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Purpose: We aimed to investigate the association between androgen deprivation therapy (ADT) and the risk of dementia ac-
cording to subtypes of dementia in men with prostate cancer.

Materials and Methods: We performed a nationwide population-based cohort study using the nationwide claims database in
Korea. A total of 195,308 men with newly diagnosed prostate cancer were identified between January 2008 and December
2017, and 132,700 men were selected for analysis after applying inclusion and exclusion criteria. The patients were divided
into ADT and non-ADT groups. To adjust for imbalances in relevant comorbidities between the groups, exact matching was
performed. Study events included newly developed Alzheimer’s disease, vascular dementia, and overall dementia. Cox pro-
portional hazard regression models were used.

Results: After exact matching, 44,854 men with prostate cancer were selected for the main analysis. In age-adjusted Cox
regression analysis, the ADT group was significantly associated with increased risks for overall dementia (hazard ratio [HR],
1.070; 95% confidence interval [Cl], 1.009-1.134; p=0.0232) and Alzheimer’s disease (HR, 1.086; 95% ClI, 1.018-1.160;
p=0.0127), compared to the non-ADT group. No difference in vascular dementia risk was observed between the two groups
(HR, 0.990; 95% Cl, 0.870-1.126; p=0.8792).

Conclusions: The risk of overall dementia increased in men who received ADT. According to dementia subtypes, ADT was
associated with an increased risk of Alzheimer’s disease, but not with vascular dementia.
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INTRODUCTION

Androgen deprivation therapy (ADT) is commonly
used to treat advanced and metastatic prostate cancer
(PC). Almost half of all PC patients eventually receive
ADT during the course of their treatment [1]. Although
ADT can delay PC progression and improve survival,
this therapy has been shown to be associated with
several adverse events, including sexual dysfunction,
osteoporosis, cardiovascular disease, diabetes mellitus, a
decrease in muscle mass with an increase in fat mass,
and cognitive dysfunction [2].

Cognitive dysfunction induced by ADT is based on
the known association between age-related decline in
testosterone levels and cognitive decline [3]. Testoster-
one levels are known to be positively associated with
global cognition, memory, executive functions, and
spatial performance [4]. Moreover, researchers have
speculated that testosterone protects the brain against
Alzheimer’s disease by inhibiting the hyperphosphory-
lation of tau proteins and regulating the accumulation
of B-amyloid, which results in the formation of neuro-
toxic plaques [5]. According to a recent meta-analysis,
those who received ADT for PC exhibited an increased
risk of developing dementia and Alzheimer’s disease,
compared with those who did not [6]. Indeed, the In-
ternational Society of Geriatric Oncology recommends
that clinicians should discuss the risk of cognitive
dysfunction in older PC patients who are considered
for ADT [7]. However, the association between ADT
and the occurrence of dementia remains controversial,
as some papulation-based observational studies have
reported that there is no difference in the risk of de-
mentia or Alzheimer’s disease following ADT in PC
compared with controls [89].

Dementia can be divided into different subtypes
(e.g., Alzheimer’s disease, vascular dementia, and other
types of dementia) [10], and the effect of ADT on cogni-
tive dysfunction might vary according to the type of
dementia. However, only a few studies have examined
the association between ADT use and the occurrence of
non-Alzheimer’s dementia [8,11]. Therefore, we aimed to
evaluate the association between ADT use and the risk
of dementia after receiving ADT according to subtypes
of dementia, including Alzheimer’s disease and vascu-
lar dementia, using a nationwide claims database in
Korea.
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MATERIALS AND METHODS

1. Data source

We used data from the national health claims data-
base of the Health Insurance Review and Assessment
Service (HIRA) of Korea. The National Health Insur-
ance 1s a universal health coverage system that covers
over 95% of all Korean residents. The HIRA collects
claims data when healthcare service providers submit
a claim to HIRA for reimbursement of a service that
they provide to patients. The HIRA claims data include
information on 46 million patients, approximately 95%
of the entire population in Korea, each year [12]. The
database consists of diagnoses, procedures, prescription
records, and demographic information. We identified
the diagnoses using the International Classification of
Disease, 10th Revision (ICD-10) codes and billing codes
for prescribed medications. These codes are listed in
Supplement Tables 1 and 2.

2. Study population

A total of 218,203 men with PC were identified in the
claims data between January 1, 2008 and December 31,
2017 from the HIRA database. To prevent the inclusion
of patients receiving ongoing treatment or those previ-
ously diagnosed, we set a wash-out period. Therefore,
patients diagnosed with PC before 2008 (n=22,895) were
excluded. A total of 195,308 men were newly diagnosed
with PC from January 1, 2008 to December 31, 2017.
Patients who underwent orchiectomy (n=1,112) were
excluded due to the extremely small portion of surgi-
cal ADT patients in Korea, and the effect of medical
ADT on dementia was the focus of the present study.
Patients with a previous history of dementia (n=9,109)
were excluded. Those with a history of chemotherapy
and psychotic disease before the index date or those in
whom dementia occurred within 6 months from the
index date were also excluded (n=52,387). A total of
132,700 men were included in the final analysis (Fig.
1). The ADT group was defined as patients who used
at least one dose of gonadotropin-releasing hormone
(GnRH) agonist or antagonist after PC diagnosis. We
divided the study cohort into ADT (n=29,727) and non-
ADT (n=102,973) groups.

3. Definition of index date, outcomes, and
covariates
The index date was defined as the date of first ADT
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Fig. 1. Flow diagram of the study cohort.
ADT: androgen deprivation therapy.

use in the ADT group and the date of PC diagnosis in
the non-ADT group, and thus, the definition of index
date differed between the two groups. Accordingly, as
the median time from PC diagnosis to ADT in the ADT
group was 24 days, we adjusted the index date of the
non-ADT group by adding 24 days to the time of PC di-
agnosis [13]. After adjusting the index date of the non-
ADT group, statistical analyses were performed. The
end of follow-up was defined as the date of an event or
the last valid medical record. The study outcomes were
overall dementia, Alzheimer’s disease, and vascular
dementia. Matching covariates included age; a history
of arterial fibrillation, cardiovascular disease, chronic
obstructive pulmonary disease, diabetes mellitus, dys-
lipidemia, hypertension, peripheral vascular disease,
and stroke; and the use of anticholinergics, antidepres-
sants, antithrombotics, and benzodiazepine. These co-
variates were reported as risk factors for dementia in
the literature. Antiandrogen use was not included as a
covariate in the main analysis to avoid multicollinear-
ity problems between ADT and antiandrogen use.

4. Statistical analysis

Exact matching was performed to correct for imbal-
ances in comorbidities between the groups. To decrease
the risk of confounding variables [14], the patients
were matched using the following criteria: 1) age (0
years); 2) comorbidities (exact match: presence and
absence); and 3) medications (exact match: use and no
use). The gmatch macro of SAS® (http://people.duke.
edu/~hammill/software/gmatch.sas) was used for the
analysis. Statistical analyses were performed in both
unmatched and matched cohorts. Pearson’s chi-square
test, Fisher’s exact test, and independent two-sample
t-test were used to investigate differences in character-
istics between the ADT and non-ADT groups. Kaplan—
Meier curves were generated to examine the cumula-
tive incidence of outcomes based on ADT use and the
duration of ADT. The log-rank test was conducted to
evaluate differences among the groups. Hazard ratios
(HRs) with 95% confidence intervals (Cls) were calcu-
lated using unadjusted and age-adjusted Cox propor-
tional hazards regression models to calculate the effect
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of ADT on the incidence of dementia. In addition, we
analyzed whether the cumulative dose of ADT was
related to the occurrence of dementia. The duration of
ADT was defined as the sum of the action periods of
each ADT preparation. The duration of ADT was di-
vided into <1 year, 1-2 years, 2—3 years, and >3 years.
Time-varying Cox regression analyses were performed
for each of the matched datasets as sensitivity analy-
ses. A p-value of <0.05 was considered significant for
all analyses. All analyses in this study were conducted
using SAS ver. 94 (SAS System for Windows; SAS In-
stitute Inc, Cary, NC, USA) or R ver. 36.3 (R Founda-
tion for Statistical Computing, Vienna, Austria).

5. Study ethics
This study was approved by the Institutional Review

Board of Gangnam Severance Hospital (No. 3-2018-
0308) and was performed in accordance with the
principles of the Declaration of Helsinki. The patient-
identifying information was not accessible from the
HIRA database.

Table 1. Demographic characteristics of the study cohort
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RESULTS

After exact matching, each of the study groups (ADT
and non-ADT) comprised 22,427 patients. The mean age
of the patients in each group was 71.16+£7.38 years. The
follow-up durations were 3.58+2.14 years in the ADT
group and 3.68+2.26 years in the non-ADT group (Table
1).

In age-adjusted Cox regression analysis, age was as-
sociated with an increased risk of overall dementia
(HR, 1.122; 95% CI, 1.117-1.127; p<0.0001), Alzheimer’s
disease (HR, 1.130; 95% CI, 1.124—1.136; p<0.0001), and
vascular dementia (HR, 1.089; 95% CI, 1.079-1.100;
p<0.0001) (Table 2-4). Notably, ADT was also found to
be significantly associated with increased risks of over-
all dementia (HR, 1.070; 95% CI, 1.009-1.134; p=0.0232)
and Alzheimer’s disease (HR, 1.086; 95% CI, 1.018-1.160;
p=0.0127), compared with no ADT. However, no differ-
ence was observed in vascular dementia between the
ADT and non-ADT groups (HR, 0.990; 95% CI, 0.870—
1.126; p=0.8792) (Table 2-4). The risk of overall dementia
and Alzheimer’s disease was affected by the duration

Before matching

After exact matching

Variable ADT (n=29,727) Non-ADT (n=102,973) p-value ADT (n=22,427) Non-ADT (n=22,427) p-value

Age (y) 72.72+7.87 64.11+10.16 <0.0001 71.16x7.38 71.16x7.38 >0.9999
Follow-up (y) 3.24+2.07 3.50+2.28 <0.0001 3.58+2.14 3.68+2.26 <0.0001
ADT (y)

No 102,973 (100) 22,427 (100)

<1 8,118 (27.31) 6,125 (27.31)

1-2 7,765 (26.12) 5,608 (25.01)

2-3 5,265 (17.71) 3,955 (17.63)

>3 8,579 (28.86) 6,739 (30.05)
Atrial fibrillation 875 (2.94) 1,822 (1.77) <0.0001 172(0.77) 172(0.77) >0.9999
Cardiovascular disease 7,517 (25.29) 21,626 (21.00) <0.0001 4,633 (20.66) 4,633 (20.66) >0.9999
COPD 4,388 (14.76) 9,906 (9.62) <0.0001 2,335(10.41) 2,335(10.41) >0.9999
Diabetes mellitus 10,726 (36.08) 32,201 (31.27) <0.0001 7,566 (33.74) 7,566 (33.74) >0.9999
Dyslipidemia 11,679 (39.29) 40,961 (39.78) <0.0001 8,314 (37.07) 8,314 (37.07) >0.9999
Hypertension 12,156 (40.89) 32,509 (31.57) <0.0001 8,224 (36.67) 8,224 (36.67) >0.9999
Peripheral artery disease 2,387 (8.03) 6,894 (6.69) <0.0001 985 (4.39) 985 (4.39) >0.9999
Stroke 3,807 (12.81) 8,941 (8.68) <0.0001 1,838 (8.20) 1,838 (8.20) >0.9999
Anti-cholinergic 16,616 (55.90) 47,368 (46.00) <0.0001 12,692 (56.59) 12,692 (56.59) >0.9999
Anti-depressant 14,365 (48.32) 46,806 (45.45) <0.0001 11,050 (49.27) 11,050 (49.27) >0.9999
Anti-thrombotic 19,247 (64.75) 58,269 (56.59) <0.0001 13,861 (61.80) 13,861 (61.80) >0.9999
Benzodiazepine 24,008 (80.76) 82,178 (79.81) 0.0003 18,647 (83.15) 18,647 (83.15) >0.9999

Values are presented as meantstandard deviation or number (%).

ADT: androgen deprivation therapy, COPD: chronic obstructive pulmonary disease.
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Table 2. Age-adjusted Cox regression analysis of the risk of overall dementia in the matched study cohort

- Unadjusted analysis Age adjusted analysis
Variable HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Age 1.122 (1.117-1.127) <0.0001 1.122 (1.117-1.127) <0.0001 1.122(1.117-1.128) <0.0001
ADT use
No Ref. Ref.
Yes 1.083 (1.022-1.148) 0.0007 1.070 (1.009-1.134) 0.0232
Duration of ADT (y)
No Ref. Ref.
<1 0.962 (0.868-1.067) 0.4652 1.123 (1.013-1.246) 0.0279
1-2 1.354 (1.223-1.498) <0.0001 1.324 (1.197-1.466) <0.0001
2-3 1.083 (0.970-1.209) 0.1544 1.085(0.972-1.211) 0.1473
>3 1.046 (0.971-1.127) 0.2332 0.963 (0.894-1.038) 0.3255
ADT: androgen deprivation therapy, HR: hazard ratio, ClI: confidence interval.
Table 3. Age-adjusted Cox regression analysis of the risk of Alzheimer’s disease in the matched study cohort
Unadjusted analysis Age adjusted analysis
Variable
HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Age 1.130(1.124-1.136) <0.0001 1.130(1.124-1.136) <0.0001 1.130(1.124-1.136) <0.0001
ADT use
No Ref. Ref.
Yes 1.098 (1.028-1.172) 0.0051 1.086 (1.018-1.160) 0.0127
Duration of ADT (y)
No Ref. Ref.
<1 0.930 (0.826-1.047) 0.2289 1.102 (0.979-1.241) 0.1072
1-2 1.369 (1.220-1.535) <0.0001 1.343 (1.198-1.507) <0.0001
2-3 1.159(1.026-1.308) 0.0175 1.166 (1.033-1.317) 0.0133
>3 1.063 (0.979-1.155) 0.1453 0.978 (0.900-1.062) 0.5890
ADT: androgen deprivation therapy, HR: hazard ratio, Cl: confidence interval.
Table 4. Age-adjusted Cox regression analysis of the risk of vascular dementia in the matched study cohort
Unadjusted analysis Age adjusted analysis
Variable
HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Age 1.089(1.079-1.100)  <0.0001 1.089(1.079-1.100)  <0.0001 1.090 (1.079-1.101)  <0.0001
ADT use
No Ref. Ref.
Yes 1.000 (0.879-1.138) >0.9999 0.990 (0.870-1.126) 0.8792
Duration of ADT (y)
No Ref. Ref.
<1 0.974(0.777-1.219) 0.8152 1.100 (0.878-1.379) 0.4065
1-2 1.216 (0.964-1.533) 0.0983 1.190 (0.944-1.500) 0.1416
2-3 0.891 (0.686-1.157) 0.3875 0.888 (0.684-1.154) 0.3740
>3 0.977 (0.829-1.152) 0.7848 0.918 (0.778-1.082) 0.3080

ADT: androgen deprivation therapy, HR: hazard ratio, Cl: confidence interval.
of ADT (Table 2, 3); however, the risks were not in- 4). In the sensitivity analyses of each of the matched

creased linearly. On the other hand, the duration of datasets, time-varying Cox regression analyses con-
ADT did not affect the risk of vascular dementia (Table firmed the statistical findings reported above (data not

www.wjmh.org 485
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shown).

In the ADT group (n=29,727), antiandrogen was pre-
scribed in most patients (n=27,121, 91.2%). The ADT
group was divided into antiandrogen users and non-
users. After a 1:1 propensity score matching based on
age and duration of ADT, the antiandrogen user and
non-user groups comprised 2,606 patients each (Supple-
ment Table 3). In the matched cohort, age-adjusted Cox
regression analysis revealed no significant difference
in the risks for overall dementia, Alzheimer’s disease,
and vascular dementia between the antiandrogen us-
ers and non-users (Supplement Table 4).

DISCUSSION

In this study, we observed an association between
ADT and the subsequent risk of overall dementia in
this large population-based cohort study. Moreover, we
noted that the effect of ADT on the risk of dementia
differed according to the subtype of dementia: ADT
increased the risk of incident Alzheimer’s disease, but
not the risk of vascular dementia (Fig. 2).

A randomized clinical trial by Green et al [15] first
reported that pharmacological androgen suppression
may decrease cognitive function, including memory,
attention, and executive function. However, a previous
prospective study found no association between andro-
gen suppression and cognitive function [16]. Since then,
several large observational studies published over the
last decade have shown conflicting results. Some stud-
ies have found an association between ADT use and
an increased risk of overall dementia or Alzheimer’s
disease [17,18]. On the contrary, others have reported
that ADT was not associated with the risk of overall
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dementia or Alzheimer’s disease [8,9]. Despite these
controversies, a recent meta-analysis demonstrated
that the risks of overall dementia and Alzheimer’s
disease are increased in ADT users [6]. However, most
researchers have set study endpoints of either overall
dementia with Alzheimer’s disease or Alzheimer’s dis-
ease only. Therefore, it remains unclear whether the
risk of overall dementia increases due to an increased
risk of Alzheimer’s disease or due to an increased risk
of non-Alzheimer’s dementia. In the present study, we
investigated the association between ADT and demen-
tia by classifying individuals into overall dementia, Al-
zheimer’s disease, and vascular dementia, considering
vascular dementia representative of non-Alzheimer’s
dementia. Our results showed that ADT is associated
with subsequent Alzheimer’s disease, but not with vas-
cular dementia, suggesting that the increased risk of
overall dementia following ADT is due to an increased
risk of Alzheimer’s disease.

Several possible biological explanations may ac-
count for the increased risk of Alzheimer’s disease
after ADT. The first explanation is the relationship
between testosterone levels and dementia. Carcaillon
et al [19] performed a population-based study to inves-
tigate low testosterone levels and risk of dementia in
older men, and their results showed that low levels of
testosterone were associated with Alzheimer’s disease.
Testosterone is an endogenous neuroprotective factor
that can affect an individual’s susceptibility to Al-
zheimer’s disease through increased neuronal resilience
against Alzheimer’s disease-related insults and reduced
B-amyloid accumulation [5]. Indeed, plasma levels of
B-amyloid have been found to be higher in men who
received ADT as treatment for PC [20]. In addition, a
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Fig. 2. Cumulative incidence of dementia in the matched cohort. (A) Overall dementia following ADT, (B) Alzheimer’s disease following ADT, and (C)

vascular dementia following ADT. ADT: androgen deprivation therapy.
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recent animal study demonstrated that chemical cas-
tration elicited deterioration of memory function in the
hippocampus [21]. The second explanation is that ADT
may affect the functional activity and structure of the
brain. In one study, although ADT did not affect the
results of cognitive function tests, ADT users showed
decreased brain activation during cognitive control,
in addition to decreased functional brain connectivity
involved in cognitive control, compared with non-us-
ers [22]. Also, ADT users showed decreased gray matter
volume, whereas non-users did not [23].

ADT 1is associated with an increase in the risk of
cardiovascular diseases [24]. Thus, it can be postulated
that ADT might increase the risk of vascular demen-
tia. However, the present study showed that ADT was
not associated with the risk of vascular dementia. To
the best of our knowledge, only one study on this is-
sue has been conducted and demonstrated that there is
no significant association between ADT and vascular
dementia [8]. Meanwhile, a few longitudinal studies
have examined the relationship between low testos-
terone levels and incident dementia. In their results,
low testosterone might have been associated with an
increased risk of Alzheimer’s disease; however, vascu-
lar dementia was not associated with testosterone lev-
els [19]. In a recent study, ADT use reduced the risk of
ischemic cardiovascular diseases and cerebrovascular
diseases [25]. However, due to the lack of research re-
sults, it 1s difficult to draw conclusions about this topic.
Hence, further studies are warranted to confirm the
association between ADT and vascular dementia.

It 1s controversial whether longer ADT periods in-
crease the risk of dementia or Alzheimer’s disease [6].
In the present study, the duration of ADT affected
the risks of overall dementia and Alzheimer’s disease.
However, such effect was not dose-dependent. There
was no statistically significant difference in the risk
of overall dementia among men who received ADT for
more than 2 years, compared to those who did not, and
there was no statistically significant difference in the
risk of Alzheimer’s disease in men who received ADT
for more than 3 years, compared to those without ADT.
This lack of a dose-dependent relationship could be due
to immortal time bias and unmeasured or unadjusted
confounders, which are common limitations of observa-
tional studies. While an analysis design was applied to
solve the immortal time bias in this study, it was not
possible to completely homogenize each group divided

Jong Won Kim, et al: Androgen-Deprivation Therapy and Dementia I

according to ADT duration. In the future, large-scale
research or development of research techniques will be
needed to overcome these limitations.

To the best of our knowledge, two previous stud-
ies analyzed the association between ADT and non-
Alzheimer’s dementia. Deka et al [8] demonstrated that
ADT does not increase the risk for overall dementia,
Alzheimer’s disease, and vascular dementia. However,
they focused on evaluating radiotherapy-treated PC
patients registered with the US Department of Veter-
ans Affairs. Robinson et al [11] reported that the risk
of Alzheimer’s disease was similar between the GnRH
agonist and PC free-male groups, while the risks of
overall dementia and non-Alzheimer’s dementia were
higher in the GnRH agonist group than in the PC free-
male group [11]. This study was a population-based
study using Prostate Cancer Database Sweden data,
which included 97% of all Swedish men with PC. They
compared PC patients on watchful waiting or ADT
with PC-free men. In Sweden, non-Alzheimer’s demen-
tia mainly consists of unspecified dementias. Differ-
ences in research design or population characteristics
may account for the differences in these results. Hence,
more research is needed to generalize these results.

The present study has several strengths. First, we
analyzed a large nationwide database that included
nearly all Korean men diagnosed with PC for over 10
years. A large sample size is an essential factor in a
retrospective cohort study [26]. According to a recent
systematic review by Sari Motlagh et al [6], all large co-
hort studies with more than 100,000 participants found
an association between ADT use and an increased risk
of dementia or Alzheimer’s disease. However, some
cohort studies with a smaller sample size reported
that ADT was not associated with the occurrence of
dementia or Alzheimer’s disease [6]. Second, in the
present study, the index date of the non-ADT group
was adjusted, and time-dependent Cox regression (time-
varying Cox regression) was performed as a sensitivity
analysis. Since a time-dependent covariate in the model
determines whether the classifying event has occurred
during the estimation process, it is known to be the
most appropriate method with which to resolve an im-
mortal-time bias [2728]. A time-dependent Cox regres-
sion model has the advantage of using all study follow-
up data; therefore, this method is known to increase
the statistical power using all data. Kim et al [29] per-
formed a meta-analysis and a meta-regression analysis

www.wjmh.org 487



| hitps://doi.org/10.5534/wjmh.210019

and reported that a method for controlling immortal
time bias could affect the outcomes and be related to
discrepancies in results. However, only a few previous
studies have reported the presence of an immortal time
bias [8,9]. Third, we endeavored to reduce confounding
bias by strict restriction of the study cohort and by
performing exact matching using various covariates
known to be closely associated with dementia risk.

Despite these advantages, our study has a few limi-
tations. First, cognitive reserve, lifestyle, and psychoso-
cial factors, such as education, occupational attainment,
physical activity, smoking, and alcohol consumption,
are known risk factors for dementia [30]. However, the
claims data that we utilized only included diagnostic
and prescribing billing codes. Cancer stage and patho-
logic features were not contained in the claims data.
Therefore, these factors could not be controlled for in
the present study. Second, ICD codes and prescribing
billing codes were used to select patients and match
confounders in the present study. However, since this
may include falsely diagnosed patients, our results
may not reflect reality. While a case definition can be
used to solve this problem, it is necessary to confirm
that it reflects real world practice. However, studies on
the incidences and case definitions of dementia have
not been conducted in Korea. In the future, validation
of a case definition of dementia that can reflect actual
patients with dementia in Korea is needed. If so, future
research will be able to exclude falsely diagnosed de-
mentia and derive research results that reflect the real
world. These are essential limitations of a claims data-
based study. In the near future, prospectively designed
clinical trials are needed to elucidate the association
between ADT and the risk of dementia and all sub-
types thereof.

CONCLUSIONS

The present study demonstrated that the risk of
overall dementia is higher in PC patients who have
undergone ADT. ADT was associated with an increased
risk of Alzheimer’s disease, but not with vascular de-
mentia, suggesting that the subsequent risk of demen-
tia following ADT is mainly due to Alzheimer’s disease.
Thus, if ADT is offered, clinicians should consider the
risk factors for dementia in PC patients, avoid unnec-
essary prolonged use of ADT, and closely monitor the
occurrence of potential adverse events, including de-
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mentia.
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