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Abstract

Background—Studies suggest a decreased risk of high-grade prostate cancer in men with lower
circulating total cholesterol, and that statins may protect against aggressive disease. Confirmation
in additional populations and examination of associations for lipoprotein subfractions are needed.

Methods—We examined prostate cancer risk and serum total and HDL cholesterol in the ATBC
Study cohort (n=29,093). Cox proportional hazards models were used to estimate the relative risk
of total (n=2,041), non —aggressive (n=829), aggressive (n=461), advanced (n=412), and high-
grade (n=231) prostate cancer by categories of total and HDL cholesterol.

Results—After excluding the first 10 years of follow-up, men with higher serum total cholesterol
were at increased risk of overall (=240 vs. <200 mg/dL: HR=1.22, 95% CI 1.03-1.44, p-
trend=0.01) and advanced (=240 vs. <200 mg/dL: HR=1.85, 95% CI 1.13-3.03, p-trend=0.05)
prostate cancer. Higher HDL cholesterol was suggestively associated with a decreased risk of
prostate cancer regardless of stage or grade.

Conclusions—In this population of smokers, high serum total cholesterol was associated with
higher risk of advanced prostate cancer, and high HDL cholesterol suggestively reduced the risk of
prostate cancer overall. These results support previous studies and, indirectly, support the
hypothesis that statins may reduce the risk of advanced prostate cancer by lowering cholesterol.
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Introduction

Growing evidence supports the hypothesis that low cholesterol levels may protect against
aggressive prostate cancer. Recent prospective studies have shown a decreased risk of high-
grade prostate cancer in men with lower circulating total cholesterol 1-3, In addition, several
investigations found that statins, a class of drugs commonly prescribed to lower cholesterol,
may protect against high stage or grade prostate cancer 410, Earlier prospective and case-
control studies examined the association between circulating cholesterol and total incident or
fatal cancer and reported site-specific findings, including prostate cancer 11-24, with mixed
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results including positive associations 22 23, inverse associations 11 13: 14.20 ‘and null
associations 12: 15-19. 21, 24 yeported. Most of these studies, however, included relatively few
prostate cancer cases, and none reported the association for advanced or high-grade prostate
cancer, although the case distribution was likely shifted toward more advanced cases in
those studies conducted prior to the widespread use of PSA screening. Furthermore, the few
prospective studies that examined high-density lipoprotein (HDL) cholesterol found no
association 24 25, or that higher HDL cholesterol was associated with a lower risk of prostate
cancer 23: 26, Only one of these studies examined advanced prostate cancer separately 2.

Recently, a study from the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC)
Study cohort examined total and HDL cholesterol in relation to risk of cancer overall and for
specific sites, including total prostate cancer 27, and found inverse associations between both
total and HDL cholesterol and prostate cancer which were attenuated when the first 10 years
of follow-up were excluded. Given differing etiological associations observed for overall
and advanced or high-grade prostate cancer, and that the association for HDL cholesterol is
understudied, we conducted a more detailed analysis of total and HDL cholesterol and risk
of prostate cancer in the ATBC Study with additional years of observation.

Study Population

The ATBC Study, a randomized, double-blind, placebo-controlled, primary prevention trial,
was conducted to determine the effects of supplementation with a.-tocopherol and -
carotene on cancer incidence. A total of 29,133 Caucasian men from southwestern Finland,
all of whom were smokers, were enrolled from 1985 through 1988. At baseline, men were
between 50-69 years old and smoked at least 5 cigarettes per day, as part of the enrollment
criteria. Men were ineligible to participate in the trial if at enrollment they had previously
had cancer or another serious illness, or if they reported currently using supplements
containing vitamin E (>20mg), vitamin A (>20,000 1U), or B-carotene (>6mg) on a daily
basis. Men who were enrolled in the trial were randomized to one of four groups based on a
2x2 factorial design: 1) a-tocopherol (dl-a-tocopherol acetate, 50mg/day), 2) p-carotene (20
mg/day), 3) both supplements, or 4) placebo. Participants took the capsules for 5-8 years
(median 6.1 years), until death, or until the trial ended on April 30, 1993.

At enrollment, participants completed questionnaires which asked about general risk factors,
smoking, and medical history, and included a validated food-frequency questionnaire.
Participants underwent a physical examination at baseline; registered nurses measured their
height and weight and collected an overnight fasting blood sample. Fasting blood samples
were collected again after 3 years on-study. Although the trial has ended, follow-up is
ongoing through the Finnish Cancer Registry and the Register of Causes of Death. As of
April 30, 2006, 2,041 incident prostate cancer cases occurred during 417,532 person-years
of follow-up. Men were excluded from this analysis if they had missing information on
baseline serum total (n=36) or HDL (n=4) cholesterol concentration, leaving 2,041 cases
among 29,093 men and 417,532 person-years for baseline analyses and 1,733 cases among
22,836 men and 349,206 person-years for analyses using the 3-year follow-up measurement.

Exposure and Outcome Assessment

Prostate cancer cases were identified by linkage with the Finnish Cancer Registry, which
provides nearly 100% complete incident cancer ascertainment in Finland 28. Medical records
for the cases diagnosed prior to July 2002 were reviewed by one or two study oncologists to
confirm diagnosis and staging; where available, pathologic specimens were reviewed by a
pathologist. For cases diagnosed after July 2002, only the information from the Finnish
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Cancer Registry is available. Cases were defined as “aggressive” if they were TNM stage 111
or IV, AJCC stage 3 or higher, or Gleason sum 8 or higher. Information on stage was
available for 63% of the cases, and Gleason sum was available for 25% of the cases. Of the
2,041 incident cases in our study, 764 were aggressive, 412 were high stage, and 231 were
high Gleason sum.

Total cholesterol was measured enzymatically (CHOD-PAP method, Boehringer
Mannheim). After precipitation of very-low-density lipoprotein and low-density lipoprotein
cholesterol with dextran sulfate and magnesium chloride, HDL cholesterol was measured, as
well. Both total and HDL cholesterol were measured in the blood samples collected at
baseline and after 3 years of follow-up. All samples were protected from light and stored at
-70°C until they were assayed.

Statistical Analysis

Results

Cox proportional hazards modeling was used to estimate the association between clinical
cutpoints of baseline serum total and HDL cholesterol and risk of total, aggressive (defined
above), non-aggressive, high stage (= TNM stage |11 or AJCC stage 3), and high grade
(Gleason sum = 7) prostate cancer. The cholesterol exposures ere categorized based on
common clinically-defined categories of <200, 200 - <240, = 240 mg/dL of total cholesterol
and <40, 40 - <60, =60 mg/dL of HDL cholesterol. We also categorized total and HDL
cholesterol as quartiles and quintiles, but the inferences were similar using these cutpoints,
so we present our results by clinical cutpoints. We further examined prostate cancer risk in
relation to the ratio of total to HDL cholesterol (quintiles) as well as the difference in serum
total and HDL cholesterol between the baseline (categories of the 3-year concentration
minus baseline concentration). Men for whom information on disease stage or grade was not
available were excluded from analyses of disease subtypes.

All models were adjusted for age as a continuous variable. Multivariable models were
adjusted for the following factors that are hypothesized or known to be associated with
either prostate cancer or total or HDL cholesterol: serum a-tocopherol, family history of
prostate cancer, education level, and urban residence. Models were also each mutually
adjusted for the other cholesterol type. Further adjustment for the following factors did not
alter the results: a-tocopherol or B-carotene treatment group; serum p-carotene, cigarettes
smoked per day, years smoked, physical activity, BMI, marital status; total energy, total fat,
fruit, vegetable, red meat, alcohol, dietary retinol, vitamin D, or calcium intake;
supplemental vitamin A, vitamin D, or calcium intake. Subgroup analyses were conducted
stratifying by follow-up time (< 10 years, > 10 years).

Compared to men with lower baseline serum total cholesterol, men with higher cholesterol
had a lower attained education level, were less likely to live in an urban area, more likely to
be married, had higher serum a-tocopherol, and consumed slightly more red meat and less
alcohol (Table 1). Men with higher baseline serum HDL cholesterol had a lower attained
education level and were less likely to be married or live in an urban environment, had a
lower BMI, lower serum a-tocopherol, and consumed more alcohol and slightly fewer fruits
and vegetables than men with lower baseline serum HDL cholesterol (Table 1).

We observed no association between serum total cholesterol and risk of prostate cancer in
models adjusted for age alone. With multivariable adjustment, however, there was a
suggestion that men in the highest serum cholesterol category were at increased risk of
overall prostate cancer, particularly high-stage disease (Table 2). The most important
confounding factor in the multivariable models was baseline serum a-tocopherol, a vitamin

Cancer Causes Control. Author manuscript; available in PMC 2012 November 19.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mondul et al.

Page 4

E molecule carried on lipoproteins; omitting serum a-tocopherol yielded results very similar
to those adjusted for age alone (=240 vs. < 200 mg/dL: total prostate cancer HR=1.00, 95%
C1=0.88-1.12; advanced prostate cancer HR=1.06, 95% CI1=0.85-1.31). Omitting HDL
cholesterol from the model did not alter these findings. An inverse association between
serum HDL cholesterol and risk of prostate cancer was also suggested (Table 2), and
appeared similar across prostate cancer stage and Gleason sum. Omitting adjustment for
total cholesterol did not alter the HDL cholesterol findings.

The increased risk of prostate cancer associated with higher serum total cholesterol was
evident only in cases diagnosed at least 10 years after baseline (Table 3). This remained true
after restricting to men who did not receive the trial a-tocopherol supplement (data not
shown). As in the overall analysis, the positive association was accounted for by advanced
prostate cancer; i.e., men with the highest serum total cholesterol were at a statistically
significantly, 85% increased risk of later stage prostate cancer (p-trend = 0.005), compared
to men with the lowest serum total cholesterol (Table 3). Even after omitting serum a.-
tocopherol from the model, the suggestion of a positive association with advanced prostate
cancer persisted for those cases diagnosed at least 10 years after baseline (=240 vs. <200
mg/dL: HR=1.41, 95% CI1=0.91 — 2.18, p-trend = 0.06). These results persisted when we
excluded men in the lowest and highest 1% of cholesterol values. The association for HDL
cholesterol did not differ between the early and later follow-up periods (data not shown).

Examination of the total:HDL cholesterol ratio in relation to prostate cancer revealed that
men in the highest quintile (i.e., those with the least desirable total:HDL cholesterol ratios
from a cardiovascular perspective) were at an increased risk of total (HR=1.20, 95% ClI:
1.02- 1.41) and advanced (HR=1.44, 95% CI: 1.02 — 2.05) disease compared to men in the
lowest ratio quintile. We observed no association between change in serum total or HDL
cholesterol between baseline and the 3-year follow-up measurement and risk of any of the
prostate cancer outcomes examined (overall prostate cancer: total cholesterol increase of 10
mg/dL or more vs. no change, HR=0.94, 95% CI: 0.84 — 1.05, total cholesterol decrease of
10 mg/dL or more vs. no change, HR=0.92, 95% CI: 0.81-1.05; HDL cholesterol increase of
3 mg/dL or more vs. no change, HR=0.98, 95% CI: 0.88-1.09, HDL cholesterol decrease of
3 mg/dL or more vs. no change, HR=1.00, 95% CI: 0.88-1.13; data not shown by stage or
grade). These associations remained null after excluding the first 10 years of follow-up (data
not shown).

Discussion

In this large, prospective cohort study of smokers, men with higher serum total cholesterol
were at an increased risk of prostate cancer, particularly advanced stage disease, but only
after excluding the first 10 years of follow-up. Men with higher HDL cholesterol appeared
to have slightly lower prostate cancer risk that persisted across all categories of prostate
cancer stage and grade, and throughout the follow-up period. We observed that men with
higher total:HDL cholesterol ratios experienced a slightly greater increase in prostate cancer
risk than men with either high total cholesterol or low HDL cholesterol alone. These results
are consistent with the independent effects of total and HDL cholesterol that we observed in
our main analyses.

Our findings for overall prostate cancer are slightly different from those previously reported
for this cohort 27; this difference can be attributed to our adjustment for baseline serum
alpha-tocopherol, which is known to be positively associated with serum cholesterol and
inversely associated with prostate cancer in this cohort. Whereas the previous analysis was
an overview of the relationship between serum cholesterol and all cancer, the narrow focus
of the present analysis allowed us to tailor our model and analytic strategies to prostate
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cancer, in particular. The strong positive association we found here between total cholesterol
and high-stage prostate cancer reinforces the etiologic importance of examining prostate
cancer incidence by stage and grade, and is consistent with results from several prospective
studies that found men with lower cholesterol to be at a decreased risk of aggressive prostate
cancer 13, These investigations found associations with high Gleason sum cancers, but were
underpowered to examine advanced prostate cancer because they were conducted in the U.S.
during the period of increased PSA screening. The present study was conducted in a Finnish
population with little or no PSA screening and a resultant higher stage distribution at
diagnosis; thus, we had greater power to examine advanced disease than did most previous
analyses. Although we did not observe an association with high Gleason sum prostate
cancer, our study may have been underpowered to examine that outcome because although
stage information was available for a majority of the cases (63%), data for Gleason sum
were available for relatively few (25%), and were primarily collected during the earlier
period of the study. Thus, our results may not contradict those previously reported in the
literature and, in fact, add to a growing body of literature suggesting a role for cholesterol in
the etiology of high stage or grade prostate cancer. To our knowledge, our study is the first
to examine the association between prediagnostic HDL cholesterol and risk of prostate
cancer by stage and grade. Our results are also consistent with those from research showing
reduced risk of advanced or high-grade prostate cancer among men who use statin

drugs 410, since the latter not only lower total cholesterol, but also tend to raise HDL
cholesterol 29,

Our results differ from those of previous studies in that we only observed an association
between serum cholesterol and risk of prostate cancer in cases that were diagnosed more
than 10 years after baseline. One possible explanation for this finding is reverse causation
during the earlier follow-up period. If men with undiagnosed prostate cancer at baseline
have low cholesterol as a result of their cancer, cases diagnosed early in follow-up are likely
to be overrepresented in the referent group, making the association with high cholesterol
appear null during the earlier follow-up period. Other recent studies have not observed
reverse causation 1-3, but two of these studies were conducted in highly screened
populations 12, as opposed to the current study population where PSA screening continues
to be uncommon. Reverse causation is more likely in an unscreened population because
cholesterol levels are likely to be more affected by cancer that is further along in the
disease's natural history and it is less likely that advanced cases would be undiagnosed at the
time of blood collection in a highly screened population. Although the interaction with
follow-up time could theoretically be explained by a protective effect of the trial a-
tocopherol supplement during the earlier follow-up period, this explanation is not supported
by the persistence of the association among men who did not receive the trial vitamin E
supplement.

Several mechanisms have been hypothesized through which total cholesterol may increase
prostate cancer risk. Prostate cancer cells tend to over-accumulate cholesterol in their cell
membranes, forming large lipid rafts which, in the case of cancer cells, may facilitate pro-
carcinogenic cell signaling 30. Further, several pathways that are important in
carcinogenesis, such as the sonic hedgehog and Akt pathways, are cholesterol sensitive 30,
Thus, having lower cholesterol may inhibit their pro-carcinogenic activities. One of the
important functions of HDL cholesterol, the transport of cholesterol from cells to the liver
and other steroidogenic organs 3, is thought to be the mechanism through which HDL
protects against atherosclerotic cardiovascular disease, and may also remove harmful
cholesterol from prostate tissue, thereby protecting against prostate cancer via the
mechanisms discussed above. In addition, HDL inhibits oxidation and inflammation,
properties which may also reduce prostate cancer risk 31. On the other hand, a recent study
showed that HDL cholesterol induced the proliferation of androgen-independent prostate
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cancer cells 32, suggesting that the relation between HDL cholesterol and prostate cancer
may be complex.

One alternative explanation for our findings is detection bias: i.e., men with higher total
cholesterol levels are less health conscious and are, therefore, less likely to undergo
screening that would detect prostate cancer at an earlier stage, increasing their risk of being
detected at a more advanced stage. This seems unlikely given that the prevalence of PSA
screening was quite low in this population, even in the later follow-up period, as mentioned.
Studies have estimated that as of 1999 (i.e. during our latter follow-up period) <20% of men
in Finland were receiving PSA screening 33. Detection bias could still have occurred through
digital rectal examinations (DRE) by physicians. However, given the similar results
observed here and in prior studies of PSA-screened U.S. populations, detection bias is an
unlikely explanation for the associations.

Our study is the largest to date to examine serum total cholesterol, and one of the few to
examine HDL cholesterol, in relation to risk of prostate cancer by clinical characteristics.
The emerging consistency of findings across various populations supports the overall
hypothesis that cholesterol status influences prostate carcinogenesis. Strengths of our study
include the complete population-based case ascertainment, information and measurements
for many potential confounders, assessment of serum total and HDL cholesterol for the
entire cohort at two points in time 3 years apart, and uniform assays in one dedicated
laboratory. We were unable to evaluate nonsmokers, however, or directly assess whether
LDL cholesterol or cholesterol lowering from high to desirable levels reduces the incidence
of advanced stage prostate cancer. We were also unable to adjust for potential confounding
variables as time-dependent variables.

Conclusion

In this population of male smokers with a low prevalence of PSA screening, high serum
total cholesterol was associated with an increased risk of advanced prostate cancer, and there
was a suggestion that high HDL cholesterol reduced the risk of prostate cancer overall.
These findings support those from previous studies and, indirectly, are consistent with the
hypothesis that statin drugs reduce the risk of high stage or grade prostate cancer through
their cholesterol-lowering effects.
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