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Abstract
Background Increasing evidence indicates an association between statins and reduced prostate cancer-specific mortality
(PCSM). However, significant bias may exist in these studies. One particularly challenging bias to assess is the healthy user
effect, which may be quantified by screening patterns. We aimed to evaluate the association between statin use, screening,
and PCSM in a dataset with detailed longitudinal information.
Methods We used the Veterans Affairs Informatics and Computing Infrastructure to assemble a cohort of patients diagnosed
with prostate cancer (PC) between 2000 and 2015. We collected patient-level demographic, comorbidity, and tumor data.
We also assessed markers of preventive care utilization including cholesterol and prostate specific antigen (PSA) screening
rates. Patients were considered prediagnosis statin users if they had at least one prescription one or more years prior to PC
diagnosis. We evaluated PCSM using hierarchical Fine-Gray regression models and all-cause mortality (ACM) using a cox
regression model.
Results The final cohort contained 68,432 men including 40,772 (59.6%) prediagnosis statin users and 27,660 (40.4%)
nonusers. Prediagnosis statin users had higher screening rates than nonusers for cholesterol (90 vs. 69%, p < 0.001) and PSA
(76 vs. 67%, p < 0.001). In the model which excluded screening, prediagnosis statin users had improved PCSM (SHR 0.90,
95% CI 0.84–0.97; p= 0.004) and ACM (HR 0.96, 95% CI 0.93–0.99; p= 0.02). However, after including cholesterol and
PSA screening rates, prediagnosis statin users and nonusers showed no differences in PCSM (SHR 0.98, 95% CI 0.91–1.06;
p= 0.59) or ACM (HR 1.02, 95% CI 0.98–1.05; p= 0.25).
Conclusion We found that statin users tend to have more screening than nonusers. When we considered screening utili-
zation, we observed no relationship between statin use before a prostate cancer diagnosis and prostate cancer mortality.

Background

Statin use has increasingly gained interest for its potential
role to decrease mortality and improve prostate cancer-

specific outcomes. Recent large-scale observational studies
have demonstrated a protective effect of statin use on
prostate cancer-specific mortality (PCSM) [1–3]. Many
biological mechanisms have been proposed, including the
inhibition of HMG-CoA reductase and thus the inhibition of
mevalonate and cholesterol synthesis pathways is important
for androgen deprivation and tumor growth [4, 5].

While these studies have revealed promising associations
between statin use and prostate cancer (PC) prognosis,
observational studies have historically been hindered by
biases, including surveillance and healthy user effects [6–8].
Previous studies have long suspected the potential sig-
nificant influence of unmeasured effects like increased
health seeking behavior and screening linked to statin
use [9–11]. However, there is a scarcity of empirical data on
the healthy user effect in the context of statin use
and PCSM.
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Routine cholesterol testing and PSA screening tests may
serve as surrogates of preventive care utilization and reveal
the bias associated with statin use. These surrogates have
not been regularly tested in observational studies likely
because such granular information is often unavailable.
However, the Veterans Affairs Informatics and Computing
Infrastructure (VINCI) provides the opportunity to collect
this data, gathered prospectively as part of routine care, and
analyze the secondary effects of statin-related utilization of
preventive care.

We sought evidence of the healthy user bias in a diverse
population of patients with PC taking statins. We hypo-
thesized that the association between statin use and reduced
PCSM is confounded by healthy user effects. When we
include markers of preventive care utilization, like PSA
screening and cholesterol testing, we hypothesized no
association between statin use and PCSM.

Methods

Data source

This study was conducted using VINCI, an electronic
platform providing access to patient-level electronic health
record information and administrative data for all veterans
within the Veteran Affairs (VA) healthcare system. VINCI
incorporates tumor registry data gathered at individual VA
medical centers according to the protocols issued from the
American College of Surgeons. We linked VINCI with the
National Death Index (NDI) to obtain cause-specific mor-
tality information (ICD-10 code C61 for PC) and with the
American Community Survey to obtain zip-code level
income and education. This study was approved by the local
VA Institutional Review Board.

Study population

We identified 80,863 stage I–IV PC patients without prior
malignancies diagnosed between 2000 and 2015. Patients
were required to have at least 2 years of prediagnosis
medical care at the VA to be included in the cohort. We
sequentially eliminated 527 patients with unknown stage
disease and 3005 patients with an unknown PSA value at
the time of PC diagnosis. We then eliminated patients with
one or more of the following variables missing: 5687 with
missing Gleason score; 2219 patients with missing zip-code
associated income data; 1910 patients with missing zip-code
associated high school diploma rate; and 6 patients with
missing treatment information to total 11,003 unique
patients eliminated. We limited the cohort to patients with
known race, eliminating 1428 patients with missing race.
This resulted in a final cohort of 68,432 patients. All

patients were followed until death or last follow-up with a
VA provider with latest possible follow-up on December
31, 2017.

Exposure assessment

Information on statin use was obtained from the VA phar-
macy data. In the primary analysis, we defined prediagnosis
statin use as having at least one prescription filled one or
more years before a PC diagnosis. In a sensitivity analysis,
to account for regular statin users, we increased the mini-
mum number of statin prescriptions one or more years
before a PC diagnosis from one to five—those with less
than five statin prescriptions were in the nonuser group. In
the secondary analysis, we evaluated the influence of
postdiagnosis statin use on PCSM. We defined post-
diagnosis statin use as having at least one prescription filled
within 1 year after a PC diagnosis.

Covariates

Demographic and comorbidities

We extracted the following patient-level variables: age, year
of diagnosis, marital status, employment status, service-
connected disability rating, race, alcohol history, tobacco
history, body mass index (BMI), and zip-code income and
education. We determined Charlson comorbidity index
score from comorbid conditions patients had in the
year prior to diagnosis using previously described methods
[12–14]. We also obtained information on any use of
aspirin, other non-steroidal anti-inflammatory drugs
(NSAID), and 5-alpha reductase inhibitors (5-ARIs) in the 1
year prior to PC diagnosis from VA pharmacy data.

Disease and treatment characteristics

We collected PC staging information such as Gleason score,
PSA, and clinical T/N/M stage. We collected treatment-
related information such as radiation therapy, surgery, and
androgen deprivation therapy (ADT).

Preventive care utilization

We defined the PSA screening rate as a ratio of the number
of years in which a patient had at least one PSA measured
divided by the number of years that the patient was in the
VA system prior to PC diagnosis, with a maximum desig-
nation of 5 years. To avoid including PSA values associated
with PC diagnosis, we only considered PSA lab tests con-
ducted one or more years before the PC diagnosis date. For
example, an annualized PSA screening rate of 75% for a
patient with a 4-year history in the VA prior to a PC
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diagnosis signifies that he had at least one PSA lab value 3
of the 4 years. We defined the cholesterol screening rate
similarly using low density lipoprotein (LDL) as the
lab value.

Model building: base and expanded models

In the primary analysis, we used two models to evaluate the
impact of prediagnosis statins on PCSM. The base model
was designed to emulate models from previous studies by
incorporating data routinely collected in cancer registries
[1, 3, 15–18]. Specifically, the base model included
demographic, comorbidity, and treatment-related informa-
tion (as described previously in the “Covariates”). The
expanded model added information acquired through the
linked electronic health record, not routinely available in
most registries. This included utilization of preventive care,
specifically annualized PSA screening, and cholesterol
screening. On sensitivity analysis, we also separated the
preventive care measures in the expanded models to only
include either annualized PSA screening or cholesterol
screening. Tumor characteristics, including T/N/M staging
variables, Gleason score, PSA at diagnosis, and risk group
were not included as covariates in our primary analyses
because they are on the causal pathway between exposure
(prediagnosis use of statins) and outcome (PCSM) [19].

In the secondary analysis, we used the base and expan-
ded models to evaluate the effect of postdiagnosis statins on
PCSM. In the postdiagnosis statin setting, we included
tumor characteristics as covariates in these models because
they are not on the causal pathway between exposure
(postdiagnosis use of statins) and outcomes (PCSM).

Primary and secondary outcomes

The primary outcome of our study was PCSM. The sec-
ondary outcome was all-cause mortality. For analysis of
survival, we used data from the NDI to determine date and
cause of death. Patients alive at the date of last follow-up
were censored on that date. Survival was measured from the
date of diagnosis to the date of censoring, non-PC death, or
PC death.

Statistical analysis

We tested for differences in covariates between exposure
groups using Chi-Square and Wilcoxon rank-sum tests
when appropriate. To assess the relationship between our
preventive measures, we evaluated the association between
screening rates of PSA and cholesterol with the Spearman
test. We modeled PCSM using competing events of cancer
versus non-cancer death with a Fine-Gray regression and
reported subdistribution hazard ratios (SHR) with 95%

confidence intervals (CI) [20]. We selected all variables
significant at the 0.05 level in univariable analysis for
multivariable analysis. Overall survival analysis was per-
formed with a Cox Proportional Hazards model, again using
a univariable screen for variable selection in the multi-
variable analysis.

We used R version 3.5.1 for analyses and figure design,
using packages “tidyverse”, “cmprsk”, and “survival” for
data manipulation and figure design [5], Fine-Gray regres-
sion [6], and Cox proportional hazards analysis [7],
respectively. All p values were two-sided.

Results

Baseline characteristics

The final cohort contained 68,432 men including 40,772
(59.6%) prediagnosis statin users and 27,660 (40.4%)
nonusers. On average, prediagnosis statin users had their
first statin prescription 6.1 years before their PC diagnosis
and had an average of 18.2 statin prescriptions in the
exposure period. The median follow-up time was 5.87
years, and a total of 10,431 (15.2%) men were followed for
at least 10 years. Prediagnosis statin users were older that
nonusers (mean age 67.0 vs. 64.9, p < 0.001) and had a
higher BMI (mean BMI 29.1 vs. 27.6, p < 0.001). They
were more likely to have a Charlson score greater than or
equal to 2 (14.7 vs. 10.5%, p < 0.001) and be married (55.1
vs. 46.3%, p < 0.001). Prediagnosis statin users were also
less likely to be current smokers (27.5 vs. 35.1%, p < 0.001)
and have an alcohol history (49.0 vs. 54.2%, p < 0.001).

Preventive care utilization

Prediagnosis statin users were more likely to have regular
PSA screening (mean annualized rate 75 vs. 66%, p <
0.001). They were also more likely to have regular cho-
lesterol screening (mean annualized rate 89 vs. 68%, p <
0.001). Prediagnosis statin users were more likely to have
screening rates >80% for both PSA (61.4 vs. 44.4%, p <
0.001) and cholesterol (84.1 vs. 48.4%, p < 0.001) (Fig. 1).
Overall, there was a statistically significant relationship
between PSA and cholesterol screening rates (Spearman
correlation coefficient of 0.46, p < 0.001) (Fig. 2).

Disease characteristics

Prediagnosis statin users had a lower median PSA at diag-
nosis (6.10 ng/mL vs. 6.60, p < 0.001). They were less
likely to have T3 or T4 disease (2.5 vs. 3.0%, p < 0.001),
high risk disease (23.7 vs. 25.2%, p < 0.001) and metastatic
disease (2.9 vs. 3.3%, p= 0.002) (Table 1).
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Survival analyses

In the cohort of 68,432 men, there were 11,576 deaths
including 3515 from PC (1915 statin users and 1600
nonusers). The 10-year cumulative incidence of death from
PC was 5.2% for prediagnosis statin users and 6.9% for
nonusers (p= 0.005). The 10-year cumulative incidence of
death from causes other than PC was 18.2% for pre-
diagnosis statin users and 20.6% for nonusers (p < 0.001).
Overall survival at 10 years was 76.6% and 72.5%

(p < 0.001) for prediagnosis statin users and nonusers,
respectively.

In the base model, prediagnosis statin use was associated
with a decreased risk of both PCSM (SHR 0.90, 95% CI
0.84–0.97; p= 0.004) and ACM (HR 0.96, 95% CI
0.93–0.99; p= 0.02). However, after expanding the base
model to include PSA and cholesterol screening rates, pre-
diagnosis statin users and nonusers had no differences in
PCSM (SHR 0.98, 95% CI 0.91–1.06; p= 0.59) and ACM
(HR 1.02, 95% CI 0.98–1.05; p= 0.25). We explored in the
expanded model individual interactions between prediagnosis
statin use and race, treatment modality, ADT use, and PSA
screening. Each stratification was nonsignificant: race (e.g.,
African-American, non-Hispanic White, other; p= 0.90),
treatment modality (e.g., radiation, surgery, radiation/surgery;
p= 0.43), ADT (e.g., yes and no; p= 0.18), and PSA
screening rate (e.g., ≥80 and <80%; p= 0.72).

In the expanded model, PSA screening was associated
with decreased risks of both PCSM (SHR 0.52, 95% CI
0.46–0.59; p < 0.001) and ACM (HR 0.70, 95% CI
0.65–0.74; p < 0.001). Furthermore, cholesterol screening
was also associated with decreased risks of both PCSM
(SHR 0.83, 95% CI 0.72–0.96; p= 0.01) and ACM (HR
0.84, 95% CI 0.78–0.90; p < 0.001) (Table 2)

In the secondary analysis, postdiagnosis statin use was
not associated with improved PCSM in either the base
model (SHR 0.91, 95% CI 0.76–1.11, p= 0.36) or the
expanded model (SHR 0.92, 95% CI 0.76–1.11, p= 0.37)
(Supplementary Table 1).

Sensitivity analysis

The results were very similar to the base case when chan-
ging the criteria of statin exposure before PC diagnosis to at

Fig. 2 Correlation between
PSA and cholesterol screening
rates. The Spearman correlation
coefficient between the
cholesterol and PSA screening
rates is 0.46, p < 0.001. PSA
prostate specific antigen.
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Fig. 1 Percentage of prostate cancer diagnoses by screening rates for
PSA and cholesterol.
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Table 1 Patient characteristics.

Variable Value Nonusers Prediagnosis statin users

27,660 (40.4) 40,772 (59.6)

Demographics

Age (years) Mean (SD) 64.9 (8.5) 67.0 (7.5)

Race

NHW 16,802 (60.7) 28,137 (69.0)

Black 9041 (32.7) 10,123 (24.8)

Othera 1817 (6.6) 2512 (6.2)

Married 12,814 (46.3) 22,468 (55.1)

Employed 5587 (20.2) 7205 (17.7)

Regional income (USD) Mean (SD) 48,601 (19,070) 49,603 (18,845)

Regional HS diploma rate Mean (SD) 0.85 (0.09) 0.85 (0.08)

Years in VINCIb Mean (SD) 6.45 (3.23) 7.68 (3.33)

Service-connected disability ratingc

None 13,194 (47.7) 18,782 (46.1)

<50% 4914 (17.8) 6149 (15.1)

≥50% 9552 (34.5) 15,841 (38.9)

Comorbidities

BMI Mean (SD) 27.6 (5.9) 29.1 (5.9)

Charlson comorbidity

0 20,529 (74.2) 27,997 (68.7)

1 4224 (15.3) 6789 (16.7)

≥2 2907 (10.5) 5986 (14.7)

5-ARI 8089 (29.2) 15,219 (37.3)

Aspirin 9,570 (34.6) 27,020 (66.3)

NSAID 17,286 (62.5) 27,969 (68.6)

Tobacco history

Never 10,095 (36.5) 15,360 (37.7)

Current 9704 (35.1) 11,201 (27.5)

Past 7861 (28.4) 14,211 (34.9)

Alcohol history 14,978 (54.2) 19,984 (49.0)

Agent orange exposure 4253 (15.4) 7168 (17.6)

Preventive care

PSA screening rate Mean (SD) 0.66 (0.28) 0.75 (0.25)

Cholesterol screening rate Mean (SD) 0.68 (0.29) 0.89 (0.18)

Treatment

Local therapy

None 10,021 (36.2) 15,217 (37.3)

Radiation 9896 (35.8) 16,297 (40.0)

Surgery 7304 (26.4) 8704 (21.3)

Combination 439 (1.6) 554 (1.4)

ADT 10,112 (24.2) 4863 (26.7)

Year of diagnosis

2001–2003 2479 (9.0) 1710 (4.2)

2004–2006 6489 (23.5) 6,931 (17.0)

2007–2009 7146 (25.8) 11,129 (27.3)

2010–2012 6999 (25.3) 12,261 (30.1)

2013–2015 4547 (16.4) 8741 (21.4)
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least five statin prescriptions (Supplementary Table 2).
Furthermore, prediagnosis statin use was not associated
with improved PCSM when the expanded model only
included as a preventive care measure PSA screening (SHR
0.98, 95% CI 0.95–1.02; p= 0.36) or only cholesterol
screening (SHR 0.98, 95% CI 0.99–1.06, p= 0.20).

Discussion

In this large population-based study, we found that the pro-
tective effect of statin use before a PC diagnosis on mortality

was confounded by the healthy user effect. Like many others,
we found that statins were associated with improved PC
mortality when we only considered covariates routinely
included in published studies [1, 3, 15–18]. However, after
including markers of preventive care utilization not included
in most observational analyses, the protective effect of statins
on PC mortality was no longer observed. Furthermore, we
found that statin use after a PC diagnosis was not associated
with improved PC mortality in any models Table 3.

To our knowledge, many cancer registries and other
large datasets do not include sufficient detail to permit
estimation of preventive care utilization like annualized

Table 1 (continued)

Variable Value Nonusers Prediagnosis statin users

27,660 (40.4) 40,772 (59.6)

Tumor

AJCC 7 stage

I 3149 (11.4) 6090 (14.9)

II 21,404 (77.4) 30,935 (75.9)

III 1660 (6.0) 1948 (4.8)

IV 1447 (5.2) 1799 (4.4)

Clinical T stage

1 18,831 (68.1) 28,715 (70.4)

2A 3812 (13.8) 5450 (13.4)

2B 1276 (4.6) 1751 (4.3)

2C 2906 (10.5) 3849 (9.4)

≥3 835 (3.0) 1,007 (2.5)

Clinical N stage*

1 450 (1.6) 587 (1.4)

Clinical M stage

1 903 (3.3) 1,164 (2.9)

PSA (ng/mL) Med (Q1–Q3) 6.60 (4.70–10.80) 6.10 (4.50–9.30)

Log PSA Mean (SD) 2.04 (1.02) 1.90 (0.89)

Gleason score

≤6 11,209 (40.5) 16,521 (40.5)

7 11,278 (40.8) 16,329 (40.0)

8 2791 (10.1) 4370 (10.7)

≥9 2382 (8.6) 3552 (8.7)

Risk group

Low 8699 (31.4) 13,285 (32.6)

Intermediate 11,977 (43.3) 17,815 (43.7)

High 6984 (25.2) 9672 (23.7)

Continuous variables display mean (standard deviation) or median (first quartile–third quartile) in lieu of count (percentage).

N number of patients, Med median, Q1 first quartile, Q3 third quartile, SD standard deviation, PSA prostate specific antigen, HS high school, ADT
androgen deprivation therapy, BMI body mass index, NSAID non-steroidal anti-inflammatory drug, USD United States Dollar.

*Not significant at p < 0.05 (p= 0.053).
aOther race includes Asian/Pacific Islander, American Indian/Alaskan Native, and Hispanic.
bYears in VINCI indicates the number of years patient has been in dataset before PC diagnosis.
cService-connected disability rating represents the percentage a patient’s disability or health problem is related to their active duty. A higher rating
indicates a higher monthly monetary compensation.
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PSA screening rates. We could uncover this confounder
because the VINCI dataset collects longitudinal data from
the electronic medical record and contains most lab
values, including PSAs and LDLs. Our results highlight

the importance of collecting significant confounders
including surrogates for health care utilization in large
registries for more trustworthy comparative effectiveness
research.

Table 2 Prostate cancer-specific mortality in base and expanded models.

Base model Expanded model

Variable Value SHR (95% CI) p SHR (95% CI) p

Prediagnosis statin (ref: nonusers) Users 0.90 (0.84–0.97) 0.004 0.98 (0.91–1.06) 0.59

Demographics

Age (per year) 1.04 (1.03–1.04) <0.001 1.04 (1.03–1.04) <0.001

Race (Ref: NHW) AA 0.96 (0.89–1.04) 0.36 0.93 (0.85–1.01) 0.07

Othera 0.86 (0.75–0.99) 0.03 0.87 (0.76–1.00) 0.05

Married 0.99 (0.92–1.06) 0.68 1.02 (0.95–1.09) 0.66

Employed 0.93 (0.83–1.04) 0.20 0.94 (0.84–1.05) 0.27

Regional income (USD) 1.04 (0.93–1.17) 0.47 1.04 (0.92–1.16) 0.55

Regional HS diploma rate 0.66 (0.41–1.09) 0.10 0.68 (0.41–1.11) 0.12

Years in VINCIb 1.01 (1.00–1.03) 0.11 1.01 (1.00–1.03) 0.07

Service-connected disability ratingc (ref: None) <50% 0.86 (0.78–0.95) 0.009 0.86 (0.78–0.95) 0.003

≥50% 0.81 (0.74–0.89) <0.001 0.81 (0.74–0.89) <0.001

Comorbidities

BMI (per point) 0.94 (0.93–0.94) <0.001 0.94 (0.93–0.95) <0.001

Charlson score (ref: 0) 1 1.10 (1.01–1.20) 0.03 1.10 (1.00–1.20) 0.04

≥2 1.19 (1.09–1.30) 0.002 1.18 (1.08–1.29) <0.001

Aspirin 1.03 (0.96–1.11) 0.42 1.05 (0.98–1.13) 0.16

5-ARI 1.02 (0.95–1.09) 0.66 1.07 (0.99–1.14) 0.08

Tobacco history 1.19 (1.11–1.28) <0.001 1.18 (1.09–1.26) <0.001

Agent orange 1.08 (0.95–1.23) 0.24 1.08 (0.95–1.23) 0.22

Preventive care

Cholesterol screening rate – 0.83 (0.72–0.96) 0.01

PSA screening rate – 0.52 (0.46–0.59) <0.001

Treatment

ADT 2.04 (1.90–2.19) <0.001 1.99 (1.85–2.14) <0.001

Local therapy (ref: none) Radiation 0.51 (0.47–0.55) <0.001 0.52 (0.48–0.57) <0.001

Surgery 0.52 (0.46–0.58) <0.001 0.52 (0.47–0.59) <0.001

Combination 0.86 (0.64–1.15) 0.14 0.86 (0.65–1.15) 0.31

Year of diagnosis (ref: 2000–2003) 2004–2006 0.90 (0.80–1.02) 0.09 0.90 (0.79–1.01) 0.07

2007–2009 0.84 (0.73–0.96) 0.009 0.84 (0.73–0.96) 0.01

2010–2012 0.76 (0.65–0.89) <0.001 0.77 (0.66–0.90) <0.001

2013–2015 0.67 (0.55–0.83) <0.001 0.68 (0.55–0.84) <0.001

The expanded model added to the base model utilization of preventive care, including cholesterol and PSA screening rates. Non-steroidal anti-
inflammatory drug (NSAID) use was omitted from the multivariable analysis because it was nonsignificant on univariable analysis.

Bold values indicate statistical significance p ≤ 0.05.

PC prostate cancer, AA African-American, NHW non-Hispanic White, SHR subdistribution hazard ratio, HS high school, PSA prostate specific
antigen, ADT androgen deprivation therapy, BMI body mass index, NSAID non-steroidal anti-inflammatory drug, VINCI Veterans Affairs
Informatics and Computing Infrastructure, Ref reference.
aOther race includes Asian/Pacific Islander, American Indian/Alaskan Native, and Hispanic.
bYears in VINCI indicates the number of years patient has been in dataset before PC diagnosis.
cService-connected disability rating represents the percentage a patient’s disability or health problem is related to their active duty. A higher rating
indicates a higher monthly monetary compensation.
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Similar to previous studies, we observed that statin users
are much more likely to have their PSAs and cholesterol
annually checked in the years preceding a PC diagnosis
[7, 21, 22]. One study showed that in a Pennsylvania cohort
of 20,783 new statin users, patients who regularly filled

statin prescriptions were more likely than patients who filled
only one prescription to receive PSA tests (HR 1.57, 95%
CI 1.17–2.19), fecal occult blood tests (HR 1.31, 95% CI
1.12–1.53), screening mammograms (1.22, 95% CI
1.09–1.38), influenza vaccinations (HR 1.21, 95% CI

Table 3 All-cause mortality in base and expanded models.

Base model Expanded model

Variable Value SHR (95% CI) p SHR (95% CI) p

Prediagnosis statin (ref: nonusers) Users 0.96 (0.93–0.99) 0.02 1.02 (0.98–1.05) 0.25

Demographics

Age (per year) 1.05 (1.05–1.05) <0.001 1.05 (1.04–1.05) <0.001

Race (ref: NHW) AA 0.91 (0.87–0.94) <0.001 0.89 (0.85–0.92) <0.001

Othera 0.74 (0.69–0.80) <0.001 0.75 (0.70–0.80) <0.001

Married 0.89 (0.87–0.92) <0.001 0.91 (0.88–0.94) <0.001

Employed 0.87 (0.81–0.93) <0.001 0.86 (0.81–0.91) <0.001

Regional Income (USD) 0.96 (0.90–1.01) 0.13 0.96 (0.90–1.01) 0.07

Regional HS diploma rate 0.72 (0.57–0.92) 0.008 0.72 (0.57–0.92) 0.12

Years in VINCIb 1.01 (1.00–1.02) 0.01 1.01 (1.00–1.02) 0.03

Service-connected disability ratingc (ref: None) <50% 0.90 (0.86–0.95) 0.009 0.90 (0.86–0.95) <0.001

≥50% 0.80 (0.77–0.84) <0.001 0.80 (0.77–0.84) <0.001

Comorbidities

BMI (per point) 0.96 (0.96–0.97) <0.001 0.96 (0.96–0.97) <0.001

Charlson score (ref: 0) 1 1.58 (1.52–1.65) <0.001 1.58 (1.52–1.65) <0.001

≥2 2.23 (2.14–2.32) <0.001 2.22 (2.13–2.31) <0.001

Aspirin 1.19 (1.15–1.23) <0.001 1.21 (1.16–1.25) <0.001

5–ARI 1.02 (0.98–1.05) 0.33 1.04 (1.01–1.08) 0.13

Tobacco history 1.31 (1.27–1.36) <0.001 1.30 (1.26–1.35) <0.001

Agent orange 1.08 (1.01–1.15) 0.02 1.08 (1.01–1.15) 0.023

Preventive care

Cholesterol screening rate – 0.84 (0.78–0.90) <0.001

PSA screening rate – 0.70 (0.65–0.74) <0.001

Treatment

ADT 1.41 (1.36–1.46) <0.001 1.39 (1.34–1.44) <0.001

Local therapy (ref: none) Radiation 0.66 (0.64–0.69) <0.001 0.67 (0.65–0.70) <0.001

Surgery 0.55 (0.52–0.58) <0.001 0.55 (0.52–0.58) <0.001

Combination 0.62 (0.52–0.73) <0.001 0.62 (0.52–0.73) <0.001

Year of diagnosis (ref: 2000–2003) 2004–2006 0.80 (0.76–0.85) 0.008 0.81 (0.76–0.85) <0.001

2007–2009 0.62 (0.58–0.66) <0.001 0.63 (0.59–0.67) <0.001

2010–2012 0.46 (0.43–0.50) <0.001 0.47 (0.43–0.51) <0.001

2013–2015 0.26 (0.23–0.30) <0.001 0.27 (0.24–0.30) <0.001

The expanded model added to the base model utilization of preventive care, including cholesterol and PSA screening rates. Non-steroidal anti-
inflammatory drug (NSAID) use was omitted from the multivariable analysis because it was nonsignificant on univariable analysis.

Bold values indicate statistical significance p ≤ 0.05.

PC prostate cancer, AA African-American, NHW non-Hispanic White, SHR subdistribution hazard ratio, PSA prostate specific antigen, ADT
androgen deprivation therapy, BMI body mass index, NSAID non-steroidal anti-inflammatory drug, VINCI Veterans Affairs Informatics and
Computing Infrastructure, Ref reference.
aOther race includes Asian/Pacific Islander, American Indian/Alaskan Native, and Hispanic.
bYears in VINCI indicates the number of years patient has been in dataset before PC diagnosis.
cService-connected disability rating represents the percentage a patient’s disability or health problem is related to their active duty. A higher rating
indicates a higher monthly monetary compensation.
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1.12–1.31), and pneumococcal vaccinations (HR 1.46, 95%
CI 1.17–1.83) [21]. In another study of 141,086 new statin
users, those who regularly filled statin prescriptions
were also more likely to be screened with multiple tests.
They were also less likely to have motor vehicle accidents
(HR 0.75, 95% CI 0.72–0.79) and workplace accidents
(HR 0.75; 95% CI 0.74–0.81). Furthermore, they were less
likely to develop diseases unrelated to a biological effect of
a statin (HR 0.87, 95% CI 0.86–0.89), including dental
problems (HR 0.76, 95% CI 0.72–0.81) and drug depen-
dency (HR 0.73, 95% CI 0.65–0.83) [22]. In our study, we
observed statin users were less likely to be current smokers
and have an alcohol history. These results raise the possi-
bility that patients adherent to statins may also be more
likely to make other healthy decisions that affect mortality.

Interestingly, we observed that PSA screening was
associated with a substantial reduction in all-cause mortality
(HR 0.70, 95% CI 0.65–0.74). No randomized evidence
indicates that PSA screening reduces all-cause mortality
[23–25]. This likely represents a significant healthy user
bias in our study. Furthermore, we found that PSA
screening was associated with a substantial reduction in PC
mortality (SHR 0.59, 95% CI 0.50–0.69; p < 0.001). In our
study, PSA screening was associated with a much larger
reduction in PC mortality than reported at 13 years of
follow-up in the European Randomized Study of Screening
for PC (HR 0.79, 95% CI 0.69–0.91) [23]. This may also
indicate a healthy user bias, which would be theoretically
minimized through the virtues of randomization. Pre-
diagnosis statin users, who were more likely to have annual
PSA screening, had lower PC disease burden compared
with nonusers. Given the nonrandomized, observational
nature of our study, we do not claim there is a causal
relationship between PSA screening and improved PC
mortality. The effect of PSA screening on improved PC
mortality may stem from earlier detection of disease, but it
may also reflect a lead time bias [26, 27].

There are a large number of recent observational studies
showing strong associations between statin use and
improved PC outcomes [1, 3, 15–18]. These studies are
supported by many biological studies showing inhibition of
PC inflammation, cell proliferation, angiogenesis, invasion,
and promotion of apoptosis [28]. A recent analysis invol-
ving nationwide Danish registries evaluated post-diagnostic
statin use in 31,790 PC patients and reported a 17%
decrease in mortality [3]. In another study involving 11,772
patients with PC from the United Kingdom, statin use
before PC diagnosis decreased the risks of both PCSM (HR
0.55, 95% CI 0.41–0.74), and ACM (HR 0.66, 95% CI
0.53–0.81) [29]. Another group showed statin use before a
PC diagnosis resulted in a 19% reduction in mortality in a
subset of 27,752 patients. In this same study, statin use
before a cancer diagnosis in 26 other cancer types also

showed 13–17% reductions in cancer-specific mortality [1].
None of the aforementioned studies included differences in
PSA testing or any other surrogates of preventive care or
health care utilization between statin users and nonusers in
their survival analyses. Though Danish and UK patients
undergo less PSA testing than patients in western countries,
PSA testing and other utilization of health care services may
still be different between statin users and nonusers.

Prospective evidence exists suggesting that in the PSA
screening era, statins are not associated with increased PC
incidence. In a cohort study of 9457 men 55 years old or
older at randomization to the placebo arm of the PC Pre-
vention Trial, statin use during the trial was not associated
with the risk of PC (HR 1.03, 95% CI 0.82–1.30) [30].
Importantly, as part of the protocol, patients in both arms of
the trial were instructed to receive annual PSA screening
and digital rectal examinations. This likely masked any
potential statin-correlated healthy user effects present in a
real-world setting and is an important corroboration of our
findings. Some randomized evidence also indicates
that statins are not associated with changes in tumor pro-
liferation in PC patients. In perhaps the first study to test
statins in PC patients in a randomized, double-blind,
placebo-controlled setting, a total of 160 statin-naïve PC
patients scheduled for radical prostatectomy were rando-
mized to use atorvastatin or placebo daily from recruitment
to surgery for a median of 27 days. Overall, atorvastatin did
not significantly lower tumor proliferation index Ki-67 or
PSA compared with placebo [31].

The major strengths of our study include the large study
size with up to 16 years of follow-up for assessment of all-
cause and PCSM with high-quality registry data. We also
had the ability to ascertain screening rates because of
VINCI’s unique longitudinal collection of lab data. There
were also limitations to our study. We did not have infor-
mation about patients’ diet or physical activity. Further-
more, statin use was ascertained by receipt of a prescription
of a statin. Therefore, misclassification of exposure was
possible if patients did not take their statins as instructed or
received statins from non-VA providers. Furthermore, we
used the NDI for cause-specific mortality, therefore intro-
ducing the possibility of misclassification for the cause of
death. However, we believe there were no indications of
differential bias as studies have shown that death certificates
accurately reflect PCSM [32].

In summary, using a detailed longitudinal dataset, we
observed that prediagnosis statin users utilize more pre-
ventive screening than nonusers. When considering rates
of PSA and cholesterol screening, we observed that the
association between prediagnosis statin use and the
reduced risk of PCSM was nullified. Our study contributes
compelling evidence that statin use is more likely an
indicator of increased health care use than a cause for
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reduced PCSM. We recommend cautious interpretation of
observational analyses attributing protective effects of
statins and other similar medications on cancer-specific
mortality.
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