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Abstract: There is substantial interest in the possible

anticancer effects of soy foods. In part, this is because of the

historically low incidence rates of breast and prostate cancer

in Asia. Of the several putative soybean chemopreventive

agents, isoflavones have received the most attention. Aware-

ness of this research has led increasing numbers of consum-

ers to use soy foods, isoflavone-fortified foods, and

isoflavone supplements. Therefore, there is a need for guid-

ance regarding appropriate isoflavone intake levels. To this

end, this article analyzed soy protein (as a surrogate for

isoflavones) and isoflavone intake of the major soy

food–consuming countries using individual dietary surveys

for the bulk of the information. In total, 24 surveys from 4

countries that met the inclusion criteria were identified: Ja-

pan (n = 11), China (n = 7), Hong Kong (n = 4), and Singa-

pore (n = 2). The results indicate that older Japanese adults

consume approximately 6–11 g of soy protein and 25–50 mg

of isoflavones (expressed as aglycone equivalents) per day.

Intake in Hong Kong and Singapore is lower than in Japan,

whereas significant regional intake differences exist for

China. Evidence suggests that ≤10% of the Asian population

consumes as much as 25 g of soy protein or 100 mg of

isoflavones per day. The applicability of these findings for

making soy intake recommendations for non-Asians is

discussed.

Introduction

The National Cancer Institute in the United States has

been actively investigating the anticancer effects of soy since

1991 when the first request for applications on this subject

was issued (1). In part, this interest in soy stems from the his-

torically low incidence rates of breast and prostate cancer in

Asia (2,3). Although most focus has been on these two can-

cers (4,5), limited research suggesting that soy has protective

effects against other cancers, including endometrial (6,7) and

colon cancer (8,9), also exists.

There are several putative chemopreventive agents in soy-

beans and soy foods (1). Although the constituents responsi-

ble for the hypothesized anticancer effects of soy have not

been definitively identified, soybean isoflavones have re-

ceived the most attention (10), and considerable evidence

suggests that they are the primary soy chemopreventive

agents (11). The possible health benefits of isoflavones are

by no means limited to cancer (12–14), but, of the approxi-

mately 600 peer-reviewed articles currently published annu-

ally on isoflavones, approximately 20% involve cancer in-

vestigations (Medline search).

Over the past 10 yr, soy food consumption has increased

approximately fourfold in the United States (15). Isoflavone

supplements are also now widely commercially available,

and isoflavones are being used as food fortificants (16–18).

Thus, increasing numbers of non-Asians are exposed to

isoflavones. Clearly, therefore, health professionals need

guidance regarding appropriate intake levels for those who

partake of these products. This is especially true because of

concerns that excessive soy and isoflavone intake may pro-

duce adverse health effects (19–21) including stimulating the

growth of estrogen-responsive mammary tumors (22–25).

Recently, a rationale was presented for a general soy pro-

tein and isoflavone intake recommendation (not specifically

for cancer prevention) for healthy adults, but thus far no for-

mal recommendations have been issued by independent

health or nutrition organizations (26). In 1999, the U.S. Food

and Drug Administration awarded a health claim for the cho-

lesterol-lowering properties of soy protein, concluding that

25 g of soy protein per day was sufficient to lower serum cho-
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lesterol levels (27). However, this claim is unrelated to cancer

prevention or treatment and was not intended to provide

guidance regarding appropriate isoflavone intake. Further-

more, due to the effects of processing, intake of 25 g of soy

protein can provide from approximately 10 to 100 mg of

isoflavones (28). The Chinese Nutrition Association recom-

mends a daily intake of 50 g of soy (29), but this recommen-

dation is aimed at improving the general nutrient intake of the

population and is not intended to provide guidance regarding

isoflavone intake nor soy intake in relation to the prevention

of cancer or other chronic diseases (personal communica-

tion, Suzanne Ho, January 7, 2004).

Theoretically, cultural and physiological differences be-

tween Asians and non-Asians may result in differences in

how each group is affected by isoflavones. However, a rea-

sonable supposition is that Asian soy intake can serve as one

basis for developing an isoflavone intake recommendation

for non-Asians. Therefore, it is necessary to have an accurate

understanding of soy consumption in Asia. However, widely

varying estimates of Asian soy intake have been reported in

the literature, and to date no article has comprehensively re-

viewed this subject (30,31). Thus, the purpose of this article

is to summarize the most relevant Asian, but especially Japa-

nese, soy protein and isoflavone intake data collected on an

individual, household, and regional level. Soy protein data

are presented for two reasons. First, this nutrient is a surro-

gate for isoflavone intake. Dietary surveys indicate that the

isoflavone (mg):soy protein (g) ratio in traditional soy foods

is approximately 3.5:1 (32–35), a ratio that is consistent with

that determined by a direct chemical analysis of foods as

shown in Table 1). Second, because the constituents respon-

sible for the hypothesized anticancer effects of soy have not

been definitively identified, soy protein intake is useful as a

general measure of the total amount of traditional soy foods

consumed in Asia. Dietary surveys suggest that ~10 g of total

soy foods provides ~1 g of soy protein, although this ratio

varies considerably among the different soy foods

(32,35–42). Before presenting intake data, brief background

information on isoflavones is provided.

Background on Isoflavones

Isoflavones are a subclass of flavonoids but have a very

limited distribution in nature such that the soybean is essen-

tially the only nutritionally relevant naturally occurring food

source of these diphenolic compounds (43,44). The primary

isoflavones in soybeans are the glucosides, genistin and

daidzin, and their respective aglycones, genistein (4′5,7-

trihydroxyisoflavone) and daidzein (4′,7-dihydroxyi-

soflavone). There are also small amounts of a third

isoflavone in soybeans, glycitein (7,4′-dihydroxy-

6-methoxyisoflavone), and its glycoside, glycitin.

Isoflavones are present in the soybean primarily as

glycosides, although as a result of fermentation some of the

glycosides are converted to aglycones in soy products such as

miso. To avoid confusion over the actual amount of biologi-

cally active isoflavone in a product or used in experimental

settings (the aglycone isoflavone weight is only approxi-

mately 60% of the glycoside), the recommendation has been

made to express weight in aglycone units or equivalents (45).

This is the case in the text that follows.

With regard to both cancer prevention and treatment, the

effects of genistein on signal transduction (10), which were

first identified by Akiyama et al. (46) in 1987, are of particu-

lar interest. However, the possible anti-estrogenic effects of

isoflavones—which were first demonstrated in rodents al-

most 40 yr ago (47)—provide an additional possible mecha-

nism for the hypothesized anticancer effects of soy (see Ref.

48 for general review of proposed mechanisms). Also of po-

tential relevance are recent data showing that isoflavones

preferentially bind to (49) and activate estrogen receptor beta

(ERβ) (50,51) in comparison with ERα. Some data indicate

that, when activated, ERβ inhibits the proliferation of pros-

tate cancer cells (52,53) and estrogen-stimulated growth of

breast cancer cells (54). However, as noted previously, de-

spite these potentially beneficial attributes, there is also con-

cern that the estrogen-like effects of isoflavones may stimu-

late the growth of estrogen-sensitive mammary tumors

(22–25).
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Table 1. Protein and Isoflavone Content of Selected Foods (100 g)a

Food (Nutrient Database number) Isoflavones (µg/g)
b

Protein/100 g
c

mg isoflavones/g protein

Tofu

Firm (16126) 247 ± 38 8.2 ± 0.14 3.0

Regular (16427) 236 ± 63 8.1 ± 0.31 2.9

Silken, firm (16162) 279 ± NA 6.9 ± NA 4.0

Natto (16113) 589 ± 74 17.7 ± NA 3.3

Soymilk (16120) 97 ± 20 4.5 ± NA 2.2

Miso (16112) 426 ± 92 11.7 ± 0.30 3.6

Tempeh (16114) 435 ± 83 18.5 ± NA 2.4

Soynuts, dry roasted (16111) 1,284 ± 334 39.6 ± NA 3.2

Soybeans, cooked (16109) 547 ± NA 16.6 ± NA 3.3

a: U.S. Department of Agriculture, Agricultural Research Service. USDA Nutrient Database for Standard Reference, Release 17, 2004. Nutrient Data Labora-

tory home page: http://www.nal.usda.gov/fnic/foodcomp. NA, not available.

b: Mean ± standard error of the mean expressed as the aglycone weight.

c: Mean ± standard error of the mean.



Sources of Dietary Data

The primary sources of soy protein and isoflavone intake

data included in this article were individual dietary surveys. A

secondary source was the Food and Agriculture Organization

(FAO) of the United Nations and, for Japan only, the Japanese

National Nutritional Survey. To identify appropriate dietary

surveys, a Medline search was conducted using as keywords

soy, isoflavones, consumption, intake, China, Japan, Hong

Kong, Indonesia, Korea, and Taiwan. References within those

identified articles as well as articles that had come to the atten-

tionof theauthors throughothermeanswerealsoexaminedfor

suitability.Toqualify, articleshad to includeasamplesizeofat

least 100, clearly define the study population (for example,

age,gender, and location), and report meanormedian total soy

protein or total isoflavone intake. Only one survey per cohort

was included. Surveys were excluded if they used only broad

frequency categories (for example, one to three times per

week, at least once per week, etc.) or focused on the intake of

individual foods rather than attempting to assess total soycon-

sumption.Generally,onlythosestudies thatdescribedindetail

the dietary instrument for assessing intake and listed the soy

foods assessed were included.

Results

Soy Protein Intake

Food and Agriculture Organization of the United Na-

tions data: It is evident from the FAO food balance sheets

(http://apps.fao.org/) that there isconsiderablevariation insoy

intake among Asian countries. The FAO data are referred to as

disappearance data because they represent the sum of imports

minus exports, food used for non-human consumption, and

losses during storage and transport. According to the FAO, for

the year 2002 daily per capita soy protein intake for the main

soy food–consuming countries (China, Hong Kong, Indone-

sia, Japan, South and North Korea, and Thailand) ranges from

2.0 to 9.6 g (Table 2). In Japan, China, and South Korea, soy

provides less than 10% of the overall protein intake, whereas,

in North Korea and Indonesia, 15.3% and 12.8% of the protein

come from soy, respectively (Table 2).

Daily per capita soy protein intake for Japan between

1961 and 2002 is presented in Fig. 1. Intake remained very

constant during this period, ranging from a high of 9.7 g/day

in 1961 to a low of 8.4 g/day in 1977. In contrast, there has

been a marked decrease in the extent to which soy protein

contributes to total protein intake. In 1961, soy protein ac-

counted for 13.4% of total protein, whereas the 2002 value is

9.5%. This decrease results from the steady increase during

the past 4 decades in the (primarily animal) protein content of

the Japanese diet. This kind of dramatic nutritional transition

has been discussed in the literature (55).

Japanese National Nutritional Survey: The Ministry

of Health and Welfare in Japan has conducted a National Nu-

trition Survey (NNS) for more than 50 yr (56). It includes

randomly selected prefectures comprised of 10,000–20,000

subjects of all ages. For the NNS, at-home foods and bever-

ages consumed by a family are weighed, meal by meal, for

three consecutive days (in the most recent survey a 1-day re-

cord was used), excluding weekends and holidays. A dieti-

tian demonstrates the measures to determine food quantities

and teaches the survey methods and procedures to a house-

wife or another person who usually cooks in the family. Dur-

ing the survey, the dietitian makes a call to the subject’s home

at least once per day and reviews the dietary records. Foods

eaten outside the home are also recorded. Dietary intake per

capita per day is obtained by dividing the entire amount con-

sumed in a household by the number of family members aged

1 yr and older.

The Japanese NNS (Fig. 2) shows that soy intake (ex-

pressed as is or on a wet weight basis) remained fairly con-

stant after 1960 at about 65 g/day (32,57–64). Thus, the NNS

is consistent with the FAO data showing a relatively consis-

tent soy intake during the past 4 decades. However, 65 g/day

provides approximately 6.5 g of soy protein, which is about

25% lower than the FAO estimate (32). According to the

NNS, soy foods provided approximately 8–10% of total pro-

tein intake, which is similar to the FAO data (Fig. 1)

(32,65,66).

Data from both theJapaneseNNSandtheFAOareaverages

across all age groups; therefore, it can be expected that the soy

intake of adults, especially older adults consuming traditional
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Table 2. Caloric, Total Protein, and Soy Protein Intakes for Selected Countries According to the Food and Agricultural

Organization of the United Nationsa

Country
b

Total Protein (g) Soy Protein (g)

% Soy Protein

[(soy protein/total protein) × 100]

North Korea 62.8 9.6 15.3

Japan 91.8 8.7 9.5

Indonesia 64.2 8.2 12.8

South Korea 89.6 4.9 5.5

China 81.5 2.7 3.3

Hong Kong 99.8 2.3 2.3

Thailand 57.0 2.0 3.5

a: Food and Agricultural Organization Statistical Database (http://apps.fao.org/).

b: Data for 2002 except Hong Kong (1998).



diets, would be higher than the values from these two sources

of information. This is in fact the case as shown by dietary sur-

veys of individuals discussed in the next section and the NNS

when presented according to age. For example, the soy intake

of Japanese adults aged 60–69 yr is 91.7 g/day, approximately

50% higher than the mean intake of the Japanese population

overall (Fig. 3; information provided by Akio Sato, Professor

of Environmental Health, Yamanashi University School of

Medicine, Tamaho, Yamanashi 409–3898, Japan).

Surveys assessing the soy protein intake of individuals:

In Table 3 are listed five recently conducted surveys of indi-

viduals in Japan that reported soy protein intake

(36,39,67–69). Daily adult female soy protein intake ranged

from a low of 6.0 g (69) to a high of 10.5 g (68), whereas the

range of intake in males was 8.0 (39) to 11.3 g (68). Soy

foods contributed from 6.5% (69) to 12.8% (68) of total pro-

tein intake.

Seven studies from China, Hong Kong, and Singapore

that provided information on soy protein intake are included

in Table 3 (33–35,42,70–72). One of these is a large prospec-

tive study from Shanghai that included nearly 46,000

women, which found daily mean soy protein intake to be 8.8

g (72), a value similar to Japanese data discussed previously.

In an earlier report (not included in the table) from this co-

hort, soy protein was found to account for 12.8% of total pro-

tein intake (73). In two other studies from Shanghai, mean

soy protein intakes were approximately 20% higher (10.3 g)

in one (35) but only one-third as high in the other (70). How-

ever, the latter study included only a few key soy foods and

did not claim to comprehensively assess soy intake.

Studies from Hong Kong published in 2000 and 2003 re-

ported adult female daily soy protein intakes to be 4.9 g (34)

and 7.9 g (33), respectively. These values are considerably

higher than the FAO values for Hong Kong. The latter value

represented 13.6% of total protein intake (33). Finally, two
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Figure 1. Japanese per capita soy protein intake expressed as grams per day and as a percentage of total protein for the years 1961–2002. (Data taken from the

Food and Agriculture Organization of the United Nations.)

Figure 2. Soy food intake (wet weight or as-is basis, grams per day) as reported by the Japanese National Nutrition Survey for selected years between 1915 and

2002.



studies from Singapore show relatively low (≤5.1 g/day) soy

protein intakes (42,71). Overall, compared with intake in Ja-

pan, soy protein intake appears to be lower among Chinese

living in Hong Kong and Singapore, whereas intake for Chi-

nese living in Shanghai appears to be comparable.

Isoflavone Intake

Using the NNS, Nagata estimated overall Japanese mean

isoflavone intake to be 28.7 mg/day (32) (Table 3). However,

as noted previously, older adults consume more soy than the

mean for the overall population; therefore, their isoflavone in-

take would be expected to be higher as is demonstrated in Fig.

4. The NNS estimate is generally consistent with the results of

the eight studies from Japan included in Table 3 that reported

intake data from the assessment of individuals (36,69,74–79).

Dailyisoflavone intakeamongthesestudies rangedfrom alow

of 26 mg (69) to a high of about 54 mg (74).

The remaining 11 studies in Table 3 that reported

isoflavone intake are from Hong Kong (33,34,80,81), Singa-

pore (71), Shanghai (35,72,82), and elsewhere (29,83,84) in

China. Not unexpectedly, with only one exception (80), daily

isoflavone intake (<20 mg) in the studies from Singapore and

Hong Kong was considerably lower than the intake for Japan

(33,34,81). Markedly differing values were reported for

Shanghai; in the studies by Dai et al. (35) and Yang et al. (72),

daily isoflavone intakes were approximately 41 mg, whereas

Frankenfeld et al. (82) reported a mean intake of only 10 mg.

However, Frankenfeld et al. (82) commented that their di-

etary survey may have underestimated actual intake by using

the median serving size of the overall Chinese population.

The isoflavone intakes for Hebei and Gansu provinces re-

ported by Liu et al. (29) and for Hangzhou reported by Zhang

et al. (84) were ~18 mg and ~25 mg, respectively.

The highest reported isoflavone intake of any study comes

from a case-control study of prostate cancer that included 12

Vol. 55, No. 1 5

Figure 3. Mean Japanese soy food intake (grams per day) for different age groups according to the Japanese National Nutrition Survey for the years 1995–2002.

Figure 4. Mean Japanese isoflavone intake (expressed as aglycone weight intake, milligrams per day) according to the National Nutrition Survey for the year

2002 for different age groups.



6 Nutrition and Cancer 2006

T
a
b

le
3
.

S
o
y

P
r
o
te

in
a
n
d

I
s
o
f
la

v
o
n
e

I
n
ta

k
e
s

R
e
p
o
r
te

d
F

r
o
m

F
o
o
d
-
F

r
e
q
u
e
n
c
y

Q
u
e
s
ti

o
n
n
a
ir

e
s
,
D

ie
ta

r
y

R
e
c
o
r
d
s
,
o
r

D
ie

ta
r
y

I
n
te

r
v
ie

w
C

o
n
d
u
c
te

d
in

J
a
p
a
n
,
C

h
in

a
,

S
in

g
a
p
o
r
e
,
a
n
d

H
o
n
g

K
o
n
g

a

I
s
o
f
la

v
o
n
e
s

(
m

g
)

R
e
f
e
r
e
n
c
e

(
d
ie

ta
r
y

in
s
tr

u
m

e
n
t)

L
o
c
a
ti

o
n
/S

tu
d
y

T
y
p
e

b

S
u
b
je

c
t

G
e
n
d
e
r,

A
g
e

(
m

e
a
n

o
r

r
a
n
g
e
)

n

T
o
ta

l

P
r
o
te

in
T

o
ta

l
S

o
y

(
g
)

S
o
y

P
r
o
te

in

(
g
)

%
S

o
y

P
r
o
te

in
A

v
e
r
a
g
e

R
a
n
g
e

J
a
p
a
n

3
6

(
F

F
Q

)
G

if
u
/C

S
F
,
4
2
.5

2
0
1

9
2
.5

c
5
0
.7

±
3
4
.8

c
9
.0

±
5
.4

c
9
.7

2
9
.9

±
2
3
.5

c
N

A

6
9

(
F

F
Q

)
G

if
u
/C

S
F
,
5
0
.9

2
0
6

9
2
.0

c
6
4
.7

±
4
9
.0

c
6
.0

±
3
.8

c
6
.5

2
6
.0

±
1
4
.3

c
N

A

7
9

(
F

F
Q

)
G

if
u
/C

S
F
,
1
9
–
3
4

1
8
9

7
6
.9

c
6
0
.6

±
6
2
.4

N
A

N
A

2
6
.9

±
2
6
.6

c
N

A

3
9

(
F

F
Q

)
T

a
k
a
y
a
m

a
C

it
y
/C

S
M

,
6
0
.0

F
,
5
6
.7

1
,2

4
2

3
,5

9
6

9
4
.1

c

8
3
.6

c

6
3
.6

±
5
2
.3

c

5
4
.4

±
4
0
.0

c

8
.0

±
5
.0

c

6
.9

±
4
.1

c

8
.5

8
.3

N
A

N
A

6
7

(
F

F
Q

)
T

a
k
a
y
a
m

a
C

it
y
/C

S
F
,
4
2
.7

1
,1

3
0

8
3
.5

c
8
4
.4

±
5
3
.7

c
9
.4

±
5
.8

c
1
1
.3

N
A

N
A

6
8

(
F

F
Q

)
T

a
k
a
y
a
m

a
C

it
y
/P

r
o
s
p

M
,
5
4
.6

F
,
5
5
.4

1
3
,8

8
0

1
6
,4

2
4

9
4
.3

c

8
2
.0

c

1
0
2
.1

±
7
2
.5

c

9
3
.3

±
6
4
.0

c

1
1
.3

±
7
.8

c

1
0
.5

±
7
.0

c

1
2
.0

1
2
.8

N
A

N
A

7
7

(
F

F
Q

)
N

a
g
o
y
a
/C

S
M

,
5
4
.4

F
,
5
7
.8

8
8
6

3
4
6

N
A

N
A

N
A

N
A

3
1
.7

d
1
6
.2

,
5
1
.4

e

7
4

(
D

I
)

K
y
o
to

/C
S

F
,
4
4
–
8
0

4
7
8

N
A

N
A

N
A

N
A

5
4
.3

±
1
.0

c
8
1
.1

±
1
.8

f

7
5

(
F

F
Q

)
T

a
k
a
y
a
m

a
C

it
y
/P

r
o
s
p

F
,
4
2
.9

1
,1

7
2

N
A

8
4
.9

±
5
3
.6

c
N

A
N

A
3
7
.4

±
2
2
.5

c
5
0
.1

g

7
6

(
D

R
)

N
o
r
th

e
r
n
/C

S
F
,
5
7
.9

1
1
5

N
A

N
A

N
A

N
A

4
7
.2

±
2
3
.6

c
1
2
.0

,
1
1
8
.9

h

7
8

(
F

F
Q

)
1
2

r
e
g
io

n
s
/P

r
o
s
p

F
,
4
5
–
7
4

M
,
4
5
–
7
4

3
4
,4

5
7

3
3
,1

9
5

6
4
.0

c

7
1
.0

c

N
A

N
A

N
A

2
2
.6

c

2
3
.5

c

N
A

3
2

(
D

R
)

N
a
ti

o
n
a
l

S
u
r
v
e
y
/C

S
A

ll
a
g
e
s

6
,0

0
0

f
a
m

il
ie

s

7
9
.2

c
6
6
.8

±
7
.7

c
6
.5

±
0
.8

c
N

A
2
8
.7

±
4
.1

c
2
1
.3

,
3
5
.7

i



Vol. 55, No. 1 7

C
h
in

a
,
S

in
g
a
p
o
r
e
,
a
n
d

H
o
n
g

K
o
n
g

7
2

(
F

F
Q

)
S

h
a
n
g
h
a
i/

P
r
o
s
p

F
,
4
9
.9

4
5
,6

9
4

N
A

N
A

8
.8

±
6
.3

c
N

A
4
0
.8

±
2
8
.7

c
7
.4

,
1
4
5
.7

j

3
5

(
F

F
Q

)
S

h
a
n
g
h
a
i/

P
B

C
C

F
,
4
7
.2

1
,5

5
6

N
A

1
3
5
.4

±
1
2
7

c

9
3
.5

d

1
0
.3

±
1
0
.1

c

8
.0

d

N
A

4
0
.9

±
3
9
.5

c

3
3
.2

d

1
8
.7

,
5
3
.3

d
,e

8
2

(
F

F
Q

)
S

h
a
n
g
h
a
i/

P
B

C
C

F
,
3
0
–
6
4

1
,8

2
3

N
A

N
A

N
A

N
A

9
.8

k

7
0

(
F

F
Q

)
T

ia
n

ji
n

/P
B

C
C

S
h
a
n
g
h
a
i/

P
B

C
C

F
,
4
3
.3

F
,
5
0
.0

3
0
0

5
3
4

5
0
.1

d

6
7
.2

d

N
A

2
.8

d

3
.5

d

5
.6

5
.2

N
A

N
A

2
9

(
F

F
Q

)
H

e
b
e
i

a
n
d

G
a
n
s
u
/C

S
F
,
2
0
–
6
5

1
,1

8
8

N
A

3
8
.7

±
5
8
.2

c

2
3
.5

d

N
A

N
A

1
7
.7

±
2
6
.6

c

8
.9

d

N
A

8
4

(
F

F
Q

)
H

a
n
g
z
h
o
u
/P

B
C

C
F
,
4
8
.0

6
5
2

N
A

1
0
7
.5

±
9
3
.1

c
N

A
N

A
2
4
.7

±
1
8
.8

c
N

A

8
3

(
F

F
Q

)
1
2

c
it

ie
s
/P

B
C

C
M

,
4
0
–
7
0
+

2
6
5

8
3
.8

c

5
2
.9

d

N
A

N
A

N
A

7
5
.7

c

5
4
.7

d

>
9
8
.3

l

4
2

(
F

F
Q

)
S

in
g
a
p
o
r
e
/H

B
C

C
F
,
2
4
–
8
3

4
2
0

3
8
.7

d
3
5
.6

d
2
.5

d
6
.5

N
A

N
A

7
1

(
F

F
Q

)
S

in
g
a
p
o
r
e
/P

r
o
s
p

F
,
M

4
5
–
7
4

2
6
,5

3
8

5
9
.5

m
9
6
.5

m
5
.1

m
8
.6

1
5
.9

m
N

A

3
3

(
F

F
Q

)
H

o
n
g

K
o
n
g
/P

r
o
s
p

F
,
5
5
.1

4
5
4

5
8
.3

c
N

A
7
.9

±
9
.1

c
1
3
.6

1
7
.3

±
1
9
.7

2
4
2
.6

n

3
4

(
F

F
Q

)
H

o
n
g

K
o
n
g
/C

S
M

,
4
5
.6

F
,
4
5
.6

5
0
0

5
1
0

N
A

N
A

6
.6

±
7
.0

c

4
.9

±
5
.6

c

5
.7

o
1
4
.5

±
1
5
.4

c

1
1
.0

±
1
2
.9

c

N
A

8
0

(
F

F
Q

)
H

o
n
g

K
o
n
g
/C

S
F
,
3
7
.5

F
,
6
3
.0

2
9
3

3
5
7

N
A

N
A

N
A

2
9
.7

±
3
1
.3

c

2
1
.9

±
3
7
.5

c

5
.3

,
3
3
.2

5

8
.8

,
4
0
.6

e

8
1

(
F

F
Q

)
H

o
n
g

K
o
n
g
/P

r
o
s
p

F
,
3
0
–
4
0

1
3
2

N
A

N
A

N
A

N
A

6
.2

±
7
.0

c
N

A

a
:

A
b
b
r
e
v
ia

ti
o
n
s

a
r
e

a
s

f
o
ll

o
w

s
:

F
F

Q
,
f
o
o
d
-
f
r
e
q
u
e
n
c
y

q
u
e
s
ti

o
n
n
a
ir

e
;

D
I
,
d
ie

ta
r
y

in
te

r
v
ie

w
;

D
R

,
d
ie

ta
r
y

r
e
c
o
r
d
.
N

A
,
n
o
t

a
p
p
li

c
a
b
le

o
r

n
o
t

a
v
a
il

a
b
le

.

b
:

C
S

,
c
r
o
s
s

s
e
c
ti

o
n
;

P
r
o
s
p
,
p
r
o
s
p
e
c
ti

v
e
;

P
B

C
C

,
p
o
p
u
la

ti
o
n
-
b
a
s
e
d

c
a
s
e

c
o
n
tr

o
l;

H
B

C
C

,
h
o
s
p
it

a
l-

b
a
s
e
d

c
a
s
e

c
o
n
tr

o
l.

c
:

M
e
a
n

o
r

m
e
a
n

±
s
ta

n
d
a
r
d

d
e
v
ia

ti
o
n
.

d
:

M
e
d
ia

n
.

e
:

2
5
th

a
n
d

7
5
th

p
e
r
c
e
n
ti

le
s
.

f:
M

e
a
n

±
s
ta

n
d
a
r
d

e
r
r
o
r

f
o
r

th
e

f
o
u
r
th

q
u
a
r
ti

le
(
c
u
to

ff
,
>

6
5

m
g
;

n
=

1
3
2
)
.

g
:

M
e
d

ia
n

in
ta

k
e

f
o

r
th

ir
d

te
r
ti

le
.

h
:

I
n
d
iv

id
u
a
l

lo
w

a
n
d

h
ig

h
in

ta
k
e
s
.

i:
R

a
n
g
e

b
a
s
e
d

o
n

g
r
o
u
p

m
e
a
n
s
.

j:
M

e
a
n

is
o
f
la

v
o
n
e

in
ta

k
e
s

f
o
r

th
e

8
.8

%
o
f

w
o
m

e
n

w
h
o

c
o
n
s
u
m

e
d

<
2
.5

g
/d

a
y

o
f

s
o
y

p
r
o
te

in
a
n
d

th
e

2
.2

%
w

h
o

c
o
n
s
u
m

e
d
≥

2
5

g
/d

a
y

o
f

s
o
y

p
r
o
te

in
.

k
:

G
e
o
m

e
tr

ic
m

e
a
n
.

l:
V

a
lu

e
r
e
p
r
e
s
e
n
ts

th
e

c
u
to

ff
f
o
r

th
e

f
o
u
r
th

q
u
a
r
ti

le
o
f

in
ta

k
e

a
n
d

w
a
s

d
e
te

r
m

in
e
d

b
y

s
u
m

m
in

g
th

e
in

d
iv

id
u
a
l

c
u
to

ff
s

f
o
r

d
a
id

z
e
in

a
n
d

g
e
n
is

te
in

.

m
:

V
a
lu

e
r
e
p
r
e
s
e
n
ts

e
s
ti

m
a
te

b
a
s
e
d

o
n

th
e

u
n
w

e
ig

h
te

d
a
v
e
r
a
g
e

o
f

d
a
ta

r
e
p
o
r
te

d
f
o
r

th
e

s
e
c
o
n
d

a
n
d

th
ir

d
q
u
a
r
ti

le
s

o
f

to
ta

l
s
o
y

in
ta

k
e
.

n
:

E
s
ti

m
a
te

d
m

e
a
n

f
o
r

th
e

f
o
u
r
th

q
u
a
r
ti

le
o
f

in
ta

k
e

b
a
s
e
d

o
n

th
e

s
ta

te
d

m
e
a
n

s
o
y

p
r
o
te

in
in

ta
k
e

f
o
r

th
is

q
u
a
r
ti

le
.

o
:

V
a
lu

e
f
o
r

m
e
n

a
n
d

w
o
m

e
n

c
o
m

b
in

e
d
.



cities in China (83). Mean daily isoflavone intake was 75.7

mg/day. One cautionary note about this study, however, is

that isoflavone intake appears to be much higher than would

be predicted on the basis of the reported soy food intake.

Estimates of Upper Soy Protein

and Isoflavone Intakes

Several studies provide important insight into the upper

levels of soy protein and isoflavone intakes in Asia. For ex-

ample, in a Japanese study involving over 3,000 subjects,

mean fourth-quartile soy protein intakes for men and women

were 13.0 g/day and 11.0 g/day, respectively (39). Higher

values were reported in a Japanese study involving 30,000

subjects; mean third-tertile soy protein intakes for men and

women were 17.4 g/day and 15.9 g/day, respectively (68)

(personal communication, Chisato Nagata, March 9, 2004).

Mean soy protein intake for the fourth quartile in the Shang-

hai prospective study involving middle-aged women cited

previously (73) was 16.7 g/day (personal communication,

Xianglan Zhang, January 10, 2003).

Interestingly, although as noted previously soy protein in-

take in Hong Kong is low in comparison with Japan, Ho et al.

(33) found adult female mean fourth-quartile soy protein in-

take to be 19.4 g/day, higher than the corresponding values in

the three previously cited studies from Japan and Shanghai.

Overall, these protein intake data suggest that daily mean

isoflavone intake among women in the upper tertile or quar-

tile is approximately 60 mg. This estimate is quite a bit lower,

however, than the intake of 83.3 mg reported for women in

the fourth quartile in the Japanese study by Somekawa et al.

(74).

Four studies are noteworthy for providing insight into the

very upper range of soy intake. Two of these studies are from

Shanghai; in one, the soy protein intake cutoff for the 90th

percentile was ≤19.9 g/day (35), and, in the other, the 95th

percentile soy protein intake was 19.7 g/day (73). Also, ap-

proximately 2% of women in this cohort consumed ~146

mg/day of isoflavones (72). Finally, two studies from Japan

suggest that approximately 5% of adults consume as much as

100 mg of isoflavones per day (76,77).

Intake Trends and Intake According to Age

According to the Japanese NNS, soy (Fig. 3) and

isoflavone (Fig. 4) intake increased in each 10-yr age group

between 20–29 and 60–69. Thus, the possibility exists that

the mean intake reported in the current analysis slightly un-

derestimates the intake of the traditional Japanese diet be-

cause much of the data come from subjects ≤59 yr old. There

is also the possibility that westernization of the diet has led to

a reduction in soy intake among even older Japanese adults

and thus the current data underestimate the soy intake of tra-

ditional Japanese. However, this appears not to be the case

because data from the NNS suggest that soy intake among

older Japanese (that is, ≥60 yr) remained constant between

1980 and 1992 (85). In 1980, people who were 60 yr old were

born in 1920, prior to the westernization of the Japanese diet.

This having been said, because over time different methodol-

ogies for assessing intake may have been employed, findings

related to intake trends should be regarded with caution.

Generalizability of the Data

It is important to recognize that the studies presented in

this review are not necessarily representative of the intake of

all subsets of the Asian population and all regions within the

countries discussed. For example, Liu et al. (29) found that,

among rural Chinese, education level was positively corre-

lated with soy intake. With regard to China, the importance of

the soybean as a crop differs dramatically among different re-

gions within this country (86), and there is about a fourfold

range in intake among just the studies reported in Table 3. Liu

et al. noted that the national average for total soy food intake

in China for the period 1990–1998 was only 17.8 g/day,

which likely represents an isoflavone intake of ≤10 mg/day

(29). In their specific study, they reported an isoflavone in-

take of 17.7 mg/day (29). In contrast, Dai et al. (35) and Yang

et al. (72) reported daily intakes in Shanghai of approxi-

mately 41 mg, and, in a study that included 12 cities in China,

Lee et al. (83) reported a daily intake of 75 mg.

Soy intakes reported for several different locations in Ja-

pan, including Gifu (36), Nagoya (77), Kyoto (74),

Takayama City (75), and Aichi Prefecture (87) (this study re-

ported only total soy foods so it is not included in Table 3),

were fairly similar, displaying about a twofold range. How-

ever, these locations are all from the central part of Japan.

Okinawans have been said to be especially high soy consum-

ers (88), but several small studies suggest that their absolute

soy protein intake is similar to that reported in this article, al-

though when expressed as a percentage of total protein it may

be somewhat higher (89–93).

There is also the issue of urban versus rural soy intake—a

potentially important distinction if rural intake more accu-

rately reflects the traditional Asian diet. However, available

data do not suggest consistent differences between rural and

urban areas. For example, Adlercreutz et al. (94) reported

that isoflavone intake among subjects (age ~48 yr) from a ru-

ral village south of Kyoto was similar to that reported for ur-

ban Japanese. Similarly, according to the Korean National

Household Survey, the mean daily isoflavone intake (15.1

mg) of individuals living in large cities was almost identical

to the isoflavone intake (15.2 mg) of individuals living in ru-

ral areas (95).

Conclusions and Implications of Findings

Precisely quantifying the intake of any dietary

microcomponent is difficult but for at least two reasons may

be especially so in the case of isoflavones. First, food pro-

cessing (96), the environmental conditions under which the

soybean is grown, and the soybean variety in question all af-

fect isoflavone content (97–101). Second, there are many
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commonly consumed dishes throughout Asia that contain

small amounts of soy. However, most of the data suggest it is

unlikely that intake was substantially underestimated as a re-

sult. Wakai et al. (77) found that, among the Japanese sub-

jects in their study, four soy foods (tofu, miso, natto, and fried

tofu) accounted for about 90% of total isoflavone intake.

Similarly, Somekawa et al. (74) found that soybean curd, fer-

mented soybeans, and soybean paste provided 88% of total

isoflavone intake of Japanese women. Among Chinese

women, Zhang et al. (73) found that soymilk, tofu, and pro-

cessed soy products other than tofu accounted for 81% of to-

tal soy protein intake consumed. Parenthetically, today, in

both Japan and China nonfermented foods provide approxi-

mately half of the total soy intake (73,74,77,102,103).

The results from this review can be summarized as fol-

lows: average daily soy protein and isoflavone intakes of

older Japanese adults are approximately 6–11 g and 25–50

mg, respectively. This isoflavone intake range is consistent

with a daily Japanese isoflavone intake of ~35 mg recently

estimated using the market basket method (104). Data indi-

cate that soy intake in Hong Kong and Singapore is lower

than in Japan, whereas intake in China varies markedly ac-

cording to region, although two studies from Shanghai found

that isoflavone intake in that city is comparable with Japa-

nese intake (35,72). It is likely that a relatively small (≤10%)

proportion of the population in Asia consumes daily as much

as 25 g of soy protein or 100 mg of isoflavones. Thus, if his-

torical precedent can be used as one measure of safety, then a

reasonable upper limit for isoflavone intake from traditional

soy foods is approximately 100 mg/day. This having been

said, it is worth noting that short-term clinical trials provide

little, if any, evidence of harm in response to isoflavone in-

takes that greatly exceed this level (105–108). Nevertheless,

there is a need for long-term safety data.

As noted at the onset, there may be differences between

Asians and non-Asians that affect how each group responds

to isoflavones. It is interesting to consider whether, in com-

parison with Asians, the generally larger body size of

non-Asians indicates that larger amounts of isoflavones are

required by non-Asians to derive any potential benefits. Re-

search comparing isoflavone pharmacokinetics in Asians

with non-Asians is needed. The extent, if any, to which soy

contributes to the relatively low rates of certain cancers, es-

pecially breast and prostate cancer, in Asia is uncertain. Also

unclear is whether soy must be consumed throughout life, or

during certain periods of life, to exert anticancer effects. In

this regard, one of the most intriguing hypotheses is that soy

consumption during childhood/adolescence reduces adult

breast cancer risk (109–111). Conversely, evidence suggests

that late-life influences greatly affect prostate cancer risk

(112), and recent preliminary data indicate that isoflavones

may help to reduce disease progression in prostate cancer pa-

tients (113–115).

If soy does contribute to the lower breast and prostate can-

cer incidence in Asia, then the current analysis suggests that

an average daily isoflavone intake of 25–50 mg may be effi-

cacious. However, epidemiological studies demonstrating in-

verse associations between soy intake and risk involve com-

parisons across intake categories, and the largest reductions

in risk are typically associated with intakes greater than the

mean (83,111,116). Thus, the mean isoflavone intake of

25–50 mg/day may underestimate the amount needed for

maximum protection against cancer. Maximum protection

might require the consumption of closer to 75 mg of

isoflavones per day. This amount is provided by approxi-

mately three servings (for example, 250 ml of soymilk,

85–100 g of tofu, and 85 g of cooked soybeans) of traditional

soy foods. The daily consumption of this amount of soy un-

doubtedly represents a significant dietary challenge for most

non-Asians. Finally, it should be noted that the intake values

presented in this article are not intended to serve as an exact

measure but rather as a general estimate and range of soy in-

take among different Asian populations. Future research may

produce more precise data.

Addendum

Subsequent to the completion of this manuscript an addi-

tional study fitting the inclusion criteria was identified (117).

This study found mean (± SD) daily isoflavone intake among

Korean women (n = 178) aged 35 to 60 yr to be 24.4 ± 25.1

mg. Intake among pre-and postmenopausal women was 21.8

and 30.1 mg/day, respectively.
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