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ABSTRACT

Aims: To investigate the elects of soybean product intake on incidence of type 2
diabetes mellitus considering fasting and postload hyperglycemia, and change of
insulin resistance and insulin secretion. Materials and Methods: This 4-year, cohort
study included 1,738 men and 1,301 women, aged 30-69 years, without diabetes
mellitus at baseline who underwent comprehensive medical check-ups including
a 75 g oral glucose tolerance test (75 g OGTT) between April 2006 and March
2007 at Saku Central Hospital. Participants were stratified by sex and body mass
index (BMI), and further classified into three groups based on soybean product
intake: Group 1 (0-1 time/wk), Group 2 (2-3 times/wk), and Group 3 (4 or more
times/wk). Cox proportional hazards regression was used to estimate adjusted
hazard ratios (HRs);, 95% confidence intervals (Cls) for incidence of type 2 diabetes
mellitus, fasting hyperglycemia (fasting plasma glucose >7.0 mmol/L) and postload
hyperglycemia (2-h plasma glucose >11.0 mmol/L) were estimated. Results: During
10,503 person-years of follow-up, 204 participants developed type 2 diabetes mellitus,
including 61 who developed fasting hyperglycemia and 147 who developed postload
hyperglycemia. Among men with a high BMI, Group 3 had significantly lower
risk for incidence of type 2 diabetes mellitus, fasting hyperglycemia, and postload
hyperglycemia than Group 1, and multivariable-adjusted HRs and 95% Cls were 0.44
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(0.22-0.89), 0.36 (0.15-0.96), and 0.40 (0.18-0.92), respectively. There were no significant
changes in insulin resistance and insulin secretion in either sex. Conclusions:
Soybean product intake prevented fasting and postload hyperglycemia and type 2
diabetes mellitus in men with a high BMI. Soy Protein Research, Japan 16, 104-111,

2013,

Key words : Soybean, Type 2 diabetes mellitus, Postload hyperglycemia, impaired
insulin resistance and impaired insulin secretion
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Table 1. Baseline characteristics according to groups categorized by intake of soybean products in men

Group 1 Group 2 Group 3
0-1 time/wk 2-3 times/wk >4 times/wk
Men with low BMI (<23.6 kg/m?, n 71 304 487
Age (years) 536+ 9.3 552+ 7.3 559+ 81 0.042
BMI (kg/m?) 21.3+ 17 21.7+ 1.3 216+ 15 0.080
Systolic blood pressure (mmHg) 116.8+ 14.1 116.6+ 16.1 117.6+ 140 0.661
HDL-cholesterol (mmol/L) 140+ 0.33 146+ 0.35 149+ 0.37 0.100
LDL-cholesterol (mmol/L) 3.11+ 0.66 3.05+ 0.76 3.08+ 0.75 0814
Fasting PG (mmol/L) 545+ 04 548+ 0.45 547+ 048 0.860
2-h PG (mmol/L) 6.22+ 1.26 6.55+ 141 6.58+ 140 0.126
HbA,. (%) 542+ 041 549+ 0.34 5.45+ 0.32 0.156
Smoking status (never-, current, ex-), % 26.8,42.3,310 263,352 385 292, 24.2 466 0.001
Alcohol consumption (0, 1-139, >140 g/wk), % 169,493,338 155,431,414 158, 44.8, 394 0.835
Physical activity (0, 1-119, 2120 min/wk), % 59.2, 225,183 493 319,188 472 322 205 0.391
Green vegetable intake (0-1, 2-3, >4 times/wk), % 21.1, 46,5, 324 8.9, 414, 49.7 31,203,766 <0001
Other vegetable intake (0-1, 2-3, >4 times/wk), % 21.1, 36.6, 42.3 43,372,586 08, 15.6,836  <0.001
Fruit intake (0-1, 2-3, >4 times/wk), % 54,9, 254,197 316,368,316 170,320,509 <0.001
Egg intake (0-1, 2-3, >4 times/wk), % 282,507,211 128,447,424 101, 357,542 <0.001
Milk intake (0-1, 2-3, >4 times/wk), % 423,197,380 313,227,461 191,168 641 <0.001
Meat intake (0-1, 2-3, >4 times/wk), % 26.8, 60.6, 127 164,569 6266 131,427, 441 <0.001
Fish intake (0-1, 2-3, >4 times/wk), % 239,535,225 79 530, 391 27,242,731  <0.001
Grain intake (times/day) 35+ 12 34+ 10 3.6+ 10 0.212
Men with high BMI (>23.6 kg/m?), n 62 317 497
Age (years) 554+ 6.8 551+ 7.7 56.3+ 8.2 0.098
BMI (kg/m?) 259+ 1.7 259+ 21 25.8+ 20 0.814
Systolic blood pressure (mmHg) 1245+ 186 1215+ 144 1228+ 15.1 0.274
HDL-cholesterol (mmol/L) 134+ 0.38 128+ 0.27 132+ 0.29 0.122
LDL-cholesterol (mmol/L) 3.20+ 0.81 3.31+ 0.77 3.24+ 0.79 0.332
Fasting PG (mmol/L) 573+ 0.46 566+ 047 562+ 045 0.127
2-h PG (mmol/L) 6.88+ 161 6.83+ 1.32 7.04+ 1.36 0.098
HbA,. (%) 556% 0.34 556+ 0.31 554+ 0.34 0.707
Smoking status (never-, current, ex-), % 16.1, 30.6, 532 240,287,473  26.6, 24.7, 48.7 0.342
Alcohol consumption (0, 1-139, >140 g/wk), % 226,306,468 158,451,391 109, 48.7, 404 0.015
Physical activity (0, 1-119, >120 min/wk), % 532,339,129 521,281,199 443, 316,241 0.093
Green vegetable intake (0-1, 2-3, >4 times/wk), %  33.9, 274, 387 6.6, 43.2, 50.2 22,213,765 <0001
Other vegetable intake (0-1, 2-3, >4 times/wk), %  12.9, 37.1, 50.0 2.8,328,644 04,131,865 <0.001
Fruit intake (0-1, 2-3, >4 times/wk), % 548,145,306 338,334,328 181,314,505 <0.001
Egg intake (0-1, 2-3, >4 times/wk), % 355,323,323 132,457,410 85,308 608 <0.001
Milk intake (0-1, 2-3, >4 times/wk), % 322,258,419 271,227,502 153,205 642 <0.001
Meat intake (0-1, 2-3, >4 times/wk), % 452, 4638, 8.1 170,546,284 145,412 443 <0.001
Fish intake (0-1, 2-3, >4 times/wk), % 306, 484, 210 47,492, 461 26,260, 714 <0.001
Grain intake (times/day) 34+ 13 34+ 10 35+ 11 0.551

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PG, plasma glucose.
Continuous data with a normal distribution were analyzed with the analysis of variance: mean+ standard
deviation. Dichotomous and categorical data were analyzed with the ® test and Fisher's exact test; %.
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Table 2. Baseline characteristics according to groups categorized by intake of soybean products in women

Group 1 Group 2 Group 3
0-1 time/wk 2-3 times/wk > 4 times/wk
Women with low BMI (<22.0 kg/m?), n 21 190 433
Age (years) 51.3+ 94 536+ 7.8 56.1+ 7.8 <0.001
BMI (kg/m?) 201+ 1.3 199+ 14 20.0+ 14 0.743
Systolic blood pressure (mmHg) 1144+ 199 1148+ 153 1157+ 15.8 0.775
HDL-cholesterol (mmol/L) 162+ 0.26 173+ 0.36 174+ 0.38 0.410
LDL-cholesterol (mmol/L) 3.20+ 0.84 3.09+ 0.71 3.22+ 0.69 0.091
Fasting PG (mmol/L) 521+ 022 5.28+ 042 529+ 045 0.704
2-h PG (mmol/L) 6.30+ 1.14 599+ 1.31 6.00+ 1.28 0.553
HbA,. (%) 540+ 0.33 5.43+ 0.38 551+ 0.32 0.016
Smoking status (never-, current, ex-), % 71.4,19.0,95 85.8, 95, 4.7 908, 44,48 0.012
Alcohol consumption (0, 1-139, >140 g/wk), % 57.1, 333,95 56.3, 36.8, 6.8 56.1, 40.2, 3.7 0.370
Physical activity (0, 1-119, 2120 min/wk), % 57.1,381,48 579,263,158 411 337,252 0.001
Green vegetable intake (0-1, 2-3, >4 times/wk), %  14.3, 47.6, 38.1 3.7,337,626 23,122,855 <0001
Other vegetable intake (0-1, 2-3, >4 times/wk), %  14.3, 42.9, 429 21,263,716 09, 67,924 <0.001
Fruit intake (0-1, 2-3, >4 times/wk), % 143,381,476 153,279 56.8 42,6201, 758 <0.001
Egg intake (0-1, 2-3, >4 times/wk), % 190,524,286 142,453 405 95, 393, 513 0.033
Milk intake (0-1, 2-3, >4 times/wk), % 286,19.0,524 111,268,621 74,164,762 <0001
Meat intake (0-1, 2-3, >4 times/wk), % 429,381,190 153,526,321 134,395 471 <0.001
Fish intake (0-1, 2-3, >4 times/wk), % 381,286,333 6.3,458 479 14,252,734 <0001
Grain intake (times/day) 3.0+ 09 29+ 0.7 29+ 07 0.940
Women with high BMI (>22.0 kg/m?), n 19 182 456
Age (years) 536+ 85 545+ 79 56.7+ 7.2 0.001
BMI (kg/m?) 242+ 2.3 248+ 25 247+ 25 0.618
Systolic blood pressure (mmHg) 117.0+ 215 123.3+ 170 123.3+ 16.6 0.272
HDL-cholesterol (mmol/L) 151+ 041 155+ 0.35 157+ 0.34 0.675
LDL-cholesterol (mmol/L) 3.36+ 0.58 345+ 0.71 346+ 0.74 0.862
Fasting PG (mmol/L) 539+ 0.35 549+ 045 541+ 043 0.122
2-h PG (mmol/L) 6.28+ 1.32 6.65+ 1.34 6.64+ 1.35 0.504
HbA,. (%) 560+ 0.29 560+ 0.34 557+ 0.31 0.605
Smoking status (never-, current, ex-), % 94.7,5.3, 0.0 89.0,71, 38 939, 35, 26 0.253
Alcohol consumption (0, 1-139, >140 g/wk), % 474,526, 00 68.1, 26.4, 5.5 58.6, 36.8, 4.6 0.045
Physical activity (0, 1-119, >120 min/wk), % 73.7,211,53 58.8, 26,9, 143 425,355,219 0.001
Green vegetable intake (0-1, 2-3, >4 times/wk), %  15.8, 47.4, 36.8 2.2,330, 648 0.7, 118,875 <0.001
Other vegetable intake (0-1, 2-3, >4 times/wk), % 5.3, 36.8, 57.9 0.5, 220, 775 0.0, 6.4, 936 <0.001
Fruit intake (0-1, 2-3, >4 times/wk), % 211, 26.3,526 148, 36.3, 489 8.1 197,721 <0.001
Egg intake (0-1, 2-3, >4 times/wk), % 316,474,211 126,495,379 105,338,557 <0.001
Milk intake (0-1, 2-3, >4 times/wk), % 316,263,421 159 258,582 107, 20.0, 69.3 0.005
Meat intake (0-1, 2-3, >4 times/wk), % 211,684,105 181,505 313 136,395,469 <0.001
Fish intake (0-1, 2-3, >4 times/wk), % 211,526,263 88, 418, 495 29,173,798 <0.001
Grain intake (times/day) 29+ 05 29+ 08 29+ 07 0.973

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PG, plasma glucose.
Continuous data with a normal distribution were analyzed with the analysis of variance: mean+ standard
deviation. Dichotomous and categorical data were analyzed with the ® test and Fisher's exact test; %.
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Table 3. Multivariable adjusted hazard ratios for incidence of diabetes according to groups categorized by

intake of soybean products

Group 1 Group 2 Group 3
0-1 time/wk 2-3 times/wk >4 times/wk P for trend
Men with low BMI (<23.6 kg/m?, n 71 304 487
Incidence of type 2 diabetes mellitus
Case 2 23 28
Incidence rate/1,000 person-years 8.3 218 169
HRs (95%Cls)
Model 1 1.00 255 (0.60-10.81) 1.79 (0.43-7.52) 0.816
Model 2 1.00 249 (0.58-10.67) 1.84 (0.42-8.02) 0.952
Incidence of fasting hyperglycemia
Case 1 3 8
Incidence rate/1,000 person-years 4.1 28 4.7
HRs (95%Cls)
Model 1 1.00 0.67 (0.07-6.48)  1.01 (0.13-8.09) 0.721
Model 2 1.00 0.74 (0.08-7.29) 1.17 (0.13-10.52) 0.656
Incidence of postload hyperglycemia
Case 2 20 22
Incidence rate/1,000 person-years 8.3 18.9 130
HRs (95%Cls)
Model 1 1.00 221 (052-9.44) 139 (0.33-5.93) 0.543
Model 2 1.00 217 (0.50-9.39) 148 (0.33-6.54) 0.729
Men with high BMI (>23.6 kg/m?, n 62 317 497
Incidence of type 2 diabetes mellitus
Case 11 38 44
Incidence rate/1,000 person-years 539 352 255
HRs (95%Cls)
Model 1 1.00 0.66 (0.34-129)  0.45 (0.23-0.88) 0.011
Model 2 1.00 0.65 (0.33-129)  0.44 (0.22-0.89) 0.014
Incidence of fasting hyperglycemia
Case 6 14 18
Incidence rate/1,000 person-years 28.6 12.6 10.3
HRs (95%Cls)
Model 1 1.00 044 (0.17-1.15)  0.35 (0.14-0.89) 0.060
Model 2 1.00 0.46 (0.17-1.21)  0.36 (0.15-0.96) 0.075
Incidence of postload hyperglycemia
Case 8 24 29
Incidence rate/1,000 person-years 383 21.8 16.6
HRs (95%Cls)
Model 1 1.00 0.57 (0.26-1.28)  0.41 (0.19-0.90) 0.030
Model 2 1.00 057 (0.25-1.28)  0.40 (0.18-0.92) 0.032

BMI, body mass index; HR, hazard ratio; Cl, confidence interval; FPG, fasting plasma glucose; PG, plasma
glucose. Model 1. Adjusted by age. Model 2: Adjusted by age, BMI, alcohol consumption, smoking status,
physical activity, family history of diabetes, green vegetable intake, and fruit intake.
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Fig. 1. The values of change in Insulinogenic index
(A), HOMA-IR (B) from baseline to final
examination in 876 men with higher BMI than
23.7 kg/m’ (the median of BMI in 1,738 men)
who ate soybean products 0-1 times/wk (n=62),
2-3 times/wk (n=317), >4 times/wk (n=497).
Data are presented as median (A) and mean
(B).
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