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The study included 88 men, aged 45 to 85 years with incident, .". gzrinc?gejs
histologically-confirmed prostate cancer and 272 controls. We Dig-g )

conducted extensive in-person interviews regarding lifetime alcohol Facebook
consumption and other epidemiologic data.

Results

Prostate cancer risk was not associated with lifetime intake of total and beverage specific ethanol.
In addition we found no association with number of drinks per day (average drinks per day over
the lifetime) or drinks per drinking day (average drinks per day on drinking days only over the
lifetime). However, we observed an inverse association with the total number of drinking years.
Men in the lowest tertile of total drinking years had a two-fold prostate cancer risk than men in
the highest tertile (OR 2.16, 95% CIl 0.98-4.78, p for trend <0.05).

Conclusion

Our results suggest that alcohol intake distribution across lifetime may play a more important role
in prostate cancer etiology than total lifetime consumption.

Background

Prostate cancer is the most frequently diagnosed malignancy and the second leading cause of
cancer death among men in the Western countries [1]. Notwithstanding the importance of this
malignancy, little is understood about its cause. To date the only well established risk factors are
age, family history of disease, race and country of residence [2], while the body of the evidence
about the role of alcohol intake is still controversial. Since alcohol consumption is a common
lifestyle factor and potentially modifiable, the finding of an association with prostate cancer could
have an important impact on public health.

Among the population-based case-control studies, those carried out by Heyes et al. [3] and
Sharpe et al. [4] found an increased risk of prostate cancer associated with alcohol consumption.
Risk increased with increasing frequency of alcohol consumption [3] and among those who drank
regularly over a longer period [4]. Sesso et al., in their prospective cohort study, confirmed the
finding of a higher risk associated with alcohol consumption [5]. However, numerous studies
published since 1998 have not found an association between alcohol intake and prostate cancer
[6-17]. In a review by Breslow and Weed, only 6 of 32 studies reported a positive association
between alcohol use and prostate cancer [18]; however, they noted that many of the studies had
biases that could have attenuated the risk estimates.

Although prostate cancer is known to have a long latency period, lifetime alcohol consumption was
not addressed in the studies carried out until the late 1990s, and rarely in the more recent studies
[18]. Furthermore, investigators focusing on this topic have considered lifetime alcohol
consumption as the average total amount of alcohol consumed over the lifetime, rarely taking into
account such characteristics as number of drinks consumed on a typical drinking day or other
descriptions of drinking pattern. The distribution of an equivalent volume of alcohol across multiple
drinking occasions rather than a single occasion (e.g., one drink per day vs. seven drinks on single
day) is likely to have different physiologic effects and impact on cancer risk. Likewise, an
examination of average total lifetime alcohol intake does not address the possibility that, although
the total lifetime volume may not differ, the duration of intake may, thus effectively resulting in a
higher dose over a shorter time period.

Alcohol may act as a carcinogen itself and may also modulate risk from other carcinogen
exposures. It has been implicated in risk of cancer at a number of sites [19,20]. In the present
case-control study we examined the association between lifetime alcohol intake, duration of
alcohol use, and drinks per day with risk of prostate cancer in western New York.

Methods




We conducted a case-control study of prostate cancer and hormones and alcohol intake (the
PROMEN STUDY) in Erie and Niagara Counties, NY, USA, between December 1998 and April 2001.
The methods for this study have been previously described in detail [21]. Participants provided
informed consent; the Institutional Review Board of the University at Buffalo, School of Medicine
and Biomedical Science, and each of the participating hospitals approved the procedures for the
protection of human subjects recruited for the study.

Cases were men aged 45 to 85 years with incident, primary, histologically confirmed prostate
cancer. Men with a previous history of cancer (except non-melanoma skin cancer), or already on
hormonal or chemotherapy treatment (current or in the 6 months prior to diagnosis), as well as
those affected by chronic or acute liver diseases, were excluded. Cases aged 35—65 years were
also required to have a driver’'s license, because we used driver's license records to identify age
matched controls.

During the study period, 504 men were identified with incident prostate cancer. Of these, 336 men
did not meet the eligibility criteria; we invited the remaining 163 patients to participate in the
PROMEN study. After being contacted, 50 men refused to participate resulting in a participation
rate of 70%. Ninety-six patients had complete data for the variables of interest.

Controls aged between 35 and 65 years were selected from a list of individuals holding a New
York State driver's license and residing in Erie and Niagara Counties. Those aged 65 and over
were selected from the rolls of the Health Care Financial Administration. As with cases, men on
hormonal treatment (current or in the 6 months prior the diagnosis), or diagnosed with metabolic
or endocrine disease were excluded, as well as participants with a previous story of cancer other
than non-melanoma skin cancer. Since it is well known that latent prostatic carcinoma has a high
prevalence in men over 50 [22,23], we evaluated prostate specific antigen (PSA) in the blood
samples obtained from controls. Controls found to have a PSA value higher than 4 ng/ml were
excluded from the control group, in accordance with the criterion established by the American
Cancer Society Prostate Cancer Detection Project [24] until the completion of further diagnostic
procedures to clarify their true case-control status.

During the study period, 1373 potential controls were contacted. One hundred and seventy nine
of these individuals were deceased or were too ill to participate, 293 did not meet the eligibility
criteria and we were not able to contact 272 persons. We identified eight prostate cancer cases
as a result of PSA determination in subjects who initially were recruited as controls. Three hundred
and seventeen of the remaining 513 subjects (60%) were enrolled and interviewed: 304 had
complete data for analysis.

Extensive data on demographics, smoking history, alcohol consumption, and other study variables
were collected by trained interviewers during in-person computer-assisted interviews [25] and
with self-administered questionnaires. Height, weight, waist and hip circumferences were
measured by trained technicians using a standardized protocol. Body mass index (BMI) was
calculated as weight in kilograms divided by square of the height in meters (kg/m?2). Waist to hip
ratio (WHR) was calculated as waist circumference divided by hip circumference.

Alcohol intake

Detailed information on alcohol consumption throughout the lifetime was collected using the
Cognitive Lifetime Drinking History [26,27]. Prior to the interview, participants completed a lifetime
events calendar on which they recorded the date and their age when significant events in their life
occurred. The calendar was used during the interview to help them remember what they were
doing during specified periods of their lives and whether drinking alcohol was involved.
Participants reported the age when they started drinking alcohol regularly (at least once a month
for six months) and when their drinking changed over the years. When changes were reported,
participants were asked whether they continued regular drinking; if not, they were asked if they
ever resumed regular drinking. Using this information, we defined intervals during each
participant's life when drinking patterns were relatively homogeneous and computed the total
number of drinking years and the total number of abstinent years. Lists of alcoholic beverages,



beer, wine, wine coolers, and liquor, and models of glasses and bottles were used to help
respondents recall what beverages they drank over their lifetimes; their usual drink size of each
beverage; and whether drink size changed over their lifetimes. This provides information used to:
(1) calculate absolute alcohol intakes and (2) tailor the computer-assisted interview to the each
respondent’s drinking history. Patterns of drinking were ascertained for intervals during which
respondents drank weekly or more often by asking how often respondents drank on Fridays,
Saturdays, Sundays, and weekdays, and how many drinks they usually had on each. For intervals
during which respondents drank less often than weekly, they were asked standard quantity and
frequency questions. Quantity and frequency for times when they drank more than usual were
assessed for all intervals, as was the frequency of intoxication; the proportion of drinks they had
with meals/snack/without eating; and the proportion of drinks from beer, wine, wine coolers, and
liquor.

Drinks per interval was estimated by multiplying quantity by frequency for days of the week and
more than usual and adding. Drinks per interval was translated into ounces of ethanol per interval
based on the proportion of drinks represented by specific beverages, respondents’ beverage-
specific drink size in ounces, and factors representing the average percent per ounce of absolute
alcohol for a given beverage to estimates of drinks per interval. Factors used were 0.048, 0.12,
0.04 and 0.40, for beer, wine, wine cooler and hard liquor, respectively. These estimates were
summed across drinking intervals to yield lifetime totals.

We considered several variables in these analyses: total number of years alcohol was consumed,
number of drinks per day during the drinking years (total number of drinks/total number of days in
drinking years), number of drinks per drinking day (total number of drinks/total number of days on
which alcohol was consumed in drinking years), total lifetime ounces of ethanol and beverage-
specific total lifetime ounces of ethanol. Because few participants consumed wine coolers, wine
and wine coolers were combined. A drink was defined as 12 ounces of beer, 5 ounces of wine, and
1.5 ounces of liquor.

Statistical analysis

Statistical analyses were conducted using SPSS for Windows version 11.0. Differences between
cases and controls in demographic characteristics and alcohol consumption were assessed using
t-tests for continuous variables and %2 for categorical variables. Lifetime abstainers, defined as
those subjects who had less than 12 drinks in any one year over their lifetimes, were excluded
from our analyses. The biological and social differences between lifetime abstainers and both
former and current drinkers [28,29] and the very low nhumber of these subjects in our sample (5
cases and 11 controls) represent the reasons for their exclusion from our analyses. Our final
sample size for analysis included 88 cases and 272 controls.

In analyses of risk associated with lifetime alcohol intake, tertiles of total and beverage specific
ounces and total drinking years were computed based on the distribution in the controls. For the
beverage specific analyses, non-drinkers were those respondents not consuming that particular
alcoholic beverage. For risk associated with drinks per day and drinks per drinking day, we
categorized consumption as two drinks or less per day and greater than two drinks per day. Odds
ratios (OR) and 95% confidence intervals (CI) for risk of prostate cancer associated with alcohol
consumption were computed using unconditional logistic regression adjusting for age, cigarette
smoking status, education, body mass index (BMI), and waist to hip ratio (WHRATIO). The
beverage specific analyses were further mutually adjusted for the other beverages.

Results

Characteristics of the participants in the PROMEN study are shown in Table 1. Compared to cases,
controls were slightly more educated (13.0 vs. 12.3 years) and more likely to be Caucasian (93.0%
vs. 67%). No statistically significant differences between cases and controls were observed for
age, body mass index, waist to hip ratio, smoking or drinking status.

Table 1. Characteristics of prostate cancer cases and controls, PROMEN Study



Means and standard deviations for aspects of lifetime alcohol consumption for the sample overall
and by current drinking status are shown in Table 2. Among drinkers overall and current drinkers,
cases drank for fewer years than did controls (38.2 vs. 43.7 years, p < 0.05 and 41.3 vs. 46.8
years, p < 0.05, overall and current drinkers, respectively) and, consequently, had greater
numbers of years abstaining. Few differences in lifetime total and beverage-specific ounces
consumed, drinks per day, or drinks per drinking day were observed between cases and controls
for drinkers overall or current drinkers. However, although not statistically significant, we observed
several differences in alcohol consumption between cases and controls who were former drinkers.
Among former drinkers, cases consumed more total ethanol, beer and liquor, more drinks per day
and more drinks per drinking day, but consumed less ethanol from wine and wine coolers
compared to controls.

Table 2. Selected lifetime alcohol consumption characteristics among prostate cancer
cases and controls, PROMEN study

Odds ratios and 95% confidence intervals for the risk of prostate cancer associated with lifetime
alcohol consumption are shown in Table 3. We observed no associations with risk with lifetime
ounces of total ethanol, beer, wine, or liquor. Risk associated with total drinking years, years of
abstaining (ever/never), drinking status, drinks per day, and drinks per drinking day are shown in
Table 4. Compared to the highest tertile of total drinking years, men in the lowest tertile had a
marginally significant increased risk (OR 2.16, 95% CI 0.98-4.78, p for trend <0.05) and, similarly,
men reporting ever abstaining compared to those who never abstained had increased prostate
cancer risk (OR 1.79, 95% CI 1.05-3.03). No associations with risk were observed for former vs.
current drinkers, drinks per day, or drinks per drinking day.

Table 3. Odds ratios (OR)2 and 95% confidence intervals (CI) for risk of prostate
cancer associated with lifetime alcohol consumption

Table 4. Odds ratios (OR)2 and 95% confidence intervals (CI) for risk of prostate
cancer associated with lifetime alcohol consumption: duration, drinking status, drinks
per day, and drinks per drinking day.

Discussion

The assessment of lifetime alcohol consumption in cancer etiology has been predominantly
expressed through the calculation of either total lifetime volume or an average volume per
specified time period across the lifetime. Few investigations have evaluated lifetime drinking
patterns in relation to prostate cancer risk. While methodological difficulties challenge the
evaluation of drinking patterns, our results suggest that failure to take into account aspects of
drinking pattern such as the relative duration and dose of consumption may reduce our ability to
clearly elucidate the role alcohol may be playing in cancer development. Although we observed no
associations with risk for total lifetime alcohol intake or when alcohol was expressed as average
drinks per day or even average drinks per drinking day, our results suggest that the impact may
differ when the same volume of alcohol consumption takes place in fewer drinking years over a
lifetime.

Furthermore, it is notable that alcohol consumption was much higher among the cases compared
with controls who were former drinkers. As alcohol consumption has been positively related to
many causes of morbidity, a proportion of these men may have stopped drinking in response to
poor health. Whether pre-existing morbid conditions or heavier drinking is related to subsequent
development of prostate cancer remains to be clarified.

Our study has several strengths and limitations. A limitation of our study is the small sample size,
especially for cases. However, because one of the original aims of the study was an examination



of hormones and prostate cancer, both cases and controls were carefully identified. To eliminate
the effect on hormone levels by treatment, cases were enrolled in the study prior to starting
chemotherapy or hormone therapy; thus increasing the difficulty of case ascertainment. On the
other hand, the exclusion of controls with high circulating PSA levels helped to reduce
misclassification and to ensure that the control group was free from prostate cancer. The data
used in the present analysis were collected as a part of an in-person interview, and the
questionnaire about lifetime alcohol consumption was very detailed allowing us to compute both
the dose and frequency aspects of alcohol consumption.

Given the difficulties involved in measuring alcohol consumption, studies utilizing data collected
before diagnosis would appear more likely to lead to valid inferences. Recently, Dennis in his
meta-analysis [30] pointed out that in many of the published cohort studies alcohol consumption
was assessed only at a baseline, often many years before the diagnosis, with no subsequent
assessment to quantify changes in drinking pattern. While retrospective assessment of lifelong
alcohol consumption at diagnosis may appear to be more likely to lead to recall bias, such an
assessment may also be more likely to capture relevant attributes of exposure, such as overall
duration of alcohol use and timing of potentially important changes in use, such as quitting. These
differences are not always taken into account [30].

The plausibility of alcohol as a risk factor for prostate cancer relates to evidence that alcohol may
act as a carcinogen or may modulate risk from other known carcinogens through generation of
free radicals, affecting the metabolism of detoxification enzymes, impairment of immune system
and depression of DNA repair enzymes [31]. It remains unclear to what extent alcohol could affect
the early phases of cancer development. Some studies suggest that the critical period of exposure
may be as early as adolescence as the development of prostate gland begins prenatally,
continuing until the end of puberty [31]. If alcohol contributes to cancer promotion, duration and
relative intensity of exposure during a specified period of time, instead of the total amount of the
agent itself over the entire life time course may be important.

Conclusions

Further studies focusing on lifetime exposure and more specifically on patterns of consumption
may help in prevention of a disease with considerable public health impact.

List of Abbreviations

BMI body mass index
PSA prostate-specific antigen

WHRATIO waist-to-hip ratio

Competing interests

The authors declare that they have no competing interests.

Authors' contributions

MB performed statistical analyses, interpreted the results and drafted the manuscript
SEM performed statistical analyses, interpreted the results and revised the manuscript
HJS interpreted the results and revised the manuscript

SS interpreted the results and revised the manuscript

BJF performed data analysis, interpreted the results and revised the manuscript

SDP interpreted the results and revised the manuscript

GC interpreted the results and revised the manuscript



JLF interpreted the results and revised the manuscript

MT revised the manuscript

MR defined the exposure variables and revised the manuscript

TN defined the exposure variables and revised the manuscript

PM designed and implemented the study, interpreted the study results, revised the manuscript

Acknowledgements

Supported in part by grant 1179818559 from Department of Defense, Prostate Cancer Program
and grant 5K07CA89123 from the National Cancer Institute, and in part by an American Italian
Cancer Foundation Fellowship.

References

1.

10.

11.

Giovannucci E: Epidemiologic characteristics of prostate cancer.
Cancer 1995, 75:1766-1777.

Bosland MC: The role of steroid hormones in prostate carcinogenesis.
J Natl Cancer Inst Monogr 2000, 39-66. PubMed Abstract | Publisher Full Text

Hayes RB, Brown LM, Schoenberg JB, Greenberg RS, Silverman DT, Schwartz AG, Swanson
GM, Benichou J, Liff IM, Hoover RN, Pottern LM: Alcohol use and prostate cancer risk in
US blacks and whites.

Am J Epidemiol 1996, 143:692-697. PubMed Abstract | Publisher Full Text

Sharpe CR, Siemiatycki J: Case-control study of alcohol consumption and prostate
cancer risk in Montreal, Canada.
Cancer Causes Control 2001, 12:589-598. PubMed Abstract | Publisher Full Text

Sesso HD, Paffenbarger RSJ, Lee IM: Alcohol consumption and risk of prostate cancer:
The Harvard Alumni Health Study.
Int J Epidemiol 2001, 30:749-755. PubMed Abstract | Publisher Full Text

De Stefani E, Fierro L, Barrios E, Ronco A: Tobacco, alcohol, diet and risk of prostate
cancer.
Tumori 1995, 81:315-320. PubMed Abstract | Publisher Full Text

Cerhan JR, Torner JC, Lynch CF, Rubenstein LM, Lemke JH, Cohen MB, Lubaroff DM,
Wallace RB: Association of smoking, body mass, and physical activity with risk of
prostate cancer in the lowa 65+ Rural Health Study (United States).

Cancer Causes Control 1997, 8:229-238. PubMed Abstract | Publisher Full Text

Key TJ, Silcocks PB, Davey GK, Appleby PN, Bishop DT: A case-control study of diet and
prostate cancer.
Br J Cancer 1997, 76:678-687. PubMed Abstract | Publisher Full Text

Jain MG, Hislop GT, Howe GR, Burch JD, Ghadirian P: Alcohol and other beverage use and
prostate cancer risk among Canadian men.
Int J Cancer 1998, 78:707-711. PubMed Abstract | Publisher Full Text

Lumey LH, Pittman B, Wynder EL: Alcohol use and prostate cancer in U.S. whites: no
association in a confirmatory study.
Prostate 1998, 36:250-255. PubMed Abstract | Publisher Full Text

Breslow RA, Wideroff L, Graubard BI, Erwin D, Reichman ME, Ziegler RG, Ballard-Barbash



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

R: Alcohol and prostate cancer in the NHANES 1 epidemiologic follow-up study. First
National Health and Nutrition Examination Survey of the United States.
Ann Epidemiol 1999, 9:254-261. PubMed Abstract | Publisher Full Text

Hsieh CC, Thanos A, Mitropoulos D, Deliveliotis C, Mantzoros CS, Trichopoulos D: Risk
factors for prostate cancer: a case-control study in Greece.
Int J Cancer 1999, 80:699-703. PubMed Abstract | Publisher Full Text

Ellison LF: Tea and other beverage consumption and prostate cancer risk: a Canadian
retrospective cohort study.
Eur J Cancer Prev 2000, 9:125-130. PubMed Abstract | Publisher Full Text

Andersson SO, Baron J, Bergstrom R, Lindgren C, Wolk A, Adami HO: Lifestyle factors and
prostate cancer risk: a case-control study in Sweden.
Cancer Epidemiol Biomarkers Prev 1996, 5:509-513. PubMed Abstract | Publisher Full Text

Villeneuve PJ, Johnson KC, Kreiger N, Mao Y: Risk factors for prostate cancer: results
from the Canadian National Enhanced Cancer Surveillance System. The Canadian
Cancer Registries Epidemiology Research Group.

Cancer Causes Control 1999, 10:355-367. PubMed Abstract | Publisher Full Text

Platz EA, Leitzmann MF, Rimm EB, Willett WC, Giovannucci E: Alcohol intake, drinking
patterns, and risk of prostate cancer in a large prospective cohort study.
Am J Epidemiol 2004, 159:444-453. PubMed Abstract | Publisher Full Text

Hodge AM, English DR, McCredie MR, Severi G, Boyle P, Hopper JL, Giles GG: Foods,
nutrients and prostate cancer.
Cancer Causes Control 2004, 15:11-20. PubMed Abstract | Publisher Full Text

Breslow RA, Weed DL: Review of epidemiologic studies of alcohol and prostate cancer:
1971-1996.
Nutr Cancer 1998, 30:1-13. PubMed Abstract | Publisher Full Text

Hirayama T: Life-style and cancer: from epidemiological evidence to public behavior
change to mortality reduction of target cancers.
J Natl Cancer Inst Monogr 1992, 65-74. PubMed Abstract | Publisher Full Text

Goldbohm RA, Van den Brandt PA, Van 't Veer P, Dorant E, Sturmans F, Hermus RJ:
Prospective study on alcohol consumption and the risk of cancer of the colon and
rectum in the Netherlands.

Cancer Causes Control 1994, 5:95-104. PubMed Abstract | Publisher Full Text

Muti P, Westerlind K, Wu T, Grimaldi T, De Berry J, Schunemann H, Freudenheim JL, Hill H,
Carruba G, Bradlow L: Urinary estrogen metabolites and prostate cancer: a case-
control study in the United States.

Cancer Causes Control 2002, 13:947-955. PubMed Abstract | Publisher Full Text

Bostwick DG, Cooner WH, Denis L, Jones GW, Scardino PT, Murphy GP: The association of
benign prostatic hyperplasia and cancer of the prostate.
Cancer 1992, 70:291-301. PubMed Abstract | Publisher Full Text

Breslow N, Chan CW, Dhom G, Drury RA, Franks LM, Gellei B, Lee YS, Lundberg S, Sparke
B, Sternby NH, Tulinius H: Latent carcinoma of prostate at autopsy in seven areas. The
International Agency for Research on Cancer, Lyons, France.

Int J Cancer 1977, 20:680-688. PubMed Abstract | Publisher Full Text

Babaian RJ, Mettlin C, Kane R, Murphy GP, Lee F, Drago JR, Chesley A: The relationship of
prostate-specific antigen to digital rectal examination and transrectal



25.

26.

27.

28.

29.

30.

31.

ultrasonography. Findings of the American Cancer Society National Prostate Cancer
Detection Project.
Cancer 1992, 69:1195-1200. PubMed Abstract | Publisher Full Text

Hutchinson H E: Ci3 System User Manual. Version 1.1 edition. Evanston, IL, Sawtooth
Software; 1995.

Russell M, Marshall JR, Trevisan M, Freudenheim JL, Chan AW, Markovic N, Vana JE, Priore
RL: Test-retest reliability of the cognitive lifetime drinking history.
Am J Epidemiol 1997, 146:975-981. PubMed Abstract | Publisher Full Text

McCann SE, Marshall JR, Trevisan M, Russell M, Muti P, Markovic N, Chan AW, Freudenheim
JL: Recent alcohol intake as estimated by the Health Habits and History
Questionnaire, the Harvard Semiquantitative Food Frequency Questionnaire, and a
more detailed alcohol intake questionnaire.

Am J Epidemiol 1999, 150:334-340. PubMed Abstract | Publisher Full Text

Graham K, Schmidt G: The effects of drinking on health of older adults.
Am J Drug Alcohol Abuse 1998, 24:465-481. PubMed Abstract | Publisher Full Text

Chick J: Alcohol, health, and the heart: implications for clinicians.
Alcohol Alcohol 1998, 33:576-591. PubMed Abstract | Publisher Full Text

Dennis LK: Meta-analysis for combining relative risks of alcohol consumption and
prostate cancer.
Prostate 2000, 42:56-66. PubMed Abstract | Publisher Full Text

Poschl G, Stickel F, Wang XD, Seitz HK: Alcohol and cancer: genetic and nutritional
aspects.
Proc Nutr Soc 2004, 63:65-71. PubMed Abstract | Publisher Full Text

Have something to say? Post a comment on this
article!

BMC
Clinical Pathology

maximize the visibility ()
of your research BiolMed Central

Subrmit your paper now - Click here! Published by The Open Access Publisher

© 1999-2008 BioMed Central Ltd unless otherwise stated < info@biomedcentral.com = Terms and conditions




