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ABSTRACT
◥

Background:There is a growing body of evidence supporting the
protective effect of statins on the risk of prostate cancer, in particular
aggressive disease. Past research has mostly been conducted in
North American cohorts of White men.

Methods: In the multiethnic cohort (MEC), we investigated the
association of prediagnostic statin use with the incidence and
mortality of prostate cancer across five racial/ethnic groups (White,
African American, Japanese American, Latino, and Native
Hawaiian).

Results: Among 31,062 male participants who completed a
detailed medication questionnaire, 31.4% reported use of statins,
2,748 developed prostate cancer, and 261 died from the disease.
After adjusting for potential confounders, prediagnostic statin use
was associated with a 32% lower risk of fatal prostate cancer [95%

confidence interval (CI) ¼ 0.50–0.91], with the inverse association
suggested consistently across the five racial/ethnic groups. More-
over, an 11% lower risk of aggressive prostate cancer (95% CI ¼
0.76–1.03) was observed in statin users than in nonusers. We found
no statistically significant association between prediagnostic statin
use and total prostate cancer or nonaggressive disease. Prediagnos-
tic statin use was suggestively associated with a 19% reduction in
prostate cancer–specific mortality (95% CI¼ 0.59–1.10) and an 8%
reduction in all-cause mortality (95% CI ¼ 0.79–1.07).

Conclusions: In the MEC, prediagnostic use of statin was
associated with lower risks of aggressive forms of prostate cancer.

Impact: Our findings provide further support for the potential
benefits of statins in reducing the risk and mortality of prostate
cancer, especially aggressive disease.

Introduction
Prostate cancer is the most common cancer and the second leading

cause of cancer deaths among men in the United States (1). Well-
established risk factors for prostate cancer include increasing age,
African ancestry, family history of prostate cancer, and inherited
susceptibility. There is also strong evidence to support an association
of excess body weight and abdominal adiposity with the risk of
advanced or fatal disease (2). The prolonged carcinogenesis of prostate
cancer makes it an attractive target for chemoprevention. However, in
large-scale randomized trials to date, no lifestylemodifications, dietary
changes, and/or nutrient supplements have been demonstrated to
substantially reduce a man’s risk of prostate cancer (3).

Research in the past decade has highlighted the potential benefits of
statins in reducing prostate cancer incidence and/or mortality. Statins
(3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) are a
class ofmedications that can effectively reduce low-density lipoprotein
cholesterol. Statins are currently one of the most widely prescribed
medications in the United States. According to the National Health

and Nutrition Examination Survey, statin use increased from 16.3% in
2003–2004 to 23.2% in 2011–2012 among adults ages 40 or over (4).
During 2005–2012, an estimated 55.5% of adults ages �21 years
eligible for cholesterol treatment were taking cholesterol-lowering
medications, and this proportion was higher in Whites (58.0%) than
in Latinos (47.1%) or Blacks (46.0%; ref. 5). Given the potential
chemoprevention effects of statins observed in various cell lines,
numerous epidemiologic studies have been conducted to investigate
the association of statin use and the risk of breast cancer, colorectal
cancer, lung cancer, and prostate cancer. In general, few strong or
consistent associations between statin use and cancer incidence had
been detected among the examined cancer sites (6). Although studies
on statin use and total prostate cancer have reported conflicting
findings (7–16), a consistent relationship between statin use and
reduced risk of aggressive prostate cancer has been observed in several
recent studies (7, 8, 11, 15), especially among long-term statin
users (9, 14, 15, 17). Moreover, statin use, prediagnostic or postdiag-
nostic, has both been associated with a large reduction in all-cause
mortality and prostate cancer-specific mortality in patients with
prostate cancer (17–22).

Epidemiologic studies of statin use and prostate cancer were
primarily conducted in White populations. In studies that included
African American participants, the associations were mostly nonsig-
nificant, which may partially be due to smaller sample sizes (9, 13, 23).
Studies in Asian populations reported mixed findings regarding the
potential inverse association of statin use with prostate cancer
risk (8, 10, 14). No studies in Latino or other racial/ethnic minority
groups have been published. To better understand the potential
benefits of statins in lowering prostate cancer incidence and/or
mortality in multiple racial and ethnic groups, we investigated the
association of prediagnostic statin use and the risk of prostate cancer
among 31,062 men over an average of 11.4 years of follow-up in the
Multiethnic Cohort Study (MEC).
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Materials and Methods
Study population

The MEC is an ongoing prospective cohort study established in
1993–1996 to study risk factors for cancer (24). The MEC recruited
over 215,000 residents of Hawaii and Los Angeles at age 45 to 75,
primarily from five racial/ethnic groups (Japanese American, Native
Hawaiian, African American, Latino, andWhite). Upon entry into the
cohort, participants completed a 26-page self-administered question-
naire, including information regarding demographics, medical histo-
ry, family history of cancer, cigarette smoking, height/weight, and
physical activity, as well as a quantitative food frequency question-
naire. Follow-up questionnaires were sent every 5 years to update this
information and to collect information on the history of prostate-
specific antigen (PSA) testing from male participants. From 2001 to
2006, about 70,000men andwomen in theMECcontributed blood and
urine specimens to the biorepository and completed a medication
questionnaire at specimen collection. At this visit, participants were
asked to gather all medications they had taken during the past 2 weeks.
Trained study personnel then recorded the name of each medication
taken. Of the 36,860 men who completed the medication question-
naire, a total of 31,062 were included in this analysis. Participants were
excluded if they (i) had a prostate cancer diagnosis prior to the
medication questionnaire (N ¼ 4,596), (ii) had missing information
on statin use (N¼ 748), date of cancer diagnosis (N¼ 210), or date of
medication questionnaire (N ¼ 19), or (iii) self-reported as “other”
race/ethnicity (N¼ 574). This study was approved by the Institutional
Review Boards overseeing research on human subjects at the Univer-
sity of Hawaii (Honolulu, Hawaii) and the University of Southern
California (Los Angeles, CA). All individuals included in this analysis
provided informed consent.

Case ascertainment
Histologically confirmed invasive prostate cancer was identified by

linkage of the cohort to the Surveillance Epidemiology and EndResults
(SEER) cancer registries covering the state of Hawaii and California.
The linkage also provides additional clinical information about the
diagnosis such as cancer stage and grade. The cohort was also linked to
death certificate files in Hawaii and California and the National Death
Index. The current analysis includes all prostate cancer cases diag-
nosed among eligible participants beginning on the date the medica-
tion questionnaire was completed through December 31, 2017. A total
of 2,748 incident prostate cancer cases were diagnosed during an
average follow-up period of 11.4 years, including 2,034 localized, 425
advanced (T4 or N1 or M1), 1,945 low-grade (Gleason score ≤ 7), 639
high-grade (Gleason score ≥ 8), 261 fatal (prostate cancer as the cause
of death), and 880 aggressive (T4 or N1 or M1 or Gleason score ≥ 8)
prostate cancer cases.

Statistical analysis
In this prospective cohort analysis, we assessed the association of

prediagnostic statin use to prostate cancer risk considering all cases,
cases classified by stage or grade, fatal cases, and aggressive cases. In all
analyses, men contributed person-time at risk from the completion
date of medication questionnaire until invasive prostate cancer diag-
nosis, death, or end of follow-up (December 31, 2017). The HR and
95% confidence intervals (CI) were estimated using Cox proportional
hazards models with age as the time metric. The proportionality
assumption was tested by Schoenfeld residuals and found to be met.
The full model adjusted for age at cohort entry, history of prostate
cancer in father or brother(s) (positive, negative), body mass index
(BMI;< 25 kg/m2, 25–30 kg/m2,>¼ 30 kg/m2), history of diabetes (yes,

no), smoking (never, former, current), physical activity (quartiles),
education (≤ 8th grade, 9th–12th grade, vocational school/some
college, graduated college or higher), and history of PSA testing (ever,
never). Ethnicitywas adjusted as a strata variable in themodel. Physical
activity included in the model was the metabolic equivalents for a
24-hour day (MET-hour/day) of moderate and vigorous activity per
day, parameterized as quartiles based on the distribution of the variable
in the overall study population. Education was considered an indicator
of socioeconomic status. Missing values of these variables were coded
as an “unknown” category in the multivariate analysis. History of
diabetes was summarized from all questionnaires completed before the
medication questionnairewhile self-reported family history of prostate
cancer and PSA testing were derived from all questionnaires com-
pleted before the event of interest or end of follow-up. The remaining
variables were from the baseline cohort questionnaire. We performed
these analyses in all men and separately by race/ethnicity (White,
African American, Japanese American, Latino, and Native Hawaiian),
family history of prostate cancer (negative, positive), education (≤ 12th
grade, > 12th grade), history of diabetes (no, yes), BMI (<25 kg/m2,
≥ 25 kg/m2), physical activity (below or abovemedian), smoking status
(never, ever) and history of PSA testing (never, ever). The likelihood
ratio test (LRT) was performed to evaluate the interactions between
statin use and these covariates. We also performed sensitivity analyses
that (i) additionally adjusting for self-reported history of colonoscopy
(ever/never) as the proxy variable for access to care, and (ii) limited to
participants with no missing data for any covariates (N¼ 28,799). All
statistical tests were two sided, and P < 0.05 was considered statistically
significant. Data analysis was performed using R (25).

In patients with prostate cancer diagnosed after the medication
questionnaire, we conducted a survival analysis to describe the effect of
prediagnostic statin use, overall and by ethnicity, on all-cause and
prostate cancer–specific mortality. Survival time was modeled as years
starting at the date of the invasive prostate cancer diagnosis and ending
at the first of the following endpoints: (i) date of prostate cancer–
specific death, (ii) date of nonprostate cancer–specific death, or (iii) the
end of follow-up (December 31, 2017). HRs and 95% CIs were
estimated using Cox proportional hazards models. In the analysis of
prostate cancer–specific mortality, the model adjusted for age at
prostate cancer diagnosis, SEER summary stage (local, regional/met-
astatic), Gleason score (≤7, >7), ethnicity, history of PSA testing (ever/
never), and history of colonoscopy (ever/never). To assess all-cause
mortality, the models were further adjusted for smoking status (never,
former, current), BMI (<25 kg/m2,≥25 kg/m2), history of diabetes (yes,
no), and physical activity (quartiles in MET-hour/day). We also
evaluated the association of any statin use with the two mortality
outcomes in all patients with prostate cancer diagnosed at any time
since the MEC enrollment.

For the association of prediagnostic statin use with prostate cancer
incidence and mortality, we calculated an E-value to assess potential
bias resulting from an unknown or unmeasured confounder (26). The
E-value was calculated directly from the estimated HR and the 95%
CIs.

Results
Participant’s characteristics by statin use

This study included 31,062 male MEC participants that completed
the medication questionnaire, of which 2,748 incident prostate cancer
cases were identified during an average of 11.4-year follow-up. A total
of 9,739 men reported statin use, which represents 90.6% of men
reporting use of any lipid-lowering medication. Compared with
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Whites (29.9%), the prevalence of statin use was significantly lower in
African Americans (21.3%) and Latinos (25.5%), and higher in
Japanese Americans (38.6%) and Native Hawaiians (34.0%). The
observed differences in the prevalence of statin use were independent
of the age differences across ethnic groups. Men that were overweight
(BMI, 25–30 kg/m2) or obese (BMI≥ 30 kg/m2) at cohort baseline were
also more likely to report statin use. Statin use appeared to be more
prevalent in men with a higher education level or those that had ever
undergone PSA testing. History of diabetes was strongly correlated
with statin use, with 45.0% of diabetic men taking statins compared
with only 27.9% of nondiabetic men. Men who were more physically
active at cohort baseline (i.e., fourth quartile) had a significantly lower
frequency of statin use in comparison with men with low levels of
physical activity (i.e., first quartile; Table 1).

Association of prediagnostic statin use with prostate cancer
incidence

The associations of prediagnostic statin use with different prostate
cancer phenotypes are presented for all men and by race/ethnicity
in Table 2. Statin use had no impact on the incidence of total prostate
cancer or nonaggressive prostate cancer (low-grade or localized).
However, we did observe a suggestive inverse association of statin
use with risk of high-grade (HR¼ 0.86, 95%CI¼ 0.72–1.03, P¼ 0.10)
or advanced (HR ¼ 0.82, 95% CI ¼ 0.66–1.03, P ¼ 0.09) prostate
cancer. These inverse associations were consistently suggested across
the racial/ethnic groups (PLRT, 0.18–0.47) and appeared to be greater in
Latinos and Whites (HR, 0.64–0.77). It was suggested that Japanese
American statin users had a lower risk of localized prostate cancer than
nonusers (HR ¼ 0.87, 95% CI ¼ 0.75–1.02, P ¼ 0.08) whereas a
significantly higher risk of localized prostate cancer in statin users was
observed in African Americans (HR¼ 1.35, 95% CI¼ 1.08–1.69, P¼
0.01) and Native Hawaiians (HR ¼ 1.54, 95% CI ¼ 1.08–2.19, P ¼
0.02). This directionally opposite association with localized prostate
cancer across ethnic groups was statistically significant (PLRT ¼
0.005; Table 2).

In our study cohort, statin use was significantly associated with a
32% reduction in the risk of fatal prostate cancer (HR¼ 0.68, 95%CI¼
0.50–0.91, P¼ 0.01;Table 2). This inverse associationwas consistently
suggested across racial/ethnic groups (PLRT ¼ 0.95). The E-value was
estimated to be 2.33, indicating that an unknown confounder would
have to be associated with both statin use and fatal prostate cancer by a
relative risk of 2.33 to explain away the observed inverse association
(Supplementary Table 1). When aggressive forms of prostate cancer
were combined, the risk of aggressive prostate cancer was suggestively
lower in statin users than nonusers in all men (HR ¼ 0.89, 95% CI ¼
0.76–1.03, P ¼ 0.11). There were no appreciable differences in the
results from the sensitivity analysis (Supplementary Table 2).

Betweenmenwith a positive and negative history of PSA testing, we
observed directionally different associations of statin use for high-
grade prostate cancer (PLRT ¼ 0.06) and aggressive prostate cancer
(PLRT ¼ 0.03) while the associations with other prostate cancer
phenotypes were similar between the two groups (Supplementary
Table 3). In men reported a positive history of PSA testing (63.5%
of the study population), prediagnostic statin use was significantly
associated with a lower risk of high-grade prostate cancer (HR¼ 0.78,
95% CI¼ 0.63–0.96, P¼ 0.02), fatal prostate cancer (HR¼ 0.60, 95%
CI¼ 0.42–0.87, P¼ 0.006) and aggressive prostate cancer (HR¼ 0.79,
95%CI¼ 0.66–0.95, P¼ 0.01) and no association was foundwith total
prostate cancer and nonaggressive prostate cancer (localized or low-
grade). Although no significant association was observed among men
without previous PSA testing, it was suggested that statin users had a

slightly higher risk of localized prostate cancer (HR ¼ 1.17, 95% CI¼
0.97–1.40, P¼ 0.09) compared with nonusers. We found no evidence
of effect modification by other covariates (Supplementary Table 3).

Association of statin usewithprostate cancer–specificmortality
and all-cause mortality

Among the 2,748men with prostate cancer, 971 died during follow-
up (average years after diagnosis¼ 5.7) and 261 had prostate cancer as
the primary cause of death (average years after diagnosis ¼ 3.8). The
most common causes of death were prostate cancer, other cancers, and
cardiovascular diseases, accounting for 29.1% (N ¼ 203), 18.6% (N ¼
130), and 23.6% (N¼ 165) of deaths in nonusers and 21.1% (N¼ 58),
19.6% (N ¼ 54), and 32.7% (N ¼ 90) of deaths in statin users,
respectively. Compared with nonusers, there was a higher proportion
of advanced prostate cancer and a similar proportion of high-grade
and low-grade disease among statin users (Supplementary Table 4)
The risk of dying from prostate cancer was substantially lower in statin
users than in nonusers (HR ¼ 0.81, 95% CI ¼ 0.59–1.10, P ¼
0.17; Table 3). Prediagnostic statin use also showed a suggestive
inverse association with all-cause mortality (HR ¼ 0.92, 95% CI ¼
0.79–1.07, P ¼ 0.28), and this association appeared to be greater in
AfricanAmericanmen (HR¼ 0.78, 95%CI¼ 0.58–1.05,P¼ 0.10) and
Japanese American men (HR ¼ 0.79, 95% CI ¼ 0.59–1.05, P ¼ 0.11).

Similar results were observed in all patients with prostate cancer
(N ¼ 6,999) diagnosed since the MEC enrollment (Supplementary
Table 5). Statin use, prediagnostic or postdiagnostic, was significantly
associated with a 20% lower prostate cancer–specific mortality (HR¼
0.80, 95% CI ¼ 0.67–0.96, P ¼ 0.02) and an 8% decrease in all-cause
mortality (HR ¼ 0.92, 95% CI ¼ 0.85–0.99, P ¼ 0.03), especially in
African Americans (HR ¼ 0.80, 95% CI ¼ 0.69–0.94, P ¼ 0.005) and
Japanese Americans (HR ¼ 0.81, 95% CI ¼ 0.70–0.94, P ¼ 0.007).

Discussion
In this multiethnic, population-based cohort, prediagnostic statin

use was associated with a 32% lower risk of fatal prostate cancer
adjusting for other risk factors. This inverse association was consis-
tently suggested across the five racial/ethnic groups included in the
analysis. Statin use was also related to a 14%–18% reduction in risk of
aggressive disease (advanced and/or high-grade). Statin use showed no
impact on the risk of total prostate cancer or nonaggressive prostate
cancer phenotypes (low-grade or localized) in all men, though in
Japanese Americans a 10%–13% risk reduction was suggested and
among African Americans and Native Hawaiians, statin users
appeared to have a higher risk of localized prostate cancer than
nonusers. Among patients with prostate cancer, prediagnostic use of
statin or any statin use was associated with a lower risk of dying from
the disease and reduced all-cause mortality.

Findings from our analysis are in line with previous reports from
large population-based cohorts, where current use of statin or lipid-
lowering drugs, in general, were inversely associated with aggressive
forms of prostate cancer (defined using varying levels ofGleason grade,
clinical stage, or a combination of both variables) but not with total
prostate cancer. In reports from The Health Professionals Follow-up
Study consisting of 44,126 male participants (27, 28), current statin
use was inversely associated with lethal (metastatic or fatal) prostate
cancer (HR ¼ 0.76, 95% CI ¼ 0.60–0.96) and this association was
stronger among those with 5 or more years of statin use (HR ¼ 0.65,
95% CI¼ 0.47–0.90). Statin use was unrelated to overall, localized, or
low-grade prostate cancer risk (28). In another prospective cohort
analysis of data from 55,454 male participants of the Cancer
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Prevention Study-IINutritionCohort, investigators found that current
use of cholesterol-lowering drugs for 5 or more years was marginally
associated with a 40% reduction in risk of advanced prostate cancer
(HR ¼ 0.60, 95% CI ¼ 0.36–1.00) but was not associated with overall
prostate cancer (29). Results from the Southern Community Cohort
(N¼ 32,091) suggested a 38% lower risk of high-grade prostate cancer
in current statin users than nonusers (HR¼ 0.62, 95%CI¼ 0.30–1.28;
ref. 13). From the single largest cohort study including 249,986 men
from the Saskatchewan Ministry of Health, there was an inverse
association of statin use with metastatic prostate cancer (HR ¼
0.69, 95% CI ¼ 0.61–0.79; ref. 7). A recent meta-analysis that pooled
results from 36 observational studies and six randomized clinical trials
published by the end of 2015 reported a null effect of statins on total
prostate cancer [relative risk (RR) ¼ 0.92, 95% CI ¼ 0.82–1.03],
localized prostate cancer (RR ¼ 0.98, 95% CI ¼ 0.91–1.06), and
low-grade prostate cancer (RR ¼ 0.95, 95% CI ¼ 0.88–1.02), but a
significant protective effect of statins on risk of advanced prostate
cancer (RR¼ 0.87, 95%CI¼ 0.82–0.91) and high-grade disease (RR¼

0.83, 95% CI ¼ 0.66–0.99; ref. 30). These associations are further
supported by preclinical studies where statins have been found to
directly inhibit prostate cancer development and progression through
cholesterol-mediated and non–cholesterol-mediated pathways (31).

Most of the abovementioned studies on statin and prostate
cancer were conducted in North American cohorts and predom-
inately White populations. Among these studies, several have
included African Americans in the analysis, though the sample
sizes were usually small. In the Atherosclerosis Risk in Communi-
ties study consisting of 5,007 Whites and 1,511 African American
men, investigators observed a suggestive inverse association of
lipid-lowering medications (76% of which were statins) with fatal
prostate cancer in White men (HR¼ 0.58, 95% CI¼ 0.33–1.04) and
this association appeared to be attenuated in African American men
(HR ¼ 0.95, 95% CI ¼ 0.42–2.15), though the difference was not
statistically significant (Pinteraction ¼ 0.62; ref. 9). A report from the
Southern Community Cohort found the association of statin use
with high-grade prostate cancer was similar (Pinteraction ¼ 0.81) in

Table 1 Demographic and lifestyle factors by prediagnostic statin use.

Statin nonusers Statin users
Characteristics (N ¼ 21,323) (N ¼ 9,739)

Race/Ethnicity, N (%)
White 4,726 (22.2) 2,019 (20.7)
African American 2,881 (13.5) 779 (8.0)
Japanese American 6,859 (32.2) 4,320 (44.4)
Latino 5,252 (24.6) 1,796 (18.4)
Native Hawaiian 1,605 (7.5) 825 (8.5)

Age at medication questionnaire, mean (SD) 67.4 (8.4) 69.1 (8.0)
First-degree family history of prostate cancer, N (%)

Negative 18,523 (86.9) 8,516 (87.4)
Positive 2,710 (12.7) 1,191 (12.2)
Missing 90 (0.4) 32 (0.3)

BMI, N (%)
Normal 7,794 (36.6) 3,089 (31.7)
Overweight 9,949 (46.7) 4,839 (49.7)
Obese 3,481 (16.3) 1,790 (18.4)
Missing 99 (0.5) 21 (0.2)

Education, N (%)
≤8th grade 1,939 (9.1) 642 (6.6)
9th–12th grade 5,268 (24.7) 2,590 (26.6)
Vocational school/some college 6,434 (30.2) 2,951 (30.3)
Graduated college or higher 7,501 (35.2) 3,482 (35.8)
Missing 181 (0.8) 74 (0.8)

History of diabetes, N (%)
No 18,671 (87.6) 7,492 (76.9)
Yes 2,652 (12.4) 2,247 (23.1)

Moderate or vigorous activity (MET-hours/day), N (%)
Quartile 1 5,591 (26.2) 2,631 (27.0)
Quartile 2 4,959 (23.3) 2,491 (25.6)
Quartile 3 4,755 (22.3) 2,144 (22.0)
Quartile 4 5,217 (24.5) 2,112 (21.7)
Missing 801 (3.8) 361 (3.7)

Smoking status, N (%)
Never 7,221 (33.9) 2,910 (29.9)
Former 10,575 (49.6) 5,423 (55.7)
Current 3,314 (15.5) 1,332 (13.7)
Missing 213 (1.0) 74 (0.8)

PSA testing, N (%)
Never 7,658 (35.9) 2,824 (29.0)
Ever 12,989 (60.9) 6,734 (69.1)
Missing 676 (3.2) 181 (1.9)
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Whites (HR ¼ 0.56, 95% CI ¼ 0.17–1.83) and African American
men (HR ¼ 0.65, 95% CI ¼ 0.29–1.44; ref. 13). In a case-case
analysis from the North Carolina-Louisiana Prostate Cancer Project
including 344 aggressive and 1,586 nonaggressive Whites (52.4%)

or African American (47.6%) cases, statin use was significantly
associated with a lower risk of aggressive prostate cancer (OR ¼
0.74, 95% CI ¼ 0.56–0.96), with similar effect estimates in Whites
(OR¼ 0.64, 95%CI¼ 0.44–0.95) and in African American men (OR

Table 2 HR and 95% CIs for prostate cancer associated with prediagnostic statin use by race/ethnicity.

Overall White African American Japanese American Latino Native Hawaiian
Phenotype (N ¼ 31,062) (N ¼ 6,745) (N ¼ 3,660) (N ¼ 11,179) (N ¼ 7,048) (N ¼ 2,430) PLRT

a

Total PrCa
No. of events 2,748 515 572 899 588 174
HR (95% CI)b 0.98 (0.90–1.07) 1.02 (0.84–1.24) 1.11 (0.91–1.36) 0.89 (0.78–1.03) 0.90 (0.74–1.10) 1.30 (0.95–1.78) 0.12
P 0.63 0.82 0.32 0.11 0.29 0.11

High-grade PrCa
No. of events 639 147 103 239 104 46
HR (95% CI)b 0.86 (0.72–1.03) 0.77 (0.53–1.12) 0.96 (0.59–1.59) 0.89 (0.68–1.16) 0.64 (0.39–1.07) 1.29 (0.70–2.37) 0.18
P 0.10 0.17 0.89 0.39 0.09 0.41

Low-grade PrCa
No. of events 1,945 346 407 634 438 120
HR (95% CI)b 1.04 (0.94–1.15) 1.13 (0.90–1.43) 1.25 (0.99–1.57) 0.90 (0.77–1.06) 0.96 (0.76–1.20) 1.32 (0.90–1.94) 0.15
P 0.47 0.30 0.07 0.22 0.72 0.15

Advanced PrCa
No. of events 425 104 71 122 91 37
HR (95% CI)b 0.82 (0.66–1.03) 0.64 (0.40–1.03) 0.99 (0.54–1.80) 1.03 (0.71–1.50) 0.64 (0.36–1.12) 0.73 (0.34–1.55) 0.47
P 0.09 0.06 0.97 0.86 0.12 0.41

Localized PrCa
No. of events 2,034 375 419 717 390 133
HR (95% CI)b 1.04 (0.95–1.15) 1.16 (0.93–1.45) 1.35 (1.08–1.69)c 0.87 (0.75–1.02) 0.92 (0.72–1.17) 1.54 (1.08–2.19)c 0.005
P 0.39 0.19 0.01 0.08 0.51 0.02

Fatal PrCa
No. of events 261 52 88 46 61 14
HR (95% CI)b 0.68 (0.50–0.91)c 0.71 (0.38–1.31) 0.55 (0.29–1.05) 0.69 (0.37–1.28) 0.84 (0.45–1.54) 0.59 (0.18–1.96) 0.93
P 0.01 0.27 0.07 0.24 0.56 0.39

Aggressive PrCa
No. of events 880 198 147 308 158 69
HR (95% CIs)b 0.89 (0.76–1.03) 0.76 (0.55–1.05) 0.90 (0.59–1.38) 0.98 (0.78–1.23) 0.72 (0.48–1.08) 1.07 (0.65–1.78) 0.38
P 0.11 0.09 0.64 0.85 0.11 0.79

aPLRT from the LRT on the effect modification by ethnicity.
bHRs and 95% CIs from the cox proportional hazards regression models adjusting for age at cohort entry, family history of prostate cancer, BMI (<25, 25–30,
≥ 30 kg/m2), history of diabetes (yes, no), smoking (current, former, never), education, physical activity (quartile in MET-hour/day), and PSA testing (ever,
never). Ethnicity was adjusted as a strata variable in the analysis of overall study population.
cStatistical significance at P < 0.05.

Table 3. Association of prediagnostic statin use with prostate cancer–specific mortality and all-cause mortality by race/ethnicity.

Overall White African American Japanese American Latino Native Hawaiian
(N ¼ 2,748) (N ¼ 515) (N ¼ 572) (N ¼ 899) (N ¼ 588) (N ¼ 174) PLRT

a

Prostate cancer–specific mortality
No. of events 261 52 88 46 61 14
HR (95% CI)b 0.81 (0.59–1.10) 0.80 (0.41–1.57) 0.62 (0.33–1.20) 0.70 (0.37–1.34) 1.75 (0.91–3.37) 0.85 (0.21–3.46) 0.23
P 0.17 0.52 0.16 0.28 0.09 0.82

All-cause mortality
No. of events 971 177 319 230 187 58
HR (95% CI)c 0.92 (0.79–1.07) 0.96 (0.69–1.35) 0.78 (0.58–1.05) 0.79 (0.59–1.05) 1.37 (0.94–2.00) 1.83 (0.97–3.44) 0.03
P 0.28 0.82 0.10 0.11 0.10 0.06

aPLRT from the LRT on the effect modification by ethnicity.
bHRs and 95% CIs from the cox proportional hazards regression models adjusting for age at diagnosis, ethnicity (strata), cancer stage, cancer grade, history of PSA
testing (ever/never), and history of colonoscopy (ever/never).
cHRs and 95% CIs from the cox proportional hazards regression models adjusting for age at diagnosis, ethnicity (strata), cancer stage, cancer grade, smoking status
(current, former, never), BMI (<25, 25–30, ≥ 30 kg/m2), history of diabetes (yes, no), physical activity (quartile in MET-hour/day), history of PSA testing (ever/never)
and history of colonoscopy (ever/never).
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¼ 0.84, 95% CI ¼ 0.58–1.21; ref. 23). In our analysis, we also found
that the association of statins with aggressive prostate cancer
phenotypes observed in African American men was comparable
in magnitude to those observed in White men.

In the United States, Asians and Pacific Islanders have the lowest
incidence rate of prostate cancer and highest 5-year survival rate
among all racial/ethnic groups. The effect of statins or lipid-
lowering medications has not been studied extensively in East Asian
populations. A cohort analysis including 143,870 men from the
Korean National Health Insurance Service-National Sample Cohort
found no association of statins with total prostate cancer (HR ¼ 1.01,
95% CI ¼ 0.85–1.18; ref. 10). In another cohort study of 26,628 men
with ischemic heart disease from the National Health Insurance
Research Database in Taiwan, statin use was associated with a signif-
icantly lower risk of total prostate cancer (HR¼ 0.72, 95% CI¼ 0.57–
0.91) and advanced prostate cancer (HR ¼ 0.72, 95% CI¼ 0.53–0.97;
ref. 8). Japanese Americans represented the largest racial/ethnic group
in our study population (36.0%). In contrast to the directionality of
associations found in most other groups, prediagnostic statin use was
associated with a reduced risk of localized prostate cancer among
Japanese Americans with this association being statistically different
from those observed in other groups.

It is known that frequent PSA screening promotes the early
detection of localized and indolent prostate cancer. In our cohort,
statin users were more likely than nonusers to have a history of PSA
testing; however, we did not observe statin use to be associated with
a greater risk of low-grade disease. In the separate analysis in men
with and without PSA testing, the inverse association of statins with
aggressive prostate cancer phenotypes observed in all men is still
present when limited to men who reported a positive history of PSA
testing (64.6% of the overall study population). These findings are
consistent with other reports where the association of statins with
fatal or aggressive prostate cancer was found to be similar in
populations with low or high PSA screening rates (23, 28). Statins
are also known to cause declines in serum PSA levels and were
found to be associated with a lower rate of an abnormal PSA
screening result (32–34). This could potentially lead to fewer
biopsies in statin users and a decreased incidence of early-stage
prostate cancer. The delayed prostate cancer diagnosis may be
expected to result in an increased incidence of advanced prostate
cancer. However, these expectations contradict the observed find-
ings from our analysis and most published studies where statin use
was associated with a lower risk of aggressive prostate cancer.
Therefore, it is unlikely that the effect of statin on PSA levels
introduced any significant bias in our findings.

Our study has strengths and limitations. With a large number of
cases and a long duration of follow-up, our study is well powered to
detect an association of statins with the risk of prostate cancer,
including the less prevalent but clinically important aggressive types

of prostate cancer. Although this study included multiple race/eth-
nicity groups there was limited power in each group, and the ethnic-
specific results need to be interpreted with caution. Another limitation
of our analysis was the lack of detailed information on the duration of
statin use, dosage, and type of statin prescriptions. Men were classified
as statin users and nonusers based on a single assessment of current
prescribed use at the interviewer-administered medication question-
naire. Although several studies have suggested a greater effect of statins
on prostate cancer risk among long-term users and/or high-dose
users (8, 9, 14, 28), we did not have sufficient information to test
these hypotheses in our study population. Moreover, the health care–
seeking behavior in statin users may introduce bias to the observed
associations with prostate cancer incidence and mortality. However,
further adjustments on the proxy variables of access to health care (i.e.,
history of PSA testing and history of colonoscopy) did not make any
appreciable difference in our findings. Finally, although there may be
residual confounding in the observed associations due to unknown or
unmeasured factors, the E-values suggested that any residual con-
founding was unlikely to fully explain the observed inverse association
between statin use and aggressive prostate cancer phenotypes.

In conclusion, results from this prospective MEC analysis support
the potential beneficial effects of prediagnostic statin use on reducing
the risk of aggressive forms of prostate cancer (high-grade, advanced,
or fatal prostate cancer). Our results also suggest potential heteroge-
neity of statin effects on the risk of nonaggressive prostate cancer
phenotypes (low-grade or localized) in certain racial/ethnic popula-
tions. It is unclear whether these findings were due to the small sample
size in ethnic-specific analysis or other unmeasured or unknown
factors. Future studies are warranted to validate these results.

Authors’ Disclosures
No disclosures were reported.

Authors’ Contributions
F. Chen: Conceptualization, formal analysis, investigation, writing–original draft,

writing–review and editing. P. Wan: Data curation, writing–review and editing.
L.R. Wilkens: Resources, writing–review and editing. L. Le Marchand: Resources,
writing–review and editing.C.A.Haiman:Conceptualization, resources, supervision,
writing–review and editing.

Acknowledgments
This work was supported by NCI at the NIH: U01CA164973 (to C.A. Haiman,

L.R. Wilkens, and L. Le Marchand) and T32CA229110 (to F. Chen).

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received October 7, 2021; revised January 10, 2022; accepted February 9, 2022;
published first February 24, 2022.

References
1. American Cancer Society. Cancer facts & figures, 2020. Atlanta: American

Cancer Society; 2020.
2. World Cancer Research Fund/American Institute for Cancer Research Contin-

uous Update Project Expert Report 2018. Diet, nutrition, physical activity and
prostate cancer. Available from: dietandcancerreport.org.

3. Stephenson AJ, Abouassaly R, Klein EA. Chemoprevention of prostate cancer.
Urol Clin North Am 2010;37:11–21.

4. Gu Q, Paulose-Ram R, Burt VL, Kit BK. Prescription cholesterol-lowering
medication use in adults aged 40 and over: United States, 2003–2012.
NCHS Data Brief 2014;1–8.

5. Mercado C, DeSimone AK, Odom E, Gillespie C, Ayala C, Loustalot F.
Prevalence of cholesterol treatment eligibility and medication use among
adults–United States, 2005–2012. MMWR Morb Mortal Wkly Rep 2015;64:
1305–11.

6. Boudreau DM, Yu O, Johnson J. Statin use and cancer risk: a comprehensive
review. Expert Opin Drug Saf 2010;9:603–21.

7. Van Rompay MI, Solomon KR, Nickel JC, Ranganathan G, Kantoff PW,
McKinlay JB. Prostate cancer incidence and mortality among men using
statins and non-statin lipid-lowering medications. Eur J Cancer 2019;112:
118–26.

Chen et al.

Cancer Epidemiol Biomarkers Prev; 31(5) May 2022 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION1004

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/31/5/999/3119537/999.pdf by guest on 19 M

ay 2023

dietandcancerreport.org


8. Ho W, Choo DW, Wu YJ, Chan TF, Lin ZF. Statin use and the risk of prostate
cancer in ischemic heart disease patients in Taiwan. Clin Pharmacol Ther 2019;
106:458–66.

9. Mondul AM, Joshu CE, Barber JR, Prizment AE, Bhavsar NA, Selvin E, et al.
Longer-term lipid-lowering drug use and risk of incident and fatal prostate
cancer in black and white men in the ARIC study. Cancer Prev Res 2018;11:
779–88.

10. Kang M, Ku JH, Kwak C, Kim HH, Jeong CW. Effects of aspirin, nonsteroidal
anti-inflammatory drugs, statin, and COX2 inhibitor on the developments of
urological malignancies: a population-based study with 10-year follow-up data
in Korea. Cancer Res Treat 2018;50:984–91.

11. DaweDE, Ye X, Czaykowski P, Jassal D, SinghH, Skarsgard D, et al. The effect of
statin use on the incidence of prostate cancer: a population-based nested case-
control study. Int J Cancer 2018;143:190–8.

12. Tan P, Zhang C, Wei SY, Tang Z, Gao L, Yang L, et al. Effect of statins type on
incident prostate cancer risk: a meta-analysis and systematic review. Asian J
Androl 2017;19:666–71.

13. Kantor ED, Lipworth L, Fowke JH, Giovannucci EL, Mucci LA, Signorello LB.
Statin use and risk of prostate cancer: results from the Southern Community
Cohort Study. Prostate 2015;75:1384–93.

14. Lustman A, Nakar S, Cohen AD, Vinker S. Statin use and incident prostate
cancer risk: does the statin brand matter? A population-based cohort study.
Prostate Cancer Prostatic Dis 2014;17:6–9.

15. Jespersen CG, Nørgaard M, Friis S, Skriver C, Borre M. Statin use and risk of
prostate cancer: a Danish population-based case-control study, 1997–2010.
Cancer Epidemiol 2014;38:42–7.

16. Freedland SJ, Hamilton RJ, Gerber L, Banez LL, Moreira DM, Andriole GL, et al.
Statin use and risk of prostate cancer and high-grade prostate cancer: results
from the REDUCE study. Prostate Cancer Prostatic Dis 2013;16:254–9.

17. Raval AD, Thakker D, Negi H, Vyas A, Salkini MW. Association between statins
and clinical outcomes among men with prostate cancer: a systematic review and
meta-analysis. Prostate Cancer Prostatic Dis 2016;19:151–62.

18. Murtola TJ, Peltomaa AI, Talala K, M€a€att€anen L, Taari K, Tammela TLJ, et al.
Statin use and prostate cancer survival in the finnish randomized study of
screening for prostate cancer. Eur Urol Focus 2017;3:212–20.

19. Katz MS, Carroll PR, Cowan JE, Chan JM, D’Amico AV. Association of statin
and nonsteroidal anti-inflammatory drug use with prostate cancer outcomes:
results from CaPSURE. BJU Int 2010;106:627–32.

20. Yu O, Eberg M, Benayoun S, Aprikian A, Batist G, Suissa S, et al. Use of statins
and the risk of death in patients with prostate cancer. J Clin Oncol 2014;32:5–11.

21. Sun LM, Lin MC, Lin CL, Chang SN, Liang JA, Lin IC, et al. Statin use reduces
prostate cancer all-cause mortality: a Nationwide Population-Based Cohort
Study. Medicine 2015;94:e1644.

22. Meng Y, Liao YB, Xu P, Wei WR, Wang J. Statin use and mortality of patients
with prostate cancer: a meta-analysis. Onco Targets Ther 2016;9:1689–96.

23. Allott EH, Farnan L, Steck SE, Arab L, Su LJ, Mishel M, et al. Statin use and
prostate cancer aggressiveness: results from the population-based North Car-
olina-Louisiana Prostate Cancer Project. Cancer Epidemiol Biomarkers Prev
2016;25:670–7.

24. Kolonel LN, Altshuler D, Henderson BE. The multiethnic cohort study: explor-
ing genes, lifestyle and cancer risk. Nat Rev Cancer 2004;4:519–27.

25. R Foundation for Statistical Computing. R: a language and environment for
statistical computing, Vienna, Australia; 2017. Available from: http://www.R-
project.org/.

26. VanderWeele TJ, Ding P. Sensitivity analysis in observational research: intro-
ducing the E-value. Ann Intern Med 2017;167:268–74.

27. Platz EA, Leitzmann MF, Visvanathan K, Rimm EB, Stampfer MJ, Willett WC,
et al. Statin drugs and risk of advanced prostate cancer. J Natl Cancer Inst 2006;
98:1819–25.

28. Allott EH, Ebot EM, Stopsack KH, Gonzalez-Feliciano AG, Markt SC, Wilson
KM, et al. Statin use is associated with lower risk of PTEN-null and lethal prostate
cancer. Clin Cancer Res 2020;26:1086–93.

29. Jacobs EJ, Rodriguez C, Bain EB, Wang Y, Thun MJ, Calle EE. Cholesterol-
lowering drugs and advanced prostate cancer incidence in a large U.S. Cohort.
Cancer Epidemiol Biomarkers Prev 2007;16:2213–7.

30. Tan P,Wei S, Tang Z, Gao L, Zhang C,Nie P, et al. LDL-lowering therapy and the
risk of prostate cancer: a meta-analysis of 6 randomized controlled trials and 36
observational studies. Sci Rep 2016;6:24521.

31. Alfaqih MA, Allott EH, Hamilton RJ, Freeman MR, Freedland SJ. The current
evidence on statin use and prostate cancer prevention: are we there yet? Nat Rev
Urol 2017;14:107–19.

32. Cyrus-DavidMS,Weinberg A, Thompson T, KadmonD. The effect of statins on
serum prostate specific antigen levels in a cohort of airline pilots: a preliminary
report. J Urol 2005;173:1923–5.

33. Shi Y, Fung KZ, Freedland SJ, Hoffman RM, Tang VL, Walter LC. Statin
medications are associated with a lower probability of having an abnormal
screening prostate-specific antigen result. Urology 2014;84:1058–65.

34. Chang SL, Harshman LC, Presti JC. Impact of common medications on serum
total prostate-specific antigen levels: analysis of the National Health and
Nutrition Examination Survey. J Clin Oncol 2010;28:3951–7.

AACRJournals.org Cancer Epidemiol Biomarkers Prev; 31(5) May 2022 1005

Statin Use and Aggressive Prostate Cancer

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/31/5/999/3119537/999.pdf by guest on 19 M

ay 2023

http://www.R-project.org/
http://www.R-project.org/
http://www.R-project.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


