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Does Soy Intake Relate to the Prevalence of Metabolic Syndrome ?
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ABSTRACT

We conducted a cross-sectional study in a workplace setting in Tokushima
Prefecture. A total of 1,460 Japanese workers (1,076 men and 384 women)
participated in this study. In men, the group that consumed large amount of soy
products also consumed more vegetables, fruits, and seasonings than the group
that consumed small amounts of soy products. However, consumptions of cereals
and meat were smaller in the group that consumed large amounts of soy products.
In women, the group that consumed large amount of soy products consumed more
vegetables and seasonings than the group that consumed small amounts of soy
products. Associations between prevalence of metabolic syndrome and level of soy
intake were assessed with the use of multiple logistic regression models. Of the 1,076
male subjects examined, 207 (19.2%) were diagnosed as the metabolic syndrome
in men. The relative risk of metabolic syndrome in the group that consumed high
levels of soy products was 1.433 (0.930-2.206) when compared to the group that
consumed fewer soy products. Soy Protein Research, Japan 15, 117-124, 2012.

Key words : soy, legumens, metabolic syndrome
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Table 1. Characteristics of participants in this study

mele female
n 1,076 384
Age (year) 403+ 97 388+ 99
Hight (cm) 1712+ 56 1585+ 52
Weight (kg) 69.9+ 105 538+ 80
Fat mass (%) 223+ 79 283+ 77
BMI (kg/m?) 236+ 33 214+ 31
Systolic blood pressure 1220+ 153 1123+ 168
(mmHg)
Diastolic blood pressure 767+ 117 676+ 117
(mmHg)
Abdominal circumstance 840+ 92 743+ 91
(cm)
West (cm) 817+ 94 683t 80
Hip (cm) 944+ 60 904+ 6.0
Metabolic syndrome 207/869 12/372
(yes/no)
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Table 2. Soy product intake and metabolic syndrome-related makers in male subjects

_ _ _ _ significantly
0 (n=299) 0 (n=239) 0 (n=269) 0 (n=269) p value dilerent

(Soy intake)
Soy products . 1lvs23 4
(g/1,000kcal) 253+ 111 442+ 117 620+ 165 1085+ 494 <0.001 2vs 3 4.3vs 4
Soy isoflavones 1vs2 34
(mg/1,000kcal) 6.4+ 33 113+ 45 152+ 5.0 269+ 107 <0.001 2vs 3.4 3vs 4
(Anthropometry)
Age (year) 39.1+ 94 39.9+ 89 422+ 100 419+ 102  0.005 lvs4
Height (cm) 1712+ 57 1712+ 57 1709+ 5.2 1714+ 58 0.854 NS
Weight (kg) 69.4+ 10.3 70.0+ 109 69.5+ 9.9 708+ 110 0372 NS
Body mass index (kg/m?) 227+ 31 238+ 3.3 238+ 3.2 241+ 36 0.454 NS
Body fat (%) 220+ 81 224+ 80 225+ 75 224+ 7.9 0.822 NS
West (cm) 80.8+ 9.0 818+ 94 818+ 89 827+ 101 0123 NS
Hip (cm) 94,0+ 6.0 945+ 6.3 944+ 57 949+ 6.1 0434 NS
Systolic blood pressure 1,15, 146 1220+ 147 1220+ 161 1247+ 155 0162 NS
(mmHg)
Diastolic blood pressure oo, 111 764+ 113 767+ 124 778+ 121 0282 NS
(mmHg)
(Blood test)
IL-6 (ng/mL) 130+ 1.34 1.24+ 156 1.20+ 131 120+ 1.12 0.801 NS
I1L-18 (pg/mL) 218+ 72 208+ 66 220+ 68 213+ 74 0.278 NS
CRP (mg/100mL) 0.100+ 0.228 0.114+ 0.387 0.084+ 0.166 0.099+ 0.268 0.658 NS
Free fatty acid (mEq/L) 468+ 201 506+ 716 510+ 219 521+ 430 0.483 NS
Insulin (mU/mL) 6.84+ 510 6.94+ 578 7.00+ 4.92 6.94+ 438  0.989 NS
LDL cholesterol
(mg/100mL) 122+ 30 126+ 29 123+ 32 120+ 29 0.240 NS
HDL cholesterol
(mg/100mL) 56+ 13 56+ 13 57+ 13 57+ 14 0433 NS
TG (mg/100mL) 110+ 71 109+ 64 118+ 81 117+ 79 0.409 NS
AST (IU/L) 230+ 100 225+ 87 242+ 95 243+ 118 0114 NS
ALT (lU/L) 29.8+ 233 27.8+ 189 30.8+ 24.0 206+ 229 0501 NS
y -GTP (IU/L) 440+ 484 423+ 357 43.3+ 336 49.1+ 500  0.265 NS
Total cholesterol
(mg/100mL) 197+ 33 200+ 30 201+ 34 199+ 31 0.468 NS
Creatinin (mg/100mL) 0870+ 0.105 0.862+ 0.103 0.887+ 0.113 0.877+ 0.108 0.066 NS
Uric acid (mg/100mL) 5.89+ 1.24 6.12+ 1.26 6.20+ 1.26 6.16+ 1.25 0.014 lvs3
Urea nitrogen (mg/100mL) 129+ 33 132+ 30 135+ 29 13.7+ 32 0.017 lvs4
Glucose (mg/100mL) 912+ 9.2 911+ 88 916+ 12.8 929+ 116 0213 NS
HbAlc (%) 5.14+ 0.33 517+ 0.33 5.14+ 052 521+ 046  0.149 NS
Hemoglobulin (g/100mL) 153+ 1.0 153+ 0.9 154+ 09 152+ 10 0.309 NS
Blood Na (mEg/L) 141+ 2 141+ 1 141+ 1 142+ 1 0.326 NS
Blood P (mg/100mL) 318+ 042 315+ 042 319+ 044 317+ 044 0756 NS
Adiponectin (mg/mL) 7.80+ 312 7.68+ 4.05 7.50+ 3.06 7.75+ 346  0.746 NS
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O (n=299)

0 (n=

239)

0 (n=269)

0 (n=269)

p value

significantly

dilerent
(Nutrient intake)
Total energy (kcal) 1724+ 592 1871+ 476 1926+ 468 2,004+ 579 <0001 1vs2 3 42vs4
Protein (g/1,000kcal) 314+ 4.7 323+ 46 328+ 4.6 339+ 51 <0001 1vs3 42vs4
Fat (g/1,000kcal) 327+ 65 328+ 6.0 325+ 54 328+ 57 0.870 NS
Carbohydrate
+ + + +
(a/1,000kcal) 1336+ 174 1315+ 175 1315+ 157 129.0+ 17.3 0.018 lvs4
Sodium (mg/1,000kcal) 1583+ 475 1671+ 509 1764+ 476 1,785+ 463 <0001 1vs3,4.2vs4
Potassium (mg/1,000kcal) 955+ 195 1,034+ 179 1,050+ 184 1127+ 212  <0.001 1vs3 4
2vs4.3vs4
1vs23 4
Iron (mg/1,000kcal) 3.12+ 0.65 333+ 0.64 3.50+ 0.60 374+ 077  <0.001
2vs3,4.3vs4
Zinc (mg/1,000kcal) 3.83+ 0.57 391+ 051 3.99+ 051 406+ 056 <0001 1vs3,42vs4
Tocopherol (mg/1,000kcal) 348+ 0.74 3.61+ 0.75 3.68+ 0.66 387+ 071 <0001 1vs3,42vs4
Polyunsaturated fatty acid ¢, , , 6.4+ 13 6.6+ 1.2 69+ 14 <0001 1vs3 4 2vs4
(9/1,000kcal)
Cholesterol (g/1,000kcal) 157+ 48 162+ 43 160+ 43 160+ 43 <0.001
. . 1vs234
Dietary fiber (g/1,000kcal) 46+ 1.1 49+ 11 52+ 11 57+ 14 <0.001 2vs3 4.3vs4
Salt (g/1,000kcal) 40+ 12 43+ 13 45+ 10 49+ 11 <0.001 lvs 34
Fatty acid (g/1,000kcal) 278+ 5.1 29.0+ 4.9 288+ 1.2 45+ 1.2 0.853 lvs3
. 1vs234
n-3 fatty acid (g/1,000kcal) 10+ 03 11+ 03 11+ 03 12+ 03 <0.001 2vs 4 3 vs 4
n-6 fatty acid (g/1,000kcal) 52+ 12 53+ 11 54+ 10 57+ 12 <0.001 lvs4 2vs4
(Food intake)
Cereals (g/1,000kcal) 205+ 61 201+ 59 203+ 58 190+ 57 0.014 lvs4
Potatoes (g/1,000kcal) 30.3+ 193 343+ 214 36.6+ 19.1 366+ 191  <0.001 1vs234
Green and yellow
+ + + +
vegetables (g/1,000kcal) 220+ 154 246+ 171 283+ 16.3 320+ 184 <0001 1vs3,42vs4
Other vegetables 1lvs3 4
A+ 23. 6+ 26. 2+ 24, .0+ 30. <0.
(0/1,000kcal) 364+ 234 416+ 26.1 46.2+ 246 54.0+ 30.0 0.001 2vs 4 3vs 4
Sea algae (g/1,000kcal) 123+ 121 160+ 1.46 180+ 134 217+ 174  <0.001 2vs3
Beans (g/1,000kcal) 137+ 11.8 189+ 115 251+ 140 334+ 209 <0.001 1vs2 34
2vs4.3vs4
Fish/shellfish
+ + + +
(0/1,000kcal) 239+ 17.7 284+ 175 29.2+ 176 328+ 186  <0.001 1vs234
Meat (g/1,000kcal) 50.0+ 234 46.7+ 227 46.9+ 20.6 441+ 217 0.019 lvs4
Egg (9/1,000kcal) 16.1+ 101 171+ 92 164+ 9.1 158+ 9.0 0.485 lvs3
Fruit (9/1,000kcal) 174+ 250 199+ 264 22.6x 248 256+ 311 0.003 lvs4
Sweet/snacks
+ + + +
(o/1,000kcal) 36.1+ 25.1 34.1+ 225 354+ 24.9 335+ 225 0543 NS
Seasonings and spices
At 7. 2% 7. 8+ /. 5% 6. <0.
(0/1,000kcal) 124+ 75 132+ 76 148+ 7.2 145+ 6.3 0.001 1vs3 4
(Eating habit)
Skip a meal (times/week) 21+ 29 16+ 25 15+ 24 16+ 64 0.261 NS
Eating between meal 27+ 24 33+ 35 28+ 28 29+ 28 0152 NS
(times/week)
Midnight snack 09+ 16 14+ 66 0.8+ 16 08+ 16 0159 NS

(times/week)

*Mean £+ SD
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Table 3. Soy product intake and metabolic syndrome-related makers in female subjects

_ _ _ _ Significantly
0 (n=88) 0 (n=96) 0 (n=96) 0 (n=96) p value dilerent
(Soy intake)
Soy products 1vs 234

JE 9 ot 10. 0% 16. 3+ 59. <0.
(a/1,000kcal) 22.7+ 95 425+ 104 63.0+ 164  117.3% 59.6 0.001 2vs3 4.3vsd

Soy isoflavones 1lvs23 4
(mg/1,000kcal) 5.6+ 29 10.6+ 36 16.0+ 5.0 274+ 139 <0.001 2vs 3.4 3vs 4
(Anthropometry)
Age (year) 37.1+ 83 383+ 10.0 39.0+ 10.6 40.6+ 10.6 0.160 NS
Height (cm) 159.1+ 55 158.1+ 4.9 158.1+ 5.3 1585+ 5.1 0.503 NS
Weight (kg) 545+ 7.7 53.2+ 8.3 53.0+ 7.6 545+ 84 0.436 NS
Body mass index (kg/m? 210+ 31 238+ 33 238+ 3.2 241+ 36 0.741 NS
Body fat (%) 214+ 2.7 21.2+ 3.1 216+ 3.2 21.7+ 32 0438 NS
West (cm) 67.8+ 6.7 67.8+ 7.3 68.2+ 9.5 69.0+ 8.0 0.675 NS
Hip (cm) 90.9+ 5.2 90.0+ 5.7 90.1+ 6.4 90.4+ 6.4 0.778 NS
Systolic blood pressure .51, 190 1105+ 141 1131+ 161 1125+ 172 0653 NS
(mmHg)
Diastolic blood pressure

68.5+ 125 65.3+ 10.3 68.4+ 12.7 685+ 11.3 0.168 NS
(mmHg)
(Blood test)
IL-6 (ng/mL) 115+ 116 111+ 143 0.99+ 0.77 1.24+ 150 0.588 NS
I1L-18 (pg/mL) 167+ 68 212+ 500 176+ 59 169+ 44 0.601 NS
CRP (mg/100mL) 0.051+ 0.123 0.031+ 0.058 0.061+ 0.170 0.042+ 0.067 0.317 NS
Free fatty acid (mEq/L) 586+ 223 584+ 258 587+ 242 618+ 274 0.752 NS
Insulin (mMU/mL) 532+ 2.35 5.25+ 2.18 535+ 291 510+ 2.70 0.903 NS
LDL cholesterol
(mg/100mL) 105+ 25 111+ 27 110+ 29 110+ 30 0.488 NS
HDL cholesterol
(mg/100mL) 67+ 12 68+ 11 69+ 14 70+ 17 0.342 NS
TG (mg/100mL) 61+ 23 64+ 40 71+ 43 65+ 34 0.304 NS
AST (1U/L) 17.6+ 49 17.7+ 45 18.3+ 54 19.2+ 6.3 0.159 NS
ALT (IU/L) 138+ 7.1 15.0+ 86 154+ 94 16.6+ 8.8 0.167 NS
y -GTP (IU/L) 185+ 15.2 171+ 83 222+ 19.2 208+ 17.3 0.108 NS
Total cholesterol
(mg/100mL) 187+ 29 194+ 30 195+ 34 197+ 33 0.179 NS
Creatinin (mg/100mL) 0.666+ 0.089 0.66+ 0.083 0.667+ 0.098 0.650+ 0.082 0553 NS
Uric acid (mg/100mL) 4,15+ 0.87 415+ 091 4.16+ 0.80 4.37+ 097 0.260 NS
Urea nitrogen (mg/100mL) 109+ 2.7 113+ 30 111+ 27 122+ 32 0.012 lvs4
Glucose (mg/100mL) 86.6+ 7.6 86.2+ 6.2 86.1+ 7.1 87.0+ 75 0.825 NS
HbAlc (%) 5.01+ 0.26 512+ 0.27 5.09+ 0.3 5.05+ 0.28 0.069 NS
Hemoglobulin (g/100mL) 126+ 15 126+ 15 129+ 10 129+ 11 0.143 NS
Blood Na (mEg/L) 140+ 1 140+ 1 140+ 1 140+ 1 0.239 NS
Blood P (mg/100mL) 347+ 046 349+ 0.38 344+ 0.39 3.31+ 042 0.023 1vs2 3
Adiponectin (mg/mL) 1196+ 445 1215+ 471 1179+ 564 1214+ 548 0.958 NS
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0 (n=88)

0 (n=96)

0 (n=96)

O (n=96)

p value

Significantly

dilerent

(Nutrient intake)
Total energy (kcal) 1577+ 390 1679+ 319 1,749+ 368 1887+ 475 <0001 1vs3,4.2vs4
Protein (g/1,000kcal) 332+ 53 335+ 48 327+ 38 348+ 42 0.004 3vs4
Fat (g/1,000kcal) 353+ 57 345+ 52 342+ 45 350+ 4.9 0433 NS
Carbohydrate

+ + + +
(g/1,000kcal) 1298+ 163 1321+ 132 1344+ 121 1285+ 144 0.022 3vs4
Sodium (mg/1,000kcal) 1612+ 487 1695+ 458 1,826+ 534 1,832+ 451 0.004 lvs3 4
Potassium (mg/1,000kcal) 1,023+ 211 1,044+ 191 1,067+ 194 1,153+ 194 <0.001 1,2,3vs4
Iron (mg/1,000kcal) 331+ 061 355+ 0.78 3.69+ 0.66 403+ 079 <0.001 1vs 34

2vs4.3vs4

Zinc (mg/1,000kcal) 3.96x 0.58 4.06x 0.53 3.96+ 0.51 418+ 044 <0.001 1,3vs4
Tocopherol (mg/1,000kcal) 394+ 0.84 3.85+ 0.69 4.05+ 0.58 407+ 0.70 0114 NS
Polyunsaturated fatty acid

+ + + +
(9/1000kcal) 6.5+ 1.4 65+ 1.2 6.7+ 1.1 6.9+ 12 0.155 NS
Cholesterol (g/1,000kcal) 168+ 48 158+ 40 160+ 43 162+ 36 0.459 NS
Dietary fiber (g/1,000kcal) 56+ 1.2 58+ 1.2 6.3+ 13 6.5+ 1.3 <0001 1vs3 42vs4
Salt (g/1,000kcal) 41+ 12 43+ 11 46+ 13 46+ 11 0.004 l1vs 34
Fatty acid (g/1,000kcal) 305+ 54 296+ 438 292+ 43 30.0+ 4.7 0.301 NS
n-3 fatty acid (g/1,000kcal) 10+ 03 11+ 02 11+ 02 12+ 03 0.072 NS
n-6 fatty acid (9/1,000kcal) 54+ 12 54+ 10 56+ 09 56+ 1.0 0.249 NS
(Food intake)
Cereals (g/1,000kcal) 1917+ 488 2019+ 448 196.6+ 508 183.0% 53.6 0.059 NS
Potatoes (g/1,000kcal) 137+ 133 137+ 101 175+ 13 183+ 12.6 0.013 NS
Green and yellow

+ + + +
vegetables (g/1,000kcal) 327+ 215 339+ 186 350+ 194 403+ 215 0055 NS
Other vegetables

+ + + +
(/1,000kcal) 50.8+ 30.3 589+ 325 59.6+ 354 65.6+ 29.8 0.021 lvs4
Sea algae (g/1,000kcal) 123+ 121 160+ 1.46 180+ 1.34 217+ 174  <0.001 lvs4
Beans (g/1,000kcal) 149+ 139 232+ 157 250+ 12.8 36.7+ 215  <0.001 . 2V 532\‘/33’44'
Fish/shellfish

+ + + +
(a/1,000kcal) 279+ 22.3 286+ 174 271+ 149 321+ 179 0.238 NS
Meat (g/1,000kcal) 49.7+ 22.8 476+ 181 39.2+ 18.8 435+ 183 0.001 1,2vs3
Egg (g/1,000kcal) 16.2+ 9.8 145+ 84 16.0+ 10.3 153+ 7.8 0546 NS
Fruit (g/1,000kcal) 26.5+ 32.0 28.0+ 25.3 36.8+ 37.2 36.1+ 28.6 0.041 NS
Sweet/snacks

+ + + +
(a/1,000kcal) 47.0+ 26.0 438+ 237 49.2+ 26.7 440+ 251 0.347 NS
Seasonings and spices 154+ 91 196+ 103 231 160 246+ 130 <0001 1vs3 4.2vs4
(9/1,000kcal)
Eating habit)
Skip a meal (times/week) 18+ 26 12+ 21 10+ 18 10+ 21 0.044 NS
Eating between meal 50+ 32 53+ 27 59+ 4.1 52+ 35 0310 NS
(times/week)
midnight snack 07+ 16 09+ 15 0.9+ 18 08+ 16 0903 NS

(times/week)

*Mean + SD
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Table 4. Relative risk of metabolic syndrome by quartile of soy product intake

Soy intakel quartile

O 0 O 0

Total 1 0,965 (0.612 - 1.521)* 1.326 (0.857 - 2.052) 1.433 (0.930 - 2.052)
< 40 years 1 1.353 (0.625 - 2.928) 1.705 (0.807 - 3.604) 1,557 (0.699 - 3.466)
Over 40 years 1 0.664 (0.364 - 1.211) 0.968 (0543 - 1.725) 0.978 (0565 - 1.691)

* 95% confindence interval
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