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Purpose
The purpose of this study was to evaluate the association of androgen deprivation therapy
(ADT) with cognitive dysfunction.

Materials and Methods
Using the National Health Insurance Service database of the entire Korean adult prostate
cancer population (n=236,391), data on ADT and cognitive dysfunction between 2008 and
2015 were analyzed. We excluded patients previously diagnosed with cognitive dysfunction,
dementia, or a cerebral event history. We tested the effect of ADT on the risk of cognitive
dysfunction using propensity score–matched Cox proportional hazards regression models
and Kaplan-Meier survival analysis. Our final cohort comprised of 35,401 individuals with
prostate cancer, including 24,567 men (70.6%) who underwent ADT. 

Results
During a mean follow-up period of 4.1 years, 4,741 patients were newly diagnosed with
cognitive dysfunction. A statistically significant association was found between ADT and the
risk of cognitive dysfunction (hazard ratio, 1.169; p=0.002). Meanwhile, age ( 70 years),
diabetes, hypertension, cardiovascular history, and peripheral vascular disease were iden-
tified as factors that contribute to the increased risk of cognitive dysfunction. In contrast,
the use of statins and aspirin was associated with a lower risk of cognitive dysfunction. 
Kaplan-Meier analysis demonstrated that patients aged 70 years or older who underwent
ADT had the lowest cumulative probability of remaining cognitive dysfunction-free (log-rank
p < 0.001). 

Conclusion
Our results revealed an association between the use of ADT for the treatment of prostate
cancer and an increased risk of cognitive dysfunction in a nationwide population-based
study. This finding should be further evaluated in prospective studies.    
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Introduction

Androgen deprivation therapy (ADT) is the mainstay
treatment for metastatic prostate cancer (PC) [1]. Recently,
the use of ADT has increased markedly, with 500,000 men
currently undergoing ADT for PC in the United States and
50% of men with PC in industrialized countries undergoing
ADT during their lifetime [2]. ADT decreases testosterone

levels, suppresses prostate-specific antigen levels, stabilizes
the disease, and potentially prolongs survival in PC [3].
However, decreasing serum testosterone levels in PC pati-
ents are thought to contribute to developing various adverse
effects and chronic diseases [4].

Recently, many previous studies have demonstrated that
patients with PC undergoing ADT had an increased risk of
developing chronic diseases, such as metabolic syndrome,
cardiovascular diseases, fractures, anxiety, and depression
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[3-6]. Indeed, the occurrence of cognitive dysfunction is
based on the known association between age-related decline
in testosterone levels and cognitive decline [7,8]. However,
the relationship between ADT and cognitive dysfunction is
controversial. In a general population cohort study, Nead et
al. [9,10] showed that undergoing ADT for treating PC 
increased the risk of dementia and Alzheimer disease (AD).
In contrast, in another population-based study, Khosrow-
Khavar et al. [11] demonstrated that ADT was not associated
with an increased risk of dementia. In addition, Kao et al. [12]
reported that no difference was found in the risk of subse-
quent dementia between Asian patients with PC who did
and did not undergo ADT in their large retrospective cohort
study. The difference between the results of the aforemen-
tioned studies may be due to the low prevalence of dementia
in the study cohort. 

Considering that one-half of PC diagnoses are made in
men aged more than 65 years, potential side effects of treat-
ment that may accelerate cognitive aging as well as increase
the risk of dementia require careful consideration in a popu-
lation already at increased risk [13]. However, only a few
large-cohort studies have investigated the association of ADT
with a wide range of cognitive dysfunctions. Thus, we aimed
to evaluate, using a nationwide population-based cohort,
whether ADT is associated with an increased risk of cogni-
tive dysfunction, including dementia and AD, in patients
with PC.

Materials and Methods

1. Study population selection and design

We used data from the national health claims database of
the National Health Insurance Service (NHIS) of Korea, a
mandatory universal health insurance program that provides
comprehensive medical care coverage to almost of the entire
Korean population (approximately 50 million people) [14].
Since 2006, the information from the Medical Aid program
has been integrated within a single NHIS database. There-
fore, the NHIS claims database includes the actual claims
data of the entire Korean population. The NHIS database
consists of diagnoses, procedures, prescription records, and
demographic information. We identified diagnoses using the
International Classification of Disease, Tenth Revision, Clin-
ical Modification (ICD-10-CM) codes.

2. Definition of outcomes and covariates

Data for all Koreans aged  20 years with PC (ICD-10-C61)
from January 1, 2008 to December 31, 2015 were included. To
control for differential frequency of follow-up, patients with-
out exposure to ADT were only included if they had follow-
up visits after the median time of undergoing ADT in the
exposed group. Exclusion criteria were as follows. First, to
prevent the inclusion of patients receiving ongoing treatment
or those previously diagnosed, we excluded patients who
were diagnosed with PC in 2007, who had received related
treatment in this period, or who did not show a prostate
biopsy billing code (C8551, C8552) prior to being diagnosed
with PC. Second, patients with a history of cognitive dys-
function or cerebral disease (ischemic stroke or transient 
ischemic attack at any time before cohort entry) were exclu-
ded from this analysis. Third, patients who underwent ADT
but had developed dementia (any type) or cognitive dysfunc-
tion prior to starting ADT were excluded. Fourth, based on
previous evidence of chemotherapy-related cognitive impair-
ment, patients with PC who had a prior history of chemo-
therapy or who received chemotherapy after diagnosis were
excluded [15]. 

We defined cognitive dysfunction as the loss of intellectual
functions, such as thinking, remembering, and reasoning,
with sufficient severity to interfere with daily functioning,
including dementia or AD. Cognitive dysfunction was iden-
tified using ICD-10 diagnostic codes (S1 Table). To improve
diagnostic accuracy and avoid overestimation due to the 
inclusion of subjects with cognitive dysfunction, we only 
included patients with cognitive dysfunction with one and
more diagnoses during hospitalization or tow and more 
diagnoses in the outpatient clinic. Among those undergoing
ADT, incident cognitive dysfunction was ascertained after
the initiation of ADT and at least 180 days after the diagnosis
of PC. 

Adjustment covariates included age at PC diagnosis, use
of antiplatelet, anticoagulant, and statin medications; and a
history of hypertension (HTN), myocardial infarction (MI),
congestive heart failure (CHF), peripheral vascular disease
(PVD), type 1 or 2 diabetes mellitus (DM), renal disease (RD),
or malignant neoplasm (as defined in S1 Table). Medication
use and history of comorbidities were determined using data
collected 12 months prior through 6 months after PC was 
diagnosed. A history of cardiovascular disease was deter-
mined using data collected 12 months prior through 6
months after PC was diagnosed. A history of stroke was 
determined using only data collected before PC was diag-
nosed.

ADT included the administration of gonadotropin-releas-
ing hormone agonists (leuprolide, goserelin, and triptorelin),
oral antiandrogens (cyproterone acetate, flutamide, and 
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bicalutamide), and estrogens (estramustine) and undergoing
bilateral orchiectomy (S2 Table).

3. Statistical analysis 

The end of the follow-up period was defined as the date
of the last available record, either inpatient or outpatient, or
the time of cognitive dysfunction diagnosis. Chi-square tests
were used to investigate differences in characteristics 
between patients with PC who underwent ADT and those
who did not undergo ADT. Hazard ratios (HRs) were calcu-
lated using propensity score–matched and traditional mul-
tivariable-adjusted Cox proportional hazards regression
models to test the effect of ADT on the risk of cognitive dys-
function. We used 1:1 nearest-neighbor propensity score
matching without replacement. Variables included in the
propensity score matching and in the traditional multivari-
able-adjusted Cox proportional hazards regression analyses
included age at PC diagnosis, use of antiplatelet, anticoagu-
lant, or statin medications, and a history of cardiovascular
disease (CHF, HTN, DM, PVD, and RD), or prior cancer his-
tory.

Kaplan-Meier curves were generated to examine the 
cumulative probability of remaining cognitive dysfunction-
free in the propensity score-matched and unmatched 
cohorts. The duration of ADT was also evaluated to deter-
mine its association with the risk of cognitive dysfunction.

Specifically, we examined the risk of cognitive dysfunction
among those with PC who received fewer than 12 months of
ADT and 12 months or more of ADT compared with those
who did not receive ADT using Cox proportional hazards
regression models. We also stratified our analysis using 70
years of age as the cut-off, given the recommendations for
comprehensive geriatric assessments of all patients with can-
cer aged 70 years or older [16]. Kaplan-Meier curves were
compared using log-rank tests for those aged younger or
older than 70 years who did and did not undergo ADT. All
analyses in this study were conducted using the SAS ver. 9.2
(SAS System for Windows, SAS Institute Inc., Cary, NC).

4. Ethical statement

To protect their information and identities, all patients 
received an anonymous identification code in the NHIS data-
base. The study was approved by the Institutional Review
Board of Korea University Ansan Hospital (IRB No. 2017-
AS0121) and performed in accordance with the principles of
the Declaration of Helsinki. The authors could not identify
any of the patients included. The need for informed consent
was waived.
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Total available cohort (n=115,121)

Excluded
Cerebral disease history (n=51,055)
Previous cognitive dysfunction (n=23,121)
History of receiving chemotherapy (n=2,913)
Cognitive dysfunction after prostate cancer but before ADT (n=483)

Patients who had diagnosis code of prostate cancer in 2007 or
  patients who did not have a prostate biopsy code prior to 
  being diagnosed with prostate cancer (n=121,270)

Diagnosed with prostate cancer between 
January 2008 and December 2015

(n=236,391)

Patients included in the study cohort (n=37,549)
ADT group (n=24,929)

No-ADT group (n=12,620)

Fig. 1. Study flow diagram of the cohort of patients newly diagnosed with prostate cancer in the Korean national health 
insurance system between 2008 and 2015. ADT, androgen deprivation therapy.
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Full Cohort Propensity score–Matched cohort                                                           
Variable No ADT Received ADT p-value No ADT Received ADT p-value(n=12,620) (n=24,929) (n=12,620) (n=12,712)
Age (yr)

Mean±SD 65.9±6.6 71.2±8.2 < 0.001 71.1±7.8 71.2±8.2 0.894
< 70 9,099 (72.1) 10,990 (44.1) < 0.001 9,099 (72.1) 9,178 (72.2) 0.975
 70 3,512 (27.8) 13,939 (55.9) 3,512 (27.8) 3,534 (27.8)

Medical history
Hypertension 6,032 (47.8) 11,977 (48.0) 0.153 6,032 (47.8) 5,987 (47.1) 0.740
Diabetes 2,713 (21.5) 5,275 (21.2) 0.487 2,713 (21.5) 2,733 (21.5) 0.867
Prior cancer history 1,830 (14.5) 2,901 (11.6) < 0.001 1,830 (14.5) 1,831 (14.4) 0.923
Myocardial infarction 164 (1.3) 359 (1.4) 0.530 164 (1.3) 140 (1.1) 0.086
Chronic heart failure 328 (2.6) 891 (3.6) < 0.001 328 (2.6) 318 (2.5) 0.663
Peripheral vascular disease 883 (7.0) 1,920 (7.7) 0.034 883 (7.0) 864 (6.8) 0.587
Renal disease 242 (1.9) 507 (2.0) 0.412 242 (1.9) 216 (1.7) 0.409

Medication status
Anticoagulants 454 (3.6) 883 (3.5) 0.656 454 (3.6) 432 (3.4) 0.311
Antiplatelets 4,130 (32.7) 8,051 (32.3) 0.303 4,130 (32.7) 4,157 (32.7) 0.959
Statins 4,606 (36.5) 8,720 (35.0) 0.005 4,606 (36.5) 4,614 (36.3) 0.909

Treatment
Radical prostatectomy 7,596 (60.2) 4,302 (17.3) < 0.001 7,596 (60.2) 2,733 (21.5) < 0.001
Radiotherapy 2,423 (19.2) 4,900 (19.7) 2,423 (19.2) 3,445 (27.1)
Follow-up, mean±SD (day) 1603.0±836.9 1,446.5±851.0 < 0.001 1,603.0±836.9 1,536.0±861.3 0.003

Table 1. Demographic characteristics of patients with prostate cancer, stratified by ADT (n=37,549)

Values are presented as number (%) unless otherwise indicated. ADT, androgen deprivation therapy.

Variable
Full cohort Propensity score–Matched cohort                                                           

HR (95% CI) p-value HR (95% CI) p-value
Age  70 yr 2.621 (2.454-2.799) < 0.001 2.583 (2.375-2.810) < 0.001
Medical history

Hypertension 1.124 (1.002-1.260) 0.046 1.106 (1.011-1.209) 0.027
Diabetes 1.430 (1.263-1.620) < 0.001 1.422 (1.291-1.567) < 0.001
Prior cancer history 0.948 (0.794-1.131) 0.553 1.000 (0.887-1.127) 0.997
Myocardial infarction 1.695 (1.093-2.627) 0.018 1.676 (1.182-2.377) 0.004
Chronic heart failure 1.024 (0.725-1.446) 0.893 1.089 (0.843-1.407) 0.513
Peripheral vascular disease 1.348 (1.125-1.615) 0.001 1.243 (1.075-1.438) 0.003
Renal disease 1.029 (0.667-1.586) 0.424 1.122 (0.833-1.510) 0.450

Medication status
Anticoagulants 0.791 (0.578-1.084) 0.147 0.804 (0.640-1.010) 0.061
Antiplatelets 0.879 (0.822-0.940) < 0.001 0.904 (0.821-0.995) 0.040
Statins 0.635 (0.594-0.679) < 0.001 0.645 (0.587-0.709) < 0.001

Treatment
Radical prostatectomy 1.152 (0.701-1.896) 0.576 1.405 (0.824-2.396) 0.211
Radiotherapy 1.173 (0.723-1.903) 0.519 1.452 (0.872-2.418) 0.152
Received ADT 1.245 (1.076-1.440) 0.003 1.169 (1.077-1.270) 0.002

Table 2. Multivariable Cox regression for the association of covariates with cognitive dysfunction

HR, hazard ratio; CI, confidence interval; ADT, androgen deprivation therapy.
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Results

All inclusion and exclusion criteria were met by 37,549 
individuals with PC (Fig. 1). Table 1 presents the character-
istics of the 37,549 patients constituting the PC cohort, cate-
gorized by whether they did or did not undergo ADT (24,929
patients underwent ADT). During a mean follow-up period
of 1,492 (±849.8) days, 4,743 patients (12.6%) were newly 
diagnosed with cognitive dysfunction. In the unmatched 
cohort, individuals undergoing ADT were statistically sig-
nificantly older, had a history of CHF, PVD, or prior malig-
nant neoplasm, and had less statin use. However, no statis-
tically significant differences existed among the measured

baseline covariates in the propensity score–matched cohort.
In the multivariable Cox regression analysis, ADT was cor-
related with cognitive dysfunction (HR, 1.169; 95% confi-
dence interval [CI], 1.077 to 1.270; p=0.002) (Table 2). In
addition, age ( 70 years: HR, 2.583; 95% CI, 2.375 to 2.810; 
p < 0.001) and a history of HTN (HR, 1.106; 95% CI, 1.011 to
1.209; p=0.027), DM (HR, 1.422; 95% CI, 1.291 to 1.567; p <
0.001), MI (HR, 1.676; 95% CI, 1.182 to 2.377; p=0.004), or PVD
(HR, 1.243; 95% CI, 1.075 to 1.438; p=0.003) showed statisti-
cally significant associations with the risk of cognitive dys-
function according to multivariable analysis. In terms of
medication history, the use of antiplatelets (HR, 0.904; 95%
CI, 0.821 to 0.995; p=0.040) and statins (HR, 0.645; 95% CI,
0.587 to 0.709; p < 0.001) was correlated with a decreased risk
of cognitive dysfunction (p < 0.05). Analyses stratified by 
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Duration of Full cohort Propensity score–Matched cohort                                                           
ADT use HR (95% CI) p-value HR (95% CI) p-value
No ADT Reference Reference Reference Reference
ADT < 12 mo 0.995 (0.922-1.074) 0.899 1.005 (0.909-1.110) 0.928
ADT  12 mo 1.540 (1.426-1.662) < 0.001 1.399 (1.264-1.548) < 0.001

Table 3. Cox regression analysis for the association between ADT and cognitive dysfunction according to therapy duration

ADT, androgen deprivation therapy; HR, hazard ratio; CI, confidence interval.

Fig. 2.  Kaplan-Meier curves of cognitive dysfunction-free probability in the unmatched cohort. (A) Kaplan-Meier curves of
cognitive dysfunction-free probability in patients with prostate cancer who did undergo androgen deprivation therapy
(ADT) (red) and did not undergo ADT (blue). (B) Kaplan-Meier curves of cognitive dysfunction-free probability in patients
with prostate cancer aged less than 70 years who did not undergo ADT (blue), those aged less than 70 years who did undergo
ADT (red), those aged 70 years or older who did not undergo ADT (green), and those aged less than 70 years who did 
undergo ADT (orange).
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duration of ADT demonstrated that individuals who recei-
ved at least 12 months of ADT had the greatest risk for cog-
nitive dysfunction (HR, 1.399; 95% CI, 1.264 to 1.548; p <
0.001) (Table 3).

Kaplan-Meier analyses showed that those undergoing
ADT had a lower cumulative probability of remaining cogni-
tive dysfunction-free compared with the group not undergo-
ing ADT in unmatched cohorts (log-rank p < 0.001) (Fig. 2).
Age-stratified Kaplan-Meier analyses demonstrated a lower
cumulative probability of remaining cognitive dysfunction-
free among those aged over 70 years who underwent ADT
versus those aged over 70 years who did not undergo ADT
in both cohorts (log-rank p < 0.001). However, no difference
was found in the cumulative probability of remaining cog-
nitive dysfunction-free among those aged less than 70 years
who underwent ADT versus those aged less than 70 years
who did not undergo ADT (log-rank p > 0.05). In the matched
cohort, Kaplan-Meier analyses also showed that those 
undergoing ADT had a lower cumulative probability of 
remaining cognitive dysfunction-free compared with the
group not undergoing ADT (log-rank p=0.003) (Fig. 3). Age-
stratified Kaplan-Meier analyses demonstrated a lower 
cumulative probability of remaining cognitive dysfunction-
free among those aged over 70 years who underwent ADT
versus those aged over 70 years who did not undergo ADT
(log-rank p < 0.001). We found that the cumulative probabil-

ities of developing cognitive dysfunction at 5 years were
23.8%, 17.6%, 6.7%, and 6.5% among those aged 70 years or
older who received ADT, those aged 70 years or older who
did not receive ADT, those aged less than 70 years who 
received ADT, and those aged less than 70 years who did not
receive ADT, respectively.

Discussion

Numerous studies have examined the association between
testosterone levels in men and performance on various cog-
nitive tests. Previous studies have revealed associations 
between bioavailable testosterone levels and working mem-
ory, verbal memory, and attention [17,18]. In addition, there
is a possible explanation for the effect of gonadotropin levels
on the role of sex steroids in relation to cognition and brain
function. Luteinizing hormone levels were found to be neg-
atively associated with memory recall in elderly men, inde-
pendent of total and free testosterone levels and after
adjustment for age, education, and depression [19]. In addi-
tion, testosterone has been speculated to protect the brain
against AD by specifically protecting against hyperphospho-
rylation of small microtubule-associated protein (tau) and

Cancer Res Treat. 2019;51(2):593-602

Fig. 3.  Kaplan-Meier curves of cognitive dysfunction-free probability in the propensity score-matched cohort. (A) Kaplan-
Meier curves of cognitive dysfunction-free probability in patients with prostate cancer with androgen deprivation therapy
(ADT) (red) and without ADT (blue). (B) Kaplan-Meier curves of cognitive dysfunction-free probability in patients with
prostate cancer aged less than 70 years who did not undergo ADT (blue), those aged less than 70 years who did undergo
ADT (red), those aged 70 years or older who did not undergo ADT (green), and those aged less than 70 years who did 
undergo ADT (orange).
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regulating the accumulation of -amyloid, which results in
neurotoxic plaque formation [20]. 

As mentioned above, the association between ADT and
cognitive dysfunction remains controversial. Indeed, previ-
ous observational studies reporting a positive association 
between ADT and different cognitive domains had various
methodological limitations, including small sample sizes,
short follow-up durations, cross-sectional study designs, lack
of a comparator group (pre-post study design) or comparator
groups consisting of patients without cancer, and lack of 
adjustment for important confounders, including lifestyle
variables [21,22]. 

However, one meta-analysis demonstrated no significant
differences in the cognitive domains that are pertinent to 
dementia, including performance in attention/working
memory, executive function, language, verbal memory, 
visual memory, and visuospatial ability [23]. However, this
meta-analysis evaluated only 14 studies with 585 patients
with PC and a less than 3-year follow-up period. However,
this link is particularly relevant as the population of older
long-term cancer survivors continues to grow, and the 
potential connection magnifies the chronic health implica-
tions of adverse treatment effects. In addition, longitudinal
studies may suffer from confounders of incident morbidity
over time.  

Hence, large, national population, big data studies are
emerging as new opportunities to elucidate this potential 
association [24]. Indeed, Nead et al. [9,10] demonstrated that
ADT was associated with increased AD and dementia in a
general population cohort study. In Asia, while Kao et al. [12]
initially evaluated the relationship between ADT and 
dementia only using big data, their subsequent 5-year fol-
low-up study demonstrated no risk of dementia. Despite the
large sample size of the initial study, the number of patients 
enrolled in the follow-up study was only 1,314. Thus, the 
effects of ADT on cognitive function in a national popula-
tion-based sample have remained unclear. The present pop-
ulation-based study revealed a risk of cognitive dysfunction
in patients with PC who underwent ADT compared with 
patients with PC who did not undergo ADT. In addition, eld-
erly patients who underwent ADT had a higher risk of cog-
nitive dysfunction compared to other patients. To the best of
knowledge, this is the first study to demonstrate the relation-
ship between ADT and cognitive dysfunction in an Asian
population.

In this study, DM, HTN, MI, and PVD were revealed as
risk factors in multivariable analysis, which supports the vas-
cular risk factor hypothesis in the pathogenesis of cognitive
dysfunction. Vascular risk factors, including HTN, DM, coro-
nary artery disease, and PVD increase the risk of cognitive
dysfunction [25-28]. Notably, the use of statin or antiplatelet
medications was found to decrease the risk for cognitive dys-

function in this study. In a recent randomized placebo-con-
trolled trial, Chan et al. [29] found the evidence of a positive
effect of statins on frontal lobe function and a physical qual-
ity-of-life measure. However, the effect of antiplatelet drugs
on cognitive dysfunction remains controversial. While pre-
clinical models have suggested that aspirin may decrease
neuroinflammation and oxidative stress in the central nerv-
ous system [30], a recent meta-analysis suggested that there
is no evidence that low-dose aspirin prevents cognitive dys-
function or improves cognitive test scores in randomized
controlled trials [31]. In patients with PC, previous studies
showed that medication use (antiplatelets, anticoagulants,
and statins) had no correlation with dementia or AD in mul-
tivariate analysis [9,11]. However, the results of our nation-
wide population-based study are encouraging in that the use
of such medications may potentially lower the risk of cogni-
tive dysfunction due to ADT.

Nead et al. [10] showed that patients who underwent ADT
had a higher dementia risk compared to those not undergo-
ing ADT in their age-stratified analysis. Our findings were
similar with the exception of those for patients aged less than
70 years, for whom no difference in the cumulative probabil-
ity of cognitive dysfunction was found between the ADT and
no-ADT groups. Current finding may be associated with the
heterogeneity of the patients or broader diagnosis than that
of previous studies. Nonetheless, we can infer that ADT may
accelerate cognitive dysfunction in elderly patients with PC
aged over 70 years.

In our study, 12.6% of patients with PC were newly diag-
nosed with cognitive dysfunction. This proportion is rela-
tively high compared with that reported in previous studies
and can be explained as follows. First, previous studies 
established the occurrence of dementia or AD as the primary
endpoint. We believe that the association of ADT with 
dementia remains controversial because the number of 
patients who progress to dementia is small. Thus, we expan-
ded the scope of the study to include the relationship bet-
ween ADT and cognitive dysfunction using diagnose code,
including the loss of intellectual functions such as thinking,
remembering, and reasoning, of sufficient severity to inter-
fere with daily functioning. Second, the prevalence of 
dementia and cognitive dysfunction in Korea is reportedly
higher than that in Western or other Asian countries [32]. In
their Nationwide Survey on Dementia Epidemiology, Han
et al. [32] showed that the urbanicity-standardized preva-
lence rates of dementia and mild cognitive impairment were
8.74 and 31.85%. This difference may be due to methodolog-
ical variability in the diagnosis of dementia or cognitive dys-
function between countries. In addition, there is also a possi-
bility that the Korean health insurance system may include
more patients owing to the implementation of a long-term
care program for various geriatric diseases for elderly people
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aged over 65 years [33]. 
In this study, an analysis of the relationship between cog-

nitive dysfunction and other hormonal agents (e.g., enzalu-
tamide or abiraterone) could not be conducted because we
were unable to find patients who were treated with these
hormonal agents among our cohort for the following reasons.
First, abiraterone and enzalutamide were approved by the
Ministry of Food and Drug Safety in Korea in June 2012 and
2013, respectively. Therefore, it is presumed that among the
patients diagnosed and followed up to 2015, not many were
actually receiving new-generation hormone therapy. Sec-
ondly, in Korea, only the second generation hormonal ther-
apy that is used after chemotherapy treatment is approved
for insurance coverage; therefore, most patients are taking it
after chemotherapy. So far, no worldwide study has explored
the relationship between new-generation hormone therapy
and cognitive dysfunction. Recently, Lange et al. [34] pre-
sented their protocol for a prospective study analyzing the
correlation between new-generation hormone therapy and
cognitive dysfunction, but their results have yet to be 
released.

Although some previous studies have investigated this
issue, the specific contributions of the present study are as
follows. First, to the best of our knowledge, this study is the
first to show that ADT is associated with cognitive dysfunc-
tion in Asian patients with PC. Second, as mentioned above,
our national population-based study findings have sug-
gested that certain comorbidities (HTN, DM, MI, and PVD)
may be risk factors for cognitive dysfunction in patients with
PC. Third, our study suggests that antiplatelet and statin use
may potentially prevent cognitive impairment in patients
with PC undergoing ADT. Finally, this study includes
unique descriptions of longitudinal data from the entire 
Korean PC population rather than data from selected or reg-
istered patients from trials, specific insurance claim pro-
viders, or sponsored registries. Therefore, our findings reflect
the real-world clinical practice pattern of ADT use at a 
nationwide scale.

Despite the highlights mentioned above, our study has
some limitations. First, this study had a retrospective obser-
vational design based on claims data, and our criteria for cog-
nitive dysfunction were limited to diagnosis codes. However,
as mentioned above, the Korean government established a
long-term care program that covers adults aged 65 years and
older and those aged less than 65 years with various geriatric
or other diseases (e.g., dementia, Parkinson disease, and
stroke), as determined at the national level by a presidential
decree [33]. Thus, the NHIS database covers almost all geri-
atric-related diseases. Second, the claims database did not
provide detailed, patient-level clinical data regarding PC,
such as Gleason scores, pathologic stage assessment, or cog-
nitive dysfunction tests, such as the Mini-Mental State 

Examination. Third, neither inadequate treatment due to
poor drug adherence nor longitudinal data regarding inter-
ruptions in ADT were reflected in this study. The start of fol-
low-up differed between those who did and did not undergo
ADT, which may have introduced an immortal time bias.
Fourth, since the NHIS database analyzed in this study
yielded a maximum of 10 years of data, the follow-up period
was limited to 10 years. Nevertheless, previous studies also
reported a mean follow-up period of between 4.3 and 5 years,
and the longest reported follow-up period was similar to that
in our study (4.1 years) [9,11,12]. If a longer timeframe of 
nationwide population data becomes available, more accu-
rate research results will be obtained. Finally, there is the pos-
sibility of code errors in such a large database.

In conclusion, this population-based retrospective cohort
study found that ADT is a risk factor for cognitive dysfunc-
tion in patients with PC, especially old age patients. Our
study expands upon previous work by supporting a corre-
lation between treatment with ADT and cognitive dysfunc-
tion and suggests that ADT may more broadly affect neu-
rocognitive function. In addition, the use of antiplatelet or
statin medications demonstrated the potential to prevent
cognitive dysfunction in patients with PC in this study. Fur-
ther well-designed, prospective studies with a large sample
size are warranted to validate our hypotheses. 
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