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Abstract

Isoflavones have been shown to improve glucose metabolism, but epidemiologic data are fimited. We prospectively
investigated the relationship between soy product and isoflavone intake and the risk of developing type 2 diabetes among
Japanese aduits. Participants were 25,872 men and 33,918 women aged 45-75 y, who participated in the second survey
of the Japan Public Health Center-Based Prospective Study and had no history of diabetes. Soy product and isoflavone
intakes were ascertained using a 147-item FFQ, Odds ratios of self-reported, physician-diagnosed type 2 digbetes over 5y
were estimated using logistic regression analysis. A total of 1114 new cases of type 2 diabstes were self-reported. Intakes
of soy products and isoflavones were not significantly associated with type 2 diabetes in either men or alt women.
However, among overweight women {BM| 226 kg/m?), a higher intake of soy products was associated with a lower risk of
type 2 diabetes; multivariable-adjusted odds ratios (35% Cl) for the lowest through highest quintiles of soy product intake
were 1.00 (referencel, 0.78 (0.52-1.18), 0.79 (0.52-1.20), 0.62 (0.39-0.99), and 0.89 (0.55-1.44), respectively, and we
found a similar risk pattern for daidzein and genistein intakes. Overall, our results suggest that there are no benefits of soy
product or isoflavone intake with respect 1o risk of type 2 diabetes in either men or women. The possible protective

associations of soy and isoflavone intakes among overweight women deserves further investigation.

580-588, 2010.
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Introduction

The prevalence of type 2 diabetes is increasing worldwide (1}
and is now relatively high among the Japanese, who have
experienced rapid cconomic growth over the past several
decades (2). Reports have suggested that soybeans and soy
products such as tofu and natto {fermented soybeans), foods
commonly consumed by the Japanese, may have beneficial
effects on health (3). Animal studies have found that isoflavones,
a major phytoestrogen found in these foods, improve glucose
tolerance and exert an antidiabetic effect {4), suggesting that soy
product and isoflavone intake may decrease risk of type 2
diabetes. However, human data on this issue are limited.

Of 2 cross-sectional studies that examined the association
between isoflavone intake and glucose tolerance, 1 reported
lower levels of fasting and postchallenge insulin concentrations
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Cardiovascular Diseases H19-016} from the Ministry of Health, Labour and
Welfare of Japan.

2 Author disclosures: A. Nanri, T. Mizoue, Y. Takahashi, K. Kini, M. inoue,
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among persons with high isoflavone intake than among those
with low intake (5), whereas another found no link between
isoflavone intake and glycated hemoglobin or fasting insulin (6).
In prospective studies, elevated intake of soybeans and other
legumes has been linked to a decreased risk of glucose
intolerance (7,8) and type 2 diabetes (9); however, the associ-
ation with isoflavone intake was not assessed in these reports.
Some (10,11), but not all (12-14), intervention studies of
patients with type 2 diabetes have reported favorable effects
of isoflavones and soy-based meal on glycated hemoglobin
or insulin resistance.

Here, to assess the association of soy products and
isoflavones with the development of type 2 diabetes, we pro-
spectively investigated the relationship of dietary intake of soy
products and isoflavones (genistein and daidzein) with the risk
of developing type 2 diabetes using data from a large-scale,
population-based cohort study in Japan.

Participants and methods

Study population. The Japan Public Health Center-Based Prospective
(JPHC) Study was launched in 1990 for cohort 1 and in 1993 for cohort II

0022-3166/08 $8.00 © 2010 American Society for Nutrition.
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{15). Participants were residents of 11 public health centers aged 40-69 y
{assessed at each baseline survey). Our study was approved by the
Institutional Review Board of the National Cancer Center of Japan.

Among the study population at baseline (n = 140,420}, we excluded
those who resided in 2 public center areas because of the differences in
recruitment criteria, Of the remaining 116,672 eligible participants,
95,373 (81.7%) responded to the questionnaire survey at the baseline.
Of these, 80,128 (84.0%) also responded to the S-y survey {second
survey), which is the baseline of the present analysis. Of these, 71,075
(88.7%) responded to the 10-y survey (third survey). We excluded
participants who reported a history of type 2 diabetes (n = 5183} or
sevece diseases {n = 6284), including cancer, cerebrovascular disease,
myocardial infarction, chronic liver disease, and renal disease, at
baseline or second surveys. An additional $90 participants who reported
extreme total energy intake {outside of mean * 3 SD, according to sex)
were excluded, leaving a total of $9,791 participants {25,872 men and
33,919 women) ultimately enrolled in our analysis.

Soy product and isoflavone intake. At baseline, second, and third
surveys, participants completed a self-administered questionnaire that
included queries regarding heighr, body weight, medical history,
smoking habit, alcohol consumption, physical activity, diet, and other
lifestyle factors. In the present analysis, we used data from the second
survey, which was conducted in 1995 for cohort [ and in 1998 for cohort
11, as baseline. We did this because the questionnaire used for that survey
contained more comprehensive information on food intake than that
used for the baseline survey, At the second survey, a FFQ was used to
assess intakes of 147 food and beverage items over the past year (16),
Miso (fermented soybean paste) soup, tofu, yushidofu (predrained tofu),
koyadofu (freeze-dried tofu), aburaage (deep-fried tofu), matto (fer-
mented soybeans), and soy milk wete included in the FFQ as soy
products. For miso soup, potential responses regarding intake frequency
were: almost never, 1-3 d/mo, 1-2 d/wk, 3-4 d/wk, 5-6 d/wk, or daily.
Potential responses to the number of bowls consumed were: <1, 1, 2, 3,
4, 5, 6, 7-9, or =10/d. For items other than miso soup and soy milk,
participants described consumption frequency by choosing 1 of 9
options (almost none, 1-3 times/mo, 1-2 rimes/wk, 34 times/wk, 5-6
times/wk, once/d, 23 times/d, 4-6 times/d, or =7 times/d). A standard
portion size was specified for each food and respondents were asked to
choose their usual portion size among 3 options (less than one-half of the
standard portion size, standard portion size, or >1.5 times of the
standard portion size). Nine frequency options were given for soy milk:
almost none, 1-2 times/wk, 3-4 times/wk, 5-6 times/wk, 1 cup (1 cup =
200 mL)/d, 2-3 cups/d, 4-6 cups/d, 7-9 cups/d, or 210 cups/d. Total soy
product consumption was calculated from these responses, and total
isoflavones (daidzein and genistein} intake was calculated based on a
food composition table specifically developed 1o assess isoflavone
content in Japanese foods (17,18).Validity was assessed among subsam-
ples using either 14- or 28-d dietary records. Spearman correlation
cocfficients between energy-adjusted intake for soy products, daidzein,
and genistein derived from the FFQ and thar derived from the dietary
records were 0.44-0.60 for cohorts I and I1 (19-21). The corresponding
values for daidzein and genistein between energy-adjusted intake derived
from the FFQ and serum concentration was 0.26 and 0.22, respectively,
whereas that between energy-adjusted intake derived from the FFQ and
creatinine-adjusted urinary excretion was 0,40 and 0.30, respectively
(21). With regard to the reproducibility of estimations between the 2
FFQ administered 1 y apart, Spearman correlation coefficients for
energy-adjusted intake of soy products, daidzein, and genistein were
0.41-0.67 for cohorts | and 11 (19,21,22).

Agcartainment of type 2 digbetas. Type 2 diabetes newly diagnosed
during the 5-y period after the second survey was determined by a self-
administered questionnaire at the third survey. At the third survey, study
participants were asked if they had ever been diagnosed with diabetes
and, if so, when the initial diagnosis had been made. Because we used the
second survey as the starting point of observation for the incidence of
type 2 diabetes, only patients who were diagnosed after 1995 for cohort 1
and 1998 for cohort Il were regarded as incident cases during follow-up.
Details regarding assessment of the validity of self-reported diabetes

have been described elsewhere (23). In a previous study we conducted,
94% of self-reported diabetes cases were confirmed as such by medical
records. On application of these data to the survey results obtained from
a JPHC subpopulation (health checkup participants) whose plasma
glucose data were available, the sensitivity and specificity of self-reported
diabetes were estimated to be 82.6 and 99.7%, respectively.

Statistical analysis. Soy product, daidzein, and genistein intakes were
adjusted for total energy intake using a residual method. Participants
were divided by gender into intake quintiles. Confounding variables
considered were as follows: age {year, continuous), study area (9 areas),
BMI (<21, 21-22.9, 23-24.9, 25-26.9, or =27 kg/m®}, smoking habit
{lifetime nonsmoker, former smoker, or current smoker with a con-
sumption of cither <20 or =20 cigarettes/d), alcohol consumption
{nondrinker, occasional drinker, or drinker with a consumption of <150,
150-299, 300449, or =450 g ethanol/d for men and nondrinker,
occasional drinker, or drinker with a consumption of <150 or 2150 ¢
ethanol/d for women), leisure-time physical activity {<once/mo, 1-3
times/mo, or =once/wk), history of hypertension {yes or no}, family
history of diabetes mellitus {yes or no), coffee consumption (almost
never, <1 cup/d, 1 cup/d, or =2 cups/d), green tea consumption (almost
never, <1 cup/d, 1 cup/d, 2-3 cups/d, or =4 cups/d), energy-adjusted
magnesium intake (mg/d, continuous), energy-adjusted calcium intake
(mg/d, continuous), energy-adjusted fiber intake {g/d, continuous),
energy-adjusted vegetable intake (g/d, continuous), energy-adjusted fish
intake (g/d, continuous), and toral energy intake {(k}/d, continuous}. An
indicator variable for missing data was created for cach covariate,
We confirmed that the results were unchanged when analyses were
conducted among participants with no missing information of all
covariates. Trends of differences in proportions and means of confound-
ing factors according to quintile categories of soy product intake were
statistically tested using the Mantel-Haenszel chi-squared test for
categorical variables and linear regression analysis for continuous
variables, with ordinal numbers 04 assigned to the quintile categories
of soy product intake.

Odds ratios and 35% Cl of type 2 diabetes for the quintiles of soy
product, daidzein, and genistein intakes were estimated using multiple
logistic regression analysis, taking the lowest quintile category as
reference. The first model was adjusted for age and study area, and the
multivariable model was further adjusted for BMI, smoking habir,
alcohol consumption, leisure-time physical activity, history of hyperten-
sion, family history of diabetes, coffee consumption, green tea con-
sumption, magnesium intake, calcium intake, fiber intake, vegerable
intake, fish intake, and total energy intake. We also analyzed data by
BMI (<25 kg/m? or 225 kg/m?}, smoking status {nonsmoker or current
smoker) in men only, and menopausal status (premenopausal or
postmenopausal) in women only. The cutoff for BMI used in this study
was the lower limit of obesity for Japanese populations, which was
determined by the Japan Society for the Study of Obesity (24). Because
most women {95.8%) were nonsmokers, we did not perform analysis
stratified by smoking status among women. The significance of the
interactions between soy product, daidzein, and genistein intakes and
stratifying variables was assessed by the Wald chi-squared statistic. Two-
sided P-values <0.05 were considered significant. All analyses were
performed using SAS version 9.1 {SAS Institute).

Results

We identified 1114 new cases (634 men and 480 women) of self-
reported type 2 diabetes over the S-y period between the second
and third surveys, At the time of the second survey {the baseline
of the present analysis), both men and women with incident type
2 diabetes had a higher BMI and were more likely to report a
family history of diabetes mellitus and own history of hyper-
tension than those without (Table 1). Women with incident type
2 diabetes were also more likely to be older and physically
inactive during leisure time and consumed less coffee than those
without type 2 diabetes,

Soy products, isoflavones, and type 2 diabetes 581
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TABLE 1 Baseline charactaristics according to participants with and without incident type 2 diabetes
during follow-up in the JPHC Study'?

Men Women
Nondiabetics  Diabetics  P-velug® Nondigbetics  Diabstics  P-value®

Participants, n 25238 634 33,438 480

Age, ¥y 566 =17 568 73 0.28 §71 %78 83 =77 oom
BMI, kg 235 =28 252233 <0.001 235 + 31 257 37 <G00t
Cusrant smoker, % 455 488 0.26 42 5.9 0.08
Alcohol consumption =3 dfwk, % §8.3 87. 0.58 11 15 0.02
Leisurg-time physical activity =1 d/wk, % 210 25 037 203 16.6 0.052
Family history of diabates mellitus, % 17 147 <D.00t 81 146 <0.001
History of hyperiansion, % 171 248 <0.00% 180 350 <000t
Cotfea consumption =1 cup/d,* % 320 308 051 350 293 01
Graen tea consumption =1 cup/d.! % 60.3 598 083 62.1 59.3 022
Total anergy intake, KJ/d 9408 = 3147 9218 = 1 0.13 8019 = 2787 7958 = 3023 0.84
Soy products.® g/d 88+ 76 8= 7 043 88 %76 9 + 82 008
Miso soup, ml/d 261 = 17% AR i 0.16 215 = 151 212 £ 157 0.64
Daidzein, mg/d 160 = 112 1681 = 113 Q.76 158 * 110 16.4 * 125 0.2
Genistain, mg/d 256 %189 259 =* 188 0.73 255+ 186 6.7 £ 208 D18
Magnasium, mg/d 219 = 56 278 x 56 0.54 21 = 50 M =83 0.50
Calcium, mg/d 498 + 223 497 * 228 0.88 540 = 211 524 > 203 008
Vegetables, ¢/d 198 = 120 183 = 122 0.38 230 = 134 236 = 155 032
Fiber, g/d 116 2 45 N4 x4 033 132 £ 44 135 = 48 0.22
Fish, g/d 91 £ 58 89 = 82 0.46 86 * 50 87 £ 52 0.61

! values are mean x SD of percent.
2 Diagnosis of type 2 diabetes was based on self-report.

3 8ased on t test for continuous verisbles and chi-square test for categorical variables.

*1¢up = 120 mL.

% Soy products include miso soup, tolu, yushidofu, koyadofu, aburssgs, natto, end soy mitk.

Among both men and women, participants with a relatively
higher intake of soy products were older and physically more
active in their leisure time and were less likely to be smokers
(Table 2). These individuals also had a higher BMI and
consumed more magnesium and calcium but less alcohol and
coffee and were more likely to report a history of hypertension
than participants with lower soy intakes. Women with higher
intakes of soy products were less likely to have a family history
of diabetes mellitus, Both men and women with high intakes of
soy products reported lower total energy intake than those with
low soy product intake.

Overall, there were no measurable associations between soy
product, daidzein, and genistein intakes and type 2 diabetes in
either men or women, although we found somewhat lower odds
ratios among women in the higher intake categories (Table 3). In
an analysis stratified by BMI, elevated intakes of soy products,
daidzein, and genistein were associated with decreased incidence
of type 2 diabetes in overweight women (BMI =25 kg/m?)
(Table 4), Further, risk was significantly decreased in the 4th, but
not the highest, quintile of energy-adjusted intakes of soy
products, daidzein, and genistein compared with the lowest
quintile, The multivariable-adjusted odds ratios (95% Cl} of
type 2 diabetes for the second through highest quintiles of
energy-adjusted intake of soy product versus the lowest quintile
were 0.78 (0.52-1.18), 0.79 {0.52-1.20), 0.62 (0.39-0.99), and
0.89 (0.55-1.44), respectively. Similarly, overweight women in
the 4th quintile of energy-adjusted intakes of genistein and
daidzein had an ~40% lower risk of developing type 2 diabetes
than those in the lowest quintile, In the analysis by menopausal
status, postmenopausal women in the 4th quintile of energy-
adjusted intakes of genistein and daidzein had an ~30% lower
risk of type 2 diabetes compared with those in the lowest quintile
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(genistein: OR 0.73,95% CI, 0.51-1.05; daidzein: OR 0.63, 95%
Cl, 0.48-1.00}, although the trend association was not clear
{genistein: P-trend = 0.67; daidzein: P-trend = 0.49) (data not
shown). Such decreases in odds ratios were not observed in
women with a BMI <25 kg/m? or in premenopausal women. The
P-values for the interactions berween soy products, daidzein, and
genistein and BMI were 0.33, 0.03, and 0.02, respectively, and
those between soy products, daidzein, and genistein and meno-
pausal status were 0.36, 0.08, and 0.17, respectively.

To confirm the results suggestive of a protective association in
subgroups of women, we repeated the analysis by creating
quintiles based on crude dietary intakes instead of energy-
adjusted ones (Table 4). In women with a BMI = 25 kg/mz, we
observed inverse associations for crude intakes of soy products
(P-trend = 0.027), daidzein (P-trend = 0.042), and genistein (P-
trend = 0.052). The multivariable-adjusted odds ratio of type 2
diabetes was ~40-50% lower in the highest quintile of crude
intakes of soy product, daidzein, and genistein than in the
lowest. Such a monotonic decreasing trend was also observed
among postmenopausal women, with the odds ratio of type 2
diabetes being 30-40% lower in the highest versus lowest
quintiles {data not shown).

In men, there was no measurable association between soy
product and isoflavone intakes and risk of rype 2 diabetes in any
subgroup stratified by BMI or smoking status; the multivariable-
adjusted odds ratios of type 2 diabetes for the highest versus the
lowest quintile of energy-adjusted intake of soy products were
1.19 (95% CI, 0.77-1.83; P-trend = 0.42) in nonoverweight
persons, 0.83 (95% CI, 0.53-1.29; P-trend = 0.28) in over-
weight persons, 1.15 (95% CI, 0.76~1,76; P-trend = 0.62) in
nonsmokers, and 0.87 (95% CI, 0.55-1.39; P-trend = 0.62) in
smokers {data not shown).
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TABLE 2 Baseline characteristics according to quintile categories of soy product intake in the JPHC Study'™3

Q1 tlow) a2 a3 Q4 Q5 (high} P-trand*
Men, n- 25872
Participants, n 5124 5178 5174 5175 5174
Age. y 556 =79 56178 565 >1717 820 =15 578~ 16 <3001
BML, kg 35x128 234=28 235+28 235 %28 238 +28 <0.001
Current smoker, % 516 0.1 46.9 444 398 <0.00
Aleohol consumption =1 diwk, % 58.3 708 694 887 638 <0.001
Leisure-time physical agtivity =1 g/wk, % 188 138 20 214 248 <g.00
Family history of diabetes melfitus, % 75 17 85 80 77 0.56
History of hypesteasion, % 141 18.5 16.8 19 200 <0001
CoMs consumption =1 cup/d.® % 410 338 303 283 268 <0.00Y
Green tea consumption =1 cupid® % 532 810 842 618 60.7 «<{.001
Total energy ntake, kJ/d 9446 = 3378 9482 > 3038 9506 x 3039 9425 = 2975 8158 = 3272 <0.001
Sy progucts, g/ W1 538 Bxs 99 =10 186 = 117 <0.001
Miso scup, mi/d 130 = 102 238 = 134 292 = 158 315 2178 331+ 204 <(.001
Daidzein, mg/d 5724 15 +25 146 * 36 194 » 53 29.9 > 154 <0001
Ganistein, mg/d 88 = 37 16.4 = 40 229 =57 308 * 83 434 + 262 <0.001
Magneswm, mg/d 242 = 48 267 > 44 2718 = 46 292 = 48 321 = 80 <{.001
Calcium, mg/d 434 = 253 450 = 208 488 + 204 517 + 194 592 = 218 <{.061
Vagetahies, g/d 163 = 133 188 = 120 200 > 122 08 > 120 228 = 41 <0.001
Fiver, g/d 9242 0.7 =38 117 £ 38 126 £ 40 138x43 <0061
Fish, g/ 86 = 59 89 = §1 93 = 53 95 * 96 93 = 60 <0.001
Women, 1= 33819

Farticipants, n B.783 6.784 6.784 6,784 5,784
Age.y 565 > 84 568 = 79 569 = 77 51375 581+ 73 <0.001
B, kg/m 234+ 31 234 + 30 238 = 34 236+ 31 238 +32 <0.001
Cuntent smoker, % 88 42 a8 34 35 <0.001
Alcohol consumpuion =1 diwk, % 128 121 120 8.7 88 <0.80
Leisure-time physical activity =1 diwk, % 18.7 185 200 208 221 <0001
Family history of diabetes mellitus, % 83 85 a4 75 17 0.002
History of hyperiension, % 163 188 184 194 233 <3601
Cotfee consumption =1 cup/d.® % 463 12 18 300 280 <0.001
Green 1ea consumption =1 cup/d’® % 58.4 644 B5.3 53.5 58.3 0.45
Total energy 1ntake, kJ/d 7989 = 3058 8164 * 2803 8138 * 2664 8000 = 2565 7800 * 2823 <0.00
Soy products, g0 29+ 10 52=5 2=t 87 =9 190 & 137 <0.001
Mise soup, ml/d 3= gt 192 £ 120 234 + 140 262 * 158 278 2175 <0.001
Daidzsin, mg/d 58223 104 = 28 144 + 38 188 + 52 236 = 148 <0.001
Genistein, mg/d B8 =37 183 > 41 229 >538 304 = 8. 4G4 * 253 <0.001
Magnesium, mg/d 237 =43 %8 £ 4t A0 £ 39 82 =4 308 > 56 <0.001
Calcium, mg/d 486 = 245 517 = 207 530 + 18D 952 = 183 615 = 203 <{.001
Vegesables, g/d 199 = 133 22 =127 83 =126 239 =126 58 = 152 <000
Fiber, g/d 111 =41 126 £ 39 133+ 38 140 * 40 191 % 60 <0001
Fish, ¢/d 82 » 58 86 = 47 63 + 46 83 = 47 86 + 53 <0001

! Valugs are mean = SD or percent.

230y products inciude ousa soup, toly, yushidofu, koysdofu, sbucaage. netto, and soy milk.
2 Quintites of soy product intake: men, Q1: <43.1 g, G2: 43.1 10 <62.5 ¢, Q3: 62.5 10 <B83.7 g, 04: 83.7 10 <117.3 ¢, O6: =117.3 g; women, Q1: <428 g, 02 42.81c <61.7 g,

Q3: 61.7 10 <82.8 ¢, Q4.828 16 <1160, 05: 21160 g.

* Based cn the Mantel-Haenszel chi-squared tast for categorcal varsblas and finear regrassion aralysis for continuous vanables, assigning ordinal numbers 0-4 to quintile

categnres of soy producs intake.
51 cup =120 mi.

Discussion

In this large-scale, population-based prospective study among
Japanese adults, soy product and isoflavone intakes overall were
not found to be significantly associated with risk of developing
type 2 diabetes in either men or women, In stratified analyses by
BMI or menopausal status {women only), however, we found a
decrease in risk of type 2 diabetes assoctated with higher levels
of soy product, daidzein, and genistein intakes in overweight
women and, to a lesser extent, in postmenopausal women. To

our knowledge, ours is the first prospective study to examine the
association of isoflavone intakes with type 2 diabetes in an
apparently healthy population.

With regard to findings in women, although intake of soy
products or isoflavones was not associated with risk of type
2 diabetes for all women in the present study, a suggestive
protective association was noted among overweight women,
No previous study to our knowledge has assessed the asso-
ciation hetween intake of these food factors and type 2 dia-
betes or glucose intolerance stratified by BML Among studies
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TABLE 3 :
the JPHC Study’

Ddds ratios and 95% CI of type 2 disbetes according to quintile categories of soy product, deidzein, and genistein intakes in

Men, n= 25872

Waman, #= 33318

Age- and ares-  Multivarisble- Age- and ares-  Multivariabie-
Hangae of  Participants, Cases, adjusted adjustac? Range of  Pasticipants, Cases, sdjusted odjustad’ OR
intaka 7 n OR {95% Ch OR {85% Th) intake n o OR {85% Cl) {895% €1
Soy products
Q1 tow) <43t g 5174 124 100 freferancel 1.0 ireference) <428¢ 8783 103 100 ireferance) 100 {referencel
a2 431, <628 5175 129 1054083, 135 1.05{082,1.36) 428, <BL7 §784 85 0B2{062, 1.0} 084{052, 133
a3 B25 <837 6174 123 1000077128 1.0010.76, 1.30) §1.7, <828 6784 q7 084 {070, 125 0.33{088, 1.28
Q4 B2, <1173 5178 125 1070078, 1.3 10040678, 1.3% 828, <1160 6784 82 0.7810.87, 1051 0.77 {085, 1.0}
05 ifughi >3123 3174 133 L0B{0S2, 1380 102075 138 =1150 5784 113 1051078, 1400 0383070, 138
Paend® 0.78 088 D8 43
Daidzem
Gt {ipwl <18mp 8174 113 100 (refaroncet 100 ireference} <17 mg 6783 107 1.00 {referencel 1.0 {eeferancs]
7] 78 <118 5178 132 1134088 148 1121086, 148} 77 <115 8784 83 07810.38, 1.950 0.2810.88, 1.65)
03 118, <160 5174 140 1211084, 155 L201382 1.56) 118, <158 6784 95 080087, 1200 C92{068 124
04 60, <224 5175 119 103078 1.35) 1.00{0.75 L34} 158 <220 8783 87 QB1(DSD, 1100 07905, 109
05 {highi 2724 5174 124 1081082, 1421 101 {072 1400 2220 5784 108 160{0.75, 1.34 0824064, 1.32
Fuend® 0.88 0.84 0.88 0.65
Genistein
G {low} <123 mg 5174 122 100 {referancel  1.00 {refarence) <122 mg 5783 140 1.60 irofarance) 1.0 et 2}
7 123 <184 8175 128 05082 1.37) 1051082138 122, <184 5784 77 0701052 095 0.71{052-0.86
G3 184, <753 8174 140 1180081, 1520 1150381 15y 184, <253 6784 94 0851085 115 0881085 119
04 %3 <350 5178 122 <0310.78. 134 L0078 133 253, <358 6784 kAl 0830082 141} 081058 114
Q5 thigh) =360 5174 127 1031078133 085077 132 =358 8784 W08 9871073, 1281 DS0 (D53, 128
Puend® 098 [ 678 8.77

' Disgnowss of typa 7 giebates wors Cased on sellrapornt.

cigarettesid, sicohel conaumprion inordnnker, accasional dnnker, of

1ad for age &y, contnucust, study aren iQ areas), BMI 121, 21-22.9, 23-24.9, 25-26 9, of =27 kg/m?), serofung habit ingver, past, Surtant with 8 consumption of <20 or
einicer with a consumption of <158
orcasonal ke, of dorker with a sonsumpton of <150 or = 150 g ethangifwk for wormen, farly histoty of diabates mel

298, 300-449, or 2450 g stharoliwk for man; aed nondrinker,
35 {yas of nol, ieisure ime physical actvity {<once/

o, 1-3 timesimo, of 2oncaiwk, histary of hypartension lyes or nod, soffes cansurnption {gimost navar, <1 cup/d, 1 cup/d. or =2 cunsidl, grapn 16a consumption lalmost never,

<% copid. 1 cupid, 2-3 cupsid, of =4 cupsidl, magnesium ntake Imgid. cont
continuoush, hish
? Based on my

raka {p/d, continuous). and 013t anergy intake (L4, conunuousth.

demonstrating a protective association, most have been con-
ducted among Western populations {5,7,8), whose obesity
level is much higher than that among the Japanese. Given
thar obesity induces insulin resistance (25, soy products and
isoflavones may reduce risk of type 2 diabetes by improving
insulin sensitivity, Further, a3 decreased risk of type 2 diabetes
associated with high isoflavone intake may be due to the
potential favorable effects that isoflavones have on weight
control {26,27). In the present study, however, women with an
elevated intake of soy products tended 1o weigh more than
those with a decreased intake ar baseline (Table 2}, and rhus the
weight reduction pathway does not explain the observed
assaclation,

We obtained data suggesting an inverse association between
isoflavone intake, especiaily its crude intake, and risk of rype
2 diaberes among postmenopausal but nor premenopausal
women. Such a differential association by menopausal status
has not been documented before. In several previous studies
showing a protective association berween legume or isoflavone
intakes and type 2 diabetes or glucose intolerance, the partic-
ipants were all postmenopausal women (3,7) or relarively older
women {age range: 40-70 y {9)]. Dara on premenopausal
women, however, are sparse (28). Risk of rype 2 diabetes
increases after menopause and hormone replacement therapy is
known to he related to a decreased risk of type 2 diaberes (29),
suggesting & protective role of estrogen in glucose merabolism.
In addition, phytoestrogens have been hypothesized to act as
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oust, caloium ntake (Mmgld, continuous), vegetshie intake (g/g. continuous). fiber intake Ig/d.

@ IDgIste 1EGresson analyss, assigning ordingl numbers O-4 to 1he fuinlie Categones of soy product, daigtee, or garstain intakes,

estrogen agonists in the low-estrogen milien after menopause
{30). The inverse association among postmenopausal women in
the present study may thus be ascribed at least in part ro weak
estrogenic effects of isoflavones.

The inverse associations we observed among overweight or
postmenopausal women became more pronounced when crude
intake, rather than an energy-adjusted value using the residual
method, was used to create quintiles of dierary exposure. This
may suggest that absolute intake of soy food is etiologically
more relevant than energy-adjusted intake. However, other
explanations are also possible; for instance, energy adjustment
may have attenuated the association if those at an elevated risk
of developing diaberes tended to decrease energy intake while
maintaining soy foad intake. Alternatively, the difference may
simply be due to a random variation, given that the CI
overlapped with cach other considerably. The reason behind
this discrepancy between the 2 analytical procedures should be
identified before any inference regarding a dose-response rela-
tionship is made.

We observed no association berween intake of soy products
and isoflavones and risk of developing type 2 diabetes in overall
men or in any subgroup of men. Previously, 2. studies explored
the association berween these intakes and giucose involerance in
men, but the resulrs were inconsistent (8,8). The etiology of type
2 diaberes may be sex specific, as endogenous sex hormones
differentially modulate glycemic status and risk of wype 2
diabetes in men and women {31}, Our finding indicates that
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TABLE 4

Muttvariable-adjusted odds ratics and 95% Cl of type 2 dishetes according to quintiie categories of soy product, daidzein,

and genistein intakes by BMI in women of the JPHC Study’*

BMI 25 kgfmi®, n = 23,586

BMI 225 kgim?, 0 = 9459

Quintite of energy-adjusted intake

Quintile of crude intake

Quintile of energy-adjusted intake

Participants, n Cases, r OR {85% Cl} Participants, n (ases, n OR {95% CI} Participants, #  Lases, n OR (95% Cl}
Soy produrts
01 {low) 4756 46 1.00 freference) 1797 60 1.0 (reference} 1748 55 1.0 [reference}
0z 4900 33 082353 1.28 1772 4 .55 {0.43, 0.89) 1730 44 078 {052 1.18)
a3 4758 59 105 {0.69, 151} 1845 42 G55 {C.36, G.87; 1854 47 0.78 {082, 1.20)
34 4665 38 0.87 {0.51, 1321 1908 54 057 (0 43, 105} 1957 40 0.67 {0.38, 099
{5 lhigh) 4458 46 0931055, 1.55) 2007 51 (.48 {0.29. 083 2134 83 0841055, 1.44)
Puend? (.80 n.a27 0.41
Da:dzein
Qt tlow} 2B9R A7 1.0C refeionce) 1681 56 1.80 {reference} 1843 c8 140 {reference)
02 4767 37 0.77 {050, 1.2%} 1864 50 0.85 (0.58, 1.291 1856 44 073{0.48 1108
a3 4785 47 0.99 (0.64, 1.54) 1839 43 D67 (043, 1.05) 1847 47 080053, 1.22}
4 4718 48 097 {061, 154) ARV 43 0681{043, 110} 1912 3?7 058 {036, 0.92
03 {high! 4807 &0 $.77 (G.45, 1.33 1954 kY .58 (333, 1.01) 1995 63 0.92 {0.56, 1.52}
Pirend” 0.70 G042 0.47
Genistein
Q1 flowd 4698 48 109 {reference) 1866 S 1.00 {reference! 1846 £0 1.00 freferencel
74 LYK 34 (.58 (0.44, 1.09) 1863 50 086{057, 1.28) 1853 41 0.65(0.43, 6.99
Q3 4735 LE] 0.5% (0.54, 1.54) 1822 47 0.86 {0.42, 1.03) 184 45 074 {0.48, 1,141
Q4 A7 50 0.89(0.63, 157 1838 a8 0671042, 1.07} 1315 39 0.59 (0.37, 0.94)
05 thigh) 4601 39 8731043 127} 1954 53 081 {0.35, 103 1999 64 91 {D.56, 1.50)
Pargnd® 6.76 0.052 957

t Diagnosis of type 2 diabetes were based on sgif-report.

? Adjusted tor age fy, continuous), study ares 9 areas), M 1«21, 21-22.8, 23-24 8, 25-26.9. or =27 kg/ind, srmcking habit faevar, past. surrent witlt & consumption ol <20 or
220 cigareties/ds, alcohol consumption {nendnnker, cocasional darker, or drinker with @ consumplion of « 150, 150-299, 300-248, or 2450 g ethanothwk for men; and nondnkar,
occaswonal dinker, or drinker wath g consumption of <150 or 3 150 g ethanoljwk for women), famidy tistory of disbetes metitus {yes or nol, izisure tme physical 8ctvity (<once/
meo. 1-3 urnesfme, or Zance/wk), listory of bynenassicn (yas or aol, colfee consumptlion Balmaest aever, < 1 cupfd, 1 cop/d, o 22 cups/dh, green tea consumption (almost never,

upld, 1 cupid. 2-3 cupsid, 0f =4 cupsidl, magnesium iiteke Mg/, contin
sontinuouss, fish intara g/d, continuous), and total energy intake [KJ/g, conunuous

31, calcium infake img/d. continusus!, vagetable intake {g/d, continuous), fiber nmake (g/d.

3 Based on altiple logistic regression analyais, ass:grrg grhinal nurnbers 9-4 10 the quintde cotegories of soy product, daidzein, of genistain intakes

soflavones may not play an important role in the pathogenesis
of type 2 diabetes in men.

The mechanism by which isoflavones exert their antidiabetic
effect is unclear. Isoflavones are structurally similar to endog-
enous estrogens and thus have a weak estrogenic effect by
binding to the intranuclear estrogen receptors in various tissues
{26,27). Estrogen has been suggested to participate in glucose
homeostasis by modulating the expression of genes that are
involved in insulin sensitivity and glucose uptake (32). Further,
estrogen is a major regulator of adipocyte development and
adipocyte number and inhibits lipogenesis by reducing the
activity of lipoprotein lipase, an enzyme that regulates lipid
uptake by adipocytes {27). Isoflavones may also affect glucose
metabolism by nonestrogen receptor-mediated  mechanisms
{26). For example, isoflavones have been reported to have an
antidiabetic effect throngh activation of PPAR, nuclear receptors
that participate in cellular lipid homeostasis and insulin action
{4). In addition to their estrogenic activity, isoflavones may
inhibit intestinal glucose uprake, prevent glucose-induced lipid
peroxidation, and improve basal metabolic rate and energy
metabolism (26). Further, soy protein may improve insulin
resistance and reduce adiposity by inhibitng insulin secretion
from pancreatic 8 cells or by inhibiting lipogenesis and increas-
ing lipolysis in the liver and adipocytes (26).

Strenpths of the present study include our large sample size,
the population-based prospective design, the use of a validated

FFQ, and extensive adjustment of potentially important con-
founding facrors, including obesity, smoking habit, family
history of diabetes, and total energy. However, several limita-
tions to the present study warrant mention, First, the diagnosis
of type 2 diabetes was ascertained by self-report. However, a
validation study conducted among our study population showed
fairly good agreement berween self-reported diabetes and
diabetes documented in medical records (94%) and sensitivity
of self-reported diabetes was reasonably high {83%). Second,
dietary intakes of soy products and isoflavones were measured at
only 1 time point (the second survey, which is the baseline of the
present analysis) and thus may not reflect long-term intake
levels. Repeated assessment of diet over a long period of time
prior to the onset of a disease will provide a better estimate of
exposure status, Third, because soy foods are the sole source
of isoflavones, our study could not differentiate the cffect
of isoflavones from other substances in soy foods. To address this
issue, measurements of isoflavone concentrations in blood or
vrine are required.

In conclusion, the present study found no evidence to support
the hyporhesis thar higher intakes of soy product and isoflavones
prevent type 2 diabetes in either men or all women. How-
ever, we did observe associations suggestive of a protective
role of these food factors in overweight women or, to a lesser
extent, postmenopausal women. Qur findings warrant further
wmvestigation,
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