SOY AND HEALTH 2006: Clinical Evidence – Dietetic Applications

4th International Conference, Dusseldorf, 12-13 October 2006

Soy and Health 2006, the 4th in this series of international conferences, focused on clinical evidence for the benefits of soy and its dietetic applications. This meeting provided an informative update on some of the more recent work on various aspects of soy and its health benefits.  
Prof. Cesare Sirtori (University of Milan, Italy) opened the conference with a discussion of ‘Soy and cholesterol: yesterday, today and … tomorrow?’ Work on the substitution of animal with vegetable protein dates back to the beginning of the last century. This work was revived in the 1960s and 1970s, and clinical studies on patients with hypercholesterolemia gave useful information. The results gave encouragement for many other studies to be undertaken using different soy preparations in people with underlying disorders. 

A meta-analysis of cholesterol-lowering studies in 1995 concluded that soy protein lowers blood cholesterol, with an overall reduction in LDL-cholesterol of 12.9%. The major variable affecting response is the baseline cholesterol, versus a lesser impact of the amount of soy consumed. While the American Heart Association (AHA) has recently criticised the conclusions of the meta-analysis on the basis of more recent studies in patients with less elevated baseline cholesterol levels, Prof Sitori concluded that when appropriately evaluated, the more recent studies do fit with the conclusions of the meta-analysis if the cholesterol decrease is expressed in absolute values rather than in percentage change. 

Studies investigating the mechanisms of cholesterol reduction have concluded that the effect of soy phytoestrogens appears to be minimal and that soy protein is responsible for the cholesterol-lowering effect. In particular, studies have demonstrated that the 
α ‘-7S globulins are directly capable of activating the LDL receptor system, via the SREBP-2 (sterol regulatory element binding protein-2) regulator pathway.

Looking to tomorrow, this new knowledge proteins will expend the potential future market for soy protein derived products in the management of high-risk patients. 

Prof. Matti J. Tikkanen (University of Helsinki, Finland) then discussed ‘Phytoestrogens and their fatty acid esters: could they have a role in antioxidant protection of lipoproteins?’ Based on the observation that feeding soy may increase the oxidation resistance of lipoproteins, the possibility was explored that isoflavone phytoestrogens are incorporated into lipoprotein particles. 

Genistein was used as a model substance. It was shown that incubation with plasma converted part of the genistein to hydrophobic derivatives, including fatty acids esters of genistein, and that these became incorporated into LDL-cholesterol. A comparable amount of free genistein also adhered to the LDL particles. 

Since genistein has antioxidant properties these findings could explain the increased oxidation resistance previously observed. Further studies in an animal model have indicated that fatty acid esters of genistein administered parenterally increase the presence of intact fatty acid esters of genistein in circulating lipoproteins. It now remains to be investigated whether fatty acid esters of genistein provide antioxidant protection in vivo. 

‘Assessment of the longer-term effects of a dietary portfolio of cholesterol-lowering foods in hyperlipidemia’ was the title of the talk by Dr Cyril Kendall 
(St Michael’s Hospital, Toronto, Canada). Referred to as the Portfolio Diet, the efficacy of the combined consumption of foods demonstrated to lower cholesterol (soya protein products, viscous fibres, almonds and plant sterol margarine) on cholesterol reduction has been investigated in a series of studies. This combination approach was initially found to reduce LDL-cholesterol by approximately 35%. In a further trial in a group of hyperlipidemic patients, who had been instructed on how to follow a self-selected dietary portfolio,  tested over one year, cholesterol reduction was found to correlate with dietary compliance. In subjects who closely followed the diet (1/3rd of subjects) clinically meaningful reductions in LDL-cholesterol of 20% were observed. A positive effect of the portfolio diet on total cholesterol, balance between total cholesterol and HDL cholesterol, Apo B and a decrease of the blood pressure has also been found.

This suggests that this approach is effective for decreasing cholesterol levels and reducing the risk of coronary heart disease in the “real world”. 

Prof. Kurt Widhalm (University of Vienna, Austria) then discussed ‘When to use soy protein or drugs in children with familial hypercholesterolemia?’ There is uncertainty as to when the prevention of premature cardiovascular disease (CVD) should start in children with familial hypercholesterolemia (FH) and polygenic hypercholester-olemia (PH). Prof Widhalm has been undertaking a trial of the long-term effects of soy in such children, as data for long-term additional benefits of soy protein are sparse. 

In phase 1 of the trial, subjects (n=23) followed a reduced and modified fat diet for 3 months and in phase 2 of the trial (n=16) Alpro soy products were substituted for animal protein with the aim of providing 0.5g soy protein/kg body weight. Phase 3 investigated if soya protein is still effective after a longer follow-up period. Subjects that entered the trial had either FH (LDL-cholesterol >155mg/dl, total cholesterol >270mg/dl, TG<100 mg/dl or positive gene analysis), or PH (LDL-cholesterol >130mg/dl) and were not on lipid lowering medication. The average age of the subjects was 7.2 years, range 5-20 years – i.e. a very young sample. 

Dietary records confirmed that the subjects were eating sufficient soy protein during phase 2 of the trial. Saturated fat intake was reduced from 45% of total fat at baseline, to 36.8% after phase 1 and to 30.7% after phase 2 (p<0.0001) and polyunsaturated fat intake increased from 19% at baseline to 25.7% after phase 1 and 33.8% after phase 2 (p<0.001). Monounsaturated fat intake remained steady ranging around 37-35% of total fat intake. 

While the phase 1 diet resulted in a significant 10-12% reduction in serum total cholesterol (p<0.0001), a significant 12% reduction in LDL-cholesterol (p<0.0001), and a 10% reduction in apolipoprotein B ((p<0.05), the phase 2 soy diet reduced total cholesterol by a further 7% (p<0.01), reduced LDL-cholesterol by a further 9% (p<0.01) and reduced apolipoprotein-B by a further 15% (p<0.001). Phase 3 indicated that the proven benefit from soy continues for more than 1 year.

There are many questions surrounding FH, including how and when patients should be screened and what markers should be used, when treatment should be started, what goals of treatment are appropriate, whether children with a gene defect should be treated more aggressively, how intensive dietary therapy should be, and when drug treatment should be started. The trial has shown that substituting soy for animal protein is of additional benefit to a low fat diet and may be a useful dietary tool for the prevention of early vascular disease in children and adolescents with FH and PH. The results of this study suggest that in many children drug treatment can be postponed by strict dietary management. 

‘Dietary isoflavones in the absence of soy protein reduce cardiovascular risk factors and this is possibly related to their chemical form in food’ was the talk given by Prof. Ken Setchel (Children's Hospital & Medical Centre, Cincinnati,USA). While studies of soy isoflavone supplements have been largely negative in their effects on cholesterol reduction, they have shown benefits on other cardiovascular risk factors. Though soy protein is thought to be the active cholesterol-lowering component of soy, there is a suggestion that the effectiveness of soy protein and isoflavones tested in isolation does not match the effects seen with whole soy foods. For example there is a significant inverse correlation between soy food intake and serum cholesterol in Asian adults. 

A recent trial in 62 patients with hypercholesterolemia has found that a naturally sourced isoflavone-enriched pasta (soy germ devoid of soy protein) lowered serum total and LDL-cholesterol by 7.3% and 8.6% respectively over a 4-week period compared with pasta that was devoid of isoflavones. This effect was lost when the test patients reverted to pasta without isoflavones. The isoflavone-enriched pasta was also associated with improvements in a marker of inflammation, in antioxidant status and in brachial artery flow-mediated dilatation. Unusually, 69% of the patients produced equol in response to the isoflavone-enriched pasta, and the most beneficial effects were seen in the equol producers. 

Prof. Mark Messina (Loma Linda University, USA) led a lunch-time workshop on the theme ‘Soyfoods deserve a place at the table’. Prof Messina believes that soyfoods warrant a larger role in Western diets, as the soybean provides high-quality protein, is low in saturated fat and cholesterol free, provides a range of vitamins and minerals and is a source of α-linolenic acid (omega-3). In addition to these nutritional attributes scientific research suggests that soyfoods and their components, especially isoflavones, have a direct role in reducing the risk of several chronic diseases such as coronary heart disease, osteoporosis and some forms of cancer. In addition, incorporating soyfoods into the diet is an excellent way to increase protein intake and research suggests that higher protein diets are more satiating and may therefore be a useful tool for weight management.  Human epidemiological and intervention studies indicate that soyfoods are safe, and Prof Messina concluded that for many reasons, soyfoods warrant an important place at the table.  

Turning to the role of soy in cognitive function Prof. Helen Kim (University of Alabama at Birmingham, USA) then discussed ‘Proteomic identification of protein oxidations in mammalian brain attenuated by grape seed and soy polyphenols: implications for cognitive health’. Common differences have been detected in brain proteins from rats fed diets supplemented with either grape-seed extract or with soy, suggesting common modes of action for these two different polyphenol rich foods. Since both soy and grape-seed extract have been suggested to have anti-oxidant activity, differences in protein oxidation were also assessed. 

The protein CKBB (the brain isoform of creatine kinase) was identified, an enzyme that is involved in ATP generation. Previous work has shown that CKBB is correlated with higher oxidation status. Results of in vitro studies on this protein were consistent with the hypothesis that oxidation adversely affects the function of physiologically important enzymes, and these are thus targets for antioxidant activities of dietary polyphenols.

Still on the topic of soy and cognitive function Dr Louise Dye (Leeds University, UK) discussed ‘The impact of soy isoflavones on cognitive function in younger and older women’. Since soy isoflavones can pass through the blood brain barrier, they can exert a central function. It is known that estrogen can modulate specific neuronal processes important to cognitive function and gender differences in cognitive performance and differences across the menstrual cycle have been observed. It is hypothesised that bioactive soy isoflavones, which mimic the effects of estrogens, may also influence cognitive function and may offer potential benefits to post-menopausal women, who commonly complain of a decline in cognitive function. However, to date only a small number of intervention studies (3 in premenopausal women and 8 in postmenopausal women) have investigated the effects of soy isoflavones on cognitive endpoints in comparison with studies done on other health effects of soy. 

A well-conducted double-blind, randomised, placebo-controlled trial in naturally cycling pre-menopausal women assessed the consumption of 68mg soy isoflavones (aglycone weight)/day, administered in a soy food matrix across two consecutive menstrual cycles, on cognitive function. Minimal benefits were observed, with only one clear effect on cognition - long-term verbal memory was improved in the first and last week of intervention.

In contrast, in a study of 21 postmenopausal women, 100mg soy isoflavones/(aglycone weight)/day taken as a supplement for 8 weeks resulted in various improvements in several parameters. These included improvements in indices of verbal learning and memory after 4 weeks, and frontal lobe functioning after 8 weeks. However visual search skills showed a decline from baseline after 4 weeks of soy isoflavones compared with placebo. 

While these studies provide some evidence of benefit to cognitive functioning, further investigation is warranted to determine whether these effects are sustainable in the longer-term. 

The final session of the first day was taken up with a reflection on the ‘Future of Soy in the European Diet’. ‘Soy health claims in Europe - where are we now and tomorrow?’ was discussed by Dr Janice Harland (HarlandHall, UK). Health claims for the cholesterol-lowering effect of soy have been approved for use on food products in the USA and in the UK . The Nutrition and Health Claims Regulation has now been adopted in Europe and is expected to enter into European regulations in mid 2007. This regulation requires ‘positive’ lists of approved health claims to be established and only claims on these lists can be used. Currently the amount of scientific evidence required to substantiate a claim is not clear ; it is expected that the cholesterol-lowering claim for soy can be used more widely across Europe. It is also possible that other beneficial functions of soy may be the subject of approved health claims.
‘Soy position and perception in the European market’ was discussed by Dr. Jo Goossens, Giract, Switzerland.  He explained that the nutrition and health market is changing and consumers’ interest is shifting towards general wellness. Health awareness is increasing but health should be ‘naturally inherent’ to food. 
Proceedings on the second day began with consideration of the role of soy and isoflavones and other constituents in cancer prevention. Prof. Herman Adlercreutz (University of Helsinki, Finland) discussed ‘The effect of short-term oral phytoestrogen supplementation on the concentration of plasma and prostate tissue ginistein and daidzein as well as on hormones of the hypothalamic-pituitary testicular axis in prostate cancer patients.’ Though prostate cancer is the most common cancer among men in the West, to date the FDA has not approved any chemopreventive agents against the disease - yet these would have the greatest impact both medically and economically. Prostate cancer rates are increasing in all countries, yet whereas the incidence of histologically diagnosed prostate cancer is about the same between Asia and the West, there is a higher rate of progression to clinical prostate cancer in the West.

Dietary factors that reduce risk of prostate cancer include vitamin E, lycopene, selenium, fibre and lignans while retinol supplements, a high totally energy intake and a high fat diet increase risk. Differences in intake of phytoestrogens are another potential etiological factor. 

Prof Adlercreutz discussed a prospective, placebo controlled, randomised trial of 240mg isoflavones (from clover) vs placebo in 40 men assigned for radical prostatectomy due to localised cancer. The isoflavones or placebo were given for two weeks before the operation. A new finding of the study was that the prostate concentrates available phytoestrogens, as both groups had concentrations of genistein and daidzein in prostate tissue over 2-fold higher than the plasma values. Pre-treatment, only 35% of patients had a detectable level of plasma equol, whereas after supplementation with isoflavones 90% had detectable levels. 

Statistically significant changes in hormone levels in the supplemented group were suggestive of compensated hypogonadism. During treatment serum equol concentration was correlated with the decrease in androgen bioactivity (r=0.586; p=0.02) suggesting that phytoestrogen treatment interferes with the hypothalamic-pituitary-testicular (HPT) axis in prostate cancer patients. 

Prof. Ben O. de Lumen (University of California, Berkeley, USA) discussed ‘Lunasin, a novel cancer preventive soy peptide’. Lunasin is a 43-amino acid peptide present in soy. It has been shown that lunasin is present in all soy genotpyes and commercial soy protein tested and is also found in wheat and barley.

One of the ways in which soy protects against cancer is through the complementary roles of lunasin and protease inhibitors present in soy. In vitro and cell culture studies have identified various possible molecular mechanisms by which lunasin exerts these effects, but further investigation is still required. A current hypothesis is that lunasin selectively kills cells undergoing transformation by binding to deacylated histones. 

This begs the question whether lunasin in the diet survives digestion and is bioavailable. Studies in which mice were fed labelled lunasin in lunasin-enriched soy have shown that lunasin was present in all tissues analysed including the brain, suggesting that lunasin crosses the blood brain barrier. Lunasin has a tendency to form a dimer and the intact dimer was recovered from mouse serum.

However it remains for bioavailability studies to be conducted in humans. How is lunasin protected from digestion? Lunasin is present in the Bowman Birk Inhibitor Concentrate (BBIC), which along with Kunitz trypsin inhibitors help to protect lunasin from digestion.

The ‘Status of current human trials utilizing Bowman Birk Inhibitor Concentrate’ was the title of a talk by Prof. Ann Kennedy (University of Pennsylvania, Philadelphia, USA). BBI is a soybean derived protease inhibitor, has anti-inflammatory properties and is a cancer preventive agent. BBI has been shown to inhibit malignant transformation of cells following a dose of irradiation and is also anti-promotional and a radio-protector for normal cells in vitro. In animals that have cancer it prevents hair and weight loss, and increases life-span. BBI prevents cancer in model systems and has thus been developed as a cancer preventive agent, in the form of BBIC and is in human clinical trials for this purpose. 

A randomised double-blind trial is also investigating the effects of BBIC in patients with benign prostatic hyperplasia, while a single-dose study has already been completed and a multiple-dose study is starting shortly in patients with prostate cancer. In cell culture studies the growth rate of BBIC-treated human prostate cancer cells was inhibited compared with control cells. 

Other human trials are investigating the effects of BBIC on gingivitis, oesophagitis, ulcerative colitis, multiple sclerosis and muscular dystrophy. BBIC has been shown to prevent muscle atrophy in an animal model of microgravity effects. The results showed a 35% sparing of muscle mass. In a model of multiple sclerosis BBIC dramatically reduced the severity or clinical score. 

BBIC has been demonstrated to inhibit the activity of several proteases, including of the major inflammatory proteases. There are high levels of proteases in the inflammatory lesions of the colon in ulcerative colitis and BBIC can knock out the proteases in such lesions. It is thought that the activities being inhibited are part of a proteolytic cascade that BBI inhibits. The cascade has not yet been named as not all of the activities have yet been identified. 

It is recognised that the intracellular effects of BBIC are also important, as well as the anti-inflammatory effects.

Consideration was then given to soy and inflammation. Prof. Dirk Haller (Technical University of Munich, Germany) discussed ‘Polyphenolic compounds and chronic inflammation: Mechanisms for the inhibition of the transcription factor NF-kB’. Inflammatory bowel disease (IBD) is influenced by both genetic susceptibility and by environmental factors such as diet, smoking and intestinal bacteria. The enteric bacteria are not all equal in their capability to trigger intestinal inflammation in the susceptible host, and while a certain type of colonic flora may induce inflammation the situation is very complex. 

It is clear that an increased association of enteric bacteria with the intestinal epithelium leads to changes in the intestinal wall that result in increased permeability of the epithelial barrier, loss of immunological tolerance and chronic inflammation. Since a key factor in these changes is the intestinal epithelial cells, they make an excellent target cell to assess the anti-inflammatory effects of specific dietary components. 

NF-kB is a very important nuclear transcription factor in the epithelial cells that contributes to inflammation and to host defence. It has a control system, is activated in the cell and is thus affected by nutrients. Increased activity of NF-kB has been observed in animal models of colitis and in patients with inflammatory bowel disease. Flavonoids, but not flavone, have been shown to inhibit 4 components of stress or cytokine-induced NF-kB signal transduction in animal models, and it remains for this to be investigated in clinical studies.

On the topic of eye function Prof. Stephen Barnes (University of Alabama at Birmingham, USA) discussed the ‘Potential role of isoflavones in the preservation of eye lens function in aging’. The cells at the centre of the lens are packed with proteins (crystallins) and this hypothesis is based on the observation that singlet oxygen from UV sunlight causes damage to these proteins. During the lifespan these proteins are only made once and therefore, since the lens is avascular, they have to be protected by antioxidants present in the fluid (aqueous humor) bathing the lens. The aqueous humor is a filtrate of blood and has a high concentration of vitamin C and glutathione. 

Cataracts are formed by the precipitation of these proteins from the cells. Since in the US, half of all people aged 70+ years are likely to need surgery for cataracts, if the process of cataract formation can be slowed down, this would have huge benefits for public health costs and would also improve quality of life for many people. 

To investigate the potential effects of soy, lens proteins from animals that had been fed on soy-enriched or control diets for 30 months (for other reasons of study) were investigated by 2D-gel electophoresis. An age-dependent loss of α- and β-crystallins was observed with the control diet, these crystallins were retained with the soy diet. These particular crystallins have chaperone activity and maintain protein solubility in the lens. 

In a further study in rats fed a diet containing 200mg of the isoflavone genistein/kg body weight/day, genistein was found to be present in the aqueous humor, while rats fed a control diet (genistein free) had no detectable genistein. This is an interesting observation since it has previously been shown that there is a high degree of synergism regarding antioxidant properties between genistein and an excess of vitamin C. Further data suggest that the transport of isoflavones or other polyphenols into the aqueous humor is associated with reduced UVA-derived singlet-oxygen-induced damage and loss of function of the lens proteins. 

No conference on soy would be complete without a review of the evidence for potential benefits of soy and bone health. Prof. John Anderson (University of North Carolina, Chapel Hill, USA) presented review findings on the ‘skeletal effects of soy and isoflavones’. While various components of soy potentially influence bone tissue (protein, isoflavones, vitamin K and possibly other nutrients and molecules) the talk was focused on isoflavones. 

Animal model studies have established that ovariectomy is necessary to show positive effects on bone, and that isoflavones alone are effective i.e. soy protein is not the active component. There is also a biphasic dose-response curve such that low and high doses are least effective.

Initial studies were of generally small size and short duration, and endpoints related to bone were secondary outcomes. However these studies were helpful in establishing effective doses of isoflavones (50-80 mg isoflavones per day) and that postmenopausal women are most likely to benefit. 

Overall, studies conducted to date show 60-80mg of isoflavones per day show a moderate but positive improvements in bone mineral content and bone mineral density after 6-12 months treatment in post-menopausal women vs placebo. Benefits on bone markers corroborate the findings on bone mass. However isoflavones are not typically as effective as hormone replacement therapy, but are not associated with side effects. Recent reports from Hong Kong suggest that postmenopausal women with low BMI or low calcium intake may benefit the most. 

There are various proposed mechanisms of action, including effects on enzymes that influence osteoclasts, effects on osteoprotegerin and other factors that slow the activities of osteoblasts, and effects on peroxisome proliferator activated receptors (PPARs), which are part of the nuclear hormone receptors family that play an important role in the regulation of metabolic processes. Overall the evidence suggests that isoflavones can act on bone cells via both genomic and non-genomic pathways.

While three longer-term trials are currently underway, more long-term evidence is needed, with larger numbers of post-menopausal women. Trials investigating combination effects with other nutrients, and trials in men, older men and equol producers are also needed. 

Prof. Mark Messina (Loma Linda University, USA) then discussed ‘Soyfoods and isoflavones for alleviating hot flushes’. The hypothesis that soyfoods containing isoflavones may contribute to the low reported incidence of hot flushes among Japanese women was initially suggested in 1992 by Prof Adlercreutz. In Western countries hot flushes usually start in women at around 50 years of age but 30% of 60-year-old women still experience hot flushes. In the USA, setting the rate of hot flushes in Caucasians at 1.00, the rate for Chinese is 0.65, for Japanese is 0.63, for Afro-Americans is 1.56, and for Hispanics is 1.10.

However in Japan, there is evidence of an increasing incidence of hot flushes in women, even though the overall rate is still low. This may be because of increasing westernisation of the diet. FAO data show that while soy protein intake has remained constant for the past 40 years at about 9g per day, soy protein as a proportion of total protein intake has decreased from 13% down to 10%. Also, soy intake in Japan varies with age, with 65 year olds having a 50% greater intake of soy vs 25-year olds. If there is a connection between the increasing incidence of hot flushes in Japanese women and a fall in soy intake, then a greater effect may be seen in the future.

At least 42 clinical trials have investigated the effects of soy or isoflavone intake on hot flush incidence in pre- and postmenopausal women. The results are generally inconsistent, but overall suggest a modest benefit. Factors potentially influencing the results include the baseline number of hot flushes (women with >5 hot flushes may have more benefit), how individuals metabolise isoflavones that may determine efficacy, and the dose of isoflavones given in the study. 

Prof Messina concluded that overall the data from clinical trials are sufficiently encouraging for health professionals to recommend that women try soy foods and isoflavones for the alleviation of menopause-related hot flushes. 

Concluding remarks of the 2 days conference referred to the international efforts to investigate nutrigenomics, to connect interactions between genes, nutrients and diseases, and this will add an exciting new dimension in the future to research on soy and health.
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