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function, which is one of the common symptoms of dementia; however, 
the association between ADT and cognitive impairment still remains 
controversial.18–23 For instance, a longitudinal study in the United States 
and a cross-sectional study in China both found that patients receiving 
ADT were more likely to experience cognitive impairment than the 
comparison group.19,20 Conversely, longitudinal studies conducted in 
the United States and Canada showed no evidence that ADT caused 
adverse effects on cognitive function.21,23 Another cross-sectional 
study in Canada also found that the ADT did not affect the physical 
or cognitive function of PC patients.22

To date, to the best of our knowledge, no study has attempted to 
investigate the relationship between ADT and the subsequent risk of 
dementia, even though ADT might affect brain function and further 
contribute to dementia or cognitive impairment.14–17 In addition, 
previous studies did not show consistent findings for the association 
between ADT and cognitive impairment. Therefore, the aim of this 
retrospective cohort study was to investigate the relationship between 
ADT and the subsequent risk of dementia using a population-based 
dataset in Taiwan, China.

INTRODUCTION
Prostate cancer (PC) is a prevalent androgen-dependent malignancy.1,2 
It was the second major cause of cancer-related mortality in males in 
the United States and contributed to 1%–2% of deaths in the male 
population.1,3 Androgen deprivation therapy  (ADT) is a current 
standard for the palliative treatment of metastasized patients or as 
an adjuvant therapy for intermediate or high-risk PC in combination 
with radiation.4–7 It can decrease testosterone levels, suppress the 
prostate-specific antigen  (PSA), stabilize the disease, and possibly 
prolong survival in PC.8,9 However, the decreasing serum level of 
endogenous testosterone in PC patients was considered to contribute 
to some adverse effects and chronic diseases.10,11

Many previous studies reported that males receiving ADT for 
PC had increased risk of many chronic diseases, such as metabolic 
syndrome, cardiovascular diseases, fractures, anxiety, and depression 
compared to males who did not receive ADT.8,11–13 Recent studies 
suggest that ADT use may be associated with structural and functional 
changes in brain areas relevant to dementia.14–17 Some studies have 
suggested that the use of ADT might cause the impairment of cognitive 
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MATERIALS AND METHODS
Database
Data for this population-based retrospective cohort study were taken 
from the Taiwan (China) Longitudinal Health Insurance Database 
2005  (LHID2005). The LHID2005 includes medical records and 
registry data for 1 million individuals randomly selected from all 
enrollees in the Taiwan National Health Insurance  (NHI)  (Taiwan, 
China) program in 2005 (n = 25.68 million). The NHI program was 
begun in 1995 and provides affordable and comprehensive medical 
services for all citizens in Taiwan, China. The LHID2005 is provided 
to researchers in Taiwan (China) for academic purposes. Many studies 
which used this dataset have been published.24,25

This study was exempt from full review by the Institutional Review 
Board of the National Defense Medical Center (Taiwan, China) because 
the LHID2005 consists of de-identified secondary data released to the 
public for research purposes.

Study sample
This retrospective cohort study initially selected 1481  patients 
who received a first-time diagnosis of PC  (ICD-9-CM code 185, 
malignant neoplasm of the prostate) in ambulatory care centers 
from January 1, 2001 to December 31, 2008. We then excluded 
patients aged <40 years (n = 25) because of the very low prevalence 
of PC in that age group. The date of the first ambulatory care visit 
for receiving ADT medications, including gonadotropin-releasing 
hormone  (GnRH) agonists  (leuprolide, goserelin, and triptorelin), 
antiandrogens  (cyproterone acetate, flutamide, bicalutamide, and 
nilutamide), and estrogens, was defined as the index date for PC 
patients who received ADT treatment. For PC patients who did not 
receive ADT, the first ambulatory care visit in which they received 
a PC diagnosis was identified as the index date. Of the remaining 
selected PC patients, we further excluded patients who had a history 
of dementia  (ICD-9-CM codes 290.0–290.4, 294.1, 331.0–331.2, or 
331.82) before their index date (n = 37). We then excluded 105 patients 
who received an orchiectomy  (ICD-9-CM procedure codes 623 or 
624) during the 5-year follow-up period starting from their index 
date because this study only concentrated on medical castration. As a 
result, a total 1314 PC patients were included in this cohort study. PC 
patients who received ADT were defined as study cohort (n = 755). 
Moreover, PC patients who did not receive ADT were identified as 
comparison cohort (n = 559).

In this study, each patient (n = 1314) was individually tracked for 
a 5-year period to define those who subsequently received a diagnosis 
of dementia  (ICD-9-CM codes 290.0–290.4, 294.1, 331.0–331.2, or 
331.82) following the index date. Mini-mental state examination 
in combination with CT scan or magnetic resonance imaging were 
frequently used to diagnose dementia in the LHID2005. To increase 
the dementia diagnosis validity, we did not include those who had a 
history of major psychosis or a substance-related disorder (ICD-9-CM 
codes 291–299 or 303–305), stroke (ICD-9-CM codes 430–438), or 
traumatic brain injury (ICD-9-CM codes 801–804 or 850–854) prior 
to the index date.

Statistical analysis
All analyses in this study were conducted with the SAS system (SAS 
System for Windows, version  9.2, SAS Institute, Cary, NC, 
USA). Chi-squared tests were used to investigate differences 
in sociodemographic characteristics  (monthly income and the 
urbanization level and geographic location of the patient’s residence) 
between PC patients who received and those who did not receive ADT.

To estimate the relationship between ADT and the risk of 
subsequent dementia during the 5-year follow-up period, we further 
performed Cox proportional hazard regressions. The dependent 
variable was the time to the first diagnosis of dementia. We also 
censored patients who died during the 5-year follow-up period 
(516 of the PC patients died  [39.3%] in this study). In addition, 
adjustments in this study were made for geographical location, monthly 
income, urbanization level, and age of the selected patients.

In addition, we evaluated the HRs for PC patients receiving ADT 
with GnRH agonists and without GnRH agonists compared to those 
not receiving ADT. The conventional two-sided P = 0.05 was used to 
determine statistical significance in this study.

RESULTS
Table 1 shows the distribution of demographic characteristics of PC 
patients stratified by whether or not they received ADT. Chi-squared 
tests showed that there was no difference in urbanization level between 
PC patients who received ADT and those who did not (P = 0.077). 
However, there were statistical differences in age (P < 0.001), geographic 
region (P < 0.001), and monthly income (P < 0.001) between these 
two cohorts.

Among 1314 subjects, the incidence rate of dementia per 100 
person-years was 2.12  (95% CI: 1.75–2.55)  (Table  2). In addition, 
the incidence rates of dementia per 100 person-years were 2.35 (95% 
CI: 1.82–2.98) and 1.85  (95% CI: 1.35–2.48), respectively, for PC 
patients who received ADT and those who did not receive ADT. 
Table  2 also explores the hazard ratio  (HR) for dementia in PC 
patients who received ADT compared to those who did not receive 
ADT. After censoring subjects who died during the 5-year follow-up 
period, Cox proportional hazard regression showed that the crude HR 
was 0.90 (95% CI: 0.62–1.32, P = 0.589) for PC patients who received 
ADT compared to those who did not receive ADT. Moreover, the 
adjusted HR for dementia among PC patients who received ADT was 
1.21 (95% CI: 0.82–1.78, P = 0.333) compared to those who did not 
receive ADT after adjusting for patients’ geographical location, monthly 
income, urbanization level, and age.

Table 1: Demographic characteristics of patients with prostate cancer, 
stratified by whether or not patients received ADT (n=1314)

Variable Patients receiving 
ADT (n=755)

Patients not receiving 
ADT (n=559)

P

Total 
number

Column 
(%)

Total 
number

Column 
(%)

Age (year), mean (s.d.) 74.2 (7.9) 69.3 (10.1) <0.001

Urbanization level

1 (most urbanized) 236 31.3 199 35.6 0.077

2 203 26.9 164 29.3

3 117 15.5 76 13.6

4 103 13.6 72 12.9

5 (least urbanized) 96 12.7 48 8.6

Geographic region

Northern 348 46.1 336 60.1 <0.001

Central 175 23.2 120 21.5

Southern 216 28.6 93 16.6

Eastern 16 2.1 10 1.8

Monthly income

US$0–528 501 66.4 338 60.5 <0.001

US$529–833 195 25.8 119 21.3

≥US$834 59 7.8 102 18.3

ADT: androgen deprivation therapy; s.d.: standard deviation
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Furthermore, Table  3 shows that the crude HRs of dementia 
for PC patients receiving ADT with GnRH agonists and without 
GnRH agonists were 1.13  (95% CI: 0.66–1.93, P  =  0.660) and 0.81 
(95% CI: 0.54–1.22, P = 0.315), respectively, compared to PC patients 
not receiving ADT. In addition, the HRs of dementia for PC patients 
receiving ADT with GnRH agonists and without GnRH agonists were 
1.39  (95% CI: 0.80–2.40, P  =  0.240) and 1.13  (95% CI: 0.75–1.71, 
P = 0.564), respectively, compared to PC patients who did not receive 
ADT after adjusting for geographical location, monthly income, 
urbanization level, and age.

DISCUSSION
This population-based retrospective cohort study found that there 
was no elevated risk of dementia for PC patients who received ADT 
compared to PC patients who did not receive ADT. In addition, there 
was no association between the use of GnRH agonists and subsequent 
incidence of dementia in PC patients. According to our knowledge, 
this is the first study that attempted to explore the relationship between 
ADT and dementia.

To date, increasing neurobiological evidence supports a potential 
connection between ADT and abnormal brain function.14,15 One study 
which combined neuropsychological testing with functional magnetic 
resonance imaging (fMRI) showed a relationship between ADT and 
decreasing brain activation.15 Another study also found that ADT 
in PC patients may affect brain structures, such as reduced cerebral 
gray matter volumes in frontopolar cortex, dorsolateral prefrontal 
cortex, and primary motor cortex.14 In addition, according to previous 
literature, the abnormal brain function is considered to be associated 
with dementia and cognitive impairment.16,17,20 It is plausible that 

ADT may be associated with the occurrence of dementia because of 
the change of brain function. Many studies also supposed that ADT 
might contribute to the cognitive impairment by affecting the brain 
structures and activation.18–23 However, the relevant findings in those 
studies were conflicting and no prior studies attempted to investigate 
the relationship between ADT and dementia.

Our study found no increased risk of dementia for PC patients 
receiving ADT compared to PC patients not receiving ADT. This 
observation is consistent with some studies which investigated the 
association between ADT and cognitive impairment. For example, one 
cross-sectional study in Canada which included 57 patients receiving 
ADT for nonmetastatic PC and 51 healthy age-matched controls 
reported that ADT did not affect physical or cognitive functions.22 A 
study in the United States which recruited 32 subjects receiving ADT 
also revealed no statistical changes in cognition over time.23 Moreover, 
a meta-analysis that included 14 articles reported that PC patients 
receiving ADT did not have worse cognitive function compared to 
PC patients not receiving ADT.26,27 Furthermore, that meta-analysis 
provided longitudinal assessments of PC patients from initiation of 
ADT to a subsequent assessment at least 3 months after ADT initiation, 
and relevant findings showed that ADT might not increase the risk of 
cognitive impairment.26

Nevertheless, findings of several studies are inconsistent with 
our results. A Chinese cross-sectional study found that PC patients 
receiving ADT had a higher risk of cognitive impairment than PC 
patients not receiving ADT.20 One meta-analysis also found that PC 
patients receiving ADT had an elevated risk of cognitive impairment 
compared to those without PC.26 In addition, a study in the United 
States also found that the PC patients receiving ADT were more likely 
to exhibit cognitive changes than a comparison group which involved 
both PC patients not receiving ADT and patients without PC.19 The 
inconsistent findings between our study and the above studies could 
be that cognitive domains previously reported to be affected are not 
relevant to a diagnosis of dementia. However, the dataset which 
used in this study does not include the data  (including cognitive 
tests, laboratory tests or brain imaging) which are commonly used 
to diagnose the types of dementia. Therefore, we could not further 
investigate the association between ADT and different types of 
dementia. In addition, the actual relationship between ADT use and 
cognitive impairment remains controversial, and several methodologic 
limitations in previous studies were considered to have biased the 
actual association, including the use of cross-sectional designs, no 
comparison group, use of noncancer patients as the comparison group, 
a small sample size, and short follow-up periods.19,26

The specific strength of this study is the use of a large 
population-based dataset in Taiwan, China. The LHID2005 database 
provided a sufficient sample size to identify the relationship between 
ADT and the subsequent occurrence of dementia. In addition, this 
characteristic of the LHID2005 database could elevate the statistical 
power, and decrease the selection bias of the results. In addition, the 
LHID2005 records all relevant diagnoses and medical services for all 
study subjects since they were included in the NHI system in Taiwan, 
China. These features of the dataset could avoid the potential effect of 
a recall bias in the study.

However, there are several limitations to this population-based 
study. First, the LHID2005 database does not have medical records 
on cancer staging, such as the TNM Classification of Malignant 
Tumors (TNM) or relevant pathologic lab data. Second, some lifestyle 
information and variables relevant to cognition and cognitive reserve 
were not available, including cigarette smoking, the body-mass index, 

Table 2: Crude and adjusted HRs for dementia among patients with 
prostate cancer during a 5‑year follow‑up period, stratified by whether 
or not patients received ADT

Presence of dementia Total sample 
(n=1314)

Patients 
receiving ADT 

(n=755)

Patients not 
receiving ADT 

(n=559)

Five‑year follow‑up period

Incidence rate per 100 
person‑years (95% CI)

2.12 (1.75–2.55) 2.35 (1.82–2.98) 1.85 (1.35–2.48)

Crude HRa (95% CI) ‑ 0.90 (0.62–1.32) 1.00

Adjusted HRb (95% CI) ‑ 1.21 (0.82–1.78) 1.00
aUsing a Cox proportional regression with cases censored if individuals died during the 
5‑year follow‑up period; bAdjustments were made for patients’ geographical location, monthly 
income, urbanization level, and age. ADT: androgen deprivation therapy; CI: confidence 
interval; HRs: hazard ratios

Table 3: Crude and adjusted HRs for dementia among patients with 
prostate cancer during a 5‑year follow‑up period, stratified by patients 
receiving ADT with GnRH agonists, patients receiving ADT without 
GnRH agonists, and patients not receiving ADT

Presence of dementia Patients receiving ADT (n=755) Patients not 
receiving ADT 

(n=559)With GnRH 
agonists (n=264)

Without GnRH 
agonists (n=491)

Five‑year follow‑up period

Incidence rate per 100 
person‑years (95% CI)

2.06 (1.24–3.21) 2.51 (1.85–3.32) 1.85 (1.35–2.48)

Crude HRa (95% CI) 1.13 (0.66–1.93) 0.81 (0.54–1.22) 1.00

Adjusted HRb (95% CI) 1.39 (0.80–2.40) 1.13 (0.75–1.71) 1.00
aUsing a Cox proportional regression with cases censored if individuals died during the 
5‑year follow‑up period; bAdjustments were made for patients’ geographical location, monthly 
income, urbanization level, and age. ADT: androgen deprivation therapy; CI: confidence 
interval; HRs: hazard ratios; GnRH: gonadotropin‑releasing hormone
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alcohol consumption, education level and intellectual function which 
are all possible risk factors for dementia and might affect the connection 
between ADT and dementia.28,29 Third, the diagnostic records of 
dementia in LHID2005 might not include all patients with dementia in 
Taiwan, China. Several patients with mild symptoms of dementia might 
not look for healthcare services covered by the NHI (Taiwan, China) 
program because they considered the relevant therapies unnecessary. 
In addition, demographic differences between cohorts, such as resident 
region and monthly income might affect patients’ intentions to seek 
medical service. Finally, most patients recruited in this study were 
of Chinese ethnicity. Consequently, generalization of the findings to 
Western societies is not assured.

CONCLUSION
This population-based retrospective cohort study found that there was 
no difference in the risk of subsequent dementia between PC patients 
who did and those who did not receive ADT. The findings in this 
study could provide valuable information for clinicians to assess risks 
and benefits of ADT. Further epidemiologic studies are still required 
to confirm the relationship between ADT and subsequent dementia 
in different races.
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