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Introduction: A higher incidence of prostate cancer is observed in the Western world than in Asian countries.
Although it is relatively rare in China, an increased incidence has been reported in recent years. Studies in high-
risk populations have suggested that dietary fat may play a role in enhancing the risk of developing prostate
cancer. However, limited epidemiologic study has never examined the role of diet in low risk populations.
Methods: A case-control study was conducted in 12 cities in China to evaluate the relationship between dietary
factors and prostate cancer risk. We conducted personal interviews with 133 histopathologically con®rmed
prostate cancer cases diagnosed between 1989 to 1992 and 265 neighborhood controls of similar age.
Results: Cases were more likely than controls to consume food with high fat and from animal sources (p < 0.01).
The daily fat intake and the percentage of energy from fat were statistically signi®cantly higher among cases
than among controls (p < 0.01). The adjusted odds ratio for total fat between lowest quartiles and highest
quartiles was OR � 3.6 (95 percent C.I. 1.8-7.2); for saturated fat, OR � 2.9 (95 percent C.I. 1.5-5.7); and for
unsaturated fat, OR � 3.3 (95 percent C.I. 1.7-6.3).
Discussion: The data suggest that dietary fat, both saturated and unsaturated, are associated with an increased
risk for prostate cancer in a low risk population. Cancer Causes and Control 1998, 9, 545±552
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Introduction

The incidence rate of prostate cancer varies substantially
worldwide.1 A higher incidence is observed in the
Western world than in Asian countries.1 Prostate cancer
is one of the most commonly diagnosed cancers among
men in the United States, representing about 25 percent
of all tumors.2 Although it is relatively rare in China,
with an estimated incidence of 2.1 per 100,000,3 inci-
dence has been increasing in recent years.3 Despite the
high incidence of prostate cancer in the Western world,
there are few established clues to its etiology.4,5 Etiologic

leads include the hormone dependence of the prostate,
geographical, racial and occupational differences in
incidence rates.4 Data from migrating populations fur-
ther support the importance of environmental factors.
Although the international differences in prostate cancer
incidence rates are remarkable, the prevalence of latent
prostate cancer, measured at autopsy, appears to be
similar in most populations,6 again suggesting the role of
environmental factors in the etiology of clinically
signi®cant prostate cancer.
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It has been suggested that dietary fat may explain part
of the large inter-ethnic difference in prostate cancer
risk. In particular, positive correlations have been
demonstrated between prostate cancer mortality and
per capita dietary fat consumption.7 Although some
case-control studies in the USA have reported a higher
risk of prostate cancer with increased intake of dietary
fat,8-11 it is unclear which types of dietary fat may
enhance the risk. Low risk populations, such as Chinese
in China, have never been investigated in epidemiologic
studies on prostate cancer. This study intends to
examine the role of dietary factors including fat, ®ber,
vitamins and minerals in prostate cancer etiology among
the low risk Chinese men.

Materials and methods

Major teaching hospitals in 12 cities of China (Beijing,
Shanghai, Tianjing, Chongquing, Chengdu, Guangzhou.
Shushon, Xian, Wuhan, Shenyang, Wulumugi, and
Lanshou) participated in the study. Cases were patho-
logically con®rmed prostate cancer patients (ICD9 code
185), newly diagnosed during 1989 to 1992, ages
between 50 to 89 years old, residents of these cities for
at least 10 years and were still living at the time of the
study. For each index case, two hospital controls (one
cancer and one non-cancer patient from the same
hospital) and two neighborhood controls were selected.
All controls were within ®ve years of age of the index
case at diagnosis and living in the same city. Neighbor-
hood controls were selected randomly from the registry
roster of the residential community of the index case.
The roster is being updated every three months.

We conducted face to face interviews with cases and
control subjects. Cases and hospital controls were
interviewed at the hospital, while neighborhood con-
trols were interviewed at home. Information obtained
included demographic characteristics, marital and occu-
pational history, weight and height, dietary and physical
activity habits, medical history and family history of
cancer. The period of reference in assessing diet,
physical activity, and body size was between 1980 and
1985. A food frequency questionnaire, involving recol-
lection of food consumption tailored to suit the dietary
habits of Chinese in all 12 cities, was developed, based
on questionnaires from previous studies of cancers of
the colorectum12 and stomach.13 It contained 140 food
items, that provided more than 90 percent of dietary fat
consumed reported by the National Chinese Diet
Survey.14 The food groups were divided into the
following nine categories: rice and grain, meat, poultry
and ®sh, soy products and dairy, cooking oil and other
fat, vegetables, fruits, sugar and dried nuts, and bever-
ages. Questions included frequency (times per day,

week, year or not at all in the reference period) and
quantity (describing the portion size as multiples or
fractions of the standard portion size) of consumption
of each of the 140 food items listed. A set of 12
questions concerning preference and use of fat and oils
in meals is included. To maximize response and improve
validity of dietary and other information secured,
interviewers (mostly physicians in the participating
teaching hospitals) attended a special two-day training
session prior to the start of the study. A written
instruction manual was distributed at the training
session to the interviewers. The same interviewer
interviewed both cases and controls in each city.
Questionnaire data were edited, coded and entered. A
second keypuncher veri®ed all keying of data.

The 140 food items were regrouped into 27 food
groups. Weekly consumption of these food groups by
50 g unit (in the past, food was rationed in China by this
weight) were calculated. Two-tailed t-tests were per-
formed to detect mean differences of food group
consumption between cases and controls.

Daily energy and nutrient intake (protein, carbohy-
drate, ®ber, total fat, saturated and polysaturated fat,
vitamin A, carotenoids, vitamin C, vitamin E, iron,
manganese, copper, selenium, and zinc) were also
calculated. Estimated levels of nutrient intake were
derived from the summation of the multiplying the
frequency and quantities of consumption of each food
item in the questionnaire with reference to the published
nutrient data bank in China.15 The energy and fat (total
fat, saturated fat, monounsaturated fat and polyunsatu-
rated fat) values were adjusted according to the reported
trimmings of fat in meat, the use of fat (saturated and
unsaturated) in cooking, and the consumption of skin
from poultry. Hospital controls may have illnesses or
diseases that are related to diet; therefore, this report is
limited to the comparisons of cases with neighborhood
controls. Because of the small number of cases contrib-
uted by each city and the heterogeneity of the 12 cities,
the 12 cities were then grouped into three regions. We
grouped them as North region: Beijing, Tianjing and
Shenyang; West region: Chengdu, Chongking, Lanshou
and Xian; and South region: Shanghai, Shzou, Hamzou,
Quanzou and Wuhan. Quartiles cut off points of mean
weekly intake of total fat, saturated fat and unsaturated
fat were obtained from the controls. Odd ratios for
prostate cancer were calculated by logistic regression
analysis16 and adjusted for region (modeled as factored
®rst), non-fat calorie sources and other nutrients when
indicated. For example, the odds ratios associated with
total dietary fat were adjusted for calories from sources
other than fat. The odds ratios associated with saturated
fat were adjusted for calories from sources other than
saturated fat. The odd ratios for unsaturated fat were
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adjusted for sources other than unsaturated fats. Chi-
square tests (two-tailed) for linear trend were also
performed.

Results

398 subjects were included in this report. Of these, 133
were cases and 265 were neighborhood controls. De-
scriptive characteristics of study subjects are presented in
Table 1. The age distribution, educational level, body
mass index (weight/height2), smoking, marital and so-
cioeconomic status between cases and controls were very
similar. Cases, however, reported a higher frequency of
past alcohol use and of benign prostate hyperplasia and
prostatitis incidence than did the controls.

Table 2 presents the subjects' preferred eating habits.
Compared with controls, cases reported signi®cantly
higher preferences for fatty cuts of pork, ®sh prepared
by frying, and deep-fried foods (p < 0.05). Cases also
preferred eating poultry with skin and stir-fried vege-
tables over boiled vegetables (although these differences
did not achieve statistical signi®cance).

The mean weekly consumption of food groups (50 g
unit) is presented in Table 3. Cases reported a higher
mean weekly intake than controls of the following
foods: fresh red meat, all red meat, poultry, eggs, animal
protein, oil and high fat foods. On the contrary, controls
reported a signi®cantly higher weekly intake of high
carotene vegetables (such as pumpkin, carrots, sweet
potato, yams and yellow leafy vegetables) and total
vegetables (p < 0.05). Similarly, not achieving statistical

signi®cant level, controls also consumed more soy,
green vegetable, cruciferous vegetables, other ®brous
vegetables, and complex carbohydrate than did cases.

The mean daily nutrient intake is shown on Table 4.
Total daily fat intake and the percent of energy from fat
were higher among the cases than among controls
(p < 0.01). Compared to controls, cases reported a
higher intake of both saturated (p < 0.001) and unsat-
urated fat (p � <0.001), as well as selenium (p � 0.01).
Again controls had a higher consumption of car-
oteinoids than cases, but cases and controls reported
similar levels of retinol intake. No signi®cant differences
in the intakes of other nutrients were observed between
cases and controls.

Table 5 presents the adjusted odds-ratios associated
with several nutrients relating to prostate cancer
(p > 0.10 from Table 4) while controlling for other
factors. Risk for prostate cancer was associated with
total fat (OR � 1.03, 95 percent C.I. 1.0-1.05, p � 0.01),
but not with vitamin C, carotenoids, selenium, zinc, and
calories from non-fat sources. We also examined the
adjusted odd ratios for prostate cancer risk with
different quantities (by quartiles) of fat (total fat,
saturated and unsaturated fat) consumed (Table 6).
There was a positive association between energy-ad-
justed total fat intake and risk of prostate cancer, with a
signi®cant associated trend (p for liner trend � 0.003). A
clear gradient of prostate cancer risk was also observed
with increasing intakes of energy-adjusted saturated fat
(p trend � 0.025), and energy-adjusted unsaturated fat
(p trend � 0.007).

Table 1. Characteristics of prostate cancer cases and controls, China, 1989-1992

Cases N = 133 Controls N = 265 p Value
percent percent

Age in years

40-59 9.4 10.5

60-69 40.0 40.4 0.97
�70 50.0 49.1

Education

Illiterate 13.0 10.3

Primary School 32.6 39.0
High School 29.7 27.6 0.99

College 24.6 22.7

Married status

Currently Married 91.3 90.9
Divorced/Widowed 8.7 9.1 0.88

Socioeconomic status

Low 51.5 46.6 0.12
Medium 43.4 51.2

High 5.1 2.2

Body Mass Index, kg/cm2 (mean) 22.8 22.8 1.00

Ever smoked cigarettes 60.9 62.1 0.90
Ever used alcohol 67.2 57.0 0.07

Ever had benign prostate hyperplasia 48.3 13.6 <0.001

Ever had prostatitis 24.3 6.1 <0.001

Diet and prostate cancer in China
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Discussion

The ®ndings from this case-control study support the
hypothesis that dietary fat may play a role in prostate
cancer etiology. Increased intakes of saturated and
unsaturated fats are associated with increased risk of
developing prostate cancer in this low risk population.

There are several limitations one should consider in
the interpretation of our ®ndings. Selection and mis-
classi®cation bias could have occurred in this study. We
had overall 80 percent response rate. Of the 133 cases
diagnosed with prostate cancer, 9, 17, 25 and 33 percent
were diagnosed at clinical stages, A, B, C, and D,
respectively, while 16 percent did not have clinical stage
information and the median age of diagnosis was 69,
which was similar to those reported from the high risk
countries. All controls were screened for prostate cancer
with an offer of free screening as an incentive to recruit
controls; those screened with prostate cancer were
excluded, thus selection bias is minimal. This dietary
questionnaire was designed and tailored to suit the
eating patterns of the three regions, though validation
study has not been conducted. Since we interviewed
subjects retrospectively, recall bias is a potential meth-
odologic limitation. Misclassi®cations of dietary intake
may have occurred due to measurement error associated
with the use of the dietary assessment instrument or to
the reference time frame (1980-1985) which would have

Table 2. Eating habit preferences by prostate cancer cases and controls, China, 1989-1992

Cases (N = 133) Controls (N = 265) p Valuea

N Percent N Percent

What type of pork do you usually eat?
Fat 33 24.8 37 14.0

Lean and fat 69 51.9 125 47.2 p = 0.001

All lean 31 23.3 103 38.9

Do you eat poultry with skin?
Always 125 94.0 230 86.8

Sometimes 3 2.2 24 9.0 p = 0.06

Never 5 3.8 11 4.2
Do you always prepare ®sh by frying?

Always 93 69.9 159 60.0

Sometimes 25 18.8 87 32.8 p = 0.02

Never 15 11.3 19 7.2
Do you like deep fried foods?

Very much 66 49.6 98 37.0

Somewhat 43 32.3 114 43.0 p = 0.03

Dislike 24 18.0 53 20.0
Do you eat more stir fried vegetables

than boiled vegetables?

More stir fried 105 78.9 185 69.8
Some 25 18.8 61 23.0 p = 0.07

More boiled 3 2.2 19 7.2

a Two-tailed Chi-square test.

Table 3. Mean weekly consumption of food (50 g unit) by
prostate cancer cases and controls, China, 1989-1992

Food groups Cases Controls p Value
(N = 133) (N = 265)

Preserved foods 2.9 2.4 0.15

Fermented foods 0.8 0.7 0.71
Fresh red meats 17.1 13.1 <0.01

All red meats 18.4 14.6 <0.01

Organ meat 0.6 0.5 0.17

Poultry 2.2 1.4 0.01
Eggs 7.9 5.7 <0.01

Fresh ®sh 3.3 3.5 0.82

Dairy products 13.8 11.8 0.24

Foods from animal sources 48.9 39.3 <0.01
High calcium 23.6 23.2 0.88

Soy 9.9 11.7 0.16

Other legumes 1.0 1.1 0.88
Dark green leafy vegetables 3.4 4.0 0.14

Dark orange vegetables 5.2 6.0 0.12

High carotene vegetables 11.0 13.8 <0.01

Cruciferous vegetables 11.1 12.6 0.17
Other ®brous vegetables 6.0 6.6 0.36

High vitamin C vegetables 14.1 15.7 0.17

Other vegetables 10.8 12.3 0.18

Total fruits 23.2 23.5 0.89
Total vegetables 48.6 55.8 0.04

Complex carbohydrates 59.5 63.2 0.12

Sweets 5.7 5.3 0.60
High fat foods 58.8 47.6 <0.01

Oils 5.9 4.9 0.01

Dried nuts 3.4 2.9 0.28
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Table 4. Mean daily dietary intakes (SE) by prostate cancer cases and controls, China 1989-1992

Nutrients Cases Controls p Valuea

(N = 133) (N = 265)

Total energy (Kcal/day) 3354.3 (99.9) 3158.0 (58.8) 0.07

Protein (g) 101.6 (3.5) 96.2 (2.0) 0.15
Carbohydrate (g) 416.6 (12.1) 433.1 (8.2) 0.25

Fat (g) 124.5 (5.5) 101.5 (2.9) <0.001

Fat (% total Kcal) 33.4 (1.6) 28.9 (0.9) <0.001
Saturated fat (g) 35.0 (1.7) 28.9 (0.9) <0.001

Unsaturated fat (g) 84.5 (3.6) 69.6 (1.9) <0.001

Fiber (g) 15.0 (0.6) 15.5 (0.4) 0.44

Carotenoids (lg) 2343.9 (130.2) 2617.6 (94.2) 0.09
Retinol (lg) 664.0 (29.9) 664.6 (20.0) 0.58

Vitamin C (mg) 100.5 (5.5) 111.3 (3.7) 0.10

Vitamin E (mg) 49.3 (2.4) 44.9 (1.8) 0.14

Magnesium (mg) 425.4 (16.2) 427.3 (9.0) 0.91
Iron (mg) 30.1 (1.0) 29.7 (0.6) 0.73

Zinc (mg) 17.0 (0.6) 16.0 (0.3) 0.10

Copper (mg) 3.5 (0.1) 3.5 (0.1) 0.99

Selenium (lg) 65.4 (2.6) 58.0 (1.5) 0.01

a Two-tailed t-test.

Table 5. Adjusted odds ratios (OR) for prostate cancer associated with dietary factors in China, 1989-1992

Adjusteda (OR) 95 percent C.I. p Value

Total fat (g) 1.03 1.00-1.05 0.01

Vitamin C (mg) 0.99 0.97-1.02 0.56

Carotenoid (lg) 1.00 1.00-1.00 0.25
Selenium (lg) 1.00 0.99-1.04 0.75

Zinc (mg) 0.93 0.73-1.19 0.56

Regionb 1.01 0.66-1.46 0.71

Calories from other sources (Kcal/day) 1.00 1.00-1.00 0.33

a From multiple regression model of continuous variables except region using North versus other (West and South).
b Three regions: North: Cases N = 45, Controls N = 89; West: Cases N = 43, Controls N = 87; South: Cases N = 45, Controls N = 89.

Table 6. Adjusted odds ratios (OR) for prostate cancer associated with quartiles of dietary fat in China

Cases Controls ORa 95 percent C.I.

Total fat
<63.5 g 25 86 1.00 Ð
63.5-88.9 g 32 77 1.46 0.74-2.87

89.0-128.9 g 37 75 1.90 0.98-3.70

�129.0 g 67 83 3.64 1.84-7.16
Saturated fat (p for linear trend = 0.003)

<17.7 g 25 86 1.0 Ð
17.7-24.4 g 30 75 1.19 0.60-2.35
24.5-38.5 g 44 79 2.21 1.16-4.20

>38.5 g 62 81 2.92 1.50-5.72

Unsaturated fat (p for linear trend = 0.025)

<45 g 28 87 1.00 Ð
45.0-60.6 g 25 75 1.10 0.55-2.20

60.7-86.3 g 40 75 1.85 0.96-3.54

>86.3 g 68 84 3.29 1.70-6.34

(p for linear trend = 0.007)

a Adjusted for calories from sources other than fat, saturated fat and unsaturated fat respectively.
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the effect of biasing our result toward the null. Our
dietary data are limited to the nutrient consumption
taken in these ®ve years close to the beginning of the
dramatic economic growth period in China. Therefore,
if there were a long latent period before the progression
to the clinically apparent prostate cancer, our dietary
assessment would not take into account the changing
dietary pattern over time. However, one can only
assume that the dietary intake of this period may be
relevant to the promotional stage of prostate cancer
development.

Subjects were from three regions of China. Despite
dietary differences between regions, though not extreme,
it is reassuring to note that living in any particular region
was not associated with prostate cancer in this study.

Our data showing associations of total dietary fat,
both saturated and unsaturated fat with prostate cancer
risk are consistent with several case-control studies.9-11,

17,18 In a recent multi-ethnic case-control study conduct-
ed in the USA and in Canada by Whittemore et al.,11

prostate cancer risk was positively associated with total
fat, particularly saturated fat intake among whites,
Asians and Blacks, but the associations were strongest
among Asian Americans.11 In a prospective study of
Giovannucci et al., only dietary fat intake, particularly
animal fat intake, was associated with an increased risk
of developing advanced prostate cancer.19 Our ®nding of
red meat is also consistent with previous studies;9,20-23

although no association of red meat with an increased
prostate cancer risk was observed in the prospective
Lutheran Brotherhood Cohort Study,24 or in studies of
Japanese men in Japan25 and in Hawaii.26

A clear dose response relationship of both saturated
and unsaturated fats with prostate cancer risk was
observed in our study. Higher preference for fatty cut of
pork among cases and their signi®cantly higher intakes
of red meat, fried meat, and eggs (all animal sources)
contributed to their higher intake of saturated fat in
their diet. Intake of edible and cooking oil contributed
to unsaturated fat intake. Cases report a signi®cantly
higher intake of oil than controls.

In our study, we did not evaluate the role of speci®c
fatty acids in prostate cancer risk. However, in a recent
study conducted by Giovannucci et al.,19 saturated fat,
monounsaturated fat and alpha-linoleic acid, but not
linoleic acid, were found to be associated with advanced
prostate cancer risk. Fat from meat, mayonnaise, and
butter were major contributors of alpha-linoleic acid in
their study.19 Other studies have also shown positive
associations with monosaturated fat10,20 and total poly-
unsaturated fat.9 In laboratory experiments, n-6 fatty
acids have been shown to stimulate and n-3 fatty acids
have been shown to inhibit human prostate cells in

culture.27 Our study supports the unsaturated fat hy-
pothesis with prostate cancer in humans.

Findings on the association of beta-carotene and
retinol and prostate cancer risk have not been consistent
in past studies. In most studies, associations were
detected in certain age groups among the studied
population. Studies conducted by Graham et al.17 and
Kolonel et al.18 found an increase in risk of developing
prostate cancer associated with high level of vitamin A
or carotenoid intakes over the age of 70; while Mettlin
et al. found a protective effect of high levels of beta-
carotene intake particularly among men 68 years and
younger,28 and no association was reported in several
case control studies.11,20,29 Our data show that caroten-
oids may be protective; controls consumed signi®cantly
more carotene-rich vegetables than cases (p < 0.01);
however, the effect disappeared when other dietary
factors were adjusted.

Recent experimental studies have suggested that soy
products may reduce the risk of prostate cancer,30,31 and
limited epidemiological data have suggested a protective
effect of soy.26,32 Our study did not show statistically
signi®cant differences of soy consumption between
cases and controls (p � 0.16), though controls did
consume more soy products than cases. Possible reasons
could be lack of variation in soy consumption and
homogeneity in this study population.

Previous studies have hypothesized that high circu-
lating levels of a biologically active form of vitamin D
inhibit prostate carcinogenesis 33,34 and that diets that are
high in calcium, phosphorus, and sulfur-containing
amino acids (high dairy and meat consumption) tend
to decrease this circulating vitamin D,35 thus diminishing
the protective effect of the development of prostate
cancer. However, a recent study by Normura et al.
(1998)36 from Hawaii did not show an inverse associa-
tion between serum vitamin D and prostate cancer. In
our Chinese population, we found no differences in the
consumption of either dairy products (p � 0.24) or high
calcium rich foods (p � 0.88) between cases and con-
trols, though cases did consume slightly more dairy
products than controls. Because we did not collect
serum from our study participants, we cannot evaluate
the relationship between the biologically active circu-
lating vitamin D and prostate cancer risk.

In the United States, the rate of prostate cancer among
Chinese Americans is lower than among US whites and
blacks, but higher than the rate of their counterparts in
China.37 Our subjects in China showed a higher mean
daily intake of total energy and total fat than the
Chinese-Americans who participated in a recent pros-
tate case-control study conducted by Whittemore et al.11

in North America (Energy kcals: cases 3354 vs. 2162,
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controls: 3158 vs. 2042; total fat gs: cases 124 vs. 73,
controls: 101 vs. 63). The percentage of calories from fat
is also slightly higher among our subjects as compared
with those among Chinese in North America (percent
energy from fat: cases: 33.4 vs. 29.4, controls: 29 vs. 27).
One can contribute the variations to differences in
dietary assessment methods in these two populations. In
our study, we included a whole section of 16 items on
frequency and portion of cooking oil and fat use.
Despite the higher caloric intake, our subjects had a
lower body mass index (BMI) than their counterparts in
the USA (22 vs. 23). The higher energy consumption
and lower BMI in our subjects might be due to the fact
that Chinese in China are generally more physically
active. Chinese in North America may be more health
conscious, they may follow dietary recommendations to
reduce both caloric and fat intake. In China, after a long
period of food scarcity, Chinese are now enjoying the
abundant food supply. Their diet is gradually becoming
more westernized, high in animal fat intake. Obesity is
becoming a health problem among middle- and high-
income urban residents in China.38,39 We found no
association between prostate cancer risk and BMI in this
study. This ®nding was consistent with other case-
control studies.9,16-18 A positive association, however, has
been shown in several prospective studies.21,26,40 These
con¯icting results might be due to the fact that BMI
does not re¯ect obesity, because it measures both
adiposity and lean body mass.

Autopsy studies around the world have shown a
similar prevalence of histological prostate cancer in men
over the age of 50.6,41 The similar prevalence of histo-
logic prostate cancer and remarkable variations in the
incidence of clinical prostate cancer in various popula-
tions suggest the role of environmental factors in late
stage promotion. Identi®cation of factors related to
promotion or progression of prostate cancer could
provide insights to prevention. Our ®ndings suggest
that dietary fat, both saturated and unsaturated fats, may
in¯uence the risk of prostate cancer, possibly in the
promotion stage. Experimental data suggest that dietary
fat might act with testosterone to promote carcinogen-
esis,42 and a fat-free diet might inhibit the growth of the
prostate cancer.43 The potential role of dietary fat and its
speci®c mechanism in prostate cancer requires con®r-
mation in future studies. Future investigation of dietary
composition in relation to latent carcinoma of the
prostate would also be very valuable.
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