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Abstract

Objective—To determine whether isoflavones affect depressive symptoms in women.

Methods—Literature searches were conducted to identify clinical and epidemiologic studies that 

evaluated the impact of soy intake and isoflavone exposure on depressive symptoms. References 

from identified studies were also evaluated to identify eligible studies.

Results—Only limited epidemiologic research has evaluated the impact of soy or isoflavone 

intake on depression although several studies from China and Japan did find soy product intake 

was inversely related to risk of depression. However, often times, soy was evaluated only as a 

component of a summative dietary pattern (e.g., a “Japanese” or “Healthy” diet). Of the 20 

intervention studies identified, roughly half found statistically significant reductions in depressive 

symptoms in response to isoflavones although several had design weakness. Of those studies 

reporting a lack of antidepressant effects of isoflavones, design limitations likely contributed to the 

lack of efficacy. In all but two trials, assessment of depression was, however, a secondary outcome. 

It is notable that both trials in which depression was a primary outcome found isoflavones 

significantly improved symptoms.

Conclusions—Although the data are inconsistent and limited, the clinical and epidemiologic 

evidence suggests that isoflavones may offer a safe, well-tolerated option for management of 

depression. Furthermore, the intervention doses used in the clinical studies fall well within the 

dietary range. The extant literature reveals key design features for future studies, which based 

upon the results of this review, are clearly warranted.

Summary for table of contents

Soybean isoflavones are purported to have a number of health benefits. Although still speculative, 

the conclusion of this review is that the epidemiologic and clinical evidence indicates 

improvements in mental health may be one of them.
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Introduction

Depression is a commonly occurring disorder associated with diminished quality of life and 

increased morbidity and mortality.1,2 The World Health Organization (WHO) ranks 

depression as the fourth leading cause of disability worldwide and projects that by 2020, it 

will be the second leading cause.3 Importantly, morbidity and mortality associated with 

chronic diseases such as coronary heart disease and cancer are more prevalent among 

individuals who are depressed.4,5 Depression is an especially key concern for females; in 

fact, depression was recently cited as one of the 11 most important health issues facing peri- 

and postmenopausal women.6 Younger people are also subject to depression; among US 

college students, 13.5% reported that depression adversely affected their academic 

performance.7 Altogether, depression is a major health concern, affecting individuals across 

the lifespan. This point is certainly supported by the recent recommendation of the US 

Preventive Services Task Force to screen for depression among all adults.8

Epidemiologic studies indicate that many depressed individuals do not seek treatment for 

their condition,9 and that fewer than half of those treated with pharmaco- and 

psychotherapies, achieve remission.10 Adherence is low for a combination of reasons, 

including patient and provider factors, and medication side effects.11 Thus, there is a need 

for identifying lifestyle approaches that can help to prevent the development of depression 

and reduce existing depressive symptoms.

There is emerging evidence that diet may be one such approach. Recently, a group of 

academics concluded that “diet is as important to psychiatry as it is to cardiology, 

endocrinology, and gastroenterology.”12 A number of dietary patterns, foods and nutrients, 

and dietary constituents have been linked with mental health. One class of dietary 

constituents that has received attention in recent years for its possible antidepressant effects 

is isoflavones, compounds which are found primarily in soyfoods. The current paper reviews 

the impact of soy and isoflavone intake on depression, with an emphasis placed on the 

clinical research. Before reviewing this relationship, background information on diet and 

depression and isoflavones is provided.

Prevalence of depression

According to the WHO 350 million people suffer from depression13 although rates of 

depression differ markedly among countries and regions of the world.14 An analysis by 

Moussavi et al.15 of the World Health Survey across 60 countries, found that the 12-month 

prevalence for ICD-10 (10th revision of the International Statistical Classification of 

Diseases and Related Health Problems) diagnosis of depressive episode averaged 3.2% in 

participants without comorbid physical disease and 9.3 to 23.0% in participants with chronic 

conditions. Ferrari et al.14 reported that in 2010, depressive disorders were the second 

leading cause of years lived with disability (YLD); major depressive disorder (MDD) 

accounted for 8.2% (5.9-10.8%) of global YLDs and dysthymia for 1.4% (0.9-2.0%).

In the United States, the estimated prevalence of depression varies widely but appears to be 

increasing. For example, data on adults aged 18 years and older who participated in the 2006 
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Behavioral Risk Factor Surveillance System (BRFSS) (n=198,678) reveal a depression 

prevalence of 9.68% versus a prevalence of 6.13% among 4,800 individuals who 

participated in the 2005-2006 National Health and Nutrition Examination Survey 

(NHANES).16 Although, both surveys used the 8-item Patient Health Questionnaire to 

detect depression, the studies differed in administration methods. The BRFSS used 

computer-assisted telephone interviewing whereas NHANES used computer-assisted 

personal interviewing. When medication usage is used as an indicator, the data suggest that 

prevalence of depression in the United States is rising; the rate of antidepressant treatment 

increased from 5.8% in 1996 to 10.1% in 2005 or from 13.3 to 27.0 million persons.17

Strikingly, there is an approximate two-fold female-male disparity in the prevalence of 

depression.18 Beyond gender, a number of other sub-population groups have been identified 

as being at greater risk for depression. For example, the prevalence of depression is higher 

among US whites than blacks.19 Also, individuals who are separated or divorced have 

significantly higher rates of major depression than the currently married.20,21 Evidence 

indicates that younger people are affected by depression similar to adults. A nationally 

representative survey of 10,123 US adolescents aged 13 to 18 years found that lifetime and 

12-month prevalence of MDD were 11.0% and 7.5%, respectively and corresponding rates 

of severe MDD were 3.0% and 2.3%, respectively.22

Finally, age also influences risk of having major depression as the prevalence generally goes 

down with age.20,21 Aging does bring numerous risk factors for depression, including 

chronic medical illnesses, alterations in neurotransmitters resulting from neurological 

diseases like Parkinson's and Alzheimer's disease, and numerous psycho-social changes 

(e.g., caregiving, loss of support systems and role changes).23 Nevertheless, in general 

happiness increases as we age; thus prevalence of depression declines.21

Diet and Depression

As noted at the onset, there is an increasing recognition of a link between diet and mental 

health. Fittingly, a set of dietary recommendations for the prevention of depression was 

recently issued by a group of Australian and European investigators.24 These 

recommendations, however, do not seem to be specific to depression as they are similar to 

the general recommendations for a healthy diet. The recommendation to eat fruits and 

vegetables for the prevention of depression noted by Opie et al.24 is supported by the results 

of a recent meta-analysis of observational studies involving over 200,000 individuals.25 An 

earlier publication by Opie et al.26 concluded that “effective dietary interventions were based 

on a single delivery mode, employed a dietitian and were less likely to recommend reducing 

red meat intake, select leaner meat products or follow a low-cholesterol diet.”26

Although Opie et al.24 emphasized the importance of recognizing that antidepressant effects 

of diet are likely to come from the “cumulative and synergic effect of nutrients that comprise 

the whole-diet, rather than from the effects of individual nutrients or single foods,” the 

intake of a number of individual dietary constituents has been associated with depression. 

For example, an analysis of over 40,000 women participating in the Iowa Women's Health 

Study found that women who consumed <400 IU/day of vitamin D had significantly lower 

mental health-related quality of life compared to those who consumed ≥400 IU/day.27 Also, 
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a 2015 systematic review and meta-analysis found that low serum folate and vitamin B12 

levels are associated with depression in the aged although the association with the latter may 

only exist for women.28

A Japanese study which included 537 men and women aged 20-68 years found green tea and 

coffee consumption was inversely related to depressive symptoms, a benefit which could 

result from caffeine exposure.29 Fish consumption may also be protective against depression 

according to the results of a meta-analysis of 26 epidemiologic studies.30 The benefit of fish 

may be due to the greater intake of the long-chain omega-3 fatty acids since 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) may exert anti-inflammatory 

effects31 and some evidence indicates that inflammation is involved in the etiology of 

depression, although the exact role of and mechanisms associated with inflammation remain 

to be determined.32-34 Interestingly, a recent Japanese cross-sectional study found that even 

among a population with higher blood levels of long-chain omega-3 fatty acids, serum levels 

of EPA and DHA were inversely associated with depressive symptoms in community 

dwellers.35 In contrast, a recent Cochrane review found only a modest benefit of omega-3 

fatty acid supplementation.36

The finding that fish intake is protective against depression and that low serum vitamin B12 

levels increase risk is interesting in light of the findings by Beezhold et al.37,38 that 

following a vegetarian diet is associated with healthy mood states given the lack of fish 

consumption by those adhering to this dietary pattern and that vegetarian vitamin B12 levels 

are lower than that of omnivores.39 In one study by this group, the intake of both the 

omega-6 essential fatty acid linoleic acid and the omega-3 essential fatty acid alpha-linolenic 

acid was associated with better mood.37 A pilot study by these authors reported that 

restriction of meat, fish, and poultry in omnivores improved some domains of short-term 

mood state.40 However, a number of other studies report vegetarians are more likely to be 

depressed and have mental health issues although there appears to be little causal connection 

between vegetarian dietary pattern and depression.41-46

The type and amount of dietary carbohydrate may affect depression according to the results 

of the Women's Health Initiative Observational Study.47 Among, approximately, 70,000 

women participating in this study, a higher dietary glycemic index was associated with 

increasing odds of incident depression. Progressively higher consumption of dietary added 

sugars was also linked to increased risk whereas higher consumption of lactose, fiber, 

nonjuice fruit, and vegetables was significantly protective against depression. The 

connection between diet and depression may exist at least in part because of the effects of 

diet on the microbiome.48 According to Dash et al.,49 “there is compelling preclinical 

evidence that the gut microbiota can influence behaviors of relevance to anxiety, and that 

manipulation of the gut microbiota with specific probiotics or with antibiotics can influence 

depression-like behaviors.”

Finally, it is important to consider the possibility that reverse causality could underlie 

associations between diet and depression noted in epidemiologic studies.50 That is, a change 

in dietary choices could be prompted by depressive symptoms. Diminished appetite is a 

symptom of major depression for many and there is also evidence that some people with 
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depression are more likely to consume high-fat and high-sugar foods51 and fewer fruits and 

vegetables than their non-depressed counterparts.52 However, an analysis of data from the 

Personality and Total Health (PATH) Through Life Study found that while current 

depression is associated with poorer dietary habits, a history of depression may prompt 

healthier dietary behaviors in the long term. Consequently, the authors of this analysis 

concluded that “clinicians should advocate dietary improvement for their patients with 

depression and should not be pessimistic about the likelihood of adherence to such 

recommendations.”50

Hormones and Depression

The higher prevalence of depression among women compared to men suggests that 

reproductive hormones may be involved in the etiology of this disease. To this point, 

changes in estradiol and progesterone are thought to precipitate postpartum depression, 

which affects at least 10% of childbearing women.53 Also, longitudinal studies suggest that 

menopause is a period of risk for new onset or recurrent depression for some women.54-56 

According to Freeman et al.,57 both hot flashes and depressive symptoms occur early in the 

menopausal transition, although depressive symptoms are more likely to precede hot flashes, 

suggesting dissociation between climacteric symptoms and depression.

In support of a hormonal involvement in the development of depression is the conclusion of 

a meta-analysis of clinical studies that hormone therapy is effective in reducing depressed 

mood among peri- and postmenopausal women.58 Although a subsequently published 

narrative review reached a similar conclusion,59 and a recent large trial found a reduction in 

depressive symptoms in response to one form of hormone therapy,60 the data are not 

consistent in this regard.61

The possible role of hormones in the etiology of depression and the efficacy of estrogen for 

the treatment of this disease, at least in peri- and postmenopausal women, provide grounds 

for speculating that soybean isoflavones may affect mental health overall and depression in 

particular

Isoflavones

Among commonly consumed foods, only the soybean contains physiologically relevant 

amounts isoflavones. This point is illustrated by the mean daily isoflavone intake of 30 to 50 

mg among older individuals in Japan62 whereas in the United States63 and Europe,64 per 

capita intake is less than 3 mg. Isoflavones have a similar chemical structure to estrogen, 

bind to estrogen receptors (ERs), and exert estrogen-like effects under certain experimental 

conditions. For these reasons, they are classified as phytoestrogens.65 However, isoflavones 

are also classified as selective estrogen receptor modulators (SERMs).66 SERMs, which 

include the breast cancer chemotherapies tamoxifen and raloxifene, are selective for tissue 

type; depending upon the tissue they can have estrogen agonistic effects, antagonistic 

effects, or no effects at all even in tissues affected by estrogen. Tissue selectivity is thought 

to be at least partly due to isoflavones' preferential binding to and activation of ERβ in 

comparison to ERα.66
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These two ERs have different tissue distributions and often perform divergent and at times 

opposing functions in the body when activated. For example, in breast tissue, ERβ activation 

appears to inhibit the stimulatory and proliferative effects of ERα activation.67 There are 

numerous clinical examples of isoflavones exerting estrogen-like effects in some tissues68 

but having no effect on other estrogen-sensitive endpoints,69 although there is limited 

evidence demonstrating anti-estrogenic effects.70-72 In addition to the classic estrogen 

receptors, isoflavones bind to and activate G protein-coupled estrogen receptor 1 (GPER), 

formerly referred to as G protein-coupled receptor 30 (GPR30).73,74 The activation of GPER 

may be relevant in a discussion of depression because there is some evidence that the 

activation of this seven-transmembrane estrogen receptor plays a role in the antidepressant 

effects of estrogen.75,76

The isoflavones in soybeans and unfermented soyfoods are present primarily as glycosides; 

fermentation converts the glycosides to aglycones to varying degrees.77 It is unclear whether 

isoflavone form impacts biological activity, but there is often confusion about the amount of 

biologically-active isoflavones in a food, since the sugar accounts for 40% of the weight of 

the glycoside. The recommended approach and the approach used in this article when 

referring to an amount of isoflavones is to refer to the aglycone equivalent weight.

When all forms of the individual isoflavones are considered, the three isoflavones (genistein, 

daidzein, and glycitein) account for approximately 50%, 40%, and 10%, respectively, of the 

total soybean isoflavone content.77 Each of the three soybean isoflavones is a distinct 

chemical entity with different binding affinities for ERs; but for most endpoints genistein is 

considered to be the most potent isoflavone.78 For example, Taku et al.68 found that only 

soybean isoflavone supplements providing sufficient genistein alleviated menopause-related 

hot flashes.

Finally, traditional soyfoods contain approximately 3.5 mg of isoflavones per gram of 

protein;62 highly processed soy can lose as much as 80% of its isoflavone content.77 On 

average, traditional soyfoods contain 20–30 mg of isoflavones per serving (for example, 250 

ml of soy milk made from whole soybeans or 100 g of tofu), and older-adult Japanese and 

Shanghai Chinese consume about 30–50 mg/d of isoflavones.62

Soy intake and depression: Epidemiologic studies

Several epidemiologic studies have investigated the relationship between soyfood intake and 

depression although many did so only as part of an overall dietary pattern. Importantly, with 

one exception, these studies involved populations of either Japanese or Chinese ethnicities. 

The only non-Asian exception is a US cross-sectional study which found no relation 

between total and individual urinary isoflavone excretion and depression among 193 

postmenopausal women.79 However, because of the extremely low isoflavone intake of 

Americans63 this study provides little insight into the possible antidepressant effects of 

soyfoods or isoflavones.80

In contrast to this study, a multivariate analysis of data collected in a large cross-sectional 

study from China involving 11,473 men and women at least 35 years of age found that 

weekly consumption of beans or bean products was negatively associated with depressive 

Messina and Gleason Page 6

Menopause. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



symptoms.81 More specifically, the odds ratio (OR) plus 95% confidence intervals (CI) 

associated with rarely consuming legumes versus consuming legumes 2-3 times per week 

(reference) was 1.78 (1.49, 2.13, p<0.001). Risk of depression did not differ between high 

consumption of legumes (≥4 times per week) and moderate consumption (2-3 times per 

week). Although not specified in this paper, in Chinese population studies bean and bean 

products typically refer to soybean and soybean-derived products.

This point is illustrated by a cross-sectional study involving 1717 residents aged ≥65 years 

of age from rural Northeast China which found soy inversely related to risk of depression. 

Individuals consuming soybeans or soybean products ≥4 times/week were significantly less 

likely (3.6 vs. 12.5%, P<0.05) to have depressive symptoms than those rarely consuming soy 

products.82 Multiple logistic regression analysis revealed that in comparison to those rarely 

consuming soy, the OR (95% CI) for depression for those consuming soybeans and soy 

products 2-3 times per week and ≥4 times/week were 0.36 (0.15, 0.87, p=0.23) and 0.50 

(0.34, 0.74, p=0.001), respectively. It is unclear however to what extent confounding 

variables were controlled for in this analysis.

Two other studies were identified that examined diet and depression among ethnic Chinese, 

one from Hong Kong and one from Taiwan. Tsai et al.83 found no relationship between 

legume intake (≥3×/week vs. <3×/week) and risk of depression after four years of follow up 

in a prospective study involving 1,609 older Taiwanese men and women. In contrast, a cross-

sectional study from Hong Kong involving 3,999 older men and women found, using logistic 

regression analyses, that isoflavone intake was inversely related to Geriatric Depression 

Scale score.84

The remaining studies, all of which are from Japan, produced mixed results.85-91 In a small 

cross-sectional study involving 89 peri- and postmenopausal women, Nagata et al.91 found 

soy intake was significantly inversely correlated with the Center of Epidemiologic Studies of 

Depression (CES-D) scale (r=-0.22, P=0.04). Diet was assessed by a semiquantitative food 

frequency questionnaire that included nine food items for soy products (miso soup, tofu, 

deep-fried tofu, fried bean curd, dried bean curd, fermented soy beans, houba-miso, soymilk, 

and boiled soy beans).

This study by Nagata et al.91 is notable because in the remaining Japanese studies soy intake 

was assessed only as part of an overall dietary pattern. For example, in a cross-sectional 

study by Sugawara et al.88 involving 791 community-dwelling individuals, 71 of whom were 

classified as having depression using a self-report, symptom checklist (CES-D), no 

relationship was found between dietary pattern and risk of depression. Four dietary patterns 

were identified: “healthy”, “Western”, “bread and confectionery”, and “alcohol and 

accompanying” (various foods, including noodles and shellfish) dietary patterns. Among the 

foods included in the “healthy” dietary pattern were tofu and the fermented soybean product 

natto, whereas miso consumption was inversely related to the other three dietary patterns.

There was also no relationship between diet and depression in a prospective study examining 

postpartum depression among 865 women.87 A total of 121 women were classified as 

having depression and the three dietary patterns identified. The “healthy”, “Western” and 
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“Japanese” dietary patterns were established on the basis of 33 predefined food groups. 

However, of the 33 food groups the only soy product listed was miso soup, which not 

surprisingly was most closely identified with the Japanese diet. Pulses were also listed but 

since they were much more closely identified with the “healthy” compared to the “Japanese” 

dietary pattern, it isn't clear that non-miso soyfoods were part of this group.

In contrast to the results of the above two Japanese studies that looked at dietary pattern, a 

serious of studies using prospective data collected from Japanese municipal employees 

found a link between diet and mood. Emphasizing the need to examine whole-diet patterns, 

rather than macronutrients, Nanri et al.92 found that a “Health Japanese Dietary Pattern,” 

which included tofu and natto, was associated with depressive symptoms. Specifically, 

individuals in the highest tertile of Healthy Japanese Dietary pattern demonstrated a lower 

risk for depression, characterized as a CES-D score equal to or greater than 16 (OR=0.39, 

95% CI: 0.23, 0.67). Nanri et al.85 later expanded the analysis to include 40,752 men and 

48,285 women, modified dietary characterizations and used suicide as the endpoint. During 

the four year follow-up period 249 cases of death by suicide (171 men and 78 women) were 

reported. Among both men and women, a ‘prudent’ dietary pattern characterized by a high 

intake of vegetables, fruits, potatoes, soy products, mushrooms, seaweed and fish was 

associated with a decreased risk of suicide. In an analysis including both men and women, 

the multivariable-adjusted hazard ratio of suicide for the highest vs. the lowest quartiles of 

the dietary pattern score was 0.46 (95% CI: 0.28, 0.75) (P for trend, 0.005). The Western and 

traditional Japanese dietary patterns were unrelated to risk.

In this series of analyses, the dietary patterns were derived from principal component 

analysis of the consumption of 134 food and beverage items ascertained by a food frequency 

questionnaire. The Western dietary pattern was characterized by high intake of meat, 

processed meat, bread, dairy products, coffee, black tea, soft drink, dressing, sauce and 

mayonnaise. The Japanese dietary pattern was characterized by high intake of salmon, salty 

fish, oily fish, seafoods other than fish and pickles.93

In agreement with this prospective study by Nanri et al.,85 are the results of a cross-sectional 

study of 2266 employees aged 21-65 years from all areas of Japan participating in the 

Japanese Study of Health, Occupation and Psychosocial factors related Equity (J-HOPE).86 

Habitual diet was assessed by a validated brief self-administered diet history questionnaire. 

Participants with high scores for the balanced Japanese dietary pattern were significantly 

less likely to show probable mood/anxiety disorders (Japanese version of the Kessler 

Psychological Distress Scale, ≥9) with multivariate adjustment including socioeconomic 

status and job stress factors (OR=0.66; 95% CI: 0.51, 0.86, p for trend, 0.002). Furthermore, 

a highly significant difference between the first and third tertiles of this dietary pattern was 

observed in participants with active strain (high demand and high control) with low worksite 

support (8.5 vs. 5.2, P=0.011). Tofu was most closely associated with the balanced dietary 

patterns; however, tofu was also associated, although to a lesser extent, with the “fish 

consumption” dietary pattern. Natto was most closely with this dietary pattern, which was 

unrelated to mood/anxiety disorders.
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Finally, using the same J-HOPE data, Nari et al.90 found that low protein consumption in 

Japanese men was associated with more depressive symptoms, but only when restricted to 

plant protein. Specifically, with men in the lowest quartile of plant protein consumption as 

the reference, men in the highest quartile demonstrated a reduced risk (OR, 0.67; 95% CI: 

0.50, 0.89; p=0.015) for elevated CES-D scores. Although not discussed, soy protein is a 

major contributor to plant protein among native Japanese.62

In total, the epidemiological data support an inverse association between dietary intake of 

isoflavones and depression. Given the complexity of assessing dietary exposure to individual 

nutritional factors, it is not surprising that several studies examined isoflavone exposure as 

part of an overall dietary pattern. Only limited information about soy and mental health can 

be gleamed from studies in which soy was analyzed only as part of an overall dietary 

pattern. Consequently, it is notable that of the five Asian studies81-84,91 that focused 

specifically on soy or isoflavones, four reported antidepressant effects.81,82,84,91

Isoflavones and depression: Clinical studies

Table 1 includes 20 clinical trials conducted in 14 different countries in which the effects of 

isoflavones on depression in women were evaluated. The dose of isoflavones ranged from 

12.594 to 120 mg/d95 and the duration from six weeks96,97 to two years.95,98 Sixteen 

trials94-108 utilized a parallel design, three a cross-over design109-111 and one was open label 

study.112 Only one of the 20 trials involved clinically depressed patients.102

Two trials administered treatment for an extended period, two years. One of these examined 

depressive symptoms, and the second quality of life (QoL). Findings from these long-term 

studies diverged. In the trial studying mood effects, Italian women given 54 mg/d genistein 

showed a decline in depressive symptoms as measured with the Zung Self-rating Depression 

Scale. Specifically, the mean score (± SD) decreased from 41.00 ± 8.00 at baseline to 36.00 

± 6.00 at year two, compared to no change in placebo group (41.00 ± 7.00 at baseline to 

43.00 ± 7.00 at year two).98 The difference in final values between groups was significant 

(p<0.01). In contrast, in US women given either 80 or 120 mg total isoflavones, there were 

no differences between treatment and placebo groups in scores on the psychosocial domain 

of the Menopause-Specific Quality of Life questionnaire.95 Given the different outcome 

measures, comparisons of these study findings may be problematic.

An important design difference between these two trials is the intervention dose. Because 

the investigators opted to use a soy germ-derived isoflavone supplement,113 the 80 and 120 

mg isoflavones provided approximately 10 and 15 mg genistein, much less than the 54 mg/d 

genistein used in the Italian study.98 As noted previously, genistein is generally considered 

to be the most potent of the three isoflavones in soybeans. A much shorter-term trial by Jou 

et al.,97 which also used a soy germ-derived supplement, found no decrease in depressive 

symptoms in response to 70 mg/d isoflavones but did in response to 35 mg/d. However, this 

study lacked a placebo and no information on the means by which depressive symptoms 

were assessed was provided.

The only other trial that administered isolated genistein also failed to find statistically 

significant differences between groups.103 However, the 30 mg/d dose used in this trial is 
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little more than half the amount used in the Italian study.98 Furthermore, although there were 

no statistically significant differences, the score for depression determined by the Green 

Climatic Scale decreased by 46% (4.60 ± 3.40 to 2.48 ± 2.06) in the genistein group but by 

only 21% (4.45 ± 3.48 to 3.35 ± 3.55) in the placebo group. Given the lower dose and that 

this trial was only 12 weeks in duration the nonsignificant results are still intriguing.

One trial found that in response to 100 mg/d isoflavones there were marked decreases in 

depressive symptoms as assessed by the Hamilton Rating Scale for Depression (HAM-D), a 

widely-validated measure of depressive mood symptoms.104 Over a 90-day period, scores 

decreased from 16.3 ± 5.4 to 6.9 ± 5.2 (p<0.05) and the number of participants with HAM-D 

scores ≥8 decreased from 42 (93.3%) to 13 (28.9%) (p<0.05). However, this study lacked a 

placebo group. In response to 35 mg/d isoflavones, Albert et al.112 also found a statistically 

significant decrease in depressive symptoms; however, this was an open label study that 

lacked a placebo group and very little information about the means by which depressive 

symptoms were assessed was provided. In contrast to these studies, a small Brazilian 4-

month study failed to find that isoflavones (80 mg/d) alleviated depression although with 

respect to presentation of the data, only the relative changes vs. the baseline were 

provided.99

As noted previously three studies in Table 1 utilized a cross-over design;109-111 two of the 

three demonstrated favorable effects on mood. One of these trials intervened with a soy 

germ-derived isoflavone supplement (114 mg/d) and failed to find effects on depressive 

symptoms in breast cancer patients over a three-month period.111 Depression was assessed 

by means of 13 questions querying mood, social behavior, and opinion of the future. In 

contrast, a 90-d study by Lipovac et al.109 found that scores for depression assessed using 

the Hospital Anxiety and Depression Scale (HADS) only decreased from 6.91 ± 4.02 to 5.23 

± 3.65 in the placebo group but decreased from 6.91 ± 4.02 to 1.50 ± 2.06 in the isoflavone 

(80 mg/d) group (between group difference, p<0.001).109 Note that the isoflavones used in 

this study by Lipovac et al.109 were derived from red clover. The predominate isoflavones in 

red clover, biochanin A and formononetin, are converted in vivo to genistein and daidzein, 

respectively.114 In the other cross-over study, final scores for the Beck Depression Index 

were 9.7 ± 6.9 and 7.6 ± 5.2 in the placebo and isoflavone (60 mg/d) groups, respectively 

(between group difference, p<0.01) and final scores for depression-anxiety using the Profile 

of Mood States for these groups were 15.3 ± 8.0 and 10.2 ± 7.8, respectively (between group 

difference, P<0.001).110

In contrast to the study by Lipovac et al.,109 cited above, which found red clover-derived 

isoflavones reduced depressive, no benefit of red clover-derived isoflavones was observed by 

Tice et al.107 Both trials were of the same duration and used similar isoflavone doses 

although the instrument used to measure depression differed (HADS vs. Green Climactic 

Scale). Another trial that used red clover-derived isoflavones also failed to find benefits of 

the intervention although in this case the psychosocial domain of the Menopause-Specific 

Quality of Life questionnaire was used to represent depression.115

Two additional trials in Table 1 failed to find effects of isoflavones on depression. In one, 

women were given either a placebo or 120 mg/d isoflavones for 16 weeks.105 Scores for 

Messina and Gleason Page 10

Menopause. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



depressive symptoms, which were assessed using the CES-D, decreased significantly in 

women taking isoflavones (34%) and the placebo (28%) but the difference between groups 

was not statistically significant. In the other negative trial, depression was measured using 

the Geriatric Depression Scale, Questionnaire on Life Satisfaction Modules and the Short 

Form-36.106 There was little change in any metric compared to baseline values and there 

were no differences between groups. This study differs from the other trials listed in table 1 

in that the women were much older; the age range and mean age was 60 to 75 and 66, 

respectively.

One trial evaluated the effect of isoflavones in women who were engaged in a six-month 

exercise program.108 Quality of life was estimated by the Short Form-36 (SF-36) and 

Perceived Stress Scale-10 (PSS-10) questionnaires, and menopausal symptoms by the 

Kupperman index. At study end the SF-36 Physical Component Summary and almost all the 

SF-36 subscales except for role-emotional and mental health increased only in the exercise 

group taking isoflavones.

Two trials, both of which reported anti-depressant effects of isoflavones differ from the 

previously discussed trials in important ways. The pilot trial by Estrella et al.102 is the only 

one to involve clinically depressed patients and to include a positive control (selective 

serotonin update inhibitors). They found that over a three-month period 100 mg/d 

isoflavones reduced depressive symptoms to a similar extent as sertraline (50 mg/d) and 

fluoxetine (10 mg/d) using the Hamilton and Zung Depression Scale and the Zung Self-

Rating Scale. In addition, the combination of sertraline and isoflavones resulted in a greater 

reduction in symptoms than the other three individual treatments. A limitation of this trial is 

the lack of a placebo group (the investigators appropriately avoided the use of a placebo for 

clinically depressed patients). However, a placebo effect could not account for the superior 

performance of the combination treatment versus the individual treatments.

The other trial found that among Japanese peri and postmenopausal women, a very moderate 

dose (25 mg/d) of isoflavones consumed in aglycone form reduced depressive symptoms 

assessed by the HADS and also reduced anxiety as assessed by the Athens Insomnia 

Scale.94 In contrast to the benefit of this dose, this eight-week trial found that a very low 

dose of isoflavones (12.5 mg/d) lacked efficacy. It is noteworthy that isoflavone exposure 

occurred via treatment and as a result of a likely background dietary intake of about 40 

mg/d.62

Two of the remaining three trials that are included in Table 1 found significant decreases in 

depressive symptoms but all three are limited in their ability to provide insight into the 

effects of isoflavones as a result of their particular experimental designs.96,100,101 For 

example, Ishiwata et al.100 found that in Japanese non-equol producers 30 mg/d (but not 10 

mg/d) equol significantly decreased depressive symptoms. Equol is a bacterially-derived 

metabolite of the isoflavone daidzein that is synthesized by approximately 25% of non-

Asians and 50% of Asians; the difference resulting from cultural variations in intestinal 

bacteria.116 The relevance of this finding to isoflavones is unclear.
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Mucci et al.101 found that a preparation containing 60 mg isoflavones significantly reduced 

depressive symptoms in postmenopausal women; however, also included in the preparation 

was Lactobacillus sporogenes (added to improve isoflavone absorption) and Magnolia 

extract. The active ingredients of Magnolia extract, magnolol and honokiol, interact with γ-

aminobutyric acid system and exhibit a sedative central action useful for restoring the sleep 

balance.117 Because isoflavones were not administered in isolation, it is not possible to 

know to what extent isoflavones contributed to the reduction in symptoms. In the third study, 

Wahner-Roedler et al.,96 found that 20 g/d soy protein containing 160 mg isoflavones (100 

mg aglycone) significantly decreased depressive symptoms in fibromyalgia patients but this 

effect did not differ from the response in patients consuming milk protein. How depression 

in patients with fibromyalgia relates to depression in healthy postmenopausal women is 

unclear.

Finally, two case reports provide support for a beneficial effect of isoflavones in 

management of psychiatric illnesses. In one, in response to the administration of soy 

isoflavones, a 48-year-old woman with a diagnosis of schizoaffective disorder experienced a 

dramatic improvement in her symptoms of persecutory ideas and depression (sadness of 

mood) over a period of one week that was sustained over the course of one year.118 

Furthermore, psychotic symptoms (in the absence of postmenopausal symptoms such as hot 

flashes) recurred on discontinuation but were again ameliorated on re-initiation of 

isoflavones. The second report also involves a women with diagnosis of schizoaffective 

disorder that included marked depressive symptoms which were unsuccessfully treated with 

paliperidone and escitalopram.118 Because the depressive symptoms had worsened 

following hysterectomy, isoflavone supplementation was started on cessation of 

escitalopram. Symptoms improved during eight weeks of treatment. The patient was 

continued on the combination of paliperidone and isoflavones and improvement was 

maintained during the last follow-up at the end of six months. In addition to the usual design 

limitations associated with case-reports, the two discussed here lacked detailed information 

on the specific type and amount of isoflavone supplements used.

Altogether, more than half of the studies administering isoflavones found some degree of 

beneficial effects on mood. However, for reasons described below, the findings can only be 

described as intriguing and suggestive.

Discussion

Summarizing human studies assessing the mood-altering effects of isoflavones is 

complicated by a variety of factors, including differences in outcome assessment measures, 

enrollment of demographically and clinically diverse populations, variations in form and 

dose of isoflavone interventions, and important differences in study design, such as length of 

exposure and use of a control group.

Of the 20 trials in Table 1 that evaluated the mood and anti-depressant effects of isoflavones 

(or an isoflavone metabolite), nine found evidence of efficacy,94,98,100-102,104,109,110,112 and 

a tenth found benefit at one dose but not another.97 In addition to these ten trials the findings 

from one other trial are suggestive of benefit when considering the relatively low 
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intervention dose and short study duration.103 The remaining nine studies showed no 

evidence of an effect of isoflavones on depression.95,96,99,105-108,111,115

In some instances, study design factors may account for the divergent findings. Two studies 

demonstrating no effect intervened with soy germ-derived isoflavones so exposure to 

genistein, the soybean isoflavone considered to be most potent, was minimal.95,111 However, 

the open label trial by Albert et al.112 and the unblinded trial by Jou et al.97 also intervened 

with a soy germ-derived supplement and used relatively low doses, which suggests the 

improvement in the participants in these latter two studies was likely a placebo effect. In 

another trial,108 all women engaged in an exercise program which could have masked an 

effect of isoflavones, since exercise exerts antidepressant effects.119 Although the trial by 

Mucci et al.101 showed an isoflavone-containing preparation was beneficial, the specific 

contribution of isoflavones cannot be determined because the intervention included a 

Magnolia extract.

Comparisons are further complicated between cross-over109-111 and parallel-design 

studies,94-108,112,115 and in some cases the absence of a placebo control group.97,102,104,112 

Perhaps related to study design, two studies experienced hjgh rates of dropout.96,106 In four 

other trials, there is no obvious explanation for the lack of benefits.99,105,107,115

Another factor potentially influencing findings was the choice of outcome measure. In some 

instances mood was assessed in relation to menopause QoL95,115 and climacteric 

symptoms.103,107 While there is some overlap, measuring QoL in relation to menopausal 

symptoms is not equivalent to measuring general depressive symptoms. Another major 

limitation of the existing data is that in all but two trials depressive symptoms were 

secondary endpoints,94,102 In some cases, studies may have been under-powered to address 

secondary aims. On the contrary, it is notable that both of the trials in which depression was 

the primary health outcome found isoflavones were efficacious: one involved depressed 

patients102 and the other healthy menopausal women.94

The above distinction highlights how key dissimilarities in the study population may 

influence the efficacy of isoflavones on mood, including variations in age, menopausal 

status, and clinical diagnoses. The failure of Kok et al.106 to find benefits could have been 

due to the older age of the study participants.120,121 One trial failing to find a benefit of 

isoflavones involved fibromyalgia patients96 and another enrolled breast cancer patients.111 

It is unclear whether depressive symptoms in fibromyalgia or breast cancer patients 

correspond to depressive symptoms in non-clinical populations. Some of the more 

interesting findings involved participants with psychiatric conditions (e.g., two case-reports 

of response in patients with schizoaffective disorders).

The findings by Estrella et al.102 suggest that isoflavones augment the benefits SSRIs in 

depressed patients. Specifically, the combination of sertraline and isoflavones demonstrated 

greater improvements in mood compared to treatment with sertraline, fluoxetine or soy 

isoflavones alone. And, as already noted, a “placebo effect” could not explain why the 

combination of sertraline and isoflavones was more efficacious than the three individual 

treatments in this study. The combination effect is intriguing in light of research showing 
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estrogen therapy enhanced the efficacy of sertraline in older depressed women.122 However, 

these effects may only be detected in a clinical population.

Several of the studies included in Table 1 enrolled women in the menopausal transition. 

Since isoflavones have been shown to alleviate menopausal-related hot flashes,68 it is 

important to consider that through an effect on climacteric symptoms, depressive symptoms 

are reduced. Hot flashes and night sweats, especially the latter as a result of sleep 

disturbances, may adversely affect mood.123 (A recently published Japanese cross-sectional 

study by Cui et al.124 found a very pronounced positive relationship between isoflavone 

intake and sleep duration and sleep quality sleep125). The differing results by Tice et al.107 

and Lipovac et al.,109 may provide some insight into this question as the former found no 

effect on hot flashes or depression whereas the latter found both symptoms were reduced.

However, a preliminary study found dissociation between mood and climacteric symptoms, 

such that estrogen therapies effectively treated perimenopausal depression independent of 

their beneficial effects on vasomotor symptoms.126 In support of this finding are the results 

of the aforementioned Kronos Early Estrogen Prevention Study-Cognitive and Affective 

Study.60 Although both oral and transdermal estrogen reduced hot flashes in postmenopausal 

women, only the former improved mood. Furthermore, there was no indication that in the 

study by Estrella et al.102 the presence of hot flashes was involved in the etiology of clinical 

depression in study participants. In addition, in the study by Hirose et al.94 the alleviation of 

hot flashes could not have contributed to the antidepressant effects of isoflavones since there 

was no difference in hot flashes between the low and high-dose isoflavone groups even 

though depression was reduced only in the latter.

Finally, as noted previously, the possible role of reproductive hormones in the etiology of 

depression and the efficacy of estrogen for the treatment of this condition provide grounds 

for speculating that soybean isoflavones may alleviate depression and/or prevent its onset. It 

follows therefore that perhaps isoflavones may be efficacious in peri- and postmenopausal 

women but not premenopausal women. The many studies discussed in this review that 

specified an age range that likely included some premenopausal women did not sub-analyze 

the data according to menopausal status.

Conclusions

While sparse and preliminary, data from human studies examining the potential mood effects 

of isoflavones are intriguing. More research is needed and warranted. As discussed above, 

the extant literature reveals key design features for future studies. It is recommended that 

trials should be at least 3 months in duration, have an appropriate control/placebo group, 

provide between 50 and 100 mg/d isoflavones (expressed in aglycone equivalents) and use 

an assessment instrument that is specifically designed to measure depression, as opposed to 

mood symptoms associated with menopause, or QoL measures.

Importantly, isoflavones at the doses used in the clinical trials in Table 1 have an impressive 

safety profile, especially compared to standardly prescribed therapies. In fact, after an 

extensive review of the scientific literature, the European Food Safety Authority recently 

Messina and Gleason Page 14

Menopause. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



concluded that in peri- and postmenopausal women, isoflavones do not adversely affect the 

mammary gland, uterus, and thyroid gland, the three organs that were considered by the 

panel of experts and the organs that have been the subject of most controversy.127

In all of the trials in Table 1 isoflavones were provided in tablet form. However, the amount 

of isoflavones showing efficacy for reducing depressive symptoms can be ingested through 

the consumption of approximately two to four servings per day of traditional soyfoods. 

Therefore, both isoflavone supplements and soyfoods and a combination of both, exist as 

potential means of preventing and treating depression. Although the protein in soybeans can 

cause allergic reactions, allergy to soy protein is relatively rare among adults.128 Isoflavones 

in tablet form would not be a concern in this regard. Altogether, there is intriguing 

preliminary data indicating that soy isoflavones could offer a safe, well-tolerated option for 

management of depression symptoms.
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