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Effects of Soy, Soy Products, and Powdered Soy Protein Consumption
on Serum Lipid Profiles and Blood Rheology in Young Women:
Analysis of Data from a 2002 Dietary Intervention Study

Rie ONDA*

Abstract
Background and Objective:

Dyslipidemia is a major risk factor for atherosclerotic diseases, and its prevalence has recently been reported to be
Increasing among young women. Soybeans and soy products contain various bioactive components, such as low-density
lipoprotein-cholesterol lowering factors and antioxidants, that contribute to the prevention of cardiovascular disease.
However, their effects on lipid metabolism and blood fluidity in young women have not been sufficiently investigated.
In this study, we analyzed data on serum lipids, fatty acid composition, and blood fluidity from an intervention trial
conducted in 2002. Our aim was to clucidate phenomena that could not be fully interpreted at the time, particularly
the decrease in blood fluidity observed during the soy-rich dietary period, focusing on its relationship with fatty acid
intake balance.

Methods:

Ten healthy female university students participated in the study, and data from eight subjects who completed all
seven blood samplings were analyzed. The experimental protocol consisted of four consecutive phases: regular diet
(baseline observation) , soy-poor diet (2 weeks), soy-rich diet (2 weeks), and regular diet (post-observation). The
soy-rich diet replaced a substantial portion of animal-derived foods with soybeans, soy products, and powdered soy
protein. Serum lipid parameters, including total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol, and triglycerides (TG), were measured. Additionally, serum fatty acid composition and blood
fluidity were assessed using the MC-FAN method.

Results:

During the soy-rich diet period, significant reductions were observed in both LDL-C and TG levels. LDL-C
decreased from 100.9£17.1 mg/dL at week 0 to 75.1220.1 mg/dL at week 4, and TG decreased from 61.1 £12.6
mg/dL to 44.3+5.8 mg/dL (P=0.021). Regarding fatty acid composition, the proportion of linoleic acid increased,
whereas eicosapentaenoic acid and docosahexaenoic acid significantly decreased. Blood fluidity measurements showed
a prolonged passage time during the soy-rich phase, indicating increased blood viscosity.

Discussion:

A soy-rich diet effectively improved serum lipid profiles; however, the decreased blood fluidity appeared to be mainly
due to reduced intake of fish-derived n-3 fatty acids. These results indicate that while soy intake is beneficial for lipid
metabolism, maintaining optimal blood fluidity requires a balanced intake that includes n-3 fatty acids.

Conclusion:

A soy-rich diet is effective for improving serum lipids in young women; however concomitant intake of n-3 fatty acids

is necessary to maintain blood fluidity.
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Blood sampling (fasting, early morning) Total: 7 times

Fig. 1. Experimental schedule

Body weight was measured at —2w;, 2w, 4w, and +2w in the experimental schedule.
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Table 1. Menu contents of the soy-poor diet and soy-rich diet
Soybean—poor diet Soybean-rich diet
No.l No.2 No.3 No.l No.2 No.3
Breakfast Rice Bread Rye bread Toast Rice corn flakes
Rolled omelet Jam Stir-fried egg and vegetables Simmered fried tofu and vegetables in soup¥  Stir-fried vegetables Tofu saladk
Tosa-style simmered (vegetable) Sautéed sausages Fruit Fruit Special tofu dish Fruit
Grilled seaweed Potato salad Milk Soy milk Fruit
Fruit Fruit
Banana juice
Lunch Spaghetti with clams Fried udon noodles Rice Soybean curry pilaf¥ Bread Perilla rice
Chinese-style broccoli Spinach and carrot dressed salad Grilled chicken with special seasoning. Salad Clam and soybean chowder¥ Gisei-dofu (seasoned tofu omeleth

Fruit Fruit punch Drid dakon i ad lm sl ith sessme viegar dessive. Tofu soupk Salad Grated daikon radish
Milk Pineapple yogurt Fruit Boiled vegetables in soy sauce
Miso soup

Dinner Rice Rice Rice Rice Rice Rice

Grilled pork with cheese Grilled fish Grilled swordfish with perilla leaves ~ Special chilled tofuk Tofu mixed with vegetables and deep-fries¥  Special natto¥

Turnip and cucumber dressed salad ~ Grated daikon radish Seasoned komatsuna greens Boiled greens with soy sauce Lightly salted vegetables Tofu with sesame dressing (shiraae)*

Spinach with sesame sauce Simmered hijiki seaweed Asparagus with peanut sauce Vegetables simmered with miso Simmered dish Foil-baked eggplant and tomato

Vinegared bean sprouts Miso soup

Snack coffee jelly Fruit agar jelly Warabi-mochi (bracken-starch dumplings)
others 25 g of powdered soy protein 25 g of powdered soy protein 25 g of powdered soy protein

Menus No. 1 to No. 3 will be served repeatedly during the period
#Dishes containing soybeans and soybean products.
Powdered soy protein can be freely consumed by dissolving it in water, beverages, or soups.



22

Table 2. Nutrients and other dietary components of the experimental diets

THIETE 2 LD IR ZRE L.
(6) T—% DEFTE L VHRETLE

Nutrients Soybean—poor diet Soybean—rich diet?

Eneray (kcal) 1751 = 27 1742 + 19 MEHLEIZIZ, T4 Steps T2 2 IV 5 AR
Protein (& 76.7 =+ 09 811 = 07 () A—Z LT AH) ) ZHWVWE, FHHIC
Fat © 451 =09 466 = 03 BB RBEED X URERSHRE, 7 FOR
Carbohydrate (g) 2582 =+ 75 2477 =+ 95 [ﬂlﬁ#@[ﬂlﬂﬁ*ﬁﬁ@ HizOWTIERM Shapiro-
Macronutrient energy ratio (%E) 18:23:59 19:24:57 . - R
Vitamin G (mg) 182 =+ 49 109 =+ 23 Wilk B7E THERB L 7. \Eiﬂﬁﬂ!ﬁt#fb%ﬁ“?ﬁﬁ#
Vitamin E (me) 107 + 18 106 + 27 RBIEL TV, T—F I3 E £ R A
Dietary fiber ® 198 =+ 12 207 =+ 13 TRLTze RETT7EERGY v TFREORE
Cholesterol (mg) 368 =+ 65 87 =+ 82 HPLURBREFEMED LI, HEDH
Animal fat (® 220 =+ 06 16 =+ 19 2 MEE W, KEIL, BB a—))
Vegetable oil/fat (&) 213 =+ 08 450 =+ 24 D—2wh D +2w D HZ@)L( ,&’ [ﬁlﬂﬁfﬁﬁ?ﬁ%bi,
Fish/seafood fat (g) 18 = 15 01 =+ 02 %5/9{}275/1"}1/0) Owin b 4W@J:t$’§7&, E%ﬁ
o oo I i — TR A MM S THRIE % 17 > 72
MUFA (2) 153 = 1.1 128 =+ 10 - —°
PUFA & 113 =+ 06 212 =+ 17 BRI 5 % & LT,

n—6 fatty acids (g) 96 =+ 05 178 == 1.7

n—3 fatty acids (g) 1.7 =+ 03 29 =+ 02

n—6/n-3 ratio 59 =+ 13 62 = 13 . #& X

Abbreviations : SFA: Saturated fatty acids , MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids 1 . id’%%@’%'lé

? with nowdered sovbean protein
Data are presented as mean = SD.
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Table 3. Physical and physiological characteristics of the study participants

Subject  Age  Height Weight (ke) BMilkg/m’) RBC  WBC  PLT  Hb  Ht
No. (years) (em) — ) 7w ™ w o 7w ™ o N0/ (o) (0] (g/dl) (%)
119 1525 405 31 384 395 174 168 165 170 445 2870 181 138 437
219 1627 520 490 490 513 196 185 185 194 465 6560 222 138 430
319 1485 460 447 48 458 209 203 203 208 459 5100 206 135 425
4 19 1544 550 532 530 545 231 223 222 229 398 5620 212 117 369
5 19 1570 650 658 646 658 264 267 262 267 453 6600 325 123 396
6 20 1674 600 571 567 575 214 204 202 205 462 6200 241 123 405
720 1547 600 607 597 604 251 254 249 252 466 620 282 121 402
§ 21 1540 460 468 460 463 194 197 194 195 442 4950 272 127 405

MeanSD. 19508 156460 53,1185 52.1+89 51.6+86 526+86 21.7£30 213£34 210£33 21532 449£21 55251146 24.3+44 128+08 409+20

Body weight was measured at —2w, 2w4w,and +2w in the experimental schedule, whereas other parameters were assessed only at ~2w.
Abbreviations: BMLBody Mass Index, RBC: red blood cells, WBC: white blood cells, PLT: platelets, Hb: hemoglobin, Ht: hematocrit

Data are presented as mean £ SD.

Table 4. Daily intakes of food groups, nutrients, and other dietary components during the experimental period

Nutrients Observation period (pre) Soybean—poor diet Soybean-rich diet * Observation period (post) P—yalye”
Cereals (g) 3851 =+ 165.7 3907 =+ 351 3406 =+ 506 3039 + 1409  <0.001
Tubers (potatoes and starchy roots) (g) 410 + 488 314 £ 205 624 *+ 175 180 309 <0.001
Sugars and sweeteners (g) 116 = 131 182 =+ 125 226 + 47 93 +130 0.004
Nuts and seeds (&) 32 =79 59 =+ 45 32 =37 18 +83 <0.001
Fats and oils (&) 170 = 120 142 =+ 21 173 £ 50 186 + 1438 <0.001
Eggs (g) 353 £ 317 497 =+ 165 107 =+ 100 344 =314 <0.001
Milk (g) 2221 =+ 1566 1992 + 410 00 =00 1874 = 1610  <0.001
Meat and poultry (&) 558 =+ 585 685 =+ 140 00 *=00 404 + 404 <0.001
Fish and shellfish (seafood) (g) 398 =+ 409 945 + 233 158 =+ 214 462 +576 <0.001
Legumes (g) 399 =+ 607 00 + 00 4427 =+ 546 485 + 647 <0.001
Dark-green and yellow vegetables (g) 1616 =+ 1198 2609 =+ 624 1446 =+ 787 700 = 100.3 <0.001
Other vegetables (g) 1765 =+ 1334 1100 = 2541 2152 =+ 650 1462 + 1490  <0.001
Fruits (g 904 + 1336 1859 + 66.6 1212+ 309 280 + 674 <0.001
Energy (keal /kg) 38 =+ 12 3B £5 33£5 34 =14 0.083
Protein (g/kg) 13 = 05 15 =+ 02 16 £ 02 12 £06 <0.001
% energy from fat (%E) 283 =+ 66 234 £ 07 248 *£12 293 =87 <0.001
Carbohydrate (g/kg) 53 * 17 48 + 08 43 + 04 47 =20 <0.001
Macronutrient energy ratio (%E) 14:29:57 18:23:59 19:25:56 14:29:57

Vitamin C (mg) 118 £ 70 184 £ 40 107 £ 22 78 + 64 <0.001
Vitamin E (mg) 90 =+ 32 105 = 14 102 =+ 24 81 £ 47 0.278
Dietary fiber (g) 149 =+ 64 191 = 16 199 =17 124 £97 <0.001
Cholesterol (mg) 295 =+ 167 371 =+ 58 81 =+ 66 287 £170 <0.001
Animal fat (&) 232 + 157 216 + 16 14 £ 15 189 + 142 <0.001
Vegetable oil/fat (g) 330 =+ 166 205 + 16 439 + 26 331 =184 <0.001
Fish/seafood fat (g) 34 + 42 16 £ 12 01 02 38 +62 <0.001
SFA (g) 165 =+ 79 126 =+ 09 71 £ 04 141 £ 88 <0.001
MUFA (g) 185 =+ 81 147 = 13 124 =12 163 £93 <0.001
PUFA (&) 129 + 55 109 =+ 09 208 £ 15 129 £73 <0.001
n—6/n-3 ratio 55 =+ 28 59 + 10 62 + 1.1 52 +25 0.004

Abbreviations: SFA: Saturated fatty acids , MUFA:Monounsaturated fatty acids, PUFA:Polyunsaturated fatty acids

“ with powdered soybean protein
Data are presented as mean £ SD.

® Statistical significance between “Soybean-poor” and “Soybean-rich” diets using repeated-measures one-way ANOVA

EREIRE T 7Bk GRICPE (Wb
P<0.001), HEM RIS, 2 EFIERFERITA RICZL
Mmool (TN HP<0.001), F/z, n-6/n-3LIETKEY v
FEYT62E11ERTG T 7B D59+ 1.0L 0 &Eho 7z
(P=0.004),
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1393.6+11.9mg /dL& 2w D L R)UZFRE > Tz (P<0.001),
LDL-CED 0w b 4w DELHIT —263+105% ThH >
/7o HDL-CfilZ, Ow £366.0+=13.5mg /dLIZK L, 2w Tl
62.74+17.0mg /dL, X 51T 4w T60.0+16.8ng /dL&E B FIT
RN U=, +2w TlE63.8+129mg /dL& 2w D L X)L
RoTWwz (P<0.001), TGAEIX 0w D61.1+12.6 mg/dLA
5 2w T42.8410.8 mg/dL, 4w T44.3+5.8mg/dL&H 1T
ETFL, +2w T, 59.8421.3mg/dL & 755 7= (P=0.021),
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NIVETRAMEMEN A SN,
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BRZETRD SN0 . MIRTEENET Ow D34.43 £
352 bkl U, 4w T1340.12 2. 108 & lm 2 E &
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Table 6 12 IfiL 7% g ff5 % 5 101 D 284k, Table 7 12 1f13% 7 2
JBIRE DB ERL T2,

MERENEE /3B T, Cl14:0 I U XF B, C16:0 /%
WIF B, Cl8:0 277U VERIZ 0w 5 4w TR F L
(FNZFNP<0.001, P=0.007, P=0.005), C18:2 1J J —
JVEEIE Ow 32.4+£34% M5 4w 38.9+25% NG EICHEINL
7= (P<0.001), C20:4 7 TF R EEIL, Owns 1w, 2w

Table 5. Changes in serum lipids, LDL oxidation lag time, and blood fluidity

parameters -2w Ow w 2w 3w 4w +2w P-value®
TC myd) 1715 £ 340 1760 + 268 1783 £ 340 1663 + 396 1448 = 313 1429 £ 318 1663 + 230 <0001
Change rates ° (%) 08 £ 44 64+ 93 -183 = 67 -195 % 63 51 %+ 79
LDL-C mgd) 979 £ 227 1009 £ 171 1018 £ 220 954 = 241 764 = 186 751 £ 201 936 + 119 <0001
Change rates (%) 02 £ 57 63+ 99 -248 = 94 -263 £ 105 64 £ 90
HDL-C mgd) 662 £ 136 660 = 135 672 £ 157 627 = 170 612 = 162 600 £ 168 638 = 129 0019
Change rates (%) 18+ 86 54 = 120 -76=+ 118 -97 £ 106 -24 £ 127
LDL-C/HDL-C 15 03 16 =% 02 16 £ 04 h+ 03 13+ 03 13+ 03 15 £ 02 <0001
Change rates (%) 06 £ 129 03+ 99 -173 £ 159 -168 £ 184 -31 = 118
TG mgd) 586 + 165 611 + 126 483 £ 78 428 £ 108 493 + 100 443 £ 58 598 £ 213 0021
Change rates (%) -171 £ 243 -212 = 237 -165 = 248 -237 £ 231 28 £ 496
Lag Time (min) 3156 £ 651 4542 + 468 4918 £ 716 4661 + 1399 4869 + 450 4051 £ 565 4416 = 691  0.150
Change rates (%) 82 £ 111 31+ 318 84 + 168 -103 £ 137 -26 = 128
Blood fluidity ~ (s) 3785 + 117 3443 + 352 3743 + 187 3322 = 222 3709 = 290 4012 £ 210 3798 £ 198  <0.001
Change rates (%) 94 £ 88 27+ 116 88 £ 140 177 £ 139 112 £ 120
Abbreviations: TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.
? Change rate: compared with week 0.
Data are presented as mean £ SD.
b Statistical significance:Repeated-measures one-way ANOVA from Ow to +2w.
Table 6. Changes in serum fatty acid composition
(%)
- Ow w 2w 3w dw W P-value®
G120 0000 0100 00£00 00 00 00 00 00 00 0102 0132
(140 08 £03 0903 0601 06 01 05 01 05£01 09£05 <0001
(160 2207 25+ 12 21 £08 22+ 12 22+ 12 210 £ 11 226 £ 14 0007
G180 72205 7306 7305 63 06 67 06 6706 7106 0005
G181 n-9 178 £ 13 180 £ 12 174 £ 09 175+ 14 162 £ 14 167 £ 15 181 £25 0014
(182 n-6 B £330 N4 34 NI 1T NI L 17 W8 22 I £ 25 38 £37 <0001
G183 n-3 0702 0702 0601 06 01 09x 02 09£02 07=x01 <0001
(183 n-6 0201 0302 0200 01 00 02 01 0201 0201 0016
(204 n-6 56 £10 55X 07 1308 75 10 54 zx 07 51 £ 08 55£09 <0001
EPA(C205n-3) 18 £09 15 05 21 £04 19+ 04 08 02 0701 21 £12 <0001
DHA(C226n-3) 39 £ 06 37+ 04 43 £ 05 45+ 04 31+ 03 29+ 04 40 11 <0001

Abbreviations: G12:0, lauric acid; G14:0, myristic acid; C16:0, palmitic acid; C18:0, stearic acid; G18:1 n=9, oleic acid; C18:2 n-6, linoleic

acid; 18:3 n-3, @ —linolenic acid; C18:3 n-6, ¥ -linolenic acid; C20:4 n-6, arachidonic acid; EPA (G20:5 n-3), eicosapentaenoic acid; DHA
(G22:6 n-3), docosahexaenoic acid.
Data are presented as mean £ SD.

 Statistical significance:Repeated-measures one-way ANOVA from Ow to +2w.



Table 7. Changes in serum amino acid concentrations

25

(n moL/mL)

-2w Ow 1w 2w 3w 4w +2w P-value’
Aspartic acid 8§+ 9 5+ 5 21 = 40 14 = 11 8 9 14 13 8 £ 9 058
Threonine M3 £ 27 110 £ 32 114 £ 33 89 £ 39 116 £ 13 110 £ 22 102 = 16 0.152
Serine 13 £ 24 132 £ 256 130 £ 20 128 = 14 146 = 20 148 £ 17 135 = 22  0.040
Asparagine(AspNH2) 32 = 24 24 + 29 48 = 42 57 £ 27 32 £ 25 22 % 25 30 £ 25 0169
Glutamic acid 59 + 26 64 + 28 49 £ 12 56 + 21 7+ 27 84t 24 55 £ 30 0027
Glutamine(GluNH2) 601 = 165 625 = 135 579 =195 530 + 189 605 + 122 589 = 137 550 = 117  0.055
Glycine 255 £ 54 252 = 57 227 = 40 213 £ 19 257 £ 42 263 = 42 253 = 43 0010
Alanine 34 £ 72 383 =+ 78 351 *+ 55 277 + 52 363 £ 62 353 = 66 356 = 45  0.009
Valine 287 £ 40 288 = 42 290 = 40 271 £ 46 292 £ 37 287 £ 31 270 £ 30  0.398
Methionine 17 = 39 126 = 45 107 £ 34 102 £ 37 89 = 37 129 = 32 119 £ 37 0.006
Isoleucine 69 £ 12 75 = 23 62 £ 23 57 £ 2 58 = 26 70 £ 12 65 = 12 0.151
Leucine 1 £ 17 17 £ 26 107 £ 27 9% £ 24 110 £ 24 114 £ 24 101 £ 20 0.113
Tyrosine 5 £ 12 65 = 17 5 £ 25 48 £ 15 51 £ 1 51 £ 18 46 = 16 0.165
Phenylalanine 47 £ 19 58 + 15 51 = 22 45 £ 15 5% £ 8 5 £ 23 53 £ 12 0295
Tryptophan 59 = 24 61 = 18 50 = 12 53 = 17 57 = 14 5 £ 13 5 = 19 0612
Lysine 180 £ 256 170 £ 28 212 £ 26 167 = 37 176 = 23 188 £ 38 180 = 54  0.084
Histidine 56 = 10 57 = 4 66 = 9 83 = 56 61 £ 7 68 £ 14 60 £ 16  0.358
Arginine 7B+ 19 83 + 27 82 £ 21 60 = 40 90+ 20 8 £ 2 76 = 21 0.025
Proline 63 £ 92 132 £ 90 69 + 98 M+ 77 131 + 86 70 £ 101 129 + 160  0.004

Data are presented as mean £ SD.

® Statistical significance:Repeated-measures one-way ANOVA from Ow to +2w.
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