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Purpose
To assess the relative risk of Alzheimer’s disease (AD) among patients with prostate cancer who
received androgen deprivation therapy (ADT), after adjustment for other cancer therapies.
Methods
Data from demographics, survival, diagnoses codes, procedure codes, and other information about
beneﬁciaries age 67 years or older in the Medicare claims database was assessed to determine the
unadjusted and adjusted risks of AD and of dementia from ADT. The prespeciﬁed survival analysis
method was competing risk regression.
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Results
Of the 1.2 million fee-for-service Medicare beneﬁciaries who developed prostate cancer in 2001 to
2014, 35% received ADT. Of these, 109,815 (8.9%) and 223,765 (18.8%) developed AD and
dementia, respectively, and 26% to 33% died without either outcome. Unadjusted rates of AD and
all-cause mortality per 1,000 patient-years were higher among ADT recipients; the unadjusted rates
of AD were 17.0 and 15.5 per 1,000 person-years in recipients and nonrecipients, respectively, and
the unadjusted rates of all-cause mortality were 73.0 and 51.6 per 1,000 person-years, respectively.
The unadjusted rates for dementia in ADT recipients versus nonrecipients were 38.5 and 32.9,
respectively, and the unadjusted rates of mortality were 60.2 versus 40.4, respectively. However,
after analysis was adjusted for other cancer therapies and other covariates, patients with ADT
treatment had no increased risk of AD (subdistribution hazard ratio [SHR], 0.98; 95% CI, 0.97 to 0.99)
and had only a miniscule (1%) risk of dementia (SHR, 1.01; 95% CI, 1.01 to 1.02); patients treated
with ADT were more likely to die before progression to AD (SHR, 1.24; 95% CI, 1.23 to 1.24) or
dementia (SHR, 1.26; 95% CI, 1.25 to 1.26). The risks of AD and dementia were not associated with
duration of ADT (ie, no dose effect). Other secondary analyses conﬁrmed these results.
Conclusion
These data suggest that ADT treatment has no hazard for AD and no meaningful hazard for dementia
among men age 67 years or older who are enrolled in Medicare.
J Clin Oncol 35. © 2017 by American Society of Clinical Oncology
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Prostate cancer (PCa) is the most common cancer
in men; it accounted for 21% of all male cancer
occurrences in 2016 and for 8% of all male cancer
deaths.1 PCa has surgical, radiation therapy, and
medical treatment options.
Nead et al2,3 reported a strong association
between one treatment option, chemical androgen deprivation therapy (ADT), and the risk of
both Alzheimer’s disease (AD; hazard ratio [HR],

1.88) and dementia (HR, 2.17), and they noted
a dose effect. Their results were consistent with
decreased levels of testosterone as a risk factor for
AD.4,5 However, these two prior studies were based
on data from only two institutions, observed few
events (n = 125 patients with AD and n = 314
patients with dementia), and did not consider
other cancer therapies (eg, chemotherapy, radiation
therapy, prostatectomy) in the analyses.
The Virtual Research Data Center (VRDC)
of the Centers for Medicare and Medicaid Services
(CMS) carries information about more than a million
© 2017 by American Society of Clinical Oncology
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METHODS

ﬁrst diagnosis of PCa was reported on or after 2001 as well as at age 67 years
or older. This 67-year age condition provided a 2-year washout period to
ﬁlter out prevalent occurrences of PCa that existed before Medicare enrollment.7 Then, the following patients were excluded: those who had been
enrolled in Medicare Advantage at any time during the study (because
CMS has no claim records for such patients); those with AD, dementia, or
stroke diagnosed before the PCa diagnosis; and those with fewer than
6 months of follow-up after PCa diagnosis (which eliminated PCa occurrences ﬁrst reported after July 30, 2014; Fig 1). The data were exempted
from human subject review by the Ofﬁce of Human Research Protection at
the National Institutes of Health.

Study Population
The initial study cohort came from the set of Medicare beneﬁciaries
fully enrolled in Parts A and B during the entire study period of 2001 to
2014. From this population, the subselected beneﬁciaries were men who
were eligible for Medicare on the basis of old age ($ 65 years) and whose

Source of Diagnosis and Treatment Information and Other
Covariates
The Medicare Master Beneﬁciary Summary File (MBSF) includes the date
of ﬁrst occurrence for each of 27 common chronic conditions (from January 1,

patients with PCa, including their medical treatments and outcomes, such as AD, dementia, and death.6 We used the VRDC as
a source of de-identiﬁed big data for an observational cohort study
to assess the association between use of ADT and risk of AD or
dementia, and all major PCa therapies were included as covariates.
Here, we report the results of that study.

New patients with prostate cancer
between 2001 and 2014

(n = 2,738,998)

Original reason for medicare
entitlement: OASI

Original reason for medicare
entitlement: DIB/ESRD/both

(n = 2,386,085)

(n = 352,913)

Age ≥ 67 years at the diagnosis of
prostate cancer

Age < 67 years at the diagnosis of
prostate cancer

(n = 1,983,000)

(n = 403,085)

Had at least 6 months of
follow-up

Had less than
6 months of follow-up

(n = 1,740,096)

(n = 242,904)

Had no history of stroke

Had history of stroke

(n = 1,582,339)

(n = 157,757)

Never enrolled in HMO

Ever enrolled in HMO

(n = 1,299,596)

(n = 282,743)

Fully enrolled in
parts A and B

Not fully enrolled in
parts A and B

(n = 1,238,879)

(n = 60,717)

Fig 1. Deposition of study population: cohort selection. DIB, disability insurance beneﬁts; ESRD, end-stage renal disease; HMO, health maintenance organization; OASI,
old age and survivors insurance.

2

© 2017 by American Society of Clinical Oncology

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from ascopubs.org by National Library of Medicine - US on August 29, 2017 from 130.014.114.078
Copyright © 2017 American Society of Clinical Oncology. All rights reserved.

Risk of Alzheimer’s Disease With Androgen Deprivation Therapy

1999 to the present).8,9 The MBSF data were used to deﬁne the ﬁrst onset of
PCa, AD, dementia, and each of 22 nonfemale disease covariates (Data
Supplement).
A 10% sample of patients with Part D drug records was obtained from
mid-2006 (the onset of Part D) to identify prescription medications for PCa
dispensed from community pharmacies. The list of Parts B and D drugs for
PCa by category are available in the Data Supplement; however, no Part D data
were used in the primary analysis because Part B records (in-ofﬁce dispensing)
captured almost all of the patients who ever received such treatments, and
because Part D data were unavailable for 95% of the available PCa occurrences.

Outcome and Event Status
The CMS ﬁrst occurrence of PCa diagnosis was used as the starting
time for all of the survival analyses. Individuals were observed until the ﬁrst

of the following occurrences: Dec 31, 2014; the ﬁrst documentation of AD;
or the Medicare-reported date of death. In the ﬁrst set of analyses, the
occurrence of AD as coded by CMS, (which others have validated10) was
used; in the second set, the CMS coding for dementia was used.

Descriptive Statistics
Secular trends occurred during the 14 year-long observation window.
They are reported in the Results.
Statistical Model
The analysis was adjusted for covariates. For age, the age at occurrence of PCa was used; for ethnicity, the name-based algorithms of the
Research Triangle Institute were used, because the Institute classiﬁes ethnicity

Table 1. Comparison of Baseline Characteristics Before and After Propensity Score Weighting
Propensity Score (%)
Unweighted
Characteristic
Mean age at prostate cancer, years
67-74
75-84
$ 85
Mean age at end of follow-up, years
67-74
75-84
$ 85
Ethnicity
White
Black
Hispanic
Asian
Other
Socioeconomic indicator
Rural
Full cost sharing
Partial cost sharing
No cost sharing
Comorbid condition
AMI
Atrial ﬁbrillation
Cataract
Chronic kidney disease
COPD
Heart failure
Diabetes
Glaucoma
Hip/pelvic fracture
Ischemic heart disease
Depression
Osteoporosis
Rheumatoid arthritis/osteoarthritis
Colorectal cancer
Lung cancer
Anemia
Asthma
Hyperlipidemia
Prostatic hyperplasia
Hypertension
Hypothyroidism
Mean No. of conditions

Weighted

Overall
(N = 1,238,879)

ADT Treated
(n = 440,129)

Untreated
(n = 798,750)

ADT Treated
(n = 440,129)

Untreated
(n = 798,750)

75.21
53.57
36.76
9.67
80.72
21.61
49.95
28.43

76.36
44.54
44.35
11.11
82.14
14.22
50.42
35.36

74.57
58.55
32.58
8.87
79.95
25.69
49.70
24.62

75.35
51.24
40.49
8.27
81.21
17.29
52.87
29.84

75.28
54.38
34.48
11.14
80.60
23.30
48.58
28.12

84.58
8.81
4.06
1.49
1.06

84.07
9.46
4.08
1.49
0.90

84.86
8.45
4.05
1.49
1.15

84.47
8.91
4.09
1.48
1.05

84.52
8.87
4.07
1.48
1.06

20.61
4.88
3.15
91.97

22.74
5.40
3.78
90.83

19.44
4.59
2.81
92.60

20.65
5.01
3.24
91.75

20.64
4.95
3.21
91.84

2.98
10.90
49.93
12.80
17.32
17.38
25.03
16.12
0.80
42.32
8.82
2.56
30.64
3.20
1.21
34.00
5.90
57.78
48.80
65.03
9.03
4.63

3.39
11.47
52.74
12.09
17.87
18.19
24.90
16.53
0.79
43.04
8.13
2.37
30.90
2.99
0.96
33.56
5.73
55.77
54.83
65.51
8.48
4.70

2.76
10.59
48.37
13.19
17.02
16.93
25.09
15.90
0.80
41.92
9.21
2.67
30.50
3.31
1.35
34.25
6.00
58.89
45.47
64.76
9.34
4.58

3.05
11.09
50.15
13.06
17.72
17.90
25.26
16.18
0.84
42.82
8.94
2.60
30.85
3.27
1.24
34.53
5.97
57.72
48.83
65.34
9.11
4.66

3.01
10.98
49.99
12.87
17.47
17.59
25.10
16.14
0.81
42.49
8.86
2.57
30.71
3.22
1.21
34.19
5.92
57.71
48.79
65.14
9.06
4.64

NOTE. Data are represented as percentages unless otherwise noted. ADT includes both chemical and surgical ADT. However, the proportion of patients who ever
received surgical ADT was small (1.1%).
Abbreviations: ADT, androgen deprivation therapy; AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary disease.
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better than Medicare’s demographic ethnicity ﬁeld does.11 As a surrogate
for socioeconomic status, degree of Medicaid eligibility (fully dual, partially
dual, or nondual)12 and rural residence indicator were used. The year of the
PCa diagnosis was used to adjust for trends in treatment choices. For health
conditions of patients, each of 22 male-relevant chronic conditions reported in the MBSF ﬁle before the end of follow-up was used as binary
covariates; chemical/surgical ADT, radiation therapy, total prostatectomy,
and chemotherapy were included as separate binary covariates. A propensity score was used to mitigate selection bias toward ADT assignment.
First, logistic regression was performed to calculate the propensity score of
receipt of ADT as a function of all the covariates, and the covariates were
considered only if they began before the PCa diagnosis. Then, the score was
used to generate the inverse probability of treatment weights. Conditional
on the propensity score, observed baseline covariates should be similar
between treated and untreated patients,13,14 although such adjustment may
not be necessary with large sample sizes.15 A competing risk is an outcome
beyond the primary outcome that precludes the occurrence of the primary
outcome. The standard Cox model overestimates the risk of the primary
outcome when the risk of death exceeds that of the primary outcome and/
or the duration of follow-up is greater than 5 years.16 Both criteria apply to
these data; so, the competing risk regression was used as the prespeciﬁed
survival analysis model. To display the event dynamics,17 Cause-speciﬁc
HRs (CSHRs) that used standard Cox data, as well as subdistribution hazard
ratios (SHRs) that used competing risk regression, were presented side by
side for both AD (dementia) and mortality (Data Supplement).
The CMS pools data from thousands of sites. Because, in some
context, such pooling could result in spurious null association,18 a secondary
analysis was performed, which was stratiﬁed by the state of residence of the
beneﬁciary for both outcomes, and another secondary analysis was performed to identify dose effects by comparison of the hazards of ADTuse for 1
year or less versus use for greater than 1 year.
To be sure that any differences in the outcomes would not be attributed to differences in the analysis, a third analysis, which followed the
approach of Nead et al,2,3 was performed to the study the start time for
patients with and without ADT. This analysis included most of the smaller
set of covariates in both the standard Cox model (the method of Nead
et al2,3) and the more appropriate competing risk regression.
Time by covariate interaction terms were included as predictors in an
analysis to test the proportional hazard assumption.17 For covariates that
failed this test, the corresponding interaction term in the model was retained
to deal with its nonproportionality.17

Finally, to assess ascertainment, patients with PCa were identiﬁed
from one of the two institutions in the studies by Nead et al2,3—Stanford
Health—by using the Stanford National Provider Identiﬁers (Data Supplement). Then, the number of AD occurrences reported for those patients
on any Medicare claim was compared with the number identiﬁed only on
Stanford claims. This study only included patients diagnosed with PCa
after October 2006, when the National Provider Identiﬁer registry began.

RESULTS

Study Population and Secular Trends
Of the 1,238,879 patients in the study who met all of the
inclusion criteria, 35% were ever treated with either chemical or
surgical ADT. Patients were observed for an average of 5.5 years
(total, 6,839,877 person-years). During the observation period, the
percentage of patients enrolled in Medicare Advantage programs
increased from 16.0% in 2001% to 31.3% in 2014, whereas the
proportion in fee-for-service decreased inversely. After adjustment
for this decrease, the annual incidence of PCa during these 14 years
also declined, from 1.7% in 2001% to 0.9% in 2014; these trends
have been reported previously.19,20
Distribution and Trends in Types of PCa Treatments
Radiation therapy and chemical ADT were used by 37.4% and
34.8% of all patients, respectively. Of patients who received radiation
therapy, 84% received it as external-beam radiation or neutron beam
therapy; 28.6% received brachytherapy; and 1.5% received protonbeam therapy. Chemotherapy, total prostatectomy, and orchiectomy
were used less frequently: 11.7%, 10.2%, and 1.1%, respectively. Of
all patients, 37.0% received no active treatment, and 27.0% received
more than one kind of treatment (eg, 54.3% of patients who received
radiation therapy also received ADT therapy).
During the 8 years when Part D records were available, the
distribution of medications among patients who received any ADT
drug was as follows: gonadotropin-releasing hormone (GnRH)

Table 2. Outcomes of Interest and Years of Follow-Up by Receipt of ADT for Prostate Cancer
No. (%) of Patients
Variable
AD (event)
Mortality (competing risk)
End of study (censored)
Years of follow-up
AD (event) 1,000 person-years
Mortality (competing risk) 1,000 person-years
Mean age at prostate cancer, years (SD)
Mean age at end of follow-up, years (SD)
AD
Death
Censored
Chemotherapy
Radiation therapy
Prostatectomy
Orchiectomy

Overall
(N = 1,238,879)
109,815
407,403
721,661
5.5
16.1
59.6
75.21
80.72
83.24
82.67
79.24
144,273
463,442
126,819
13,024

(8.9)
(32.9)
(58.3)
(6,839,877)

(6.55)
(6.83)
(6.19)
(7.07)
(6.38)
(11.6)
(37.4)
(10.2)
(1.1)

ADT Treated
(n = 440,129)
43,249
185,852
211,028
5.8
17.0
73.0
76.36
82.14
83.76
82.83
81.20
65,683
251,818
23,868
13,024

Untreated
(n = 798,750)

(9.8)
(42.2)
(47.9)
(2,544,735)

66,566
221,551
510,633
5.4
15.5
51.6
74.57
79.95
82.90
82.54
78.44
78,590
211,624
102,951
0

(6.35)
(6.52)
(5.83)
(6.80)
(6.26)
(14.9)
(57.2)
(5.4)
(3.0)

(8.3)
(27.7)
(63.9)
(4,295,142)

(6.57)
(6.87)
(6.38)
(7.29)
(6.25)
(9.8)
(26.5)
(12.9)
(0.0)

NOTE. Data are presented as No. (%) of patients unless otherwise noted. ADT includes both chemical and surgical ADT. However, the proportion of patients who ever
received surgical ADT was small (1.1%).
Abbreviations: AD, Alzheimer’s disease; ADT, androgen deprivation therapy; SD, standard deviation.
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agonists, 94.2%; androgen receptor blockers, 47.3%; GnRH antagonists,
8.5%; androgen production blockers (ie, CYP17 inhibitors), 6.7%; and
estrogen, 0.7%. Among a small subset of the 27,115 patients with PCa
whose Parts A, B, and D records were available, 8,158 (30%) had at least
one Part B or Part D ADT record, and Part B claims identiﬁed ADT use
in all but 517 (, 2% of patients who had both Parts B and D records).
The 14 years of patient observations were divided into nine
1.5-year intervals, which were based on PCa onset date and which
assessed trends in treatment choices accordingly (data not shown).
The proportion of patients with newly diagnosed PCa who were
treated with active surveillance increased from 33.9% for patients who
entered the study during the ﬁrst 1.5-year interval to 53.0% during the
last 1.5 years. Conversely, chemical ADT use decreased from 42.7% to
23.3%; radiation therapy, from 36.9% to 26.7%; chemotherapy, from
14.7% to 4.4%; and orchiectomy, from 1.8% to 0.3%. Only prostatectomy increased, slightly, from 7.7% to 9.8% between the ﬁrst and
last intervals. Observation of people earlier in the disease course in
later epochs might account for some of these differences.

Differences in Patient Characteristics and Outcomes
Table 1 compares underlying patient characteristics between
ADT-treated and -untreated groups before and after propensity
score weighting. Before such weighting, ADT-treated patients were, on
average, 2 years older at PCa onset (76.4 v 74.6 years) and were more
likely to be black (9.5% v 8.5%), to be dual eligible (9.2% v 7.4%), and
to reside in rural areas (22.7% v 19.4%) than untreated counterparts.
Propensity score weighting diminished these differences.
Crude Analysis: Death and AD
Of all the patients (N = 1,238,879), 8.9% developed AD, and
almost four times as many, 32.9%, died during nearly 7 million
total years of follow-up. This corresponds to crude rates of 16.1
ADs and 59.6 deaths per 1,000 person-years. ADT-treated patients
incurred a higher unadjusted rate of AD (17.0 v 15.5) and of allcause mortality (73.0 v 51.6) per 1,000 patient-years than untreated
patients (Table 2).

Table 3. Hazard Ratios of AD and All-Cause Mortality Presented Side by Side for Competing Risk Regression
SHR (95% CI)
Variable

Reference

ADT treated
Chemotherapy treated
Radiation therapy treated
Prostatectomy treated
Age at prostate cancer
Black
Hispanic
Asian
Other
Full dual
Partial dual
Living in rural areas
AMI
Atrial ﬁbrillation
Cataract
Chronic kidney disease
COPD
Heart failure
Diabetes
Glaucoma
Hip/pelvic fracture
Ischemic heart disease
Depression
Osteoporosis
Rheumatoid arthritis/osteoarthritis
Stroke/transient ischemic attack
Colorectal cancer
Lung cancer
Anemia
Asthma
Hyperlipidemia
Prostatic hyperplasia
Hypertension
Hypothyroidism

No
No
No
No
White
White
White
White
Non-dual
Non-dual
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

AD
0.98
0.433
0.798
0.619
1.065
1.337
1.36
0.852
0.856
1.348
1.085
0.846
0.75
0.801
0.958
0.617
0.893
0.788
1.022
0.935
0.918
1.079
1.632
0.932
0.935
1.223
0.865
0.446
0.926
0.911
1.102
1.123
0.907
0.96

(0.972 to 0.989)*
(0.425 to 0.441)
(0.79 to 0.806)
(0.607 to 0.632)
(1.064 to 1.066)
(1.317 to 1.357)
(1.334 to 1.387)*
(0.82 to 0.884)
(0.812 to 0.902)*
(1.324 to 1.373)
(1.063 to 1.107)*
(0.837 to 0.856)*
(0.737 to 0.762)*
(0.793 to 0.81)
(0.947 to 0.968)
(0.611 to 0.623)
(0.884 to 0.901)*
(0.78 to 0.796)*
(1.013 to 1.031)*
(0.926 to 0.944)
(0.902 to 0.935)*
(1.067 to 1.09)
(1.617 to 1.647)*
(0.92 to 0.945)
(0.927 to 0.944)
(1.21 to 1.236)
(0.85 to 0.879)*
(0.433 to 0.458)
(0.916 to 0.936)*
(0.899 to 0.924)
(1.09 to 1.115)
(1.113 to 1.133)
(0.895 to 0.92)
(0.95 to 0.97)

Death
1.236
2.004
0.899
0.623
1.065
0.979
0.895
0.83
0.982
1.328
0.997
1.065
1.117
1.082
0.607
1.306
1.299
1.513
1.052
0.799
1.034
1.013
1.076
0.862
0.708
0.963
1.096
2.019
1.35
0.94
0.58
0.819
0.82
0.831

(1.23 to 1.242)
(1.992 to 2.015)*
(0.895 to 0.904)
(0.616 to 0.629)
(1.065 to 1.066)
(0.97 to 0.987)
(0.883 to 0.906)
(0.813 to 0.847)
(0.957 to 1.007)*
(1.314 to 1.343)
(0.986 to 1.008)
(1.059 to 1.071)
(1.11 to 1.125)
(1.077 to 1.088)
(0.604 to 0.611)
(1.299 to 1.312)
(1.292 to 1.305)*
(1.505 to 1.522)
(1.047 to 1.057)
(0.795 to 0.803)
(1.025 to 1.044)
(1.007 to 1.019)
(1.07 to 1.081)
(0.856 to 0.867)
(0.705 to 0.711)
(0.957 to 0.968)
(1.087 to 1.104)*
(2.004 to 2.035)
(1.341 to 1.359)
(0.934 to 0.946)
(0.577 to 0.584)
(0.815 to 0.823)
(0.813 to 0.827)
(0.826 to 0.835)

NOTE. The fully adjusted analyses (Data Supplement) included variables for calendar year of prostate cancer diagnoses, one for each year. It included variables
represented in the interaction between time and the covariates as needed to correct for the covariates that did not satisfy proportional hazard assumption. A table with
results from the Standard Cox and the competing risk regression side by side is in the Data Supplement. ADT includes both chemical and surgical ADT. However, the
proportion of patients who ever received surgical ADT was small (1.1%).
Abbreviations: AD, Alzheimer’s disease; ADT, androgen deprivation therapy; AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary disease; SHR,
subdistribution hazard ratio.
*Proportional hazard assumption was satisﬁed for the given covariate.
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Primary Analysis
First, all covariates and time-by-covariate interaction terms
were used to test the proportional hazard assumption. The proportional hazard assumptions for AD (P = .798) and for dementia
(P = .687) were met for ADT. The primary analyses included all
covariates and the interaction terms (not shown) for covariates that
failed the test. (Tables 3-5)
Table 3 lists the adjusted competing risk HRs for AD and death
side by side. ADT was associated with a small (2%) decreased AD
rate (SHR, 0.98; 95% CI, 0.97 to 0.99) and an increased death rate
(SHR, 1.24; 95% CI, 1.23 to 1.24). Among other PCa treatments,
chemotherapy was associated with a large increase in death rate
(SHR, 2.00) and a corresponding reduction in AD rate (SHR, 0.43).
Radiation therapy and prostatectomy were associated with younger
age ranges and, correspondingly, lower rates for both AD and
death. Asian and “other” ethnicity categories had smaller hazards
for AD than the white ethnicity category (SHR, 0.85 and 0.86,
respectively); black and Hispanic ethnicity categories had larger
hazards (SHR, 1.34 and 1.36, respectively) than the white category.
The socioeconomic indicator also was predictive. SHRs ranged
from 1.35 to 1.09 for those who were fully or partially eligible for
both Medicare and Medicaid, respectively, and the indicator results
were directionally similar to reports regarding the general
populations.21,22 Among 22 chronic diseases, the presence of diabetes, ischemic heart disease, depression, stroke and transient
ischemic attack, hyperlipidemia, and prostatic hyperplasia signiﬁcantly increased hazards of AD. Diabetes, ischemic heart disease, depression, and stroke and transient ischemic attack have
been reported as risks and could serve as positive controls.18
Likewise, cataracts and glaucoma were slightly protective and
could serve as negative controls. Nine of 12 diseases associated
with an increased death risk also had a reduced AD rate, as
might be expected.
Stratiﬁcation by state of residence at time of enrollment
(50 states plus DC) was added to the primary analysis to show that
the pooling of data by Medicare from many institutions did not

distort the results, and no added risk of AD from ADT was observed (SHR, 0.99; 95% CI, 0.98 to 0.99; Data Supplement). Also,
no signiﬁcant effect of ADT on the rate of AD was noted in an
analysis tailored more closely to the design of the study by Nead
et al2 (SHR, 1.01; 95% CI, 0.99 to 1.02; Table 4). Finally, dose
effects of ADT on the risk of AD were assessed in the 214,528
patients who received ADT for less than a year compared with the
225,601 patients who received ADT for more than a year. The
hazard ratio was larger for the shorter versus the longer periods of
treatment (SHR, 1.12 and 0.89, respectively; Data Supplement).
The overall prevalence of AD in the prior study by Nead et al2
was substantially lower (0.7%) than the prevalence in this study
(8.9%). The patients from Stanford also were much younger than
the patients in this study (67.3 v 76.4 years), but the AD prevalence
differences persisted in the older-age strata (75 to 84 years: 32.7% v
50.0% for Stanford v Medicare enrollees; . 85 years: 17.8% v
35.7% for Stanford v Medicare enrollees). Moreover, Stanford
Medicare claims carried only half of the post-PCa AD diagnoses
found in the whole Medicare dataset for the patients with PCa in
the Medicare Stanford PCa program, which suggests underascertainment.
A parallel analysis was conducted with dementia as the event
of interest (Table 5). As in the AD analyses, unadjusted rates of
dementia (38.5 v 32.9) and all-cause mortality (60.2 v 40.4) per
1,000 patient-years were higher among ADT recipients than
nonrecipients. In the competing risk model, ADT had a
signiﬁcant—but tiny (1%)—effect on the dementia rate (SHR, 1.01;
95% CI, 1.01 to 1.02). The effects were slightly larger for dementia in
the corresponding analyses by state (SHR, 1.01; 95% CI, 1.01 to
1.02), by dose effect (# 1-year SHR, 1.14; . 1-year SHR, 0.92), and
like the analysis by Nead et al2 (SHR, 1.04; 95% CI, 1.04 to 1.05).
The results of the standard Cox regression, along with the
competing risk analysis, are available in the Data Supplement.
Because the death rates are much greater than the event rates
(42.9% v 9.8% for AD and 33.6% v 21.5% for dementia) the
standard Cox model exaggerated the effect sizes of ADT by a few

Table 4. Hazard Ratios of Alzheimer’s Disease Driven by Model in Prior Study
CSHR (95% CI)
Cox PH Regression
Variable

Reference

ADT treated
Age
Black
Hispanic
Asian
Other
Full dual
Partial dual
Diabetes
Cardiovascular disease†
Malignancy‡

No
White
White
White
White
Non-dual
Non-dual
No
No
No

AD
1.078
1.112
1.417
1.391
0.729
0.869
1.708
1.183
0.907
0.833
0.71

(1.069 to 1.087)*
(1.112 to 1.113)
(1.398 to 1.438)
(1.365 to 1.418)
(0.702 to 0.757)
(0.825 to 0.915)*
(1.678 to 1.739)
(1.16 to 1.206)
(0.9 to 0.915)
(0.825 to 0.841)
(0.7 to 0.721)

Competing Risk Regression
Death

1.415
1.091
1.193
0.886
0.667
0.999
1.736
1.238
0.978
1.214
1.896

(1.409 to 1.421)
(1.091 to 1.092)
(1.184 to 1.202)
(0.875 to 0.896)
(0.654 to 0.68)*
(0.975 to 1.023)*
(1.72 to 1.752)
(1.226 to 1.251)
(0.974 to 0.983)
(1.207 to 1.221)
(1.886 to 1.906)

AD
1.007
1.068
1.289
1.429
0.846
0.816
1.319
1.173
0.938
0.86
0.59

(0.998 to 1.015)*
(1.067 to 1.068)
(1.271 to 1.308)
(1.402 to 1.457)
(0.815 to 0.879)
(0.775 to 0.86)*
(1.295 to 1.343)
(1.15 to 1.197)*
(0.93 to 0.947)
(0.851 to 0.869)
(0.581 to 0.599)*

Death
1.413
1.074
1.126
0.851
0.703
0.995
1.562
1.231
0.996
1.278
1.949

(1.407
(1.074
(1.118
(0.841
(0.689
(0.971
(1.546
(1.219
(0.992
(1.271
(1.939

to
to
to
to
to
to
to
to
to
to
to

1.419)
1.075)
1.135)
0.861)
0.717)*
1.02)
1.578)
1.244)
1)
1.285)
1.96)

Abbreviations: AD, Alzheimer’s disease; ADT, androgen deprivation therapy; CSHR, cause-speciﬁc hazard ratio; PH, proportional hazards; SHR, subdistribution hazard
ratio.
*PH assumption was satisﬁed for the given covariate.
†Cardiovascular disease includes myocardial infarction, ischemic heart disease, and congestive heart failure.
‡Malignancy includes colon and lung cancers.
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Table 5. Hazard Ratios of Dementia Disease and All-Cause Mortality Presented Side by Side for Competing Risk Regression
SHR (95% CI)
Variable

Reference

ADT treated
Chemotherapy treated
Radiation therapy treated
Prostatectomy treated
Age at prostate cancer
Black
Hispanic
Asian
Other
Full dual
Partial dual
Living in rural areas
AMI
Atrial ﬁbrillation
Cataract
Chronic kidney disease
COPD
Heart failure
Diabetes
Glaucoma
Hip/pelvic fracture
Ischemic heart disease
Depression
Osteoporosis
Rheumatoid arthritis/osteoarthritis
Stroke/transient ischemic attack
Colorectal cancer
Lung cancer
Anemia
Asthma
Hyperlipidemia
Prostatic hyperplasia
Hypertension
Hypothyroidism

No
No
No
No
No
White
White
White
White
Non-dual
Non-dual
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Dementia
1.011
0.527
0.816
0.672
1.071
1.34
1.14
0.892
0.912
1.488
1.141
0.898
0.827
0.892
0.892
0.716
0.955
0.903
1.074
0.926
1.046
1.084
1.478
0.945
0.967
1.28
0.878
0.551
0.91
0.952
1.004
1.086
0.935
0.945

(1.005 to 1.017)*
(0.522 to 0.533)
(0.811 to 0.822)
(0.663 to 0.682)
(1.071 to 1.072)
(1.326 to 1.354)*
(1.124 to 1.157)*
(0.869 to 0.915)
(0.88 to 0.944)*
(1.468 to 1.509)
(1.123 to 1.159)
(0.891 to 0.905)
(0.818 to 0.836)*
(0.885 to 0.898)
(0.885 to 0.898)
(0.711 to 0.72)
(0.948 to 0.961)*
(0.896 to 0.909)*
(1.067 to 1.081)*
(0.92 to 0.933)
(1.033 to 1.06)
(1.076 to 1.092)*
(1.469 to 1.488)
(0.936 to 0.954)
(0.961 to 0.973)
(1.271 to 1.29)
(0.868 to 0.889)*
(0.542 to 0.561)
(0.904 to 0.917)
(0.943 to 0.961)
(0.996 to 1.013)
(1.079 to 1.093)
(0.926 to 0.944)
(0.938 to 0.952)

Death
1.257
2.264
0.952
0.653
1.046
0.908
0.943
0.856
0.979
1.195
0.941
1.083
1.138
1.084
0.625
1.379
1.312
1.5
1.026
0.802
0.988
0.993
1.023
0.863
0.709
0.895
1.12
2.097
1.385
0.949
0.602
0.822
0.829
0.834

(1.25 to 1.264)
(2.25 to 2.278)*
(0.946 to 0.957)
(0.646 to 0.66)
(1.045 to 1.046)
(0.899 to 0.917)
(0.93 to 0.956)
(0.837 to 0.876)
(0.952 to 1.007)*
(1.18 to 1.21)
(0.928 to 0.954)
(1.077 to 1.09)
(1.129 to 1.147)
(1.078 to 1.09)
(0.621 to 0.628)
(1.372 to 1.387)
(1.305 to 1.319)
(1.491 to 1.509)
(1.021 to 1.032)*
(0.797 to 0.806)
(0.976 to 0.999)
(0.986 to 0.999)
(1.017 to 1.029)*
(0.856 to 0.87)
(0.705 to 0.712)
(0.888 to 0.901)
(1.111 to 1.13)
(2.08 to 2.115)
(1.375 to 1.395)
(0.942 to 0.956)
(0.598 to 0.606)
(0.818 to 0.827)
(0.822 to 0.836)
(0.828 to 0.839)

NOTE. ADT includes both chemical and surgical ADT. However, the proportion of patients who ever received surgical ADT was small (1.1%). The fully adjusted analyses
(Data Supplement) included variables for calendar year of prostate cancer diagnoses, one for each year. It included variables represented in the interaction between time
and the covariates as needed to correct for the covariates that did not need proportionality assumptions.
Abbreviations: ADT, androgen deprivation therapy; AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary disease; SHR, subdistribution hazard ratio.
*Proportional hazard assumption was satisﬁed for the given covariate.

percentage points compared with the more appropriate competing
risk model16—up to a risk of 2% for AD (CSHR, 1.02; 95% CI, 1 to
1.03) and of 6% for dementia (CSHR, 1.06; 95% CI, 1.05 to 1.07).

DISCUSSION

In this study, we sought to assess the degree to which ADT is associated with AD by using data from 1,238,879 patients with PCa
who were observed during 14 years of Medicare claims. The average
observation time was 5.5 years (total, 6,839,877 years), during which
8.9% developed AD, 32.9% died, and 58.3% reached the end of the
study period (Dec 31, 2014) without experiencing either outcome.
With the prespeciﬁed model of a competing risk, no hazard of
AD from ADTwas observed in any of the analyses, which included all
of the major PCa treatment modalities, underlying patient characteristics, 22 chronic diseases, and both age and year of PCa diagnosis as covariates. The competing risk model actually showed
a slight (2%) decrease in the AD rate, which possibly was attributable
to the high death rate (SHR, 1.24). A parallel set of analyses was
jco.org

conducted with dementia as the outcome. ADT had signiﬁcant, but
miniscule (1%), effect on the dementia rate in the competing risk
model (SHR, 1.01).
Sensitivity analyses were conducted to evaluate the effects of
pooling heterogeneous data, and another analysis replicated the
study by Nead et al.2,3 These analyses found no risk of AD and only
minuscule increases in the risk of dementia, not the nearly two-fold
increase reported in the previous studies.2,3 Finally, no ADT dose
effect on AD or dementia was observed.
The differences in conclusions between this study and the study
by Nead et al 2,3 could be a consequence of different choices of
methods, deﬁnitions, and data source that are described by Madigan
et al.18 However, this study had a larger patient samples (1.2 million v
17,000), longer follow-up time (median, 4.9 v 2.7 years), and more
complete ascertainment than the study by Nead et al.2,3 Furthermore, the ﬁndings of this study are consistent with those of
a number of other studies that addressed the risk of dementia or
cognitive impairment in patients with PCa who were treated with
ADT.23-28 Three of these studies with smaller sample sizes reported
nonsigniﬁcant HRs that were . 1,23,24,26,27 and one study showed
© 2017 by American Society of Clinical Oncology
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a nonsigniﬁcant HR that was , 128; most of the studies were too
underpowered to be conclusive.
The patients with PCa in this study had a much higher rate of
AD than those in the study by Nead et al2,3 (8.9% v 0.7%), in part
because of their younger mean age (67.3 v 75.2 years) and in part
because of likely ascertainment (50%) problems in the study by
Nead et al,2,3 which assumed that the occurrence of AD or dementia would be reported at the index care systems. However,
some patients would have moved to a different care system by the
time these disorders revealed themselves.29
These ﬁndings are subject to a number of limitations. First, to
take advantage of 100% of the Medicare Parts A and B data for feefor-service beneﬁciaries between 2001 and 2014, we did not account for use of antiandrogens from Part D data, but this was
a small slice of data. Second, the propensity score approach does
not mitigate differences in unobserved factors. Third, we lacked
information about many important AD and dementia risk factors,
such as family history; smoking habits; and measurements like
blood pressure, PCa staging information, and biomarkers. Fourth,
we did not adjust for the use of routine medications that patients
may have taken for problems other than PCa.
In summary, these data suggest that ADT presents no hazard of
AD to men age 67 years or older who are enrolled in Medicare. Indeed,
ADT appears slightly protective. Also, the hazard for dementia associated with ADT use is miniscule and not clinically important.
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