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Phyto-oestrogens are phytochemicals that have oestrogenic activity because they bear some 
 structural similarity to 17-beta oestradiol. Compounds belonging to several phytochemical  classes 
interact with oestrogen receptors, but research has focused on the isoflavones and lignans. 
 Oestrogenic isoflavones, which include genistein, daidzein and their glycosides, are mainly found 
in members of the Leguminosae (pea family) such as soya beans and red clover. Linseed (flaxseed) 
is the richest source of the oestrogenic lignans enterodiol and enterolactone, which are formed by 
gut bacterial action on the precursor phytochemical secoisolariciresinol diglucoside (SLDG) found 
in the seed.

Pharmacodynamics

Interest in the oestrogenic effects of plants first arose in the scientific world when clover  disease 
was identified in Australia in the 1940s. It was observed that infertility developed in sheep  after 
grazing on various species of clover (Trifolium species). Research interest at the time  focused on 
 understanding the factors that caused clover disease, which were identified as isoflavone  glycosides. 
It was several decades later, when results from epidemiological studies suggested that the dietary 
consumption of soya products might have a protective role in breast cancer, that  interest in the 
oestrogenic properties of isoflavones was rekindled.456

Early studies using various animal tissues demonstrated that, while isoflavones compete strongly 
with oestradiol at oestrogen receptors, their stimulation of these receptors is much weaker than 
 oestradiol.457 In other words, they were thought to act as partial oestrogen agonists that could 
 function as oestrogen agonists or antagonists depending on the hormonal milieu. The theory was 
that in a high-oestrogen environment (such as in the premenopausal woman), their displacement 
of endogenous oestrogens is postulated to have an antioestrogenic effect. In contrast, in a lower 
oestrogen environment, as in the postmenopausal woman, they were expected to provide a net 
 oestrogenic effect. While this theory still has some relevance, the situation is now known to be 
more complex.
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There are two isoforms of the (o)estrogen receptor, ERalpha and ERbeta. Their distribution and 
 density varies, depending on the target tissue. The existence of an oestrogen receptor was first 
 reported in the early 1960s. In 1996, an additional ER was discovered. This receptor was  designated 
 ERbeta and consequently the originally discovered receptor was renamed ERalpha.458 Both  ERalpha 
and ERbeta may coexist in a tissue and relevant proportions often vary. ERalpha is the dominant 
 receptor in the adult uterus. ERbeta is expressed in high levels in prostate, salivary glands, testis, 
ovary, vascular endothelium, bone, smooth muscle, certain neurons in the central and peripheral 
nervous system and the immune system.459 Both isoforms are present in the female breast and 
 reproductive tissue.460 

Each of the oestrogen receptors may influence the function of the other. The effects of  substances 
that interact with receptors when both forms are present are complex.460 It is hypothesised that 
ERbeta may modulate, even antagonise, the actions of ERalpha.461 For example, in the breast 
ERalpha and ERbeta exhibit opposing functions in cell proliferation: ERalpha promotes  epithelial 
 proliferation, whereas ERbeta has a restraining influence.462 Other studies suggest several  possible 
interactions for the two receptors: antagonistic, synergistic and sequential.463

The female sex hormones (the oestrogens) consist of 17beta-oestradiol, oestrone and oestriol. 
 Oestradiol binds to ERalpha and ERbeta with equal affinity.464 The isoflavone phyto-oestrogen 
 genistein has greater binding affinity for ERbeta than ERalpha. This preferential binding of  genistein 
to ERbeta indicates such isoflavones probably produce pharmacological and clinical effects  quite 
distinct from oestrogens. In particular, they tend to exhibit antiproliferative activity.464 Other 
 isoflavone phyto-oestrogens also bind more strongly to ERbeta.465

Furthermore, isoflavones bind to ERs with a much lower affinity than oestrogens and therefore 
 produce less potent responses.466,467 However, they initiate greater gene transcription of ERalpha 
compared to ERbeta.467

As noted above, isoflavones and other phyto-oestrogens are thought to compete with  oestradiol 
for binding and activation of ERs,460 potentially decreasing the effect of oestradiol in vivo in some 
 circumstances. However, there have been some in vitro results to the contrary.468 The effect 
 depends on the doses (of both phyto-oestrogens and oestradiol). In a pilot study, a soy protein 
isolate  containing isoflavones (120 mg/day) taken for 6 months did not prevent oestradiol-induced 
endometrial hyperplasia in postmenopausal women.469 (But interestly, there was also no additive 
effect.)

Research on selective (o)estrogen receptor modulators (SERMs) such as tamoxifen has  provided 
more insights into how non-steroidal molecules can interact with the oestrogen receptor. A  summary 
of the knowledge thus far is that once a SERM binds to the ER it causes a change in its shape. 
This  allows recruitment of co-activators if it is destined to elicit an oestrogenic response, or co- 
repressors if its response is anti-oestrogenic. The binding of the coregulatory molecules leads to 
the activation of the promoter sequence of the oestrogenic responsive gene. Isoflavones have been 
proposed as natural SERMs.465
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Studies have found that isoflavones have both agonistic and antagonistic effects, though they 
are strong ER-beta agonists and weak ER-alpha agonists. The presence of a correctly positioned 
 phenolic ring and also the distance between the two opposing phenolic oxygens in the isoflavones 
structure is similar to that of 17 beta-oestradiol. This similarity allows the isoflavones to bind to 
the ER, effectively displacing 17 beta-oestradiol. This action may help explain how phytoestrogens 
help protect against breast cancer, because ER-beta inhibits mammary cell growth as well as the 
stimulatory effects of ER-alpha.465 As with the SERMs, studies have shown that the recruitment 
of coregulatory molecules may be important in determining the function of phyto-oestrogens. In 
particular, isoflavones appear to trigger selectively ER-beta transcriptional pathways, especially 
transcriptional repression.465

The in vitro and in vivo studies on phyto-oestrogens can be divided into 3 general categories: 
 chemoprevention, treatment effects and lifetime exposure studies (in vivo only).465 This literature 
is so vast that a thorough review is beyond the scope of this primer. However, one aspect worth 
 emphasising is that isoflavones have been shown to prevent cancer or inhibit cancer cell lines in 
a variety of models.470,471 Another is that isoflavones exert favourable effects in vivo and in  vitro 
on parameters relevant to cardiovascular risk including insulin resistance, lipid  peroxidation, 
 haemostasis and endothelial function.472 Probably of greater relevance are the many human  studies 
of the  impact of phyto-oestrogens on various health outcomes or parameters. Some of the key 
 findings of these studies are outlined below, in a brief review of reviews.

A meta-analysis concluded that soya isoflavone consumption was associated with a reduced risk of 
breast cancer, but this protective effect has only been observed in studies in Asian populations.473 
Soya isoflavone intake was also inversely associated with the risk of breast cancer recurrence. 
 Moderate consumption of isoflavones in diet does not increase the risk of breast cancer  recurrence 
in Western women who have survived breast cancer, and Asian breast cancer survivors exhibit 
 better prognosis if they continue consuming a soya diet.474

Results from Asian epidemiological studies suggest a beneficial impact of isoflavones on bone 
 health.475 However, clinical trials have yielded conflicting results on bone mineral  density and  turnover 
markers that may reflect on differences in study parameters, type and dose of phyto- oestrogen 
used and the variable metabolism of isoflavones, especially in terms of equol  production.475

A systematic review and meta-analysis of soya isoflavones versus placebo in the treatment of 
 menopausal vasomotor symptoms concluded that there was a significant tendency in favour of 
soya.476 Another meta-analysis found that consumption of 30 mg/day of soya isoflavones (or at 
least 15 mg genistein) reduced menopausal hot flushes by up to 50%.477 Individual responses in 
menopause could be determined by bioavailability and metabolism, especially to equol.478

The published effects of isoflavones on circulating hormones in pre- and post-menopausal  women 
were the subject of a systematic review and meta-analysis.479 In all, 47 studies were included. 
In pre-menopausal women, meta-analysis suggested that isoflavone consumption did not affect 
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 levels of oestradiol, oestrone or sex hormone binding globulin (SHBG), but did significantly reduce 
FSH and LH (by about 20%). In post-menopausal women there was no impact of isoflavones on any 
of these hormones, although there was a 14% non-significant increase in oestradiol.

Epidemiological studies indicate that soya isoflavone consumption is possibly protective against 
prostate cancer.480 There is also some suggestion from clinical trials that isoflavones can slow the 
disease progression.481

Isoflavone intake appears to confer cardiovascular benefits that may or may not be related to their 
phyto-oestrogenic properties. One systematic review identified improvement in arterial  stiffness482 
and another used meta-analysis to establish a small reduction in blood pressure.483 Soya 
 isoflavone intake improved flow mediated dilation (an indicator of cardiovascular health)  based on 
a  meta-analysis of randomised, controlled clinical trials.484

Intestinal metabolism of isoflavones to their aglycone form is crucial for ensuring  bioavailability 
and therapeutic activity. In other words, the intestinal microflora is pivotal in the metabolism 
of  oestrogenic isoflavones. Individual differences in intestinal microflora have been proposed 
as a possible reason why there is some inconsistency in the clinical effects of isoflavones.485 
In  particular, daidzein is further metabolised by gut microflora to produce equol, a more active 
 oestrogenic  compound. There are large individual variances in the capacity to produce equol and 
hence  possibly a therapeutic effect. Dietary fat consumption is known to reduce this capacity.486 On 
the other hand, dietary supplementation with fructo-oligosaccharides such as inulin is known to 
increase equol.487

In contrast to the isoflavones, research on the oestrogenic lignans enterolactone and enterodiol 
has not been as extensive. Initial interest in these compounds resulted from the observation in the 
early 1980s that their urinary levels in menstruating women exhibited a cyclic pattern during the 
menstrual cycle, with maximum excretion in the luteal phase.488 The relatively high concentrations 
of these new lignans in urine, their cyclic pattern of excretion and their increased excretion in early 
pregnancy suggested that they were a new class of human hormone. It transpired what had been 
found was a plant chemical modified by bacteria in the human digestive tract.488 Selective  antibiotic 
administration to humans suppressed oestrogenic lignan formation.488

Enterolactone, like isoflavones, inhibits oestradiol-stimulated breast cancer cell growth in  vitro.489 
Lignan ingestion has been associated with increased concentrations of SHBG, but this was not 
 confirmed in clinical studies.489,490,491 Linseed intake by normal premenopausal women was 
 consistently associated with longer luteal phase (LP) lengths and higher ratios of LP  progesterone 
to  oestradiol.489 These findings may reflect favourably on breast cancer risk. An earlier animal 
 study found that linseed supplementation reduced early risk markers for breast cancer.492 Dietary 
 studies and assays of urinary lignans in postmenopausal women have found that lignan excretion 
is  significantly lower in the urine of women with breast cancer,493 although the situation is not as 
clear from recent prospective cohort studies.494
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In more recent times, the health effects of linseed and SLDG supplementation have been  investigated 
in a number of clinical trials. Results of trials involving whole linseed are confounded by its content 
of mucilage and fixed oil (rich in omega-3 fatty acids), especially the trials investigating its impact 
on blood lipids or glucose.

The following is obviously not a comprehensive review of the clinical data for linseed and its 
 lignans and focuses on hormonal effects. Linseed (25 g/d) altered oestrogen metabolism more 
than soya (25 g/d), and significantly shifted oestrogen metabolites to less biologically active forms 
( 2-hydroxyoestrone) in post-menopausal women.495 This was confirmed in other clinical trials at 10 
g/d, in pre- and post-menopausal women.496,497 At 10 g/d linseed decreased endogenous  oestrogen 
levels and increased prolactin in post-menopausal women.491 Linseed supplementation does not 
appear to benefit menopausal symptoms, although more studies are necessary.498

Adverse reactions and toxicology

Epidemiological studies have not found adverse effects from the dietary consumption of  isoflavones 
or lignans. However, when quantities well above dietary exposure are used in a  therapeutic 
 context, adverse events might well ensue. As noted above, the phyto-oestrogens are partial 
 oestrogen  agonists similar to the drug tamoxifen. Research has shown that while tamoxifen has 
potential for  preventing breast cancer and cardiovascular disease, its use increases the risk of 
 developing  endometrial  cancer. Moreover, concurrent intake of phyto-oestrogens and tamoxifen 
may reduce the therapeutic effects of the drug in breast cancer. For this reason, and because of the 
 observation that phyto-oestrogens can stimulate the growth of oestrogen-dependent tumours in 
some  circumstances, intake of these phytochemicals should be limited to dietary levels in  women 
with oestrogen-sensitive breast cancers until clinical studies suggest otherwise. Such data are 
 beginning to emerge (see the discussion on breast cancer risk below).

Controversy has arisen over the possible adverse effects of soya-based infant milk formulas. One 
earlier study found that infant exposure to isoflavones from these products was relatively much 
 greater than levels shown to alter reproductive hormones in adults.499 It was suggested that further 
studies of possible developmental effects are highly desirable.

On the other hand, studies in males have found no indication of adverse effects. For example, 
a 2010 review found no evidence from rodent studies and 9 clinical trials that isoflavone  intake 
 impacted oestrogen levels in males. Clinical evidence also indicates no impact on sperm and  semen 
 parameters in men.500 In addition, a meta-analysis that included 15 placebo-controlled  clinical  trials 
found that neither soya nor isoflavones altered testosterone parameters in men.501

While the epidemiological evidence suggests that a lifetime of moderate to high isoflavone intake 
is protective against breast cancer incidence in women, the impact of such intake commenced later 
in life is uncertain. Concerns have been raised that a later intake of high levels of  phyto-oestrogens 
might in fact increase the risk of oestrogen-associated cancers. However, these fears are not 
 supported by the available data.
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Mammographic density may be a predictor of breast cancer risk. Women with a high  percentage of 
dense tissue are at 4-fold greater risk of breast cancer. Mammographic parenchymal patterns assess 
the variation between radiological appearances: fat appears dark, epithelium and stroma  appear 
light. Percent density is the ratio of dense area and breast area. A meta-analysis of  randomised, 
controlled, clinical trials on soya and red clover (Trifolium pratense) isoflavones found no impact on 
mammographic breast density in post-menopausal women.502 However, isoflavones may cause a 
small increase in breast density in pre-menopausal women, which is of uncertain clinical relevance. 
An epidemiological study in 3315 Chinese women in Singapore found no significant impact of soya 
intake on breast density, with the suggestion of a possible reduction.503

The results of a case-control study involving nearly 800 participants conducted in New Jersey and 
published in 2009 suggest a reduction in endometrial cancer risk with intake of foods  containing 
isoflavones (but not lignans) in lean women. Four case-control studies prior to this reported 
 conflicting results for the role of dietary phyto-oestrogens in endometrial cancer risk, although 
 there was a suggestion of a reduced risk for soya foods.504

A Cochrane meta-analysis of randomised, controlled clinical trials published to March 2007 
 investigating relief of menopausal symptoms found no evidence that food or supplements  containing 
phytoestrogens caused estrogenic stimulation of the endometrium when used for up to two years. 
Trials of women who had breast cancer or a history of breast cancer were excluded.505 The dosage 
of isoflavones was 50 to 120 mg/day, with many of the soya products containing soya protein.

One concern is that isoflavones may adversely affect thyroid function and interfere with the 
 absorption of synthetic thyroid hormone. A 2006 review evaluated the relevant literature  describing 
the effects of soya on thyroid function.506 In total, 14 trials (thyroid function was not the primary 
 health  outcome in any trial) were identified where the effects of soya foods or isoflavones on at least 
one measure of thyroid function was assessed in presumably healthy people. Eight  involved women 
only, four involved men, and two both men and women. With only one exception, no  effects or only 
very modest changes were noted in these trials. Collectively, the findings provide little  evidence that 
soya foods or isoflavones adversely affect thyroid function in euthyroid,  iodine- replete individuals. 
In contrast, some evidence suggests that soya, by inhibiting absorption, may increase the dose of 
thyroid hormone required by hypothyroid patients. In addition, there remains a theoretical concern 
based on in vitro and animal data that isoflavone intake by individuals with compromised thyroid 
function and/or marginal iodine intake may increase the risk of developing clinical hypothyroidism.

References

456.   Messina M. A brief historical overview of the past two decades of soy and isoflavone research. 
J Nutr 140(7): 1350S-1354S, 2010.

457.   Molteni A, Brizio-Molteni L, Persky V. In vitro hormonal effects of soybean isoflavones. J Nutr 
125: 751S–756S, 1995.

458.   Zhao C, Dahlman-Wright K, Gustafsson JA. Estrogen receptor beta: an overview and update. 
Nucl Recept Signal 6: e003, 2008/



7SOW Nutritional Systems, LLC. © 2019

These statements have not been evaluated by the Food & Drug Administration.
This course is not intended to diagnose, treat, cure or prevent any disease.

459.   Koehler KF, Helguero LA, Haldosen LA et al. Reflections on the discovery and significance of 
estrogen receptor beta. Endocr Rev 26(3): 465-478, 2005.

460.   Benassayag C, Perrot-Applanat M, Ferre F. Phytoestrogens as modulators of steroid action in 
target cells. J Chromatogr B Analyt Technol Biomed Life Sci 777(1-2): 233-248, 2002.

461.   Gustafsson JA. ERbeta scientific visions translate to clinical uses. Climacteric 9(3): 156-160, 
2006.

462.   McCarty MF. Isoflavones made simple - genistein‘s agonist activity for the beta-type estrogen 
receptor mediates their health benefits. Med Hypotheses 66(6): 1093-1114, 2006.

463.   Rissman EF. Roles of oestrogen receptors alpha and beta in behavioural neuroendocrinology: 
beyond Yin/Yang. J Neuroendocrinol 20(6): 873-879, 2008.

464.   Turner JV, Agatonovic-Kustrin S, Glass BD. Molecular aspects of phytoestrogen selective  
binding at estrogen receptors. J Pharm Sci 96(8): 1879-1885, 2007.

465.   Oseni T, Patel R, Pyle J et al. Selective estrogen receptor modulators and phytoestrogens.  
Planta Med 74(13): 1656-1665, 2008.

466.   Jeng YJ, Kochukov MY, Watson CS. Membrane estrogen receptor-alpha-mediated nongenomic 
actions of phytoestrogens in GH3/B6/F10 pituitary tumor cells. J Mol Signal 4: 2, 2009.

467.   Wuttke W, Jarry H, Seidlova-Wuttke D. Isoflavones--safe food additives or dangerous drugs? 
Ageing Res Rev 6(2): 150-188, 2007.

468.   Casanova M, You L, Gaido KW et al. Developmental effects of dietary phytoestrogens in  
Sprague-Dawley rats and interactions of genistein and daidzein with rat estrogen receptors 
alpha and beta in vitro. Toxicol Sci 51(2): 236-244, 1999.

469.   Murray MJ, Meyer WR, Lessey BA et al. Soy protein isolate with isoflavones does not  
prevent estradiol-induced endometrial hyperplasia in postmenopausal women: a pilot trial.  
Menopause 10(5): 456-464, 2003.

470.   Pavese JM, Farmer RL, Bergan RC. Inhibition of cancer cell invasion and metastasis by  genistein. 
Cancer Metastasis Rev 29(3): 465-482, 2010.

471.   Virk-Baker MK, Nagy TR, Barnes S. Role of phytoestrogens in cancer therapy. Planta Med 
76(11): 1132-1142, 2010.

472.   Cano A, García-Pérez MA, Tarín JJ. Isoflavones and cardiovascular disease. Maturitas 67(3): 
219-226, 2010.

473.   Dong JY, Qin LQ. Soy isoflavones consumption and risk of breast cancer incidence or   
recurrence: a meta-analysis of prospective studies. Breast Cancer Res Treat 125(2): 315-323, 
2011.

474.   Hilakivi-Clarke L, Andrade JE, Helferich W. Is soy consumption good or bad for the breast?  
J Nutr 140(12): 2326S-2334S, 2010.

475.   Lagari VS, Levis S. Phytoestrogens and bone health. Curr Opin Endocrinol Diabetes Obes 17(6): 
546-553, 2010.

476.   Bolaños R, Del Castillo A, Francia J. Soy isoflavones versus placebo in the treatment of 
 climacteric vasomotor symptoms: systematic review and meta-analysis. Menopause 17(3): 
660-666, 2010.



8SOW Nutritional Systems, LLC. © 2019

These statements have not been evaluated by the Food & Drug Administration.
This course is not intended to diagnose, treat, cure or prevent any disease.

477.   Kurzer MS. Soy consumption for reduction of menopausal symptoms. Inflammopharmacology 
16(5): 227-229, 2008.

478.   de Cremoux P, This P, Leclercq G et al. Controversies concerning the use of phytoestrogens in 
menopause management: bioavailability and metabolism. Maturitas 65(4): 334-339, 2010.

479.   Hooper L, Ryder JJ, Kurzer MS et al. Effects of soy protein and isoflavones on circulating hormone 
concentrations in pre- and post-menopausal women: a systematic review and  meta- analysis. 
Hum Reprod Update 15(4): 423-440, 2009.

480.   Kim J. Protective effects of Asian dietary items on cancers - soy and ginseng. Asian Pac J  Cancer 
Prev 9(4): 543-548, 2008.

481.   Van Patten CL, de Boer JG, Tomlinson Guns ES. Diet and dietary supplement intervention trials 
for the prevention of prostate cancer recurrence: a review of the randomized controlled trial 
evidence. J Urol 180(6): 2314-2321, 2008.

482.   Pase MP, Grima NA, Sarris J. The effects of dietary and nutrient interventions on arterial 
 stiffness: a systematic review. Am J Clin Nutr 93(2): 446-454, 2011.

483.   Taku K, Lin N, Cai D et al. Effects of soy isoflavone extract supplements on blood pressure in 
adult humans: systematic review and meta-analysis of randomized placebo-controlled trials. 
J Hypertens 28(10): 1971-1982, 2010.

484.   Beavers DP, Beavers KM, Miller M et al. Exposure to isoflavone-containing soy products and 
endothelial function: A Bayesian meta-analysis of randomized controlled trials. Nutr Metab 
Cardiovasc Dis 2010, [Epub ahead of print].

485.   Vatanparast H, Chilibeck PD. Does the Effect of Soy Phytoestrogens on Bone in  Postmenopausal 
Women Depend on the Equol-Producing Phenotype? Nutr Rev 65(6): 294-299, 2007.

486.   Rowland IR, Wiseman H, Sanders TAB. Interindividual Variations in Metabolism of Soy 
 Isoflavones and Lignans: Influence of Habitual Diet on Equol Production by the Gut Microflora. 
Nutr Cancer 36(1): 27-32, 2000.

487.   Tokunaga T. Novel physiological functions of fructooligosaccharides. Biofactors 21(1-4): 89-
94, 2004.

488.   Setchell KDR, Lawson AM, Borriello SP et al. Lignan formation in man – microbial involvement 
and possible roles in relation to cancer. Lancet 2: 4–7, 1981.

489.   Phipps WR, Martini MC, Lampe JW et al. Effect of flax seed ingestion on the menstrual cycle.  
J Clin Endocrinol Metab 77(5): 1215–1219, 1993.

490.   Frische EJ, Hutchins AM, Martini MC et al. Effect of flaxseed and wheat bran on serum  hormones 
and lignan excretion in premenopausal women. J Am Coll Nutr 22(6): 550-554, 2003.

491.   Hutchins AM, Martini MC, Olson BA et al. Flaxseed consumption influences endogenous 
 hormone concentrations in postmenopausal women. Nutr Cancer 39(1): 58-65, 2001.

492.   Serraino M, Thompson LU. The effect of flaxseed supplementation on early risk markers for 
mammary carcinogenesis. Cancer Letters 60: 135–142, 1991.

493.   Adlercreutz H, Fotsis T, Heikkinen R et al. Excretion of the lignans enterolactone and  enterodiol 
and of equol in omnivorous and vegetarian postmenopausal women and in women with breast 
cancer. Lancet 2: 1295–1299, 1982.



9SOW Nutritional Systems, LLC. © 2019

These statements have not been evaluated by the Food & Drug Administration.
This course is not intended to diagnose, treat, cure or prevent any disease.

494.   Sonestedt E, Wirfält E. Enterolactone and breast cancer: methodological issues may  contribute 
to conflicting results in observational studies. Nutr Res 30(10): 667-677, 2010.

495.   Brooks JD, Ward WE, Lewis JE et al. Supplementation with flaxseed alters estrogen  metabolism 
in postmenopausal women to a greater extent than does supplementation with an equal 
amount of soy. Am J Clin Nutr 79(2): 318-325, 2004.

496.   Haggans CJ, Travelli EJ, Thomas W et al. The effect of flaxseed and wheat bran consumption 
on urinary estrogen metabolites in premenopausal women. Cancer Epidemiol Biomarkers Prev 
;9(7): 719-725, 2000.

497.   Haggans CJ, Hutchins AM, Olson BA et al. Effect of flaxseed consumption on urinary estrogen 
metabolites in postmenopausal women. Nutr Cancer 33(2): 188-195, 1999.

498.   Simbalista RL, Sauerbronn AV, Aldrighi JM et al. Consumption of a flaxseed-rich food is not 
more effective than a placebo in alleviating the climacteric symptoms of postmenopausal 
women. J Nutr 140(2): 293-297, 2010.

499.   Irvine CHG, Fitzpatrick MG, Alexander SL. Phytoestrogens in soy-based infant foods: 
 concentrations, daily intake, and possible biological effects. Proc Soc Exp Biol Med 217: 247–
253, 1998.

500.   Messina M. Soybean isoflavone exposure does not have feminizing effects on men: a critical 
examination of the clinical evidence. Fertil Steril 93(7): 2095-2104, 2010.

501.   Hamilton-Reeves JM, Vazquez G, Duval SJ et al. Clinical studies show no effects of soy  protein 
or isoflavones on reproductive hormones in men: results of a meta-analysis. Fertil Steril 94(3): 
997-1007, 2010.

502.   Hooper L, Madhavan G, Tice JA et al. Effects of isoflavones on breast density in pre- and 
post-menopausal women: a systematic review and meta-analysis of randomized controlled 
trials. Hum Reprod Update 16(6): 745-760, 2010.

503.   Wu AH, Ursin G, Koh WP et al. Green tea, soy, and mammographic density in Singapore  Chinese 
women. Cancer Epidemiol Biomarkers Prev 17(12): 3358-3365, 2008.

504.   Bandera EV, Williams MG, Sima C et al. Cancer Causes Control 20(7): 1117-1127, 2009.

505.  Lethaby AE, Brown J, Marjoribanks J et al. Cochrane Database Syst Rev (4): CD001395, 2007.

506.   Messina M, Redmond G. Effects of soy protein and soybean isoflavones on thyroid function 
in healthy adults and hypothyroid patients: a review of the relevant literature. Thyroid 16(3): 
249-258, 2006.


