterns
of use in the medicare population and cost implications. Ann Oncol 2013;24:
1338-43.

6. Carrie C, Hasbini A, de Laroche G, Richaud P, Guerif S, Latorzeff I, et al. Salvage
radiotherapy with or without short-term hormone therapy for rising prostate-
specific antigen concentration after radical prostatectomy (GETUG-AFU 16): a
randomised, multicentre, open-label phase 3 trial. Lancet Oncol 2016;17:
747-56.

7. Shahinian VB, Kuo YF, Freeman JL, Orihuela E, Goodwin JS. Increasing use of
gonadotropin-releasing hormone agonists for the treatment of localized
prostate carcinoma. Cancer 2005;103:1615—24.

8. Nelson (], Lee ]S, Gamboa MC, Roth A]. Cognitive effects of hormone therapy in
men with prostate cancer: a review. Cancer 2008;113:1097—-106.

9. Keating NL, O'Malley AJ, Smith MR. Diabetes and cardiovascular disease during
androgen deprivation therapy for prostate cancer. ] Clin Oncol 2006;24:
4448—-56.

10. Cherrier MM, Rose AL, Higano C. The effects of combined androgen blockade on
cognitive function during the first cycle of intermittent androgen suppression
in patients with prostate cancer. ] Urol 2003;170:1808—11.

11. Salminen EK, Portin RI, Koskinen A, Helenius H, Nurmi M. Associations be-
tween serum testosterone fall and cognitive function in prostate cancer pa-
tients. Clin Canc Res 2004;10:7575—82.

12. Joly F, Alibhai SM, Galica J, Park A, Yi QL, Wagner L, et al. Impact of androgen
deprivation therapy on physical and cognitive function, as well as quality of life
of patients with nonmetastatic prostate cancer. ] Urol 2006;176:2443—7.

13. Alibhai SM, Breunis H, Timilshina N, Marzouk S, Stewart D, Tannock I, et al.
Impact of androgen-deprivation therapy on cognitive function in men with
nonmetastatic prostate cancer. ] Clin Oncol 2010;28:5030—7.

14. Nead KT, Gaskin G, Chester C, Swisher-McClure S, Dudley ]JT, Leeper NJ, et al.
Androgen deprivation therapy and future Alzheimer's disease risk. ] Clin Oncol
2016;34:566—71.

15. Baik SH, Kury FSP, McDonald C]. Risk of Alzheimer's disease among senior
medicare beneficiaries treated with androgen deprivation therapy for prostate
cancer. J Clin Oncol 2017;35:3401-9.

16. Jayadevappa R, Chhatre S, Malkowicz SB, Parikh RB, Guzzo T, Wein AJ. Asso-
ciation between androgen deprivation therapy use and diagnosis of dementia
in men with prostate cancer. JAMA Netw Open 2019;2e196562.


http://refhub.elsevier.com/S2287-8882(21)00019-2/sref1
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref1
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref1
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref1
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref2
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref2
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref2
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref2
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref3
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref3
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref3
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref3
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref4
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref4
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref4
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref4
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref4
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref5
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref5
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref5
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref5
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref5
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref6
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref6
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref6
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref6
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref6
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref6
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref7
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref7
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref7
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref7
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref8
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref8
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref8
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref9
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref9
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref9
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref9
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref10
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref10
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref10
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref10
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref11
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref11
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref11
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref11
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref12
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref12
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref12
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref12
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref13
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref13
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref13
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref13
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref14
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref14
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref14
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref14
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref15
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref15
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref15
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref15
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref16
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref16
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref16

74

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Prostate International 10 (2022) 68—74

Khosrow-Khavar F, Rej S, Yin H, Aprikian A, Azoulay L. Androgen deprivation
therapy and the risk of dementia in patients with prostate cancer. ] Clin Oncol
2017;35:201-7.

Shim M, Bang W], Oh CY, Lee YS, Jeon SS, Ahn H, et al. Risk of dementia and
Parkinson's disease in patients treated with androgen deprivation therapy
using gonadotropin-releasing hormone agonist for prostate cancer: a nation-
wide population-based cohort study. PloS One 2020;15e0244660.

Lehrer S, Rheinstein PH, Rosenzweig KE. No relationship of anti-androgens to
Alzheimer's disease or cognitive disorder in the MedWatch database.
J Alzheimers Dis Rep 2018;2:123—7.

Tully KH, Nguyen DD, Herzog P, Jin G, Noldus ], Nguyen PL, et al. Risk of de-
mentia and depression in young and middle-aged men presenting with non-
metastatic prostate cancer treated with androgen deprivation therapy. Eur
Urol Oncol 2019 Oct 14;52588—9311(19):30129—34. https://doi.org/10.1016/
j-eu0.2019.08.003.

Chung SD, Lin HC, Tsai MC, Kao LT, Huang CY, Chen KC. Androgen deprivation
therapy did not increase the risk of Alzheimer's and Parkinson's disease in
patients with prostate cancer. Andrology 2016;4:481—5.

Kao LT, Lin HC, Chung SD, Huang CY. No increased risk of dementia in patients
receiving androgen deprivation therapy for prostate cancer: a 5-year follow-up
study. Asian J Androl 2017;19:414—7.

Nead KT, Gaskin G, Chester C, Swisher-McClure S, Leeper NJ, Shah NH. Asso-
ciation between androgen deprivation therapy and risk of dementia. JAMA
Oncol 2017;3:49-55.

Kim YJ, Han JW, So YS, Seo JY, Kim KY, Kim KW. Prevalence and trends of
dementia in Korea: a systematic review and meta-analysis. ] Kor Med Sci
2014;29:903—12.

Launer LJ. Demonstrating the case that AD is a vascular disease: epidemiologic
evidence. Ageing Res Rev 2002;1:61—-77.

Fillit H, Nash DT, Rundek T, Zuckerman A. Cardiovascular risk factors and de-
mentia. Am ] Geriatr Pharmacother 2008;6:100—18.

Launer LJ, Masaki K, Petrovitch H, Foley D, Havlik R]. The association between
midlife blood pressure levels and late-life cognitive function: the Honolulu-
Asia Aging Study. ] Am Med Assoc 1995;274:1846—51.

Ott A, Stolk RP, van Harskamp F, Pols HA, Hofman A, Breteler MM. Diabetes
mellitus and the risk of dementia: the Rotterdam Study. Neurology 1999;53:
1937-42.

Yaffe K, Blackwell T, Kanaya AM, Davidowitz N, Barrett-Connor E, Krueger K.
Diabetes, impaired fasting glucose, and development of cognitive impairment
in older women. Neurology 2004;63:658—63.

Luchsinger JA. Adiposity, hyperinsulinemia, diabetes and Alzheimer's disease:
an epidemiological perspective. Eur ] Pharmacol 2008;585:119—-29.
Middleton LE, Yaffe K. Promising strategies for the prevention of dementia.
Arch Neurol 2009;66:1210—-5.

Kaufman JM, Vermeulen A. The decline of androgen levels in elderly men and
its clinical and therapeutic implications. Endocr Rev 2005;26:833—76.

Manni A, Cefalu W, Nisula BC, Bardin CW, Santner SJ, Santen R]. Bioavailability
of albumin-bound testosterone. ] Clin Endocrinol Metab 1985;61:705—10.
Pardridge WM. Serum bioavailability of sex steroid hormones. Clin Endocrinol
Metabol 1986;15:259—78.

Rosario ER, Chang L, Beckett TL, Carroll JC, Murphy MP, Stanczyk FZ, et al. Age-
related changes in serum and brain levels of androgens in male Brown Norway
rats. Neuroreport 2009;20:1534—7.

Rosario ER, Chang L, Head EH, Stanczyk FZ, Pike CJ. Brain levels of sex steroid
hormones in men and women during normal aging and in Alzheimer's disease.
Neurobiol Aging 2011;32:604—13.

Huppenbauer CB, Tanzer L, DonCarlos LL, Jones KJ. Gonadal steroid attenuation of
developing hamster facial motoneuron loss by axotomy: equal efficacy of testos-
terone, dihydrotestosterone, and 17-beta estradiol. ] Neurosci 2005;25:4004—13.
Rosario ER, Carroll J, Pike CJ. Testosterone regulation of Alzheimer-like
neuropathology in male 3xTg-AD mice involves both estrogen and androgen
pathways. Brain Res 2010;1359:281—90.

Leranth C, Petnehazy O, MacLusky NJ. Gonadal hormones affect spine synaptic
density in the CA1 hippocampal subfield of male rats. ] Neurosci 2003;23:
1588-92.

Azad N, Pitale S, Barnes WE, Friedman N. Testosterone treatment enhances
regional brain perfusion in hypogonadal men. ] Clin Endocrinol Metab
2003;88:3064—8.

Cherrier MM, Cross DJ, Higano CS, Minoshima S. Changes in cerebral metabolic
activity in men undergoing androgen deprivation therapy for non-metastatic
prostate cancer. Prostate Cancer Prostatic Dis 2018;21:394—402.

Chao HH, Hu S, Ide JS, Uchio E, Zhang S, Rose M, et al. Effects of androgen
deprivation on cerebral morphometry in prostate cancer patients-an explor-
atory study. PloS One 2013;8e72032.

Akinola OB, Gabriel MO. Neuroanatomical and molecular correlates of cogni-
tive and behavioural outcomes in hypogonadal males. Metab Brain Dis
2018;33:491-505.

Buskbjerg CR, Gravholt CH, Dalby HR, Amidi A, Zachariae R. Testosterone
supplementation and cognitive functioning in men-a systematic review and
meta-analysis. ] Endocr Soc 2019;3:1465—84.

Maki PM, Sundermann E. Hormone therapy and cognitive function. Hum
Reprod Update 2009;15:667—81.

Foland-Ross LC, Ross JL, Reiss AL. Androgen treatment effects on hippocampus
structure in boys with Klinefelter syndrome. Psychoneuroendocrinology
2019;100:223-8.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Harman SM, Metter EJ, Tobin JD, Pearson ], Blackman MR. Longitudinal effects
of aging on serum total and free testosterone levels in healthy men. Baltimore
Longitudinal Study of Aging. J Clin Endocrinol Metab 2001;86:724—31.
Sherwin BB. Steroid hormones and cognitive functioning in aging men: a mini-
review. ] Mol Neurosci 2003;20:385—93.

Hsu B, Cumming RG, Waite LM, Blyth FM, Naganathan V, Le Couteur DG, et al.
Longitudinal relationships between reproductive hormones and cognitive
decline in older men: the Concord Health and Ageing in Men Project. ] Clin
Endocrinol Metab 2015;100:2223—-30.

Yaffe K, Lui LY, Zmuda J, Cauley J. Sex hormones and cognitive function in older
men. ] Am Geriatr Soc 2002;50:707—12.

Wolf OT, Preut R, Hellhammer DH, Kudielka BM, Schiirmeyer TH,
Kirschbaum C. Testosterone and cognition in elderly men: a single testosterone
injection blocks the practice effect in verbal fluency, but has no effect on spatial
or verbal memory. Biol Psychiatr 2000;47:650—4.

Cherrier MM, Matsumoto AM, Amory JK, Ahmed S, Bremner W, Peskind ER,
et al. The role of aromatization in testosterone supplementation: effects on
cognition in older men. Neurology 2005;64:290—6.

Cherrier MM, Matsumoto AM, Amory JK, Johnson M, Craft S, Peskind ER, et al.
Characterization of verbal and spatial memory changes from moderate to
supraphysiological increases in serum testosterone in healthy older men.
Psychoneuroendocrinology 2007;32:72—9.

Fonda S, Bertrand R, O'Donnell A, Longcope C, McKinlay JB. Age, hormones,
and cognitive functioning among middle-aged and elderly men: cross-
sectional evidence from the Massachusetts Male Aging Study. ] Gerontol A
Biol Sci Med Sci 2005;60:385—90.

LeBlanc ES, Wang PY, Janowsky ]S, Neiss MB, Fink HA, Yaffe K, et al. Osteo-
porotic Fractures in Men (MrOS) Research Group. Association between sex
steroids and cognition in elderly men. Clin Endocrinol 2010;72:393—403.
Yonker JE, Eriksson E, Nilsson LG, Herlitz A. Negative association of testos-
terone on spatial visualization in 35 to 80 year old men. Cortex 2006;42:
376—-86.

Geerlings MI, Strozyk D, Masaki K, Remaley AT, Petrovitch H, Ross GW, et al.
Endogenous sex hormones, cognitive decline, and future dementia in old men.
Ann Neurol 2006;60:346—55.

Izard JP, Siemens DR. Androgen deprivation therapy and mental health: impact
on depression and cognition. Eur Urol Focus 2020;6:1162—4.

Green HJ, Pakenham KI, Headley BC, Yaxley ], Nicol DL, Mactaggart PN, et al.
Altered cognitive function in men treated for prostate cancer with luteinizing
hormone-releasing hormone analogues and cyproterone acetate: a random-
ized controlled trial. BJU Int 2002;90:427—32.

Almeida OP, Waterreus A, Spry N, Flicker L, Martins RN. One year follow-up
study of the association between chemical castration, sex hormones, beta-
amyloid, memory and depression in men. Psychoneuroendocrinology
2004;29:1071-81.

Alibhai SM, Mahmoud S, Hussain F, Naglie G, Tannock I, Tomlinson G, et al.
Levels of sex hormones have limited effect on cognition in older men with or
without prostate cancer. Crit Rev Oncol Hematol 2010;73:167—75.

Salminen EK, Portin RI, Koskinen Al, Helenius HY, Nurmi M]. Estradiol and
cognition during androgen deprivation in men with prostate carcinoma. Can-
cer 2005;103:1381-7.

Beer TM, Bland LB, Bussiere JR, Neiss MB, Wersinger EM, Garzotto M, et al.
Testosterone loss and estradiol administration modify memory in men. ] Urol
2006;175:130—5.

Jenkins VA, Bloomfield DJ, Shilling VM, Edginton TL. Does neoadjuvant hor-
mone therapy for early prostate cancer affect cognition? Results from a pilot
study. BJU Int 2005;96:48—53.

Gunlusoy B, Ceylan Y, Koskderelioglu A, Gedizlioglu M, Degirmenci T, Ortan P,
et al. Cognitive effects of androgen deprivation therapy in men with advanced
prostate cancer. Urology 2017;103:167—72.

Tae BS, Jeon B, Shin SH, Choi H, Bae JH, Park JY. Correlation of androgen
deprivation therapy with cognitive dysfunction in patients with prostate
cancer: a nationwide population-based study using the national health in-
surance service database. Cancer Res Treat 2019;51:593—602.

Kang ], Shin DW, Han K, Park SH, Lee WG, Yoo JE, et al. Risk of dementia in
prostate cancer survivors: a nationwide cohort study in Korea. Curr Probl Canc
2020;44:100578.

Suissa S. Immortal time bias in pharmaco-epidemiology. Am ] Epidemiol
2008;167:492-9.

Kluger ], Roy A, Chao HH. Androgen deprivation therapy and cognitive function
in prostate cancer. Curr Oncol Rep 2020;22:24.

Lee HH, Park S, Joung JY, Kim SH. How does androgen deprivation therapy
affect mental health including cognitive dysfunction in patients with prostate
cancer? World ] Mens Health 2020;38. https://doi.org/10.5534/wjmh.200092.
Gonzalez BD, Jim HS, Booth-Jones M, Small B], Sutton SK, Lin HY, et al. Course
and predictors of cognitive function in patients with prostate cancer receiving
androgen deprivation therapy: A controlled comparison. J Clin Oncol 2015;33:
2021-7.

Yang ], Zhong F, Qiu J, Chen H, Wang K. Dissociation of event-based prospective
memory and time-based prospective memory in patients with prostate cancer
receiving androgen-deprivation therapy: a neuropsychological study. Eur ]
Canc Care 2015;24:198-204.

Alibhai SM, Timilshina N, Duff-Canning S, Breunis H, Tan—-nock IF, Naglie G,
et al. Effects of long-term androgen deprivation therapy on cognitive function
over 36 months in men with prostate cancer. Cancer 2017;123:237—44.


http://refhub.elsevier.com/S2287-8882(21)00019-2/sref17
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref17
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref17
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref17
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref18
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref18
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref18
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref18
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref19
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref19
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref19
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref19
https://doi.org/10.1016/j.euo.2019.08.003
https://doi.org/10.1016/j.euo.2019.08.003
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref21
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref21
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref21
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref21
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref22
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref22
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref22
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref22
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref23
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref23
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref23
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref23
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref24
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref24
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref24
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref24
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref25
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref25
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref25
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref26
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref26
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref26
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref27
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref27
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref27
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref27
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref28
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref28
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref28
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref28
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref29
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref29
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref29
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref29
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref30
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref30
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref30
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref31
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref31
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref31
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref32
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref32
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref32
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref33
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref33
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref33
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref34
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref34
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref34
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref35
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref35
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref35
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref35
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref36
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref36
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref36
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref36
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref37
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref37
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref37
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref37
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref38
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref38
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref38
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref38
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref39
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref39
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref39
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref39
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref40
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref40
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref40
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref40
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref41
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref41
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref41
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref41
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref42
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref42
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref42
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref43
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref43
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref43
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref43
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref44
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref44
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref44
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref44
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref45
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref45
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref45
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref46
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref46
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref46
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref46
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref47
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref47
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref47
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref47
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref48
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref48
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref48
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref49
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref49
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref49
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref49
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref49
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref50
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref50
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref50
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref51
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref51
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref51
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref51
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref51
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref52
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref52
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref52
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref52
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref53
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref53
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref53
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref53
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref53
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref54
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref54
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref54
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref54
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref54
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref55
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref55
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref55
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref55
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref56
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref56
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref56
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref56
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref57
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref57
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref57
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref57
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref58
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref58
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref58
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref59
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref59
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref59
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref59
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref59
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref60
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref60
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref60
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref60
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref60
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref61
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref61
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref61
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref61
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref62
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref62
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref62
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref62
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref63
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref63
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref63
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref63
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref64
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref64
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref64
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref64
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref65
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref65
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref65
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref65
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref66
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref66
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref66
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref66
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref66
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref67
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref67
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref67
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref68
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref68
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref68
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref69
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref69
https://doi.org/10.5534/wjmh.200092
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref71
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref71
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref71
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref71
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref71
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref72
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref72
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref72
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref72
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref72
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref73
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref73
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref73
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref73
http://refhub.elsevier.com/S2287-8882(21)00019-2/sref73

	Androgen deprivation therapy and risk of cognitive dysfunction in men with prostate cancer: is there a possible link?
	1. Introduction
	2. Possible mechanisms of testosterone on cognition
	2.1. ADT, cardiovascular diseases, and its association with dementia
	2.2. Age-related changes in androgen levels in the brain tissue
	2.3. The role of testosterone in the brain

	3. Serum testosterone levels and cognitive function
	3.1. Positive association between testosterone levels and cognitive function
	3.2. Controversial results on the association between androgen and cognitive function

	4. Dementia and ADT in men with prostate cancer
	4.1. The impact of serum testosterone reduction on the cognitive function in patients undergoing ADT.
	4.2. The role of estrogen
	4.3. ADT increases the risk of cognitive dysfunction or dementia
	4.4. No increased risk of impaired cognition or dementia in patients receiving ADT
	4.5. Possible reasons for the discrepancy and limitation of previous studies using large databases

	5. Conclusion
	Conflicts of interest
	Acknowledgments
	References


