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ABSTRACT 
 
        Soybean consumption has been shown to have many health benefits, such as improving 
blood lipid profile and relieving menopausal symptoms.  After the US FDA�(the United States�
Food and Drug Administration) stated that 25 grams of soy protein a day, as part of a diet low in 
saturated fat and cholesterol, may reduce the risk of heart disease, there has been an increasing 
focus in the use of soy for health improvement. 
        The purpose of this study was to investigate the capacity of a soy-rich diet to decrease 
cardiovascular risk factors and menopausal symptoms in climacteric women. 
        Thirty-seven climacteric women (aged 40-59 years) participated in this randomized, 
crossover trial with two 12-wk diets and a 4-wk washout period before and between 
treatments. The study diets consisted of a control diet (soy-free diet) and soy-rich diet (25 g of 
soy protein in various forms of soy foods, containing 50 mg isoflavones daily, substituted for 
animal protein as a part of their habitual diet with their own recipes). Subjects were asked to 
fill-in a daily soy food consumption checklist and maintain a consistent level of physical 
activity throughout the period. During both dietary periods, they consumed self-selected diets 
with low fat and low cholesterol foods. Fasting blood samples, vaginal cytology examinations 
and blood pressure (BP) were performed before and after the 12-wks of each treatment period. 
Menopausal symptoms and anthropometric measurement were evaluated at all visits. 
        After 12 weeks of both soy-rich and control diet periods, LDL-C (low density lipoprotein 
cholesterol) were significantly reduced by 18 and 8% whereas HDL-C (high density 
lipoprotein cholesterol) were significantly increased by 20 and 21%, respectively but no 
significant difference between periods was observed. Significant reduction in TC (total 
cholesterol), 7.9%, was only observed after 12 weeks on the soy-rich diet. Although, 
significant reduction in plasma lipid hydroperoxides and systolic blood pressure (BP) were 
shown only in soy-rich diet period, percentages of change between two periods were not 
significantly different. No significant differences in parameters of vaginal cytology (KPI, MV, 
MI, and vaginal health index) between soy-rich and control diet period were observed. In 
addition, compared with baseline, significant reductions (p < 0.05) in total score of the Greene 
Climacteric Scale were observed after 4, 8 and 12 weeks of soy-rich diet period but no 
significant differences were observed during the control diet period.       
        In this study, the data suggest that a soy-rich diet is more helpful than a control diet in 
lowering serum total cholesterol and relieving menopausal symptoms but no more effective 
for improving LDL-C, HDL-C level and vaginal cytology. 
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 SYMPTOMS / CLIMACTERIC WOMEN / SERUM LIPID / 
 LIPID PEROXIDATION / VAGINAL CYTOLOGY 
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CHAPTER 1 

INTRODUCTION 
 

 

� At present, mankind has a longer life expectancy than the past as a 

result of improvement in medicine and public health evolution. The data from Institute 

for Population and Social Research showed that the life expectancy at birth for Thai 

men and women are 69.9 and 74.9 years, respectively [1].�In addition, the study from 

the Human Resources Planning Division, Office of the National Economic and Social 

Development Board found that the number of Thai women aged between 40-59 years 

old increased every year. By the year 2002, it was estimated that there were about 7.2 

million Thai women of this age and increased to 7.4 and 7.6 million in the year 2003 

and 2004, respectively [2]. 

�������� Golden age or menopausal period refers to a transitional phase of 

women’s life, which ovarian function and hormonal production decline, especially 

estrogen, cause both physically and psychologically changes. For Thai women, 

average age of menopause is about 50.1� �� 4.7� (mean � SD) years [3].�During this 

period, loss of ovarian follicular activities and changes of hormonal level cause many 

unpleasant symptoms called menopausal or climacteric symptoms as follow; hot 

flashes, night sweat, mood swing, headache & insomnia, depressed feeling, vaginal 

dryness, vaginitis, skin dryness, muscle or joint or back pain, etc. Moreover, there is 

an increased risk of atherosclerosis and coronary heart disease in menopausal women 
[4, 5]. Decrease in endogenous estrogen levels during menopause coincide with higher 

levels of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) and 

triglycerides (TG) and equal or lower high-density lipoprotein cholesterol (HDL-C) 

levels in postmenopausal women [6-8]. 

          Charuraks et al (1994) showed that mean concentrations of TC of 

female workers in Bangkok were increased as age increased [9]. Chooprapawan (2000) 

also reported that mortality rates of Thai women from cardiovascular diseases were 
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increased as age increased (106.5, 520.9 and 2017.0 per 100,000 for group aged 

between 45-59, 60-74 and >75 years old, respectively) [10]. 

�������� Many studies showed that the prevalence of climacteric symptoms in 

Thai menopausal women tended to increase every year: 51, 72, 71 and 98 % in 1988, 

1992, 1996 and 1997, respectively [11-14].�Cheewaroungroj et al (2000) found that Thai 

menopausal women (aged between 40-59 years old, n=272) had one or more 

climacteric symptoms [15].� The prevalence rates of vasomotor, psychological, skin-

musculoskeletal, and urogenital symptoms were 79, 75, 93 and 74 %, respectively. 

         Since the year 2000, ‘Menopausal clinics’ were established in the 

hospitals regulated by Ministry of Public Health. One of their treatments was 

‘Hormone Replacement Therapy’ (HRT). It has been shown that HRT can reduce 

climacteric symptoms in menopausal women [16, 17]. Unfortunately, numerous studies 

also have shown that HRT increases the risk of breast cancer, endometrial cancer, and 

has side effects such as weight gain, bloating, irritability and nausea[18, 19]. In addition, 

recently study showed that HRT cannot be recommended for the primary and 

secondary prevention of cardiovascular disease approach[20]. At present, it is still 

unclear about benefits and hazards of long-term HRT supplement.  

         Soybeans and soyfoods are the most significant dietary sources of 

isoflavones, one of phytoestrogens. Phytoestrogens are estrogenic compounds found in 

plants that show effects suggestive of estrogenicity, such as binding to the estrogen 

receptor (ER), induction of specific estrogen-responsive gene products, although 

weakly in comparison to estradiol [21]. Furthermore, several studies suggested a 

protective effect of soy or soybean isoflavones against several types of cancers, such 

as breast, colon, and prostate cancer [22-24]. 

         In 1995, Anderson et al conducted a meta-analysis of 38 clinical trials 

showed that consumption of soy protein, rather than animal protein significantly 

decreased serum concentrations of TC (9.3%), LDL-C (12.9%), and TG (10.5%). In 

summary, they suggested that soy estrogens (phytoestrogens) may be responsible for 

most of the hypocholesterolemic effects of soy protein [25].  

         In 1999, the United States Food and Drug Administration (US FDA) 

stated that “ Including 25 grams of soy protein a day, as part of a diet low in saturated 

fat and cholesterol, may reduce the risk of heart disease ” [26].  
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         Lipid peroxidation appears to be a highly significant consequence of 

oxidative stress in injured human arterial walls, contributing to the development of 

atherosclerotic lesions [27]. Detection of end products of lipid peroxidation is the 

evidence most frequently quoted for a role of free radicals in human disease or tissue 

injury by toxins. There were some studies showed that soy isoflavones can act as 

antioxidants directly or indirectly through the enhancement of antioxidant enzyme 

activities [21]. In addition, Albertazzi et al (1998) showed that 60 g of isolated soy 

protein (ISP) added daily to the diet was significantly superior to placebo (casein) in 

reducing the mean number of hot flashes/ day after 4, 8, and 12 weeks of treatment 

(p<0.01) in postmenopausal women [28].         

         Nevertheless, no dietary modification with corporate soyfoods in 

habitual diet has been conducted in Thai climacteric women before. The aim of this 

study was to explore the effects of soy-rich diet (soy protein 25 g/ day) on lipid 

profiles, plasma lipid peroxidation, and menopausal symptoms in Thai climacteric 

women. It is hoped that the data could be helpful for adjusting dietary manipulations 

on the prevention of hyperlipidemia and menopausal symptoms, instead of imported 

lipid-lowering drugs, synthetic hormones, or expensive food supplements.        

Objectives of the Study 

1. To determine the effects of soy-rich diet consumption on serum lipid profiles in 

climacteric women. 

2. To determine the effects of soy-rich diet consumption on menopausal symptoms in 

climacteric women. 

3. To determine the effects of soy-rich diet consumption on plasma lipid peroxidation 

in climacteric women. 

4. To compare the effects of soy-rich diet consumption with well-balanced diet 

(control diet) on serum lipid profiles, menopausal symptoms, and plasma lipid 

peroxidation in climacteric women. 

5. To investigate the effects of soy-rich diet consumption on vaginal cell maturation 

index in climacteric women. 
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CHAPTER 2 

LITERATURE REVIEW 
 

 

2.1  Cardiovascular disease risk factor    
         A large number of epidemiologic, angiographic and postmortem studies 

have documented a causal relationship between the elevated serum total cholesterol, 

low-density lipoprotein (LDL) and triglyceride levels and the genesis of coronary 

heart disease (CHD) or cardiovascular disease (CVD).  

         Each 1% increase in serum cholesterol has been estimated to give a 2-3 

% increase in CVD risk. The National Cholesterol Education Program (NCEP) has 

developed upper and lower limits for risk profiling shown in Table 2.1 [29]. Elevated 

plasma triglyceride levels (>200 mg/dL or 2.26 mmol/L) are associated with increased 

CHD risk [30] and strongly correlated with several potentially atherogenic metabolic 

aberrations, including reduced levels of high-density lipoprotein (HDL); increased 

levels of denser (more atherogenic) LDL species; insulin resistance; and 

prothrombotic changes including increased concentrations of platelet activator 

inhibitor-1. Because these factors are linked, it is difficult to determine which are the 

most direct causes of atherogenesis. It is generally assumed that they all contribute to 

the increased CHD risk where triglyceride levels are high. In contrast, HDL-

cholesterol (HDL-C) levels are inversely related to CHD risk. In general, individuals 

with low HDL-C levels are at a higher risk regardless of their total cholesterol 

concentrations [31].  
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Table2.1 Risk classification of hypercholesterolemia in patients without coronary    

heart disease. 

Classification Total cholesterol level LDL-C level HDL-C level 

� Desirable 

 

< 200 mg/dL 

(<5.15 mmol/L) 

<130 mg/dL 

(<3.35 mmol/L) 

� 60 mg/dL 

( � 1.55 mmol/L) 

� Borderline 

high risk 

 

200 -239 mg/dL 

(5.15 - 6.20 mmol/L) 

130- 159 mg/dL 

(3.35- 4.10 mmol/L) 

35 -59 mg/dL 

 (0.90–1.55 mmol/L) 

� High risk 

 

� 240 mg/dL 

( � 6.20 mmol/L) 

� 160 mg/dL 

( � 4.15 mmol/L) 

< 35 mg/dL 

(< 0.90 mmol/L) 

 

LDL-C = low-density lipoprotein cholesterol;  

HDL-C = high-density lipoprotein cholesterol 

Reprinted from National Cholesterol Education Program. Second report of the Expert 

Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults 

(adult treatment panel II). Bethesda, MD. : National Cholesterol Education Program, 

National Institutes of Health, National Heart, Lung, and Blood Institute, 1993; DHSS 

publication no. (NIH) 93-3095:5. 

 

2.2  Soy and isoflavones (IF)    
          Phytoestrogens (PE) are estrogenic compounds found in plants, such as 

beans, cabbage, soybean, grains and hops that show effects suggestion of 

estrogenicity, such as binding to the estrogen receptor (ER), induction of specific 

estrogen-responsive gene products [21, 32]. PE can be divided into three main classes: 

isoflavones, coumestans, and lignans. All are diphenolic compounds with structural 

similarities to natural and synthetic estrogens and antiestrogens (Figure 2.1) [21]. 

  Isoflavone (IF) precursors are found in soy and other types of bean, 

clover and alfalfa (Figure 2.2). Lignan precursors are found in whole grains, seeds 

(especially flaxseed), fruits, vegetables, rye, millet, and legumes (Figure 2.3). The 

richest source of dietary phytoestrogen for human is soybeans and soy-based food 

products. 
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Figure 2.1 Structures of the phytoestrogens: genistein (isoflavone), coumestrol (coumestan), 

and enterolactone (lignan) for comparison with estradiol (natural estrogen), diethystibestrol 

(synthetic estrogen), and tamoxifen (synthetic antiestrogen). From Ref.[21].  

                      

Isoflavone R1 R2 R3 R4 R5 

Daidzein H H OH OH H 

Genistein OH H OH OH H 

Glycitein H OCH3 OH OH H 

Daidzin H H O-glucoside OH H 

Genistin OH H O-glucoside OH H 

Glycitin H OCH3 O-glucoside OH H 

Formononetin H H OH OCH3 H 

Biochanin A OH H OH OCH3 H 
 

Figure 2.2 Chemical structures of the isoflavones found in soybeans. Daidzein, genistein, and 

glycitein are also present as acetylglucosides (6”-O-acetyldaidzin, 6”-O-acetylgenistin, 6”-O-

acetylglycitin) and malonylglucosides (6”-O-malonyldaidzin, 6”-O-malonylgenistin, 6”-O-

malonylglycitin). From Ref.[21]. 
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        The main isoflavones of soy are genistein and daidzein, and their 

respective glucosidic components are genistin and daidzin. Once ingested, genistin and 

daidzin are hydrolyzed in the intestines by bacterial �-glucosidases and are converted 

to corresponding bioactive aglycones (genistein and daidzein) [33]. Daidzein is further 

partially metabolized to equol and O-desmethylangiolensin (O-DMA)[34], whereas 

genistein is metabolized to p-ethylphenol in the colon [33]. Absorbed isoflavone 

metabolites undergo enterohepatic circulation and may be excreted in the bile, 

deconjugated by intestinal flora, reabsorbed, reconjugated by the liver, and excreted in 

the urine (Figure 2.4). Concentrations of the different isoflavone metabolites vary 

widely between individuals even when a controlled quantity of an isoflavone 

supplement is administered [34].  

 
Figure 2.3 Formation of enterolactone and enterodiol by human fecal flora. The plant lignans 

secoisolariciresinol diglucoside is metabolized to enterodiol through hydrolysis of the sugar 

moiety, dehydroxylation, and demethylation. Enterodiol can then be further oxidized to 

enterolactone. Matairesinol is converted to enterolactone by gut bacteria through dehydroxyl-

ation and demethylation. From Ref.[21]. 
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Figure 2.4 Proposed metabolic pathways for the catabolism of daidzein and genistein by 

human gut bacteria. The formation of O-DMA from daidzein and 6’-hydroxy-O-DMA from 

genistein likely involves several reduction reactions. The formation of equol from dihydrodai-

dzein may go through reduction, dehydration, and further reduction reactions. From Ref.[21]. 

 

          Isoflavones may act as both estrogen agonists and antagonist. The 

estrogenic activity of IF is generally much less than that of human estrogen, ranges 

from 1/500 to 1/1000 of the activity of estradiol [21, 32, 35, 36]. IF at concentration 100-

1000 times that of estradiol (the probable levels in human plasma after regular 

consumption of soy products), it has been proposed that IF may be able to compete 

effectively with endogenous mammalian estrogens, bind to estrogen receptor, and 

prevent estrogen-stimulated growth in mammals [23]. Consequently, it has been 

suggested that they might partly suppress or inhibit normal estrogenic activity in 

estrogen-responsive tissues such as breast tissue and may reduce the risk of breast 

cancer [32]. The effects of IF are tissue specific owing to presence of different type of 

estrogenic receptors (� or �) across various tissues, which may play different roles in 

gene regulation. Many authors have suggested that soy IF may affect plasma lipid 

concentrations through their estrogenic action. 
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2.3  Soy and cardiovascular disease 

 Soy can be an effective guard against diseases of heart and blood 

vessels (cardiovascular disease), including atherosclerosis, coronary heart disease, 

heart attack, stroke, and high blood pressure. A hallmark of coronary heart disease is 

high cholesterol level, especially increased LDL-C level [37]. Numerous research 

studies have shown that adequate amounts of soy protein substituted for animal protein 

in diet reduce blood total cholesterol and LDL-C in humans. In addition, the decrease 

in blood cholesterol has generally been greater in hypercholesterolemic than in 

normocholesterolemic subjects [38].  

 In 1995, a meta-analysis of 38 controlled clinical trials carried out by 

Anderson et al demonstrated that soy protein intake averaged 47 g/d , rather than 

animal protein significantly decreased serum TC (23.2 mg/dL, 9.3%), LDL-C (21.7 

mg/dL, 12.9%), and triglycerides (13.3 mg/dL, 10.5%). The changes in serum 

cholesterol and LDL-C concentrations were related to the initial serum cholesterol 

concentration (p<0.001). The ingestion of soy protein was associated with a non-

significant 2.4% increase in serum HDL-C. This study also suggested that soy 

estrogens may account for 60-70% of hypocholesterolemic effects of soy protein [25]. 

Nagata et al conducted an ecologic study in Japan evaluating the relationship between 

soy and IF intake (at a population level) with mortality from heart disease and cancer. 

There was a significant inverse correlation between heart disease mortality rate and 

soy protein consumption in Japanese women and modest correlation in men. A 

prospective cohort study conducted by Nagata et al showed a significant trend for 

decreased total cholesterol concentration with a higher intake of soyfoods in both 

Japanese men and women [39]. This study supports the notion that soy protein may be 

beneficial in lowering serum total cholesterol concentrations. 

 A randomized, double-blind, crossover study conducted by Washburn 

et al (1999) found significant declines in total cholesterol (6%) and LDL-C (7%) in 

perimenopausal women consuming 20 g of soy protein containing 34 mg of 

phytoestrogens for 6 weeks, compared with the carbohydrate placebo diet, p<0.05  [40]. 

In 1999, Crouse et al carried out a double-blind, randomized, paralleled trial for 

comparing the effect of casein with that of isolated soy protein (ISP) on plasma 

concentrations of lipids and lipoproteins. Results showed that 25 g of ISP with 62 mg 
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of isoflavones daily intake for 9 weeks, lowered total cholesterol and LDL-C levels by 

4% (p=0.04) and 6%(p=0.01), respectively, compared with casein [41].  

          Wangen et al (2001) conducted a randomized, crossover trial in 18 

postmenopausal women throughout three 93 day periods (control, low- and high- 

isoflavones periods) of  ISP consumption providing  7.1 � 1.1 , 65 � 11 , or 132 � 22 

mg isoflavones/day, respectively. The high-isoflavones diet caused significantly 

decrease in LDL-C level (6.5% lower, p<0.02), compared with the control diet. 

Nevertheless, isoflavone consumption did not significantly affect plasma 

concentrations of total cholesterol, HDL-C and triglycerides in this study [42]. Gardner 

et al (2001) determined the effect of soy protein (SP) and isoflavones on plasma lipid 

levels in postmenopausal, moderately hypercholesterolemic women. This study was a 

randomized, double-blind trial with 3 treatment group (gr): control gr (milk protein), 

Soy+ gr (SP containing 80 mg isoflavones) and Soy- gr (SP containing trace amounts 

of isoflavones) with 12 weeks periods for each group. Results showed that in the Soy+ 

gr significantly decreased total cholesterol (p=0.03) and LDL-C (p=0.005) levels than 

in the Soy- gr without significantly difference between control and either the Soy- or 

the Soy+ gr [43]. In contrast, Gooderham et al (1996) indicated that ISP beverage 

powder supplement (60 g/day for 28 day) did not alter plasma total cholesterol and 

HDL-C levels in male subjects (n=20) when compared with control (casein). 

However, this study did not determine plasma LDL-C level [44]. The study of Hodgson 

et al (1998) also showed that there were no significant differences in serum lipid 

concentration between placebo and isoflavonoid group (supplement with 55 g of 

isoflavonoid/day for 8 wks) [45]. 

 Lipid peroxidation appears to be a highly significant consequence of 

oxidative stress in injured human arterial walls, contributing to the development of 

atherosclerotic lesions [27]. Detection of end products of lipid peroxidation is the 

evidence most frequently quoted for a role of free radicals in human disease or tissue 

injury by toxins. The initial products of lipid peroxidation are conjugated dienic 

hydroperoxides. These active substances decompose either into various aldehydes or, 

if the original fatty acid is arachidonic acid, into isoprostanes. All these products of 

degradation and decomposition are used in assessing oxidative stress, including 

malondialdehyde, conjugated dienes (CD), hydroperoxides (LOOH), F2-isoprostanes, 
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and breath gases, etc. There were some studies showed that soy isoflavones can act as 

antioxidants directly or indirectly through the enhancement of antioxidant enzyme 

activities [21]. Isoflavones have direct free-radical quenching ability, with genistein and 

daidzein being particularly effective. Record et al (1995) showed that genistein, the 

major isoflavone in soy beans, is an effective scavenger of hydrogen peroxide[46]. 

Nestel et al (1997) conducted the placebo-controlled, crossover trial in perimenopausal 

women to determine the effects of 80 mg daily isoflavones (45 mg of genistein) over 

5- to 10- week periods. The results showed no significantly changes in LDL-

oxidizability between isoflavone and placebo treatments whereas systemic arterial 

compliance (arterial elasticity) in isoflavone treatment improved 26% (p<0.001) 

compared with placebo[47].  

 

2.4  Soy and menopause 
          Physiologic changes associated with menopause are thought to increase 

the risks of various chronic diseases, including CVD and osteoporosis. HRT has been 

used to alleviate these risks. However, accumulating evidence suggests that HRT may 

be associated with an increase risk of breast cancer. Soyfoods have been suggested as 

an alternative to HRT because they contain isoflavones, structurally resemble 

estradiol.  Soy is particularly beneficial for women because of not only protective 

effect against breast and other hormonally influenced cancers and 

hypocholesterolemic response. Many studies indicate that soy in form of either 

isoflavone-rich protein or pure isoflavone supplements can increase bone density and 

reduce menopausal hot flashes in women [37].         

 Interest in the effect of IF on menopausal symptoms arose after analysis 

of epidemiological data. While the rate of hot flashes ranged from 70 to 80% in 

European women, this decreased by 18 and 14% in China and Singapore, respectively.  

 In 1990, the first study that showed certain dietary PE can exert mild 

estrogenic effects in postmenopausal women was conducted by Wilcox et al.   In this 

study,   45 g of soy flour intake daily showed an increase in the vaginal cell maturation 

index (an indicator of estrogenic activity) [48]. Nevertheless, Murkies et al (1995) 

conducted a randomized, double-blind study in 58 postmenopausal women with at 

least 14 hot flashes per week. They were received 45 g of soy flour or wheat flour 
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(control) per day as supplement to their regular diet over 12 weeks. Results showed 

significantly decrease in hot flashes in both the soy and wheat flour groups (40% and 

25%, respectively) with a rapid response in the soy flour group in six weeks. 

Menopausal symptom scores also decreased significantly in both groups whereas no 

significant changes in vaginal cytology were found [49]. Another study by Baird et al 

(1995) found that soyfoods supplying 165 mg of isoflavones daily resulted in an 

increase in the percentage of vaginal superficial cells in 19% of the soy group 

compared with 8% of controls; however, the results did not achieve statistical 

significance [50]. However, this study apparently used an unusual method of collecting 

vaginal cells that may have underestimation of vaginal maturation.[51] 

 Brzezinski et al (1997) conducted a 12-wk trial of a PE - rich diet 

compared with a PE-poor diet in 165 postmenopausal women (parallel study). The PE 

- rich diet consisted of soy drinks, tofu, miso, and flaxseed. There were significant 

reductions in hot flashes and vaginal dryness scores (p=0.004 and 0.005, respectively) 

in the PE – rich group compared with control diet (regular-omnivorous Israeli diet) [52]. 

Albertazzi et al (1998) showed that adding 60 g of ISP to daily diet of postmenopausal 

women for 12 weeks significantly reduced the frequency of hot flashes after 4, 8, and 

12 wk compared with placebo. By the end of the 12 wk, soy group had a 45% 

reduction in their daily hot flashes versus a 30% reduction obtained with the placebo 

(p<0.01) [28]. Washburn et al (1999) carried out a randomized, double blind, crossover 

trial of perimenopausal women who were experiencing menopausal symptoms 

consuming isocaloric supplements containing 20 g of complex carbohydrates (placebo 

group), and 20 g of soy protein containing 34 mg of phytoestrogens (soy groups) given 

in a single dose (once daily group), and split into two equal doses (twice-daily group). 

Results showed that the severity of vasomotor symptoms and hypoestrogenic 

symptoms significantly reduced in the twice-daily soy group compared with the 

placebo group (p<0.004) [40].  

 In 2000, Scambia et al conducted a 12-week, randomized, double-blind 

trial in 39 postmenopausal women with at least 14 hot flashes per week. Twenty 

participants in the soy group were received 400 mg/ day of the standardized soy 

extract (50 mg of isoflavones daily) and 19 participants were received placebo. After 6 

weeks of treatment, the soy group had a significant reduction (p<0.001) in the mean 
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point values 19 and 20 of the Greene climacteric scale (hot flashes and night sweats) 

compared with placebo group. However, the stardardized soy extract did not modify 

any other menopausal symptoms and there were no significant changes in vaginal 

cytology [53]. Upmalis et al (2000) conducted a double-blind, randomized, paralleled 

study in 177 postmenopausal women. The results showed relief in the incidence and 

severity of hot flashes both in the soy group (received soy isoflavone extract; total of 

50 mg genistin and daidzin per day) and placebo group but no changes in vaginal 

cytology in either group were observed [54]. 

 In the contrary, Nagata et al (2001) studied the association between soy 

product intake and the occurrence of hot flashes in Japanese women. The result 

showed that hot flashes were significantly inversely associated with consumption of 

soy products in terms of both total amount and isoflavones intake[55].  

 Because of unconclusive results of the benefits of soy-based diet and 

phytoestrogens, more research is required to monitor the effect of phytoestrogens on 

menopausal symptoms for using phytoestrogens as a viable alternative to HRT in the 

future. 

 

2.5  Soy and cancer 
 A number of epidemiologic studies have examined the relationship 

between soy food consumption and cancer risk. Japanese men who consumed tofu 

more than five times a week had half the risk of prostate cancer [56]. Chinese women 

who consume soyfoods less than once a week have been shown to have twice the risk 

of breast cancer compared with women who consumed daily [57]. A review study by 

Messina et al (1994) suggest a protective effect of soy and isoflavones consumption 

against several types of cancer such as breast, colon, and prostate cancers [22].  
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CHAPTER 3 

MATERIALS AND METHODS 
 

 

3.1   Experimental design 
          The study was a randomized, crossover clinical trial. Subjects were 

randomly assigned as SC group which consumed soy-rich diet at the first period and 

CS group which consumed control diet (soy-free) at the first period (Figure 3.1). The 

protocol consisted of two 12-week diet periods separated by 4 weeks washout period 

for each group (SC and CS group).  
 

Preparation             Treatment period I          Washout             Treatment period II
         
    period                                              period  

                                                                                                                                                                                                                               
Wk-4     Wk0        Wk4         Wk8       Wk12        Wk16       Wk20        Wk24       Wk28   

         - SC Group consume soy-rich diet                          - SC Group consume control diet 

                       - CS Group consume control diet                            - CS Group consume soy-rich diet 

 

Figure 3.1 Experimental design 
 

3.2   Sample size 
                    Sample size of participants was calculated from the following formula [58]: 

                    n = ( Z� + Z� )2 Sd
2         

                                                                   (d)2            

�    = 0.05, 2-tailed,  Z�  = 1.96 

� =  0.05, 95% confidence interval, Z� = 1.64 

d     =   mean difference between 2 groups 

Sd
2   =   S1

 2 + S2 2 – 2rS1S2 =  (8.485)2 + (8.2462)2 –2(0.5)(8.485)(8.2462) =  70.026 

 (based on the study conducted by Wangen et al [42]) 

n    =    ( 1.96 + 1.64 )2 70.026      =   25.2             

(6)2       
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 The number of subjects calculated from the above formula is 26. 

Because of participants’ compliance, the sample size of the study at the beginning is 

42. 

 

3.3   Subjects recruitment 
          Recruitment started in September 2002, by advertising in Faculty of 

Medicine, Ramathibodi hospital, Mahidol university and newspaper including 

personal persuasion. Those women who were interested, visited the research unit 

(Division of Nutrition and Biochemical Medicine, Research Center, Ramathibodi 

hospital) and were interview by researcher to explain further details and answer 

questions. Their eligibility was determined by a health history questionnaire. The 

inclusion criteria to the study were: 

� Presence of climacteric symptoms. 

� History of menstrual irregularity or have a long period of amenorrhea 

beginning from 3 months without pregnancy by natural or surgical removal of 

both ovaries (with or without hysterectomy). 

� Not currently using hormone replacement therapy or using contraceptive drugs 

in the past 3 months. 

� Non-smoker and had no history of drug or alcohol abuse. 

� Not intake lipid-lowering drugs or medication known to interfere with the 

study in the past 3 months. 

� Had no history of heart diseases, breast cancer, uterine cancer, endometrial or 

ovary cancer, and diabetes in the past 10 years. 

� Had no history of liver and kidney disorder, and thyroid gland dysfunction. 

� Not regularly consume vegetarian diet. 

� Had good attitude about this study. 

          Of a total of 236 women contacted, 42 healthy climacteric women aged 

40-59 years were recruited and randomized into two dietary intervention groups (SC 

and CS), 37 women completed the study. Five women withdrew from the study during 

the study because of their inability to comply with the study, unrelated to soy-product 

consumption. Of those, 27 women lived in Bangkok and surrounding districts and 10 

lived in Ratchaburi province. The Ethics Committee on Human Rights Related to 
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Research Involving Human Subjects, Faculty of Medicine, Ramathibodi hospital, 

Mahidol University approved the study protocol and all participants gave written 

informed consent.  

 

3.4  Intervention 
At wk -4; Preparation period 

  At the beginning, wk –4, all subjects were interviewed about health 

history, habitual diet for dietary assessment (24-hr food recalled), frequency of 

consuming soy and soy products by the questionnaire (FFQ).  

          They were advised to consume weight-maintaining diets based on 

estimated caloric requirements which have proportion of carbohydrate: protein: fat 

equals to 50-55:15-20:30 and also low in saturated fat and cholesterol throughout the 

study. They were also asked to avoid intake of soybean, soy products and legumes for 

4 weeks (preparation period) before the beginning of the dietary program. In addition, 

the subjects were instructed how to record their food items for 3-day food record 

before starting the program. 

 

Wk 0 (Baseline; the beginning of the dietary program) 

          After 4 weeks of the preparation period, all of the subjects were 

collected their fasting blood for determining baseline of blood glucose (FBG), serum 

total cholesterol (TC), serum high density lipoprotein cholesterol (HDL-C), serum 

triglyceride (TG), serum low density lipoprotein cholesterol (LDL-C), serum uric acid, 

plasma lipid hydroperoxides and conjugated diene levels. They also had a baseline 

vaginal cell maturation index (MI), the karyopycnotic index (KPI), the maturation 

value (MV) and the vaginal health index (VHI) by vaginal cytology examination, 

baseline menopausal symptoms by the questionnaire(MSQ), baseline blood pressure, 

waist-hip ratio, skin-fold thickness, %body fat, body weight and height measurements 

and body mass index (BMI). 

         In addition, all of subjects were advised how to eat in the proportional 

serving sizes by using the food exchange lists model which described in the 

menopausal hand book from the researcher. For example, in the control diet period, 
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1,000 kcal of energy requirement daily, they should have dietary pattern in a day as 

shown below: 

Food group 1: Rice, bread, pasta or wheat products 5  servings 

Food group 2: Meat, poultries or fishes (lean meat) 3  servings 

Food group 3: Fat and Oils 3  servings 

Food group 4: Root-Vegetables   1  servings 

Food group 5: Fruits 2  servings 

Food group 6: Milk (skim milk) 1  serving 

         For the same energy requirement (1,000 kcal/ day) in the soy-rich diet 

period, they had to replace 2 servings of food group 2 (animal meat) with assigned soy 

food (as shown in Table 3.1) and consumed soy milk instead of cow milk. 

         Regimens for each dietary intervention group were as described below.  

 

SC Group: Consumed soy-rich diet (S) and then followed by control diet (C) 

         After the baseline examinations (at wk0), SC group started the 12-week 

soy-rich diet period and received soy food which the researcher assigned for them (as 

shown in Table 3.1) and they were asked to record all of soy food and soy products 

which they consumed during the soy-rich diet period. They were allowed to consume 

their regular diet menus with the designated amounts of soy food at home. The 

researcher prepared a 4-week supply of soy food for each subject and they came to 

meet the researcher every 4 week to receive their new pack of soy food and being 

measured their anthropometry assessments. In addition, they were asked for their 

completed MSQ, 3-day food record and soy-food consumption check-list when they 

came to meet the researcher every visit.  

      

CS Group: Consumed control diet (C) and then followed by soy-rich diet (S) 

         In the contrast of SC group, CS group consumed control diet as they 

consumed during preparation period. They were advised to maintain their regular diets 

by avoiding intake of soybean, soy products and legumes for the entire duration of the 

first 12-week period. They also came to meet the researcher every 4 weeks for their 

anthropometry assessments and their completed MSQ and 3-day food record.  
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Wk 12; End of the Treatment period I 

          At the end of the first 12-week period (Treatment period I), fasting 

blood were collected their and had a vaginal cytology examination for the second time. 

They also had the blood pressure and anthropometric measurements, and completed 

their MSQ and 3-day food record. 

  Both groups were advised to maintain their diets that give appropriate 

energy for maintaining their body weights but avoiding ingestion of soybean, soy 

products and legumes for the next 4-week washout period and maintained level of 

physical activity throughout the period. 

 

Wk 16; End of the washout period 

          At the 16th week of the program, the end of the washout period, SC and 

CS groups swapped over to the other treatment. All of them came to the research unit 

for their fasting blood collection, vaginal cytology examination, blood pressure and 

anthropometric measurements, and their MSQ and 3-day food record. 

          After the washout period, SC group continued control diet consumption 

as they consumed during the washout period. They were advised for maintain their 

regular diets by avoiding intake of soybean, soy products and legumes for the entire 

duration of the next 12 weeks. 

         On the contrary, CS group started the 12-week soy-rich diet period and 

received soy foods which the researcher assigned for them (as shown in Table 3.1), the 

same way as SC group did on the first 12 weeks of the dietary program.   

  Both groups still came to meet the researcher every 4 weeks for being 

measured their anthropometry assessments, completed their MSQ and 3-day food 

record during the Treatment period II.  

 

Wk 28; End of the Treatment period II: End of the program 

          At the 28th week, the end of the program, all of the subjects came to the 

research unit for complete their fasting blood collection, vaginal cytology 

examination, MSQ, blood pressure, and anthropometric measurements.  

  The experimental schedule was shown in Table 3.2. 
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         Both SC and CS groups were advised to maintain their diets that give 

appropriate energy for the individual calculated from their ideal weights and 

maintained level of physical activity throughout the study. 

         Assessment of compliance included reminding-telephone every month 

and monitoring during the study by review of 3-day food record and soy-food 

consumption check-list, recorded by the subjects, which they gave to the researcher 

every visits 

 

Table 3.1 Items and amounts of soyfoods offered to subjects for 7 days   

Day Breakfast or Lunch Dinner 
Total 

Soy protein (g) 

1 UHT soy-milk (230 ml) White soft tofu, 250 g 22.3 

2 UHT soy-milk (230 ml) White hard tofu, 150 g 32.5 

3 UHT soy-milk (230 ml) Vegetarian sausage, 100 g 24.9 

4 UHT soy-milk (230 ml) Texture soy protein, 30 g 21.8 

5 UHT soy-milk (230 ml) Vegetarian sausage, 100 g 24.9 

6 UHT soy-milk (230 ml) Texture soy protein, 30 g 21.8 

7 UHT soy-milk (230 ml) Vegetarian chicken, 60 g 18.8 
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Table 3.2 The study schedule 

Wk 0 4 8 12 16 20 24 28 

-  Determine fasting blood glucose 

-  Determine serum total  cholesterol 

-  Determine serum LDL-C 

-  Determine serum HDL-C 

-  Determine serum TG  

-  Determine serum uric acid 

-  Determine lipid hydroperoxides  

-  Determine conjugated dienes  

-  Determine vaginal cell maturation index 

-  Determine karyopycnotic index  

-  Determine maturation value   

-  Determine vaginal health index   

-  Blood pressure measurement 

-  Skin-fold thickness 

-  Body weight measurement 

-  Height measurement 

-  Report menopausal symptoms (MSQ) 

-  3-day food intake records 

-  Soy-food consumption check-list 

-  Reminding-telephone  

-  Meeting at Ramathibodi hospital for 
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3.5   Measurements 
         An overview of visits and measurements is shown in Table 3.2. In total, 

women visited the research unit 8 times and at the outpatient clinic of Obstetrics and 

Gynecology 4 times. Endpoints were assessed at baseline (wk0), wk12, wk16 and 

wk28. Subjects were evaluated at certain on the following aspects: 
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� Dietary assessment: energy, nutrient intake and soy food intake 

� Anthropometry assessment: weight, height, body mass index, body fat and waist-

hip circumference ratio 

� Blood pressure measurement 

� Biochemistry assessment: serum lipid profile consisting of total cholesterol, 

triglycerides, HDL-C and LDL-C, fasting blood glucose, serum uric acid and 

plasma lipid hydroperoxides and conjugated diene levels 

� Vaginal cytology assessment: Vaginal cell maturation index (MI), the 

karyopycnotic index (KI), the maturation value (MV) and vaginal health index  

� Menopausal symptoms assessment: Menopausal symptoms questionnaire (MSQ) 

by the Greene Climacteric Scale (GCS) 

 

3.5.1 Dietary assessment  

          At the beginning, all subjects were instructed by researcher how to 

record their food intake including the varieties and the amount of food consumption 

per day for 3-day food record. They also recorded their daily soy-food intake in the 

soy-food consumption check-list (Appendix B). Both record and check-list were 

reinterviewed by the same researcher at every visit. 

  Food intake data were calculated for energy and nutrient intakes using 

the software INMUCAL version 4.0 and the food exchange lists formula. The soy-

food intake data were calculated for soy protein and macronutrients intake based on 

food composition analysis. The samples of soyfoods in this study were shipped on dry 

ice and assayed for isoflavones at the Unifood Tech Laboratory (Kimhae, Korea) 

using high performance liquid chromatography (HPLC). 

 

3.5.2  Anthropometric assessment 

� Body weight was measured to the nearest of 0.1 kg by the same digital scale 

throughout the study. 

� Body mass index (BMI) was derived from body weight in kilogram divided by 

the square of height in meters (kg/m2). 

� %Body fat composition was measured by using bioelectrical impedance, 

(Tanita digital scale) [59] and calculated from the Durnin and Womersley’s 
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formula using the sum of skinfold thickness at four-points which measured by 

the Harpenden’s caliper [60]. 

� Waist over hip circumference ratio (WHR) was computed from the waist 

circumference divided by the hip circumference [61]. 

 

3.5.3  Biochemistry assessment  

          Fasting (>12 hr) blood samples were collected at wk0, wk12, wk16 and 

wk28. A NaF blood sample was collected for determining fasting blood glucose. A 

clotted blood sample was collected for determining serum total cholesterol (TC), 

triglyceride (TG), high density lipoprotein cholesterol (HDL-C), and uric acid. 

Heparinzed blood was collected for determining plasma lipid hydroperoxides and 

conjugated diene. All of blood samples were immediately kept in ice-box and 

centrifuged at 1000X g for 10 minutes within 3 hr. Serum and plasma were stored at -

70 �C until assay. Plasma lipid hydroperoxides determination was performed in the 

next day. 

 

3.5.3.1  Serum analysis 

          Concentrations of fasting blood glucose (FBG), total cholesterol, HDL-

C, triglyceride and uric acid were measured by the VITROS Slides (VITROS 250 

Automated Chemistry System, Johnson & Johnson, USA). FBG was determined 

according to the glucose oxidase-peroxidase method of Trinder [62] and Curme et al 
[63]. Serum total cholesterol and triglyceride were analyzed by the enzymatic method 

as described by Allain et al [64] and Spayd et al [65], respectively. Before analyzing     

HDL-C, serum was precipitated by the VITROS Magnetic HDL-Cholesterol Reagent, 

according to the dextran sulfate-magnesium precipitation [66, 67]. Concentration of 

LDL-C was calculated from the Friedewald’s equation [68]: LDL-C (mg/dL) = TC 

(mg/dL) – HDL-C (mg/dL) - (TG/5) (mg/dL). Uric acid concentration was measured 

by the enzymatic method described by Kageyama [69]and Trivedi et al [70].  

          A quality control material (Johnson & Johnson, level I and II) was 

analyzed with each set of determinations. The intra-assay coefficients of variation of 

control materials level I and II were 1.4-6.2, 3.6-8.5, 4.4-7.5, 6.2-9.0, and 5.1-6.1% for 

the determination of FBG, TC, TG, HDL-C, and uric acid, respectively. 
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3.5.3.2 Plasma lipid peroxidation 

  Plasma lipid peroxidation levels were measured in the form of plasma 

lipid hydroperoxides according to the Ferrous Oxidation-Xylenol Orange, version 2 

(FOX2) assay as described by Nourooz-Zadeh et al [71-74]. 

 

3.5.3.3 Conjugated dienes 

  Conjugated dienes level in plasma was measured by the 

spectrophotometric method as described by Hunter and Mohamed [75].   

   

3.5.4  Vaginal cytology assessment               

         General gynecologic examination including pelvic examination and 

vaginal pH test, using pH indicator strips were performed by the same obstetrics-

gynecologist. The vaginal health index was evaluates according to the methods 

proposed by Nachtigall [76]. This method indicates vaginal health by scoring vaginal 

moisture, vaginal fluid volume, vaginal elasticity, and vaginal mucosa on a scale of 1 

(poorest) to 5 (best). Vaginal smear from the lateral vaginal wall was stained 

according to the Papanicolaou technique. The maturation index (MI) based on the 

classification of the vaginal epithelial cells as the percentage of parabasal, intermediate 

and superficial cells was scored under light microscope by a single cytopathologist 

who was blinded with regard to onset, type and duration of treatment and 

randomization number. The karyopycnotic index (KPI) (the percentage of superficial 

cells with pycnotic nucleus found in the total population of the squamous cells 

examined) and the maturation value (MV) (0 x %parabasal cells + 0.5 x %intermediate 

cells + 1.0 x %superficial cells) were also determined. These assessments were 

performed at wk 0, wk12, wk16 and wk 28 of the study. 

 

3.5.5  Menopausal symptoms assessment 

          Menopausal symptoms (climacteric symptoms) of the subjects were 

assessed by using the menopausal symptoms questionnaire (MSQ), according to the 

Greene Climacteric Scale [77]. The Greene Climacteric Scale (GCS) measures a total of 

21 symptoms. Each symptom is rated by the subject according to its severity using a 

four-point rating scale: not-at-all (0); a little (1); quite a bit (2); extremely (3). 
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Symptoms 1-11 address psychological symptoms divided in a measure of anxiety (a 

sum of symptoms 1-6) and of depression (a sum of symptoms 7-11). Somatic aspects 

are addressed in symptoms 12-18 and vasomotor symptoms in symptom 19 and 20. 

Symptom 21 is a probe for sexual dysfunction. The total Greene Climacteric Score is 

the sum of all 21 scores. The Greene Climacteric Scale is shown in the appendix D.  

 

3.6  Statistical analysis 
          Data are presented as mean ± SEM. Statistical analysis was performed 

with the use of the Statistical Package for the Social Sciences (SPSS) for WINDOWS 

software, version 10.0 (SPSS Inc, Chicago, Illinois, USA). Paired t-test was used when 

the data were normal distribution and Wilcoxon signed-rank test were used when the 

data were not normal distribution. The differences of percentages of change scores 

[(final -initial)*100/initial] between the soy-rich diet and control diet periods were 

tested by Paired t-test. Differences were considered significant if p-value < 0.05.  
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CHAPTER 4 

RESULTS 

 

4.1  General characteristics of the subjects       
          Of a total of 236 women contacted, 42 healthy climacteric women aged 

40-59 years were recruited and randomized into two dietary intervention groups (SC 

and CS), 37 women completed the study. Five women withdrew from the study during 

the study because of their inability to comply with the study, unrelated to soy-product 

consumption. Of those, 27 women lived in Bangkok and surrounding districts and 10 

lived in Ratchaburi province. The general characteristics of the climacteric women 

participating in the study are shown in Table 4.1. No statistically significant 

differences in age, weight, height and body mass index (BMI) were observed between 

the SC and CS groups. 

          At the beginning of the study, all subjects were interviewed about 

health history, habitual diet for dietary assessment (24-hr food recalled), frequency of 

consuming soy and soy products by the Greene Climacteric Scale (GCS). Evaluated 

initial ratings on the GCS were shown in Table 4.2.  Most of them (more than 60%) 

rated their severities of each menopausal symptom as score 0-2 (not-at-all, a little and 

quite a bit). Less than 40% rated their severities as score 3 (extremely). When we 

considered at the sum of each menopausal symptoms cluster and total score of GCS, 

data showed that mean of their GCS score was not severe (less than 40% of capable 

maximum score). There were no significant differences of mean of the GCS score 

between SC and CS group at the preparation period (Table 4.3). Table 4.4 shows 

calculated dietary intake from 24-hr recalled at the preparation period interviewed face 

to face by the same researcher. No difference was found between two groups for the 

percentage of energy derived from total fat, protein, or carbohydrate although 

significant differences between SC and CS groups in protein and carbohydrate intake 

(g/ day) were observed.  At the beginning of dietary program, biochemical parameters 

of the 37 women completed the study (Table 4.5) were comparable between SC and 

CS groups. There were no significant differences in any parameters between groups.
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Table 4.1 General characteristics of the climacteric women at the preparation 

period 

Group 
Parameter 

SC  (n = 20) CS  (n = 17 ) 
Overall 

( n = 37 ) 

Age, years (mean ± SEM) * 

      40 – 49 years  (n, %) 

      50 – 59 years  (n, %) 

53.4 ± 1.1 

  6 (30) 

14 (70) 

50.9 ± 1.3 

 6 (35.3) 

11 (64.7) 

52.2 ± 0.9 

12 (32.4) 

25 (67.6) 

Weight, kg (mean ± SEM)* 57.9 ± 1.9 57.2 ± 2.0 57.6 ± 1.4 

Height, m (mean ± SEM)* 1.545 ± 0.012 1.522 ± 0.010 1.535 ± 0.008 

BMI, kg/m2 (mean ± SEM)* 

      18.5 – 22.9  kg/m2   (n, %) 

      23.0 – 24.9  kg/m2   (n, %) 

      25.0 -  29.9  kg/m2   (n, %) 

             � 30      kg/m2   (n, %) 

24.2 ± 0.6 

7 (35) 

5 (25) 

8 (40) 

0 ( 0 ) 

24.7 ± 0.8 

7 (41.2) 

3 (17.6) 

5 (29.4) 

2 (11.8) 

24.4 ± 0.5 

14 (37.8) 

  8 (21.6) 

13 (35.1) 

  2 ( 5.4 ) 

Education (n, %) 

      Primary school 

        Secondary school        

        High school 

        Diploma 

       Bachelor degree and higher 

 

6 (30) 

1 ( 5 ) 

2 (10) 

2 (10) 

9 (45) 

 

4 (23.5) 

      0   ( 0 ) 

3 (17.6) 

3 (17.6) 

7 (41.2) 

 

10 (27.0) 

1  (2.7) 

5 (13.5) 

5 (13.5) 

16 (43.2) 

Marital status (n, %) 

      Single 

      Married 

      Separated/ widowed 

 

4 (20) 

     13 (65) 

3 (15) 

 

3 (17.6) 

9 (52.9) 

5 (29.4) 

 

 7 (18.9) 

    22 (59.5) 

 8 (21.6) 

Occupation (n, %) 

     No occupation/ house wife 

     Agriculturist 

     General worker 

      Private business/ merchant 

     Government/ State employee 

 

8 (40) 

2 (10) 

1 ( 5 ) 

6 (30) 

3 (15) 

 

7 (41.2) 

0 ( 0 ) 

3 (17.6) 

3 (17.6) 

4 (23.5) 

 

15 (40.5) 

      2 ( 5.4 ) 

 4 (10.8) 

 9 (24.3) 

 7 (18.9) 

Menopause (n, %) 

     Irregular menstrual cycle 

     Natural amenorrhea � 3 months 

     Surgical removal of both ovaries  

 

3 (15) 

     12 (60) 

5 (25) 

 

5 (29.4) 

6 (35.3) 

6 (35.3) 

 

 8 (21.6) 

18 (48.6) 

11 (29.7) 

* No significant differences between SC and CS groups; p > 0.05, Unpaired t-test 
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Table 4.2 Numbers and percentages of the climacteric women reported the 

menopausal symptoms rating on the Greene Climacteric Scale at the 

preparation period (n = 37) 

 

Psychological symptoms = sum of symptoms 1-11; Anxiety symptoms = sum of symptoms 1-6;  

Depression symptoms = sum of symptoms 7-11; Somatic symptoms = sum of symptoms 12-18; 

Vasomotor symptoms = sum of symptoms 19-20 and Sexual interest is symptom 21. 

 

Symptoms 

Not at 

all 

(0) 

A little 

(1) 

Quite a 

bit 

(2) 

Extremely 

(3) 

1. Heart beating quickly or strongly 12 (32) 22 (60) 3 (8) 0 (0) 

2. Feeling tense or nervous 9 (24) 20 (54) 8 (22) 0 (0) 

3. Difficulty in sleeping 9 (24) 20 (54) 4 (11) 4 (11) 

4. Excitable 14 (38) 17 (46) 4 (11) 2 (5) 

5. Attacks of panic 13 (35) 16 (43) 8 (22) 0 (0) 

6. Difficulty in concentrating 19 (51) 14 (38) 4 (11) 0 (0) 

7. Feeling tired or lacking in energy 9 (24) 17 (46) 8 (22) 3 (8) 

8. Loss of interest in most things 17 (46) 15 (41) 5 (14) 0 (0) 

9. Feeling unhappy or depressed 16 (43) 19 (51) 2 (5) 0 (0) 

10. Crying spells 13 (35) 20 (54) 4 (11) 0 (0) 

11. Irritability 8 (22) 17 (46) 10 (27) 2 (5) 

12. Feeling dizzy or faint 11 (30) 19 (51) 3 (8) 4 (11) 

13. Pressure or tightness in head or body 14 (38) 14 (38) 7 (19) 2 (5) 

14. Parts of body feel numb or tingling 5 (14) 20 (54) 10 (27) 2 (5) 

15. Headaches 12 (32) 17 (46) 5 (14) 3 (8) 

16. Muscle and joint pains 2 (5) 15 (41) 9 (24) 11 (30) 

17. Loss of feeling in hands or feet 20 (54) 13 (35) 3 (8) 1 (3) 

18. Breathing difficulties 21 (57) 12 (32) 3 (8) 1 (3) 

19. Hot flashes 11 (30) 11 (30) 11 (30) 4 (11) 

20. Sweating at night 15 (41) 10 (27) 6 (16) 6 (16) 

21. Loss of interest in sex 14 (38) 8 (22) 6 (16) 9 (24) 



Kittana  Chanda  Results / 28 

Table 4.3  The Greene Climacteric Scale (n = 37) at the preparation period 

(mean ± SEM) 

Group 

GCS * SC group  

( n = 20) 

CS group  

( n = 17 ) 

Overall  

( n = 37 ) 

 Psychological 

      - Anxiety 

      - Depression 

9.8 ± 1.3 

5.5 ± 0.7 

4.3 ± 0.6 

9.1 ± 1.2 

4.7 ± 0.6 

4.4 ± 0.6 

9.5 ± 0.9 

5.1 ± 0.5 

4.4 ± 0.4 

Somatic 7.4 ± 0.9 6.7 ± 1.0 7.1 ± 0.7 

Vasomotor 2.3± 0.4 2.3 ± 0.5 2.3 ± 0.3 

Sexual interest 2.2 ± 0.2 2.2 ± 0.3 2.2 ± 0.2 

Total score of GCS 21.7 ± 2.3 20.2 ± 2.2 20.2± 2.2 

* No significant differences between groups; p > 0.05, Unpaired t-test  

 

Table 4.4 Calculated dietary intake from 24-hr recalled (n = 37) at the 

preparation period (mean ± SEM) 

Group 

Parameter SC group  
( n = 20) 

CS group  
( n = 17 ) 

Overall  
( n = 37 ) 

Energy, kcal / day 1,235 ± 84 1,068 ± 76 1,158 ± 58 

Protein 

�   g / day 

�   % of  total calorie intake 

 

43.1 ± 3.5* 

14.2 ± 0.9 

 

32.2 ± 2.8* 

12.1 ± 0.7 

 

38.1 ± 2.4 

13.2 ± 0.6 

Carbohydrate 

�   g / day 

�  % of  total calorie intake 

 

188.6 ± 14.1* 

60.8 ± 1.7 

 

145.6 ± 13.5* 

59.3 ± 2.3 

 

168.8 ± 10.3 

60.1 ± 1.4 

Fat 

�   g / day 

�  % of  total calorie intake 

 

34.3 ± 3.2 

25.0 ± 1.5 

 

33.4 ± 4.3 

27.7 ± 2.4 

 

33.8 ± 2.6 

26.2 ± 1.4 

* Significant differences between SC and CS groups; p < 0.05, Unpaired t-test  
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Table 4.5  Blood lipid, lipid hydroperoxides, conjugated dienes, glucose and uric 

acid at the beginning of dietary program (mean±�SEM) 

 

Group 

Parameter * SC group  
( n = 20) 

CS group  
( n = 17 ) 

Overall  
( n = 37 ) 

Serum total cholesterol, mg/dL 242.1 ± 7.9 239.1 ± 9.4 240.7± 6.0 

Serum LDL-C, mg/dL 166.7 ± 7.8 166.5 ± 9.0 166.6± 5.8 

Serum HDL-C, mg/dL 52.7 ± 2.4 52.5 ± 3.2 52.6 ± 1.9 

Serum triglycerides, mg/dL 113.6 ± 9.7 100.7 ± 9.9 107.7± 6.9 

Plasma lipid hydroperoxides,µM 10.46 ± 0.60 9.18 ± 0.44 9.87 ± 0.39 

Plasma conjugated dienes, OD/mL 0.87 ± 0.04 0.88 ± 0.04 0.87 ± 0.03 

Fasting blood glucose, mg/dL 87.0 ± 1.9 89.2 ± 2.6 88.0 ± 1.6 

Serum uric acid, mg/dL 5.1 ± 0.2 4.7 ± 0.2 4.9 ± 0.2 

 

* No significant differences between groups; p > 0.05, Unpaired t-test  
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4.2  Compliance 
          Compliance was good. At every visit, to ensure that subjects maintained 

their dietary intervention, the food exchange lists formula was used to calculate 

approximated energy and macronutrients intakes to give individual’s food advice. 

Because of limitation of soyfoods database in INMUCAL, soy protein intake during 

the soy-rich diet period was calculated based on food composition analysis of soy 

products consumed by participants. Average intakes of daily soy protein and 

isoflavones calculated from soy-food consumption check-list in soy-rich diet period 

were equally 25.6 ± 0.7 g and 51.7 ± 1.2 mg (mean ± SEM), respectively (Table 4.6). 

It reached our goal as attempt to give soy-protein for our subjects not less than 25 g/d. 

Table 4.7 shows average soy food intake classified by types during soy-rich diet 

period (serving size/ 7 days). There were significantly differences in macronutrients of 

both periods. When compared percentage of change of energy and macronutrients 

after both treatments, significant differences in energy, protein and cholesterol intakes 

were found (Table 4.9). 
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Table 4.6  Daily consumption of soy foods in the soy-rich diet period (mean ± 

SEM) 

Average intake * 
Type of soy foods Weight (g/ day) Soy Protein 

(g/day) 
Isoflavones 
(mg/day) 

 UHT soy-milk  

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

302.41 ± 15.46 

342.58 ± 18.79  

320.87 ± 12.30 

 

11.19 ± 0.57 

12.68 ± 0.70 

11.87 ± 0.46 

 

28.67 ± 1.47 

32.48 ± 1.78 

30.42 ± 1.17 

White soft tofu  

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

38.62 ± 3.48 

42.58 ± 2.43 

40.44 ± 2.18 

 

2.12 ± 0.86 

2.34 ± 0.55 

2.22 ± 0.12 

 

8.65 ± 0.78 

9.54 ± 0.55 

9.06 ± 0.49 

White hard tofu   

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

29.71 ± 2.52 

34.95 ± 4.42 

32.12 ± 2.45 

 

4.75 ± 0.40 

5.59 ± 0.71 

5.14 ± 0.40 

 

6.15 ± 0.52 

7.23 ± 0.92 

6.65 ± 0.51 

Vegetarian sausage  

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

15.31 ± 2.03 

14.38 ± 2.25 

14.88 ± 1.49 

 

2.50 ± 0.33 

2.34 ± 0.37 

2.42 ± 0.24 

 

1.68 ± 0.22 

1.58 ± 0.25 

1.64 ± 0.17 

Vegetarian chicken  

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

4.56 ± 0.79 

4.85 ± 0.76 

4.69 ± 0.54 

 

0.78 ± 0.14 

0.83 ± 0.13 

0.81 ± 0.09 

 

0.58 ± 0.10 

0.62 ± 0.10 

0.60 ± 0.07 

Texture soy protein  

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

3.98 ± 0.66 

5.21 ± 0.59 

4.55 ± 0.45 

 

1.77 ± 0.29 

2.32 ± 0.26 

2.02 ± 0.20 

 

2.94 ± 0.49 

3.85 ± 0.44 

3.36 ± 0.33 

Total 

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

 

 

24.80 ± 0.90 

26.62 ± 0.93 

25.63 ± 0.66 

 

48.67 ± 1.35 † 

55.29 ± 1.72 † 

    51.71 ± 1.19 

* Calculated from the soy-food consumption check-list, based on food composition 

analysis data; † Significant differences between groups; p < 0.05, Unpaired t-test  
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Table 4.7  Average soy foods intake (servings/ 7 days) classified by types of soy-

food during soy-rich diet period (mean ± SEM) * 

Servings/ 7 days Type of soy foods  
(quantity/ serving) 0-4 week 5-8 week 9-12 week Average for 

12 weeks † 

 UHT soy-milk (230 ml) 

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

7.78 ± 0.64 

9.32 ± 0.63 

8.51 ± 0.46 

 

 9.07 ± 0.64 

11.05 ± 0.65 

9.98 ± 0.48 

 

10.75 ± 0.69 

10.91 ± 0.77 

10.82 ± 0.51 

 

  9.20 ± 0.47 

10.43 ± 0.57 

  9.77 ± 0.37 

White soft tofu (250 g )  

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

1.26 ± 0.14 

0.93 ± 0.08 

1.10 ± 0.09 

 

0.99 ± 0.11 

1.06 ± 0.10 

1.02 ± 0.07 

 

1.01 ± 0.18 

1.59 ± 0.18 

1.28 ± 0.13 

 

1.08 ± 0.10 

1.19 ± 0.07 

1.13 ± 0.06 

White hard tofu  (150 g )  

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

1.55 ± 0.16 

1.40 ± 0.21 

1.48 ± 0.13 

 

1.29 ± 0.14 

1.46 ± 0.19 

1.37 ± 0.11 

 

1.34 ± 0.17 

2.03 ± 0.28 

1.66 ± 0.17 

 

1.39 ± 0.12 

1.63 ± 0.21 

1.50 ± 0.11 

Vegetarian sausage (50 g) 

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

1.98 ± 0.31 

2.14 ± 0.33 

2.06 ± 0.22 

 

2.05 ± 0.28 

2.03 ± 0.32 

2.04 ± 0.21 

 

2.34 ± 0.46 

1.87 ± 0.44 

2.12 ± 0.32 

 

2.14 ± 0.28 

2.01 ± 0.31 

2.08 ± 0.21 

Vegetarian chicken (10 g) 

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

3.30 ± 0.63 

3.95 ± 0.69 

3.60 ± 0.46 

 

3.70 ± 0.78 

3.35 ± 0.83 

3.54 ± 0.56 

 

2.28 ± 0.51 

2.89 ± 0.89 

2.56 ± 0.49 

 

3.19 ± 0.55 

3.40 ± 0.53 

3.28 ± 0.38 

Texture soy protein (30 g ) 

   SC group (n =20) 

   CS group (n =17) 

   Overall     (n =37) 

 

0.38 ± 0.06 

0.47 ± 0.09 

0.42 ± 0.05 

 

0.43 ± 0.09 

0.80 ± 0.13 

0.60 ± 0.08 

 

0.43 ± 0.09 

0.36 ± 0.07 

0.40 ± 0.06 

 

0.41 ± 0.07 

0.54 ± 0.06 

0.47 ± 0.05 

* Calculated from the soy-food consumption check-list, based on food composition   

analysis data 

† No significant differences between groups in the average servings/ 7 days; p > 0.05, 

Unpaired t-test 
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4.3  Biochemical and blood pressure measurements  
         Levels of blood lipid profile, lipid hydroperoxides, conjugated dienes, 

fasting blood glucose, uric acid and blood pressure are shown in Table 4.10. After 12 

weeks of control diet, there were significantly decrease in serum LDL-C, fasting blood 

glucose, and diastolic blood pressure and significantly increase in serum HDL-C 

whereas after soy-rich diet period, there were significantly decrease in serum total 

cholesterol, LDL-C, fasting blood glucose, plasma lipid hydroperoxides, systolic 

blood pressure and diastolic blood pressure and significantly increase in HDL-C. 

However, when compared percentage of change of those parameters after both 

treatment, there was significantly treatment effect on serum total cholesterol (Table 

4.11). Percentage of reduction in serum total cholesterol in soy-rich diet was 2.3 times 

higher than control period (7.9 vs. 2.7 %).  
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4.4  Anthropometric assessments  
         Anthropometric assessments including height, weight, body mass index 

(BMI), body fat composition, waist-hip circumference ratio, and upper arm 

circumference were measured during the study. Body fat composition (%) was both 

measured by using bioelectrical impedance (Tanita digital scale) and also calculated 

from the Durnin and Womersley’s formula using the sum of skinfold thickness at four-

points which measured by the Harpenden’s caliper. The anthropometric data were 

shown in Table 4.12. There were no significant changes in height, weight, BMI, 

%body fat composition (Durnin & Womersley), waist and hip circumferences, 

waist/hip ratio and upper arm circumference after control diet and soy-rich diet period. 

There was significant decrease only in %body fat composition (Tanita scale) and hip 

circumference in control diet period.  
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4.5  Vaginal cytology and menopausal symptoms assessments  
         Vaginal cytology assessments were observed as vaginal cell maturation 

index (MI), karyopyknotic index (KPI), maturation value (MV), and vaginal pH. One 

woman of total 37 subjects did not complete the four times of vaginal cytology 

assessments because of her individual reason, unrelated to soy-product consumption. 

Thus, her vaginal cytology data was excluded. Only significant increase in vaginal pH 

was observed in control diet period. There were no significant differences in other 

vaginal cytological parameters in both control and soy-rich diet periods (Table 4.13).  

         Menopausal symptoms assessments were measured by the Greene 

Climacteric Scale (GCS).  All subjects (n=37) completed this assessment. Menopausal 

symptoms results, including psychological symptoms (anxiety and depression sub-

clusters); somatic symptoms; vasomotor symptoms; and sexual interest during the 

study were shown in Table 4.14 and 4.15. Compared with baseline, significant 

reductions in total score of the Greene climacteric scale were observed at week 4, 

week 8 and week12 after treatment in the period of soy-rich diet but no significant 

differences were observed during the period of control diet. Significant reductions in 

somatic symptoms were also observed at week 4, week 8 and week 12 after soy-rich 

diet treatment but were observed only at week 4 and week 8 in the period of control 

diet. There were significantly decrease in psychological symptoms expressed as 

anxiety subcluster at week 4 and week 8 after soy-rich diet period compared with 

baseline but there were no significant differences during the control diet period. 

However, there were no significant differences in depression subcluster, vasomotor 

symptoms and sexual interest in both treatment periods.  
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Table 4.14 The Greene Climacteric Scale (GCS) during control diet (mean ± 

SEM) (n = 37) 

 

Control diet 

Parameter 
Baseline 

After 

4 weeks 

After 

8 weeks 

After 

12 weeks 

 Psychological 

      - Anxiety 

      - Depression 

9.49 ± 0.80 

5.14 ± 0.44 

4.35 ± 0.45 

9.76 ± 0.98 

5.12 ± 0.55 

4.65 ± 0.47 

9.34 ± 0.91 

4.94 ± 0.50 

4.40 ± 0.46 

10.00 ± 1.02 

5.24 ± 0.56 

4.59 ± 0.50 

Somatic 7.62 ± 0.62 6.82 ± 0.72 * 6.46 ± 0.55* 7.35 ± 0.69 

Vasomotor 2.11 ± 0.34 2.29 ± 0.35 2.03 ± 0.33 2.22 ± 0.32 

Sexual interest 1.86 ± 0.19 1.94 ± 0.19 1.97 ± 0.18 1.97 ± 0.18 

Total score of GCS 21.08 ± 1.54  20.82 ± 1.75 19.80 ± 1.59 21.54 ± 1.85 

* Paired t-test, p-value < 0.05, compared with baseline (0 week) 

 

 

Table 4.15  The changes of the Greene Climacteric Scale (GCS) which observed 

during the soy-rich diet period (mean ± SEM) (n = 37) 
 

Soy -rich diet 

Parameter 
Baseline 

After 

4 weeks 

After 

8 weeks 

After 

12 weeks 

 Psychological 

      - Anxiety 

      - Depression 

10.95 ± 0.95 

6.22 ± 0.57 

4.73 ± 0.46 

9.16 ± 0.92 * 

4.95 ± 0.48 * 

4.22 ± 0.47 

9.30 ± 0.85 * 

 4.86 ± 0.49 * 

 4.46 ± 0.41 

 9.97 ± 0.85 

 5.51 ± 0.50 

 4.46 ± 0.39 

Somatic 7.41 ± 0.58  6.03 ± 0.56 * 6.24 ± 0.63 *  6.59 ± 0.54 * 

Vasomotor 2.14 ± 0.32 2.08 ± 0.30  1.84 ± 0.30  2.08 ± 0.33 

Sexual interest 1.95 ± 0.18 1.89 ± 0.19  1.78 ± 0.20  1.70 ± 0.18 

Total score of GCS 22.43 ± 1.68 19.16 ± 1.58 *  19.16 ± 1.61* 20.35 ± 1.54 * 

* Paired t-test, p-value < 0.05, compared with baseline (0 week)
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CHAPTER 5 

DISCUSSION 
 

 

 For years, HRT has been used to alleviate menopausal symptoms and 

osteoporosis and also reduce cardiovascular risk factor. However, fear of increased 

risk of cancer has kept many Thai women away from HRT.  In addition, recent study 

indicated that HRT cannot be recommended for the primary and secondary prevention 

of cardiovascular disease approach[20]. Alternative treatments that retain the beneficial 

effects on health, without the negative consequences of HRT for menopausal women 

are most desirable.  

 The study of Jenkins et al (2002) showed that substitution of soyfoods 

for animal products, regardless of isoflavones concentration, reduce the CAD risk 

because of both modest reductions in blood lipids and reductions in oxidized LDL, 

homocysteine and blood pressure[78]. Therefore, the purpose of this study was to 

investigate the capacity of a soy-rich diet to reduce cardiovascular risk factors and 

menopausal symptoms in climacteric Thai women. Soy product consumption was 

substituted for animal protein as a part of their habitual diet with their own recipes. 

Climacteric women in this study were mostly unaware at screening that their blood 

cholesterol (TC) levels were elevated. Of 37 women, 43 and 46 % of them had serum 

TC in range 200 - 239 and � 240 mg/dL whereas 40 and 49 % had LDL-C in range 

130 - 159 and � 160 mg/dL, respectively. No women had serum HDL-C less than 35 

mg/dL. Seventy and 30% of them had HDL-C in range 35 - 59 and � 60 mg/dL, 

respectively. These women had good attitude to soy food consumption. Adherence to 

the dietary treatments in this study was good, according to self-reported food records 

and soy food consumption check-list. Average soy protein was equally 25 g/d. 

Although subjects consumed vegetarian sausage, vegetarian chicken and texture soy 

protein less than the instruction, they were advised to replace with UHT soy-milk, 

white soft tofu and white hard tofu. In addition, no significant changes in weight after 

both treatment periods were observed. 
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  After 12 weeks on both soy-rich and control diet (soy free diet), LDL-C 

were significantly reduced by 18 and 8 % whereas HDL-C were significantly 

increased by 20 and 21 %, respectively. Significant reduction in TC was only observed 

after 12 weeks on soy-rich diet period. Compared with control diet, soy-rich diet 

significantly reduced TC by 7.9 %, 2.3 times higher than control diet (2.3%) (Table 

4.11). In addition, serum LDL-C was reduced more in soy-rich diet period than control 

diet (18% vs. 8%, p > 0.05, respectively). Data from 3-d food record at wk 12 of both 

periods showed that the trend of dietary cholesterol intake in soy-rich diet was reduced 

from baseline whereas in control diet, it was higher from baseline.  It was the weak 

point of this study that average dietary cholesterol intakes from 3-d food record were 

not constant during both periods. Ideally, food intakes should be recorded everyday by 

the subjects but this request would make high dropout from the study. However, there 

were no significant bivariated correlations between the levels of dietary cholesterol 

intake and concentrations of serum TC at baseline and after 12 weeks of both 

treatment periods. Besides, when the subjects were divided into 2 subgroups by the 

increased or decreased of cholesterol intake from baseline (BL), there were still 

significant reductions of serum TC levels in both subgroups after 12 weeks of soy-rich 

diet. The mean (SEM) of serum TC concentration on soy-rich diet period were 223.9 ± 

6.9 (BL) vs. 205.4 ± 6.2 mg/dL(wk 12), p < 0.010 in the increased subgroup (n=15) 

and 249.9 ± 7.4 vs. 228.7 ± 7.1 mg/dL, p < 0.010 in the decreased subgroup (n=22). 

On the contrary, there were no significant changes in serum TC levels of both 

subgroups after 12 weeks of control diet [243.1 ± 7.4 (BL) vs. 232.4 ± 6.7 mg/dL(wk 

12), p > 0.05 in the increased subgroup (n=25) and 227.7 ± 7.3 vs. 224.9 ± 7.9 mg/dL, 

p > 0.05 in the decreased subgroup (n=12)]. The results from this study suggested that 

regular consumption of soy foods such as soy-milk, white soft tofu, white hard tofu, 

vegetarian sausage, vegetarian chicken, and texture soy protein had beneficial effects 

on serum TC, lipid hydroperoxides and systolic BP compared with control diet.  

 This finding correlated with many studies which reported similar 

hypocholesterolemic effects of soy protein in human as reviewed by Anderson et al 

(1995)[25] but this study differs from previous studies in two ways. It was a wide range 

of soyfoods used to substitute for the sources of animal protein normally eaten in the 

diet and the treatment diet was self-prepared diet under supervision of the same 
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researcher. Recently, Chiechi et al (2002) randomized 187 healthy asymptomatic 

postmenopausal women, aged 39 – 60 years into three groups: a soy rich diet group, a 

HRT group, and a control group. Lipid profile, BMI, blood pressure, endometrial 

thickness, uterine artery resistance index (RI), were evaluated in all participants at the 

baseline, after 6 months, and at the end of the study. After a 6-month intervention 

period, the lipid profile in the soy rich diet group showed a favorable outcome, similar 

to that observed in the HRT group, but compliance to the diet was low[79].  

 Until now, the effects of soy protein on blood cholesterol 

concentrations in humans have been variable, and the explanations for this remain 

elusive. Variations in the age and genetics of human study subjects 

(normocholesterolemic, familial hypercholesterolemic), study design (free-living, 

metabolic ward), fatty acid profile and cholesterol content of the soy protein-based 

diet, non-protein constituents in the diet (e.g., fiber or plant sterols), length of study 

period, amount of soy protein consumed (in absolute terms and relative to animal 

protein) and type of soy preparation likely all contribute to the range of responses 

reported [80]. 

         Possible mechanisms that have been studied in animals and humans 

include enhancement of bile acid excretion, reduced cholesterol metabolism, increased 

thyroid hormones, and reduced insulin-to-glucagon ratios [81]. However, the 

hypocholesterolemic mechanisms of soyfoods are inconclusive and the constituents of 

soy responsible for these serum lipid effects are under investigation. Small peptide 

components, individual amino acid ratios, non-protein components such as 

isoflavones, or a combination of factors may alter lipoprotein metabolism. Studies in 

animals have shown that soy protein consumption increases activities of HMG CoA 

reductase and cholesterol 7 �-hydroxylase. In addition, soy isoflavones, structurally 

similar to estrogens, interact with estrogen receptors and may decrease serum 

cholesterol concentrations by similar mechanisms [81]. Two proposed mechanisms for 

the hypocholesterolemic effect of isoflavones are the up-regulation of the LDL 

receptors and/or the inhibition of the endogenous cholesterol synthesis. Isoflavones in 

soy protein may stimulate the clearance of cholesterol, probably by up-regulating LDL 

receptors, and thereby increasing LDL receptor activity [82]. Lipoprotein (a) [Lp(a)] is 

a cholesterol-carrying particle in the apoprotein (a) [apo(a)] moiety. The only 
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compounds found to alter circulating Lp(a) are estrogens and other sex steroids, which 

may decrease Lp(a) concentrations by 35%[83]. Isoflavones, having a structural 

similarity with endogenous estrogens and estrogen receptor-binding capabilities, may 

suggest a potential means of lowering Lp(a), warranting further studies to test this 

hypothesis. Beneficial effects on lipid profiles could not be attributed with certainty to 

soy isoflavones. There are currently not enough data to recommend the consumption 

of isoflavones supplements to lower plasma cholesterol levels [84]. 

          Vaginal atrophy in menopause is commonly known as due to estrogen 

deficiency. In clinical practice, the estrogen deficiency diagnosis is often made by 

evaluation of patient’s symptoms and inspection of the vaginal epithelium. The most 

commonly used method has been vaginal cytology, which is considered the method of 

choice. The analysis is based on the classification of the vaginal epithelial cells as 

parabasal, intermediate or superficial. Several different quota such as KPI 

(karyopycnotic index), MV (maturation value) and MI (maturation index) can be 

calculated to express the degree of vaginal atrophy as a numeric value[85]. The MI is 

read from left to right and refers to the percentage of parabasal, intermediate, and 

superficial squamous cell on a smear, with the total of all three values equaling 100%. 

Estrogen stimulates the development of superficial squamous cells. The MI 

qualitatively measures estrogen response rather than quantitatively measuring estrogen 

level. Hormonal cytology presents only two diagnostic patterns. The first pattern 

demonstrates predominantly superficial cell with few intermediate cells, indicating 

estrogen stimulation. The second pattern is atrophic presentation of predominantly 

parabasal cells, indicating a lack of estrogen. Vaginal pH also has been related to 

estrogen levels by its association with glycogen content of vaginal cells, growth of 

lactobacilli, and production of lactic acid. In normally estrogenized vaginas, pH is 

generally 4.5 or less. With hypoestrogenism, glycogen content, lactobacilli, and lactic 

acid levels decrease and vaginal pH increases [86]. MI shift to the left is associated with 

a vaginal pH of 6.2 or greater, while a shift to the right is associated with a mean 

vaginal pH of 4.5. In addition, vaginal health index (VHI) was proportional relative 

with estrogenic status, lower VHI demonstrates as the greater of the vaginal atrophy.   

  It was highlighted by Adlercreutz et al who showed that the urinary 

excretion of isoflavones was 10-100 times higher in Japanese women than in their 
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American and Finnish counterparts. This led him to hypothesize that this high intake 

of estrogen-like compounds may act similarly to HRT and be responsible for the low 

incidence of such menopausal symptoms such as hot flashes in Asian communities [87].   

  Chiechi et al (2003) analyzed the effects of a 6-month soy-rich diet 

(approximately 47 mg/day of isoflavones) on vaginal epithelium of asymptomatic 

postmenopausal women in a randomized clinical trial. 187 women were divided into 

three groups: a soy rich diet group, a HRT group, and a control group. The KPI 

increased significantly in the soy rich diet and HRT groups but not in the control 

group. The MI had an identical trend to the KPI [88].  

  In the present study, the ability of a soy-rich diet, contain 50 mg 

isoflavones/day to affect vaginal epithelium and menopausal symptoms in Thai 

women was assessed. No significant differences in parameters of vaginal cytology 

(KPI, MV, MI, and vaginal health index) between soy-rich and control diet period 

were observed. The MI reflected that hypoestrogenic status of these climacteric 

women were not changed during both dietary interventions. Vaginal pH after 12 

weeks of control diet was significantly higher than baseline whereas no significant 

change was observed in soy-rich diet period. In addition, compared with baseline, 

significant reductions in total score of the Greene Climacteric Scale were observed 

after 4, 8 and 12 weeks of soy-rich diet period but no significant differences were 

observed during the control diet period. Significant reductions in somatic and 

psychological symptoms were more observed in soy-rich diet period than control diet 

period. The weak estrogenic effects on vaginal cytology and menopausal symptoms 

which observed in this study may resulted from short time of dietary intervention and 

the subjects had less severity of baseline menopausal symptoms.  

  It is possible that women, whether peri- or postmenopausal, would 

response more to phytoestrogens if they had more symptoms to start with. In addition, 

menopausal symptoms are quite subjective judgement of individual person, so subject 

may not able to distinguish their symptoms especially vasomotor symptoms like hot 

flashes and night sweats in tropical climate area such as Thailand. The more 

significant effects observed are seen in the studies with the greater number of study 

participants.
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CHAPTER 6 

CONCLUSION 
 

 

  In this randomized crossover study, the data suggested that a soy-rich 

diet (25 g of soy protein/day, contain approximately 50 mg isoflavones) was more 

helpful than a control (soy-free) diet in lowering serum total cholesterol and relieving 

menopausal symptoms but no more effective for improving LDL-C, HDL-C level and 

vaginal cytology. From this study, regular consumption of soy foods such as soy-milk, 

white soft tofu, white hard tofu, vegetarian sausage, vegetarian chicken, and texture 

soy protein had beneficial effects on serum total cholesterol, lipid hydroperoxides and 

systolic blood pressure, compared with control diet in climacteric Thai women. It 

seems that whole soy foods with isoflavones in a “heart healthy” diet may be 

appropriate recommendation for cardiovascular health. Substituting soy protein for 

animal protein especially red meat will decrease saturated fat and cholesterol intake, 

which should reduce CHD risk and would also decrease the intake of potentially 

carcinogenic heterocyclic amines. When substituted soy protein for animal protein, it 

reduced urinary calcium excretion. In addition, soy protein may have a favorable 

effect on renal function relative to animal proteins.  

  Recent studies and this study appear that soy does not have any serious 

safety issues. The main adverse events described were mildly gastro-intestinal 

complaints [89]. Although it was a study showed that phytic acid in soy-protein isolates 

could inhibit iron absorption [90], there was no significant effect on iron status after 24 

-wk dietary intervention with soy protein isolate as a meal replacement [91].  

  Nevertheless, nutritional education for Thai middle-aged women for 

dietary modification and self-monitoring seems to have beneficial effects on health 

because significant improvement of lipid profile in control diet period was also shown 

in this study. 
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 The results from this study also indicate that the beneficial effect of 

soy-rich diet can be achieved with a modest amount of soy foods that are both 

acceptable to Thai women and readily available in supermarkets and health food 

stores. Additionally, many of the traditional soy foods are often low in fat and contain 

a number of other essential nutrients as well as phytonutrients, thus offering additional 

nutritional benefits to menopausal women. 
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APPENDIX A 

The health history and general data questionnaire  
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APPENDIX B 

The soy-food frequency questionnaire  
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Soy-food consumption check-list 
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APPENDIX C 

The 3-day food record form 
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APPENDIX D 

The menopausal symptoms questionnaire (MSQ) 
�

�����$����
����� ��� ����	
����(��$+�#��$�3��#�
� 
�

&����00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000���
���000000000000000000000000000000�
�	.3�
@��A	�������,���'�&���
���	�������23�����	���
���
��!	����,*�'��3�����

�@���� ����	 ����A, ���A	��� �����,A	��� ���,��� score 
0-3 

9 '(��������'(��4��	$���	��'(��4� 	�      
: 	*4����	����	���,��A	�,����.���
�      
< ������������	����������,����      
= ������4���'(���,      
> ������
�������'(      
C (
�'(����,*������������������������;
      
G 	*4���������,��������,����A��,�� 	�      
J A�����'('��
������D	���������      
K 	*4��������A����.��%���7	4�����*�'(      
98 	*4����4�,'(�/7��7	4����,'(���,      
99 /�	;���,�L.��L�,����
���������4�,��      
9: 	*4����
����,�7�	2����4��������,�A�4�,(��!F���      
9< 	�����,	*4�����������7�	2���������
���      
9= ���$�&������������D���	�����,      
9> !��7�	2�      
9C !���4��!�������,������      
9G ��		��	*4A���	*4���
�������
4������      
9J ��,'(������,'(�@����      
9K 	4���*����������      
:8� ����������������A��      
:9� A�����'(�	������7����      

       

 P (1-11)   = ________   A (1-6)     = _________    D (7-11)  = _______________ 

 S (12-18) = ________   V (19-20) = _________    Sx (21)    = _______________
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APPENDIX E 

Menopausal hand-book 

�
�����!�: �	
��$�3�����
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�+���,�+=������
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�3�+����'0�_______________________________________ 

��'�_________ �>��������� _____________��6�.���.�� 
 
+
����� 

1. �73�+���� �����$��?�����
�� ��������������)��
,+	� �'�(�)# ���
�__________���
���� 
2. �@��'������73�+����_____________ ��"����� ________________ ��.� 
 

��� ������������������#�%� ��
����-�BMI�/    = �����������������@���������!F��
/��	���� 
             �����*��!F����	�x �����*��!F����	 
 

         #����7���'0� ���#�%� ��
����- BMI�/��=      =  ________ ��"A�"& 
        x  
    
BMI �,*�'�&����18.5 4���22.9 : �
��#��������# #	��!�A.3�����4����@�������
��	���4�,��
��! 

BMI �,*�'�&��� 23 4���24.9�:�'0� �73�+�������!� ���	
����A�������,�����.�)����
����� �4��A�	�
A��A.���@����� 

BMI �,*�'�&��� 25 4���29.9�: �'0��?���
	��!� ����A�������,�����.�)����
������ �4���4��A��A.�
��@����� �4��

BMI ���� ���30 ��7��� : �'0��?���
	�������
$4�
�����?����
	���
	� !� �A�������,�����.�)��
���A.3�)��������7��
	�� ��A.3A�	(������(����	����@�����������
��,���(	
�(��� 

 

3. �3����)
������-����
��

� � �����#	���.�
����/�= �_____________ ����
��

�  
A@���3(���*�	����Harris-Benedict  
A����4����	��������@��	���*4�+
����������	�
�� x W ) + (1.8 x H )  - (4.7 x A )��

�
/� A��	������� 
������W�A�����@�����
��A�	(��!F��5�
/��	��6V�H�A�������*��5�%��
���	6V ���A�A�����,.�5!16�
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APPENDIX F 

Determination of glucose 
 

 

Principles of the procedure 
          Plasma were separated from fasting blood samples, which were 

preserved by the glycolysis inhibitor, sodium fluoride (NaF), mixed with the 

anticoagulant, calcium/potassium oxalate. The glucose level in plasma was determined 

using the VITROS GLU Slide. 

          The VITROS GLU Slide is a dry, multilayered, analytical element 

coated on a polyester support. 

          A 10µL drop of plasma sample was deposited on the slide where the 

spreading layer promotes the uniform distribution of the sample and permits an even 

penetration of solute molecules into the underlying reagent layer. 

          The oxidation of sample glucose was catalyzed by glucose oxidase to 

form hydrogen peroxide and gluconate. This reaction was followed by an oxidative 

coupling catalyzed by peroxidase in the presence of dye precursors to produce a dye. 

The intensity of the dye was measured by reflected light. 

  The dye system used was closely related to that first reported by 

Trinder [62]. The chemistry of the glucose slides has been described by Curme et al [63]. 

 

Test Type Wavelength Assay Time and Temperature 

Colorimetric 540 �m Approximately 5 minutes at 37 ºC 

 

        Reaction Sequence 

 
  glucose oxidase 
        �-D-glucose + O2 + H2O          D-gluconic acid + H2O2 
 
                    peroxidase 
2 H2O2 + 4-aminoantipyrine + 1,7-dihydroxynaphthalene            red dye 
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Reagents 
 
        Slide ingredients 

            Reactive ingredients are glucose oxidase (Aspergillus niger, E.C.1.1.3.4); 

peroxidase (horseradish root, E.C.1.11.1.7); 1,7-dihydroxynaphthalene(dye precursor); 

and 4-aminoantipyrine hydrochloride(dye precursor). 

           Other ingredients include pigment, binders, pH 5.0 buffer, surfactants, 

stabilizers, and cross-linking agent. 

 
        Slide storage 

 Unopened slide cartridges: 

� Store at or below 2 º - 8 ºC (36º – 46 ºF). 

� Do not store with or near hydrogen peroxide. 

 Cartridges in the system’s slide supply: 

� Leave in the slide supply for no more than two weeks, then replace with a 

fresh cartridge. 

� Leave in the slide supply when the system is turned off for up to two hours. 

� Verify performance with control materials: 

- If the system is turned off for more than two hours 

- After reloading cartridges that have been removed from the slide supply 

and stored for later use. 

  
Testing procedure 

� Remove slide cartridges from storage. 

� The slide cartridge must reach room temperature, 18 º- 28 ºC (64º – 82 ºF), 

before it is unwrapped and loaded into the slide supply. Allow the cartridge 

to warm up at least: 

- 60 minutes after removing from the freezer     or 

- 30 minutes after removing from the refrigerator 

 Load the cartridges within 24 hours after they reach room temperature. 

�  Remove the inner wrapper and immediately load into the slide supply. 

�  Analyze sample on the VITROS 250 Automated Chemistry System, Johnson 

& Johnson, USA. 
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        Sample dilution 

          If samples show glucose concentrations that exceed the system’s 

reportable (dynamic) range, follow this procedure: 

1. Dilute the plasma samples with the diluent, VITROS 7% BSA. 

2. Reanalyze. 

3. Multiply the results by the dilution factor to obtain the original sample’s 

glucose concentration. 

 

Reporting units and Unit conversion 
Conventional units SI units Alternate units 

mg/dL mmol/L 

(mg/dL x 0.05551) 

g/L 

(mg/dL x 0.01) 

 

Limitations of the procedure 
� Hemolysis causes a decrease in glucose results of up to 10% in the presence of 

3+ hemolysis, equivalent to 250 mg/dL (0.16 mmol/L) of hemoglobin. 

This interference is caused by catalase or other cellular constituents released 

during lysis. However, the extent of basis is highly correlated with the degree 

of hemolysis seen in the sample. 

� Elevated lipids may limit diffusion of oxygen to the reactants. Dilute grossly 

lipemic samples twofold before analysis. 

 

Reportable range (Dynamic range) in serum or plasma samples 

Conventional units (mg/dL) SI units (mmol/L) Alternate units (g/L) 

20.0 – 625.0 1.11 – 34.69 0.20 – 6.25 

 

Sensitivity of the procedure 
        The lower limit of the reportable (dynamic) range is 20.0 mg/dL (1.11 mmol/L). 
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APPENDIX G 

Determination of total cholesterol 
 

 

Principles of the procedure 
          Serum were separated from the clotted fasting blood samples within 3 

hours of collection. The level of total cholesterol in serum was determined using the 

VITROS CHOL Slide. 

          The VITROS CHOL Slide is a dry, multilayered, analytical element 

coated on a polyester support. The method is based on an enzymatic-colorimetric 

method similar to that proposed by Allain et al [64]. 

          A drop of serum sample was deposited on the slide and was evenly 

distributed by the spreading layer to the underlying layers. The Triton X-100 (TX100) 

surfactant in the spreading layer aids in dissociating the cholesterol and cholesterol 

esters from lipoprotein complexes presented in the sample. Hydrolysis of the 

cholesterol esters to cholesterol was catalyzed by cholesterol ester hydrolase. Free 

cholesterol was then oxidized in the presence of cholesterol oxidase to form 

cholestenone and hydrogen peroxide. Finally, hydrogen peroxide oxidized a leuco dye 

in the presence of peroxidase to generate a colored dye. 

  The density of dye formed was proportional to the cholesterol 

concentration presented in the sample and was measured by reflectance 

spectrophotometry. 

 

        Sample drop volume 

�  The volume of the sample drop depends on the format of the slide. For slides 

with coatings labeled 3201 and above, the sample drop volume is 5.5 µL. For all other 

slide formats, the sample drop volume is 10 µL. 

Test Type Wavelength Assay Time and Temperature 

Colorimetric 540 �m Approximately 5 minutes at 37 ºC 
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Reaction Sequence 
                                    surfactant TX100 
        Lipoprotein                  cholesterol + cholesterol esters + proteins 
 
     cholesterol ester hydrolase              
 cholesterol esters +  H2O                       cholesterol + fatty acids 
 

            cholesterol oxidase              
    cholesterol +  O2               cholest-4-en-3-one + H2O2 
 

                    peroxidase              
   H2O2 + leuco dye             dye 
 

Reagents 
 

        Slide ingredients 

            Reactive ingredients are Triton X-100; cholesterol oxidase (Nocardia sp. or 

Cellulomonas sp., E.C.1.1.3.6); cholesterol ester hydrolase (Candida rugosa or 

Pseudomonas sp., E.C.3.1.1.13); peroxidase (horseradish root, E.C.1.11.1.7); and      

2-(3,5-dimethoxy-4-hydroxyphenyl)-4,5-bis(4-dimethylaminophenyl)imidazole (leuco 

dye). 

           Other ingredients include pigment, binders, pH 6.25 buffer, surfactants, 

stabilizers, and cross-linking agent. 
 

        Slide storage 

 Unopened slide cartridges: 

� Gen 22 and below: Store at or below 2 º - 8 ºC (36º – 46 ºF). 

� Gen 23 and above: Store at or below -18 ºC (0 ºF). 

To reduce cartridge warm-up time or if freezer space is limited, unopened slide 

cartridges may be stored in the refrigerator at 2º- 8ºC (36º – 46ºF) for up to six months. 

 Cartridges in the system’s slide supply: 

� Leave in the slide supply for no more than two weeks, then replace with a 

fresh cartridge. 

� Leave in the slide supply when the system is turned off for up to two hours. 

� Verify performance with control materials: 

- If the system is turned off for more than two hours 

- After reloading cartridges that have been removed from the slide supply 

and stored for later use. 
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Testing procedure 
� Remove slide cartridges from storage. 

� The slide cartridge must reach room temperature, 18 º- 28 ºC (64º – 82 ºF), 

before it is unwrapped and loaded into the slide supply. Allow the cartridge 

to warm up at least: 

- 60 minutes after removing from the freezer       or 

- 30 minutes after removing from the refrigerator 

 Load the cartridges within 24 hours after they reach room temperature. 

�  Remove the inner wrapper and immediately load into the slide supply. 

�  Analyze sample on the VITROS 250 Automated Chemistry System, Johnson 

& Johnson, USA. 

        Sample dilution 

          If samples are lipemic or show cholesterol concentrations that exceed 

the system’s reportable (dynamic) range, follow this procedure: 

1. Dilute 1 part of  sample with 1 part of the diluent, VITROS 7% BSA. 

2. Reanalyze. 

3. Multiply the results by 2 to obtain the original sample’s cholesterol 

concentration. 

 

Reporting units and Unit conversion 

Conventional units SI units Alternate units 

mg/dL mmol/L 

(mg/dL x 0.02586) 

g/L 

(mg/dL x 0.01) 

 

Reportable range (Dynamic range)  

Conventional units (mg/dL) SI units (mmol/L) Alternate units (g/L) 

50 - 325 1.29 – 8.40 0.50 – 3.25 

 

Sensitivity of the procedure 
        The lower limit of the reportable (dynamic) range is 50 mg/dL (1.29 mmol/L; 

0.50g/L).
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APPENDIX H 

Determination of triglycerides 
 

Principles of the procedure 
          Serum were separated from the clotted fasting blood samples within 4 

hours of collection. The concentration of triglycerides in serum was determined using 

the VITROS TRIG Slide. 

          The VITROS TRIG Slide is a dry, multilayered, analytical element 

coated on a polyester support. The analysis principle is based on an enzymatic-

colorimetric method as described by Spayd et al [65]. 

          A drop of serum sample was deposited on the slide and was evenly 

distributed by the spreading layer to the underlying layers. The Triton X-100 (TX100) 

surfactant in the spreading layer aids in dissociating the triglycerides from lipoprotein 

complexes presented in the sample. The triglyceride molecules were then hydrolyzed 

by lipase to yield glycerol and fatty acids. Glycerol diffused to the reagent layer, 

where it was phosphorylated by glycerol kinase in the presence of adenosine 

triphosphate (ATP). In the presence of L-�-glycerol-phosphate oxidase, L-�-

glycerophosphate was then oxidized to dihydroxyacetone phosphate and hydrogen 

peroxide. Finally, hydrogen peroxide oxidized a leuco dye, catalyzed by peroxidase, to 

produce a colored dye. 

  The density of dye formed was proportional to the triglycerides 

concentration presented in the sample and was measured by reflectance 

spectrophotometry. 
�

        Sample drop volume 

�  The volume of the sample drop depends on the format of the slide. For slides 

with coatings labeled 3201 and above, the sample drop volume is 5.5 µL. For all other 

slide formats, the sample drop volume is 10 µL. 

Test Type Wavelength Assay Time and Temperature 

Colorimetric 540 �m Approximately 5 minutes at 37 ºC 
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Reaction Sequence 

                                  surfactant TX100 
        Lipoproteins    triglycerides + proteins 
 
      lipase              
       triglycerides +  H2O              glycerol + fatty acids 
 

            glycerol kinase              
      glycerol +  ATP                 L-�-glycerophosphate + ADP 
       MgCl2 
 

             L-�-glycerol-phosphate oxidase             
L-�-glycerophosphate + O2                          dihydroxyacetone phosphate + H2O2 
     

                    peroxidase              
   H2O2 + leuco dye                     dye  
 

Reagents 
 

        Slide ingredients 

            Reactive ingredients are Triton X-100; lipase (Candida rugosa, E.C.3.1.1.3); 

glycerol kinase (Cellulomonas sp., E.C.2.7.1.30); peroxidase (horseradish root, 

E.C.1.11.1.7); L-�-glycerol-phosphate oxidase (Pediocuccos sp., E.C.1.1.3.21); 2-(3,5-

dimethoxy-4-hydroxyphenyl)-4,5-bis (4-dimethylaminophenyl)imidazole (leuco dye);  

and adenosine triphosphate. 

           Other ingredients include pigment, binders, pH 8.0 buffer, surfactants, 

stabilizers, scavenger, enzyme cofactors, dye solubilizer, and cross-linking agent. 
 

        Slide storage 

 Unopened slide cartridges: 

� Store at or below -18 ºC (0 ºF). 

 Cartridges in the system’s slide supply: 

� Leave in the slide supply for no more than one week, then replace with a 

fresh cartridge. 

� Leave in the slide supply when the system is turned off for up to two hours. 

� Verify performance with control materials: 

- If the system is turned off for more than two hours 

- After reloading cartridges that have been removed from the slide supply 

and stored for later use. 
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Testing procedure 
� Remove slide cartridges from storage. 

� The slide cartridge must reach room temperature, 18 º- 28 ºC (64º – 82 ºF), 

before it is unwrapped and loaded into the slide supply. Allow the cartridge 

to warm up at least 60 minutes after removing from the freezer.       

Load the cartridges within 24 hours after they reach room temperature. 

�  Remove the inner wrapper and immediately load into the slide supply. 

�  Analyze sample on the VITROS 250 Automated Chemistry System, Johnson 

& Johnson, USA. 

        Sample dilution 

         If samples are grossly lipemic or show the concentrations of triglycerides that 

exceed the system’s reportable (dynamic) range, follow this procedure: 

1. Dilute sample with the diluent, VITROS 7% BSA. 

2. Reanalyze. 

3. Multiply the results by the dilution factor to obtain the original sample’s 

triglycerides concentration. 

 

Reporting units and Unit conversion 
Conventional units SI units Alternate units 

mg/dL mmol/L 

(mg/dL x 0.01129) 

g/L 

(mg/dL x 0.01) 

 

Reportable range (Dynamic range)  

Conventional units (mg/dL) SI units (mmol/L) Alternate units (g/L) 

10.0 – 525.0 0.11 – 5.93 0.10 – 5.25 

 

Sensitivity of the procedure 
        The lower limit of the reportable (dynamic) range is 10.0 mg/dL (0.11 mmol/L). 
 

Special precautions 
� Specimen collection equipment must be soap-free and glycerol-free. 

� Do not use collection tubes with glycerol-lubricated stoppers.
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APPENDIX I 

Determination of HDL cholesterol, and 

Calculation of LDL cholesterol 
 

Principles of the procedure 
          Serum were separated from the clotted fasting blood samples as soon as 

possible - preferably within 3 hours after blood collection in the closed containers to 

avoid contamination and evaporation. The VITROS Magnetic HDL-Cholesterol 

Reagent was used to prepare serum samples for analysis of HDL cholesterol (HDL-C) 

level in serum. Following pretreatment of the samples, HDL-C level was measured by 

the VITROS CHOL Slide. 

          HDL was separated by the precipitation of LDL and VLDL using 

dextran sulfate (MW 50,000) and magnesium chloride [66, 67]. The reagent also 

contained iron particles that were coated with a polymer that enhanced the capture of 

the non-HDL lipoproteins onto the particles. The supernatant containing HDL-C was 

prepared by removing the precipitated lipoproteins when a magnetic field was applied. 

          A drop of pretreated sample was deposited on the VITROS CHOL 

Slide and was evenly distributed by the spreading layer to the underlying layers. HDL-

C underwent reactions to produce hydrogen peroxide. Finally, hydrogen peroxide 

reacted with a leuco dye, catalyzed by peroxidase, to produce a blue dye complex. 

  After measurement of the amount of light reflected from the dye after a 

fixed incubation period, the amount of HDL-C presented in the pretreated sample was 

calculated.�

        Sample drop volume 

�  The volume of the sample drop depends on the format of the slide. For slides 

with coatings labeled 3201 and above, the sample drop volume is 5.5 µL. For all other 

slide formats, the sample drop volume is 10 µL. 
 

Test Type Wavelength Assay Time and Temperature 

Colorimetric 670 �m Approximately 5 minutes at 37 ºC 
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Reaction Sequence 

 

  dextran sulfate and magnesium chloride 
        lipoproteins      high density lipoproteins 
 magnetic field 
 
                                          surfactant TX100 
high density lipoproteins     cholesterol + cholesterol esters + proteins 
 
     cholesterol ester hydrolase              
 cholesterol esters +  H2O                       cholesterol + fatty acids 
 

            cholesterol oxidase              
    cholesterol +  O2               cholest-4-en-3-one + H2O2 
 

                    peroxidase              
   H2O2 + leuco dye             dye 
 

Reagents 
 

VITROS Magnetic HDL-Cholesterol Reagent 

      For use with VITROS Chemistry Systems. 

Reactive ingredients: 

� Magnesium chloride 

� Magnetically responsive particles 

Non-reactive ingredients: 

� 0.01% sodium azide 

� Stabilizers 

 

Slide ingredients of VITROS CHOL Slide 

            Reactive ingredients are Triton X-100; cholesterol oxidase (Nocardia sp. or 

Cellulomonas sp., E.C.1.1.3.6); cholesterol ester hydrolase (Candida rugosa or 

Pseudomonas sp., E.C.3.1.1.13); peroxidase (horseradish root, E.C.1.11.1.7); and      

2-(3,5-dimethoxy-4-hydroxyphenyl)-4,5-bis(4-dimethylaminophenyl)imidazole (leuco 

dye). 

           Other ingredients include pigment, binders, pH 6.25 buffer, surfactants, 

stabilizers, and cross-linking agent. 
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        Slide storage 

 Unopened slide cartridges: 

� Gen 22 and below: Store at or below 2 º - 8 ºC (36º – 46 ºF). 

� Gen 23 and above: Store at or below -18 ºC (0 ºF). 

To reduce cartridge warm-up time or if freezer space is limited, unopened slide 

cartridges may be stored in the refrigerator at 2º- 8ºC (36º – 46ºF) for up to six months. 

 Cartridges in the system’s slide supply: 

� Leave in the slide supply for no more than two weeks, then replace with a 

fresh cartridge. 

� Leave in the slide supply when the system is turned off for up to two hours. 

� Verify performance with control materials: 

- If the system is turned off for more than two hours 

- After reloading cartridges that have been removed from the slide supply 

and stored for later use. 

 

Testing procedure 
� Prepare VITROS Magnetic HDL-Cholesterol Reagent and make sure the 

reagent warm to room temperature and be mixed by gentle inversion until 

the particles on the bottom of the bottle are completely resuspended before 

using. 

� Pretreat specimen using the VITROS Magnetic HDL-Cholesterol Reagent 

and remove the supernatant.  

� Never revortex the specimen-reagent mixture after the initial vortex has been 

completed. 

� Remove slide cartridges from storage. 

� The slide cartridge must reach room temperature, 18 º- 28 ºC (64º – 82 ºF), 

before it is unwrapped and loaded into the slide supply. Allow the cartridge 

to warm up at least 60 minutes after removing from the freezer.       

Load the cartridges within 24 hours after they reach room temperature. 

�  Remove the inner wrapper and immediately load into the slide supply. 

�  Analyze the supernatant of the pretreated-specimen on the VITROS 250 

Automated Chemistry System, Johnson & Johnson, USA. 
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        Sample dilution 

          If samples show the HDL-C concentrations that exceed the system’s 

reportable (dynamic) range or appear cloudy after pretreatment, follow this procedure: 

1. Dilute the untreated sample with an equal volume of the VITROS 7% 

BSA diluent. 

2. Repeat the sample pretreatment procedure. 

3. Multiply the results by 2 to obtain the original sample’s HDL-C 

concentration. 

4. Additional dilutions are not recommended. 

 

Reporting units and Unit conversion 
Conventional units SI units Alternate units 

mg/dL mmol/L 

(mg/dL x 0.02586) 

g/L 

(mg/dL x 0.01) 

 

Reportable range (Dynamic range)  

Conventional units (mg/dL) SI units (mmol/L) Alternate units (g/L) 

3.0 – 100.0 0.08 – 2.59 0.03 – 1.00 

 

Sensitivity of the procedure 
        The lower limit of the reportable (dynamic) range is 3.0 mg/dL (0.08 mmol/L). 

 

Calculation of LDL cholesterol (LDL-C) 
        LDL-C level can be calculated from the Friedewald’s formula[68] as follow: 

            
        Conventional units (mg/dL): 

 LDL-C = total cholesterol – HDL-C – (triglycerides/5)   

        SI units (mmol/L): 

 LDL-C = total cholesterol – HDL-C – (triglycerides/2.2)   

 

         Calculation of LDL-C is not appropriate for samples with the 

concentration of triglycerides greater than 400 mg/dL (4.52 mmol/L). 
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APPENDIX J 

Determination of uric acid 
 

 

Principles of the procedure 
          Serum were separated from the clotted fasting blood samples within 4 

hours of collection. The concentration of uric acid in serum was determined using the 

VITROS URIC Slide. 

          The VITROS URIC Slide is a dry, multilayered, analytical element 

coated on a polyester support. The analytical method is similar to those described by 

Kageyama [69] and Trivedi et al [70]. The assays differ in the choice of dye and, 

consequently, in the wavelength used to measure the density of the resulting product. 

  A 10µL drop of serum sample was deposited on the slide and was 

evenly distributed by the spreading layer to the underlying layers. Uric acid from the 

sample migrated to the reagent layer, where it was oxidized in the presence of uricase 

to form allantoin and hydrogen peroxide. Finally, hydrogen peroxide reacted with a 

leuco dye, catalyzed by peroxidase, to produce a colored compound that was measured 

by reflectance spectrophotometry. 

  

Test Type Wavelength Assay Time and Temperature 

Colorimetric 670 �m Approximately 5 minutes at 37 ºC 

        

 Reaction Sequence 

 
    uricase            

    2 H2O + uric acid              allantoin + H2O2 + CO2 
 

                    peroxidase              
   H2O2 + leuco dye                      dye 
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Reagents 
 

Slide ingredients  

            Reactive ingredients are uricase (Candida utilis, E.C.1.7.3.3); peroxidase 

(horseradish root, E.C.1.11.1.7); and 2-(3,5-dimethoxy-4-hydroxyphenyl)-4,5-bis(4-

dimethylaminophenyl)imidazole (leuco dye). 

           Other ingredients include pigment, binders, pH 8.7 buffer, surfactants, 

stabilizers, scavenger, dye solubilizer, and cross-linking agent. 

 

        Slide storage 

 Unopened slide cartridges: 

� Store at or below 2 º - 8 ºC (36º – 46 ºF). 

 Cartridges in the system’s slide supply: 

� Leave in the slide supply for no more than two weeks, then replace with a 

fresh cartridge. 

� Leave in the slide supply when the system is turned off for up to two hours. 

� Verify performance with control materials: 

- If the system is turned off for more than two hours 

- After reloading cartridges that have been removed from the slide supply 

and stored for later use. 

 

Testing procedure 
� Remove slide cartridges from storage. 

� The slide cartridge must reach room temperature, 18 º- 28 ºC (64º – 82 ºF), 

before it is unwrapped and loaded into the slide supply. Allow the cartridge 

to warm up at least: 

- 60 minutes after removing from the freezer     or 

- 30 minutes after removing from the refrigerator 

 Load the cartridges within 24 hours after they reach room temperature. 

�  Remove the inner wrapper and immediately load into the slide supply. 

�  Analyze sample on the VITROS 250 Automated Chemistry System, Johnson 

& Johnson, USA. 
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        Sample dilution 

          If samples show the uric acid concentrations outside the system’s 

reportable (dynamic) range, follow this procedure: 

1. Dilute 1 part of sample with 1 part of the diluent, VITROS 7% BSA. 

2. Reanalyze. 

3. Multiply the results by 2 to obtain the original sample’s uric acid 

concentration. 

 

Reporting units and Unit conversion 
Conventional units SI units Alternate units 

mg/dL µmol/L 

(mg/dL x 59.48) 

mg/L 

(mg/dL x 10) 

 

Reportable range (Dynamic range)  

Conventional units (mg/dL) SI units (µmol/L) Alternate units (mg/L) 

0.50-17.00 29.7 – 1011.2 5.0 -170.0 

 

Sensitivity of the procedure 
        The lower limit of the reportable (dynamic) range is 0.50 mg/dL (29.7 µmol/L). 
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APPENDIX K 

Determination of plasma lipid peroxidation 

(plasma lipid hydroperoxides) 
 

 

Principles of the procedure 
          Heparinized blood was collected from the subject and kept in ice-box 

until centrifugation occurred. Plasma was separated usually within 3 hours. Plasma 

lipid hydroperoxides (ROOHs) level was determined using the Ferrous Oxidation in 

Xylenol Orange version 2 (FOX2) assay, modified from the FOX2 method as 

described by Nourooz-Zadeh et al [72]. 

          This technique relies on the rapid hydroperoxides-mediated oxidation 

of Fe2+ under acidic conditions. Fe3+ forms a chromofore with xylenol orange, which 

absorbs strongly at 560 nm. FOX2 reagent was prepared by dissolving xylenol orange 

and ammonium ferrous sulfate in 250 mM H2SO4 to final concentrations of 1 and 2.5 

mM, respectively. One volume of this concentrated reagent was added to 9 volume of 

HPLC-grade methanol containing 4.4 mM BHT(butylated hydroxytoluene) to make 

the working reagent, which comprised 250 µM ammonium ferrous sulfate, 100 µM 

xylenol orange, 25 mM H2SO4, and 4 mM BHT in 90% (vol/vol) methanol. 

          Plasma samples (90 µL) were transferred into 6 microcentrifuge vials 

(1.5 mL). Then, 10 µL of 10 mM TPP (1,1,3,3-tetraethoxypropane) in HPLC-grade 

methanol was added to three of the vials to reduce ROOHs, thereby generating a 

triplicate of blanks. HPLC-grade methanol (10 µL) was added to the remaining three 

vials to produce a triplicate of test samples. All vials were immediately vortexed and 

incubated in the controlled temperature water bath (25 ± 1 ºC) for 30 minutes prior to 

the addition of 900 µL of FOX2 reagent. After mixing, the samples were incubated in 

the water bath (25 ± 1 ºC) for another 30 minutes. The vials were centrifuged at 

1,500X g for 10 minutes. Absorbance of the supernatant was measured at 560 nm by 

spectrophotometer. The concentration of plasma hydroperoxides was calculated from 

the mean absorbance difference between triplicates of test samples and blank samples, 
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and the apparent molar extinction coefficient of 4.31 x 104 M-1cm-1 for 

hydroperoxides- Fe3+-xylenol orange complex, using equation: 

 

  [ ROOHs]   =      [ (A sample – A blank) / �] * � 

 

[ ROOHs] = Concentration of lipid hydroperoxides in plasma (µM) 

   A sample  = Mean absorbance of test samples at 560 nm 

   A blank      = Mean absorbance of blank samples at 560 nm 

 �   = 0.0431 µ M-1cm-1 

 �   = Dilution factor = 11.1 (1000 µL/ 90 µL) 
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APPENDIX L 

Determination of plasma conjugated dienes 
 

 

Determination procedure 
          Conjugated dienes level in plasma was measured by the 

spectrophotometric method as described by Hunter and Mohamed [75].   

          Plasma (0.2 mL) were mixed with distilled water (0.3 mL) and then 

extracted by mixing with 1 mL of methanol and 2 mL of chloroform, followed by 1 

minute high-speed vortex. Then 3 mL of 0.05 M KCL was added into the mixture and 

vortexed with low-speed for 15 seconds. After centrifugation at 1000X g for 10 

minutes, the chloroform phase was separated and 1 mL of supernatant was dried under 

a flow of nitrogen gas. The residue was resuspended in 1.5 mL of cyclohexane.  

          Absorbance of the mixture was measured at 233 nm using the UV-

spectrophotometer. The concentration of plasma conjugated dienes was expressed as 

ratio of absorbance 233 nm / mL plasma. 
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