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Relationships Between Types of Fat Consumed and Serum
Estrogen and Androgen Concentrations in Japanese Men
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Abstract: The relationships between types of fat consumed
and serum concentrations of estrone, estradiol, total and
free testosterone, dihydrotestosterone, and sex hormonebinding globulin were examined in 69 Japanese men aged
43–88 years. Diet was assessed by a semiquantitative food
frequency questionnaire. Intake of saturated, monounsaturated, and polyunsaturated fats was inversely correlated with
serum total testosterone after controlling for age, total energy, body mass index, alcohol intake, and smoking status,
but the correlation was statistically significant only for polyunsaturated fat (r = -0.29, p = 0.02). Intakes of eicosapentanoic and docosahexaenoic acids, n–3 fatty acids from
fish, were significantly inversely correlated with total testosterone (r = -0.25, p = 0.04 and r = -0.32, p = 0.01, respectively). Serum estrone, estradiol, and free testosterone were
not significantly correlated with any type of fat studied. The
correlations of total testosterone with n–3 fatty acids from
fish remained significant after additional adjustment for the
other categories of fat (r = -0.27, p = 0.03 for eicosapentanoic acid and r = -0.32, p = 0.01 for docosahexaenoic
acid), while the correlations with saturated and monounsaturated fats became nearly null after the adjustment.

have been reported in some studies (10,11). There is a possibility that fat from fish may affect one’s prostate cancer risk
by modulating the estrogen or androgen mechanism. To our
knowledge, however, there is no study on the effect of fat
from fish on serum estrogen and androgen levels.
The incompleteness of the Japanese food composition table in regard to fatty acid composition has presented problems in determining fatty acid content in the diet. However,
a recently developed fatty acid composition table (12) has
enabled us to study the relationships between the types of fat
consumed and serum concentrations of estrogens and androgens in Japanese men. It is considered worthwhile to examine these relationships in Japanese men, because a relatively
high average and a large range of fat intake from fish are expected in this population. Although there is a limitation to
assessing the causal effect in this cross-sectional study, the
results should reflect the association of hormonal status with
the usual diet of subjects over longer periods than those described in the intervention studies.

Introduction

The study population is a subset of the Takayama Study
(13), which was designed to evaluate the role of diet and
lifestyle in the subsequent development of cancer. The cohort for the Takayama Study was established in 1992 when
~92% of all residents aged ³35 years in Takayama City, Japan, completed self-administered questionnaires.
In 1995, a total of 256 men, randomly selected from the
14,427 male participants in the Takayama Study, were invited to join a comprehensive study investigating the relationships between lifestyle and several biomarkers. The
study included urine-sample collection as well as a validation study of the dietary questionnaire, factors that may have
decreased the rate of participation. A written informed consent to participate in the study was obtained from each of 97
men. The results of soy product intake and hormone status in
these men have been published elsewhere (14), but the results referring to fat and other nutrients are new data.

Laboratory studies have suggested a role of androgens in
the etiology of prostate cancer (1). Several epidemiological
studies have demonstrated higher serum or plasma testosterone concentrations in prostate cancer patients than in controls (2–4). In addition, a possible role of estrogens in the
development of prostate cancer has been postulated (5).
Previous studies have investigated the determinants of
circulating levels of estrogens and androgens. Diet, especially dietary fat, has been given attention in relation to
blood levels of estrogens and androgens. The effect of fat intake on these hormone levels has been examined in some
dietary intervention studies (6–9). However, data on any relationships between specific types of fat and serum estrogen
and androgen levels have been insufficient. Negative associations between seafood intake and risk of prostate cancer
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A blood sample was collected from each subject. Samples were centrifuged within three hours, and the serum was
separated and stored at -80°C. Radioimmunoassay kits were
used to measure serum concentrations of estradiol and total
and free testosterone (Diagnostic Products, Chiba, Japan),
estrone (Eiken Chemical, Tokyo, Japan), dihydrotestosterone (DHT; Medical System Service, Kanagawa, Japan), and
sex hormone-binding globulin (SHBG; Pharmacia & Upjohn, Tokyo, Japan). The intra-assay coefficients of variation, derived from routine quality control procedures, were
10.8% for estrone, 15.4% for estradiol, 6.1% for total testosterone, 4.9% for free testosterone, 11.7% for DHT, and 7.8%
for SHBG.
The information on height and weight, smoking status,
and past histories of cancer, cardiovascular disease, and metabolic and endocrine disease was obtained during an interview at the time of blood collection in 1995.
In the present study, we used information on diet and exercise obtained from the 1992 questionnaire. Diet was assessed by a semiquantitative food frequency questionnaire.
The men were asked to indicate the average frequency of
consumption of 169 food items during the year before the
study and the usual serving size of each item. In total, 16
items of fish or fish dishes were included. Individual nutrient
intake was estimated from the frequency of intake and portion size using the Standard Tables of Food Composition in
Japan (14a). Fatty acid composition was evaluated using
data published by Sasaki and others (12). Detailed information about the questionnaire, including the results of the
validity test, is described elsewhere (15). We additionally validated the estimates of various types of fat for the present
study. The Spearman correlation coefficients comparing estimates of n–3 and n–6 fatty acids, as well as eicosapentanoic
and docosahexaenoic acids, from this questionnaire with the
estimates from 12 daily diet records kept over a one-year period were 0.40, 0.29, 0.58, and 0.52, respectively.

We excluded from the present analysis men who reported
a history of prostate surgery (n = 2), prostate enlargement (n
= 4), diabetes mellitus (n = 8), chronic liver disease (n = 1),
and cardiovascular diseases (ischemic heart diseases and
thrombosis, n = 6), inasmuch as these conditions may affect
testosterone or estrogen levels (16–18). In addition, we excluded seven men with an insufficient blood volume for taking hormone measurements. After these exclusions, 69 men
aged 43–88 years were available.
Spearman correlation coefficients were calculated to assess the associations between dietary variables and hormone
concentrations. Adjustment for potential confounders was
done by regressing the hormone and nutrient values separately on the confounders. The Spearman correlation coefficients between these residuals were then calculated. The
nutrient intake was logarithmically transformed and adjusted
for total energy using the method proposed by Willett (19).
Associations of categorical variables and hormone concentrations were assessed by analysis of variance. The mean
hormone concentrations within each category were calculated after controlling for potential confounders. To men
with undetectable levels (<10 pg/ml) of estrone (n = 14) or
estradiol (n = 11), minimum values (i.e., 10 pg/ml) were allotted. Serum androgens and SHBG were detectable in all
the subjects. All statistical analyses were performed using
SAS programs (20). This study was approved by the local
institutional review board.
Results
The means ± SD for nonnutritional factors and hormone
concentrations are shown in Table 1 along with correlation
coefficients between these variables. The estrone and estradiol concentrations were 21.8 ± 8.7 and 18.4 ± 6.1 (SD)
pg/ml, respectively, after the subjects with undetectable levels

Table 1. Spearman Correlation Coefficients Between Serum Hormone Concentrations and Demographic Characteristics
and Other Nonnutritional Factorsa–c
Serum Hormonesd

Factorsd
Age (60.5 ± 10.7 yr)
Height (163.3 ± 6.5 cm)
Weight (60.4 ± 9.8 kg)
BMI (22.6 ± 3.0 kg2/m)
Exercise (25.2 ± 37.1 METs·h/wk)
Alcohol intake (37.6 ± 36.0 ml/day)

E1e
(19.4 ± 9.2
pg/ml)

E2 f
(17.1 ± 6.4
pg/ml)

T
(432 ± 137
ng/dl)

Free T
(14.3 ± 4.3
pg/ml)

SHBG
(49.7 ± 20.3
nmol/l)

DHT
(75 ± 28
ng/dl)

DHT/T
(1.8 ± 0.5)

-0.04
-0.13
0.01
0.05
0.18
0.35†

-0.16
-0.13
-0.04
0.01
0.16
0.20

0.13
0.08
-0.21
-0.30*
0.06
-0.15

-0.42
0.15
0.03
-0.06
0.15
0.14

0.46
-0.21
-0.46†
-0.42†
0.10
-0.27*

0.20
-0.10
-0.20
-0.17
0.08
0.03

0.09
-0.23
-0.04
0.09
0.13
0.20

a: Adjusted for age, except for age.
b: Abbreviations are as follows: E1, estrone; E2, estradiol; T, testosterone; SHBG, sex hormone-binding globulin; DHT, dihydrotestosterone; BMI, body
mass index; METs, metabolic equivalents.
c: Statistical significance is as follows: *, p < 0.05; †, p < 0.01.
d: Values are means ± SD.
e: 10 pg/ml was allotted to 14 men with undetectable level (<10 pg/ml).
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Table 2. Spearman Correlation Coefficients Between Nutrient Intakesa
Nutrientsb
Energy (2,421 ± 616 kcal)
TP (89.3 ± 26.0 g)
TF (57.7 ± 20.8 g)
SF (16.2 ± 7.0 g)
MF (20.0 ± 7.8 g)
PF (15.0 ± 5.2 g)
n–6 (12.0 ± 4.1 g)
n–3 (3.0 ± 1.1 g)
EPA (349 ± 173 mg)
DHA (591 ± 275 mg)
CH (328 ± 84 g)
Cho (337 ± 141 mg)
CF (4.6 ± 1.6 g)

Energy

TP

TF

SF

MF

PF

n–6

n–3

EPA

DHA

CH

Cho

CF

1.00
0.92
0.79
0.76
0.77
0.75
0.73
0.74
0.53
0.54
0.87
0.63
0.55

1.00
0.89
0.85
0.87
0.84
0.82
0.86
0.60
0.62
0.78
0.76
0.64

1.00
0.92
0.99
0.91
0.90
0.86
0.45
0.48
0.59
0.79
0.49

1.00
0.90
0.79
0.79
0.73
0.39
0.41
0.60
0.68
0.45

1.00
0.90
0.90
0.84
0.43
0.46
0.58
0.77
0.48

1.00
1.00
0.95
0.51
0.55
0.56
0.75
0.65

1.00
0.92
0.46
0.50
0.56
0.77
0.64

1.00
0.69
0.73
0.56
0.77
0.63

1.00
0.99
0.43
0.49
0.43

1.00
0.41
0.57
0.43

1.00
0.41
0.56

1.00
0.49

1.00

a: Abbreviations are as follows: TP, total protein; TF, total fat; SF, saturated fat; MF, monounsaturated fat; PF, polyunsaturated fat; n–6, n–6 fatty acids; n–3,
n–3 fatty acids; EPA, eicosapentanoic acid; DHA, docosahexaenoic acid; CH, carbohydrate; Cho, cholesterol; CF, crude fiber.
b: Values are means ± SD.

total testosterone was of borderline significance (p = 0.06).
Intake of saturated fat was significantly inversely correlated
with DHT. Intake of monounsaturated fat was significantly
inversely correlated with SHBG and DHT. Intakes of polyunsaturated fat and n–6 fatty acids were significantly inversely correlated with total testosterone, SHBG, and DHT.
The n–3 fatty acids from fish, eicosapentanoic and docosahexaenoic acids, were significantly inversely correlated with
total testosterone and SHBG. None of the estrogens nor free
testosterone was significantly correlated with any type of fat
studied.
Blood samples were drawn before 10 AM (n = 20), between 10 AM and 2 PM (n = 27), and after 2 PM (n = 22).
Additional adjustment for the time of blood drawing did not
affect the results; after controlling for this variable, for example, the correlation coefficients of total testosterone with
eicosapentanoic and docosahexaenoic acids were -0.25 and
-0.32, respectively.

were excluded. Weight, body mass index (BMI), and alcohol were inversely correlated with SHBG, while BMI was
inversely correlated with total testosterone, and alcohol was
positively correlated with estrone. Smoking status was marginally significantly ( p = 0.08) associated with estrone concentrations; the age-adjusted means of estrone were 20.4, 15.2, and
17.2 pg/ml in current smokers (n = 28), former smokers (n =
28), and lifelong nonsmokers (n = 13), respectively.
Table 2 presents the means and correlation coefficients
among fats and other major nutrients. The intakes of fish,
shellfish, dried fish, and boiled fish paste were 74.0 ± 36.6,
9.4 ± 6.7, 1.0 ± 0.5, and 15.1 ± 12.2 (SD) g/day, respectively.
We assessed the associations between energy-adjusted
nutrient intake and individual hormone concentrations after
controlling for age, BMI, alcohol intake, and smoking status
(Table 3). Intake of total fat was significantly inversely correlated with SHBG and DHT. The inverse correlation with

Table 3. Spearman Correlation Coefficients Between Serum Hormone Concentrations and Selected Nutrient Intakesa,b

Energy (kcal)
Total protein
Total fat
Saturated fat
Monounsaturated fat
Polyunsaturated fat
n–6 Fatty acids
n–3 Fatty acids
Eicosapentanoic acid
Docosahexaenoic acid
Carbohydrate
Cholesterol
Crude fiber
a:
b:
c:
d:

E1c

E2d

T

Free T

SHBG

DHT

DHT/T

-0.06
0.05
0.21
0.22
0.22
0.15
0.14
0.13
-0.05
-0.09
-0.17
-0.03
-0.22

0.01
-0.04
0.18
0.22
0.21
0.07
0.08
0.003
-0.11
-0.15
-0.08
-0.07
-0.11

0.05
-0.09
-0.24
-0.19
-0.24
-0.29*
-0.27*
-0.34†
-0.25
-0.32†
0.32†
-0.33†
0.09

0.02
0.06
-0.003
-0.02
-0.03
-0.10
-0.11
-0.08
-0.04
-0.08
0.10
-0.08
-0.03

0.03
-0.15
-0.31*
-0.14
-0.31*
-0.38†
-0.36†
-0.42†
-0.29*
-0.34†
0.29*
-0.40†
0.11

-0.05
-0.16
-0.33†
-0.27*
-0.36†
-0.30*
-0.31*
-0.23
-0.16
-0.22
0.32
-0.36†
0.06

-0.19
-0.22
-0.23
-0.22
0.24
-0.12
-0.15
0.0003
0.04
0.03
0.12
-0.11
-0.12

Adjusted for age, BMI, smoking status, alcohol intake, and total energy, except for energy intake.
Statistical significance is as follows: *, p < 0.05; †, p < 0.01.
10 pg/ml was allotted to 14 men with undetectable level (<10 pg/ml).
10 pg/ml was allotted to 11 men with undetectable level (<10 pg/ml).
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Table 4. Spearman Correlation Coefficients Between Fat Intake and Serum Hormone Concentrationsa,b

Saturated fat
Monounsaturated fat
Polyunsaturated fat
n–6 Fatty acids
n–3 Fatty acids
Eicosapentanoic acid
Docosahexaenoic acid

E1c

E2d

T

0.08
0.07
-0.01
-0.03
0.02
-0.04
-0.10

0.05
0.15
-0.14
-0.04
-0.14
-0.12
-0.17

-0.09
0.04
-0.18
-0.04
-0.23
-0.27*
-0.32*

Free T

SHBG

DHT

DHT/T

-0.04
0.09
-0.13
-0.12
-0.03
-0.04
-0.09

0.06
-0.06
-0.20
-0.06
-0.23
-0.29*
-0.31*

-0.02
-0.14
-0.03
-0.07
0.04
-0.15
-0.18

-0.04
-0.15
0.10
-0.07
0.22
0.05
0.07

a: Saturated, monounsaturated, and polyunsaturated fats were mutually adjusted for each other. n–6 Fatty acid was adjusted for saturated and monounsaturated fats and n–3 fatty acid. n–3 Fatty acid was adjusted for saturated and monounsaturated fats and n–6 fatty acid. Eicosapentanoic and
docosahexaenoic acids were adjusted for saturated and monounsaturated fats, n–6 fatty acid, and n–3 fatty acid, other than eicosapentanoic and
docosahexaenoic acids. Values were adjusted for age, energy, BMI, smoking status, and alcohol intake.
b: Statistical significance is as follows: *, p < 0.05.
c: 10 pg/ml was allotted to 14 men with undetectable level (<10 pg/ml).
d: 10 pg/ml was allotted to 11 men with undetectable level (<10 pg/ml).

Correlations of total testosterone with saturated and monounsaturated fats became nearly null after additional adjustment
for the other categories of fats (Table 4). Eicosapentanoic and
docosahexaenoic acids were still significantly inversely correlated with total testosterone after adjustment for saturated
and monounsaturated fats, n–6 fatty acids, and n–3 fatty acids excluding eicosapentanoic and docosahexaenoic acids.
Discussion
We found that intake of eicosapentanoic and docosahexaenoic acids was significantly inversely correlated with
total testosterone and that these correlations were not altered
after controlling for the other categories of fat. Saturated fat
intake was not associated with total testosterone after controlling for the other types of fat. These findings suggest that
the association between fat intake and testosterone concentration may be dependent on the type of fat and that the
higher intake of n–3 fatty acids from fish may be associated
with lower total testosterone concentrations. High intake of
n–3 fatty acids has been reported to reduce testosterone synthesis by altering the lipid composition of rat testicular plasma membranes (21). For estrogens, positive correlations
were not significant, being identical for saturated and monounsaturated fat and slightly lower for polyunsaturated fat.
Few studies have investigated the relationship between
specific types of fat and testosterone concentration. Key and
co-workers (22) observed a positive association between
polyunsaturated fatty acid and serum testosterone (r = 0.38).
Dorgan and associates (9) compared the effect of a diet containing different ratios of polyunsaturated to saturated fats
(1.3 vs. 0.6) and found 13% higher total testosterone among
men consuming a diet with a low polyunsaturated-to-saturated fat ratio. In their study, however, fiber intake greatly
differed between the diets.
DHT is believed to be the principal intraprostatic androgen (23). In the present study, the correlations of DHT with
the specific types of fat were similar to those of total testosterone, although the correlations were somewhat weaker for
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DHT. A significantly positive, but not strong, association
between DHT and vegetable fat (r = 0.08) was observed in
the cross-sectional study reported by Field and others (24).
Free testosterone, the biologically active form of testosterone, was not significantly correlated with any of the nutrient
intakes studied. The correlation of DHT-to-testosterone ratio with n–3 fatty acids from fish was nearly null. Although
we used this ratio as an indirect measure of 5a-reductase activity, which converts testosterone to DHT in prostate tissue,
androstanediol glucuronide should be a better marker (25).
In previous epidemiological studies, neither serum DHT nor
DHT-to-testosterone ratio has been associated with a risk of
prostate cancer.
The information on diet was obtained three years before
the blood samples were collected. In another group of men,
we assessed subjects’ change in dietary intake over this period by again administering the dietary questionnaire three
years after the original was given. The correlation coefficients for the reproducibility of nutrient intakes measured
ranged from 0.48 for carbohydrate to 0.92 for animal fat.
Those for eicosapentanoic and docosahexaenoic acids were
0.74 and 0.84, respectively. In the present study, change in
diet during the three years might not have been great.
Our dietary questionnaire enabled us to estimate the intake of a wide scope of nutrients; therefore, we could take
into account the confounding effects of various nutrients and
foods. Additional adjustments for carbohydrate, cholesterol,
crude fiber, vitamins, and soy products did not substantially
alter the results on types of fat and hormone concentrations
substantially.
Although we had only a single serum sample, sex steroid
levels in men are relatively stable for a long interval (26).
Wu and associates (27) studied serum androgens in older
Japanese-Americans. They found significant inverse associations of BMI with total testosterone and SHBG, which
agrees with our results. Our results concerning nonnutritional factors, such as BMI, smoking, and alcohol intake, are
also compatible with the findings reported in previous studies (28–30). Such compatibility seems to support the validity
of our data, although the possibility that the nondietary variNutrition and Cancer 2000

ables changed little between the time of questionnaire assessment and the time of blood draw may have helped us
confirm the results regarding nondietary variables.
Acknowledgments and Notes
This study was supported in part by grants from the Science Promotion
Foundation of Gifu University School of Medicine. Address correspondence to Chisato Nagata, Dept. of Public Health, Gifu University School
of Medicine, 40 Tsukasa-machi, Gifu 500-8705, Japan. Phone: +81 58
267 2247. FAX: +81 58 265 9020.
Submitted 27 December 1999; accepted in final form 23 June 2000.

References
1. Nakhla, AM, and Rosner, W: Stimulation of prostate cancer growth by
androgens and estrogens through the intermediacy of sex hormonebinding globulin. Endocrinology 137, 4126–4129, 1996.
2. Gann, PH, Hennekens, CH, Ma, J, Longcope, C, and Stampfer, MJ:
Prospective study of sex hormone levels and risk of prostate cancer.
JNCI 88, 1118–1126, 1996.
3. Signorello, LB, Tzonou, A, Mantzoros, CS, Lipworth, L, Lagiou, P, et
al.: Serum steroids in relation to prostate cancer risk in case-control
study (Greece). Cancer Causes Control 8, 632–636, 1997.
4. Demark-Wahnrfried, W, Lesko, SM, Conaway, MR, Robertson, CN,
Clark, RV, et al.: Serum androgens: associations with prostate cancer
risk and hair patterning. J Androl 18, 495–500, 1997.
5. Farnsworth, WE: Roles of estrogen and SHBG in prostate physiology.
Prostate 28, 17–23, 1996.
6. Meikle, AW, Stringham, JD, Woodward, MG, and McMurry, MP: Effects of a fat-containing meal on sex hormones in men. Metabolism 39,
943–946, 1990.
7. Tegelman, R, Åberg, T, Pousette, A, and Carlström, K: Effects of a diet
regimen on pituitary and steroid hormones in male ice hockey players.
Int J Sports Med 13, 424–430, 1992.
8. Raben, A, Kiens, B, Richter, EA, Rasmussen, LB, Svenstrup, B, et al.:
Serum sex hormones and endurance performance after a lacto-ovo vegetarian and a mixed diet. Med Sci Sports Exerc 24, 1290–1297, 1992.
9. Dorgan, JF, Judd, JT, Longcope, C, Brown, C, Schtzkin, A, et al.: Effects of dietary fat and fiber on plasma and urine androgens and
estrogens in men: a controlled feeding study. Am J Clin Nutr 64,
850–855, 1996.
10. Mishina, T, Watanabe, H, Araki, H, and Nakao, M: Epidemiological
study of prostate cancer by matched-pair analysis. Prostate 6, 423–
436, 1985.
11. Ewings, P, and Bowie, C: A case-control study of cancer of the prostate in Somerset and East Devon. Br J Cancer 74, 66l–666, 1996.
12. Sasaki, S, Kobayashi, M, and Tsugane, S: Development of substituted
fatty acid composition table for the use in nutritional epidemiologic
studies for Japanese populations: its methodological backgrounds and
the evaluation. J Epidemiol 9, 190–207, 1999.
13. Shimizu, H: The Basic Report on Takayama Study. Gifu, Japan: Department of Public Health, Gifu University, 1996.

Vol. 38, No. 2

14. Nagata, C, Inaba, S, Kawakami, N, Kakizoe, T, and Shimizu, H: Inverse association of soy product intake with serum androgen and estrogen concentrations in Japanese men. Nutr Cancer 36, 14–18, 2000.
14a. Science and Technology Agency of Japan: Standard Tables of Food
Composition in Japan, 4th rev ed. Tokyo: Science and Technology
Agency of Japan, 1996.
15. Shimizu, H, Ohwaki, A, Kurisu, Y, Takatsuka, N, Ido, M, et al.: Validity and reproducibility of a quantitative food frequency questionnaire
for a cohort study in Japan. Jpn J Clin Oncol 29, 38–44, 1999.
16. Sapin, R, Schlienger, JL, Gasser, F, and Chambron, J: Changes in serum testosterone levels after myocardial infarction. J Nucl Biol Med
36, 20–25, 1992.
17. Mendoza, SG, Adlerberth, A, Lindstedt, G, and Bjorntorp, P: The pituitary-gonadal axis and health in elderly men: a study of men born in
1913. Diabetes 45, 1605–1609, 1996.
18. Bannister, P, Oakes, J, Sheridan, P, and Losowsky, MS: Sex hormone
changes in chronic liver disease: a matched study of alcoholic versus
non-alcoholic liver disease. Q J Med 63, 305–313, 1987.
19. Willett, W: Implications of total energy intake for epidemiological
analyses. In Nutritional Epidemiology, W Willett (ed). New York: Oxford University Press, 1990, pp 245–271.
20. SAS Institute: SAS/STAT User’s Guide, version 6.04. Cary, NC: SAS
Institute, 1989.
21. Sebokova, E, Carg, ML, Wierzbicki, A, Thomson, AR, and Clandinin,
T: Alteration of the lipid composition of rat testicular plasma membranes by dietary (n–3) fatty acids changes the responsiveness of
Leydig cells and testosterone synthesis. J Nutr 120, 610–618, 1990.
22. Key, TJA: Testosterone, sex hormone-binding globulin, calculated
free testosterone, and oestradiol in male vegans and omnivores. Br J
Nutr 64, 111–119, 1990.
23. Ross, RK, and Schottenfeld, D: Prostate cancer. In Cancer Epidemiology and Prevention, 2nd ed, D Schottenfeld, Jr, and JF Fraumeni (eds).
New York: Oxford University Press, 1996, pp 1180–1206.
24. Field, AE, Colditz, GA, Willett, WC, Longcope, C, and McKinlay, JB:
The relation of smoking, age, relative weight, and dietary intake to serum adrenal steroids, sex hormones, and sex hormone-binding globulin
in middle-aged men. J Clin Endocrinol Metab 79, 1310–1316, 1994.
25. Eaton, NE, Reeves, GK, Appleby, PN, and Key, TJ: Endogenous sex
hormones and prostate cancer: a quantitative review of prospective
studies. Br J Cancer 80, 930–934, 1999.
26. Vermeulen, A, and Verdonck, G: Representativeness of a single point
plasma testosterone level for the long-term hormonal milieu in men. J
Clin Endocrinol Metab 74, 939–942, 1992.
27. Wu, AH, Whittemore, AS, Kolonel, LN, John, EM, Gallagher, RP, et
al.: Serum androgens and sex hormone-binding globulins in relation to
lifestyle factors in older African-American, white, and Asian men in
the United States and Canada. Cancer Epidemiol Biomarkers Prev 4,
735–741, 1995.
28. Sparrow, D, Bosse, R, and Rowe, JW: The influence of age, alcohol
consumption, and body build on gonadal function in men. J Clin
Endocrinol Metab 51, 508–512, 1980.
29. Barrett-Connor, E, and Khaw, K-T: Cigarette smoking and increased
endogenous estrogen levels in men. Am J Epidemiol 126, 187–192,
1987.
30. Simon, D, Charles, M-A, Nahoul, K, Orssaud, G, Kremski, J, et al.:
Association between plasma total testosterone and cardiovascular risk
factors in healthy adult men: the Telecom Study. J Clin Endocrinol
Metab 82, 682–685, 1997.

167

