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A B S T R A C T

Purpose
Recent observational studies have associated the use of androgen deprivation therapy (ADT) with an
increased risk of dementia and Alzheimer’s disease, but these studies had limitations. The objective
of this study was to determine whether the use of ADT is associated with an increased risk of
dementia, including Alzheimer’s disease, in patients with prostate cancer.

Patients and Methods
Using the United Kingdom’s Clinical Practice Research Datalink, we assembled a cohort of 30,903
men newly diagnosed with nonmetastatic prostate cancer between April 1, 1988 and April 30, 2015,
and observed them until April 30, 2016. Time-dependent Cox proportional hazards models were
used to estimate adjusted hazard ratios with 95% CIs of dementia associated with the use of ADT
compared with nonuse. ADT exposure was lagged by 1 year to account for delays associated with
the diagnosis of dementia and tominimize reverse causality. Secondary analyses assessedwhether
the risk varied with cumulative duration of use and by ADT type.

Results
During a mean (standard deviation) follow-up of 4.3 (3.6) years, 799 patients were newly diagnosed
with dementia (incidence, 6.0; 95% CI, 5.6 to 6.4) per 1,000 person-years. Compared with nonuse,
ADT use was not associated with an increased risk of dementia (incidence, 7.4 v 4.4 per 1,000 person-
years, respectively; adjusted hazard ratio, 1.02; 95%CI, 0.87 to 1.19). In secondary analyses, cumulative
duration of use (P for heterogeneity = .78) and no single type of ADTwere associatedwith an increased
risk of dementia.

Conclusion
In this population-based study, the use of ADT was not associated with an increased risk of de-
mentia. Additional studies in different settings are needed to confirm these findings.

J Clin Oncol 35:201-207. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Androgen deprivation therapy (ADT) is the
mainstay treatment of patients with advanced
prostate cancer and it is being used increasingly in
patients with clinically localized disease.1 Although
ADT has been shown to delay prostate cancer
progression and to improve survival,2 this therapy
has been associated with several adverse events,
including fractures, type 2 diabetes, cardiovascular
disease, acute kidney injury, and possibly cognitive
impairment.3-7 Indeed, the latter is based on the
known association between age-related decline in
testosterone levels and cognitive decline.8,9 Such
declines have been associated with reduced per-
formance in cognitive domains present in both
Alzheimer’s disease and other dementias.10,11

However, the association between ADT and cog-
nitive impairment is controversial, with a recent
meta-analysis finding no significant differences in
cognitive domains pertinent to the diagnosis of
dementia, including performance on attention/
working memory, executive function, language,
verbal memory, visual memory, and visuospatial
ability.7

To date, three observational studies have
examined the association between ADT and
Alzheimer’s disease and dementia, but they have
resulted in mixed findings.12-14 Such discrepancies
may have been caused by important methodologic
limitations, including lack of consideration of
exposure lag periods,12-14 exposure misclassifica-
tion,12 and immortal time bias.12-14 Given the fact
that men with prostate cancer represent an older
population already at increased risk of cognitive
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impairment and dementia, it is imperative to assess whether ADT
is associated with an increased incidence of this outcome. Thus,
the objective of this study was to determine whether the use of
ADT is associated with an increased risk of dementia, including
Alzheimer’s disease, in patients diagnosed with prostate cancer.

PATIENTS AND METHODS

Data Source
This study was conducted using the United Kingdom’s Clinical Practice

Research Datalink (CPRD). The CPRD is the world’s largest primary care
database, consisting of. 14 million individuals enrolled across 700 general
practices.15 The CPRD contains data on anthropometric measures, such as
body mass index (BMI), clinical diagnoses and procedures, and prescrip-
tions written by general practitioners. Patients in the CPRDhave been shown
to be broadly representative of the population of the United Kingdom in
terms of age, sex, ethnicity, and BMI.15 The CPRD uses the Read code
classification to record medical diagnoses and procedures. Diagnoses
recorded in the CPRD have been shown to have high validity, with a
median positive predictive value of 88.6% for all diagnoses.16 Prescriptions
coded in the CPRD are based on the United Kingdom Prescription Pricing
Authority dictionary.15

The study protocol (16_128R) was approved by the independent
scientific advisory committee of the CPRD and by the research ethics
board of Jewish General Hospital, Montreal, Canada.

Study Population
Using the CPRD, we identified a cohort of men who were at least

40 years of age and newly diagnosed with prostate cancer between January
1, 1988 and April 30, 2015. Cohort entry was the date of the first-ever
diagnosis of prostate cancer. We excluded patients with, 1 year of medical
history in the CPRD before cohort entry, those with a history of ADT use
(to exclude patients with prevalent disease), and those diagnosed with
metastatic disease. We also excluded patients with a previous diagnosis of
any dementia (including Alzheimer’s disease, as defined in Appendix Table
A1, online only) and those previously diagnosed with ischemic stroke or
transient ischemic attack at any time before cohort entry because these
conditions can lead to cognitive impairments. Finally, all patients were
required to have at least 1 year of follow-up after cohort entry to minimize
the inclusion of prevalent dementia, given the known diagnostic delays
associated with this condition.17

Patients meeting the study inclusion criteria were observed starting
1 year after cohort entry, until they received an incident diagnosis of
dementia (identified on the basis of Read codes as defined in Appendix
Table A1), or were censored on death from any cause, they received a new
diagnosis of stroke or transient ischemic attack, or they ended their
registration with the general practice, or until the end of study period
(April 30, 2016), whichever occurred first.

Exposure Ascertainment
Exposure to ADT included receiving gonadotropin-releasing hor-

mone (GnRH) agonists (leuprolide, buserelin, goserelin, triptoerlin), oral
antiandrogens (cyproterone acetate, flutamide, bicalutamide, nilutamide),
and estrogens (diethylstilbestrol, estramustine), and undergoing bilateral
orchiectomy. A time-dependent exposure definition was used, which
allowed patients to transition from a period of nonexposure to a period of
exposure to ADT. Patients were considered exposed to ADTstarting 1 year
after the date of the first prescription, or surgery date for patients who
underwent bilateral orchiectomy (ie, after accounting for a 1-year lag
period), until the end of follow-up. Thus, when events occurred within the
year after treatment initiation, the patients were considered unexposed.
Lagging the exposure was necessary because of the known diagnostic delays
associated with dementia17 and to minimize biases related to detection and

reverse causality (a situation in which exposure might be initiated or
terminated at early signs or symptoms of the outcome). This approach also
imposed a minimal time period between treatment initiation and onset of
the outcome (ie, a latency period). Nonuse of ADT served as the reference
category in all analyses. A figure depicting the exposure definition can be
found in Appendix Figure A1 (online only).

Outcome Ascertainment
On the basis of Read codes, we identified all incident events of

dementia, including Alzheimer’s disease, occurring during the follow-up
period (Appendix Table A1, online only). The diagnosis of dementia and
Alzheimer’s disease in the CPRD has been previously shown to be valid,
with 83% to 90% of the diagnostic codes confirmed upon detailed review
of the records.18-20

Statistical Analysis
Descriptive statistics were used to summarize the characteristics of

the study cohort, and then separately for patients exposed to ADT and
unexposed to ADT in the first 6 months of follow-up. Crude incidence of
dementia and 95% CIs that were based on the Poisson distribution were
calculated for all exposure groups. Time-dependent Cox proportional
hazards models were used to estimate adjusted hazard ratios (HRs) and
95% CIs of incident dementia associated with the use of ADT compared
with nonuse. This was considered the primary analysis.

All models were adjusted for the following variables measured at
cohort entry: age (modeled as a flexible variable using a restricted cubic
spline with five interior knots), year of cohort entry (entered categorically),
alcohol-related disorders, smoking status (ever, never, unknown), and BMI
(, 25 kg/m2, 25 to 30 kg/m2,$ 30.0 kg/m2, unknown). The models were
also adjusted for comorbidities using the Deyo version of the Charlson
comorbidity index (with dementia excluded)21 and the last prostate-
specific antigen value measured before cohort entry (, 4 ng/mL, 4 to
10 ng/mL,. 10 ng/mL). In addition, the models were adjusted for history
of head injury and use of antidepressants, antipsychotics, benzodiazepines,
and hypnotics at any time before cohort entry.

Secondary Analyses
We conducted three secondary analyses. First, we assessed whether

there was a duration-response relationship in terms of cumulative duration
of ADTuse and the incidence of dementia. Cumulative duration of use was
calculated, in a time-dependent fashion, by summing the prescriptions
associated with each ADT drug or from the date of surgery for bilateral
orchiectomy until the date of the risk set (ie, the date of the event). Separate
HRs were estimated for five predefined duration categories (, 6, 6 to 12,
13 to 18, 19 to 24, $ 25 months), and a test of heterogeneity was used to
assess differences across these duration categories. Cumulative duration of
use was also modeled using a restricted cubic spline with five interior knots
to produce a smooth curve of the HR as a function of the duration of ADT
use.22 Second, we assessed whether the risk of dementia varied according
to the use of specific ADT types. Thus, the use of ADT was further cate-
gorized, in a time-dependent fashion, into four mutually exclusive groups:
gonadotropin-releasing hormone agonists only; oral antiandrogens only;
gonadotropin-releasing hormone agonists and oral antiandrogens in com-
bination; and other treatment combinations (bilateral orchiectomy, estro-
gens alone, and other ADTs). Finally, we also assessed separately the
association between the use of ADT and Alzheimer’s disease and other
dementias.

Sensitivity Analyses
We conducted seven sensitivity analyses to assess the robustness of the

findings. First, we repeated the primary analysis by lengthening the ex-
posure lag period to 2 and 3 years. Second, we repeated the primary
analysis but excluded patients with a history of antipsychotic use at baseline
and, in addition, censored patients at the date of the first antipsychotic
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prescription. The latter analysis was performed to minimize outcome
misclassification by accounting for the possibility that such patients were
already being treated for symptoms of dementia. Third, to further account
for the effect of chemotherapy on cognition, we excluded patients pre-
viously treated with chemotherapy before cohort entry and censored on
a new chemotherapy treatment during follow-up. Fourth, we usedmultiple
imputation methods23 for variables with missing data (smoking and BMI).
Fifth, we used the disease risk score method24 as an alternative means of
controlling for confounding (described in the Appendix). Sixth, to account
for potential time-dependent confounding during the follow-up period,
we repeated the primary analysis using a Cox proportional hazards
marginal structural model25,26 (described in the Appendix). Finally, we
used the Fine and Gray model27 to account for competing risks (death
from any cause, ischemic stroke, and transient ischemic attack).

RESULTS

A total of 30,903 patients met the inclusion criteria (Fig 1). The
mean (standard deviation) age at cohort entry was 70.7(8.9) years,
and the cohort was observed for a mean (standard deviation) of
4.3 (3.6) years, generating 133,180 person-years of follow-up. (The
reasons for end of follow-up are listed in Appendix Table A2).
During this time, 799 patients were newly diagnosed with de-
mentia, generating a crude incidence of 6.0 (95%CI, 5.6 to 6.4) per
1,000 person-years. This included 293 of patients (36.7%) with
Alzheimer’s disease and 506 patients (63.3%) with other de-
mentias. (A detailed distribution of these events is listed in

Appendix Table A3). During the follow-up period, 17,994 patients
(58.2%) used ADT, of whom 15,310 (49.5%) used ADTwithin the
first 6 months of follow-up. The median (quartile 1 to quartile 3)
duration of use was 2.3 (1.2 to 4.0) years.

Table 1 presents the baseline characteristics of the entire
cohort and the characteristics stratified by ADT use in the first
6 months of follow-up. Compared with nonusers, ADTusers were
older and were more likely to have ever smoked. They were also
more likely to have had higher prostate-specific antigen levels and
had a higher prevalence of comorbidities.

The results of the primary and secondary analyses are listed
in Table 2. Compared with nonuse, the use of ADT was not
associated with an overall increased risk of dementia (7.4 v 4.4
per 1,000 person-years, respectively; adjusted HR, 1.02; 95% CI,
0.87 to 1.19). In secondary analyses, the risk did not vary with
cumulative duration of use, with all HRs close to the null value
(P for heterogeneity = .78). This pattern was replicated in the re-
stricted cubic spline model (Appendix Fig A2). Similar findings
were observed when assessing the risk by ADT type (Table 2).
Finally, we observed similar results when assessing the association
with Alzheimer’s disease (adjusted HR, 1.11; 95% CI, 0.85 to
1.44) versus other dementias (adjusted HR, 0.97; 95% CI, 0.80 to
1.18; Appendix Tables A4 and A5). These null associations were
also consistent in terms of cumulative duration of use and ADT
type.

The results of the sensitivity analyses are summarized in
Figure 2 and listed in Appendix Tables A4-A8. Lengthening the
exposure lag period to 2 and 3 years did not materially change
the HRs (adjusted HR, 0.95; 95% CI, 0.81 to 1.12 and adjusted
HR, 0.99; 95% CI, 0.82 to 1.18, respectively). Similarly, the HRs
were around the null value when excluding and censoring pa-
tients using antipsychotics (adjusted HR, 1.00; 95% CI, 0.85 to
1.17) and when excluding and censoring patients treated with
chemotherapy (adjusted HR, 1.02; 95% CI, 0.87 to 1.19).
Consistent findings were also observed when using multiple
imputation (adjusted HR, 1.02; 95% CI, 0.88 to 1.20); when
stratifying the model on disease risk score (adjusted HR, 1.02;
95% CI, 0.88 to 1.18); and when using a marginal structural
model to account for time-dependent confounding (marginal
HR, 1.10; 95% CI, 0.90 to 1.34). Finally, similar results were
obtained when accounting for competing risks (subdistribution
HR, 0.95; 95% CI, 0.80 to 1.12).

DISCUSSION

In this large population-based study, the use of ADT was not
associated with an increased risk of dementia, including Alz-
heimer’s disease. We observed similar findings in secondary an-
alyses that assessed the association with duration of use and by
specific ADTs. Finally, these findings remained consistent in several
sensitivity analyses.

To our knowledge, three observational studies have examined
the association between the use of ADTand the risk of dementia or
Alzheimer’s disease,12-14 but they had conflicting findings. In the
first study, compared with nonuse, ADTuse was associated with an
increased risk of Alzheimer’s disease (adjusted HR, 1.66; 95% CI,
1.05 to 2.64).12 In this study, the start of follow-up was different

Patients included in
the study cohort (n = 30,903)

Patients first diagnosed with
prostate cancer between
January 1, 1988, and April
30, 2015                          (N = 52,599)

Patients with prostate
cancer (n = 40,150)

< 1 year of medical history before
  cohort entry
Date inconsistencies
< 40 years of age
Any ADT use before
Metastatic disease at diagnosis

Patients excluded

(n = 85)
(n = 14)

(n = 3,666)
(n = 589)

(n = 12,449)

Previous stroke or transient ischemic
  attack
Previous dementia
Use of cholinesterase inhibitors or
  N-methyl-D-aspartate antagonists
Previous Alzheimer’s disease
< 1 year of follow-up

Patients excluded
(n = 4,074)

(n = 221)
(n = 31)

(n = 31)
(n = 4,890)

(n = 9,247)

(n = 8,095)

Fig 1. Study flow diagram displaying the assembling of the study cohort of
men newly diagnosed with prostate cancer in the United Kingdom Clinical
Practice Research Datalink between 1988 and 2015. ADT, androgen deprivation
therapy.
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between users and nonusers of ADT, which may have introduced
immortal time bias.28,29 Specifically, whereas the start of follow-up
was the time of initiation of treatment of ADTusers, it was the time
of diagnosis plus the median time of ADT use for nonusers. Be-
cause it is possible that some ADT users may have initiated
treatment years after their diagnosis, the nonusers may have had
a longer average follow-up than ADT users, thereby inflating the

denominator of the rate and leading to an overestimation of the
HR. In addition, the exposure definition was solely based on
a clinical text pipeline, an approach that may have introduced
misclassification. Similarly, in two Taiwanese studies, the use of
ADT was associated with nonsignificant increased risks of de-
mentia (HR, 1.21; 95% CI, 0.82 to 1.78)13 and Alzheimer’s disease
(HR, 1.76; 95% CI, 0.55 to 5.62).14 In these studies, cohort entry

Table 1. Baseline Demographic and Clinical Characteristics of the Cohort Stratified by the Use of Androgen Deprivation Therapy

Characteristic
Entire Cohort

No. (%)

Androgen Deprivation Therapy*

Use, No. (%) No Use, No. (%)

Total 30,903 15,310 (49.5) 15,593 (50.5)
Age, years, mean (SD) 70.7 (8.9) 72.8 (8.3) 68.7 (9.0)
Alcohol-related disorders 2,754 (8.9) 1,354 (8.8) 1,400 (9.0)
Smoking status
Ever 14,727 (47.7) 7,632 (49.9) 7,095 (45.5)
Never 14,757 (47.8) 6,965 (45.5) 7,792 (50.0)
Unknown 1,419 (4.6) 713 (4.7) 706 (4.5)

Body mass index, kg/m2

, 25 9,389 (30.4) 4,597 (30.0) 4,792 (30.7)
25-30 13,681 (44.3) 6,669 (43.6) 7,012 (45.0)
$ 30.0 5,814 (18.8) 2,954 (19.3) 2,860 (18.3)
Unknown 2,019 (6.5) 1,090 (7.1) 929 (6.0)

Charlson comorbidity index
0 17,307 (56.0) 8,118 (53.0) 9,189 (58.9)
1-2 11,022 (35.7) 5,727 (37.4) 5,295 (34.0)
$ 3 2,574 (8.3) 1,465 (9.6) 1,109 (7.1)

Prostate-specific antigen, ng/mL
, 4 1,902 (6.2) 397 (2.6) 1,505 (9.7)
4-10 8,868 (28.7) 2,449 (16.0) 6,419 (41.2)
$ 10 12,777 (41.4) 8,751 (57.2) 4,026 (25.8)
Unknown 7,356 (23.8) 3,713 (24.3) 3,643 (23.4)

Head injury 991 (3.2) 459 (3.0) 532 (3.4)
Antidepressants 6,530 (21.1) 3,108 (20.3) 3,422 (22.0)
Antipsychotics 717 (2.3) 346 (2.3) 371 (2.4)
Benzodiazepines 5,442 (17.6) 2,667 (17.4) 2,775 (17.8)
Hypnotics 2,693 (8.7) 1,345 (8.8) 1,348 (8.6)

Abbreviations: SD, standard deviation.
*Use in the 6 months of follow-up.

Table 2. Crude and Adjusted HRs for the Association Between the Use of ADT and the Risk of Dementia

Exposure to ADT Events Person-Years
Incidence
(95% CI)* Crude HR

Age-Adjusted
HR (95% CI)

Adjusted HR
(95% CI)†

Nonuse 275 62,369 4.4 (3.9 to 5.0) 1.00 1.00 [Reference] 1.00 [Reference]
Use 524 70,812 7.4 (6.8 to 8.1) 1.59 1.03 (0.89 to 1.20) 1.02 (0.87 to 1.19)
ADT type
GnRH agonists alone 197 25,214 7.8 (6.8 to 9.0) 1.76 1.09 (0.91 to 1.31) 1.06 (0.87 to 1.28)
Oral antiandrogens alone 64 11,197 5.7 (4.4 to 7.3) 1.24 1.02 (0.78 to 1.34) 1.01 (0.76 to 1.33)
GnRH agonists and oral antiandrogens 249 32,046 7.8 (6.8 to 8.8) 1.63 1.03 (0.87 to 1.23) 1.02 (0.85 to 1.22)
Other types or combinations 14 2,355 5.9 (3.3 to 10.0) 1.12 0.62 (0.36 to 1.06) 0.69 (0.40 to 1.19)

Duration of ADT use, months
, 6 17 3,486 4.9 (2.8 to 7.8) 1.05 1.03 (0.63 to 1.69) 1.01 (0.62 to 1.65)
6-12 51 12,168 4.2 (3.1 to 5.5) 0.91 0.88 (0.65 to 1.19) 0.84 (0.62 to 1.13)
13-18 69 11,793 5.9 (4.6 to 7.4) 1.46 1.13 (0.85 to 1.49) 1.09 (0.82 to 1.44)
19-24 41 7,548 5.4 (3.9 to 7.4) 1.53 1.01 (0.71 to 1.43) 1.00 (0.71 to 1.42)
$ 25 346 35,816 9.7 (8.7 to 10.7) 1.91 1.05 (0.89 to 1.24) 1.05 (0.88 to 1.25)

P for heterogeneity .78

Abbreviations: ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone; HR, hazard ratio
*Per 1,000 person-years.
†Adjusted for age; alcohol-related disorders; smoking status; body mass index; modified Charlson comorbidity index; prostate-specific antigen; history of head injury;
use of antidepressants, antipsychotics, benzodiazepines, and hypnotics; and year of prostate cancer diagnosis.
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for ADT users was the date of the prescription, whereas cohort
entry for nonusers was the date of the prostate cancer diagnosis. As
with the previous study,12 immortal time bias was introduced
because of the differential cohort entry points for users and non-
users. In this instance, the time between prostate cancer diagnosis
and ADT initiation was excluded from the analysis, whereas this
person-time should have been classified as unexposed person-time.
(A graphical illustration of this bias can be found in Appendix
Fig A3). Finally, both of these studies were limited by small sample
sizes (1,314 and 1,335, respectively), and there was no consideration
given to exposure lag periods.13,14

Our study was specifically designed to circumvent the limi-
tations of the previous studies. First, we assembled a large
population-based cohort of men newly diagnosed with prostate
cancer that was statistically powered to detect an HR. 1.19 in the
primary analysis and. 1.25 for the highest category of cumulative
duration of use. Second, the use of the CPRD allowed us to adjust
the models for important potential confounders, such as smoking
and BMI, variables often missing in administrative databases.
Third, we used a time-dependent exposure definition, which
eliminated immortal time bias.28,29 In addition, we lagged the
exposure by 1 year, an approachmeant tominimizemisclassifications
associated with the timing of dementia, possible detection bias after
treatment initiation, and reverse causality and to account for
a minimal latency period between treatment initiation and the
onset of dementia. Finally, our findings remained consistent in
a number of sensitivity analyses that assessed the impact of
different sources of bias, such as the use of different exposure lag
periods, multiple imputation, marginal structural models to account
for possible time-dependent confounding, and disease risk score to
control for confounding.

Although previous studies have demonstrated that low tes-
tosterone levels are associated with cognitive impairment and
Alzheimer’s disease,8,30 the association between ADTand cognitive
impairment remains controversial. Indeed, observational studies
reporting a positive association between ADT use and different
cognitive domains had a number of methodologic limitations,
which included small sample sizes; short durations of follow-up;
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 in-
cluding lifestyle variables.7,31-36 Consistent with our findings,
a recent meta-analysis found that although patients treated with

ADT performed worse on visuomotor tasks in comparison with
control subjects or their own baseline assessments, there were no
significant differences in cognitive domains that are pertinent to
dementia including performance on attention/working memory,
executive function, language, verbal memory, visual memory, and
visuospatial ability.7 These results were consistent across study
designs, with no significant heterogeneity across different cognitive
domains.7

Our study has some limitations. First, our event definition
was based on diagnoses recorded by general practitioners.
However, previous studies have shown that a diagnosis of de-
mentia in the CPRD has a high validity.18-20 Furthermore, the
incidence of dementia estimated in our study (six per 1,000
person-years) is similar to that which has been reported for men
older than 70 years of age.37 Because of the insidious nature of
dementia, there may be misclassifications related to the exact date
of onset of the disease. However, we observed consistent results
when lengthening the exposure lag period to 2 and 3 years. Pre-
scriptions in the CPRD represent those issued by general prac-
titioners, and thus misclassification of exposure is possible if
patients were treated by specialists. However, this misclassification is
likely minimal, given the important role of general practitioners
in the management of prostate cancer in the United Kingdom.38

This is supported by the finding that . 58% of the cohort was
exposed to ADT during the follow-up period, an exposure
prevalence that is consistent with that which has been reported
in other studies.39 Given the observational nature of the study,
residual confounding by unmeasured variables such as years
of education,40 socioeconomic status,41 and physical activity42

is possible. However, these variables are modestly associated
with the outcome, and it is unclear whether these variables
influence the decision to prescribe ADT. Furthermore, we did
not have information on tumor stage and grade, although these
variables are not established risk factors for dementia. Re-
assuringly, we obtained consistent results in a sensitivity anal-
ysis using marginal structural models to account for time-
dependent confounding, which included radical prostatectomy,
radiation therapy, and chemotherapy—variables shown to be
correlated with tumor grade and stage.43 Finally, on the basis
of the Array approach,44 such unmeasured or unknown con-
founders are unlikely to have biased the observed association under
most reasonable assumptions (explained in detail in Appendix
Fig A4).

Analysis

Primary analysis
Lag 2 years
Lag 3 years
Exclude and censor on antipsychotics use
Exclude and censor on chemotherapy
Multiple imputation
Disease risk score
Marginal structural model
Competing risk

0.8 1.0 1.2

HR
1.5

HR

1.02 (0.87 to 1.19)
0.95 (0.81 to 1.12)
0.99 (0.82 to 1.18)
1.00 (0.85 to 1.17)
1.02 (0.87 to 1.19)
1.02 (0.88 to 1.20)
1.02 (0.88 to 1.18)
1.10 (0.90 to 1.34)
0.95 (0.80 to 1.12)

(95%  CI)

Fig 2. Forest plot displaying adjusted HRs
and 95% CIs from the results of the sensi-
tivity analyses to assess the association be-
tween androgen deprivation therapy and the
incidence of dementia. HR, hazard ratio.
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The findings of this large population-based study indicate that
the use of ADT is not associated with an increased risk of dementia
either overall, by duration of use, or by type. Additional studies in
different settings are needed to confirm our findings.
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Appendix

Construction of Disease Risk Score to Account for Confounding
We used the disease risk score (DRS) approach as an alternative means of controlling for confounding.24 This method has been

shown to have a performance comparable to that of the propensity score method (Arbogast, et al: Am J Epidemiol 174:613-620,
2011). We first fitted a Cox proportional hazards model that included the potential confounders assessed at baseline, in addition to
individual components of the Charlson comorbidity index and the exposure status at baseline. The DRS was then calculated for
each patient by taking the products of the regression coefficients and the individual covariate values (with exposure status set to
zero) and summing these products. Hazard ratios of dementia comparing the use of androgen deprivation therapy with nonuse
were estimated by stratifying the Cox proportional hazards model on DRS deciles. The c statistic for the model was 0.73, which is in
line with previous dementia prediction models (range, 0.68 to 0.78; Tang, et al: PLoS One 10: e0136181, 2015).

Marginal Structural Models to Account for Time-Dependent Confounding
Marginal structural models account for potential time-dependent confounding over the follow-up period.25,26 Two pooled

logistic regression models were fitted to estimate the conditional probability of being exposed to androgen deprivation therapy at
30-day intervals during follow-up, one for the numerator and the other for the denominator of the stabilized inverse probability of
treatment weights (IPTWs). The numerator model included baseline covariates (age; year of prostate cancer diagnosis; alcohol-
related disorders; smoking status; body mass index; modified Charlson comorbidity index; prostate-specific antigen; head injury;
and ever use of antidepressants, antipsychotics, benzodiazepines, and hypnotics); and follow-up time. The denominator model
included all covariates included in the numerator model, with the addition of radical prostatectomy, radiation therapy, and
chemotherapy measured at each time interval, and follow-up time. The follow-up time variable was modeled using a restricted
cubic spline with five knots to minimize bias caused by model misspecification from linearity assumptions. We also estimated the
inverse probability of censoring weights (IPCWs) in a similar manner to account for possible informative censoring. Stabilized
IPTWs and IPCWs for each patient were computed using the predicted probabilities from the treatment and censoring models. The
products of these stabilized IPTWs and IPCWs were used to estimate the marginal hazard ratio of dementia associated with the use
of androgen deprivation therapy with 95% CIs calculated using robust variance estimators. All analyses were conducted with SAS
version 9.4 (SAS Institute, Cary, NC).
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Fig A1. Cohort entry, time-dependent exposure definition, and 1-year exposure lagged analysis. Dashed blue line corresponds to person-time not included in the analysis;
dark gold line represents exposed person-time; light gold line represents unexposed person-time. Cohort entry corresponded to incident diagnosis of prostate cancer.
However, the start of follow-up (ie, person-time at risk) was 1 year after the diagnosis of prostate cancer. This was to account for delays in diagnosis of dementia and thus to
exclude prevalent events. Exposure was lagged by 1 year to account for a minimal latency period and to minimize detection bias. The time between the start of follow-up
and the end of the lag period is classified as unexposed person-time, and the time after the end of the 1-year lag is classified as exposed person-time. (A and B) Exposed
events (gray solid squares). (C and D) Unexposed events (red solid squares). ADT, androgen deprivation therapy.
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Fig A2. Smooth restricted cubic spline curve of adjusted hazard ratio of dementia
as a function of continuous duration of androgen deprivation therapy use. ADT,
androgen deprivation therapy.
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Fig A3. Depiction of immortal time bias. Immortal time is the span of follow-up time during which the event of interest cannot occur because of exposure definition. (A)
Immortal time bias caused by exposure misclassification. Cohort entry corresponds to diagnosis of prostate cancer. The time between prostate cancer diagnosis and ADT
initiation is classified as exposed person-time. (B) Immortal time bias caused by selection bias. Cohort entry corresponds to ADT initiation in the exposed cohort, whereas
cohort entry in the unexposed cohort corresponds to diagnosis of prostate cancer. This differential inclusion criterion for cohort entry leads to exclusion of person-time in
the exposed cohort from the analysis and leads to immortal time bias because only the exposed cohort must have survived to ADT initiation. (C) Elimination of immortal
time bias caused by time-dependent definition of exposure. Time between prostate cancer diagnosis and ADT initiation is taken into account and classified correctly as
unexposed person-time. ADT, androgen deprivation therapy.
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Fig A4. Sensitivity analysis for residual confounding using the Array method.44

The graph was constructed on the basis of an observed HR of 1.02 and assuming
a confounder prevalence of 0.2 among nonusers of ADT. The association would
be strongly confounded by an unknown or unmeasured confounder only if it is
strongly associated with the outcome and greatly unbalanced between the ex-
posure groups. Thus, the observed HR of 1.02 is unlikely to have been strongly
confounded under themost reasonable assumptions. All modelswere adjusted for
age; alcohol-related disorders; smoking status; body mass index; modified
Charlson comorbidity index; prostate-specific antigen; history of head injury; use of
antidepressants, antipsychotics, benzodiazepines, and hypnotics; and year of
prostate cancer diagnosis. In addition, the marginal structural model adjusted for
radical prostatectomy, radiation therapy, and chemotherapy. ADT, androgen depri-
vation therapy; CD, confounder-disease association; HR, hazard ratio; PC0, con-
founder prevalence among other non-ADT users; PC1, confounder prevalence among
ADT users; RR, risk ratio.
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Table A1. Read Codes and Read Terms for Dementia

Read Code Read Term

Alzheimer’s disease
Eu00.00 Dementia in Alzheimer’s disease
Eu00000 Dementia in Alzheimer’s disease with early onset
Eu00011 Presenile dementia, Alzheimer’s type
Eu00012 Primary degenerative dementia, Alzheimer’s type, presenile onset
Eu00013 Alzheimer’s disease type 2
Eu00100 Dementia in Alzheimer’s disease with late onset
Eu00111 Alzheimer’s disease type 1
Eu00112 Senile dementia, Alzheimer’s type
Eu00113 Primary degenerative dementia of Alzheimer’s type, senile onset
Eu00200 Dementia in Alzheimer’s disease, atypical or mixed type
Eu00z00 Dementia in Alzheimer’s disease, unspecified
Eu00z11 Alzheimer’s dementia, unspecified
F110.00 Alzheimer’s disease
F110000 Alzheimer’s disease with early onset
F110100 Alzheimer’s disease with late onset
Fyu3000 Other Alzheimer’s disease

Vascular dementia
E004.00 Arteriosclerotic dementia
E004.11 Multi-infarct dementia
E004000 Uncomplicated arteriosclerotic dementia
E004100 Arteriosclerotic dementia with delirium
E004200 Arteriosclerotic dementia with paranoia
E004300 Arteriosclerotic dementia with depression
E004z00 Arteriosclerotic dementia NOS
Eu01.00 Vascular dementia
Eu01.11 Arteriosclerotic dementia
Eu01000 Vascular dementia of acute onset
Eu01100 Multi-infarct dementia
Eu01111 Predominantly cortical dementia
Eu01200 Subcortical vascular dementia
Eu01300 Mixed cortical and subcortical vascular dementia
Eu01y00 Other vascular dementia
Eu01z00 Vascular dementia, unspecified

Dementia in other chronic diseases
Eu02.00 Dementia in other diseases classified elsewhere
Eu02000 Dementia in Pick’s disease
Eu02100 Dementia in Creutzfeldt-Jakob disease
Eu02200 Dementia in Huntington’s disease
Eu02300 Dementia in Parkinson’s disease
Eu02400 Dementia in human immunodeficiency virus disease
Eu02y00 Dementia in other specified diseases classified elsewhere

Other dementias and/or unspecified dementia
E00..11 Senile dementia
E00..12 Senile/presenile dementia
E000.00 Uncomplicated senile dementia
E001.00 Presenile dementia
E001000 Uncomplicated presenile dementia
E001100 Presenile dementia with delirium
E001200 Presenile dementia with paranoia
E001300 Presenile dementia with depression
E001z00 Presenile dementia NOS
E002.00 Senile dementia with depressive or paranoid features
E002000 Senile dementia with paranoia
E002100 Senile dementia with depression
E002z00 Senile dementia with depressive or paranoid features NOS
E003.00 Senile dementia with delirium
Eu02z11 Presenile dementia NOS
Eu02z14 Senile dementia NOS
Eu02z16 Senile dementia, depressed or paranoid type
Eu02500 Lewy body dementia
Eu02z13 Primary degenerative dementia NOS
Eu04000 Delirium not superimposed on dementia, so described
Eu04100 Delirium superimposed on dementia

(continued on following page)

© 2016 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Khosrow-Khavar et al

Downloaded from ascopubs.org by Department of Veterans Affairs on June 23, 2017 from 152.131.010.071
Copyright © 2017 American Society of Clinical Oncology. All rights reserved.



Table A1. Read Codes and Read Terms for Dementia (continued)

Read Code Read Term

E012.11 Alcoholic dementia NOS
Eu10711 Alcoholic dementia NOS
E012.00 Other alcoholic dementia
E02y100 Drug-induced dementia
E041.00 Dementia in conditions EC
Eu02z00 Unspecified dementia

Abbreviations: NOS, not otherwise specified; EC, elsewhere classified.

Table A2. Distribution of Outcome and Censoring Events During Follow-Up in
Study Population

Reasons for End of Follow-Up No. (%)

Dementia 799 (2.6)
Death 8,298 (26.8)
Ischemic stroke 614 (2.0)
Transient ischemic attack 578 (1.9)
End of follow-up 20,614 (66.7)

Table A3. Distribution of Incidence of Dementia Diagnoses During Follow-Up
in Study Population

Type of Dementia No. (%)

Alzheimer’s disease 293 (36.7)
Other dementia
Vascular dementia 171 (21.4)
Dementia in other chronic diseases 16 (2.0)
Other dementia and/or unspecified dementia 319 (39.9)
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Table A4. Crude and Adjusted HRs for Association Between Use of ADT and Risk of Alzheimer’s Disease

Exposure to ADT Events Person-Years
Incidence
(95% CI)* Crude HR

Age-Adjusted HR
(95% CI)

Adjusted HR
(95% CI)†

Nonuse 97 62,369 1.6 (1.3 to 1.9) 1.00 1.00 [Reference] 1.00 [Reference]
Use 196 70,812 2.8 (2.4 to 3.2) 1.66 1.14 (0.89 to 1.45) 1.11 (0.85 to 1.44)
ADT type
GnRH agonists alone 77 25,214 3.1 (2.4 to 3.8) 1.91 1.24 (0.92 to 1.68) 1.17 (0.86 to 1.60)
Oral antiandrogens alone 29 11,197 2.6 (1.7 to 3.7) 1.58 1.32 (0.87 to 2.00) 1.30 (0.85 to 1.98)
GnRH agonists and oral antiandrogens 89 32,046 2.8 (2.2 to 3.4) 1.62 1.09 (0.81 to 1.45) 1.06 (0.78 to 1.44)
Other types or combinations 1 2,355 0.4 (0.01 to 2.4) 0.23 0.14 (0.02 to 0.97) 0.16 (0.02 to 1.16)

Duration of ADT use, months
, 6 6 3,486 1.7 (0.6 to 3.7) 1.04 1.00 (0.44 to 2.29) 0.98 (0.43 to 2.23)
6-12 22 12,168 1.8 (1.1 to 2.7) 1.08 0.97 (0.61 to 1.55) 0.90 (0.56 to 1.44)
13-18 30 11,793 2.5 (1.7 to 3.6) 1.86 1.45 (0.94 to 2.22) 1.37 (0.89 to 2.11)
19-24 13 7,548 1.7 (0.9 to 2.9) 1.40 0.96 (0.53 to 1.77) 0.96 (0.52 to 1.76)
$ 25 125 35,816 3.5 (2.9 to 4.2) 1.89 1.14 (0.86 to 1.50) 1.13 (0.84 to 1.52)

P for heterogeneity 0.67

Abbreviations: ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone; HR, hazard ratio.
*Per 1,000 person-years.
†Adjusted for age; alcohol-related disorders; smoking status; body mass index; modified Charlson comorbidity index; prostate-specific antigen; history of head injury;
use of antidepressants, antipsychotics, benzodiazepines, and hypnotics; and year of prostate cancer diagnosis.

Table A5. Crude and Adjusted HRs for Association Between Use of ADT and Risk of Other Dementias

Exposure to ADT Events Person-Years
Incidence
(95% CI)* Crude HR

Age-Adjusted HR
(95% CI)

Adjusted HR
(95% CI)†

Nonuse 178 62,369 2.9 (2.5 to 3.3) 1.00 1.00 [Reference] 1.00 [Reference]
Use 328 70,812 4.6 (4.1 to 5.2) 1.56 0.98 (0.81 to 1.18) 0.97 (0.80 to 1.18)
ADT type
GnRH agonists alone 120 25,214 4.8 (3.9 to 5.7) 1.68 1.01 (0.80 to 1.28) 1.00 (0.78 to 1.27)
Oral antiandrogens alone 35 11,197 3.1 (2.2 to 4.3) 1.06 0.86 (0.60 to 1.24) 0.85 (0.59 to 1.23)
GnRH agonists and oral antiandrogens 160 32,046 5.0 (4.2 to 5.8) 1.63 1.00 (0.81 to 1.25) 0.99 (0.79 to 1.25)
Other types or combinations 13 2,355 5.5 (2.9 to 9.4) 1.60 0.85 (0.48 to 1.50) 0.92 (0.52 to 1.64)

Duration of ADT use, months
, 6 11 3,486 3.2 (1.6 to 5.6) 1.06 1.06 (0.57 to 1.94) 1.03 (0.56 to 1.89)
6-12 29 12,168 2.4 (1.6 to 3.4) 0.81 0.83 (0.56 to 1.23) 0.80 (0.54 to 1.19)
13-18 39 11,793 3.3 (2.4 to 4.5) 1.26 0.96 (0.66 to 1.38) 0.93 (0.65 to 1.35)
19-24 28 7,548 3.7 (2.5 to 5.4) 1.60 1.03 (0.67 to 1.58) 1.03 (0.67 to 1.58)
$ 25 221 35,816 6.2 (5.4 to 7.0) 1.93 1.00 (0.81 to 1.24) 1.01 (0.81 to 1.26)

P for heterogeneity 0.91

Abbreviations: ADT, androgen deprivation therapy; GnRH, gonadotropin-releasing hormone; HR, hazard ratio.
*Per 1,000 person-years.
†Adjusted for age; alcohol-related disorders; smoking status; body mass index; modified Charlson comorbidity index; prostate-specific antigen; history of head injury;
use of antidepressants, antipsychotics, benzodiazepines, and hypnotics; and year of prostate cancer diagnosis.
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Table A6. Sensitivity Analysis Varying Exposure Lag Period for Association Between Use of ADT and Risk of Dementia

Exposure to ADT Events Person-Years
Incidence*
(95% CI) Crude HR

Age-Adjusted HR
(95% CI)

Adjusted HR
(95% CI)†

Lag 2 years
Nonuse 263 50,423 5.2 (4.6 to 5.9) 1.00 1.00 [Reference] 1.00 [Reference]
Use 438 54,646 8.0 (7.3 to 8.8) 1.47 0.98 (0.84 to 1.14) 0.95 (0.81 to 1.12)

Lag 3 years
Nonuse 224 40,329 5.6 (4.9 to 6.3) 1.00 1.00 [Reference] 1.00 [Reference]
Use 354 41,735 8.5 (7.6 to 9.4) 1.48 1.01 (0.85 to 1.19) 0.99 (0.82 to 1.18)

Abbreviations: ADT, androgen deprivation therapy; HR, hazard ratio.
*Per 1,000 person-years.
†Adjusted for age; alcohol-related disorders; smoking status; body mass index; modified Charlson comorbidity index; prostate-specific antigen; history of head injury;
use of antidepressants, antipsychotics, benzodiazepines, and hypnotics; and year of prostate cancer diagnosis.

Table A7. Sensitivity Analysis Excluding and Censoring Antipsychotic Use for Association Between Use of ADT and Risk of Dementia

Exposure to ADT Events Person-Years
Incidence*
(95% CI) Crude HR

Age-Adjusted HR
(95% CI)

Adjusted HR
(95% CI)†

Nonuse 256 60,480 4.2 (3.7 to 4.8) 1.00 1.00 [Reference] 1.00 [Reference]
Use 479 68,631 7.0 (6.4 to 7.6) 1.56 1.01 (0.87 to 1.18) 1.00 (0.85 to 1.17)

Abbreviations: ADT, androgen deprivation therapy; HR, hazard ratio.
*Per 1,000 person-years.
†Adjusted for age; alcohol-related disorders; smoking status; body mass index; modified Charlson comorbidity index; prostate-specific antigen; history of head injury;
use of antidepressants, antipsychotics, benzodiazepines, and hypnotics; and year of prostate cancer diagnosis.

Table A8. Sensitivity Analysis Excluding and Censoring Chemotherapy for Association Between Use of ADT and Risk of Dementia

Exposure to ADT Events Person-Years
Incidence*
(95% CI) Crude HR

Age-Adjusted HR
(95% CI)

Adjusted HR
(95% CI)†

Nonuse 274 61,643 4.4 (3.9 to 5.0) 1.00 1.00 [Reference] 1.00 [Reference]
Use 517 69,023 7.5 (6.9 to 8.2) 1.60 1.03 (0.89 to 1.20) 1.02 (0.87 to 1.19)

Abbreviations: ADT, androgen deprivation therapy; HR, hazard ratio.
*Per 1,000 person-years.
†Adjusted for age; alcohol-related disorders; smoking status; body mass index; modified Charlson comorbidity index; prostate-specific antigen; history of head injury;
use of antidepressants, antipsychotics, benzodiazepines, and hypnotics; and year of prostate cancer diagnosis.
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