Y
a a v o

v Y
naveImstasu1UsAuanaInaIaeInen1IzABBUgAY wmmmmuazgﬂuumzﬂu"lwu

U

J

Tuideanasenoms Tudiheuen Tsawvnuriah 2 o qUIuTMIaIsITUGY 66

U

A1In9UNY NTUNNUKIUAT

Ffﬂiﬂ“‘? nEMINGINT

AU T 9‘]5 fl]W'lﬁQﬂﬁﬂ!iJWl’J‘l’lﬂ'lﬂﬂ

9 RINIRIIMANYAY



EFFECTS OF SOY PROTEIN ISOLATE SUPPLEMENTATION ON INSULIN
RESISTANCE, FASTING BLOOD GLUCOSE AND LIPID PROFILE IN TYPE 2
DIABETIC OUTPATIENTS AT PUBLIC HEALTH CENTER 66, HEALTH
DEPARTMENT, BANGKOK METROPOLITAN ADMINISTRATION

Miss Daoroong Komwong

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Pharmacy Program
in Food Chemistry and Medical Nutrition
Department of Food and Pharmaceutical Chemistry
Faculty of Pharmaceutical Sciences
Chulalongkorn University
Academic Year 2009
Copyright of Chulalongkorn University



Thesis Title EFFECTS OF SOY PROTEIN ISOLATE
SUPPLEMENTATION ON INSULIN RESISTANCE,
FASTING BLOOD GLUCOSE AND LIPID PROFILE
IN TYPE 2 DIABETIC OUTPATIENTS AT PUBLIC

\ OLITAN ADMINISTRATION
By ~Miss Daoroor n

Field of Study _ ~ dical Nutrition
Thesis Advisor, s ASsc i‘ ofessor Orang gsadalampai, Ph.D.
\h  Meksawan, Ph.D.

Thesis Co-Advisor

11. LN
| AN

ences, Chulalongkorn

e Y

University in Pa Fnl fillm ‘the Requiréme | t}’\- aster’s Degree

o 27 - ;  7l ... siDean of the Faculty of
' ' : : Pharmaceutical Sciences

. esis Advisor
Ph D.)

AT

QW’] M&ﬁi@@ﬂ%ﬂ@‘ﬂmaﬂ

.............................................. ‘+vsn.... External Examiner
(Miss Chitralada Butrangamdee, M.D.)




o) WAL

9

A1I39 A9 - ﬂa'm-:nmﬂ?u'iﬂriunﬁm1nﬁ1:w5nainn1a*i{nﬁu1ﬁu ssdmimauas
phanszay v ludeandseasnns Tudihousn Taannwiusdiaf 2 w quivims
MIFITWAY 66 ANTNOUTL NFANMUNTUAT. (EFFECTS OF SOY PROTEIN ISOLATE
SUPPLEMENTATION ON INSULIN RESISTANCE, FASTING BLOOD GLUCOSE AND

vavun 38 au Tasgninigtuuduebnii 2 ngu fondinan: \d Aumrdanindumdos ju
I8y Tlsiumianindamiea)

un 'I~If'l'|£| nﬂuunvﬂaaﬁ'uqn

U] n (HbAIC) uazn1IEADBUYAY
(sziiuTavuuvines H{}M; 0 5T 1Inguy : ,:nfjufhuqu'lliﬁﬂ"nuunﬂn'uﬁ’uadwﬁ
' ; Yz ingunAanaila LA HbAlc ana
(p=0.01) Bti1

(3
nnnmmnm&

af' oMA-IR wulungu

Tuﬂmnmauuuﬁmty
mmﬂ"uumuunmﬂ B na- ﬂiamﬁﬂmﬂ uarlninfiwe
134 anaalunguuAneannningualugy uunumunmn.a‘un“ﬂmmammnaﬂwmﬂ1

l'”-lﬁ‘k-lﬂll'lﬂlllllﬁ'lﬂ‘ 1“111“311]“'?!“&4“1!5uﬁWﬂﬂlHB!ﬂﬂiHﬂﬂ yAUNIINARBANINAT

Y NN TN

nﬂn‘%ﬂqmmﬂ' Lmmﬂ'unumnmi’mruﬂ"uumumm,H"mnqu Hamid 'J’lllllﬂﬁﬂ'r‘llﬁu'ﬂ

wmw a0}

ALiEs 2 R B ETIG etk (L _awiledeiidn..

AT, Eﬂ‘Hﬁlﬂmiﬂ"Iﬂ'luﬂ"lﬂﬁﬂﬂiﬂﬁllﬂﬂﬂ a1wilede 0. ﬂﬂinunﬂmuﬂunrﬁn W
IR o 25520 alwiledB B, ﬂﬁ':'ﬂuﬁnmﬁﬂuﬂ'm.,.‘,:l",‘.!.,.l.'r



##5076565233 : MAJOR FOOD CHEMISTRY AND MEDICAL NUTRITION

KEY WORDS: SOY PROTEIN ISOLATE/ INSULIN RESISTANCE/ FASTING

BLOOD GLUCOSE/ LIPID PROFILE/TYPE 2 DIABETES
DAOROONG KOMWONG: EFFECTS OF SOY PROTEIN ISOLATE
SUPPLEMENTATION ON INSULIN RESISTANCE, FASTING BLOOD
GLUCOSE AND LIPID PRO TYPE 2 DIABETIC OUTPATIENTS AT

METROPOLITAN ISTRATION. PHESIS ADVISOR: ASSOC. PROF.
ORANONG K ANGSADALAMPAL P! SIS CO-ADVISOR: ASST.

protein isolate (SPI) s " o . _; ¥ SIlng glucose and lipid
profile in type e duration of the study

was 10 weeks eling, period and a 6-week

atipn). Fasting blood biochemistry,
: sfore and after the SPI

rq Y 4

: thawj | lgmt t difference in fasting plasma

glucose, glycosylated aglo -l""-lir " A lc sulin resistance (assessed by the
HOMA-IR model) bcl:wccn

group was significantl; -’—"' > 0.03), wi Alc level in SPI group was

p. Fasting plasma glucose in control

significantly,deC .01) | seline. The reduction of _H‘IA-IR was larger in
the SPI grot .,' _, ar in tl | : rences were found
between g;r{:-ur.-srji serum Hpie fration of j—‘, LDL-C, and TG were
decreased greater in SPI group than those in control gruup.“ TC was significantly
i baseling TC higher than

ifferencesiin weight, BMI

dec fro subjects of the

5.18 mmol/|

—

and qmrupcmctrlc data after SPI supplementation between groups and within group.

This study indicates that SP1 with isdflavones supplemeniation improves glucose conirol,

AR TRANTINE IR E

Department:....Food and Pharmaceutical Chemistry.....Student’s Signature ﬂ"‘?’
Field of Study:.Food Chemistry and Medical Nutrition..Advisor’s Slgnatungg“; ‘é?'i’

Academic Year:.......2009...................ccoeiieerennnns.Co-Advisor's Slgnatun/&/“‘“ M




Vi

ACKNOWLEDGEMENTS

This thesis would not have been possible without the help, supervision,
guidance, and support of any people. It is the inspirations that helped and pushed me

pass throughout the study.

First of all, I wish to express my sincere gratitude and deepest appreciation to
my advisor, Associate Professor Dr. Oranong Kangsadalampai, for her valuable
advice, and sincere. kindness throughout my graduate study. Her tremendous

knowledge and kindness enable me to accomplish this thesis.

| also would like to express my deep appreciation to my co-advisor, Assistant
Professor Dr. Kulwara Meksawan, for her creative comments, valuable guidance and

encouragement during the entire study.

| am very grateful to Dr. Prasit Pettaveeporndej, M.D., director of Public
Health Center 66, Health Department, Bangkok Metropolitan Administration, for his
helpful cooperation, support and kindness and Dr. Chitralada Butrangamdee, M.D.,

for her help, valuable advice, and be the external member of the thesis committee.

I would like to thank Assistant Professor. Dr. Linna Tongyonk, the chairman
and Associate Professor Thitirat Panmaung, the members of the thesis committee for

her supportive attitude and constructive criticisms over my thesis.

My deep. gratitude is also expressed to all personnels at Public Health Center
66 for their abundantly help and support. I also duty grateful to all volunteers for their
participation and-'l .am really thankful to the Faculty of Graduate Studies,
Chulalongkarn University for the' supporting scholarship ‘which “enabled me to
undertake this study.

Finally, I would like to express my deep gratitude and appreciation to my
family for their “encouragement, understanding, attention and loving < support

throughout the period of my graduate study.



CONTENTS

ABSTRACT (THAI .. oot e e,
ABSTRACT (ENGLISH) et sttt e et et e e e
ACKNOWLEDGEMENTS it bt e b e e e
LIST OF TABLES, i .. . il . - ot etais s o+ +ests sensnsaennseres
LIST OF FIGURES et ™ ... .. F .. ... e i . .. e eueeenenaneenns
ABBREVIATIONS g o i o S i i - -« ceveeeeneneennnens
CHAPTER
I INTRODUGTIONL L. . . AN . o,

1.1 Background and Significance of the Study «.........................

1.240bjegiivegfofgne STOEHYRE.. . S0 WA O .. N ...

1.3 Operation Definition Of TermMS........cove.iiiie v e,

Il LITERATFREREVIEY oo, 4 $8. 0% ...0....................
2.1 Type 2 Diabetes Mellitus. .. ... ......ccoieeiieie i,
2.1.1 Prevalence of Diabetes.....o.....coovhivvieii i,
2.1.2 Diagnostic Criteria for Pre-diabetes and type 2 DM...........
2.1.3 Managememiec/ 4 S/ AN, .....................ee
2.1.4 Pharmacological Treatment of Hyperglycemia.................
2.1.5 Chronic Complication............ccccoveveiieerieesiii i
Z. 222 S TR S S e ..., .......................
2.3 Soybean and Phytoestogens ..........covviieniiii i,
2.4 SOY Protein ProdUCTS. ... ... eubie e eeee e e e e e e e e,
2L SMFOUNRDG0ON £ .0A1L D ) 7 £5% £2..
4P Sq@yPrateth Copceftratesy-. §. 9. L0 ... 1. 4. .1.00...
2.4.3 Soy Protein Isolates. .........ooov i
2.5 Epidemiological Evidence of Cardiovascular Protective Effects
af goyProfeinl .8 . R L. . AFY... 4.0 WL #1. . 1.4
2.6 Effect of Soy Protein on Lipoprotein Concentrations...............
2.7 Effect of Soy Protein on Plasma Glucose, Insulin Resistance

and Renal FUNCLION. .. ... e e,

12
14
16
18
24
25
26
28
29

31



viii

CHAPTER Page
2.8 Effect of Soy Protein on Body Weight and Body
Composition.. w MR EE d. g oo, 39

2.9 Potentially Adverse Effects in Consuming Soy and

ISOflayOMeai " a?. ........ Lt 41

11 MATERIALS AND METHODS 45
3.1 SUReeNsT. e RN T e 45

3.2 Stut O esigf. 2L /4 A T . TN i e 46

3.3 StudyProcetiyres. J... .. . L O M N e 46
3.4S0y Protein Isolate Supplement............coieveeivisinne e 49

3.5 Study Measurements and Data Collection......c........c..cccvvennennn. 49
3.6Compliance and Adverse Effects........cc..ccitrniniiienniiciiee 51
3.7Staisticgl Agelysisaatatamn ... . 00 B N ... 51

IV RESULTH. .. JF S dide-l-1m 8 2% B ..o 52
4.1 Demographics and Subject Characteristics...............cccccvevvernene. 52
4.1.1 General Demographic Data of Subjects...............cc.coceenee. 52

4.1.2 Eating and Physical Activity Behaviors.............c.ccoccoeeee. 54

4.2.3 Baseline Clinical Characteristics of Subjects...................... 58

4.2 Dietary Intake aSSeSSMENT..........ccueiueieerreaiuesieiiaereireeieeiieeeenns 59

4.3 Biochemical assessments and Blood Pressure............................ 59

4.4 - Anthropometric MeasUreMENT. ......cccevervriveriiiiiiteeec e 65

4.5 Compliance and Adverse Effects..........coovecivimnnsieiiecie e, 65

V DISCESSEN............coovoee B e 67
5.1 Demographicsand Subject Characteristics................co.. oo i, 67
5.2 Dietary Intake Assessmentand Nutrition Counseling................ 68

5.3 Effects of Soy Protein Isolate Supplementation on Glucose
Metabolism Parameters and Insulin-Resistance. ... i. .o ... 69
5.4 Effects of Soy Protein Isclate Supplementation on Lipid
PrOTIIE. ..o 73
VI CONCLUSION. ... e e e e e 79



ﬂuEJ’JVlEJVIﬁ‘WEJ'Iﬂﬁ
qmmmmummmaﬂ



LIST OF TABLES

TABLE

1

© 0O N O O B~ wWw DN

e ol e
w N B O

14

15
16

17
18

Criteria for the diagnosis of impaired fasting glucose (IFG), impaired
glucose tolerance (IGT) and diabetes mellitus.............cccoeviviinnnn,
Nutrition recommendations for adults-with diabetes.........................
Oral hypoglyCemiC ageNts..........coeheevee uemssssnssnsssnsssnsssisn s oennennennennnnes
Pharmacokineties of insulin preparation......c.... . civee ciiee s e v venvennns
Chronic complications of diabetes mellitus ...... ..o iiiininnnn,
Major soybean eompenents and their health effects................ccocoeeee,
Isoflavones contents Of SOy ProduCTS. ... . vt . vie v cutue e v vibesie e
Compositions of sy protein products (%0).....c..cvee e vevin v venienenennn
Amino acid compositions of soybean protein products (per 100 g).....
Characteristics of the SUDJECTS..c.iciiviiie ittt
Eating and physical activity behaviors of subjects..............c..ccccvevenene.
Baseline clinical characteristics of SUDJECTS........cco..covemeriiiiiiiiiinn,
Energy and nutrient intakes of subjects at baseline and at week 6 after
SPI SUPPIEMENTALION. .. iisiesereeseesreeenessnnssssse e eeeesieeabeesteeeeeesreesreensees
Effects of SPI supplementation on glycemic control and insulin
resiStanCe. .4, . ... L.............
Effects of SPI supplementation on lipid profile and blood pressure......
Effects of SPI supplementation on lipid concentration of subjects

with baseline total cholesterol > 5.18 mmol/l or < 5.18 mmol/I............
Effects of SPI supplementation on other parameters...........c.cc.ccoovvvenen,

Effects of SPI supplementation on anthropometric parameters.............

Page

60

61
62

63
64
66



Xi

LIST OF FIGURES

FIGURE
1 Structures of 17 B-estrad

Page

matairesinol)....:. ....... -~ e A 21

2 The metabolism of isoflavones............ e PR —— 1 11111t 23
3 Manufacture of f anc : lour.. i 2T
4 The use of strat ! -‘;"n\:. processed food
ingredients......... F A N . ‘ W\ . . 27
5 Diagram of r re ... \' .. e 48

AUt IneningIng
ARIANIAUUNIINYIAY



ADA
AHA
BMI
BUN
BW
CAD
CHD
CRP
CvD
d (s)
DM
DSME
e.g.
etc.
ER

et al.
FAO
FMD
FNB

FPG

FPI

g ()

GDM

gr

HbAlc

HDL-C

HOMA, HOMAL1
HOMA-R, HOMA-IR
hr ()

Xii

LIST OF ABBREVIATIONS

American Diabetes Association
American Heart Association

body mass index

blood urea nitrogen

body weight

coronary artery disease

coronary heart disease

C-reactive protein

cardiovascular disease

day (s)

diabetes mellitus

diabetes self-management education
example

et cetara

estrogen receptor

et alia (and others)

Food and Agriculture Organization
flow mediated dilatation

Food and Nutrition Board of the National Research
Council

fasting plasma glucose

fasting plasma insulin

gram (s)

gestational diabetes mellitus

group

glycosylated hemoglobin

high density lipoprotein cholesterol
homeostatic model assessment
homeostasis model of assessment insulin resistance

hour (s)



i.e.
IDF
IFG
IGT
kcal
kg

I
LDL-C
m2
MAC
MAMC
mfb
mg
mg/dl
M

min (S)
ml
mmol/I
mm
mmHg
MNT
n
OGTT
PAD
PHC 66
QUICKI
Scr
SD
SMBG
SPC
SPI

Xiii

id est., that is; in other words
International Diabetes Federation
impaired fasting glucose
impaired glucose tolerance
Kilocalorie

kilogram

litre

low density lipoprotein cholesterol
sguare in metres

mid arm circumference
mid-arm muscle circumference
moisture-free basis

milligram
milligram per decilitre
myocardial infarction

minute (s)

millilitre

millimole per litre

millimetre

millimeter-mercury

medical nutrition therapy
number

oral glucose tolerance test
peripheral artery disease

Public Health Center 66

the quantitative insulin sensitivity check index model
serum creatinine

standard deviation
self-monitoring of blood glucose
soy protein concentrate

soy protein isolate



TG
TC
TSF

US.DA.
US.FDA.
US.A.
UNU

VS.

WHO
WHR
wk (S)

0.0259

0.0113

0.0555

Xiv

triglyceride

total cholesterol

triceps skinfold thickness

unit

United States Department of Agriculture

The United States'Food and Drug Administration
The United States of American

United Nations University

VErsus

World Health Organization

waist-hip circumference ratio

week (s)

beta

Pi, mathematical constant = ~22/7

Conversion factor from mg/dl to mmol/l for TC,
LDL-C, HDL-C.(mg/dl x conversion factor = mmol/l)
Conversion factor from mg/dl to mmol/l for TG
(mg/dl x conversion factor = mmol/l)

Conversion factor from mg/dl to mmol/l for FPG

(mg/dl x conversion factor = mmol/l)



CHAPTER 1

INTRODUCTION

1.1 Background and Significance of The Study

Diabetes mellitus (DM) is a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or both. The
chronic hyperglycemia of diabetes is associated with long-term damage, dysfunction,
and failure of various organs, especially the eyes, kidneys, nerves, heart, and blood
vessels. Diabetes is classified into type 1 DM that is caused by islet -cell destruction,
type 2 DM with vary degrees of insulin resistance and/or insulin secretary defect,
gestational diabetes and other specific types. Type 2 diabetes accounts for 90-95% of
total diabetes cases (ADA, 2008a):

DM is a chronic disease, which is regarded as an important public health
problem in many countries in the world. It is considered incurable and the number of
the diabetic patients is constantly increased. The global prevalence of DM for all age-
groups was estimated to be 2.8% in the year 2000 and 4.4% in 2030. The total number
of people with DM is projected to rise from 171 million in the year 2000 to 366
million in 2030 (Wild.et al., 2004). In Thailand, the national statistics data in the last
10 years (in the period 1994 to 2004) showed that the number and the death rate of
people with DM had increased markedly. The death rate in the year 2004 was 12.3 per
100,000 people. (Thai Ministry of Public. Health, Department of .disease control
Bureau of Epidemiology, 2005). Moreover diabetes and its associated complications
are a major health and economic burden worldwide. Direct medical and indirect

expenditures attributable to diabetes in USA were estimated at 27 billion dollars in



1997 and rised to 132 and 174 billion dollars in 2002 and 2007, respectively (ADA,
2008b). Insulin resistance and impaired insulin secretion are usually present in
patients with type 2 DM (Gerich, 2000), resulting from a combination of genetic and
environmental factors (Stolar, 2002). Most patients with type 2 DM are obese, and
obesity itself causes some degree of insulin_resistance. Insulin resistance, central
obesity, dyslipidemia, and hypertension are risk factors for coronary heart disease and
the clustering of these risk-factors is referred to as metabolic syndrome (Meigs et al.,
2007), which are responsible for excess morbidity and mortality (Wilson et al., 2005).
DM is a serious disease with significant impact on health, quality of life,
and life expectaney of individuals. The etiologies of DM are a complex interaction of
genetics and environmental factors, including diet, which are thought to play a major
role. If an effective control of the disease cannot be established, there would be more
patients who suffer from complications (ADA, 2008a). In recent years, many studies
increased attention toward the role of soybean intake on obesity and diabetes and the
results has been shown to-have health benefit (Messina, 1999; Anderson, Smith, and
Washnock, 1999; Bhathena and Velasquez, 2007). Many researchers pay attention to
examine the effects of soy protein on DM and its complications. Soy protein is
prepared from-dehulled and defatted soybeans by removing.most of the non-protein
components. Based on-the protein content, soy protein products are grouped into soy
flours and grits (40-50% protein), soy protein eoncentrates (SPC, 70-90% protein) and
soy protein isolates (SPI, at least 90% protein) (Egbert, 2004; Erickson, 1995).
Beneficial effects of dietary soy protein on serum lipid concentrations has
well documented on the basis of a meta-analysis of 38 trials (Anderson, Johnstone,
and Cook, 1995). Besides, soy protein significantly decreased serum total cholesterol

(TC), LDL cholesterol (LDL-C), and triglyceride (TG) and significantly increased



HDL cholesterol (HDL-C) in 23 randomized controlled trials published from 1995-
2002 (Zhan and Ho, 2005). Soy protein also has protective and therapeutic effect in
diabetic patients (Messina, Nagata, and Wu, 2006; Anderson et al., 1999). A diet high
in soybean has been beneficial for the prevention of type 2 DM (Villegas et al., 2008).
Furthermore, therapeutic effects - including reducing blood glucoseand insulin
resistance, improving. serum-lipid concentrations.and. providing metabolic benefits
that aid in weight control have been reported (Bhathena and Velasquez, 2002;
Anderson et al.,; 1999). 'Hermansen et al. (2001) reported an improvement in blood
lipid profile when soy protein isolate (50 g/day) with isoflavones was supplemented in
type 2 diabetic patients. In postmenopausal women with type 2 DM, soy protein
isolate (30 g/day) with isoflavones supplementation significantly decreased insulin
resistance, fasting insulin, glycosylated hemoglobin (HbA1c) and LDL-C (Jayagopal
et al., 2002). The studies among type 2 diabetic patients with nephropathy by Teixeira
et al. (2004) and Azadbakht, Atabak, and Esmaillzadeh (2008) found that soy protein
significantly decreased fasting plasma glucose, improved lipid profiles and renal
function such as urinary albumin excretion, proteinuria and urinary creatinine.
Moreover, in" metabolic syndrome patients, soy protein consumption (30 g/day)
significantly reduced insulin resistance, fasting insulin, LDL-C and TG (Azadbakht et
al., 2007).

In the year 1999, The U.S. Food and Drug Administration approved the
health claim that “25 g of soy protein a day, as part of a diet low in saturated fat and
cholesterol, may reduce the risk of heart disease” (U.S.FDA., 1999). The knowledge
of risk factors and protective factors associated with type 2 DM is essential for the
development of prevention strategies. In human studies, soy protein appears to

moderate hypoglycemia, reduce body weight (Bhathena and Velasquez, 2002), and



have a low glycemic index (Powell, Holt, and Miller, 2002). Accordingly, it has been
assumed that soy protein may be advantage for diabetic patients. However, data
linking type 2 diabetic patients and soy protein is rarely investigated and remains
uncertain in blood glucose control, insulin resistance and lipid profiles and the
available results are still inconsistent.” Reported studies on soy protein focused
specifically on diabetic patients are also scarce in.Thai population. Hence, the aim of
the present study was to determine the effects of soy protein isolate supplementation
on insulin resistance, fasting blood glucose and lipid profile in type 2 diabetic

patients.

1.2 Obijectives of the Study
The specific objectives of the present study were determine the effects of
soy protein isolate supplementation on insulin resistance, fasting blood glucose and

lipid profile in type 2 diabetic patients.

1.3 Operational Definition of Terms

Soy protein isolates: a product that prepared from defatted soybeans and

both soluble and‘insoluble carbohydrates are removed. The resulting product contains
protein at least 90% on a moisture-free basis (Egbert, 2004).

Insulin resistance: a condition in which cells of the bady particularly those

of muscle, fat, and liver tissue, display resistance to insulin by failing to take up and
utilize glucose for energy-and metabolism. In this study using the homeostasis model
of assessment insulin resistance (HOMA-IR) which calculated as fasting insulin
(UIU/ml) multiplied by fasting glucose (mmol/l) and divided by 22.5 (Matthew et al.,

1985).



CHAPTER 2

LITERATURE REVIEW

2.1 Type 2 Diabetes Mellitus

Type 2 diabetes mellitus (type 2 DM)~is now a common and serious
global health problem-and accounts for 90-95% of those with diabetes. Type 2 DM
previously referred to as non-insulin' dependent diabetes, or adult-onset diabetes,
encompasses individuals'who have insulin resistance and usually have relative (rather
than absolute) insulin deficiency. There are probably many different causes of this
form of diabetes. Most patients with type 2 DM are obese, and obesity itself causes
some degree of insulin resistance. Insulin resistance. may improve with weight
reduction and/or pharmacological treatment of hyperglycemia but is seldom restored
to normal. The risk of developing type 2 DM increases with age, obesity, and lack of
physical activity. It occurs more frequently in women with prior gestational diabetes
mellitus (GDM) and in individuals with hypertension or dyslipidemia, and its
frequency varies in different racial/ethnic subgroups (ADA, 2009a).

Type 2 DM is a major cause of premature morbidity and mortality,
particularly from cardiovascular disease (CVD), blindness, amputations and renal
failure. In many. instances, type 2 DM is seen clinically as a part of the metabolic
syndrome, a cluster of major CVD risk factors previously referred to as the insulin
resistance.syndrome.or Syndrome X. Thus, the management. of type .2 DM must
address not only the control of hyperglycemia, but also the other CVD risk factors

such as dyslipidemia, hyperinsulinemia, hypertension and obesity (Reaven, 2005).



2.1.1 Prevalence of Diabetes

According to International Diabetes Federation (IDF), it is estimated that
in 2007, 246 million people worldwide have diabetes, representing roughly 6% of the
adult population (20-79 age group). Type 2 DM constitutes about 85-95% of all
diabetes cases in developed countries and accounts for an even higher percentage in
developing countries.. By. 2025, the figure is expected to rise to 380 million. The
prevalence of diabetes is_higher in developed countries than in developing countries.
Increased urbanization, westernization and. economic development in developing
countries have already contributed to a substantial rise in diabetes (IDF, 2006). DM is
the most common among the elderly in many populations. In Thailand, the national
diabetes statistics in the last 10 years (in period 1994-2004) showed that the number
and the death rate of people with diabetes have increased markedly. The death rate in
2004 was 12.3 per 100,000 people (Thai Ministry of Public Health, 2005). In addition,
the total number of people with diabetes in Thailand is projected to rise from 1.51
million in 2000 to 2.74 million in 2030 (Wild et al. 2004).

2.1.2 Diagnostic Criteria for Pre-Diabetes and Type 2 DM

Patients with IFG (impaired fasting glucose) and/or 1GT (impaired fasting
tolerance) (Table 1) are referred to “pre-diabetes” indicating.the relatively high risk
for development of diabetes (25-40% risk over-the next 5 year) (Powers, 2008). IFG
and 1GT are associated with the metabolic syndrome and are risk factors for
cardiovascular disease (CVD) (Nathan et al., 2007). There are three way to diagnose
diabetes (Table 1) and each, in the absence of unequivocal hyperglycemia, must be
confirmed on a subsequent day by any one of the three methods. Glycosylated
hemoglobin (HbAlc) for the diagnosis of diabetes is not recommended at this time

(ADA, 2009a).



TABLE 1 Criteria for the diagnosis of impaired fasting glucose (IFG), impaired
glucose tolerance (IGT) and diabetes mellitus

Impaired fasting glucose (IFG)

- Fasting plasma glucose (FPG)#100-125 mg/dl (5.6-6.9 mmol/I)
Impaired glucose tolerance (IGT)

- 2-hour plasma glucose 140-199 mg/dl (7.8-11.0 mmol/l)

Diabetes mellitus
- FPG > 126 mg/di(7.0 mmol/l) or
- Symptoms of -hyperglycemia and a casual plasma glucose > 200 mg/dl
(11.1 mmol/I) . or
- 2-hour plasma glucose >200 mg/dl (11.1 mmol/l) during an OGTT ¢

% fasting is defined as no caloric intake for at least 8 hr.

® casual is defined as any time of day without regard to time since last meal. The classic
symptoms of hyperglycemia include polyuria, polydipsia, and unexplained weight loss.

¢ the test should be performed as described by the World Health Organization, using a
glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water.

Source: adapted from American Diabetes Association (2009a)

2.1.3 Management
The patient with type 2 DM should receive education about nutrition,
exercise, care of diabetes during illness and medications to lower the plasma glucose.
Education allows individuals with DM to assume greater responsibility for their care.
The American Diabetes Association refers to education about the individualized
management plan for the patient-as diabetes self-management education (DSME).
More frequent contact between the patient and the diabetes management team

(eleetronie; telephone, ete:).improve glycemic control (Powers, 2008).



2.1.3.1 Diabetes Self-Management Education (DSME)

People with diabetes should receive DSME according to national
standards when their diabetes is diagnosed and as needed thereafter. DSME is an
essential element of diabetes care. DSME helps patients optimize metabolic control,
prevent and manage complications, and maximize quality of life in a cost effective
manner (ADA, 2009b). Usually appropriate education. may require the expertise of the
diabetes educator.” This_instruction can be obtained through individual or group
consultation (Franz, Babtle,-and Beebe, 2002). The diabetes educator is a health care
professional (nurse, dietician, or pharmacist) with specialized patient education skill
who is certified in diabetes education (Powers, 2008). A number of studies involving
a clinical pharmacist in programs with cardiac risk factors in select patients with
diabetes have proven to be effective (Cioffi, Caron, and Kalus, 2004). Providers
should be aware of culturally appropriate educational and community resources to
support persons with diabetes and their families. Periodic reassessment of educational
goals is recommended (Mensing et al., 2007; Lorig, Ritter, and Stewart, 2001). DSME
topics that are important for optimal diabetes care include description of the diabetes
disease process-and treatment options; goal-setting to promote health, and problem-
solving for daily living, preventing, detecting and treating acute complications,
preventing, detecting and adhering to treatments for chronic complications, self-
monitoring. blood glucose, utilizing medications' (if applicable) to- maximize
therapeutic effectiveness.

2.1.3.2° Medical Nutrition Therapy (MNT)

MNT 1is a term used by the American Diabetes Association to

describe the optimal coordination of caloric intake with other aspects of diabetes

therapy (insulin, exercise, weight loss). The ADA has issued recommendations for



tree types of MNT. Primary prevention measures of MNT are directed at prevention
or delaying the onset of type 2 DM in high-risk individuals (obese or with pre-
diabetes) by promoting weight reduction. Secondary prevention measures are directed
at preventing or delaying diabetes-related complications in diabetic individuals by
improving glycemic control. Tertiary prevention measures are directed at managing
diabetes-related complications - (cardiovascular. . disease, nephropathy) in diabetic
individuals. MNT must_be adjusted to meet the goal of the individual patient.
Furthermore, MNT education is an important component of comprehensive diabetes
care and should be reinforced by regular patient education. In.general, the components
of optimal MNT are similar for individuals with type 1 or type 2 DM (Table 2).

The goals of MNT in type 2 DM are address the greatly increased
prevalence of cardiovascular risk factors (hypertension, dyslipidemia, obesity). The
majority of these individuals are overweight or obese, and weight loss is strongly
encouraged and should remain an important goal (Powers, 2008). MNT often begins
with strategies that reduce energy intake and increase energy expenditure through
physical activity. Moderate weight loss (5% of body weight) ‘is associated with
decreased insulin resistance, improved measures of glycemic and lipidemia, and
reduced blood-pressure. The optimal macronutrient distribution of weight loss diets
has nat been established. Low carbohydrate diets, restricting total carbohydrate to less
than 130 g/day, are not recommended in the.management of diabetes. Individualize
the nutrition prescription based on.the nutrition assessment and treatment goals of
each patient. For example, if the patient has been eating 45% of calories from fat,

lowering fat to 40% can be helpful (ADA, 2008a).
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TABLE 2 Nutrition recommendations for adults with diabetes

Fat

< 30% of total calories intake

Saturated fats < 7% of total calories

< 200 mg/day of dietary cholesterol

Intake of trans fat should be minimized.

> 2 servings of fish/week provide omega-3 fatty acids

Carbohydrate

45-65% of total calories intake (low carbohydrate diets are not recommend)
Amount and the type of carbohydrate important ®

Sucrose-containing foods may be consumed with adjustments in.insulin dose
Sugar alcohols and non=nutritive sweeteners are safe

Fiber-containing foods may reduce postprandial glucose excursions

Protein

15-20% of total calories intake (high-protein diets are not recommended as a method of
weight loss

Reduction of protein intake to 0.8-1 gm/kg in the earlier stages of chronic kidney disease
and to 0.8 gm/kg in the later stages

Other components
Sodium
2,300 mg/day for diabetes patients with normotensive and hypertensive
< 2,000 mg/day for diabetes patients with symptomatic heart failure
Supplements
Routine supplementation with antioxidants is not advised °
Benefit from chromium supplementation cannot be recommended

#amount of carbohydrate determined by estimating grams of carbohydrate in diet; glycemic index reflects
how consumption of a particular food affects the blood glucose.

®when consumed within the acceptable daily intake levels established by the Food and Drug Administration
(FDA)

“because of lack of evidence of efficacy and concern related to long-term safety.

Source: adapted from American Diabetes Association (2007; 2008a; 2009b)

2.1.3.3 Physical Activity
In patients with diabetes, the ADA recommends 150 minutes a
week (distributed over at least 3 days) of aerobic physical activity. The exercise
regimen should also include resistance.training. The positive benefits of physical
activity include improved blood pressure values, improved lipid profile, improved

cardiac status, increased insulin sensitivity, more effective weight management and
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improved glycemic control, and it helps in the management of depressive symptoms.
In type 2 DM, exercise-related hypoglycemia is less common than type 1 DM, but can
occur in individuals taking either insulin or insulin secretagogues. Because
asymptomatic cardiovascular disease appears at a younger age in type 2 DM, formal
exercise tolerance testing may be warranted with-any of the followings: age more than
35 years, diabetes duration longer than 10 years, microvascular complication of DM
(retinopathy, nephropathy), peripheral artery disease (PAD), other risk factor of
coronary artery disease (CAD), or autonomic neuropathy. Untreated proliferative
retinopathy is.a relative contraindication to vigorous exercise, as this may lead to
vitreous hemorrhage or retinal detachment.(ADA, 2008a; Powers, 2008).
2.1.3.4 Monitoring the Level of Glycemic Control

Two primary. techniques are available for health providers and
patients to assess the effectiveness of the management plan on glycemic control
involves patient self-monitoring of blood glucose (SMBG) and an assessment of long-
term glycemic control by physician (measurement of HbAlc). Methods and frequency
of monitoring depend on the targets and mode of treatment.  SMBG should be
regarded as essential to improve the safety and quality of treatment. The frequency
and timing of-SMBG should be dictated by the particular.needs and goals of the
individual patient. Patients with type 2 DM on insulin typically need to perform
SMBG three or more times daily. more frequently than those not using insulin,
particularly if using glucose readings to guide mealtime insulin dosing. Because the
accuracy of SMBG is instrumental and user dependent, it is important for health care
providers to evaluate each patient's monitoring technique. HbAlc is the gold standard
for assessment of long-term glycemic control. HbAlc is formed by the continuous

non-enzymatic glycosylation of hemoglobin throughout the lifespan of an erythrocyte.
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This assay yields an accurate measure of time-averaged blood glucose during the
previous six to eight weeks. Clinically it can assist in determining duration and

severity of hyperglycemia and can help guide treatment (ADA, 2008a; Powers, 2008).

2.1.4 Pharmacological Treatment of Hyperglycemia
2.1.4.1 QOral Hypoglycemic Agents

Commonly these agents are-used to treat Type 2 DM. They
usually work by lowering the glucose levels in the blood. In this category different
types of antidiabetic agents are available. Their use depends on the nature of the
diabetes, age and situation of the person, as well as other factors. Oral antidiabetic
drugs with four therapeutic mechanisms of action are now available (Table 3),
stimulate insulin-release from B-cells (sulfonylureas, repaglinide, or nateglinide),
hepatic glucose output suppression (biguanides and thiazolidinediones), peripheral
insulin resistance reduction (thiazolidinediones and biguanides), and delayed glucose
absorption (a-glucosidase inhibitors) (Tildesley et al., 2007). The elevated insulin
levels reduce hepatic glucose production and increase muscle glucose uptake and
hence decrease blood sugar level. Biguanides, sulphonylureas, thiazolidinediones, and
a-glucosidase inhibitors may be used in various combinations with each other or with
insulin when treatment targets are not achieved. Combination therapy capitalizes on
the complimentary modes of action of the different drug classes, and there is some
evidence to suggest that the use of combination therapy (at submaximal doses of each
drug) is superior to monotherapy in terms of glycemic control, with no increase in

side effects (Garber et al., 2002).
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Classes Mechanism of action Example
Oral sulfonylureas stimulate insulin release from B-cells Chlorpropamide
(1* generation) Tolazamide
Tolbutamide
Oral sulfonylureas stimulate insulin release from p-cells Glimepiride
2" generation Glipizide
Glyburide
Gliclazide
Non-sulfonylurea stimulate insulin release from B-cells Nateglinide
secretagogues Repaglinide
Biguanides decrease insulin resistance Metformin
increase cellular glucose uptake and
utilization
decrease hepatic glucose production
decrease morbidity and mortality in
obese patients
Thiazolidinediones insulin sensitizers Pioglitazone
increase hepatic output of glucose Rosiglitazone
o-Glucosidase inhibit glucosidase in brush border of Acarbose
Inhibitors small intestine
prevent hydrolysis and delay
carbohydrate digestion
Source: adapted from Jain and Saraf (2008)
TABLE 4 Pharmacokinetics of insulin preparation
Classes Preparations Once g Duration
of Action Action of Action
Rapid-acting Lispro 15 min. 30-90 /min. 2-4 hrs.
Aspart 15 min. 1-3 hrs. 3-5 hrs.
Glulisine 15 min 50-100 min. 5 hrs.
Short-acting Regular 30 min. 2-5 hrs. 5-8 hrs.
Intermediate-acting NPH 1-3 hours 6-12 hrs.  16-24 hrs.
Long-acting Detemir 1 hr. No peak >24 hrs.
Glargine Lhr. No peak 24 hrs.
Mixtures Humalog® mix 15 min. 30-240 min. ~ 16-24 hrs.
(75/25) or
Humalog® mix 15 min. 60-240 min.  16-24 hrs.
(50/50)

Novolog® mix (70/30) 30 min
NPH and Regular
(70/30, 50/50)

2-12 hrs. 16-24 hrs.

Source: adapted from Nathan et al. (2009)
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2.1.4.2 Insulin Therapy

Insulin is the most commonly used when adequate glycemic
control can no longer be achieved with oral agents alone. As type 2 DM is a
progressive disorder, with loss of beta cell function occurring over time, insulin is
often needed to achieve good glycemic. control and should be considered for all
patients on maximum. oral therapy whose HbALc is higher than 6.5 mg%. Whilst
inadequate glycemic contrel, despite maximum oral therapy, may often be addressed
by improving compliance with lifestyle goals, early treatment with insulin should be
strongly considered when unintentional weight loss occurs at any time during the
course of diabetes, including at the time of diagnasis. Insulin should usually be
combined with oral agents, as they limit the weight gain, and reduce the
hypoglycemia associated with .insulin therapy. There is evidence suggesting that
metformin is important for cardiovascular protection (IDF, 2005). There are many
different kinds of insulin, which are broken down into four main categories (Table 4),
based on: the onset of the insulin (when it starts working), the peak (when it works the

hardest) and the duration (how long it lasts).

2.1.5 .Chronic Complication (Powers, 2008)

The chronic complications of DM affect many organ systems and are
responsible for the majority of morbidity. and mortality associated with the disease.
Chronic complications can be divided into vascular and nonvascular complications
(Table 5). The ‘vascular complications of DM “are further subdivided into
microvascular (retinopathy, neuropathy and nephropathy) and macrovascular
complications (coronary artery disease (CAD), peripheral artery disease (PAD) and

cerebrovascular disease). Nonvascular complications include problems such as
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gastroparesis, infection and skin changes. Long-standing diabetes may be associated
with hearing loss. Whether type 2 DM in elderly individuals is associated with
impaired mental function is not clear. The risk of chronic complications increases as a
function of the duration of hyperglycemia. Since type 2 DM often has a long
asymptomatic period of hyperglycemia, many individuals with type 2 DM have
complications at the time of diagnosis:.

The microvascular complications of type 2 DM result from chronic
hyperglycemia. Large randomized clinical trials of individuals with type 2 DM have
conclusively demonstrated that a reduction in. chronic hyperglycemia prevents or
delays retinopathy, neuropathy and nephropathy. Other incompletely defined factors
may modulate the development of complications. For example, despite long-standing
DM, some individuals never develop nephropathy or retinopathy. Many of these
patients have glycemic control that is indistinguishable from those who develop
microvascular complications, suggesting that there is genetic susceptibility for
developing particular complications. The evidence implicating a causative role for
chronic hyperglycemia in the development of macrovascular complications is less
conclusive. However, coronary heart disease events and mortality are two to four
times greater in patients with type 2 DM. these events correlate with fasting and
postprandial plasma glucose levels as well as with the HbAlc. Other factors
(dyslipidemia ‘and hypertension) also play important roles in = maerovascular

complications.
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TABLE 5 Chronic complications of diabetes mellitus

Microvascular

Eye disease
Retinopathy (nonproliferative/proliferative)
Macular edema

Neuropathy
Sensory and motor(monoe- and polyneuropathy)
Autonomic

Nephropathy

Macrovascular
Coronary artery disease (CAD)
Peripheral artery disease (PAD)
Cerebrovascular disease

Others
Gastrointesinal (gastroparesis, diarrhea)
Genitourinary (uropathy/ sexual dysfunction)
Dermatologic
Infectious
Cataracts
Glaucoma
Periodontal disease

Source: Powers (2008)

2.2 Insulin Resistance

The traditional view of insulin action places this hormone at the center of
multiple organ adaptations to the ingestion of nutrients, in particular, dietary
carbohydrates. Insulin.stimulates the disposal of ingested glucose into skeletal muscle
and adipose tissue and decreases the production of glucose by the liver by reducing
glycogenolysis and gluconeogenesis. In addition, insulin suppresses the release of
nonesterified fatty acids.from.adipose tissue by. suppressing lipolysis. (Bessesen,
2001).

Insulin resistance is the initial measurable defect in patients who are

destined to develop type 2 DM. Although there have been discussions about which
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comes first, insulin resistance or impaired p-cell function, clearly insulin resistance is
closely tied to the current epidemic of diabetes. Insulin resistance is found in the
majority of patients with type 2 DM, and it is present in the early prediabetic stage of
impaired glucose tolerance (De Fronzo, 2004). Insulin resistance is apparent in
individuals with normal glucose tolerance who-are family members of patients with
type 2 DM. It also predicts subsequent development of type 2 DM in both prediabetic
and normoglycemic states.-Simply stated, insulin resistance is a reduced sensitivity in
body tissues to the action of .insulin. Insulin resistance affects glucose disposal in
muscle and fat'and has an effect on insulin suppression of hepatic glucose output
(Gerich, 2003). In patients with type 2 DM, higher concentrations of insulin are
needed to stimulate peripheral glucose disposal and to suppress hepatic glucose
production than are needed in patients without diabetes (Groop et al., 1992).
Resistance to insulin is apparent with endogenous or exogenous insulin. Insulin
resistance is strongly linked to obesity and also underlies many of the
pathophysiologic features-of insulin resistance syndrome, such as dyslypidemia and
hypertension. _Furthermore, insulin resistance is responsible for the increased
cardiovascular -risk In insulin-resistance patients with varying degree of glucose
intolerance.

A number-of methods have been used to assess insulin sensitivity in
animals and humans. These include measures of fasting insulin and glucose
concentrations, the homeostatic model (HOMA), the quantitative insulin sensitivity
check index madel (QUICKI), glucose or insulin area under the curve after ingestion
of glucose, the frequently sampled intravenous glucose tolerance test, the
hyperinsulinemic euglycemic clamp, graded glucose infusions, and cellular and

molecular studies of insulin signaling (Wallace, Levy, and Matthew, 2004).
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Homeostatic model assessment (HOMA, HOMA1, HOMA-R, or HOMA-
IR) is a relatively simple mathematical index for assessing insulin resistance, which is
calculated by using fasting plasma insulin (FPI) and fasting plasma glucose (FPG).
The formula for the HOMA model is (FPl x FPG)/22.5, where FPl measure in
pIU/ml, FPG measure in mmol/l, and 22.5 is a-constant (Matthew et al., 1985). The
HOMA has a range of approximately 2-15 (Yeni-Komshian et al., 2000), with higher
scores indicating increasing insulin resistance. Lansang, Williams, and Carroll (2001)
determined the correlation between the HOMA model and the hyperinsulinemic
euglycemic clamp method in a population of hypertensive patients and normal
controls. They concluded that the HOMA is a reasonable alternative method to access
insulin resistance. Wallace et al. (2004). documented that the HOMA model has
proved to be a robust clinical and epidemiology tool in descriptions of the

pathophysiology of diabetes.

2.3 Soybean and Phytoestogens (Sugano, 2006; Liu, 2006; Messina, 1999).

Soybean plant (Glycine max) belongs to the legume family is the world’s
most widely cultivated and economically successful legume. Cultivated soybean is
composed of -approximately 8% hull, 90% cotyledons and 2% hypocotyls axis.
Cotyledon contains the highest percentage of both protein and oil whereas other
compaonents such as dsoflavanes are concentrated in the hypocotyls ;axis. Most
soybeans cultivated are used as the raw materials for oil milling and the residues are
mainly used as feedstuffs for domestic animals.

In addition to protein and oil, soybean contains valuable components and
it is an exceptional foodstuff of which the constituent components are almost totally

disclosed chemically. Most of nutritional and physiological functions of those
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components have been studied extensively, as summarized in Table 6. It is well
known that almost all components of soybean have beneficial health effects as
characterized by the preventive potential for so-called life-style-related diseases or
adult diseases. Here it is most probable that the health benefits of soybean reflect a
complicated interaction of different components. The anticarcinogenic effect of
soybean, for example, may: be attributed to this type of interaction rather than to single

component.

TABLE 6 Major soybean components and their health effects

Components Functions

Protein Hypocholesterolemic, reduces body fat
Peptides Readily absorbed, reduced body fat
Lectins Body defense, anticarcinogenic

Trypsin Inhibitor
Dietary fiber

Oligosaccharides

Phytin
Saponin
Isoflavones
Linoleic acid

a-Linolenic acid

Lecithin

Tocopherols

Plant sterols

Anticarcinogenic

Improve digestive tract function, prevent colon
cancer, regulate lipid metabolism
Bifidus factor, improve digestive tract function

Regulate cholesterol metabolism,
anticarcinogenic, interferes mineral absorption
Regulate lipid metabolism, antioxidant

Estrogenic function, prevent osteoporosis,
anticarcinogenic
Essential fatty acid, hypocholesterolemic,

Essential fatty acid, hypotriglyceridemic, improve
cardiovascular function, antiallergenic

Improve lipid metabolism, maintains
neurofunctions

(memory and learning abilities)

Antioxidants, prevent cardiovascular diseases

Hypocholesterolemic, improve prostate cancer

Source: Sugano (2006)
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Phytoestrogens are found in numerous fruits and vegetables and are
categorized into three classes, namely isoflavones, lignans and coumestans.
Isoflavones are mainly found in soybean, which a large variability content and
composition. Isoflavones have a non steroidal structure but possess a phenolic ring
that enables them to bind the estrogen receptor (ER) (Figure 1) and act either as
estrogen agonists or.antagonists (Makela et al., 1995).

The major bioactive isoflavones are genistein and daidzein. Variation in
temperature, nutritional status, pest attack or light conditions may modify isoflavones
content and composition (Wang and Murphy, 1994: Caldwell, Britz, and Mirecki,
2005). In addition, the isoflavanes content of different soy protein preparations varies
widely and depends on the ‘processing. techniques used (Erdman et al., 2004,
Anderson and Wolf, 1995) (Table 7). Among all the health-promoting component of
soy, soy isoflavones are thought to be most responsible for many of hypothesized
health benefits of soy foods (Liu et al., 2005) and thus, have received more attention
mainly due to their benefits in decreasing age related diseases e.g. 0steoporosis,
cardiovascular. disease, cancer, osteoporosis and postmenopausal symptoms or
hormonodependent cancers (e.g. prostate) (Tempfer et al., 2007; Sacks et al., 2006;
Fitzpatrick, 2003; Anderson et al., 1999). Isoflavones may additionally have a
beneficial role in lipid-and glucose metabolism-(Lukaczer et al., 2006). Yet, because
of their estrogenic activity, there has been concern about the safety of.consuming
isoflavones, particularly for infants.and in the case of overconsumption by general
populations. Several negative effects have been postulated. It is' evident that
researches on the health effects of phytoestrogens, including isoflavones, is rather
complicates and in many cases, results are either inconclusive or inconsistent among

different studies (Munro et al., 2003). Therefore, more research is definitely needed.
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TABLE 7 Isoflavones contents of soy products (per 100 g)

Soy products Genistein  Daidzein  Glycitein Total

(mg) (mg) (mg) (mg)
Soybeans, raw (Japan) 74.33 45.95 9.01 130.65
Soybeans, raw (Europe) 39.78 45.44 22.37 103.56
Soybeans, raw (United States) 86.33 61.33 13.33 159.98
Soybeans, roasted 75.78 62.14 13.33 148.50
Soy flour, full-fat, raw 98.77 72.92 16.12 178.10
Soy flour, full-fat, roasted 85.12 89.46 16.40 165.04
Soy flour, defatted, raw 87.31 64.55 15.08 150.94
Soy protein concentrate, 52.81 38.25 4.94 94.65
aqueous washed
Soy protein concentrate, 5.26 5.78 157 11.49
alcohol extraction
Soy-protein isolate 57.28 30.81 8.54 91.05
Soybean, curd, fermented 21812 12.18 2.30 34.68
Miso 23.24 16.43 3.00 41.45
Natto 37.66 33.22 10.55 82.29
Soy drink 5.10 2.75 N @ 7.85
Soymilk, unfortified 6.07 4.84 0.93 10.73
Tempeh, raw 36.15 22.66 3.82 60.61
Tempeh, cooked 21.14 13.12 1.39 35.64
Tofu, pressed, raw 16.01 15.59 2.77 33.91
Tofu, firm, cooked 10.83 10.26 1.35 22.05
#no data

Source: adapted from US Department of Agriculture Nutrient Database for the
Isoflavones Content of Selected Foods (2008)

The metabolism of isoflavones is rather complex. The two major
isoflavones, genistein and daidzein, are present in soy as B-D-glycosides, namely
genistin and daizin (Figure 2). These glycoside forms are biologically inactive. Once
ingested, isoflavones glycosides are hydrolyzed by B-glucosidases in the intestinal
wall, resulting in the conversion to their corresponding bioactive aglycones (genistein
and daidzein). Only the aglycone foerms are absorbed by the intestinal tract and are
therefore biologically active. Daidzein can be further metabolized to equol.and o-
demethyangolensin, and genistein to p-ethyl phenol. In fact, genistein, daidzein, equol
and o-demethyangolensin are the major isoflavones detected in the blood and urine of

humans and animals (Setchell, 1998).
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2.4 Soy Protein Products (Egbert, 2004; Endres, 2001)

Since the 1960s, soy protein products have been used as nutritional and
functional food ingredients in every food category available to the consumer. The
compositions of soy protein products differ depending on the processing as shown in
Table 8. Soy protein products are an ideal source of some of the essential amino acids
used to complement cereal proteins (Table 9). The excellent nutritional value of soy
protein products has reeently been recognized by both the Food and Drug

Administration"(FDA) and.the United States Department of Agriculture's (USDA)

School Lunch.Program:.

TABLE 8 Compositions of soy protein products (%)

Defatted flours

Constituent \ Concentrates Isolates
and grits
As is mfh? As is mfb As is mfb
Protein
52-54 56-59 62-69 65-72 86-87 90-92
(N x 6.25)
Fat
05-1.0 05-11 0.5-1.0 0.5-1.0 = 05-1.0 0.5-1.0
(Pet. Ether)
Crude fiber 25-35 2.7-38 3.4-4.8 35-50 .01-0.2 0.1-0.2
Soluble fiber 2 2.1-2.2 2-5 2.1-5.9 <0.2 <0.2
Insoluble fiber 16 17-17.6 13-18 13.5-20.2 <0.2 <0.2
Ash 50-6.0 5.4-65 3.8-6.2 40-65 3.8-48 4.0-50
Moisture 6-8 0 4-6 0 4-6 0
Carbohydrates
| 30-32 32-34 19-21 20-22 3-4 3-4
(by difference)

' mfb: moisture-free basis

Source: Egbert (2004)
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TABLE 9 Amino acid compositions of soybean protein products (per 100 g) 2

Amino acids Full-fat Defatted Soy protein Soy protein
soy flour soy flour concentrates isolates
Isoleucine (g) 1.675 2.281 2.942 4.253
Leucine (g) 2.812 3.828 4.917 6.783
Lysine (9) 2.298 3.129 3.929 5.327
Methionine (g) 0.466 0.634 0.814 1.130
Cystine (g) 0.556 0.757 0.886 1.046
Phenylalanine (g) 1.802 2.453 3.278 4.593
Tyrosine (g) 1.306 1.778 2.301 3.222
Threonine (g) 1.500 2.042 2.474 3.137
Tryptophan (g) 0.502 0.683 0.835 1.116
Valine (g) 1.724 2.346 3.064 4.098
Histidine (g) 0.931 1.268 1.578 2.303
Arginine (g) 2.679 3.647 4.642 6.670
Alanine (g) 1.627 2295 2.677 3.589
Aspartic acid (g) 4.342 5.911 7.249 10.203
Glutamic acid (g) 6.689 9.106 12.013 17.452
Glycine (9) 1.597 2.174 2.688 3.603
Proline (g) 2.020 2.750 3.298 4.960
Serine (9) 2.002 2.725 3.369 4.593

Source: adapted from USDA National Nutrient Database for Standard Reference (2008)

Thereare three major groups of say protein products, soy flours and grits,
soy protein concentrates, and soy-protein isolates, which' the protein contents range
from 40-90% (Erickson, 1995).

2.4.1Soy Flour.and Grits

Processing alternatives enable the soybean processor to-manufacture soy

flour products which vary in fat content, granulation and degree of heat treatment. By

controlling these variables, the processor is able to regulate the nutritional value and
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functional properties of these products. Soy flour and grits are used in food products
because of their functionality, nutritional value and low cost. Functional properties are
characteristics such as water absorption, fat absorption, fat emulsifying capacity,
protein binding capacity and adhesiveness. These properties can be regulated so that
they are similar to those of milk, meat or eggs. Flour and grits are differentiated on the
basis of granulation. Grits have a particle size larger than 100 mesh (U.S. standard
screen size) while flour has-a particle size finer than 100 mesh.

Two types.of flour-are produced from soybeans for use in foods. Full fat
soy flour is milled from cleaned, dehulled soybeans while defatted soy flour is
produced from cleaned, dehulled and solvent extracted soybeans. The general
processing steps involved in the manufacture of these products are reviewed in Figure
3. Processing alternatives enable the manufacture of defatted soy products with
varying degrees of heat treatment and with varying granulations. These variables
affect the functional and nutritional properties of these products. The functionality,
nutritional value and low cost of soy flour products account for their growing use in
foods, and as a base material for the manufacture of further processed food
ingredients. Several of these further processed products are shown in Figure 4.

2.4.2 Soy.Protein Concentrates

Soy protemn concentrates are prepared from defatted soybeans by the
extraction of sugar, soluble carbohydrate material, mineral matter and other minor
constituents. They contain at least 65% protein (N x 6.25) on a moisture free basis,

with the remaining portion being mainly insoluble carbohydrates.
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FIGURE 3 Manufacture of full fat and defatted soy flour (Lusas and Riaz, 1995)
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2.4.3 Soy Protein Isolates

Soy protein isolates are the most highly refined soy protein products
commercially available. They represent the major protein fraction of the soybean. Soy
protein isolates are prepared from defatted soybeans by alkaline extraction, followed
by precipitation at acid pH. As a result, both soluble and insoluble carbohydrates are
removed. The resulting product contains protein.at least 90% on a moisture-free basis
and is light in color and bland-in flavor. Soy protein isolates may be used in a wide
range of food application, including processed meat, meat analogs, soup and sauce
base, nutritional beverage (liquid nutritional beverage, dry powder nutritional
beverages), infant formulas and dairy replacements, which reguire soy protein isolates
with different functional characteristics. The functional properties of soy protein
isolates vary dramatically including gelation, emulsification, viscosity, water binding
and dispersibility. These proteins can be used simply for protein fortification, for the
functional benefits that they bring to a food system, or for the health benefits
associated with soy protein. Some of the products. in which soy isolates are used
including liquid, concentrate and powder infant formula products and also are used in
applications to provide alternative milk for infants and toddlers with milk-intolerance
problems.

Soy protein-has gained considerable attention for its potential role in
improving risk factors for cardiovascular disease (CVD). In Octaber 1999, the US
Food and Drug Administration (FDA) approved labeling for foods containing soy
protein as protective products against coronary heart disease (U.S. FDA, 1999). The
FDA based this decision on clinical studies showing that at least 25 g of soy protein
per day lowered TC and LDL-C. The FDA requires for the claim that a serving

contain at least 6.25 g of soy protein. The FDA also stated that “the evidence did not
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support a significant role for soy isoflavones in cholesterol-lowering effects of soy
protein.” In 2000, the American Heart Association (AHA) Nutrition Committee
released a scientific advisory on soy protein and CVD (Erdman, 2000). At that time,
the conclusion was that “it is prudent to recommend including soy protein foods in a
diet low in saturated fat and cholesterol.”

Human_and animal studies have shown soy products to be excellent
sources of protein. In most-food applications, soy protein products are not used as the
sole source of ‘protein, but-in.combination with other proteins. Many studies have
shown that soy-protein products effectively improve the nutritional value of the food,

especially when eombined with prateins of cereal origin.

2.5 Epidemiological Evidence of Cardiovascular Protective Effects of Soy
Protein

An epidemiological association between soy intake and reduced
cardiovascular disease risk is-well supported by a number of publications. Diet has a
major impact on several modifiable risk factors _for heart disease:
hypercholesterolemia, hypertriglyceridemia, elevated LDL-C, low HDL-C,
hypertension, -abesity, and diabetes. Epidemiological data from different countries
have also shown a strong positive correlation-between coronary heart disease and
consumption of animal protein (Kelemen et al., 2005, Hu, 2005). On the ather hand,
replacement of animal protein in the diet with soy protein has been reported to lower
the level of plasma lipids in human subjects (Radcliffe and Czajka-Narins, 1998;
Teixeira et al., 2000; Anderson and Hoie, 2005). In addition, the 20-year follow-up of
the Nurses’ Health Study also indicated a significant correlation between vegetable

protein intake and reduced cardiovascular risk (Halton et al., 2006).
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Epidemiological observations in Japan and other Asian countries showed
that eaten large amounts of soy products decreased blood cholesterol concentration
and CVD incidence (Keys and Seven, 1980). Epidemiologists have also noted that
Asian population who consume soy foods as a dietary staple have lower incidence of
CVD than those who consume a typical Western diet (Beaglehole, 1990), and in
recently study found that the Japanese dietary pattern.is associated with lower CVD
mortality (Shimazu et al., 2007). In addition, epidemiological studies have shown that
type 2 DM is four times less prevalent in Japanese people in Tokyo than in Japanese-
Americans in.Seattle (Fujimoto et al., 1987; 1991). The mean daily intakes of soy
protein are 30 g.in Japan, 20 g in Korea,.7 g in Hong Kong, 8 g in China, and less
than 1 g in the United States (Nagata et al., 2000; Ho et al., 2000). In 1998, deaths
from CVD per 100,000 people between the ages of 35 and 74 years were as follows:
401 for US men, 201 for Japanese men, 197 for US women, and 99 for Japanese
women (AHA, 1998). To date, the production and consumption of soy foods within
Western countries have increased in the last decade (Soy foods Association of North
America, 2008), especially after the approval of a food-labeling health claim for soy
protein in the prevention of coronary heart disease by the U.S. FDA in 1999.

Soy.‘intake in general population is clearly linked to reduced TC
concentration. In particular, Nagata et al. (1998) reported a progressive reduction of
vascular risk in the presence of successive quartiles of soy protein intake in the
Japanese population. Similar findings were noted in the cross-sectional study in pre-
and postmenopausal women ‘in United Kingdom. Soy protein intake was inversely
associated with TC and LDL-C concentrations. Mean plasma LDL-C concentrations
in women with a soy protein intake > 6 g/day was 12.4% lower than that in women

who consumed < 0.5 g/day (Rosell et al. 2004). In addition, in a population-based
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prospective cohort study of Chinese women aged 40-70 years, without previously
diagnosed coronary heart disease (CHD), stroke, cancer and diabetes at baseline
found that soy food consumption was significant inversely associated with the
incidence of CHD (Zhang et al., 2003). Moreover, evidence from prospective cohort
studies in middle-aged Japanese without cardiovascular disease or cancer found a
significant inverse.association between soy protein.and isoflavones intake with the
risk of incidence of cerebral and myocardial infarctions in ' women but not found in
men. A significant inverse. association of soy. intake with the risk of mortality for
ischemic CVD-was also found in women (Kokubo et al., 2007). A study in large,
prospective study of middle aged Chinese women showed that a higher intake of
legumes, soybeans in particular, was associated with a reduced risk of type 2 DM
(Villegas et al., 2008). Consumption of higher than 12.6 g of soy protein per day is
associated with a lower risk of glycosuria, a strong predictor of diabetes (Yang et al.,
2004). Several studies have.reported that isoflavones consumption by postmenopausal
women correlated with lower body mass index (BMI) and higher HDL-C levels

(Goodman-Gruen, and Kritz-Silverstein, 2001, 2003).

2.6 Effect of Soy Protein on Lipoprotein Cholesterol Concentrations

The beneficial effects of dietary soy-protein on serum lipid concentrations
have been fully demonstrated in a variety of animal models and in humans (Rosell et
al., 2004; Tovar, Ascencio, and Torres, 2002; Baum et al., 1998). The first human
study on the cholesterol-lowering effect of soy protein was reported in 1967 and
demonstrated that replacement of mixed proteins by mainly isolated soy protein
products at an intake of 100 g/day reduced mean cholesterol levels more than 2.59

mmol/l in hypercholesterolemia men (Hodges et al., 1967). However, Anderson et al.
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(1995) analyzed 38 controlled clinical studies published between 1977 and 1994 and
suggested that mean intakes of 47 g/day (ranging from 17-124 g) of isolated or
textured soy protein significantly reduced in TC, LDL-C and TG by 9.3, 12.9 and
10.5%, respectively. However, there was no significant change in HDL-C levels, and
the changes in cholesterol concentrationswere dependent on initial cholesterol
concentrations (Dewell, Hollenbeck,.and Hollenbeck, 2006). U.S. Food and Drug
Administration (FDA) approved of the health claim only for the role of soy protein
consumption in"coronary heart disease risk reduction but clearly indicated that “*the
evidence did net support a significant role for soy isoflavones in cholesterol-lowering
effects of soy protein’’ (U.S. FDA.,, 1999). The Nutrition Committee of the American
Heart Association published a statement.on soy protein in 2000 in which it was
deemed “prudent” to recommend .inclusion of soy protein in the diet for
cardiovascular disease protection.

Weggemans and Trautwein (2003) analyzed 10 studies published from
1995- 2002. The results showed that compared soy protein with other protein (often
casein) and found an average decrease in 4% in LDL-C associated with the daily
consumption of 36 g soy protein and 52 mg isoflavones. There was no dose-response
relation between soy isoflavones and changes in LDL-C. In meta-analyzes in 8 studies
(published from 1966-2003) showed that high isoflavones intake (mean 96 mg/day)
led to significantly greater decreases in serum LDL-C than low isoflavenes intake
(mean 6 mg/day) as the same amount of soy protein intake (mean 50 g/day),
demonstrating that isoflavones have LDL-C-lowering effects independent of soy
protein (Zhuo, Melby, and Watanabe, 2004). The meta-analyses in 23 randomized
controlled trials (published from 1995-2002) revealed that soy protein containing

isoflavones intake reduced TC, LDL-C and TG by 3.8, 5.3 and 7.3%, respectively and
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increased HDL-C by 3.0%, but dose-response relation was not observed. The
strongest lowering effects were occurred within short initial period of intervention (6-
12 weeks), whereas improvements in HDL-C were only observed in studies of more
than 12 weeks duration (Zhan and Ho, 2005). A 2006 comprehensive analysis of 41
trials conducted since 1966 have indicated. that soy protein isolate supplementation
(ranged from 20 to_higher than 61 g/day) containing isoflavones (ranged from 2-192
mg/day) was associated with a-significant reduction in mean serum TC, LDL-C, and
TG and a significant increase in HDL-C among adults with or without
hypercholesteroelemia (Reynolds et al., 2006). Sacks et al. (2006) analyzed 22 trials
(published from:1999-2005) in _hyperlipidemic . subjects and found that mean
consumption of isolated soy protein 50 g/day (containing isoflavones, ranging from
25-133 g) lowered LDL-C levels by 3%. This reduction is very small relative to the
large amount of soy protein tested in these studies. No significant effects on HDL-C,
TG, lipoprotein (a), or blood pressure were evident.

Meta-analysis of Anderson et al. (1995) and recent study (Sirtori, Eberini,
and Arnoldi, 2007) were demonstrated that the ranges of cholesterol response of the
patients groups belonging to the same quartile of baseline cholesterol were essentially
identical. About 25% of the previous studies were based on severely
hypercholesterolemic ~individuals, while in" the recent year patients with
cholesterolemia in the very high range (> 335 mg/dl) have not been selected for
dietary treatment (Sirtori et al, 2009). The major influence of baseline
cholesterolemia on the final effect of soy proteins was also highlighted in‘a recent
editorial (Steinberg, 2007). The response to soy proteins was not dependant on the
amount of dietary soy proteins but rather by the initial blood cholesterol concentration

(Dewell et al., 2006).
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Consumption of soy protein has been shown to improve the blood lipid
levels in diabetic subjects. The randomized double-blind supplementation for 6 weeks
with soy protein (50 g/day) with high levels of isoflavones (165 mg/day), compared
with casein in type 2 DM demonstrated significantly lower mean values for LDL-C
and TG in individuals with near-normal lipid.values (Hermansen et al., 2001). The
randomized, double blind, cross-over trial of soy. protein with phytoestrogens (soy
protein 30 g/day and isoflavones 132 mg/day) versus placebo (cellulose 30 g/day) for
12 weeks, in women.with diet-controlled type 2 DM demonstrated that soy with
isoflavones significantly lower mean values for TC and LDL-C, thereby improving
their cardiovascular risk profile (Jayagopal et al.,, 2002). Azadbakht et al. (2003)
demonstrated the effect of dietary soy protein consumption compared with animal
protein for 7 weeks in type 2 diabetic patients with nephropathy. They found that soy
protein consumption significant reduced TC, TG and LDL-C, and longitudinal soy
protein consumption (for 4.years) also significantly affected TC, LDL-C and serum
TG concentrations among-type 2 diabetic patients with nephropathy (Azadbakht et al.,
2008).

Due to the complex interactions between soy protein and isoflavones, the
mechanism/mechanisms through which soy protein exerts-its beneficial effects on
lipid metabolism isfare not fully understood. Many clinical trial studies were
performed .to evaluate the effects of soy protein with isoflavanes and soy protein
without isoflavones on lipid profile and parameters of metabolism. A randomized
crossover design of McVeigh et al. in healthy young men (2006) found that serum
lipids did not differ significantly between the treatments of soy protein with varied in
isoflavones content (1.64 £0.19 mg and 61.7+7.4 mg aglycone per day) for 57 day,

compared with milk protein isolate (MPI).
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The meta-analysis of Sacks et al. (2006) in 22 randomized trials, with the
range of soy protein was 25-135 g/day, the range of isoflavones was 40-318 mg/day
shown that LDL or non-HDL-C concentrations decreased and there was no apparent
dose effect and the relation was not evident between initial cholesterol and cholesterol
lowering, which was inconsistence with previous studies (Lichtenstein et al., 2002;
Crouse et al., 1999 and Anderson et al., 1995)..Recently, the meta-analysis in 11
randomized controlled trials published from 1990-2006 was conducted to evaluate the
effects of soy protein-contained enriched isoflavones ranging 61.7-317.9 mg/day
(ISP*group) compared with the group consuming. isoflavones-depleted soy protein
(ISP~ group, isoflavones 1.2-10.0 mg/day) on lipid profiles. The result found that in
ISP* group reduced serum LDL-C with a greater degree than ISP~ group with the
same amount of soy protein for 4-12 weeks. The authors summarized that soy protein
that contained enriched or depleted isoflavones significantly improved lipid profiles.
Reductions in LDL-C were larger in hypercholesterolemic subjects than in
normocholesterolemic subjects, but no significant linear correlations were observed
between reductions and the starting values. In addition, there was-no significant linear
correlations were found between reductions in LDL-C and soy protein or isoflavones
intakes (Taku etal., 2007).

Evidence.of hypocholesterolemic-activity: of-isoflavones.alone has been
analyzed in numerous of recent reports. Meta-analysis of randomized controlled trials
using isoflavones in tablet form demonstrated that isoflavones tablets, up to 150
mg/day, had insignificant effects in lowering serum TC, LDL-C and TG. There was
insignificant benefit over serum HDL-C (Yeung and Yu 2003). As well as the
crossover study of Gonzalez et al. (2007) showed that there were no significant

differences in TC, TG, or HDL and LDL-C levels between isoflavones tablet
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component alone (contained 132 mg) and placebo (microcrystalline cellulose) in diet-
controlled type 2 DM for 12 weeks. The meta-analysis study that evaluate the effects
of extracted soy isoflavones alone for 1-3 months (not ingested concurrently with soy
protein) on TC and LDL-C found that ingestion of an average of 70 mg extracted soy
isoflavones per day (as the aglycone form) alone did not significantly change TC and
LDL-C compared with placebo in normocholesterolemic menopausal women (Taku et
al. 2008). These results were-consistent with the study of Rios et al. (2008) that
evaluated the effects of 40 mg of soy isoflavones in capsules for 6 month in double-
blind, placeba.controlled study, in postmenopausal Brazilian women. Similar findings
were also found in a previous meta-analysis that evaluated randomized controlled
trials of extracted soy isoflavones without soy protein (60-114 mg/day, 4-26 weeks)
(Balk, Chung, and Chew, 2005). The effect on lipid or other metabolic biomarkers of
cardiovascular disease risk  were not found in the study of isoflavones
supplementation (genistein.and daidzein or pure genistein) compared with placebo in
postmenopausal women, (Hall et al., 2006; Atteritano et al., 2007).

Although, isoflavones may exert no major direct influence on the lipid
profile, it had potential antioxidant effects (Wiseman et al.; 2000; Tikkanen et al.,
1998), and it improved vascular endothelial function (Rathel et al., 2005; Walker et
al., 2001). Higher intake level of isoflavones is associated with better vascular
endothelial function and lower carotid atheroselerotic burden in persons athigh risk of
cardiovascular events (94% with coronary artery disease or stroke, 44% with diabetes)
(Chanet al., . 2007). Isoflavones supplementation (80 mg/day) in ‘patients with
clinically manifest atherosclerosis and impaired endothelial function for 12 weeks
reduced serum C-reactive protein and improved brachial flow mediated dilatation

(FMD), thus reversing their endothelial dysfunction status. These findings show
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important implication for the use of isoflavones as secondary prevention in patients
with cardiovascular disease (Chan et al., 2008). In addition, isoflavones have a
protective effect on the risk of atherosclerosis and arterial degeneration through an
effect on arterial walls, especially among older women (Van der Schouw et al., 2002).
Genistein and daidzein have been shown to.suppress aggregation of platelets, TNF-a
secretion and nitric oxide production in human-endothelial cells, indicating that
isoflavones have benefit for the cardiaprotective effect (Gottstein et al., 2003). High
intake of phytoestrogens in.postmenopausal U.S women appears to be associated with
a favorable metabolic cardiovascular risk profile (De Kleijnet al., 2002). However,
some prospective studies have indicated: that there was no significant association
between the standard Western dietary intake of isoflavones (0.369-0.770 mg/day) and
the reduction of cardiovascular events in different cohorts of postmenopausal women

over prolonged periods of time (4-6 years) (Van der Schouw et al., 2005).

2.7 Effect of Soy Protein on Plasma Glucose, Insulin Resistance and Renal
Function

The therapeutic potential of soy for diabetes was first suggested in 1910
(Friedenwald and Ruhrah, 1910). Studies on the effect of soy-on glycemic control in
diabetes have shown‘inconsistent results (Thomas, Laine, and Goetz, 1988; Tsai et al.,
1987; Mahalko et al., 1984). Hermansen et al. (2001) found that daily the intake of 50
g soy protein with 165-mg isoflavones, compared with placebo, for 6 weeks showed
no difference. in plasma glucose, insulin, or HbAlcin type 2 diabetic patients.
However, different results were observed in the study of soy protein with isoflavones
(soy protein 30 g/day and isoflavones 132 mg/day) versus placebo for 12 weeks in

type 2 DM. Soy protein with isoflavones significantly reduces mean values for fasting
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insulin, insulin resistance and HbAlc (Jayagopal et al., 2002). Azadbakht et al. (2007)
observed that soy protein diets significantly reduced fasting insulin and insulin
resistance when compare with control diet for 8 weeks in postmenopausal women
with the metabolic syndrome.

Additionally, the 6-month clinical-trial in postmenopausal Taiwanese
women revealed that during fasting both glucose and. insulin levels were significantly
reduced by soy isoflavones (100 mg/day) and conjugated estrogens (0.625 mg/day)
(Cheng et al., 2004). Furthermore, ingestion 54 mg/day of genistein for 6 months in
postmenopausal women significantly decreased fasting glucese, fasting insulin, and
insulin resistance (Crisafulli et al., 2005). Conversely, numbers of more recent reports
have definitely concluded that dietary isoflavones had no contribution on glycemic
parameters. Gonzalez et al. (2007) reported that there were no significant differences
detected in plasma glucose, HbA1c and insulin resistance levels between isoflavones
(132 mg/day) and placebo for 12 weeks. Nikander et al. (2004) examined the effects
of isolated isoflavons (114 mg/day) for 3 months and found no effects of isolated
isoflavones on insulin sensitivity in nondiabetic postmenopausal women.

In"addition to the beneficial effects of soy protein on serum lipids, it has
been demonstrated that consumption of soy protein had a beneficial effect on renal
function. However, reported studies that focused specifically on diabetic patients with
diabetic nephropathy were scarce, and the available results were inconsistent (Torres,
Torre-Villalvazo, and Tovar, 2006). Observational studies in humans suggested that
substituting soy protein for animal protein in the diet of individuals with  diabetic
nephropathy decreased proteinuria (Anderson, 2008). Jibani et al. (1991) and
Kontessis et al. (1995) also found that soy protein consumption significantly

decreased albuminuria compared to the control diet in diabetic subjects with
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proteinuria. However, Anderson et al. (1998) found that soy protein as half of the
daily protein intake had no distinct effects on renal function or proteinuria in type 2
diabetic subjects with obesity, hypertension, and proteinuria. Several randomized
control trials provided additional guidance for drawing tentative conclusions.
Azadbakht et al. (2003) reported reductions in-urinary urea nitrogen and protein in
type 2 diabetics with nephropathy after consumption. of a diet with 0.8 g protein/kg
BW with 35% of soy protein for 7 weeks. Teixeira et al. (2004) also found that the
consumption of soy pretein.isolate in type 2 diabetic patients with nephropathy for 8
weeks significantly reduced urinary albumin excretion when compared with casein.
Conversely, studies in subjects with type.2 DM and microealbuminuria for 6 weeks
found that soy diets did not reduce urinary albumin excretion, glomerular filtration

rate and renal plasma flow (Wheeler et al., 2002).

2.8 Effect of Soy Protein on Body Weight and Body Composition

Obesity has become a worldwide epidemic, and its prevalence continues
to increase at a rapid rate in various populations and across all age groups. Moreover,
it often coexists-with other cardiovascular risk factors, namely, diabetes, dyslipidemia,
and hypertensian, which further add to the burden of cardiovascular disease. Various
dietary interventions‘to control excess body weight, hyperglycemia, and dyslipidemia
have included low-energy and low-fat diets and the consumption of vegetables, fruit,
and grains. In recent years, increased attention has been directed toward the role of
dietary protein intake in obesity and diabetes. Several studies in obese humans and
animals suggest that soy as a source of dietary protein has significant antiobesity

effects (Bhathena and Velasquez, 2002; 2007).
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Bosello et al. (1998) evaluated the effects of hypocaloric which contained
the same amount of protein from different sources (casein or soy protein) in 24 obese
subjects with at least 50% above ideal weight for 60 days. All subjects lost weight and
the reduction in body weight was similar in'bath groups, but the percent changes were
greater in the soy protein group than in the-casein group. These results showed that
substitution of soy.protein.can be benefit in obese patients. In a cross-sectional study
of postmenopausal’ women; these who consumed a high soy diet had a lower body
mass index (BMI) and waist circumference compared to.those who did not consumed
soy (Goodman=Gruen.and Kritz-Silverstein, 2001). In a randomized controlled trial,
Allison et al. (2003) performed a 12 week of a low calorie (1200 kcal/day) with soy
protein isolate replacement program (240 g/day) or control group in 100 obese
subjects. Subjects with the soy protein isolate replacement formula lost more weight
(7.0 vs. 2.9 kg) and significantly greater reductions in body fat mass than the control
subjects.

Deibert et al..(2004) compared the effects of three different interventions
containing . lifestyle education (LE-G) or a substitution diet containing high-soy
protein low-fat -diet with (SD/PA-G) or without (SD-G) a guided physical activity
program in 90-pre-obese and obese subjects with a mean bady mass index (BMI) of
51.5 for 6 months. All three interventions significantly reduced BMI by about 2-3
kg/m?. However, subjects treated with SD-G and SD/PA-G lost more weight and had
a greater decrease in body fat mass than those treated with LE-G. In contrast, no
significant differences were observed in lean body mass among the three treatment
groups. This study indicated that a high-soy protein and low-fat diet can improve
body composition and produced greater losses in body weight and fat mass. In a-12

week randomized trial in obese subjects, Anderson and Hoie (2005) compared the
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effects of soy- versus milk-based meal replacements (MR) in overweight and obese
women (BMI of 27-40 kg/m?) who consumed low-energy diets (LED; 1200 kcal/day).
Subjects who consumed soy-MR had greater weight loss than those who consumed
milk-MR (9.0 vs. 7.9%), but the difference was not statistically significant. In
addition, postmenopausal Japanese women treated with isoflavones (75 mg/day) for
24 weeks exhibited a lower fat mass (Wu et al., 2006).

In randomized deuble-blind placebo-controlled study in 18 obese
postmenopausal' women (BMI 80.5 + 3.1 kg/m?; means  S.D) conducted to evaluate
a daily intake of shake containing soy (20 g soy protein , 160 mg isoflavones) versus a
daily intake of isocaloric casein placebo shake for 3 maonths found a significant
reduction in the gain in total abdominal fat.and subcutaneous abdominal fat with a soy
supplement compared to placebo. However, differences in weight changes or total
body fat changes between groups were not found (Sites et al., 2007). St-Onge et al.
(2007) also found no effect of soy-protein rich diet on body weight, waist
circumference, percent fat -mass, and fat-free mass and did not improved
cardiovascular disease risk in overweight women (BMI 28-33 kg/m?). Similarly, in a
randomized trial of soy protein isolate in perimenopausal women for 24 weeks, soy
protein did not affect on overall body mass, fat mass, or lean mass, but gain in hip
lean mass was greater-in isoflavones-rich soy protein isolate than with isoflavones-

poor soy protein isolate or whey control groups (Moeller et al., 2003).

2.9 Potentially Adverse Effects in Consuming Soy and Soy Isoflavones
When considering soy protein and isoflavones as a good and natural agent
to reduced chronic disease including obesity, diabetes, dyslipidemia and etc., it was

important to consider the possible side effects that may be associated with an
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increased intake of these compounds. Because of the promising results showing
beneficial effects of soy intake in animals and humans, the Food and Drug
Administration in the United States in 1999 approved the health claim that *‘soy
protein can reduce the risk of coronary heart disease by lowering blood cholesterol
levels when included in a diet low: in saturated-fat and cholesterol.”” However, if an
increase in soy consumption was beneficial to particular disease conditions, there was
always the possibility that there will be effects other than those that were desirable.

In humans, the use of soy or purified isoflavones in ' women at high risk of,
or diagnosed with, breast cancer as well as in infants fed with soy-based formula were
legitimate areas of concern. Concerning breast cancer, caution was warranted since
the available data were conflicting, and there was evidence for both inhibitory and
stimulatory effects of dietary. soy on. breast cancer cell growth (Duffy, Perez, and
Partridge, 2007). In vivo data from animals suggested that genistein may interfere
with the inhibitory effect of tamoxifen on breast cancer cell growth (Ju et al., 2002;
Liu et al., 2005), while epidemiological studies in humans showed that exposure in
early childhood or early adolescence protected against the development of breast
cancer as an-adult (Wu et al., 2002). Concerning soy-based formula, caution should
prevail even though it had been consumed by millions of infants over the past decades
without apparent detrimental effects. Infancy is-a very sensitive period for endocrine
disruption,.and exposure to significant levels of isoflavones may ultimately lead to
adult'onset diseases.

Concentrations. of soy isoflavones in the range of levels found with
consumption of soy-based diets have been shown to inhibit thyroxine synthesis
inducing goiter and hypothyroidism in infants fed soy-based formulas, in some cases

leading to the development of autoimmune thyroid disease (Fort et al., 1990). In
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addition, potential harmful effects of soy isoflavones have been recently reported in
adults. A recent prospective epidemiological study reported that increases in tofu
consumption may lead to increased cognitive dysfunction in Japanese American men
(White et al., 2000). Finally, high concentrations of genistein, daidzein, and other
isoflavones have been reported to result in genetic abnormalities in a variety of cells
including human lymphocytes, oviduct cells, and testis cells and therefore may
possess potentially genotoxic effects (Sirtori, 2001; Sirtori, Even, and Lovati, 1993).
In recent year, adverse events of extracted soy isoflavones were evaluated according
to the evidence report (Balk et al., 2005). Of the 12 randomized control trials
including one trial (Garrido et al. 2006) that used 100 mg soy isoflavones/day
reported one case of abdominal bloating and one case of nocturia; other trial
(Nikander et al., 2004) using 114 mg soy isoflavones/day reported two cases of
gastralgia and one recurrence of breast cancer. In addition, another trial (Simons et al.,
2000) using 80 mg soy isoflavones/day reported one case of paresthesia.

Soybean has long been implicated as a possible cause of food allergy and
was cited as one of the 8 most common allergenic foods. This “group of 8” includes
milk, eggs, fish, crustacea, wheat, peanuts, tree nuts, and soy, accounting for about
90% of food allergies (Cordle, 2004). Soy protein allergy occurs only in a minority of
children with food allergies and was relatively uncommon in adults (Zeiger et al.,
1999; Cantani and Lucenti, 1997). For example, a meta-analysis of 17 different
studies of allergen reactivity in infants and children showed that soy allergy occurs in
about 3-4% of subjects compared to 25% for allergy to cow’s milk (Zeiger et al.,
1999). There were also reports that soy protein had a lower allergenic potential when
compared with other major food proteins (Cantani and Lucenti, 1997). However,

studies comparing dose-response relationships of different food allergens for
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triggering allergic symptoms also demonstrate a much higher protein concentration

threshold for soy protein than other food proteins (Bindslev-Jensen, Briggs, and

Osterballe, 2002). In the view of the lower allergic potential of soy protein, soy milk
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CHAPTER 3

MATERIALS AND METHODS

3.1 Subjects

Male and female type 2 diabetic outpatients aged 35 years and over from
outpatient clinic _at Public Health Center 66 (PHC 66), Bangkok Metropolitan
Administration who used-only sulfonylurea and/or biguanide as oral hypoglycemic
agent with fasting plasma glucose (FPG) between 5.6-14.9 mmol/l (100-250 mg/dl)
were recruited to participate in this-study. All subjects had blood pressure less than
160/100 mmHg, total cholesterol and triglyceride level less than 6.20 mmol/l (240
mg/dl) and 2.26° mmol/l (200 mg/dl), respectively and body mass index (BMI)
between 18.5-29.9 kg/m? They were not currently on any oral supplements including
herbal products and did not eat soy and soy products regularly. They were not
vegetarians and free from chronic diseases or conditions including liver disease, renal
disease, cardiovascular disease, serious infectious and malnutrition. They were not
smoking and drinking alcohol regularly and can read and write Thai language. In
addition, they were willing to comply with study procedures and could stay on the
study for 10 weeks.

The experimental protocol was approved by the Ethics Subcommittee of
Health Department and Ethics Committee for Researches involving Human Subjects
of Bangkok Metropolitan. Administration. (Appendix. A).. The..written informed
consent was obtained from each subject after the experimental protocol had been

explained (Appendix B).
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3.2 Study Design

This quasi-experimental study was conducted between March to June
2009. The subjects participated in a 10-week study with two consecutive periods: a 4-
week counseling period followed by a 6-week supplementation period. Subjects were
randomly assigned into 2 groups: a soy. protein isolate (SPI) group and a control
group. The subjects.in the SPI group were supplemented with SPI 30 g per day for 6
weeks while those in control -group did not receive any supplementation. In both
groups, they were advised to consume diets that were suitable for diabetic patients.
They were alsorasked.to maintain their diets and level of physical activity throughout
the study. This study determined the insulin resistance, fasting blood glucose and lipid

profiles in the SPI group and control group.

3.3 Study Procedures (Figure 5)
3.3.1 Counseling Period

The study started with a 4-week period over which the subjects received
nutrition counseling and followed a diet suitable for diabetes management. Dietary
advice involved a consideration of energy intake and the proportion of protein, fat,
carbohydrate and other nutrients. On the first day of the study, each subjects received
dietary guideline to control blood glucose levelsrand the booklet (Appendix E) with
the details of dietary recommendation. The subjects were also informed about the
principle and the importance of the diets. During the counseling period, all subjects
were interviewed about personal information, health history on diabetes; dietary and
physical activity behaviors. The nutritional status was assessed. Each subject was
asked to maintain amount of energy intake and level of physical activity throughout

the study and to avoid taking soybean, soy products and legumes.
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3.3.2 Supplementation Period

After 4 weeks of the counseling period, fasting blood was obtained from
each subject for determining baseline of biochemistry assessment including: FPG,
HbAlc, FPI, TC, LDL-C, HDL-C, TG, blood urea nitrogen (BUN), serum cretinine
(Scr), albumin and uric acid. Blood pressure, bedy weight and height measurements,
waist and hip circumference, triceps skinfold thickness.and mid arm circumference
were also taken. A 3-day food record was done by the subjects prior to their visit. In
addition, all subjects were reminded to maintain the amount of energy intake and level
of physical activity throughout the study. The subjects were randomly assigned into
SPI group and control group.

The subjects in control group were advised to maintain their regular diets
menus at home while the subjects in SPI group received 42 packets of 30 g SPI/packet
(containing 32 mg isoflavones) for 6-week supplementation. They still consumed
their regular diet menus at'heme and took 1 packet of 30 g SPI powder after mixing
with water in the morning every day until the end of week 6.

At the end of week 6, fasting blood was obtained from each subject for
determining ~ biochemical parameters. Blood pressure- “and anthropometric
measurements-were taken. A 3-day food record was done by the subjects during week

6 of supplementation period.
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Counseling period 4 weeks Supplementation period 6 weeks
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Y
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v

| | |
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SPI group: SPI.30 g/day for 6 weeks |
WK -4 WK 0, baseline WKk 6, end of study

Control group: regular diet for 6 weeks

Information and sign consent form Biochemical assessments-and BP Biochemical assessments and BP
Questionnaires Anthropometric assessments Anthropometric assessments
Nutrition counseling 3-day food record 3-day food record

FIGURE 5 Diagram of study procedures
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3.4 Soy Protein Isolate Supplement

Soy protein isolate (ISOPRO 612B; Shandong Sinoglory Soya Protein,
Qingdao, China) containing 90.4% protein in powder form were packed in sealed
packets of 30 g/pack. One packet of SP1 (30 g) contained 27.12 g of protein and 32
mg of total isoflavones (30.51% genistein, 27.14% daidzein and 2.07% glycitein)
(Appendix D). Subjects in SPI group were instructed to consume one packet of SPI

daily after mixing with water in the morning for 6 weeks.

3.5 Study Measurements and Data Collection
3.5.1 Dietary Assessment
During the counseling period, all subjects were instructed how to record
their food intake.”A 3-day food record (2 weekday and 1 weekend day) was done by
the subjects before the supplementation period (wk 0) and at the end of the study (wk
6). Subjects were provided with dietary record forms (Appendix C), labeled with the
dates on which they were to be completed. All items and portions of food consumed
including name and method of preparation and cooking were asked to record. The
subjects estimated food portion size using standard household measuring cups and
spoons. The food records were calculated for energy and nutrients intake using the
software THAI NUTRISURVEY version 2 (2008) developed for Thai food by
Department of Health, Ministry of Public Health and Faculty of Tropical Medicine,
Mahidol University, Thailand. From each 3-day food record, average intakes of
energy, protein, carbohydrate, fat, dietary fiber and cholesterol were calculated.
3.5.2 Anthropometric Assessments
Body weight was measured to the nearest 0.1 kg while the subjects were

wearing light clothing without shoes. Height was measured to the nearest 0.1 cm scale
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while the subjects were not wearing shoes and stood with their heels against the wall.
Both body weight and height were measured by weight with height meter (402 KL
Health meter® Professional, USA). Body mass index (BMI) was calculated from body
weight in kilogram divided by the square of height in meters (kg/m?). Triceps skinfold
thickness (TSF) were measured by a conventional skinfold caliper (Cambridge
scientific industries®, Maryland, USA) and mid arm circumference (MAC) was
measured by the-measuring tape around the skillless arm, and then the mid-arm
muscle circumference (MAMC) was calculated from the equation: MAMC = TSF-nt
MAC. Waist-hip circumference ratio (WHR) was calculated from the waist
circumference divided by hip circumference. All of the anthropometric data above
were assessed at week 0 and week 6 of the study.

3.5.3 Biochemical Assessments and Blood Pressure

At baseline and week 6, 13 ml of venous blood was obtained from each
subject after 8-hour fast. Serum (6 ml) was collected for determining TC, LDL-C,
HDL-C, TG, BUN, Scr, albumin and uric acid and 2 ml of serum was collected for
determining HbAlc. Plasma (2 ml) was collected for determining fasting plasma
glucose (FPG). All of blood biochemical parameters were measured by colorimetric
and turbidimetric method using an automatic analyzer (ABX-Pentra 400®, Horiba,
France) at Investigation Division, Health " Department, Bangkok Metropolitan
Administration. Serum.(3 ml) was collected for determining FPI by solid-phase, two-
site chemiluminescent immunometric assay using IMMULITE 1000 Analyzer
(Siemens Medical- Solutions:Inc, Los Angeles, CA, USA) at Bangkok Pathology-
Laboratory "Ltd." In addition, homeostasis® model" of “the " assessment for insulin

resistance (HOMA-IR) was calculated by following formula (Matthew et al., 1985):
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HOMA-IR = fasting insulin (ulU/ml) x fasting glucose (mmol/l)

22.5

Blood pressure were measured by automatic blood pressure measurement

device (UDEX-Twin type®, Elquest Corporation, Japan).

3.6 Compliance and Adverse Effects

The subjects were called once a week throughout the SPI supplementation
period to ensure their compliance. At the end of the supplementation period, the
subjects returned all the packets received. The returned packets were counted for the
percentage of compliance as follows:

% of compliance = number of eaten packets x 100
number of given packets

In addition, any adverse effects that occurred during SPI supplementation

were also asked over the telephone.

3.7 Statistical Analysis

Categorical data were expressed as number of subjects. Continuous data
were expressed as mean + standard deviation(SD). For comparison of the proportion
of demographic data and subject characteristics, Chi-square was used to test for
significant difference between groups. Paired t-test was used to test for significant
difference between. baseline (wk 0) .and at the end of study (wk 6) values. within
group. Significant difference of values between groups at wk 0 and wk 6 were tested
by independent t-test. Statistical analyzed included means and standard deviation and

differences were considered significant at p < 0.05



CHAPTER 4

RESULTS

4.1 Demographics and Subject Characteristics

Fifty-eight type 2 diabetic patients were enrolled in this study but only 43
patients (16 males and 27 females) met the inclusion criteria. The subjects were
randomly divided into control-and SPI groups. The control group comprised of 20
patients (9 males and 11 females) and the SPI group comprised of 23 patients (7
males and 16 females). Five subjects dropped out from the study: 2 subjects loss
follow-up (1 in"control and another in SPI group) and 3 subjects in SPI group had low
compliance (consumed SPI less than 80%). All of dropped out patients were female.
Therefore, only 38 subjects (16 males and 22 females) completed the study and were
included in final analysis.

4.1.1 General Demographic Data of Subjects

The demographic data of the subjects enrolled in this study are shown

in Table 10. The control group included 19 subjects (9 males and 10 females), and the
SPI group included 19 subjects (7 males and 12 females). Most of the participants
were in the age group of 55-64 and > 65 years old in the SPI groups and in the
control, respectively. In the control group, 42.1% of the subjects ‘were obese (BMI;
25.0-29.9 kg/m?), 36.8% were overweight (BMI; 23.0-24.9 kg/m?) and 21.1% were
normal (BMI; 18.5-22.9 kg/m?), while in the SPI group'68.4% of the subjects were
obese, 21.1% were overweight and 10.5% were normal..Most of the subjects.in both

groups had diagnosis of type 2 diabetes for less than 5 years. Twelve subjects 4 from

control group and 8 from SPI group) had diabetes only. The results showed that 26.3%
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of the subjects in the control group and 36.8% of the subjects in SPI groups had

diabetes with hypertension. Most of the subjects in control group had diabetes with

both hypertension and dyslipidemia.

TABLE 10 Characteristics of the subjects

Characteristics

Control
(n=19)
number (%)

SPI
(n=19)

number (%)

Total
(n=38)

number (%)

Sex
Male,
Female

Age
35-44y
45-54 y
55-64 y
>65 vy

BMI (kg/m?)
18.5-22.9
23.0-24.9
25.0-29.9

Marital status
Single
Married
Separate/divorce

Education
Primary school
Secondary school
Higher education

9 (47.9)
10 (52.6)

¥2= 043

0 (0.0)
7 (36.8)
3 (15.8)
9(47.4)

v'=4.85

4(21.1)
7(36.8)
8 (42.1)

v’'=2.68

4 (21.1)
12 (63.2)
3 (15.8)

v’ = 4.04

9.(47.4)
4 (21.1)
6 (31.5)

v'=4.20

7(36.8)
12 (63.2)

df=1

0(0.0)

3 (15.8)
9 (47.4)
7 (36.8)

df=2

2 (10.5)
4(21.1)
13 (68.4)

df=2

4(21.1)
11/ (57.8)
4(21.1)

df=2

13 (68.4)
4(21.1)
2 (10.5)

df=2

16 (42.2)
22 (57.8)

p=0.51

0(0.0)
10 (26.3)
12 (31.6)
16 (42.1)

p=0.09

6 (15.8)
11 (28.9)
21 (55.3)

p=0.26

8 (21.1)
23 (60.5)
7 (18.4)

p=0.26

22 (57.8)
8 (21.1)
8 (21.1)

p=0.38

n = number, SPI = soy protein isolate, df = degrees of freedom, x> = compare frequency between
groups by Chi-square test, y.= year, kg/m*= kilogram per metre square
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TABLE 10 Characteristics of the subjects (continued)

Characteristics Control SPI Total
(n=19) (n=19) (n=38)
number (%) number (%) number (%)
Occupation
No occupation/house wife 9 (47.4) 11 (57.9) 20 (52.7)
General worker 4(21.1) 1(5.3) 5(13.2)
Private business/merchant 6(31.5) 7 (36.8) 13 (34.1)
v =2.08 df=2 p=0.35
Duration of diabetes
<5 vy 10 (52.7) 11 (57.9) 21 (55.3)
5-10y 3(15.8) 5 (26.3) 8(21.1)
>10 y 6 (31.5) 3(15.8) 9 (23.6)
v*=1.55 df=2 p=0.46
Existing disease
Diabetes only. 4(21.1) 8(42.2) 12 (31.6)
Diabetes with hypertension 5(26.3) 71(36.8) 12 (31.6)
Diabetes with dyslipidemia 3 (15.8) 2 (10.5) 5(13.2)
Diabetes with hypertension and 7(36.8) 2 (10.5) 9 (23.6)
dyslipidemia
v’ =4.64 df=3 p=0.22

n = number, SPI = soy protein isolate, df = degrees of freedom, y° = compare frequency between
groups by Chi-square test, y = year, kg/m?= kilogram per metre square

4.1.2 Eating and Physical Activity Behaviors

The eating and physical activity behaviors of the subjects are shown in
Table 11. Concerning-in meat and meat product consumption, 73.7% of the subjects
in both groups ate this type of food > 3-4 d/wk. It was found that mare than 70% of
the subjects in two groups consumed high saturated fatty acid food < 1-2 d/wk.
(76.9% and 73.6%.in. control.and SPI group, respectively). More. than-80%-of the
subjects in contral group never or rarely ate snack and fast food (84.3% and 89.5% for
snack and fast food, respectively). The results showed that 73.7% and 94.7% of the

subjects in the SPI group did not eat snack and fast food, respectively. Nearly 85% of
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the subjects in both groups ate salty food < 1-2 d/wk. More than half of the subjects in
both groups consumed fresh fruit or vegetable every day. Approximately 90% of the
subjects in both groups ate preserved or canned fruit < 1-2 d/wk.

For soft drink or sweetened beverages, more than 50% of the subjects
in control group and 78.9% of the subjects in"SPI*group did not drink these types of
beverages. Approximately 80% of the subjects-inboth groups did not drink tea. It was
found that nearly.half (47.4%) of the subjects in SPI"group and about 70% of the
subjects in control groupdrank coffee. In addition, most of the subjects in both groups
drank water > 8 glasses/d. It was shown that 68.4% of the subjects in control group
and 89.5% of the subjects in SP1 group had physical activity > 3 hrs/wk. Physical
activities included physical exercise, cycling to work and during leisure time, walking
to work, shopping, housework, childcare and gardening. Most of the subjects in
control group (51.9%) did not exercise, while maost of the subjects in SPI group
(42.1%) did exercise > 3 hr/wk. For physical exercise, 10.5% and 42.1% in control
and SPI group had exercise >3 hrs/wk, respectively. Physical activity index (PAI) was
classified by type of present work and level of physical activity (Appendix C). Most
of the subjects (68.4% in control group and 78.9% in SPI group) were active. The
results showed that eating and physical activity behaviors were not different between

the control and SPI group.
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Parameters

Control (n=19)
number (%)

SPI (n=19)
number (%)

Type of food consumption

Meat and meat product
not eat
1-2 day/week
3-4 day/week
5-6 day/week
every day
v’ =2.25

High saturated fatty acid-food
not eat
1-2 day/week
3-4 day/week
5-6 day/week
every day
v’ =1.07

Snack food
not eat
1-2 day/week
3-4 day/week
5-6 day/week
every day
¥’ =2.93

Fast food
not eat
1-2 day/week
3-4 day/week
5-6 day/week
every day
v*=3.03

Salty food
not eat
1-2 day/week
3-4 day/week
5-6 day/week
every day
¥=1.20

Fresh fruit and vegetable
not eat
1-2 day/week
3-4 day/week
5-6 day/week
every day
¥*=3.38

1(5.3)
4(21.1)
4 (21.1)
5 (26.3)
5(26.3)
df=4

8 (42.1)
7 (36.8)
2(105)
0.(0.0)
2 (10.5)
df=4

16 (84.3)
1(5.3)
1(5.3)
0(0.0)
1(5.3)

df=4

17 (89.5)
2(10.5)
0(0.0)
0(0.0)
0(0.0)

ar=2

5(26.3)
11 (57.9)
2 (10.5)
1(5.3)
0(0.0)
df=3

0(0.0)

1(5.3)
4(21.1)
4(21.1)
10/(52.6)

df=3

2 (10.5)
3 (15.8)
6 (31.6)
2 (10.5)
6 (31.6)
p=0.69

7 (36.8)
7 (36.8)
2 (10.5)
1(5.3)

2 (10.5)
p=0.90

14 (73.7)
4 (21.1)
0(0.0)
0(0.0)
1(5.3)
p=0.40

18 (94.7)
0(0.0)
1(5.3)
0(0.0)
0(0.0)
p=0.22

7 (36.8)
9 (47.4)
1(5.3)
2 (10.5)
0 (0.0)
p=0.75

0(0.0)
0(0.0)
1(5.3)
6 (31.6)
12 (63.2)
p=0.34

n = number, SPI = soy protein isolate, df = degrees of freedom, ¥* = compare frequency between

groups by Chi-square test
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TABLE 11 Eating and physical activity behaviors of subjects (continued)

Parameters Control (n=19) SPI (n=19)
n (%) n (%)

Type of food consumption (cont.)

Preserved or canned fruit

not eat 15 (78.9) 17 (89.5)
1-2 day/week 4(21.1) 0(0.0)
3-4 day/week 0 (0.0) 1(5.3)
5-6 day/week 0 (0.0) 0(0.0)
every day 0(0.0) 1(5.3)
¥’ =6.12 gi=3 p=0.11
Soft drink or sweetened beverages
not eat 10 (52.6) 15 (78.9)
1-2 day/week 6 (31.6) 3 (15.8)
3-4 day/week 2 (10.5) 1(5.3)
5-6 day/week 1(5.3) 0(0.0)
every day 0 (0.0) 0(0.0)
¥’ = 3.83 df=3 p=0.34
Water
< 8 glasses/d 9 (47.4) 5 (26.3)
> 8 glasses/d 10 (52.6) 14 (73.7)
v =181 df=1 p=0.18
Tea
Not drink 15(78.9) 16 (84.3)
Drink 4(21.1) 3(15.8)
v*=0.18 df=1 p=0.66
Coffee
Not drink 6 (31.6) 10 (52.6)
Drink 13 (68.4) 9 (47.4)
=173 df=1 p=0.19

Physical activity behaviors
Physical activity

<1 hriwk 3(15.8) 0(0.0)
1-3 hr/wk 3(15.8) 2 (10.5)
>3 hriwk 13(68.4) 17 (89.5)
¥>=3.73 df=2 p=0.15
Exercise
Not exercise 11(51.9) 6 (31.6)
<1 hr/wk 3 (15.8) 3 (15.8)
1-3 hr/wk 3 (15.8) 2 (10.5)
> 3 hr/wk 2 (10.5) 8(42.1)
¥’ =5.27 df=2 p=0.15
PAI
Inactive 0(0.0) 0 (0.0)
Moderately inactive 3(15.8) 0 (0.0)
Moderately active 3(15.8) 4 (21.1)
Active 13 (68.4) 15 (78.9)
¥’ =3.29 df=2 p=0.19

n = number, SPI = soy protein isolate, df = degrees of freedom, y° = compare frequency between
groups by Chi-square test



4.1.3 Baseline Clinical Characteristics of Subjects

58

The baseline clinical characteristics of the subjects in control and SPI

groups are summarized in Table 12. At baseline, none of the measured variables

differed between groups (p > 0.05).

TABLE 12 Baseline clinical characteristics of subjects *

Characteristics C(Zrc])gig())l (nS:Pllg) D;Jf:?)rjeg;cze
(p-value)

Age (year) 60.79+10.80 61.68+7.76 0.77
BMI (kg/m?) 24.99+2.57 25,5541 58 0.43
Systolic blood pressure 124.00+£16.45 122.26+13.47 0.72
(mmHg)

Diastolic blood pressure 75.26£10.20 75.37+7.24 0.97
(mmHg)

Fasting plasma glucose 5.97+0.59 6.380.74 0.10
(mmol/l)

Total cholesterol 5.21+0.68 5.08+0.78 0.60
(mmol/l)

LDL cholesterol 3.10+0.80 3.08+0.97 0.95
(mmol/l

HDL cholesterol 1.37+0.26 1.44+0.37 0.52
(mmol/l)

Triglyceride 1.56%0.52 1.49+0:48 0.66
(mmol/l

n = number, SPI = soy protein isolate, kg/m” = kilogram per metre square, mmHg =
millimetre of mercury, mmol/l = millimole per litre, LDL = low density lipoprotein, HDL =

high density lipoprotein

! data expressed as mean + SD

2 statistic analysis by Independent t-test
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4.2 Dietary intake assessment
The average total energy and nutrient intakes are presented in Table 13.
At baseline, total energy and nutrient intakes between groups were not significantly
different. After 6-week supplementation, the amount of total protein and vegetable
protein were significantly increased in SP1 group.(p < 0.05).
4.3 Biochemical Assessments and Bloed Pressure

The levels-of glucose and insulin resistance are shown in Table 14. Fasting
plasma glucose; HbAle, plasma insulin and HOMA-IR were not significantly
different between groups at'week 6. Fasting plasma glucose of the control group was
significantly increased from baseline (p=0.03) whereas HbAlc of the SPI group was
significantly decreased from baseline (p=0.01) at the end of week 6. The reduction of
plasma insulin and HOMA-IR were greater in the SPI group than those in the control
group.

Significant differences between groups were not found for serum lipid profiles
and blood pressure after SPI supplementation for 6 weeks (Table 15). However, the
decrease in TC, LDL-C, HDL-C and non HDL-C were greater in the SPI group than
those in the control group. The concentrations of TG and total/HDL-C ratio were
increased in the control group but decreased in the SPI group. When the subjects were
categorized according to.baseline cholesterol concentration, it was found that subjects
with baseline TC > 5.18 mmol/l 'in the SPI_group had greater reductions of lipid
profile than normal subjects (TC < 5.18 mmol/l) (Table 16) and total cholesterol level
was significantly decreased from baseline after 6-week supplementation (p=0.04).

After SPI supplementation for 6 weeks, serum creatinine, BUN, albumin and
uric acid were not significantly different from baseline and between groups (Table

17).



Table 13 Energy and nutrient intakes of subjects at baseline and at week 6 after SP1 supplementation *

Control (n=19)

Variables Baseline Week 6 Baseline Week 6
Total energy intake (kcal/day) 1382.58+187.12 1391.03+£222.09 1330.57+£216.8 1349.03+£228.49
Energy distribution from
Protein (%) 16.56+3.02 16.95+£1.93 16.81+2.78 22.21+4.01
Fat (%) 27.97+6.30 24.11£5.79 23.2316.23 24.24+5.06
Carbohydrate (%) 55.06+8.86 58.35+5.79 59.88+6.70 53.52+4.90
Macronutrient intake
Protein (g/d) 61.09+16.0 60.32+10.79* 57.54+14.31 75.80+8.69*F
Animal protein 32.96x13.62 33.21+8.38 34.54+14.78 28.95+10.16
Vegetable protein 16.43+4.52 16.41+6.10* 18.37+5.94 41.3245.52*F
Carbohydrate (g/d) 188.57+28.90 201.55+33.45 195.77+34.05 181.68+33.43
Fat (g/d) 42.88+14.30 39.16+£12.82 35.11+11.98 33.99+7.44
Cholesterol intake (mg/d) 196.86+80.25 167.96+77.91 162.09+60.27 170.75+69.39
Sugar intake (g/d) 21.71+£13.29 23.18+12.16 18.06+9.80 19.79+9.38
Dietary fiber intake (g/d) 8.29+3.42 8.71+2.88 7.39+2.49 7.72+£3.09

n = number, SPI = soy protein isolate, kcal/day = kilocalories per day, g/d = gram per day, mg/d = milligram per day

! data expressed as mean + SD

*significant difference between groups (p <0.05)  *significant difference from baseline (p <0.05)

09



TABLE 14 Effects of SPI supplementation on glyeemic control and insulin resistance*

Control (n=19) SPI (n=19) Difference
Parameters groups
Baseline Week 6 Mean change Baseline Week 6 Mean change (p-value)
Fasting glucose (mmol/I) 5.97+0.59 6.68+0.99* 0.71£1.24 6.38+0.74 6.34+0.79 -0.03+0.81 0.29
HbAlc (mg%o) 6.76+0.66 6.67+0.89 -0.10+0.90 6.93+1.12 6.57+0.97* -0.36+0.41 0.58
Fasting insulin (ulU/ml) 5.56+4.07 6.01+3.59 0.45+2.70 5.57%2.65 5.31+4.20 -0.27+2.65 0.60
HOMA-IR 1.61+1.34 1.73£1.04 0.12+0.84 1.60+0.69 1.56+1.22 -0.05+0.78 0.65

n = number, mmol/l = millimole per litre, mg/dl = milligram per deciliter, plU/ml = micro-international unit per millilire, SPI = soy protein isolate, HOMA-IR = the
homeostasis model of assessment insulin resistance
! data expressed as mean + SD

2 statistic analysis by Independent t-test at week 6

* significant difference from baseline (p=0.03) * significant difference from baseline (p=0.01)

19

61



TABLE 15 Effects of SPI supplementation on lipid profile and blood pressure *

Control (n=19) SPI (n=19) Difference

Parameters groups

Baseline Week 6 Mean change Baseline Week 6 Mean change  (p-value)?
Total cholesterol 5.21+0.68 5.10£1.03 -0.11+1.25 5.08+0.78 4.66+0.89 -0.43+0.95 0.17
(mmol/l)
LDL cholesterol 3.10+0.80 3.03+0.89 -0.08+1.22 3.08+0.97 2.75+0.78 -0.33+1.12 0.31
(mmol/l)
HDL cholesterol 1.37+0.26 1.2840.33 -0.09+0.24 1.44£0.37 1.33+0.30 -0.11+0.25 0.67
(mmol/l)
non HDL cholesterol 3.84+0.59 3.82+0.92 -0.02£1.22 3.64+0.81 3.33+0.82 -0.31£1.03 0.10
(mmol/l)
Triglyceride 1.56+0.52 1.66x0.52 0.10+0.41 1.49+0.48 1.37+0.50 -0.12+0.53 0.09
(mmol/l)
TC/HDL ratio 3.88+0.64 4.11+0.93 0.23£1.11 3.72+£0.99 3.63+0.84 -0.08+1.04 0.11
Systolic blood pressure 124.00+£16.45 122.21+16.66 -1.79£11.94 122.26+£13.47 122.21+8.05 -0.05£11.90 1.00
(mmHg)
Diastolic blood pressure 75.26+10.20 74.21+7.68 -1.05+£8.75 75.37+7.24 75.00%7.06 -0.37+18.06 0.74
(mmHg)

n = number, SPI = soy protein isolate, mmol/l = millimole per liter, LDL = low density lipoprotein, HDL = high density lipoprotein, non HDL = non high density
lipoprotein cholesterol, TC/HDL ratio = total cholesterol/HDL cholesterol ratio, mmHg = millimeter of mercury
! data expressed as mean + SD

2 statistic analysis by Independent t-test at week 6

29



Table 16 Effects of SPI supplementation on lipid concentration of subjects with baseline total cholesterol >5.18 mmol/l or
< 5.18 mmol/I *

Baseline total cholesterol = 5.18 mmol/I Baseline total cholesterol <5.18 mmol/I
Parameters
Control (n=10) SP1 (n=8) Control (n=9) SPI (n=11)
Total cholesterol Baseline 5. 7520.97 5.78+0.36 4.61+0.36 4.58+0.58
(mmol/l) Week 6 5.18+1.02 4.89+0.73% 5.01+1.10 4.49+0.99
LDL cholesterol Baseline 3.65%+0.52 3.72+1.10 2.50+0.59 2.63+0.56
(mmol/l) Week 6 3§51 P03 2.89+0.54 2.89+0.74 2.65+0.93
HDL cholesterol Baseline 1.46£0.30 1.52+0.32 1.27+0.18 1.39+0.42
(mmol/l) Week 6 1.38+0.29 1.45+0.27 1.17+0.36 1.24+0.31
non HDL cholesterol  Baseline 4.29+0.28 4.26+0.63 3.34+0.40 3.19+0.60
(mmol/l) Week 6 3.80+0.96 3.44+0.68 3.84+0.94 3.25+0.93
Triglyceride Baseline 1.51+0.54 1.79+0.39 1.61+0.53 1.27+£0.43
(mmol/l) Week 6 1.54+0.54 1.57+0.39 1.79+0.49 1.22+0.54
TC /HDL ratio Baseline 4.05+0.67 4.00£1.02 3.68+0.59 3.51+0.97
Week 6 3.83+£0.78 3.44+0.58 4.42+1.02 3.78+0.99

n = number, SPI = soy protein isolate, LDL = low density lipoprotein cholesterol, HDL = high density lipoprotein, non HDL = non high density
ipoprotein, TC/HDL ratio = total cholesterol/HDL chalesterol ratio, mmol/l = millimole per liter
! data expressed as mean + SD

* significant difference from baseline (p=0.04)

€9
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TABLE 17 Effects of SPI supplementation on other parameters *

Control(n=19) SPI (n=19) Difference
Parameters groups
Baseline Week 6 Mean change Baseline Week 6 Mean change (p-value) 2
Serum creatinine (mg/dl) 0.92+0.25 0.89+0.27 -0.03+0.15 0.88+0.21 0.86+0.22 -0.02+0.11 0.63
BUN (mg/dl) 15.37+4.12 14.3945.31 -0.98+3.84  16.10+3.59 15.86+4.76 -0.25+3.78 0.38
Serum albumin (g/dl) 4.59+0.25 4,54+0.28 -0.04+0.24 4.60£0.27 4.50+0.24 -0.10+0.23 0.64
Uric acid (mg/dl) 5.46+1.35 5.37+1.23 -0.09+0.87 5.60+1.46 5.39+1.18 -0.21+0.74 0.95

n = number, SPI = soy protein isolate, mg/dl = milligram per deciliter, g/dl'="gram per deciliter, BUN = blood urea nitrogen
! data expressed as mean + SD
2 statistic analysis by Independent t-test at week 6

¥9
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4.4 Anthropometric measurement

There were no significant differences in body weight, BMI, waist, hip, waist-
hip ratio, triceps skinfold thickness, mid arm circumference and mid-arm muscle
circumference compared between group and within group (Table 18). Waist
circumference and waist-hip ratio reduction from baseline were greater in the SPI
group, compared. with those in the control group. The decreases in other

anthropometric parameters-were greater in the control group than those in the SPI

group.
4.5 Compliance and'/Adverse Effects

In this study, three subjects had low compliance (consumed SPI less than
80%) and were dropped out from the study. At the end of study, the compliance was
92.6%. Adverse effects during the intervention period were examined. Overall, 4 of
19 subjects (21%) experienced mild constipation, and 3 subjects (15.8%) had
flatulence. Diarrhea, nausea, vomiting, indigestion and other serious adverse effects

such as heartburn, stomach pain were not found.



66

TABLE 18 Effects of SPI supplementation on anthropometric parameters*

Control (n=19) SPI (n=19) Difference
Parameters groups
Baseline Week 6 Mean change Baseline Week 6 Mean change (p-value) 2
Body weight (kg) 62.94+9.30 62.5249.57 -0.43+1.27 64.65+6.94 64.44+6.61 -0.21+1.17 0.48
BMI (kg/m?) 24.99x+2.57 24.82+2.65 -0.17+0.51 25.55+1.58 25.47+1.38 -0.08+£0.44 0.35
Waist (cm) 83.47+8.09 83.43+8.42 -0.04+1.52 87.79+6.77 87.38+6.47 -0.42+0.94 0.11
Hip (cm) 94.93+5.36 94.68+5.30 -0.2510.60 97.06%4.08 96.89+4.00 -0.17+0.64 0.16
Waist/Hip ratio 0.88+0.09 0.88+0.09 0.00+0.02 0.91+0.08 0.90+0.07 -0.01£0.02 0.40
TSF (mm) 16.09+6.42 14.98+4.93 -1.11+£2.57 17.474£5.60 16.65+5.85 -0.82+1.81 0.35
MAC (cm) 30.18+3.06 29.87+2.53 -0.31+0.99 30.12+1.95 29.91+1.80 -0.20+0.59 0.95
MAMC (cm) 25.12+2.70 25.16+2.47 0.04+0.86 24.63+2.43 24.68+2.08 0.05+0.81 0.52

n = number, SPI, soy protein isolate, BMI = body mass index, kg/mZ: kilogram per metre square, cm = centimtre, mm = millimeter, TSF = triceps skin fold, MAC = mid-

arm circumference, MAMC = mid arm muscle circumference which calculated from TSF-r MAC
! data expressed as mean + SD

2 statistic analysis by Independent t-test at week 6

99



CHAPTER S

DISCUSSION

5.3 Demographics and Subject Characteristics

In the present study, the largest age group of the subjects was >55 year old
and more than half of the subjects were female. Maost of the participants (84.2%) were
overweight or obese.-The results were consistent with previous studies by Aekplakorn
et al. (2007) who found the diabetes prevalence was markedly found in age group 55-
64 years. World Health ‘Organization (Wild et al., 2004) and Health Survey for
England (2006) showed that the prevalence of diagnosis diabetes was highest in 65
plus age group..Chanchay (2007) and Ngarmukos et al. (2008) found that most
diabetes patients were obese. The study in Thai population of Aekplakorn et al.
(2007) showed that the prevalence of diabetes in.women was higher than that in men
(7.4 vs. 6.0%) and 60.8% of women and 59.6% of men were obese (BMI >25kg/m?).
Other studies.(Pintong, 2005; Harris, Wathen, and Fear, 2006) suggested that diabetes
was more common in women than men. Moreover, the prevalence of obesity was
higher among diabetic than non-diabetic patients (EI-Hazmi and Warsy, 1999). The
Third National Health and Nutrition Examination Survey (NHANES I11) by Eberhart
et al. (2004) and Daousi et al. (2006) found that about 85% of patients with diabetes
were-overweight or obese (BMI >25 kg/m?).

One-third of participants in this study had hypertension. Hypertension is an
extremely. common co-morbidity of diabetes, and the prevalence of hypertension is
1.5 to 3.0 times greater in the diabetic patients compared with matched non-diabetic

individuals (Wingard and Barrett-Connor, 1995; Simonson, 1998). Recent studies
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showed that 57.7% (Khan et al., 2008) and 72.7% (Aekplakorn et al., 2007) of type 2
diabetic patients suffered from hypertension. However, in type 2 diabetic patients,
blood pressure elevation is often found as early as the actual diabetes is diagnosed
(Epstein, 1997). Both hypertension and diabetes predisposes to the development of
cardiovascular disease (CVD) and renal disease (Sowers, 2004; El-Atat, McFarlane,
and Sowers, 2004; Khan and Nuri, 2002). Indeed, when hypertension coexists with
diabetes, the risk.of CVD .is increased by 75%, which further contributes to the
overall morbidity and mortality (Sowers, Epstein, and Frohlich, 2001; Adler et al.,

2000).

5.2 Dietary Intake Assessment and Nutrition Counseling

In this study baseline total energy intake was less than 1,500 kcal per day in
both groups. These finding was similar to previous study in Thai population that
observed a lower carbohydrate and protein intake in diabetes than in non-diabetes
patients (Chanchay, 2007). Other study indicated that female, but not male,
Vietnameses who had diabetes consumed energy significantly lower than those who
did not have diabetes (Son et al., 2005). National Health and Nutrition Examination
Survey (NHANES I1) showed that type 2 DM patients consumed much lower energy
than did non-diabeticindividuals as well, ‘and there was a significant inversed
correlation between BMI and energy intake (Eck, Hackett-Renner, and Klesges,
1992). However, the energy intake was no significantly difference from baseline and
between groups after SPI supplementation.

After SPI ' supplementation, " total - protein and vegetable protein “were
significantly increased. The results from this study agreed with previous study which

found that intake of vegetable protein was significantly increased during soy-rich diet
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period than control diet period (Danboonchant, 2004). Teixeira et al. (2004) and
McVeigh et al. (2006) found that total protein intake was significantly increased from
baseline in soy protein intervention group and significantly decreased in washout
period. Moreover, Ma et al. (2005) reported that total protein was significantly
increased in soy protein supplementation group at week 3 and week 8 of the study.

In this study, after dietary advice the subjects seem to reduced energy and
nutrient intake. Previous studies demonstrated that mean total energy intake was
significantly reduced after dietary control (Mesomya, 1995; Choothawornchaikul,
2000). King and Gibney (1999) and Buranaprapruk (2005) found that energy and total
fat intake decreased significantly in the group received dietary advice. It appeared that
after counseling period in this study, the amounts of daily cholesterol intakes at
baseline and at'week 6 in both groups were less than 200 mg and achieved NCEP
recommendation that can reduce the risk of coronary heart disease (NCEP, 2001).
However, for maximum reduction of serum cholesterol, dietary cholesterol intake has
to be reduced to minimal levels of 100-150 mg/day (Hopkins, 1992).

Small amounts of dietary intake in the present study may be due to inaccuracy
in the estimation of portion size of food consumed. Previous study by Lansky and
Brownell (1982) suggested that training in food estimation techniques may be
necessary to ensure an-accurate self-report. In addition, Samuel-Hodge et al. (2004)

reported that the'women with type2 DM had significantly-underestimated.

5.3 Effects. of 'Soy Protein Isolate Supplementation on Glucose Metabolism
Parameters and Insulin Resistance
This study showed that SPI supplementation gave a small improvement in

fasting plasma glucose, HbAlc and HOMA-IR, but the results did not significantly
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differ from the control group. The findings were similar to previous studies by
Hermansen et al. (2001) who indicated that supplementation with soy protein (50
g/day) for 6 weeks in type 2 DM showed no difference in glucose, insulin, or HbAlc,
compared with placebo and Teixeira et al. (2004) found that soy protein intervention
(0.5 g/kg. B.W) in type 2 diabetic patients” with nephropathy did not improved
glycemic control compared with casein intervention for 8 weeks. In recent study in
diet-controlled type 2 diabetes showed that fasting plasma glucose and HbAlc were
not significantly. affected'by 8 weeks of 40-g SPI relative to 40-g MPI (Gobert et al.,
2009). HbAlc most aceurately reflects glycemic control in the previous 2-3 months
(ADA, 2002), it is possible that the 6-week supplementation period of the present
study was insufficient to reveal an effect. Additionally, dietary interventions in adults
with type 2 DM have demonstrated significant reductions in HbAlc after 4 weeks
(Heilbronn, Noakes, and Clifton, 2002; Gannon et al., 2003).

However, when compared to the baseline value, this study showed that HbAlc
in the SPI group significantly decreased. This result agreed with previous study
(Jayagopal et al., 2002) which revealed that supplementation of soy protein (30 g/day)
with isoflavenes in type 2 DM patients for 12 weeks significantly reduced HbAlc
level when compared with both baseline and that in placebo group. Li et al. (2005)
also demonstrated that soy protein replacement was significantly decreased
concentration of HbAlc comparedto the diet control.

For fasting plasma glucose, this study exhibited that after 6-week intervention
fasting plasma glucose was significantly increased from baseline only in the control
group, and ‘the level was greater than that'in SPI ‘group. Consistently, Mori et al.
(2008) found that blood glucose level at the end of 4-week intervention were

significantly increased from the baseline levels in placebo group, compared to that in
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fermented soybean group, but there were no significant difference between groups.
Other studies in type 2 DM patients (Azadbakht et al., 2008; Jayagopal et al., 2002)
found that fasting plasma glucose in control group was significantly increased
compared with that in soy protein group.

The insulin level and HOMA-IR in'SPI group were not significantly changed
after SPI supplementation for 6 weeks. In contrast, HOMA-IR was significantly
reduced in postmenopausal-women with diet-controlled type 2 diabetes who
consumed SPI (30-g soy-protein and 132-mg isoflavones) for 12 weeks (Jayagopal et
al., 2002) and in subjects with metabolic syndrome who consumed soy protein (15-g
soy protein and 84-mg_ isoflavones) for 8 weeks (Azadbakht et al., 2007). However,
fasting plasma insulin and HOMA-IR tended to decrease from baseline. Consistently,
other studies reported that soybean supplementation decreased insulin levels as well
as insulin resistance in healthy adults (Goodman-Gruen and Kritz-Silverstein, 2001)
and postmenopausal women (Mori et al., 2008; Cheng et al., 2004). Insulin level is
always highly correlated with a degree of insulin resistance (Goldstein, 2002). Fasting
plasma insulin will vary, and influence interpretation, such that decreased insulin
would be favorable in patients with insulin resistance and increased insulin would be
favorable in those with impaired insulin secretion. Thus, heterogeneity of disease
progression among subjects could cause variation that precludes clear demonstration
of an effect (Canadian Diabetes Assaociation, 2003; Gabertet al., 2009).

In clinical practice, the HOMA-IR score is a simple index of insulin resistance
(Wallace et al., 2004; Pfutzner et al., 2004; Haffner et al., 1996) and is known to be
correlated with the glucose cramp method (Wallace et al., 2004; Mathew et al., 1985).
In this study, HOMA-IR values at baseline in both groups were very low (1.61+1.34

and 1.60+0.69 in control and SPI group, respectively) compared with study by
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Jayagopal et al. (2002) that presented baseline HOMA-IR of 5.14+3.04 in control and
5.54+3.40 in soy protein group. Azadbakht et al. (2007) who reported HOMA-IR
level were 4.19+£0.03 and 4.20%£0.04 in control and soy protein group, respectively.
Other studies also produced similar results (Gonzalez et al., 2007; Chanchay, 2007).

It was found that HOMA-IR significantly correlated with both TG and BMI,
and inversely associated with HDL-C (Meshkani et al., 2006; Lichnovska et al., 2005;
Taniguchi et al., 2000, 2000a). Severity of diabetes may contribute to the insulin level
and HOMA-IR score. In'mild stage of type 2 DM, most of the individual losses up to
50% of B-cell function. Thus, diabetic patients could partly control their plasma
glucose. During the progression of the disease, p-cell function is progressively lost. In
severe stage, the insulin resistance continues to increase while p-cell could secrete
less insulin than in the mild stage, leading to severe loss of control (Kahn, 1998). In
current study, most individuals were in mild stage because all of them took only
sulphonylurea and/or biguanide, and HbA1c reached the goal recommended by the
American Diabetes Assaciation (less than 7 mg%). In addition, more than half of the
subjects had duration of diabetes less than 5 years, and all of them did not had chronic
complication:.

The exact mechanism of soy proteins and isoflavones-on glycemic control is
not known. There are several mechanisms ‘including stimulated insulin secretion
(Sarenson,. Brelje, and Roth, 1994; Lee, 2006), inhibited intestinal glueose uptake
(Vedavanam et al, 1999), reduced glucose-6-phosphatase (Lee and Lee, 2001,
decreased.in serum glucagon levels as glucagon is known to promote hepatic glucase
production (Lavigne, Marette, and Jacques., 2000). Soy protein and isoflavones
possibly improved glucose metabolism via these complex pathways (Mezei et al.,

2003)
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5.4 Effects of Soy Protein Isolate Supplementation on Lipid Profile
This study showed that supplementation of 30-g SPI containing isoflavones in
type 2 diabetic patients for 6 weeks produced reduction in serum TC, LDL-C, TG,
and non-HDL-C concentrations, but the decreases were not significant. The beneficial
effect on HDL-C was not observed. These findings are consistent with the meta-
analysis by Sacks et al. (2006) which found no-significant effects on HDL-C or TG in
most of the studies: In addition, LDL-C or non-HDL-C concentrations were
significantly decreased only .in 8 of 22 studies. Other studies reported no significant
effect of soy protein on TG concentration (Baum et al.; 1998; Teixeira et al., 2000) or
HDL-C concentrations (Anderson et al., 1995; Steinberg et al., 2003; Blum et al.,
2003). Supplementation of 25-30 g soy protein for 4-6 weeks in several studies (West
et al., 2005; Bricarello et al., 2004; Sirtori et al., 2002; Blum et al., 2003; Bakhit et al.,
1994) showed no significant decrease in TC, LDL-C, and TG. Factors that may have
contributed to the lack of significantly hypocholesterolemic effects in the present
study may be due to initial total cholesterol, amount of soy protein and isoflavones,

and duration of the SPI supplementation.
5.4.1 Influence of Initial Total Cholesterol on Serum Lipids

The beneficial effects of soy protein containing isoflavones on lipid
profiles were more marked in subjects with hypercholesterolemia (Anderson et al.,
1995; Zhan and-Ho, 2005). Initial-serum TC level was found to be the strongest and
most important determinant of  serum cholesterol-~response to soy protein
supplementation (Sirtori et al., 2007; Steinberg, 2007; Dewell et al.,~2006; Crouse et
al., 1999). Initial serum cholesterol concentrations of the subjects in most of studies

included in the Anderson et al.’s meta-analysis were high. Total cholesterol in 25%
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of the studies was higher than 8.66 mmol/l (335 mg/dl), but no significant effect of
soy protein was found in those with TC lower than 5.18 mmol/l (200 mg/dl). Zhan
and Ho (2005) reported greater reduction in TC and greater increase in HDL-C in
subjects with baseline TC higher than 6.22 mmol/l (240 mg/dl). In the present study,
the effects of soy protein isolate on serum lipid changes were not significant. This
may be because the initial serum TC of the subjects in this study was normal or
mildly hypercholesterolemia (ranging from 3.03 to 6.27 ' mmol/l [117 to 242 mg/dl]).
Nutrition Committee of the American Heart Association (AHA) also concluded that
consumption of soy protein does not appear to have a hypocholesterolemic effect in
adults with low or normal cholesterol levels (Erdman, 2000). This study found a
statistically significant reduction of TC in hypercholesterolemic subjects (baseline

TC > 5.18 mmol/l [200 mg/dl]) after SP1 supplementation.
5.4.2 Amount of Soy Protein and the Reduction in Serum Lipids

Supplementation-of 30 g of SPI with isoflavones for 6 weeks in this
study significantly  decreased TC concentrations in. subjects  with
hypercholesterolemia, but did not influence lipids concentrations in those subjects
with normolipidemia. These results agree with previous studies which demonstrated
that 25-35 g of soy protein produced a significant lipid lowering effects (Balk et al.,
2005). Bakhit et al. (1994) reported decreases in. TC concentrations in men with
baseline TC higher than 5.7 mmol/I' (220 ‘'mg/dl) after-consumed "25"g of soy
protein/day for 4 weeks. Crouse etal. (1999) found that-intake of 25 g of soy protein
with 37 mg of isoflavones for 9 weeks significantly reduced TC and LDL-C
concentrations in subjects with the high initial LDL-C concentrations.

Supplementation of 30-g soy protein with 132-mg isoflavones for 12 weeks
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significantly decreased in TC (Jayagopal et al., 2002). Chen et al. (2003) also
reported that daily replacement of 30-g soy protein in the usual hemodialysis diet of
hyperlipidemic subjects for 12 weeks produced significant decreases in TC, LDL-C,
and non-HDL-C concentrations. Anderson et al. (1995) noted daily consumption of
31 to 47 g of soy protein can achieve serumtotal and LDL-C reductions. In addition,
in those meta-analysis and several studies (Teixeira et al., 2000; Tonstad, Smerud,
and Hoie, 2002;.Weggemans. -and Trautwein 2003)indicated that correlations
between amounts of soy protein and changes in cholesterol were not statistically

significant.

5.4.3 Effect of Soy Isoflavones on the Concentration of Lipids

Previous analyses have noted that variability in the plasma cholesterol
response might result from  variable isoflavones content of soy preparations
(Anderson et al., 1995). Compared with soy protein depleted in isoflavones, the
isolated soy protein containing isoflavones had a significant effect on TC and LDL-C.
This finding implies that the net changes in the lipid profile could be partially
attributable -to the isoflavones contained in soy protein (Zhan and Ho, 2005).
Nevertheless, the report of two previous meta-analyses (Zhan and Ho 2005; Taku et
al., 2007) suggested that soy isoflavones had synergistic-or additive effects in
lowering - TC and LDL-C when provided.concurrently: with say.protein, especially in
hypercholesterolemic (TC > 6.21.mmol/l or LDL-C > 4.14 mmaol/l). However, a soy
isoflavones extract provided without soy protein showed no cholesterol-lowering
effect (Balk el al., 2005; Gonzalez el al., 2007; Taku el al., 2008). Anthony. et al.
(1996) concluded that soy isoflavones may have an important role in the

hypocholesterolemic effects of soy protein. Reynolds et al. (2006) indicated that SPI
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supplementation (20 to > 61 g/day) containing isoflavones (2-192 mg/day) had a
dose-response relation between soy protein and isoflavones supplementation and net
changes in serum lipids.

Study by Crouse et al. (1999) also reported a statistically significant
relationship between isoflavones intake (ranging from 3 to 62 mg/day) with 25 g of
soy protein isolate and change in TC only among men and women with LDL-C above
4.3 mmol/l (166.mg/dl). The average intake of soy protein of in the dose 50 g/day
with 96 mg of .isoflavones per-day was found to significantly greater decreases in
serum LDL-C than low: isoflavones intake (mean 6 mg/day) (Zhuo et al., 2004). Low
content of isoflavanes contained in soy protein of 40-80 mg/d still showed the effects
on TC and LDL-C; however, the isoflavones supplementation of higher than 80 mg/d
had better effects on lipid profiles (Zhan and Ho, 2005). Meta-analysis by Taku et al.
(2007) presented that soy protein - enriched isoflavones (61.7-317.9 mg/day)
supplementation for 4-12 weeks reduced serum LDL-C with a greater degree than
group of isoflavones-depleted soy protein (1.2-10.0 mg/day) at the same amount of
soy protein. Therefore, factors that may have contributed to the lack of significant
hypolipidemic effects may be the insufficient or low content of isoflavones in soy

protein using in current study.

5.4.4 Effect of the Length of Intervention on Serum Lipids
The most significant ' lowering effects of soy protein; containing
isoflavones on TC, LDL-C, and non-HDL-C occurred within the initial short period of
intervention (4-12 weeks), ‘whereas improvements ‘in HDL-C' were observed in
studies of longer than 12 weeks of duration (Weggemans and Trautwein, 2003; Zhan
and Ho, 2005; Taku et al., 2007). However, the extent of the lipid-lowering effect

decreased as the duration of the intervention increased. The inversed relation between
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net changes and duration of intervention is unclear. It may imply a physiologic
adaptation mechanism to prolonged supplementation and thus less attention paid to
the diet or lower product adherence in prolonged periods of intervention (Zhan and
Ho, 2005). The duration of supplementation in the present study was only 6 weeks.
Therefore, the likelihood of benefits from supplementation of soy protein containing
isoflavones on cholesterol-lowering effects did not achieve the desired outcome.
However, variations in background, livelihood, and health behaviors of the subjects
may also influenced the outcomes of the studies that differences from previous
studies.

The hypocholesterolemic effects of soy protein are not fully understood.
Several studies suggested that soy proteins increased clearance of LDL-C by up-
regulation of LDL receptors (Lovati et al., 1998; Manzoni et al., 1998), reduction of
hepatic fatty acid and triglyceride biosynthesis, increasing fatty acid oxidation (Tovar
et al., 2005), increasing bile acid secretion and bacterial conversion of cholesterol to
the non-absorbable coprostanol (Carroll and Kurowska, 1995; Potter, 1995). Soy
peptide was also capable of up-regulating LDL receptors (Lovati et al., 2000), and
increasing bile acid synthesis and LDL receptor activity (Sugano, Ishiwaki, and
Nakashima, 1984). Studies in rabbits provided evidence that the amino acids lysine
and methionine tend to. raise cholesterol levels, whereas arginine has the opposite
effect. Soy protein has a higher ratio of arginine to lysine-and methionine, it has been
suggested the hypocholesterolemic effects of soy protein (Kurowska and Carroll,
1994).

The mechanism of the cholesterol-lowering effect of isoflavones may be a
result of the chemical and biological similarity to mammalian estrogens, which were

shown to have cholesterol-lowering effects in humans (Rossouw, 1999). Sirtori et al.
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(1995) demonstrated substantial reductions in cholesterol levels with enhanced LDL
degradation and increased binding of radiolabeled LDL to receptors. A study using
the LDL-receptor deficient mouse has provided further support for an effect of
isoflavones on LDL receptor activity (Kirk et al., 1998).

It is still unclear why intake of isoflavones as a component of intact soy
protein had beneficial effects on lipid profiles, whereas extracted soy isoflavones
alone had no such effects (Taku et al., 2008). When producing the soy isoflavones
extract or low isoflavones protein products, the protein may have been removed and
degraded with alcohol” extraction. In- addition, the isoflavones may have been
inactivated during the process of purification, or some enabling factor in soy protein
may be required for the beneficial effects of soy isoflavones on lipid profiles
(Clarkson and Anthony, 1998). The beneficial effects of soy protein might require
synergistic interaction between isoflavones and other soy components (Clarkson,

2002; Carroll, 1982).



CHAPTER 6

CONCLUSION

The present study investigated the effects-of SPI supplementation on insulin
resistance, fasting blood glucose and lipid profile in type 2 diabetic patients. After
supplementation of 30-g~SPl-containing 32 mg of isoflavones per day for 6 weeks,
concentration of HbAlc was significantly = reduced from baseline and SPI
supplementation also_produced reduction in fasting plasma glucose, insulin resistance
(assessed by the HOMA-IR model)-and serum lipid profiles, but the decrease were not
significant. However, the beneficial effect of SPI with isoflavones on total cholesterol
was more marked in subjects with initial TC > 5.18 mmol/l. Additionally, serious adverse
effects were not occurred during.SPI supplementation. In conclusion, this study indicated
that short-term SPI with isoflavones supplementation improve glycemic control, insulin
resistance and serum lipid profile in type 2 diabetic patients, suggesting that the
continuous intake of SPI with isoflavones may have beneficial effects on cardiovascular

risk factors.
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Recommendations for further study

The future research should extend the time of the study, determine biochemical
parameters before counseling per -, r supplementation period to confirm the
-3§_. ’" . % .and isoflavones on serum lipids and

y, the efficacy of soy protein

patients such as severely

hypercholesterolemi naximize the effect of soy

protein.
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