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Abstract

Background. Soy diet has been suggested to have antihypertensive effect in animal studies. The present study examined the cross-sectional
relationship between blood pressure and intake of soy products and other food groups in Japanese men and women.

Methods. Blood pressure was measured in Japanese 294 men and 330 women (246 premenopausal and 84 peri- and postmenopausal
women) who participated in a health check-up program provided by a general hospital. Intake of various food groups and nutrients was
estimated from a validated semiquantitative food frequency questionnaire.

Results. In men, soy product intake was inversely significantly correlated with diastolic blood pressure (r = =0.12, P = 0.04) after
controlling for age, total energy, smoking status, body mass index, and intake of alcohol, salt and seaweeds. The correlation of soy product
intake with systolic blood pressure was of borderline significance (r = —0.10, P = 0.09). Systolic blood pressure was inversely correlated
with intake of vegetables (r = —0.12, P = 0.04) and dairy products (r = ~0.12, P = 0.05). There were no significant correlations between

soy product intake and diastolic blood pressure in women,

Conclusion. These results indicate a mild effect of soy intake on blood pressure reduction in men.
© 2003 American Health Foundation and Elsevier Science (USA). All rights reserved.
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Introduction

Recent studies on diet and blood pressure have tried to
look at foods instead of emphasizing single nutrients [1].
The Dietary Approaches to Stop Hypertension (DASH)
study demonstrated that diets rich in dairy foods, fruits, and
vegetables reduced blood pressure [2]. In animal studies,
soy beans or soy products have been suggested to have
antihypertensive effect [3,4]. A soy-based diet attenuated
the development of hypertension in rats compared to a
casein diet [5].
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A number of intervention studies have examined the
effect of soy or isoflavone intake on blood pressure, but the
results have been inconsistent. Washburn et al. [6] found a
decline in diastolic blood pressure in perimenopansal
women after a soy diet compared with a carbohydrate pla-
cebo diet for 6-week period. Teede et al. [7] observed a
decline in systolic and diastolic blood pressure in men and
postmenopausal women after a soy diet for 3 months, com-
pared with a casein placebo diet. Jenkins et al. [8] reported
a decline in systolic blood pressure in hyperlipidemic men
after a soy diet for 3 months, compared with a low-fat dairy
food control diet. Rivas et al. [9] found that soymilk con-
sumption significantly reduced systolic and diastolic blood
pressure after 3 months in men and women with mild to
moderate essential hypertension, compared with cow’s
milk. Two other studies noted improved arterial compliance
in menopausal women after isoflavone supplementation,
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although arterial blood pressure was unaffected [10,11). The
other studies found no reduction in blood pressure after a
soy or isoflavone diet compared with a control diet [12-19].

Most of these intervention studies limit the power to find
associations of moderate magnitude. Furthermore, a per-
son’s usual soy intake over a longer period than the rela-
tively short duration studied in the trials may affect blood
pressure. Thus, cross-sectional studies of blood pressure in
relation to usual soy intake, which can be done on a larger
number of subjects, may also provide useful information.
However, there have been few such studies. We therefore
examined the relationships between blood pressure and in-
take of soy products and other food groups in Japanese men
and women. It is useful to study the association between soy
product intake and blood pressure among Japanese because
they consume significant amounts of soy products and there
is a considerable variation in intake.

Methods

Subjects were participants in a health check-up program
provided by a general hospital in Gifu, Japan, between
September 1996 and August 1997. A total of 394 men and
400 women completed a self-administered questionnaire
which asked about demographic characteristics, smoking
and drinking habits, diet, exercise, and past medical and
reproductive histories. The response rate was 97.3%. To
obtain complete data, a nurse epidemiologist interviewed
those who returned questionnaire with incomplete informa-
tion.

Diet was assessed by a validated semiquantitative food-
frequency questionnaire. Respondents were asked to indi-
cate how often, on average, they had consumed 169 food
iterns during the year prior to the study and the usual serving
size of each item. The intake of foods and nutrients was
estimated from the frequency of ingestion and portion size
using the Japanese Standard Tables of Food Composition,
4th edition, published by the Science and Technology
Agency of Japan. Fatty acid composition was evaluated
using data published by Sasaki et al [20]. We included nine
food items for soy products (miso soup, tofu, deep-fried
tofu, fried bean curd, dried bean curd, fermented soy beans,
houbamiso, soymilk, and boiled soy beans). The total intake
of soy products was calculated as the sum of these nine food
items. The other food groups included cereals, potatoes, and
starches; fishes and shellfishes; flesh and processed meats;
dairy products (including milk); fruits; vegetables; and sea-
weeds. Detailed information on the questionnaire including
its validity and reproducibility have been described else-
where [21]. For example, the Spearman correlation coeffi-
cients comparing estimates of soy product intake from this
questionnaire with the estimates from 12 daily dict records
kept over a 1-year period were 0.71 in both men and
women.

Exercise was assessed by asking the average hours per

week spent performing various kinds of activities during the
past year. The details including its validity are described
elsewhere [22].

Blood pressures were measured in the early moming,
between 8 AM and 9 AM by a same observer throughout the
study using a digital recorder (UDEX-II, Ueda Electronics
Works, Itd., Tokyo, Japan). All blood pressure measure-
ments were taken on the right arm after a 5-min rest period.
This study was approved by the local instituticnal review
board.

For statistical analysis, we excluded subjects who used
antihypertensives (50 men and 18 women), oral contracep-
tives (2 women), or hormone replacement therapy (6
women). Furthermore, those who had history of cancer (6
men and 23 women), angina/myocardial infarction (10 men
and 5 women), or diabetes mellitus (32 men and 16 women)
were excluded, Consequently, the study comprised 296 men
and 330 women. Analyses were conducted separately for
premenopausal (n = 246) and peri/postmenopausal {(n =
24) women. Women who had had a menstrual period within
the past 3 months were defined as premenopausal. The rest
of the women were considered peri- or postmenopausal
women.

Spearman correlation coefficients were used to examine
the associations of blood pressure levels with intake of soy
products and other food groups and nutrients. Intake of
foods and nutrients was log-transformed and adjusted for
total energy using the method proposed by Willett [22].
Age, body mass index (BMI), smoking status, and intake of
alcohol, salt, and seaweeds were included in models as
covariates. We further examined the effects of potential
confounders that included marital status, exercise, age at
menarche, and number of births, (the Iatter two for women
only}, as well as intake of other foods and nutrients. Sig-
nificant difference was declared at P = 0.05.

Results

The characteristics of the study subjects are described in
Table 1. The variations in systolic and diastolic blood pres-
sure were small in premenopausal as well as peri- and
postmenopausal women compared with men.

In men, soy product intake was moderately but signifi-
cantly inversely correlated with diastolic blood pressure
after controlling for age, total energy, BMI, smoking status,
and intake of alcohol, salt, and seaweeds (Table 2). Intake of
vegetables was significantly inversely correlated with sys-
tolic blood pressure. The correlation of dairy product intake
with systolic blood pressure was of borderline significance
(P = 0.05). The correlation coefficients of systolic blood
pressure with intake of soy products, vegetables, and dairy
products were —0.06 (P = 032), —0.10 (P = (.10}, and
—~0.10 (P = 0.09), respectively, in the model including
these food groups simultaneously.

In premenopausal women, the correlations between
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Table 1
Selected characteristics of subjects

Variable Men (n = 296) Premenopausal women Peri- and postmenopausal women
(n = 246) (n = 84)
Age (years) 50.5 £ 7.9 (21-71) 42.1 * 52(20-53) 53.2 + 6.0 (38-58)

Body mass index (kg/m?)
Exercise (METs" - h/week)
Alcohol (mL/fday)

233+ 2.8 (16.9-312)
17.5 = 23.8 (0-152)
34.0 * 41.2 (0-318)

Smoking (%)
Current 43.6
Past 0.4
Blood pressure {(mmHg)
Systolic 122.8 + 19.0 (81-250)
Diastolic 78.2 = 12.1 (50~143})

Food intake per day
Soy products (g)
Soy isoflavones (mg)
Cereals, potatoes, and starches (g)
Fishes and shell fishes (g)
Fresh and processed meats (g)
Dairy products (g)
Vegetables (g)
Fruits (g)
Seaweeds (g)

Nutrient intake per day
Energy (kcal)
Total protein (g}
Total fat {g)
Saturated fat (g)
Monounsaturated fat (g)
Polyunsaturated fat (g)

Carbohydrates (g)

Crude fiber (g)

Calcium (mg)

Phosphorus (mg)

Retinol (i g)

Carotene (g g)

Vitamin Bl (mg)

Vitamin B2 (mg)

Vitamin C (mg)

Vitamin E {(mg)

Sodium (mg)

Potassium (mg}

Salt (g)

59.0 = 48.2(5.0-271)
285 £ 22.6(2.1-170)
368 & 141 (108-914)
124 * 93 (83-770)
88.6 = 53.1 (6.6-306)
227 £ 237(1.4-2,035)
369 * 220 (44.2-1,614)
172 = 179 (1.4-1,538)
4.4 % 3.6 (0.6-29.2)

2,645 * 949 (706-6,136)

101.8 + 43.2 (21.5-307)
710+ 31.5(20.7-182.3)
20,0 £ 9.5(3.0-59.5)
254 £ 11.7(3.2-68.2)
18.1 £ 8.12.8451)

344 = 128 {111-796)

54 £2.8(1.0-21.2)

788 + 422 (145-3,235)
1,580 = 670 (370-4,535)

541 & 584 (24.0-5,862)
4,294 *+ 2,822 (555-17,864)

1.2 £0.5(0.3-3.3)

1.6 £ 0.8 (0.3-5.1)

146 = 103 (21.0-951)

9.6 +4.5(1.6-28.2)
5,898 * 2,566 (1,086-15,490)
3.923 £ 1,834 (855-12,219)

14.7 = 64 (2.7-38.8)

21.6 £ 2.5 (16.7-28.6}
21.7 = 29.4 (0-256)
5.4 £10.5(0-83.6)

6.1
28

113.6 = 13.4 (74-151)
715 £ 8.8(44-94)

49.9 * 344 (4.9-240)
240 £ 159 (3.0-114)
328 * 110 (103-906)
86 + 54 (12-421)
84.9 = 52.0 (6.9-365}
297 * 349 (4.3-3,095)
395 * 267 (97-2,039)
147 £ 123 (7.6-791)
45+ 32(0.4-18.0)

2,322 * 845 (824-7,547)
92.5 = 37.0(26.1-298)
70.9 £ 320 (13.6-278)
21.2 * 11.3 (4.2-109)
252 £ 11.7(3.945.1)
17.2 * 7.3(3.945.1)
314 = 111 (104-943)
5.4 £ 3.0(1.8-24.0)
834 £ 517 (2274,624)
1,487 = 676 (472-6,058)
506 = 598 (43.0-5,014)
4,622 * 3,113 (1,026-25,207)
1.1 £0.5(04-45)
1.6 + 0.9(0.4-7.6)
145 = 116 (29.0-1.244)
9.1 +4.3(2.6-325)
5,536 * 2,270(1,267-15,088)
3,756 + 1,904 (1,196-14.935)
13.7+56(3.1-37.4)

22,5 £29(17.5-313)
147 = 18.9 (0-90)
6.2 = 13.1 (0-74)

83
7.1

120.7 % 15.2 (90-161)
76.3 *+ 10.5 (55-105)

64.3 £ 442 (4.9-222)
286 +£17.9(1.9-87.7}
321 £ 119(137-107)
105 £ 65 (16.5-377)
73.6 £ 51.0 (9.4-276)
256 = 191 (5.9-1,074)
482 *+ 301 (114-1,525)
164 % 153 (9.0-742)
5.7+44(1.0-19.4)

2,247 = 752 (903-4,044)
95.8 = 37.5 (35.3-151)
65.3 * 27.6 (21.8-148)

187 * 8.0 (5.9-55.9)
22.8 + 10,3 (6.7-54.5)
17.3 £ 8.1 (5.9-55.9)
304 + 99 (136-564)
62+32(1.9-155)
867 = 399 (297-1,968)

1,522 = 530 (542-3,005)

516 = 498 (47.0-2,893)

5,834 = 4,561 (1,413-31,159)

1.2 £ 0.5 (0.4-2.4)
1.6 £ 07 (0.5-37)
181 + 133 (39.0-773)
98 + 4.4 (3.6-22.8)

5.844 = 2,300 (2,065-11,461)

4,149 *+ 1,929 (1,697-9,996)
145 £ 57 (5.1-28.5)

Note. Values represent means = SD and range in parentheses unless otherwise specified.

* Metabolic equivalents.

soy product intake and systolic and diastolic blood pres-
sure were of borderline significance (r = —0.11, P =
0.08, for systolic blood pressure; r = —0.12, P = 0.06,
for diastolic blood pressure) after controlling for age and
total energy. Additiona! adjustment for BMI, smoking
status, and alcohol, salt, and seaweed intake did not
substantially alter the correlation between soy product
intake and blood pressure. Intake of cereals, potatoes and
starches was significantly positively correlated with both
systolic and diastolic blood pressure. An additional ad-
justment for intake of cereals, potatoes, and starches did
not alter the correlations of soy product intake with
systolic (r = —0.08, P = 0.19) and diastolic (r = —0.10,
P = 0.13) blood pressure.

Soy product intake was positively correlated with both
systolic and diastolic blood pressure in peri- and postmeno-
pausal women, but the correlations were not statistically
significant.

The correlation coefficients of diastolic blood pressure
with soy product intake were significantly different between
men and peri- and postmenopausal women (P = 0.01).

Table 3 shows the correlations between individual nutri-
ents and bloed pressure. In men, significant correlations
were observed for the nutrients rich in vegetables, soy
products, or daify products. There was no significant cor-
relation between blood pressure and any nutrients measured
in premenopausal as well as peri- and postmenopausal
women after controlling for covariates.
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Table 2

Correlation coefficients for blood pressure with soy products and other food groups

Food group Men Premenopausal women Peri- and postmenopausal women

Systolic Diastolic Systolic Diastolic Systolic Diastolic

rl r2 rl 2 rl 2 rl 2 rl 2 rl r2
Soy products —-0.10 -0.08 —0.12+ —0.12¢ -0.11 -0.10  -0.12 —-0.11 0.16 0.20 0.15 0.19
Cereals, potatoes, and starches —0.06 0.07 —0.06 0.08 G.14* G.15* 0.16* 0.15¢  0.08 0.09 0.04 0.03
Fishes and shell fishes 0.02 0.04 0.04 0.04 0.02 0.03 0.03 005 -020 -012 -0.25* -019
Fresh and processed meats —0.02 0.002 0.01 0.03 -0.02 -0.02 0.02 003 -012 -017 -—0.18 =0.18
Dairy products —-0.13* -0.12 =007 —-006 -0.03 -0.04 —0.07 —0.08 0.15 0.10 0.06 0.004
Vegetables —-0.14* —-0.12* -—-007 -005 0.003 0.02 0.04 0.06 0.03 009 =001 0.05
Fruits -0.08 -0.05 0.01 0.06 -—0.10 -0.12 -0.10 -0.11 =009 -004 -0.12 -0.10
Seaweeds —0.05 — —0.08 — —0.04 — 0.003 — -0.02 — -0.07 —

Note. 11, partial correlation coefficients after controlling for age and total energy; r2, partial correlation coefficients after controlling for age, total energy,

smoking status, body mass index, and intake of alchohol, salt, and seaweeds.

* P < 0.05.

Discussion

We found a significant inverse correlation between soy
product intake and diastolic blood pressure in men, but this
correlation was not strong. A weak inverse association be-
tween soy product intake and diastolic blood pressure was
also noted in premencpausal women but not in peri- and
postmenopausal women. Although these observations did
not strongly support the hypothesis that dietary soy may
reduce blood pressure, they indicate a mild effect of soy
intake on blood pressure reduction in men. Considering the
effect of measurement error from the dietary food-fre-

Table 3
Correlation coefficients for blood pressure with nutrient intake

quency questionnaire, the observed correlations between
soy product intake and blood pressure may be underesti-
mated. We also observed that vegetable intake as well as
dairy product intake was inversely correlated with blood
pressure. The magnitudes of these correlations were similar
to that of the correlation for soy product intake in men. A
diet rich in vegetables and dairy foods was demonstrated to
reduce blood pressure in the DASH study. The observed
association of blood pressure with even usual intake of soy
products may suggest a greater effect of higher intake of soy
products on blood pressure. However, we must mention that
the relationship of dosage to the effect on blood pressure is

Nutrient Men Premenopausal women Peri- and postmenopausal wemen
Systolic Diastolic Systolic Diastolic Systolic Diastolic
rl r2 rl r2 rl 12 rl F2 rl 12 rl r2

Encrgy -0.001 -0.06 002 -004 ~006 -0.07 -0.11 —-0.11 —0.03 —-0.02 -0.02 -0.05
Total protein -0.15" -0.10 -009 -0.05 0.01 0.04 0.02 0.06 0.01 005 -008 -0.02
Total fat -0.11 -0.07 -0.07 -003 -~006 -0.07 -0.09 -010 -0.18 -018 -021 -—0.18

Saturated fat -0.11 -0.07 ~.05 0001 -0.06 -0.08 -0.11 -012  -0.14 -014 -017 -016

Monounsaturated fat ~0.09 ~0.05 —0il —-002 -0.04 -0.06 —0.06 -0.06 -0.20 -0.21 —-0.22* -0.20

Polyunsaturated fat -0.11 -0.08 011 -0.08 -—0.03 -0.04 —0.05 -004 -0.12 -0.11 ~0.14 -0.08
Carbohydrates -0.09 0.03 —-012* Q.01 0.04 0.03 0.07 0.04 0.07 0.03 0.12 007
Crude fiber -0.15* -0.10 -0.10 -0.06 -0.02 -0.003 —-0.005 0.01 0.09 0.13 0.06 0.12
Calcium -0.18"  -015'  -01 -008 -0004 0006 -0.06 —0.06 0.08 0.07 0.05 0.05
Phosphorus -0.20" —-0.16" 011 —-0.06 0.02 0.02 —0.001 0.01 0.09 0.07 0.04 0.06
Retinol -0.09 -0.11 -0.03 -0.05 0.04 0.04 -0.03 -0.01 ~-0.14 021 014 -017
Carotene -0.13* —-0.12* -009 007 002 -0.01 ~0.03 -0.03 0.07 0.13 0.08 0.14
Vitamin Bl —0.18" -0.11 —0.15% —-0.08 0.03 0.06 0.05 0.07 0.10 .11 0.05 0.08
Vitamin B2 -0.18" -0.18" -0.11 -—=0.12* 0.002 0.01 —-0.02 -0.01 0.08 0.06 0.03 0.03
Vitamin C —0.12* -0.11 -0.02 0.003 -0.02 -0.02 —.02 —-0.01 0.09 0.15 0.09 0.14
Vitamin E —-0.16 -0.11 -0.13* -0.09 0.03 0.05 0.002 002 -003 005 -0.06 0.02
Sodium -0.04 -0.02 -001 -00f -0.02 0.11 -0.03 009 -008 0.11 —0.11 0.18
Potassium —-0.20* -0.19 —012* -00%  -0.02 -0.008 -0.04 —{.02 0.04 0.09 0.004 0.06

Note. 11, partial correlation coefficients after controlling for age and total energy; r2, partial correlation coefficients after controlling for age, total energy,

smeking status, body mass index, and intake of alchohol, salt, and seaweeds.

* P < 0.05.
TP <001
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not clear based on results from previous intervention studies
using soy supplementation. Reduction of blood pressure
was reported in four studies [6-9] in which 34, 118, 10, and
143 mg of isoflavones were used daily, respectively but not
in the other studies in which the dose of isoflavones ranged
from 47 to 165 mg [12-19]. Although we cannot deny the
possibility that the variation in soy product intake in our
subjects was not large enough to assess the relationship
between soy product intake and blood pressure, additional
intervention studies are needed to elucidate the dose—effect
relationship.

We failed to observe a significant inverse association
between blood pressure and soy product intake in women.
In particular, the results for peri- and postmenopausal
women were unexpected considering the possibility that the
soy isoflavone might act like estrogens, especially in peri-
and postmenopausal women whose endogenous estrogen
levels are low. A relatively small variation in blood pressure
in peri- and postmenopausal women as well as premeno-
pausal women may have distorted the results. In addition,
the average bloed pressures for men and women were better
than normal (<<120/80 mmHg). The observed weak effects
of soy and other food groups may have been influenced by
the fact that the average blood pressure was already normal
to low. .

To our knowledge, only one previous cross-sectional
study reported a relationship between soy intake and blood
pressure in men. Takashima et al. [24] observed no associ-
ation between frequency of soy product intake and blood
pressure in 473 middle-age Japanese men. None of the
previous three cross-sectional studies among women
showed a significant association [25-27]. Arai et al. [25]
reported no significant association between blood pressure
and isoflavone intake estimated from a 3-day dietary record
in 115 Japanese women ages 29~-78. The other two studies
of postmenopausal U.S. women found no significant asso-
ciation between blood pressure and isoflavone intake esti-
mated from a standardized food frequency questionnaire
[26,271.

We observed a significant association between blood
pressure and a food group of cereals, potatoes, and
starches in premenopausal women. A significant positive
association between starch intake and blood pressure was
also noted in the Multiple Risk Factor Intervention Trial
[28]. This may be ascribed to salt and water retention and
subsequent blood pressure increase after ingestion of
sugar [29]. However, we must mention that the observed
positive association between blood pressure and this food
group was attributable to the positive association be-
tween blood pressure and rice intake (r = 0.13, P = 0.04,
and r = 0.11, P = (.10, for systolic and diastolic blood
pressure, respectively). Intake of the other cereals was
inversely correlated with blood pressure in premeno-
pausal women (r = — 0.11, P = 0.10, and =0.12, P =
0.06, for systolic and diastolic blood pressure, respec-
tively). Positive association between blood pressure and

rice intake was also observed in men (r = 0.14, P = 0.02,
and r = 0.08, P = 0.15, for systolic and diastolic blood
pressure, respectively) and peri- and postmenopausal
women (r = 0.13, P = 0.04, and r = 0.11, P = 0.10, for
systolic and diastolic blood pressure, respectively).

The recent report from the Framingham Heart Study
indicated that diastolic blood pressure was negatively re-
lated to coronary heart disease risk in people 60 years of age
and older {30]. Most of our study subjects were younger
than 60 years of age. When we reanalyzed the data after
excluding 33 men and 15 peri- or postmenopausal women
who were age 60 or over, the correlations for soy product
intake and diastolic blood pressure were not altered sub-
stantially (r = —0.09, P = (.14, in men; r = 0.16, P =
0.23, in peri- and postmenopausal women after controlling
for the covariates).

Our questionnaire was designed to measure an individ-
ual’s relative intakes of foods and nutrients rather than
absolute values. The data presented for soy products may
have been underestimated by the questionnaire, because in
the validity study, these estimates were about 30% lower
based on the questionnaire than the estimates based on the
diet records. On the other hand, the intakes of vegetables
and dairy products may have been overestimated because
the estimates based on the questionnaire were 30-45%
higher than those based on the diet records. However, it is
unlikely that these measurement errors were dependent on
blood pressure level.

Although we examined the relationships between in-
dividual nutrients and blood pressure, we could not dis-
tinguish the effects of components contained in soy prod-
ucts as well as other food groups in blood pressure. The
results concerning blood pressure and nutrients reflected
the correlations of blood pressure with food groups in
men. Crude fiber, calcium, potassium, and vitamin B1,
which were significantly inversely correlated with blood
pressure, are rich in soy products. Some laboratory stud-
ies have suggested that soy isoflavones affect blood pres-
sure through their estrogenic actions, antioxidative ef-
fects, or inhibition of tyrosine kinase activity (4,31]. It is

~also known that soy protein inhibits angiotensin-convert-

ing enzyme [32]. Soy protein or soy isoflavones may be
responsible for the inverse association between soy prod-
uct intake and blood pressure. In our study, correlations
of blood pressure with soy protein or soy isoflavone
intake were similar to those with soy product intake (data
not shown).

Given the limitation of the diet assessment, the cross-
sectional study design, and the possible confounding effects
of unmeasured lifestyle factors, our results cannot be con-
sidered definitive. Nonetheless, these results suggest a mild
effect of soy intake on blood pressure, although the effect
may be limited to men. If the association is real, it conld
have considerable public health implications.
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Dietary Soy and Fats in Relation to Serum Insulin-Like Growth
Factor-1 and Insulin-Like Growth Factor-Binding Protein-3 Levels in
Premenopausal Japanese Women

Chisato Nagata, Hiroyuki Shimizu, Rieko Takami, Makoto Hayashi, Noriyuki Takeda, and
Keigo Yasuda

Abstract: Circulating levels of insulin-like growth factor-1
{IGF-1} and insulin-like growth factor-binding protein-3
(IGFBP-3) have each been associated with premenopausal
breast cancer risks. We analyzed data from a cross-sectional
study of 261 premenopausal Japanese women aged 20-54 yr
with adequate nutritional status to evaluate the relationships
between concentrations of IGF-1 and IGFBP-3 in serum and
dietary intakes of soy, fats and other nutrients. Diet was as-
sessed by a semiquantitative food frequency questionnaire.
There was no significant correlation between soy product as
well as soy isgflavone intake and serum IGF-I or IGFBP-3
levels after controlling for age, total energy, percent body fat,
and education level. Total fat intake was significantly in-
versely correlated with serum IGFBP-3 level (r =-0.13,P =
0.04). The correlations of saturated and monounsaturated
Jats with serum IGFBP-3 were of borderline significance (r =
—0.12,P = 0.06 andr = -0.11, P = 0.07, respectively).

Introduction

Laboratory and experimental studies have shown that in-
sulin-like growth factor-1 (IGF-1) has mitogenic and
antiapoptotic effects on breast cancer cells (1,2), suggesting
its role in the development of breast cancer. Elevated circu-
lating IGF-1 levels have been associated with an increased
risk of premenopausal breast cancer (3-6). A large majority
of circulating IGF-1 is bound with high affinity to IGF-bind-
ing protein (BP)-3 (7). A low level of IGFBP-3 and a high
IGF-1/IGFBP-3 ratio are also associated with an increased
risk of premenopausal breast cancer (3,6). If the strong asso-
ciation between serum IGF-1 or 1GF-1/1GFBP-3 level and
risk of breast cancer is confirmed, IGF-1 may be useful to
identify subjects with an increased risk and to monitor the
change in risk when it is used in the practice of intervention.
Studies identifying the factors that can manipulate IGF-1
would be warranted.

It is known that a very-low-calorie diet canses a drop in
the circulating IGF-1 level (8). However, few studies have
examined the relationship between diet and IGF-1 or
IGFBP-3 in women with adequate nutritional status (9-12).
We sought dietary factors that were associated with serum
IGF-1 and IGFBP-3 levels in premenopausal Japanese
women who were apparently healthy. In particular, we were
interested in the relationships between soy product intake
and serum IGF-1 and IGFBP-3 levels. Soybeans and soy
products are rich in isoflavones. Soy isoflavones inhibit
protein kinases, which are important in the signal
transduction of several growth factors (13,14). The
mitogenic action of IGF-1 in breast cancer cells is a tyro-
sine kinase-dependent phenomenon (15). Therefore, dietary
soy may play a role in determining serum JGF-1 and
IGFBP-3 levels.

Materials and Methods

Subjects for this study were participants in a health
check-up program provided by a general hospital in Gifu, Ja-
pan, between September 1996 and August 1997. A total of
400 women agreed to participate in the present study and
completed a self-administered questionnaire that asked about
demographics, smoking and drinking habits, diet, exercise,
and past medical and reproductive histories (the response
rate was 95.7%). To obtain complete data, a nurse epidemiol-
ogist interviewed those who returned questionnaires with in-
complete information. Of these women, 294 women reported
that they had had menses within the past 12 mo. Among
themn, three women had experienced surgical menopause
more than 3 mo before the study. The remaining 291 women
were regarded to be premenopausal and were selected for the
present study. Informed consent was obtained from each
woman. The institutional review board approved this study,
including use of their blood for IGF-1 measurement.
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meat of Internal Medicine, Gifu University School of Medicine, Gifu 500-8705, Japan.



Diet was assessed by a semiquantitative food-frequency
questionnaire developed by us. We based our questionnaire
format on the one designed for a multiethnic cohort study in
Hawaii and Los Angeles (16). The women were asked to in-
dicate the average frequency that they consumed 169 food
items during the year prior to the study and the usual serving
size of each item. We included nine food items for soy prod-
ucts {miso soup, tofu, deep-fried tofu, fried bean curd, dried
bean curd, fermented soy beans, houba-miso, soymilk, and
boiled soy beans). The total intake of soy products was calcu-
lated as the sum of these nine food items. Isoflavone intake
from soy products was also estimated using isoflavone con-
centration in these soy foods (17). The intake of foods and
nutrients was estimated from the frequency of ingestion and
portion size using the Japanese Standard Tables of Food
Composition, 4th ed., published by the Science and Technol-
ogy Agency of Japan. Fatty acid composition was evaluated
using data published by Sasaki and others (18). The validity
of the questionnaire was evaluated by comparing the esti-
mates from this questionnaire with those from 3-day diet re-
cords, four 24-hrecalls, and 12 1-day diet records kept over a
1-yr period. Detailed information on the questionnaire in-
cluding its validity and reproducibility has been described
elsewhere (19,20). For example, the Spearman correlation
coefficients comparing estimates of soy product intake from
this questionnaire with the estimates from 12 daily diet re-
cords kept over a 1-yr period were 0.71.

Exercise was assessed by asking the average hours per
week spent performing various kinds of activities during the
past year. The details including its validity are described else-
where (21).

A fasting blood sample was collected from each subject
between 9:00 and 10:00 in the morning. The samples were
stored at —80°C until assayed. Serum IGF-1 and IGFBP-3
were measured by radicimmunoassay using kits from TFB,
Inc., Tokyo, and Cosmic Corp., Tokyo, respectively. The
intra- and interassay coefficients of variations (CVs) were
3.9% and 5.5% for IGF-1 and 5.8% and 6.3% for IGFBP-3,
respectively.

Percent body fat was measured by bioelectrical imped-
ance analysis using a TBF-102BIA system (Tanita, Tokyo).

For statistical analysis, we excluded women who were tak-
ing hormone replacement therapy or other hormones (n=11)
and who had history of cancer (n = 10) or diabetes mellitus (n=
9). Of the 264 eligible women, 261 had sufficient sera avail-
able for IGF-1 assays. Theirageranged from 20to 54 yrold.

Spearman correlation coefficients were used to examine
the associations of dietary variables with serum IGF-1 and
IGFBP-3 levels. Intakes of soy products and the individual nu-
trients were log-transformed and adjusted for total energy us-
ing the method proposed by Willett (22). Adjustments were
also made for age and nondietary factors that were signifi-
cantly associated with serum IGF-1 or IGFBP-3 level. We ex-
amined a number of potential confounders, which included
age, weight, height, body mass index (BMI}, percent body fat,
smoking status, exercise, age at menarche, number of births or
pregnancies, age at first and last births, lactation, intake of
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macro- and micronutrients, and use of medications. Serumal-
bumin was measured for 197 women who chose program
courses including this measurement. We used this variableasa
surrogate of nutritional status as well as a confounder.

Results

The mean (5D) age of the study subjects was 42.7 (5.3) yr.
The correlation coefficients of age with serum IGF-1 and
IGFBP-3 levels were —0.28 (P = 0.0001) and -0.04 (P =
0.52), respectively. Table 1 shows selected nondietary vari-
ables and their correlations with serum IGF-1 and IGFBP-3
levels after controlling for age. Weight and percent body fat
were significantly positively correlated with serum IGF-1
level after controlling for age. The positive correlation be-
tween BMI and serum IGF-1 level was of borderline signifi-
cance (r = 0.11, P = 0.07). Years of education was signift-
cantly positively correlated with serum IGF-1 level (r=0.12,
P = 0.04). Seventeen (6.5%) women were current smokers
and six (2.3%) women were ex-smokers. Smoking status was
not significantly associated with serum IGF-1 level (P =
0.81). None of the nondietary factors measured was signifi-
cantly correlated with serum IGFBP-3 level.

Table 2 shows that the correlations of soy product intake
with serum IGF-1 and IGFBP-3 levels were nearly null after
controlling forageandtotal energy (r=-0.01 and 0.03, respec-
tively). Additional adjustment for percent body fat and years
of education did not alter the results. Similarly, isoflavone in-
take was not significantly correlated with serum JGF-1 and
IGFBP-3leveis after controlling for the covariates. Among the
nutrients or foods measured, only vitamin D was significantly
positively correlated with serum IGF-1 level (r =0.16, P =
0.01} after controlling for the covariates. Total fat intake was
significantly inversely correlated with serum IGFBP-3 level (r
= -0.13, P = 0.04). The correlations of saturated and
monounsaturated fat intake with serum IGFBP-3 level were of
borderline significance (r=~0.12, P=0.06 and r=-0.11, P=
0.07, respectively).

Serum albumin levels among the subjects were within the
expected normal range of 3.8-5.3 g/dl. Serum IGF-1 level
was significantly positively correlated with serum albumin
level after controlling for age, percent body fat, and years of
education (r = 0.22, P =0.002). The association between sat-
urated fat intake and serum IGFBP-3 level was strengthened
after additional adjustment for serum albumin levels (r =
-0.17, P = 0.02). The correlations between total fat intake
and serum IGFBP-3 and between vitamin D intake and se-
rum IGF-1 were not changed substantially after additional
adjustment for serum albumin level (r =-0.19, P = 0.009 and
r=10.15, P = 0.03, respectively).

Discussion

We found no association between soy intake and serum
IGF-1 and IGFBP-3 levels. To our knowledge, there is one
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Table 1. Means of Selected Nondietary Variables and Their Age-Adjusted Correlations With Serum IGF-1 and IGFBP-3
Levels Among 261 Premenopausal Japanese Womena?

Correlation Coefficients

Variables Means + SD (Range) IGF-1 IGFBP-3
Height (cm) 1569+ 4.9(142.9-170.0) 0.01 0.01
Weight (kg) 533+ 6.7(39.0-73.4) 0.13* -0.005
BMI (kg¥m) 21.7+ 2.5 (16.6-28.6) 0.11 -0.008
Percent body fat (%) 255+ 5.2(15.6-39.9) 0.7t 0.06
Years of education (yr) 130+ 2.1(6.0-220) 0.12* 0.08
Age at menarche (y1) 130 1.1{10-17) -0.03 -06.003
Number of births 20+ 09(0-6) -0.008 -0.04
Age at first birth (yr) 250 2.5(20-32) 005 -0.03
Exercise, METs (h/wk)* 30+ 4.1(0-44) -0.06 -0.04
Alcobol {(mV/day) 53+ 10.4(0-83.6) -0.04 -0.04
Serum concentration

IGF-1 {(ng/ml) 2108+ 57.3(84-430) — —

IGFBP-3 (pg/ml) 2,414.0 + 460 (1,300-3,900} —_ —_

Albumin (g/dI}4 43+ 021(3.8-48) 0.22t 0.09

a: Abbreviations are as follows: IGF, insulin-like growth factor; IGFBP, IGF binding protein; BMI, body mass index.

b: Statistica? significance is as follows: *, P < 0.05; 1, P < 0.01.
c: METs, metabolic equivalents.

Table 2. Means of Daily Intake of Foods and Nutrients and Their Correlations With Serum IGF-1 and IGFBP-3 Levels?

IGP-1 IGFBP-3

Variables Means + SD (Range) r1b e rl r2
Total energy (kcal) 231502 846 (824-154T) 0.05 0.06 0.03 0.04
Soy product (g) 5042 35.1(49-240) -00! 0.1 0.03 0.03
Soy iseflavone (mg) 242+ 159(3.0-113.6) 0.01 =0.003 0.06 0.05
Protein (g) 924+ 37.4(26.1-298) 0.07 0.06 -0.05 ~0.05
Animal protein (g) 473+ 24.4(6.83-202) 0.10 0.09 -0.04 -0.05
Vegetable protein (g) 450 16.7Q17.7-120) 0.004 0.01 0.06 0.06
Fat (g) 702+ 31.4(13.6-278) =0.01 -0.02 -0.12* -0.13*
Saturated fat (g} 209+ 10.9(4.2-109) =0.05 -0.04 ~0.11 -0.12
Monounsaturated fat (g) 249x 115(4.1-98.2) =0.04 -0.05 =011 =0.11
Polyunsaturated fat {g) 172+ 75039451 -0.01 -£.01 =0.05 =0.05
Carbobydrate (g) 3140 112(104-943) -0.00 0.08 0.07 0.08
Cholesterol (mg) 3620 171 (60-1,290) © 0.0 0.02 -0.08 -0.10
Crude fiber (g) 54z 2.9 (1.4-24.0) . =0.04 =0.05 0.01 0.01
Calcium (mg) B830.0+ 507 (227-4,624) 0.05 0.05 -0.01 -0.01
Vitamin C (mg) 146.0 = 119(20-1,244) -0.07 =0.09 =0.06 -0.07
Carotene (1g) 604.0 £ 3,140 (1,014-25,207) -0.05 -0.05 -0.01 =0.01
Vitamin D {TU) 2280+ 137(28-979) 0174 0.16* ~0.04 -0.05
Satt(g) 137+ 58(3.1-37.4) 0.09 0.08 -0.0t =0.01

a: Statistical significance as as follows: *, P <0.05; t, P <0.01.
b: Age-adjusted correlation coefficient.

¢: Correlation coefficient adjusted for age, total energy, percent body fat, and years of education.

other study of dietary soy in relation to circulating IGF-1 in
healthy women (12). A small increase in IGF-1 level (by
10%) was observed in premenopausal women with diet in-
cluding about 65 mg/day of isoflavones for 3 mo compared
with a control diet containing 8 mg/day of isoflavones.
Although in vitro studies demonstrated that isoflavones
can suppress IGF-1 signaling in cell cycle progression
(13,14), such a reduction in activity may rot be reflected in
circulating IGF-1 levels but rather in a reduction in the
phosphorylated receptor or other downstream intermediates.
However, one animal study showed that soy protein feeding

Vol. 45, No. 2

resulted in a decreased serum IGF-1 in the pcy mouse, the
model mouse of polycystic kidney disease (23). Soy intake
among our study subjects may have been too low to affect se-
rum IGF-1 level.

We observed a significant inverse association between se-
rum IGFBP-3 level and total fat and saturated fat intake, al-
though these associations were not strong. Because of the
cross-sectional study design, a cause-and-effect relationship
between fat intake and IGFBP-3 level can only be inferred. A
similar finding was reported by Kaklamaniet al. (11). In their
study, serum IGFBP-3 level was significantly inversely asso-
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ciated with saturated fat intake (r = —0.24) among 115
healthy Greek subjects after controlling for age, sex, and
other covariates. A significant positive association between
fat intake and serum IGF-1 level was also observed in their
study. Allen et al. (24} found that mean serum IGF-1 level
was significantly lower in vegan men compared with meat
eaters. Results from these studies support a potential effect of
dietary fat on the IGF-1 system. Previous studies (9-11) in-
cluding our study have failed to find a significant association
between serum IGF-1 level and total energy or protein intake.

Intake of animal protein, rich in essential amine acids, is
suggested to increase IGF-1 level (25). We observed that vi-
tamin D intake was significantly correlated with serum
IGF-1 level. Vitamin D intake was strongly correlated with
animal protein intake (r=0.58). Our finding conceming vita-
min D intake may reflect the association between animal pro-
tein intake and serum IGF-1 level.

Our dietary questionnaire was designed to measure an in-
dividual’s relative intakes of foods and nutrients rather than
absolute values. The data presented for soy products may
have been underestimated by the questionnaire because, in
the validity study, the soy product intake estimated from the
questionnaire was 20% lower than that estimated from the 12
daily diet records over 1 yr. On the other hand, the intake of
total energy and total fat may have been overestimated be-
cause these estimates from the questionnaire were about 10%
higher than those from the 12 daily diet records.

‘We could not measure serum albumin levels for some
women. However, considering that their total energy and per-
cent body fat were within the ranges observed for women
whose serum albumin levels were measured, it is likely that
the entire study population was in adequate nutritional status.
Reanalysis restricted to women with measured serum albu-
min levels did not alter the results substantially. Serum IGF-1
level was associated with serum albumin level even in this
normal range. It is interesting that our findings concerning
diet and serum IGF-1 and IGFBP-3 levels were not altered
substantially after adjustment for serum albumin level.

BMI has not been associated with circulating IGF-1 level
in previous studies conducted in other countries (26,27). An
inverse correlation of BMI or adiposity with IGF-1 level has
been reported among obese subjects (28). There has been a
sugpestion that there may be a threshold effect of body fat be-
low which its inhibitory effects on IGF-1 level are not appar-
ent. Our study population was less obese than that in other
studies, and a similar finding (positive correlation r=10.16 for
% body fat) was reported from another study of a Japanese
population (29).

We could not obtain blood samples according to the men-
strual cycle. Little variation in IGF-1 level over the menstrual
cycle has been reported (30). However, a recent study re-
ported by Jernstrém et al. (31) showed that IGF-1 level varied
during the menstrual cycle. Although adjustment for the day
at blood draw according to the menstrual cycle did not alter
the results (e.g., r=-0.13, P=0.04 between fat intake and se-
rum IGFBP-3 Jevel and r=0.16, P = 0.01 between vitamin D
intake and serum IGF-1 level), it had been desirable that
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IGF-1 levels were measured repeatedly at different times be-
cause notable interindividual variation in serum IGF-1 may
exist. Following the definition used in the study by
Hankinson et al. (4), women who had had at least one men-
strual cycle in the previous 12 mo were regarded as
premenopausal in the present study. However, some women
were perimenopausal and their hormonal status might differ
from that of the others. The exclusion of 16 women whose
previous menses were more than 3 mo before did not change
the results substantially (r = —0.10, P = (.10 between fat in-
take and serum IGFBP-3 level and r = 0.16, P = 0.01 between
vitamin D intake and serum IGF-1 level). As the IGF-1 sys-
tem has been thought to be involved in the development of
breast cancer, our finding on dietary fat and serum IGFBP-3
may have preventive implications. Because IGF-1 is partially
regulated by estrogens (7) and because dietary fat and soy
isoflavone may affect endogenous estrogen level (32), fur-
ther studies should incorporate estrogen measurements.
However, we must mention that some studies have failed to
confirm the association between dietary fat and breast cancer
risk or the association between dietary fat and endogenous
estrogen level (33,34). We also must keep in mind that data
concerning IGF-1 and health, especially cancer, are still ata
preliminary level and IGF-1 itself has not been accepted as a
marker of overall health (35). Tamoxifen has been shown to
increase the expression of IGFBPs and reduce the effect of
IGF-1 (36). The present study would suggest indirectly that
dietary soy does not exhibit a tamoxifen-like effect on
IGFBP-3 and IGF-1.
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Bating Habits Associated with Bile Duct and Gallbladder Cancers: Matsuba T*!, Inaba H*!, Kurosawa M*, Yagyu
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Objective: This study was conducted to evaluate the relationship between bile tract cancer and diet. Method: Data
about lifestyle was collected from surveys of 120,000 subjects from 1986 to 1992. We calculated the risk ratio of each
food items for death due to bile tract cancer from these data. Results: A relationship between dietary fat in take and bile
duct cancer in males was recognized, while gallbladder cancer and fat were implicated in females, Fresh fish intake was

revealed as a preventive factor for bile duct cancer in males and gallbladder cancer in females. Conclusion: It was clari-

fied that the bile duct cancer in males and gallbladder eancer in females havecommon risk and preventive factors.
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