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3. Timeline: The proposed project is an analysis of existing data. We anticipate the
analysis of the existing data will take 6-12 months from the time of manuscript approval.
We are discussing with Drs. Folsom and Selvin the possibility of collecting more detailed
information on the diagnosis of cancers, including prostate cancer, in ARIC. Analysis of



the additional information on prostate cancer, specifically stage and grade at diagnosis,
will take 3-6 months from the time of availability of that data.

4. Rationale:

Statin drugs (HMG Co-A Reductase Inhibitors) have been associated with a decreased
risk of prostate cancer with a poorer prognosis in epidemiologic studies (1-6). One
proposed mechanism by which statin drugs may influence risk of prostate cancer is
through cholesterol-lowering (7). Given that prostate cancer cells exhibit cholesterol
dysregulation and recent studies show that Akt cell survival signaling is cholesterol-
sensitive, it is plausible that cholesterol-lowering could influence prostate carcinogenesis.
Results from older observational studies have been mixed (8-20), but three recent studies
of total cholesterol and prostate cancer by Platz et al. (21,22) and Mondul et al. (23)have
observed that men with lower cholesterol are less likely to develop prostate cancer with a
poorer prognosis.

Although these results are intriguing, several questions about the association between
cholesterol and prostate cancer remain. The previous studies on cholesterol and prostate
cancer were unable to examine the association between lipoprotein subfractions, such as
high density lipoprotein (HDL), low density lipoprotein (LDL), triglycerides, and
Apolipoproteins Al and B, and prostate cancer. Further, these previous studies were only
able to examine the association between cholesterol measured at one time point and
subsequent risk of prostate cancer. Because ARIC has detailed data on lipoprotein
subfractions and has collected these data at multiple time points, it is a rich resource for
studying the influence of lipoprotein subfractions on prostate cancer risk as well as
whether cholesterol-lowering or maintaining low cholesterol over time have different
associations with prostate cancer risk.

A previous study in ARIC examined the association between metabolic syndrome and
prostate cancer, including each of the components of metabolic syndrome separately.
Thus, the associations between quartiles of triglycerides and HDL cholesterol and
prostate cancer in ARIC have been published. However, the exposure of interest of this
previous study was the metabolic syndrome, not cholesterol and its various components,
including cholesterol-lowering medication use. Thus, our study would examine the
cholesterol and lipoprotein subfractions in more detail than in the metabolic syndrome
paper. We will incorporate time-dependent modeling strategies and examine change in
cholesterol over time. We also hope that additional follow-up and, thus, more cases will
be available for our analysis than were available at the time the metabolic syndrome
paper was published.

5. Main Hypothesis/Study Questions:

Our overall hypothesis is that low cholesterol, whether through the use of
cholesterol lowering drugs or other means, reduces the risk of prostate cancer
overall, and especially prostate cancer with a worse prognosis.



Question 1: Is lower total cholesterol associated with a lower risk of prostate
cancer?

Question 2: What are the associations of HDL, LDL, apolipoproteins Al and B, and
triglycerides with prostate cancer? We hypothesize that HDL and apolipoprotein Al
may be inversely associated with risk of prostate cancer, whereas LDL,
apolipoprotein B, and triglycerides may be positively associated with risk of prostate
cancer.

Question 3: What are the associations of consistently low cholesterol, decreasing
cholesterol, increasing cholesterol, and consistently high cholesterol, with prostate
cancer? We hypothesize that cholesterol-lowering may provide more benefit than
maintaining either low or high cholesterol.

Question 4: Is statin drug use associated with a lower risk of prostate cancer?

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Study Design: Prospective cohort
Analysis: Cox proportional hazards models

Exclusions: Women, men who had cancer at baseline, men who were missing cancer
information at baseline, men who did not fast at least 8 hours. These exclusions are the
same as those used in previous prostate cancer analyses in ARIC (24).

Exposures: Total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,
apolipoprotein Al and apolipoprotein B. We will examine baseline values, time-
dependent updated values (e.g., simple and cumulative updated), and categories of
change in these values over time. We will likely categorize these variables using
quartiles as well as clinical cut-points. HDL cholesterol and triglycerides have been
examined in relation to colon cancer and lung cancer previously in this cohort (25,26). In
those studies, HDL cholesterol was categorized into quartiles as well as “high” and “low”
based on the cardiovascular disease risk cutpoint of 50 mg/dL. Triglycerides were also
categorized as “high” and “low” based on the cutpoint of 150 mg/dL. We will use these
same cutpoints in our analyses. We may also examine the associations between very high
or very low (i.e. top and bottom 10% or 5%, depending upon numbers of cases in those
categories) values of the exposures. Statin use will be examined as an exposure variable,
as well, and will be modeled as baseline use as well as time-dependent updated use.



Outcome: Incident prostate cancer. As mentioned above, we are discussing with Drs.
Folsom and Selvin the possibility of collecting information on stage and grade of the
prostate cancer at diagnosis.

Covariates: Age, race, waist-hip ratio, body mass index, diabetes (self-reported and/or
based on glucose measurements, possibly incorporating timing of diagnosis — there may
be a different relationship between recently diagnosed diabetes and prostate cancer than
between longer-term diabetes and prostate cancer), cardiovascular disease co-morbidities,
smoking, alcohol consumption, physical activity, education level, dietary factors
(particularly calcium intake), aspirin and other NSAIDS, medications to treat diabetes
(particularly metformin), family history of prostate cancer, other health screenings
including an annual physical examination (as a surrogate for PSA screening, which is not
available).

Stratification Variables: We will stratify by race (depending on number of cases),
cholesterol-lowering medication use (for the cholesterol analyses), cholesterol level (for
the cholesterol-lowering medication use analyses), and BMI. We may restrict to non-
diabetics and/or men without major cardiovascular co-morbidities. In order to limit the
possibility of detection bias, we would ideally like to stratify by PSA screening status, but
that information is not available in ARIC. We could restrict to men who had other health
screenings such as routine physical examinations because PSA screening for prostate
cancer is generally conducted as part of such exams.

Limitations: ARIC has very detailed information on cholesterol exposures, but there is
limited information on statin use as well as prostate cancer outcomes, and no information
on prostate cancer screening. We will likely be limited in our ability to examine baseline
statin use because in 1987-1989, when the baseline questionnaire was administered, statin
drugs were still infrequently prescribed compared to other cholesterol-lowering
medications. Further, no information is available on dose of statin used. Stage and grade
information is not currently available in ARIC, although we are exploring avenues for
collecting these data. Although the most consistent associations between statins or
cholesterol and prostate cancer have been with prostate cancer that has a poorer prognosis
(i.e. higher stage or grade prostate cancer), several studies have observed inverse
associations with total prostate cancer, as well (1,3,27-29). Thus, we believe that, given
the richness of the ARIC data on cholesterol, examining the associations with total
prostate cancer is warranted.
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