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Milk Consumption Is a Risk Factor for Prostate Cancer:
Meta-Analysis of Case-Control Studies

Li-Qiang Qin, Jia-Ying Xu, Pei-Yu Wang, Takashi Kaneko, Kazuhiko Hoshi, and Akio Sato

Abstract: Prostate cancer has become the most common can-
cer among men in the United States. Although milk consump-
tion is considered to be a risk factor in some epidemiological
studies, the results are inconsistent. A meta-analysis method
was conducted to estimate the combined odds ratio (OR) be-
tween milk consumption and prostate cancer from case-con-
trol studies published between 1984 and 2003 using commer-
cial software (comprehensive meta-analysis). The combined
ORwas 1.68 (95% confidence interval = 1.34-2.12) inthe 11
published case-control studies. The combined OR varied lit-
tle by study stratification. Additionally, we evaluated the pos-
sible risk factors in milk for prostate cancer. In conclusion,
we found a positive association between milk consumption
and prostate cancer. The underlying mechanisms, including
fat, calcium, hormones, and other factors, should be investi-
gated further.

Introduction

Prostate cancer is the third most common cancer world-
wide and the most common cancer in Europe, North Amer-
ica, and some parts of Africa. In 2000, the number of new
prostate cancer cases was estimated at 513,000 worldwide,
and this disease accounts for 9.7% of all male cancers (1).
The incidence of prostate cancer is increasing steadily in al-
most all countries (2), but we know little about what causes
this disease.

Results from ecological studies suggest that prostate can-
cer is associated with a Western lifestyle and, in particular, a
diet that includes a high intake of fat, meat, and dairy prod-
ucts. Calculating the relationship between the incidence rate
of prostate cancer and dietary practice in 42 countries, milk
was the most closely correlated (» = 0.771) with incidence
(3). In Japan, the mortality rate for prostate cancer, which is
still lower than that in Western countries, has shown a rising
trend with the westernization of the Japanese diet since
World War II. During the same interval, milk consumption
increased the most of all observed food items. Its correlation
coefficient after age adjustment reached 0.937 (4).

Case-control and cohort studies, two classifications of an-
alytical epidemiological studies, are more credible than eco-
logical studies that evaluate consumption through food dis-
appearances in populations of different countries or different
periods. Until now, more than 10 publications of case-control
and cohort studies reported the relationship between milk
consumption and prostate cancer risk. Some authors descrip-
tively summarized these studies and suggested that milk con-
sumption is a risk factor for prostate cancer (5). Because indi-
vidual studies have yielded inconsistent results, a statistical
method combining these studies is better to draw a conclu-
sion. The purpose of the present study was to collect all rele-
vant published case-control studies and address them by
meta-analysis.

Methods

Case-control studies were identified through a Medline
search for the period between January 1984 and January
2003. The searches were limited to studies published in Eng-
lish. Titles, abstracts, and subject headings in the database
were investigated using the keywords prostate cancer and
milk or dairy. Over the period of 20 years, 40 articles were
found using the keywords prostate cancer and milk, and 25
articles were found using prostate cancer and dairy. In order
not to omit relevant articles, the titles, abstracts, and subject
headings identified by the keywords prostate cancer and fat
or diet were scanned. The cited references in obtained studies
were also reviewed to include all relevant articles.

In all of the case-control studies we found, if the study
sample was found to overlap or come from the same study
project, only the paper with the largest sample size was re-
tained. When prostate cancer risk was reported separately by
different types of milk, whole milk was chosen because it
contains all milk substances and thus reflects the true nature
of milk. If both hospital and population controls were used
for comparison separately, the result of the population con-
trol was chosen for the analysis. The cases in the studies were
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confirmed by histological examination. Two researchers per-
formed data collection and extraction independently. Differ-
ences in data extraction were resolved by discussion.

Meta-analysis is a statistical analysis that combines or in-
tegrates the results of several studies to provide increased
power for the quantitative identification of trends (6). In the
present study, the meta-analysis was performed using com-
mercial software (comprehensive meta-analysis), which was
obtained from Biostate, Inc. (Englewood, NJ) (7). This soft-
ware requires the input of the number of cases and controls
into a two-by-two table to calculate the combined odds ratio
(OR) and 95% confidence interval (CI). We calculated two
combined ORs from the data in the published studies. One
compared the highest with the lowest quantile of milk con-
sumption, which took advantage of the range of consumption
in a study. The other compared the quantiles together (except
for the lowest one) with the lowest one because all numbers
of cases and controls can be included in this analysis. Addi-
tional subgroup analyses were carried out to examine the ef-
fects of the type of control, the kind of milk, and the rate of
incidence in observed countries. Because most studies gave
the OR adjusted by age and other variables, we also exam-
ined the combined OR of these studies using adjusted OR in-
stead of that from the two-by-two table (8).

Because of the diversity in design and analysis of the vari-
ous studies, we assumed that the true effects being estimated
would vary among the studies. Thus, the combined OR,
which was estimated using the Mantel-Haenszel method,
was described with a fixed-effects model (all study popula-
tions were similar) and a random-effects model (the study
population differed). Homogeneity among the studies was
assessed to test consistency and was tested using x2 analysis
with a significance of 0.05.

We found 15 studies reporting a relationship between
milk consumption and prostate cancer risk in case-control
studies (9-23) that were carried out in 8 countries. The out-
come of all published studies was regarding the incidence of
prostate cancer. The disease was prostate cancer and did not
refer to any stage or classification of cancer. In two Japanese
studies, the population area partially overlapped. Further-
more, egg consumption was included in the milk category in
the study of Ohno et al. (11). Because egg consumption as a
risk factor for prostate cancer was discussed separately in
some studies (11,13 5,18,21), the study of Ohno et al. was ex-
cluded from the meta-analysis. Three Italian studies were
conducted in northern Italy (10,13,14). Talamini et al. (14)
claimed that the La Vecchia study was the preliminary study
and the Talamini study had higher numbers of cases and con-
trols. Therefore, the La Vecchia study was not included in the
meta-analysis. Although the study of Talamini et al. (10) had
some area overlap with the other two Italian studies, it was
included because the cases were diagnosed during a com-
pletely different period. Two Uruguayan studies were con-
ducted in Montevideo during completely different periods
(15,21). Deneo-Pellegrini et al. also said that this study was a
new case-control study and different from the study of De
Stefani et al. Two Greek studies apparently came from the
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same study project with the same numbers of cases and con-
trols using different analysis methods (20,22). Bosetti et al.
also mentioned that a detailed description of this study has
been published in the study of Tzonou et al. Therefore, the
study of Tzonou et al. published earlier was excluded from
the meta-analysis. We did not find any relationship among
three American studies (12,19,23). Unfortunately, the study
of Hayes et al. failed to give the numbers of cases and con-
trols in each group and so did not meet the analysis criteria
for this software. Finally, 11 studies were included in the
present meta-analysis (9,10,12,14—18,21-23).

Results

Table 1 displays the characteristics of case-control stud-
ies, which studied the risk of prostate cancer and milk con-
sumption. OR and CI were compared between the highest
and lowest quantile of consumption and reflect the greatest
degree of control for confounders. In these 11 studies, in-
cluded in the final meta-analysis, 6 found a positive relation-
ship between milk consumption and prostate cancer risk
when comparing the highest with the lowest quantiles
(10,12,14,15,17,18); however, none reported an inverse rela-
tionship. Because the 11 studies were found to be heteroge-
neous in their effect [2(10) = 26.6, P < 0.05], the random-ef-
fects model was used to estimate the combined OR. The
values of combined OR were calculated by the random-ef-
fects model in our study, until indicated. Figure 1 shows the
OR of each study; the combined OR was 1.68 with a CI of
1.34-2.12. When we compared the other quantiles with the
lowest one, the combined OR was 1.44 (CI = 1.12-1.83).

The average age of cases in these published studies was
between 66 and 72 years. Three studies matched for age of
cases and controls within 1 or 5 years (9,16,17) and seven stud-
ies certified that there was no significant difference among age
groups between cases and controls (10,12,14,15,18,21,22).
However, the cases were slightly older than controls in most
of studies. The study of Mishina et al. did not use OR as an
index, although age was matched (9). The combined OR of
the other10 studies, whose adjusted OR was provided and
could be used directly, was 1.56, with a CI of 1.30-1.83
(10,12,14-18,21-23).

There were two studies with fewer than 100 cases (9,23).
The combined OR increased slightly to 1.72 (CI=1.32-2.22)
when these two studies were excluded (Table 2). Because
the type of control (hospital or population) was a potential
source of heterogeneity, the combined OR for milk con-
sumption and prostate cancer risk was 1.81 (CI =1.31-2.51)
for the eight studies selected controls from hospitals
(10,12,14-16,21-23). The combined OR of three studies
with population controls was 1.46 (CI = 1.18-1.80)
(9,17,18). Of these three studies, only two studies met the ep-
idemiological population-based controls. In fact, it was diffi-
cult to classify these milk studies because of the ambiguous
or different definitions of food items in each questionnaire.
In general, the items of milk and dairy products, which were
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Table 1. Characteristics of Case-Control Studies Related to Milk Consumption and Prostate Cancer Risk from Published Studies

Country Number of Type of OR
Reference (area) Cases/Controls Control Quantile ltems (95% CI)* Match or Adjustment
Mishina et al. (9)” Japan 99/99 Population 2 Milk 1.18 Age, residence
(0.67-2.07)¢
Talamini e al. (10)? Italy 166/202 Hospital 2 Milk and dairy 2.46 Age, marital status,
products (1.29-4.69) occupation, BMI
Ohno et al. (11) Japan 100/100 Hospital 2 Eggs and milks 0.80 Age, date of admission
(0.45-1.40)
Mettlin et al. (12)? New York 371/371 Hospital 4 Whole milk, 2% 2.49 Age, residence
milk, skim milk ~ (1.27-4.87)
La Vecchia et al. (13) Italy 96/292 Hospital 3 Milk, cheese, 5.0 Age, residence,
butter (1.5-16.6) education, BMI
Talamini et al.(14)? Italy 271/685 Hospital 3 Milk, cheese, 1.58 Age, residence,
butter (1.06-2.36) education, BMI
De Stefani et al. (15)? Uruguay 156/302 Hospital 3 Milk 1.7 Age, residence,
(1.1-2.9) education, tobacco,
beer
Ewings and Bowie (16)? United 1597325 Hospital 4 Milk 0.95 Age
Kingdom (0.50-1.83)
Chan et al. (17)° Sweden 526/536 Population 4 Dairy 1.49 Age, family history,
(1.01-2.19) energy
Jain ets al. (18)” Canada 617/636 Population 4 Milk, yogurt, 1.47 Age, energy, vasectomy,
cheese (1.11-1.94) marital status,
education, BMI
Hayes et al. (19) United States 932 /1201 Population 4 Dairy 1.2 Age, study site, race
(0.9-1.5)
Tzonou et al. (20) Greece 320/246 Hospital 5 Milk and dairy 1.55 Age, height, Quetelet
products (0.92-2.62) index, education,
energy
Deneo-Pellegrini et al. (21)>  Uruguay 175/233 Hospital 4 Dairy food 0.8 Age, residence,
(0.4-1.6) education, family
history, BMI
Bosetti et al. (22)° Greece 320/246 Hospital 3 Milk and dairy 1.34 Age, height, education,
products, butter ~ (0.85-2.09) energy
Berndt et al. (23)° United States 69/385 Hospital 3 Milk 1.26 Age, energy
(0.57-2.79)

a: OR and CI compared the highest with the lowest quantile of consumption and reflected the greatest degree of control for confounders. They were the results
from the first food item in the Items column.

b: Studies included in the calculation of meta-analysis.

¢: OR and 95% CI were calculated from the numbers of cases and controls using a standard method.
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Figure 1. Meta-analysis schematic concerning the OR of prostate cancer associated with milk consumption in 11 case-control studies calculated using
Biostat™ software (7). Horizontal bars represent the 95% CI. The combined OR in the random-effects model was 1.68 (CI = 1.34-2.12).
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Table 2. Combined OR of Milk Consumption and Prostate
Cancer Risk in Different Types of Studies®

Types of Studies Combined N OR” CI
All studies 11 1.68 1.34-2.12
Studies with cases of >100 9 1.72 1.32-2.22
Control type

Population 3 1.46 1.18-1.80

Hospital 8 1.81 1.31-2.57
Milk type

Milk 6 1.50 1.25-1.80

Milk and dairy products 5 1.61 1.22-2.12
Rate of incidence in country

<30/100,000 4 1.96 1.20-3.20

230/100,000 7 1.51 1.23-1.86

a: Calculated by a comparison of the highest and lowest categories using
Biostat™ software (7).
b: Value was calculated using a random-effects model.

used in the present study, included cheese, butter, and ice
cream as well as liquid milk, although small differences
existed among studies. According to this classification,
the combined ORs were 1.50 (CI = 1.25-1.80) for milk
(9,14-16,18,23) and 1.61 (CI =1.22-2.12) for milk and dairy
products (10,17,21-23). The incidence rate of prostate can-
cer shows a wide international variation, with the lowest rate
in China (Qidong County) and the highest in the United
States (Detroit, MI; blacks) (24). Dividing the incidence by
an arbitrary criterion at the point of 30 per 100,000, we found
that 4 studies were carried out in countries with a low rate of
incidence (9,10,14,22) and 7 studies in countries with a high
rate of incidence (12,15-18,21,23). The combined ORs were
1.96 (CI = 1.20-3.20) and 1.51 (CI = 1.23-1.86), respec-
tively. We found that there was homogeneity in the studies
carried out in countries with a high rate of incidence [2(6) =
7.95, P > 0.05], where the combined OR of the fixed-effects
model was 1.51 (CI = 1.28-1.79), which was similar to the
combined OR calculated using the random-effects model. In
conclusion, the combined OR changed very little after some
studies were excluded according to certain criteria or studies
were stratified by some aspects.

Discussion

Our study had several limitations that affected interpreta-
tion of the results. In the present study, we only chose case-
control studies as the data resource for analysis. As an analyt-
ical epidemiological study, a cohort study is more effective
than a case-control study. Therefore, we also searched for co-
hort studies and observed the relationship between milk con-
sumption and prostate cancer risk, finding 11 published stud-
ies during the same period of 20 years (25-35). However,
several studies originated from the same study project, so ul-
timately there were only six independent studies. All of those
studies were carried out in America (25-31,34,35) and north-
ern Europe (32,33), where milk and dairy products are heav-
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ily consumed. This suggested that a group free from milk and
dairy products is difficult to find because milk and dairy
products are used in a variety of foods, including cakes, can-
dies, ice cream, and chocolates (36). Furthermore, basic data
such as the number of cases or populations in exposed and
nonexposed groups were not provided by about half of the
studies (28,30,31,33-35). It is important to estimate the
weight of each study in this meta-analysis. In those cohort
studies, the end points were selected as the rate of death
(25,28), certain stage of cancer (31,33), or a combination
(29,34). Another conflict was that the rates were calculated
by person in two studies (27,30) and by person-year in the
other studies. For the reasons described previously, it is al-
most impossible to combine cohort studies for meta-analysis
using this commercial software. Some authors also advised
against combining results from case-control and cohort stud-
ies using the meta-analysis method due to the different
designs (37).

When collecting published studies, the most obvious
problem is that some studies never get published. Studies
with significant results were more likely to have been pub-
lished than those with nonsignificant results. In the present
study, we considered the existence of hypothetical unpub-
lished data. We randomly added 5 null results appearing in
the analysis to 11 case-control studies (38). Even if 50 of
these null results were added, the combined OR was 1.36 (CI
= 1.27-1.45). This suggests that unpublished studies like
these published studies with null results do not seem to influ-
ence this positive relationship over a large range.

As a statistical method, meta-analysis cannot resolve the
confounding and selection bias arising from the design of a
case-control study. When the published studies were classi-
fied by control type, type of milk, or incidence rate, the com-
bined OR in all classifications was >1.45 and the lower limit
was > 1.15. Because population-based control has a great ad-
vantage over hospital-based control, the mere two studies
that used the population-based controls became the weakness
of our study. Although two studies were too few for combina-
tion, the results from both studies supported the hypothesis
that milk is a risk factor for prostate cancer. In addition to
comparing the highest quantitle, whose consumption varied
greatly across different studies, with the lowest one, we com-
pared the upper quantitles as a group with the lowest one,
where consumption was not used in the most studies. The
combined OR (OR = 1.44, CI = 1.12-1.83) still suggested a
positive relationship between milk consumption and prostate
cancer.

Additional methodological problems came from the soft-
ware itself because of neglect for adjustments. We examined
the results with adjusted OR, which reflected the greatest de-
gree of control for confounders. The combined OR was 1.56
(CI = 1.30-1.83), slightly lower than the combined OR cal-
culated by the software. Therefore, the results from the soft-
ware of comprehensive meta-analysis are reliable to explain
the relationship between milk consumption and prostate can-
cer. As an independent study, the study of Hayes et al. was
excluded from the analysis due to a lack of numbers of cases
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and controls (19). Because the OR of this study was 1.2, the
combined OR would not have been modified much even if it
had been included. In conclusion, this meta-analysis suggests
that there is positive relationship between milk consumption
and prostate cancer risk.

Researchers did not pay attention to milk as a risk factor
for prostate cancer until the 1980s. Fat was studied a little
earlier, although it is not the only factor in milk linked to
prostate cancer according to current thinking. A review, sum-
marizing the studies before 1985, suggested that prostate
cancer was positively related in some way to fat intake (39).
Because milk is an important source of fat in the Western diet
(40), these earlier studies hinted at the possibility that milk
intake is positively related to prostate cancer risk.

The biological interpretation of the adverse effect of milk
remains controversial because milk is an important source of
several nutrients, such as animal fat, calcium, some vitamins,
and total energy. For a long time, special attention has been
given to the fat and calcium in milk. As for the fat in milk and
dairy products, we found only one study where whole milk,
skim milk was observed (12) and three studies where cheese
and butter were analyzed twice, respectively (14,18,22). It is
impossible to do a meta-analysis using these as subgroups. In
six studies with a positive association between milk con-
sumption and prostate cancer, three studies attributed it to fat
intake (10,14,15) and two studies did not (12,17). In two
studies on milk as a risk factor, cheese and butter, whose fat
content is high, did not show any relationship with prostate
cancer risk (14,18). In a prospective study, red meat showed a
significant positive association with prostate cancer. How-
ever, fat from milk and dairy products was unrelated to risk
(29). This inconsistent evidence might be due to other un-
known dietary compound(s) contained in milk and dairy
products at different levels. Chan et al. considered the cal-
cium in milk (17). The authors proposed that high calcium in-
take suppressed the conversion of 25(OH) vitamin D to
1,25(0OH); vitamin D, which has an antitumor effect against
prostate cancer (17,31,33,34). Nevertheless, milk, which was
a risk factor in two other studies, did not influence car-
cinogenesis via a high calcium concentration (32,41). Over-
all, fat and calcium in milk are likely to be risk factors. How-
ever, they cannot completely explain why milk consumption
increases prostate cancer risk.

Recently, we hypothesized that estrogen in commercial
milk may be responsible for prostate cancer (36). Because
commercial milk is mainly produced by pregnant cows in de-
veloped countries, it contains considerable amounts of estro-
gen (36,42). Some studies in humans also demonstrated that
milk consumption increased the estrogen level in the circula-
tion (43,44). Because 17B-estradiol, an estrogen, is a carcino-
gen for prostate cancer, estrogen in milk should not be ig-
nored when considering milk as a risk factor for prostate
cancer (45). Moreover, cow’s milk contains high levels of in-
sulin-like growth factor-I (IGF- I) (46). IGF-I has attracted
increasing attention as a risk factor for prostate cancer (47).
In our previous study, commercial low-fat milk promoted the
development of DMBA-induced mammary tumors, another
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hormone-dependent cancer, in rats. The high levels of estro-
gen and IGF-I in milk were considered to be responsible for
this promotional effect (in preparation).

In conclusion, we found a positive association between
milk consumption and prostate cancer risk using meta-analy-
sis to analyze published case-control studies. The underlying
mechanism, including fat, calcium, hormones, and other fac-
tors, requires further study.
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