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Alcohol use and prostate cancer: A meta-analysis
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Past reviews have concluded that there is no association between alcohol use and prostate cancer inci-
dence. We performed a meta-analysis of existing epidemiological studies finding, in contrast, evi-
dence to suggest that prostate incidence is positively linearly associated with heavier alcohol use.
This finding was largely due to the contribution of population case-control studies and those measur-
ing men recruited before age 60. No relationship between alcohol consumption and prostate cancer
was found for cohort and hospital case-control studies. Analyses of design effects modestly suggests
that population case-control studies were probably better suited to identify potential alcohol-prostate
cancer relationships due to the close temporal proximity of the measurement of level of alcohol con-
sumption to diagnosis. Future efforts should be made to exclude all ill subjects from control groups/
baseline samples in addition to accounting for changes in consumption with advancing age and the
onset of illness. The alcohol-prostate cancer association remained significant despite controlling for
the degree to which studies endeavored to eliminate false negatives from their control groups.
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1 Introduction

The incidence of prostate cancer presents a scientific chal-
lenge. Ecological studies report major differences in pros-
tate cancer disease rates across national and racial bounda-
ries [1–2] and men migrating to other countries tend to take
on the same incidence rates as those of their adoptive coun-
try [1, 3, 4]. While age, race, and family history of prostate
cancer (and to a lesser degree, dietary factors although the
evidence is not consistent [5–7]) apparently contribute to
prostate cancer incidence, they do not sufficiently explain
these ecological differences. It has thus been reasoned that
environmental factors must play a role.

Valid candidate hypotheses have evaluated why some
groups of men display a higher incidence for the disease.
Aspects of diet, smoking status, body weight, exercise,
social class, and other factors have been examined in multi-
ple studies but the cross-study conclusions are often incon-
sistent [5]. To date, no major environmental factors have

been established that isolate the factor or groups of factors
contributing to this serious form of cancer apart from those
stated above.

One such series of investigations concerns the role of
alcohol. The development of some cancers have been attrib-
uted in part to level of alcohol consumption [8, 9] but the
association between alcohol and prostate cancer is much
less clear, with highly mixed findings from the various stud-
ies in this domain. Past efforts to resolve this [2, 10, 11]
have affirmed inconsistent findings among cross-study
results and the most recent global cancer summary suggests
that the evidence between alcohol and prostate cancer inci-
dence is too limited and/or inconsistent to warrant a causa-
tive link [8]. Bagnardi et al. [12] have provided the only
exception, having drawn the conclusion – based on their
meta-analysis of a small number of comparative studies –
that alcohol consumption is weakly associate with prostate
cancer [12].

The current study tested several hypotheses concerning
design and methodological characteristics of epidemiologi-
cal studies that may potentially explain apparent inconsis-
tencies in the alcohol-prostate research literature. The
rationale underpinning these hypotheses have been
described below.
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2 Study rationale

2.1 Rationale 1

Study designs vary in their ability to reliably capture past
and current drinking levels of individuals. Prospective
cohort studies have the advantage of obtaining participant
information prior to an event or diagnosis occurring. How-
ever, these studies rarely enquire about: (i) life-long drink-
ing levels/patterns of subjects prior to entry into the study
or (ii) changes in levels/patterns of alcohol use in the
interim between first measurement and diagnosis. The lat-
ter is an important consideration because the great majority
of prospective studies entail only the baseline measurement
and both drinking patterns and health can change thereby
compromising any implications regarding causality. The
time interval between the most recent measure of drinking
and diagnosis can be exceedingly long, sometimes
approaching a quarter of a century. It is possible that these
design characteristics may in fact predispose prospective
cohort studies to systematic errors which arise from a fail-
ure to take fully into account participant's past drinking
practices and changes in their drinking over time. It has also
been suggested that study design characteristics may at
least partly explain why cohort studies tend to show J-shape
associations while case-control studies tend to show posi-
tive linear associations when evaluation of a particular dis-
ease is dominated by one or the other design [13]. On the
other hand, many case-control studies specifically evaluate
past exposure and duration of exposure because the event of
interest has already occurred. The epidemiological litera-
ture typically views case-control designs as inferior to pro-
spective cohort studies due to the absence of before and
after comparisons and the suffering from recall bias.

Some analysts have suggested that a critical component
for assessing the alcohol-prostate association is the dura-
tion of specific drinking patterns because, more than likely,
it would take many years for heavier drinking to affect pros-
tate cancer incidence [10]. Toward this end, some studies –
typically case-control studies – ask participants to predate
their recollections about drinking to a period well before
diagnosis, hospitalization, or first measurement. Other
studies enquire about lifetime consumption. The latter
group has produced mixed results, most probably due to
cross-study differences in these measurements.

2.2 Rationale 2

Individual levels of alcohol consumption vary considerably
over time and most drinkers, but not all, will reduce con-
sumption as they age. Some epidemiologists claim that the
validity of reported level of alcohol consumption over time
is high among nonalcoholic populations [14]. This claim is
in marked contrast to that observed by Shaper et al. [15] in
addition to a substantial body of evidence demonstrating

that level of alcohol consumption decreases with increasing
age, particularly in the 60s and thereafter (e.g., from pro-
spective mortality studies [16–20]; from longitudinal stud-
ies [21–26]; from multiple measurement longitudinal stud-
ies [27, 28]). In fact, analysts studying the association of
alcohol use with the incidence of any disease among older
people are hard pressed to locate sufficient numbers of rela-
tively heavy drinkers once the subjects are in their 70s and
beyond.

2.3 Rationale 3

Reduction or termination of level of alcohol consumption
during the older years of the life course is closely associ-
ated with the onset of ill health, frailty, dementia, and/or
use of medications [15, 29–33] and initial diagnosis of
prostate cancer is most commonly made among older men.
These considerations make critical the proximity of the
drinking measure to diagnosis (thereby reducing one type
of measurement error) and the degree to which studies
exclude from baseline or control samples those subjects
already showing signs of illness (thereby reducing the prob-
ability of changes in drinking patterns associated with ill-
ness).

Given the associations between illness/ageing and
reduced alcohol consumption, it is reasonable to assume
that most men diagnosed with prostate cancer would have
already reduced or discontinued their drinking. However,
there is some evidence to suggest that while most one-time
heavy drinkers will eventually reduce their consumption to
a moderate level, those who are frequent heavy drinkers
may persist with high levels of consumption throughout life
[27]. It is possible that men who are ill with prostate cancer
but who continue to consume a relatively higher amount of
alcohol on a weekly basis (14 or more drinks) may consti-
tute such a group. Although the analyses presented here
cannot evaluate this directly, they include and differentiate
between studies based on samples of alcoholics and studies
based on samples from the general population.

Furthermore, given that older men are more likely to
reduce their consumption, it is reasonable to expect that
samples evaluating younger men would show a stronger
association between alcohol use and prostate cancer risk
because, relatively speaking, the (shorter) life-time drink-
ing patterns of these subjects would be less subject to the
influences of diminishing health and thereby more stable.

2.4 Rationale 4

A large proportion of older men who die from other causes
may have also had unidentified prostate cancer. Autopsy
studies suggest that a relatively high proportion of elderly
men (an estimated 50%) have undiagnosed or latent pros-
tate tumors at the time of death [34, 35]. These findings
have implications for epidemiological studies evaluating
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prostate cancer incidence. Should Herculean efforts not be
made to eliminate false negatives from the control groups
of these studies, the control or comparison group is likely to
be “contaminated” with men who have the disease and
study results would be questionable.

3 Study hypotheses

On the basis of observations drawn from the epidemiologi-
cal literature the following hypotheses have been proposed.

3.1 Hypothesis 1

Taken overall, epidemiological studies which have exam-
ined prostate-cancer incidence/prevalence and compared
outcomes for (a) nondrinkers versus current drinkers or (b)
nondrinkers versus former drinkers versus current drinkers,
will find no significant differences between these groups
[36].

3.2 Hypothesis 2

Levels of alcohol consumption among population case-con-
trol studies will be more likely to demonstrate positive lin-
ear associations between alcohol use and prostate cancer
compared to hospital case-control or prospective cohort
studies. Should this hypothesis be supported, it may illus-
trate that design factors common to population case-control
samples are the key to understanding the alcohol-prostate
cancer association. This hypothesis is advanced on the basis
of two additional hypotheses that will be analyzed both
independently and jointly in an effort to better understand
the mechanisms that might contribute to the overall mixed
findings from the relevant studies.

3.3 Hypothesis 3

Efforts to create disease-free control groups (for case-con-
trol studies) and baseline samples (for cohort studies) will
contribute to apparent differences in outcomes between
case-control and prospective cohort designs. Specifically,
prostate cancer incidence/prevalence will be more strongly
associated with alcohol consumption among studies which
made some attempt to exclude those in ill health.

3.4 Hypothesis 4

Measurement error is implicated in studies when the prox-
imity of the measurement for alcohol consumption to diag-
nosis of prostate cancer is distant in time [36]. Specifically,
prostate-cancer incidence/prevalence will be positively
associated among studies when measurements of drinking
are made closer to time of diagnosis.

3.5 Hypothesis 5

When compared to studies which make no or minimal effort
to exclude false negatives for prostate cancer from control
groups, studies which make rigorous efforts to eliminate
false negatives from control groups will: (a) better predict
the incidence of prostate cancer than those which do not;
and (b) be more likely to show associations between alcohol
consumption and prostate cancer.

4 Methods

4.1 General

Meta-analysis was used to examine apparent relationships
between alcohol use and prostate cancer from population
case-control, hospital case-control, and cohort studies.

4.2 Types of studies and criteria for selection

A medline search was performed using key words “prostate
cancer” and “alcohol” (and variations e.g., carcinoma of
prostate, ethyl alcohol) to identify all potential studies pub-
lished up to and including December 2006. Five studies
were not included due to incomplete or insufficient infor-
mation (efforts were made to contact authors) [37–40].
Brief descriptions of included studies may be found as Sup-
porting Information.

Three design types were evaluated: population case-con-
trol studies (20 results for no vs. any drinking, five results for
no vs. former vs. any drinking, 63 results for levels of alcohol
consumption); hospital case-control studies (14 results for
novs. any drinking, six results for no vs. former vs. any drink-
ing, 34 results for levels of alcohol consumption); and
cohort/prospectivestudies (six results for novs. any drinking,
eight results for no vs. former vs. any drinking, 59 results for
levels of alcohol consumption). Some of the latter included
both morbidity and mortality outcomes that were tested for
differences with no differences found. When multiple papers
were published from one study, the most recent publication
was included in the analysis, taking into consideration the
completeness of results and relevance to our analysis. One
study [41] was followed an additional four years [42]; the for-
mer was included in our analysis because it was within our
sampling frame time period although the results for the later
are noted in the Supporting Information. It is important to
note that, because comparison groups differ among studies
(e.g., some may compare drinkers vs. nondrinkers whereas
others may compare drinkers vs. nondrinkers vs. former
drinkers) the number of studies available for each set of anal-
yses presented here are not necessarily the same.

Design characteristics of some studies deserve comment.
A study by Gronberg et al. [43] consisted of a population
case-control study in which the sample was drawn from a
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prospective twin study with baseline questions in 1967.
Cancer diagnoses were drawn from a registry between 1959
and 1989, age matched to controls. Therefore, the diagnosis
of cancer preceded the questioning in a minority of cases.
Hiatt et al. [44] conducted a nested case-control study
within a large US health care network. It was difficult to
determine if the study should be a population or hospital
case-control study; we elected to categorize it as a popula-
tion case-control study because the men receiving a health
examination were not necessarily ill.

Results from individual studies were presented as relative
risks, odds ratios, and percents. Frequencies and percents
were converted to odds ratios. For some studies (primarily
case-control) alcohol use was not necessarily the primary
focus but outcomes for alcohol were presented as percent-
age differences between cases and controls without adjust-
ing for other factors. As they enabled an expanded total
sample, results from such studies were included. Impor-
tantly; however, all studies were analyzed to determine
whether those with and without specific adjustments pro-
duced significantly different outcomes.

An additional meta-analysis assessed the subgroup of
five studies that had retrospectively measured the duration
of years drinking [45–49]. This analysis treated duration of
drinking as a continuous measure. One study in this group
[48] measured the duration of drinking only for participants
who drank on a daily basis.

4.2.1 Variables
Three dependent variables were assessed: (a) no drinking
versus any drinking; (b) no drinking versus former drinking
versus current drinking; (c) continuous models of drinking
levels. For the latter (c), midpoints of reported drinking
amounts from each study were calculated to reflect number
of drinks per day. Grams or mililiters were converted into
US standard drinks (13.6 g = 1 standard drink) which best
reflected the metric used by the majority of these studies.

Table 1 summarizes some of the variables used to test our
hypotheses. Methods for obtaining participants’ alcohol
consumption and the time frames for reporting consump-
tion levels/patterns varied among studies. Most used a com-
bined quantity/frequency measure to record drinking lev-
els/patterns but some used frequency only or quantity only.
Time elapsed between baseline and diagnosis/end-point
was included in analyses to test hypotheses.

Models were adjusted for estimated median age at time
of drinking assessment. Few studies reported mean age of
participants but most did provide enough information to
derive median age – which is a crude indicator of age at
measurement. Median age was lower in population case-
control studies (Table 3 for level of consumption analysis)
compared to cohort studies; all hospital case-control studies
had a median age of 60 or older.

Two established predictors of prostate cancer were
included: whether the study adjusted for family history of
prostate cancer; and whether the study adjusted for ethnic-
ity. Both of these variables failed to reach statistical signifi-
cance and were dropped from the final models.

In order to test proposed hypotheses 2–5, which specifi-
cally related to the effect of study design on apparent out-
comes, four specific variables were examined for those
studies which used continuous measures of alcohol con-
sumption (n = 156 results):

(a) Pre-existing illness: pre-existing illness was measured
according to whether the study excluded one or more ill-
nesses in addition to prostate cancer (e.g., other cancers, cor-
onary heart disease, alcohol, or tobacco-related illnesses)
from the control group (population case-control studies) or
baseline sample (cohort studies) (in the case of some hospital
case-control studies, patients assigned to various hospital
departments were excluded). Noteworthy is that few studies
comprehensively excluded an array of illnesses that might
be associated with changes in drinking patterns and most
only excluded a few. Table 1 shows that almost all population
case-control studies made some attempt to exclude control
subjects with at least one disease other than prostate cancer
(97%) whereas slightly over 50% of cohort studies did so.
Hospital case-control studies were not analyzed here
because, by design, the probability of the inclusion of ill sub-
jects (exclusive of prostate cancer) is likely.

(b) Estimated time elapsed between drinking level
assessment and endpoint: for cohort studies only, this varia-
ble was defined as the interval (in years) between baseline
and endpoint of the study (ranging from 5 to 22 years).

(c) Study definition of current drinking: for case-control
designs only, this variable differentiated between studies
which measured drinking status up to 1 year before the time
of interview versus referencing a point before diagnosis/
admission in the more distant past or lifetime drinking.
There was variation across studies in the reference point
used: 5 years before diagnosis; any time in a respondent's
lifetime when they drank nearly every day; 1 year prior to
interview/diagnosis; lifetime; 3 years prior to diagnosis;
prior to illness being diagnosed for cases; 3 years prior to
diagnosis and/or change in dietary patterns.

(d) Degree to which false negatives were eliminated from
control groups: studies were coded according to the degree
to which efforts were made to eliminate men who might
have had undiagnosed prostate cancer: (i) histological con-
firmed nonprostate cancer; (ii) established benign-prostate
hypertrophy or nonpalpable node; (ii) prostate-specific
antigen levels; (iv) prostatic or urologic problem; (v) self-
report of prostate cancer; and (vi) no effort to eliminate
false negatives.

(e) Outcome variables (cohort studies only) consisted of
morbidity alone, mortality alone, or both while examining
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and controlling for a range of potential confounders. Addi-
tional predictor variables included: those used for matching
in case-control studies (age, place of residence, and date of
admission to hospital); variables used to adjust models
(indicators of social class, smoking status, BMI, and physi-

cal activity); variables that identified specific exclusions
from control or baseline samples (no exclusions, alcohol-
related disease exclusions, only other cancers); and whether
abstainer categories were contaminated with former
drinkers or occasional drinkers. The latter was based on the
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Table 1. Descriptive characteristics of three research designs evaluating the association between alcohol consumption and prostate
cancer for number of observations within each research design type

Population case-
control studies (%)

Hospital case-
control studies (%)

Cohort studies
(%)

Studies evaluating no vs. any drinking 20 Studies 14 Studies 6 Studies
Median age 60 or younger 40 0 20
Sample size of 500 or less 50 57 0
Sample size of 2001 or more 20 14 67
Matched by age 100 71 NA
Matched by date of admission to hospital 0 14 NA
Adjusted for ethnicity 20 0 33
Adjusted for family history of prostate cancer 0 0 0
Abstainer category was contaminated with former drinkers 50 86 100
Abstainer category was contaminated with occasionaldrinkers 50 71 67
One or more diseases (other than prostate cancer) excluded from

control or baseline sample
20 71 33

Reference point for assessing drinking prior to diagnosis: coincident
with diagnosis

50 57 100

Interval between baseline and endpoint in years 9 or fewer Years NA NA 67
Proportion showing statistically significant positive results 57 0 31

Studies evaluating no vs. former vs. any drinking 5 Studies 6 Studies 8 Studies
Median age 60 or younger 0 0 25
Sample size of 500 or less 40 50 0
Sample size of 2001 or more 0 50 62
Matched by age 100 100 NA
Matched by date of admission to hospital 40 0 NA
Adjusted for ethnicity 40 0 21
Adjusted for family history of prostate cancer 60 0 0
Abstainer category was contaminated with former drinkers 100 0 63
Abstainer category was contaminated with occasional drinkers 60 0 63
One or more diseases (other than prostate cancer) excluded from control
or baseline sample

0 100 0

Reference point for assessing drinking prior to diagnosis: coincident with
diagnosis

0 50 25

Both one or more diseases excluded from control group and reference
point for drinking is current

– – –

Interval between baseline and endpoint in years 9 or fewer years NA NA 25
Proportion showing statistically significant positive results for no vs.
former drinkers.

100 0 60

Studies evaluating levels of alcohol consumption 63 Studies 34 Studies 59 Studies
Median age 60 or younger 49 0 36
Sample size of 500 or less 22 23 0
Sample size of 2001 or more 36 50 83
Matched by age 97 35 NA
Matched by date of admission to hospital 11 12 NA
Adjusted for ethnicity 38 0 25
Adjusted for family history of prostate cancer 16 0 25
Abstainer category was contaminated with former drinkers 84 68 93
Abstainer category was contaminated with occasional drinkers 73 56 73
One or more diseases (other than prostate cancer) excluded from

control or baseline sample
97 0 53

Reference point for assessing drinking prior to diagnosis: coincident
with diagnosis

40 29 71

Interval between baseline and endpoint in year 9 or fewer years NA NA 44
Proportion showing statistically significant positive results 46 18 35
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notion that apparent higher abstainer risk in the evaluation
of some diseases is attributed to the reduction or termina-
tion of drinking in older people due to increased illness, dis-
ability, frailty, and/or medication use [15, 50], referred to as
systematic misclassification error (SME). Studies which
defined “abstinence” as not having drunk in the last 30 days
or less prior to interview/reference point and which failed
to assess past drinking levels/patterns were coded as con-
taining “former drinker” SME. In addition, studies which
did not contain a specific category for infrequent or occa-
sional drinkers (e.g., drank less frequently than once in the
last 30 days) but which included them among abstainers
were coded as containing “occasional drinker” SME.

4.2.2 Analyses
Mixed effects regression models were used to test associa-
tions of drinking with prostate cancer outcome [51]. The
dependent variable was the log of the odds ratio or relative
risk. The alcohol predictor was either the categorized drink-
ing variable or the log of alcohol volume in the case of mul-
tiple ordered drinking groups for the continuous measure of
alcohol consumption. Median age was also entered as a
fixed control variable and study was treated as a random
effect. Studies were weighted by the inverse of the esti-
mated variance of the log odds, derived from reported
standard errors, confidence intervals, or numbers of inci-
dence of prostate cancer (number of diagnosis or number of
deaths). Results are expressed as odds ratios. All analyses
were carried out with SAS, Version 9.1.

5 Results

5.1 Is drinking per se or former drinking
associated with the incidence of prostate
cancer?

There were no statistically significant associations differen-
tiating prostate cancer risk for either of two drinking meas-
ures: (i) no drinking v. any drinking (20 studies) and (ii) no
drinking versus former drinking versus current drinking (19
studies) (Table 2). This was also true within each of the
study design groups (population case-control, hospital
case-control, and cohort studies) (table not shown). These
results support Hypothesis 1 that drinking per se is not asso-
ciated with prostate cancer.

These findings are tentative, since, according to the crite-
ria identified in Fillmore et al. [50], the majority of the stud-
ies evaluated were contaminated by SME. Most abstainer
groups were contaminated with either former drinkers (in the
case of those studies assessing no drinking), or with occa-
sional drinkers (see Table 1). Even the smaller number of
studies that specifically evaluated former drinkers showed
evidence of SME (Table 1). Thus, although contamination
was evaluated in our analyses, it could not compensate for the
fact that, ultimately, the vast majority of studies and their

results were highly likely to be systematically biased in this
way.

5.2 Is level of alcohol consumption associated
with prostate cancer incidence?

Level of alcohol consumption (number of drinks per day)
was positively associated with prostate cancer incidence for
the total sample of 35 studies; Table 3 expresses the sum-
mary association for the total sample of relevant studies
(OR = 1.158; CI: 1.051, 1.263). This is contrary to the con-
clusions of most reviews on the subject. The association is
primarily due to population case-control studies (OR =
1.239; CI: 1.142, 1.344) and is not statistically significant
among either hospital case-control or cohort studies. Over-
all, the finding supports Hypothesis 2.

Median age of the sample at study recruitment (60 years
or older vs. 59 years or younger) and level of alcohol con-
sumption interact to significantly predict prostate cancer
for the total sample of studies. The borderline statistically
significant interaction is due to population case-control
studies (OR = 0.794; CI 0.691, 0.913 for older vs. younger
samples at recruitment) but is not found among cohort stud-
ies and could not be tested for hospital case-control studies.
Thus, for case-control studies, “heavier” drinking among
younger samples at recruitment increases the likelihood of
prostate cancer incidence (Table 3 and Fig. 1). The point at
which statistical significance is reached is around 2 stand-
ard drinks per day for the younger population case-control
samples (Fig. 1b). The scattergrams (Fig. 1) illustrate how
few studies in this research domain have inquired about
heavier drinking. Most probably this is not attributable to
inattention to these drinking practices but, rather, because
most men have decreased their alcohol consumption after
age 60 years. Thus, as expected, given that most (but not
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Table 2. Meta-analysis of prostate cancer risk for (a) no ver-
sus any drinking and (b) no versus former drinking versus cur-
rent drinking: all studies

OR Lower
bound
95% CI

Upper
bound
95% CI

p value

No vs. any drinking (n = 20 results)
No drinking 1.00a)

Any drinking 1.11 0.95 1.30 0.16

No vs. former vs. current drinking (n = 19 results)
No drinking 1.00a)

Former drinkingb) 1.06 0.65 1.73 0.74
Current drinking 1.04 0.62 1.73 0.85

Based on log OR with weight of 1/variance(log OR).
a) Reference group.
b) The difference between former and current drinkers

yielded an OR of 0.97 (0.64, 1.48).
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all) males significantly reduce level of alcohol consumption
as they age and become less well, the older the study sample
at recruitment, the less likely alcohol consumption will
influence prostate-cancer diagnosis. None of the hospital
case-control studies had a median age at recruitment of less
than 60 years which most probably contributed to the lack
of significant findings for this group of studies (Table1).

5.3 Do study-level design characteristics
contribute to finding that population case-
control studies (vs. other designs)
demonstrate a positive linear effect between
drinking levels and prostate cancer risk?

5.3.1 Exclusion of ill subjects (in addition to those
with prostate cancer) among control or
baseline samples

Hypothesis 3 stated that efforts to create disease-free con-
trol samples (population case-control studies) or baseline
samples (cohort studies) would be instrumental in differen-
tiating between studies showing a significant positive effect
between level of alcohol consumption and prostate cancer

and those that do not (hospital case-control studies are not
analyzed because, by design, the probability of the inclu-
sion of subjects ill with conditions other than prostate can-
cer is high). Exclusion of those in ill health does not show a
statistically significant association with prostate cancer for
either type of study (Table 4). However, population case-
control studies show a trend (p = 0.156), very modestly sug-
gesting that when other major illnesses are not removed
from control groups, prostate cancer risk is lower. It should
be noted that none of the identified studies adequately
removed from their baseline or control groups all illnesses
that might have impacted on changes in drinking patterns.

5.3.2 The time period between drinking
assessment and endpoint among cohort
studies

The nonsignificant association in relation to study efforts to
create a disease-free sample at baseline and subsequent
prostate cancer incidence in cohort studies may be because
the time elapsed between baseline and endpoint is typically
so long that the advent of new illnesses (apart from prostate
cancer) is likely to occur among older subjects. Further-
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Table 3. Meta-analysis of prostate cancer risk for level of alcohol consumption (number of drinks per day), median age of study
measurement (baseline for cohort studies) and interaction between level of alcohol consumption and median age: all studies com-
bined and by each study design

OR Lower bound
95% CI

Upper bound
95% CI

p value

All Studies (35 studies; 115 results)
Level of alcohol consumption 1.16 1.06 1.26 0.001
Age 59 or youngera) 1.00
Age 60 or older 1.19 0.99 1.42 0.082
Level of alcohol consumption6age 59 or youngera) 1.00
Level of alcohol consumption6age 60 or older 0.89 0.79 1.00 0.047

Population case-control studies (14 studies; 46 results)
Level of alcohol consumption 1.24 1.14 1.34 <0.0001
Age 59 or younger a) 1.00
Age 60 or older 1.12 0.868 1.45 0.4039
Level of alcohol consumption6age 59 or younger a 1.00
Level of alcohol consumption6age 60 or older 0.79 0.69 0.91 0.002

Hospital case-control studies (7 studies; 25 results)
Level of alcohol consumption 0.99 0.87 1.13 0.909
Age 59 or youngera) b)

Age 60 or older b)

Level of alcohol consumption6age 59 or youngera) b)

Level of alcohol consumption6age 60 or older b)

Cohort studies (14 studies; 44 results)
Level of alcohol consumption 1.02 0.85 1.23 0.807
Age 59 or youngera) 1.00
Age 60 or older 1.18 0.86 1.65 0.296
Level of alcohol consumption6age 59 or youngera) 1.00
Level of alcohol consumption6age 60 or older 1.05 0.84 1.33 0.645

Based on log OR with weight of 1/variance(log OR).
a) Reference group is age 59 or younger.
b) Could not be calculated.
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more, removal of other illnesses at baseline cannot possibly
exclude those who will become ill in the interim and who
also, according to the relevant literature, are likely to
decrease their level of alcohol consumption. Hypothesis 4
proposed that the longer the interval between measure-
ments, the less likely there would be a significant alcohol-
prostate cancer association. However, it should be noted
that the interval between baseline and endpoint ranged from
5 to 22 years and, compared to case-control designs, a
5 year interval between drinking assessment and diagnosis
is a considerably long period of time. Assessment of the
number of years between baseline and endpoint with pros-
tate cancer risk for the cohort studies showed no statistically
significant association (Table 5).

We also evaluated the joint effect of years between base-
line/endpoint and any efforts to remove ill subjects from the
baseline sample (in addition to prostate cancer) (Table 5).
Although not statistically significant (p = 0.109), the results
suggest that efforts to create disease-free samples among
studies with shorter intervals between measurements may
contribute to finding a higher incidence of prostate cancer.

5.3.3 The proximity of drinking measurement to
the diagnosis of prostate cancer among
case-control studies

Some case-control studies require participants to predate
their responses to specific explanatory variables to a time
prior to diagnosis of (or hospitalization for) prostate cancer.
The typical rationale is that such a retrospective approach
will better mimic the cohort study design and lessen the
impact that the disease itself may have on changes in alco-
hol consumption and other factors (e.g., diet, body weight).
The results indicate that such efforts are unrelated to pros-
tate cancer incidence among the sample of population case-
control studies but did have an impact among hospital case-
control studies (Table 6). Noteworthy is that more hospital
case-control studies predate their reference point for
explanatory variables to a time prior to diagnosis. Among
hospital case-control studies, a potential interaction
between level of alcohol consumption and use of a retro-
spective approach to measuring alcohol consumption sug-
gests that the effect of alcohol consumption is less when
such measurements are utilized (p = 0.089). Furthermore,
for hospital case-control studies, inclusion of this variable
alters the effect of drinking amount on prostate cancer risk
such that it more closely approaches statistical significance
(p = 0.064), suggesting that analysts’ attempts to capture
past drinking levels/patterns of participants are influenced
by measurement error.

5.3.4 The elimination of false negatives from
control groups

Not surprisingly, cohort and population case-control studies
were less likely than hospital case-control studies to include
efforts to reduce false negatives in control groups. The latter
were more likely to confirm nonprostate cases using rigor-
ous laboratory and/or examination criteria, 40% compared
to 11% of population case-control studies and none of the
cohort studies. Despite this wide variability, the likelihood
of prostate cancer arising among the three study design
groups did not appear to be affected by attempts to remove
false negatives (Table 7). Interaction effects between levels
of alcohol consumption and study efforts to eliminate false
negatives also failed to reach statistical significant results
(not shown). Alcohol consumption remained significantly
associated with prostate cancer incidence despite median
age of the studies, design effects and efforts to remove false
negatives from control groups.
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Figure 1. Level of alcohol consumption and prostate cancer
incidence/prevalence. Odds ratios for (a) total sample of
observations and (b) population case-control observations for
those with a median age 60 years and older versus 59 or
younger. Fitted line is quadratic model in log (drinking amount
+1).
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5.4 Studies evaluating lifetime consumption

For most diseases, knowledge of participants’ history of
drinking behavior is central to identifying and understand-
ing potential associations between alcohol consumption
and disease incidence and is driven by the rationale that
continued and/or heavy drinking exposure is critical for the
development of degenerative-type disease. Some analysts
have made attempts to retrospectively capture the complex-
ities of drinking behavior. The methods by which this is
done differ so greatly that a meta-analysis of them cannot
be reliably performed – with one exception – the duration
or number of years drinking assessed. For this variable, con-
trolling for age of measurement, our results indicate an RR

of 0.005 (–0.02, 0.03), which, on face value, might suggest
that retrospective methods for measuring the duration of
number of years drinking either fall short or are not relevant
to prostate-cancer incidence. However, it may be in fact that
the duration of drinking per se is less relevant to prostate
cancer incidence than some measures of either frequent
and/or heavier drinking over the course of many years.
Unfortunately, given the limitations inherent among studies
to date it is not possible to test this. Of the five relevant stud-
ies identified and examined, only one measured duration of
daily drinking for participants. In this case, the results indi-
cated that the number of years daily drinking was positively
associated with prostate cancer incidence.
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Table 4. Meta-analysis of prostate cancer risk for level of alcohol consumption (number of drinks per day), median age of study
measurement (baseline for cohort studies), interaction between level of alcohol consumption and median age and indicator of dis-
ease-free control/baseline sample (one or more illness removed): population case-control and cohort studiesc)

OR Lower bound
95% CI

Upper bound
95% CI

p value

Population case-control studies (14 studies; 46 results)
Level of alcohol consumption 1.27 1.17 1.38 <0.0001
No disease-free control samplea) 0.70 0.42 1.15 0.156
Level of alcohol consumption6no disease-free control sample b)

Cohort studies (14 studies; 44 results)
Level of alcohol consumption 1.16 0.58 2.32 0.659
No disease-free baseline samplea) 1.30 0.50 1.48 0.570
Level of alcohol consumption6no disease-free baseline sample 0.86 0.45 1.67 0.647

Based on log OR with weight of 1/variance(log OR).
a) Reference group excluded cancers in addition to prostate cancer and/or other diseases (e.g., coronary heart disease) and/or

alcohol-related or tobacco-related diseases.
b) Could not be calculated.
c) Adjusts for median age and interaction between age and level of alcohol consumption. By definition, hospital case-control studies

contain ill subjects in their control group and, therefore, are excluded from this analysis.

Table 5. Meta-analysis of prostate cancer risk for level of alcohol consumption (number of drinks per day) for two study-level indica-
tors: (i) interval between baseline and endpoint and (ii) interval between baseline and endpoint and exclusion of the ill at baseline:
cohort studiesc)

RR Lower bound
95% CI

Upper bound
95% CI

p value

Interval between baseline and endpoint 9 years or <
Level of alcohol consumption 0.95 0.73 1.22 0.351
Interval 9yrs or < a) 1.22 0.88 1.68 0.217
Level of alcohol consumption6interval 9 years or < 1.12 0.85 1.47 0.423

Interval 9 yrs or < and no disease free baseline sample
Level of alcohol consumption 1.15 0.73 1.79 0.538
Interval 9 years or < and no disease-free baseline sampleb) 0.74 0.52 1.07 0.109
Level of alcohol consumption6interval 9 years or <and no dis-
ease-free baseline sample

0.87 0.59 1.30 0.485

Based on log RR with weight of 1/variance (log RR)
a) Interval >9 yrs is reference point.
b) Reference group consisted of studies with <9 yrs between baseline and endpoint and also excluded cancers in addition to pros-

tate cancer and/or other diseases (e.g., coronary heart disease) and/or alcohol-related or tobacco-related diseases.
c) Adjusts for median age and interaction between age and level of alcohol consumption.
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5.5 Studies of alcoholics

Studies of alcoholics have the advantage of maximizing the
effect of heavy drinking and its duration. They are of inter-
est here to determine if they confirm our results from popu-
lation case-control studies that heavier level of alcohol con-
sumption is associated with prostate cancer risk. Seven
such studies were located. Dennis and Hayes [36] estimated
the pooled standardized incidence ratio for two of these
studies [52, 53] to be 1.22 (1.04, 1.42) and concluded
increased risk of prostate cancer due to heavy drinking.
Other studies have evaluated these relationships but in gen-
eral a meta-analysis of them is inappropriate due to differ-
ing methods used. Some studies have failed to provide
quantitative information on drinkers and others have
revealed only very small case frequencies [54, 55]. Another
study made the assumption that members of the Danish
Brewery Workers Union were either heavy drinkers or alco-
holics due to the high availability of beer in that context
[56]. Compared to the general Danish population, the inci-
dence was 1.08 (0.96, 1.21) among brewery workers. A
Norwegian study of treated alcoholics found that death rates

among this population were significantly above that
expected for the general population [57]. A somewhat more
recent study [58] did not find treated alcoholics to be at
higher risk for prostate cancer compared to the general pop-
ulation or to a group of veterans. Despite this small sample
of studies utilizing treated alcoholics (or persons exposed
to an environment hospitable to heavier drinking) and their
design limitations, in accord with Dennis and Hayes [36],
we tentatively conclude that there is modest support that
heavier daily consumption is associated with prostate can-
cer risk.

5.6 A template for the study of drinking and
prostate cancer incidence

Overall, the results thus far have modestly suggested that
retrospective methods (typically used in case-control stud-
ies) and measures far in advance of diagnosis (in prospec-
tive studies) fall short of reliably assessing the possibility
that level of alcohol consumption may influence the devel-
opment of prostate cancer. This leaves, therefore, the puz-
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Table 6. Meta-analysis of prostate cancer risk for level of alcohol consumption (number of drinks per day) for utilization of a retro-
spective time frame for drinking of prior drinking versus current drinking: case-control studies onlyb)

OR Lower bound
95% CI

Upper bound
95% CI

p value

All case-control studies
Level of alcohol consumption 1.15 1.02 1.29 0.021
Retrospective time framea) 0.90 0.74 1.09 0.283
Level of alcohol consumption6retrospective time frame 1.03 1.12 1.18 0.717

Population case-control studies
Level of alcohol consumption 1.26 1.14 1.39 <.0001
Retrospective time framea) 0.96 0.70 1.31 0.800
Level of alcohol consumption6retrospective time frame 1.03 0.89 1.18 0.717

Hospital case-control studies
Level of alcohol consumption 1.50 0.97 2.32 0.064
Retrospective time framea) 1.01 0.60 1.70 0.975
Level of alcohol consumption6retrospective time frame 0.67 0.42 1.07 0.089

Based on log OR with weight of 1/variance(log OR).
a) Reference group is current time frame including no time frame specified, current drinking specified or last 1–2 wks specified.
b) Adjusts for median age and interaction between age and level of alcohol consumption.

Table 7. All studies combined meta-analysis of prostate cancer risk for level of alcohol consumption (number of drinks per day),
median age of study, study design type and rigorous versus nonrigorous or no effort to eliminate false negatives from the control
groups

OR Lower bound
95% CI

Upper bound
95% CI

p value

All Studies (35 studies; 115 results)
Level of alcohol consumption 1.08 1.01 1.16 0.02
Rigorous elimination of false negatives a) 1.00
All other studies including total inattention to false negatives 0.83 0.63 1.09 0.19

Based on log OR with weight of 1/variance (log OR).
a) Reference group.
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zling and counter-intuitive finding that only studies assess-
ing drinking behavior relatively close to diagnosis indicate
a positive relationship between the two variables.

One study in this literature illustrates why this might be
the case and may be regarded as a template for future stud-
ies. Sesso et al. [59] utilized two “live” measurement points
over an 11 year period to predict prostate cancer incidence

in a prospective study design. The endpoint of the study
was fully 16 years out from the first measurement point.

Table 8 shows the degree of stability and change in drink-
ing frequency occurring between the two live measurement
points. The extent of change illustrates that correlation
coefficients are inadequate for summarizing this behavior
over time and should not be used in future studies to indi-
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Table 8. Reproduced from Table 3 from Sesso et al. [59] (A) Proportion of respondents reporting stability versus change in drinking
over a five year period and (B) RRs (95% CI) for each groupa)

(A) Proportion of stable vs. changing drinking at Time 2 (1988) by Time 1 (1977)

Frequency of drinking 1977 – Time 1

Almost never 1/month to <3/week 3/week to <1/day 1/day to <3/day F3/day

Frequency of drinking 1988 – Time 2

Almost never 74 29
50 13

1/Month to
<3/week

47 18

3/Week to
<1 day

26

32 24

1/Day to
<3/day

24

18

51 39

F3/Day 12 43

Total = 100% (697) (592) (1239) (2760) (1398)

(B) RR (95% CI) of prostate cancer from 1988 to 1993 for alcohol consumption based on the 1977 and 1988 questionnaires

Frequency of drinking 1977 – Time 1

Almost never 1/month to <3/week 3/week to <1/day 1/day to <3/day F3/day

Frequency of drinking 1988 – Time 2

Almost never 1.00 0.95
(0.31–2.91)

2.10
(1.09–4.02)

1.68
(0.79–3.59)

1/Month to
<3/week

1.86
(0.85–4.09)

1.28
(0.53–3.11)

3/Week to
<1 day

2.16
(0.92–5.07)

1.97
(0.96–4.02)

2.15
(1.14–4.07)

1/Day to
<3/day

3.12
(1.37–7.12)

2.16
(0.97–4.82)

2.51
(1.40–4.49)

2.53
(1.33–4.83)

F3/Day 2.02
(0.98–4.16)

1.27
(0.62–2.58)

Total = 100% (697) (592) (1239) (2760) (1398)

a) Adjusted for age, body mass index, physical activity, cigarette smoking, and parental history of cancer.
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cate stability. Although there is some consistency of the
behavior for some drinking groups (e.g., 74% of the Time 1
respondents reporting almost never drinking also do so at
Time 2), the amount of change is remarkable. For example,
50% of those drinking between three times a week and less
than once a day in 1977 decreased their drinking 11 years
later and 57% of those drinking three or more times a day
do the same. These changes – measured only crudely in the
Sesso et al. [59] study – strongly indicate that the overall
observation advanced by Shaper et al. [15] regarding
changes in drinking over time as impacting on disease
development is worthy of serious consideration.

When drinking is used to predict prostate cancer inci-
dence (Table 8), it is clear that, overall, indicators of more
frequent drinking (either its stability or increasing over
time) is associated with prostate cancer incidence. Had this
study also measured the quantity of drinking, in addition to
frequency, it is possible that this might have been a stronger
finding.

6 Discussion

The results from this study raise a number of issues.

6.1 Differences between our analysis and other
reviews and meta-analyses

In contrast to most past analyses which have assessed the
association between level of alcohol consumption and pros-
tate cancer, we found an overall significant association, pro-
nounced among population case-control studies.

In a 1998 review of alcohol consumption and prostate
cancer risk, Breslow and Weed [10] stated: “Evidence from
epidemiologic studies performed over a 25 year time span
suggests no association between alcohol consumption and
prostate cancer incidence. The studies are so consistently
null and the risk estimates so lacking in strength that it
seems unnecessary to evaluate the results of this review
using formal inferential criteria of causation. The results of
cohort studies with positive findings are either not general-
izible because they were performed in special populations
(Gronberg et al., 1996, Tonnesen et al., 1994) or too incom-
pletely described to warrant serious consideration (Hir-
ayama, 1992). The findings of case-control studies with
positive findings (De Stefani et al., 1995, Hayes et al.,
1996), although suggestive, cannot overcome the existing
body of null evidence (p. 10).”

These authors conclude that while misclassification bias
or confounding might account for these results, they dis-
miss these problems on the grounds that alcohol surveys
have been shown to have reasonable validity for the meas-
urement of alcohol consumption over time. However, the
wider literature (as discussed above), and the well con-
ducted Sesso et al. study [59] in particular, contradict this

view. Breslow and Weed [10] failed to heed what Rothman
coined as a “towering obstacle” in epidemiological studies
namely, the difficulties encountered in assessing actual
exposure to a risk factor [60].

Dennis [11] acknowledged the problems referenced
above but did not analyze for them. While finding a statisti-
cally significant alcohol-prostate cancer dose response for
men drinking four or more drinks per day, it was concluded
that there was no association between alcohol consumption
and prostate cancer – possibly because linear estimates
were made in order to include studies not reporting higher
amounts. His analysis included fewer studies than in the
current study which may also have accounted for the differ-
ent findings. In 2004, Dagnelie et al. [61] reviewed ten
cohort studies assessing alcohol use and prostate cancer
risk finding that the majority found no association and,
therefore, concluded that there was no association between
alcohol consumption and prostate cancer. Bagnardi et al.
[12] assessed seven case-control and four cohort studies
finding a small positive significant effect.

In 2001, a review was published by Dennis and Hayes
[36], pointing to the fact that few studies in this domain of
research measure heavy drinking – a particular rarity
among the age groups concerned – making it difficult to
assess whether this drinking type is associated with prostate
cancer. The findings presented here suggest that when
heavier drinking measures are employed, there is a statisti-
cally significant increase in prostate cancer risk in these
groups.

Of considerable importance, Dennis and Hayes [36] also
suggested that variation in the time frame of alcohol meas-
urements plays a role in accounting for differences in cross-
study findings – reflecting one of the hypotheses tested
herein. Apart from the Dennis and Hayes observation, few
reviewers have considered some of the extraordinary differ-
ences in the designs contributing to this domain of research
such as: potential influences of efforts to remove previously
undiagnosed prostate cancer from control groups (false
negatives); contamination of the abstinence group with for-
mer or occasional drinkers; efforts made to exclude dis-
eases other than prostate cancer; and differences in refer-
ence group for the explanatory variables. The uneven con-
sideration of such factors across the three major study
designs found in this literature may have, in part, led to the
typical conclusion that the cross-study results are so mixed
that alcohol has no bearing on the incidence of the disease.

6.2 Why population case-control studies appear to
be better equipped to assess the association
between drinking practices than alternative
designs

It has been postulated here that the differences between
findings for the population case-control studies versus the
two alternative designs may be a function of the degree to
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which: (i) efforts were made to create disease-free control
groups; and (ii) measurement error associated with the long
periods between baseline and endpoint for the cohort stud-
ies and the use of retrospective questions among the case-
control studies. Our hypotheses were weakly supported but
illustrate the possibility that it is the design characteristics
typical to the studies themselves which may have contrib-
uted to obscuring a positive association between alcohol
use and prostate cancer risk. It is not necessarily the case
that population case-control studies are “superior” to cohort
designs but, rather, that they may be more likely to capture
some element of participant drinking history which relates
to a positive prostate cancer diagnosis.

We argue that, in all probability, a real association
between alcohol consumption and prostate cancer inci-
dence has been concealed by the strong likelihood that
drinking patterns change and illness increases during the
years in which these men were measured, particularly
among the older subjects. In this regard, only very recent
measurements may be reliable indicators of a continual pat-
tern of heavier drinkers and “healthier” control/baseline
samples are critical. This does not mean that long-term
drinking patterns do not have an effect on the development
of prostate cancer but that currently applied epidemiologi-
cal methods are typically insensitive to these life course
changes – a position supported by studies of alcoholics and
by one outstanding study which carefully assessed drinking
behavior stability/change over time [59].

Hypotheses advanced here in an attempt to understand
why one design shows a positive linear effect in contrast to
no effect among alternative designs were only weakly sup-
ported, as none of the design-level factors explored reached
statistical significance. However, the trends were in the
direction of the a priori hypotheses, suggesting that there is
merit to carefully assessing the possibility of serious meas-
urement error in these designs. Attempts to evaluate the
degree to which studies eliminated false negatives from
their control groups strengthens the conclusion that alcohol
use is significantly associated with prostate cancer because
the association remained despite the degree to which stud-
ies made these efforts.

The lack of statistical significance for these explanatory
design factors may be attributed in part to the inadequacies
among the studies themselves. We located only one study
that might be regarded as the gold standard correcting for
the presence of other illness; the majority of studies did not
eliminate subjects with the many illnesses, dementia or use
of medications that might have influenced changes in drink-
ing behavior and few attempted, except retrospectively, to
evaluate changes in drinking behavior. The weak support
for design-level hypotheses advanced here may also be
attributed to limited, crude coding of these variables due to
the small sample of available cases (e.g., studies excluding
at least one disease from the control/baseline sample were
combined with studies excluding multiple diseases).

It is also possible that other variables not measured in our
meta-analyses may have an important role to play. One such
variable might be the degree to which the populations
sampled by the various studies were exposed to prostate
cancer screening such as the prostate specific antigen
(PSA) test. With the increasing uptake of PSA over time,
especially in developed countries, many new cases which
would have otherwise remained undiagnosed are more
likely to be captured. It may also be the case that men who
drink heavily are less likely to undergo PSA testing.
Although we have not been able to explore the possibility
here, this is an important area for future research efforts.

6.3 An incongruous outcome

It is ironic that prostate cancer risk should appear to
increase at almost the same level of consumption and at the
same ages that alcohol is thought to have a “protective
effect” for other diseases most notably, coronary heart dis-
ease [9, 62–64] although some doubt has been cast on this
notion [15, 50]. Consideration of conflicts for the benefits
of alcohol for some diseases and detriment to others should
be held up to the light of cross-disease analytic approaches.

6.4 The many faces of measurement error and a
major problem of contemporary medical
epidemiology

Some of the researchers involved with the current study
recently published a paper assessing a form of measurement
error hypothesized to influence apparent associations
between alcohol use and coronary heart disease mortality
risk [50]. In that case, it was asserted that measurement of
abstinence from alcohol had to be sufficiently long so not to
miss-classify former or occasional drinkers as long-term
abstainers. This hypothesis was advanced on the basis that
many former or occasional drinkers had either terminated
or reduced their drinking due to ill health or associated fac-
tors. Should this particular measurement error occur, the
likelihood of a protective effect of alcohol use might be
wrongly concluded for coronary heart disease [15]. In sharp
contrast, our report herein has suggested that if measure-
ment of drinking is not sufficiently close to diagnosis,
measurement error is likely to occur because studies will
not capture those subjects whose heavier drinking persists
despite advancing age and the onset of illness.

On surface, these assertions would appear to be in con-
flict. However, an underlying problem in medical epidemio-
logical studies assessing drinking behavior (in addition to
other behaviors) is that such studies typically make the
assertion that one time measurement of a behavior is
adequate. Typically, analysts do not measure their respond-
ents multiple times or possess large enough samples to
carve out groups who change their drinking behaviors from
those who do not – a problem magnified in the older years
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of the life course. Retrospection about these behaviors is
unreliable and correlations of drinking between one meas-
urement point and a subsequent one (even if relatively high)
serve to mask the flux in this behavior among many and the
relative persistence of it among a few. Many analysts have
sought to correct for these problems but, taken as a whole,
epidemiological efforts in this domain may be regarded as
limited and in large part, suffering from systematic cross-
study error biasing toward the null effect. Our attempts to
take some of these limitations into account have hopefully
provided a clearer account of this complex literature and
the actual relationship between levels of alcohol consump-
tion and prostate cancer to be found therein.

6.5 Is alcohol consumption associated with the
incidence of prostate cancer?

A statistically significant association was found between
level of alcohol consumption and prostate cancer. This
association warrants further investigation, especially in
relation to heavy drinking and the documentation of alcohol
consumption over many years. In this event, we would
hypothesize that consistent heavier alcohol consumption
will be more strongly associated with prostate cancer risk.
Despite the many caveats emanating from our analyses, it is
our conclusion that there is a positive linear association
between level of alcohol consumption and prostate cancer
incidence.
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