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The health benefits of soy are attracting increasing attention from both consumers and the scientific community. Vast amounts of research are now being published and to provide an up-to-date account of the data, the 8th International Soy Symposium on the Role of Soy in Health and Disease was hosted in Tokyo, Japan in November 2008. Here, leading experts presented the latest findings on the role of soy in relation to a number of health conditions. This article provides an overview of the presentations that are particularly relevant to health professionals and their clinical practice.
Soy and Health – the Japanese experience
The background for soy in health was put into context by the first speaker Dr Yamori, from the Mukogawa Women’s University Institute for World Health Development, Japan who explained that the traditional diet and lifestyle of the Japanese, including the consumption of soy, was one of the reasons for the longest average life expectancies in the world. Their low risk of diseases such as heart disease, prostate and breast cancers has been linked with their intake of soy and the associated isoflavones (plant compounds found in soy that are being investigated for their potential health benefits). However, the younger Japanese population are moving away from the traditional diet and there is concern that diseases which have been typically low in Japan, will start to rise. As traditional soy foods may not be as palatable to the young people of Japan, Dr Yamori stressed the need to develop good tasting soy foods that will hopefully encourage young people to eat more soy. In a similar way, if consumption of soyfoods could increase in the Western population, this would hopefully contribute to a more healthy longevity.

Soy and the Menopause

The presence of isoflavones in soy has made them a much researched topic in the field of menopausal symptoms. The three isoflavones found in soy are genistein, daidzein and glycitein. Isoflavones belong to a class of compounds called phytoestrogens which have structural similarities to estrogen and as such may exert weak estrogenic-like effects. Animal and human studies have found that isoflavones can bind to estrogen receptors but with a much lower binding affinity than estradiol. While estrogen can alleviate the symptoms of hot flushes, the increasing concern of Hormone Replacement Therapy (HRT) has resulted in women looking for an alternative solution.
According to epidemiological studies, menopausal symptoms are documented as being lower in Japanese women compared to women in the West. Differences in diet, including the intake of soy containing isoflavones, have been suggested as a reason for this. However when intervention studies investigating the effect of soy on the menopause have been conducted in Western populations, results have been mixed. Dr Melby from the National Institute of Health and Nutrition, Tokyo, Japan suggested in her presentation that the difference for this maybe due to the duration of soy consumption i.e. long term intakes of soy in population studies compared to short term intakes in intervention studies. 
Another reason given for the mixed intervention study results on isoflavones and menopausal symptoms, particularly in relation to hot flushes, could be due to the presence of varying quantities of isoflavones in the study products. This was discussed by Dr Williamson-Hughes from the Archer Daniels Midland Company, USA who presented the results from a recent review of 17 studies that investigated soy isoflavones (SIF) on hot flushes. Consistent with other studies, women who had more hot flushes (greater than 5 a day) experienced a greater reduction with SIF. However, when the SIF were characterised according to their genistein content, those studies that used predominantly genistein, providing > 15mg (9 studies including 396 treated subjects), consistently reported a statistically significant reduction compared to the control. In contrast the SIF that contained relatively high daidzein and low genistein (8 studies, 364 treated subjects), only one showed a significant reduction in hot flushes. Dr Williamson-Hughes concluded by saying that this review clearly shows that isoflavones containing genistein alleviates menopausal hot flushes. 
Certain groups of women may experience greater benefits of soy on menopausal symptoms depending on how they metabolise SIFs. This was highlighted in the presentation by Professor Watanabe from the National Institute of Health and Nutrition in Japan who explained that approximately 20-30% of Caucasians and 30-50% of Japanese can convert daidzein (one of the soy isoflavones) to the more potent metabolite, equol, by particular intestinal bacteria. Equol producers have been shown to have better improvements in menopausal symptoms, both in terms of physiological and depressive scores, compared to non-equol producers. 

Key Points and Dietary Recommendations

· Hormonal changes during the menopause account for a number of symptoms and changes experienced by women
· Conflicting results between population and intervention studies on the benefits of soy and menopausal symptoms maybe due to the short duration of soy intake 
· The greater the number of hot flushes a woman experiences, the greater the benefit of SIF
· Consuming soy that contains > 15mg of genistein/ day appears to be beneficial in reducing hot flushes 
· 15mg of genistein can be obtained by consuming 2 to 3 servings of soy foods a day
· Women who can convert daidzein to equol may experience greater benefits of soy in reducing menopausal symptoms than non-equol producers

Soy and Obesity

With the growing incidence of obesity in the Western world, foods that have a role in influencing satiety have a potential in helping reduce daily caloric intake, thereby helping maintain a healthy weight. It has been well documented that protein is the most satiating of all the macronutrients, however the effect depending on the source of protein, animal or vegetable, is less clear. Dr Dye from the University of Leeds in the UK, presented a study that investigated the effect of soy foods on satiety, food intake and subjective sensations. 
Twenty young healthy males (mean age 21 years, mean BMI 22kg/m2) were provided with a 400kcal breakfast and 1000kcal lunch, both containing soy protein (SP), and were then allowed to eat an ad libitum buffet dinner and evening snack foods. Following a one week washout the same men were provided with a breakfast and lunch matched in terms of appearance, weight and macronutrient composition to the SP meals (20% of calories from Protein, 50% from Carbohydrate and 30% from Fat for both meals) however the protein was from a non-soy (NSP) source. Consuming soy at breakfast and lunch significantly reduced food eaten at dinner compared to the NSP meals. This equated to a 172kcals (16%) reduction, which Dr Dye highlighted could be beneficial for weight control. Across the total day (taking into account the calories consumed from the ad libitum evening snack foods) there was a reduction of 144kcals on the SP day compared to the NSP day (2975kcals versus 3119kcals respectively). Subjective measures of appetite also showed that the SP breakfast was consistently more satiating than the NSP breakfast with similar trends for lunch. The effects on satiety, and subsequent calorie reduction, were believed to be due to the soy protein in combination with the higher fibre content of soy foods.  Furthermore both diets were rated as equally palatable. Dr Dye concluded by saying that further studies are now required to explore the maintenance of these effects.
Individuals who are able to convert the SIF, daidzein to equol, may have even greater benefits in relation to weight control. This was highlighted by Dr Usui from the Clinical Research Center, National Hospital Organization Kyoto Medical Center in Japan, who evaluated 360 Japanese participants for urine phytoestrogen levels. 25.3% of the subjects were equol producers and these people had a lower Body Mass Index (BMI), lower serum leptin levels and lower C-reactive protein (CRP) levels than non-equol producers, especially in women. From this study, Dr Usui suggested that equol may have favourable effects on various metabolic disorders, including obesity, especially in women.
Key Points and Dietary Recommendations
· Including soy foods at breakfast and lunch such as soy milk, soy yoghurts and desserts, soy mince, tofu...) can produce improvements in satiety resulting in a reduction in daily calorie intake and thus could have a beneficial role in weight control 

· The effects on satiety are believed to be due to the soy protein in combination with the higher fibre content of soy foods 
· A reduction in a calorie intake of 144kcals/ day could equate to approximately 15lbs (6.8kg) of weight loss over the course of a year 
Soy and Heart Disease
Due to the lower incidence of heart disease in populations consuming soy, it has been proposed that soy can reduce the risk of cardiovascular disease (CVD) risk factors. Possible reasons for this include the presence of isoflavones in soy, as well as soy foods being a good source of protein, unsaturated fatty acids, vitamins and minerals, fibre and being low in saturated fats. Dr Kokubo from the National Cardiovascular Center in Osaka, Japan presented a population study which investigated the impact of soy on the risk of CVD. More than 40,000 subjects, aged between 40-59 years of age and who had no signs of CVD or cancer were recruited between 1990 and 1992 across various towns in Japan. After 12 years of follow up, 587 cases of Cerebral Infarctions (CI) and 308 cases of Myocardial Infarctions (MI) were documented, as well as 232 deaths from both MI and CI. After adjusting for various factors, those women who were consuming soy foods more than five times a week had a 36% lower risk of CI, a 45% lower risk of MI, and a 69% lower risk of CI and MI mortality compared to those women consuming 0 to 2 servings of soy a week. Dr Kokubo concluded by saying that soy foods, along with high isoflavone consumption, were associated with a reduced risk of CVD in Japanese women.
One of the mechanisms that has been suggested for soy’s positive role in heart health is its cholesterol lowering action. In 1999 the US Food and Drug Administration (FDA) approved a health claim for soy protein in reducing the risk of Coronary Heart Disease. The results of a new meta-analysis, taking into account the more recently published data, were presented by Dr Krul from the Solae Company, USA. 152 publications were identified and using FDA criteria, 45 studies were included. The age of subjects ranged from 22-70 years and soy protein intake ranged from between 11-92g/ day. Compared to control subjects, consumption of soy protein was associated with significant reductions in mean total cholesterol levels of 9.54mg/dL (0.25mmol/L) and LDL cholesterol levels of 7.12mg/dL (0.18mmol/L). When analysis was undertaken looking at the effect of soy protein in normocholesterolemics and hypercholesterolemics, soy protein appeared to have a greater effect in reducing cholesterol in hypercholesterolemic subjects, however the reduction in cholesterol in normocholesterolemics was still significant compared to controls. Dr Krul highlighted that the overall 4% mean reduction in total cholesterol and 5% mean reduction in LDL cholesterol was similar to results from other recent meta-analyses. It was therefore concluded that this meta-analysis continues to support the significant effect of soy protein in reducing cholesterol.
Key Points and Dietary Recommendations
· Women who consume soy foods more than 5 times a week have a 36% lower risk of Cerebral Infarction  and a 45% lower risk of Myocardial Infarction compared to women consuming soy foods less than 2 times a week
· Soy foods have an excellent nutritional profile which may account for their beneficial heart health properties
· Soy protein has been shown to be effective in reducing total cholesterol, on average, by 4% and LDL cholesterol by 5 %

· Previous studies have found that approximately 25g of soy protein a day has a significant cholesterol lowering effect
· 25g of soy protein can be achieved by consuming 3 to 4 servings of soy foods a day 
Dispelling the Myths of Soy
From presentations at the Symposium it was confirmed that soy does not have negative affects on hormonal status nor are they associated with a negative impact on health.

Professor Aedin Cassidy, from the University of East Anglia, UK presented the results of a systematic review and meta-analysis investigating the effects of soy and soy isoflavones on hormonal status in both pre and post menopausal women. Forty seven studies were included; 11 studies for pre-menopausal women (579 women aged between 24 to 43 years), 35 studies for postmenopausal women (1165 women) and 1 for peri-menopausal (69 women). The intakes of soy protein ranged from between less than 10g per day to more than 50g per day, and isoflavone intake ranged from less than 25mg/ day to 100mg per day. In the pre-menopausal studies soy isoflavones had no effect on total estradiol, estrone or Sex Hormone Binding Globulin levels, but reduced Follicle-Stimulating Hormone (FSH) and Luteinising Hormone (LH) slightly, as well as increasing menstrual cycle length on average by 1.05 days. Professor Cassidy explained that the subtle reductions in FSH and LH were unlikely to be of clinical significance. In fact the increased menstrual cycle length maybe beneficial in the long term, as it has been suggested that an increased menstrual cycle length is associated with a reduced risk of breast cancer. In the postmenopausal studies, a trend towards an increase in total estradiol levels was observed following soy isoflavone supplements only, but this did not reach statistical significance. As there were no effects on other hormone levels in postmenopausal women, Professor Cassidy concluded that this does not have clinical significance. 
Similarly the results of a meta-analysis investigating the effects of soy protein and isoflavones on reproductive hormones in men were presented by Dr Hamilton-Reeves from the College of St. Catherine, Minnesota, USA. Thirty two trials (parallel, cross over and single group studies) involving 36 treatment groups were included. These studies examined the effects of men consuming soy foods or isoflavones (from soy or red clover) on circulating testosterone, free testosterone, sex hormone binding globulin (SHBG) or calculated free androgen index (FAI). Of the treatment groups that measured baseline and end measures (15 out of the 36), study duration ranged from 2 weeks to 4 years, although a 1 year time point was used for the analysis. Isoflavone dose ranged from between 20-240mg/ day (mean intake = 125mg/ day) whereas soy protein intake varied from between 0-60g/ day (mean = 23g/ day). The results were based on a total of 346 men and 229 men, aged between 22-73 years, measuring testosterone and SHBG levels respectively. Compared to baseline there were no significant changes of soy protein or isoflavone consumption on total testosterone, SHBG, free testosterone or FAI. Dr Hamilton-Reeves concluded by saying soy does not have an effect on reproductive hormones in men.
Staying on the theme of male fertility a couple of presentations focused on the effect of soy on both sperm formation and semen quality. Dr Serafini, from the IVF Unit, San Raffaele Hospital in Milan, Italy presented the findings from her study which investigated the effects of different doses of SIF on spermatogenesis in normospermic men. In this 3 month study, 20 men, average age of 35 years with a mean BMI of 22.3, were randomized into 3 groups to receive 160, 320 or 480mg SIF a day. Semen analysis was conducted at baseline and after 3 months. When compared to baseline there were no statistically significant differences in ejaculated volume, sperm concentration, count and motility of spermatozoa. Dr Serafini concluded that these results are reassuring that soy does not adversely affect spermatogenesis.
Dr Duncan from the Department of Human Health and Nutritional Sciences at the University of Guelph in Canada confirmed these findings. In her randomized, cross over trial, 32 healthy men (average age of 27.5 years, with a mean BMI of 25.4) supplemented their diet with milk protein, low isoflavone soy protein  (1.64mg isoflavones/ day) and a high isoflavone soy protein (61.7mg isoflavones/ day) for 57 days each, separated by 28 day wash out periods. Analysis of semen samples collected on days 1 and 57 of each treatment period revealed no significant effects of soy protein containing low or high isoflavones on semen parameters including semen volume, sperm concentration, sperm count, total motile sperm count, sperm motility or sperm morphology.

The safety issues of soy on breast cancer risk and breast cancer tissue were also addressed. Populations who typically consume soy appear to have a lower risk of breast cancer and it has been proposed that soy can reduce the risk of breast cancer and improve breast cancer prognosis. However because of the weak estrogenic properties of SIF, concerns have been raised about its use among breast cancer patients. Professor Shu from the Vanderbilt Epidemiology Center, Vanderbilt University, USA presented the first epidemiological evidence suggesting that soy food consumption is safe and even beneficial for breast cancer survivors. Data has been analysed from the large, on-going population-based cohort study of breast cancer survivors, the Shanghai Breast Cancer Survival Study (SBCSS). This study includes over 5000 breast cancer patients who were enrolled between 2002 and 2007, approximately 6 months after cancer diagnosis. Detailed information was collected at recruitment and up-dated at 18, 36 and 60 months after cancer diagnosis. During the median follow up of 26.4 months, 290 deaths and 410 relapses or breast cancer deaths were documented. Mortality and relapse was analysed according to soy food intake reported as quartiles (Quartile 1 = 6.64g of soy protein a day and quartile 4 = 15.51g or more soy protein a day). Soy food intake was associated with a more favourable outcome; women in the highest quartile for soy had a 24% lower risk for total mortality (Hazard Ratio 0.76) and a 33% lower risk for disease specific mortality or relapse (Hazard Ratio 0.67) compared to the women in the lowest quartile of soy intake. Furthermore soy food intake did not appear to interact with Tamoxifen (a widely used treatment for breast cancer) in relation to breast cancer survival. In fact both Tamoxifen use and soy food intake were associated with better survival among breast cancer patients. This is of particular interest as it has been previously thought that soy isoflavones may potentially affect Tamoxifen’s efficacy. Professor Shu suggested that while soy intake appears to be safe and beneficial for breast cancer survival patients following 26 months of diagnosis, longer term follow up is still required.
The safety of soy on breast cancer risks in postmenopausal women was also confirmed by Dr Maskarinec from the Cancer Research Center of Hawaii, Honolulu, USA.  Breast density, a marker for breast cancer risk, increases as a result of hormone replacement therapy. Dr Maskarinec presented the results from a study which examined the relation between soy isoflavones and breast density using mammograms from 358 women who participated in the Osteoporosis Prevention Using Soy (OPUS) trial (a multi-site, randomized, double blind, placebo controlled study). Postmenopausal women were randomised so that two thirds of the subjects received 80 or 120mg/d of SIF each and the remaining subjects received a placebo for 2 years. After 2 years there was no significant treatment effect on breast density as measured using mammograms.
As well as breast density, the safety of the soy isoflavone genistein on endometrial thickness was highlighted by Dr Squadrito from the Department of Clinical and Experimental Medicine and Pharmacology from the University of Messina, Italy. This study examined the effects of genistein on bone metabolism, CVD risk factors, as well as the safety on reproductive tissues after 3 years of intake. Seventy one postmenopausal women received 54mg of genistein a day and 67 postmenopausal women received a placebo. In relation to safety on reproductive tissues, mammographic density and endometrial thickness was assessed at baseline, 24 and 36 months. After 36 months genistein did not significantly change mammographic breast density or endometrial thickness. Secondary outcomes measures including biochemical, kidney and liver function tests were performed every 6 months. These tests did not change over time in either group.
Despite the excellent nutritional profile of the soy bean, including the presence of a range of vitamins and minerals, questions have been raised as to whether some of these minerals are bioavailable due to the presence of phytate. Dr Reddy from the Iowa State University, USA presented results from her study which indicated that incorporating 2-3 servings of soy foods  a day, containing approximately 20g of soy protein, has no detrimental effects on iron or zinc status in women at risk of these deficiencies. Sixty three women aged between 18-28 years were randomly assigned to either a soy group (n=31) or meat (n=32) group. The soy group received 3 servings of soy food per day, providing approximately 20g of protein and were advised not to consume any further soy foods in the day. The meat group consumed similar amounts of protein from meat sources such as beef, chicken and dairy. For 3 days in the week subjects ate their meals at the research unit, frozen meals were then provided to eat at home on the other days. Blood and 3 day dietary records were collected at baseline and after 10 weeks of treatment. After treatment no significant changes were observed in serum ferritin, iron, zinc, haemoglobin or bone turnover markers between the groups. 
Key Points and Dietary Recommendations
· Soy  has no effects on total estradiol, estrone or sex hormone binding globulin levels in pre-menopausal women
· Soy isoflavones  at varying doses have no effect on male reproductive hormones and fertility in terms of sperm formation and semen quality 
· Consuming soy foods is safe and beneficial for breast cancer patients at intakes of around 15g a day. Fifteen grams of soy protein can be achieved by consuming approximately 2 servings of soy foods a day.
· Soy isoflavones at doses of up to 120mg/ day have no effect on breast density

· Soy is a nutritious food containing a range of vitamins and minerals. At intakes of approximately 20g of soy protein a day (approximately 3 servings of soy foods) no impact on iron and zinc status is observed
Conclusions

The presentations delivered at the 8th International Symposium on the Role of Soy continue to confirm the health benefits of soy foods, as well as highlight their safety. Health professionals are in ideal position to communicate these health effects as well as provide practical recommendations on how soy can effectively be included into the diet. Furthermore, based on the studies presented at the Symposium, health professionals now have the scientific evidence available to reassure the public on the safety of these foods.
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