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Soy may help protect against cardiovascular disease

by Emily R. Cena and Francene M. Steinberg

Diet and lifestyle choices are major 
factors contributing to the risk of cardio-
vascular disease, which is responsible for 
more deaths in the United States than 
any other cause. One dietary component 
that has received considerable atten-
tion for its potential cardioprotective 
effects is soybeans, which contain lean 
vegetable protein, dietary fiber and bio-
active compounds known as isoflavones. 
Recent research investigating the rela-
tionship between soy and cardiovascular 
disease has identified several potential 
mechanisms for the observed protective 
effects, including cholesterol-lowering 
properties, antioxidant activity and 
gene regulation. This review highlights 
current understanding of the complex 
relationship between soy and the risk of 
cardiovascular disease.

Cardiovascular disease — comprised 
of heart disease, heart failure and 

stroke — is the leading cause of death 
in the United States. The estimated 
combined costs of health care services, 
medications and lost productivity at-
tributed to cardiovascular disease 
were more than $475 billion in 2009 
(Lloyd-Jones et al. 2009).

Although this chronic inflammatory 
disease affects the lives of millions of 
Americans, the development of cardiovas-
cular disease is somewhat preventable. 
Since diet is arguably the most modifi-
able risk factor, scientists have devoted a 
great deal of research to the relationship 
between dietary choices and cardiovas-
cular disease. A healthy diet is generally 
high in fruits, vegetables, whole grains 
and legumes. These plant foods tend 
to be rich in bioactive compounds, or 
“extra-nutritional” constituents, that are 
associated with reducing the risk of car-
diovascular disease.

One dietary component of considerable 
research interest is soybeans, a legume 

linked to the decreased risk of cardiovas-
cular disease. Epidemiological studies 
suggest that Asian populations consum-
ing large amounts of soy have lower rates 
of cardiovascular disease than Western 
populations (Zhang et al. 2003). In the 
mid-1990s, a meta-analysis of 29 clini-
cal trials found that compared to animal 
protein, soy protein significantly reduced 
blood levels of several lipids (total choles-
terol, LDL cholesterol and triglycerides) 
(Anderson et al. 1995). This 
prompted the U.S. Food and 
Drug Administration to 
approve the current health 
claim that 25 grams of soy 
protein per day, as part of a 
diet low in saturated fat and cholesterol, 
may reduce the risk of heart disease. 

While an American Heart Association 
statement issued in 2006 supported the 
inclusion of soy in the diet, it was not de-
finitive about the protective mechanism of 
action (Lichtenstein et al. 2006). Research 
over the past 10 years has reported mixed 
results due to varying study designs and 
soy preparations, but the literature overall 
still supports the conclusion that soy pro-
tein with isoflavones can decrease blood 
levels of LDL cholesterol (Zhan and Ho 

2005). Moreover, recent studies suggest 
that the relationship between soy and car-
diovascular disease is more complex than 
just lowering cholesterol to protect against 
atherosclerosis.

How soy isoflavones work

Effects. Soybeans provide high-quality 
vegetable protein, dietary fiber and bioac-
tive compounds called isoflavones, a class 
of phytochemicals (or plant compounds) 

that provide health benefits. Many differ-
ent phytochemicals have been identified 
in nature and studied for their health ef-
fects. For example, anthocyanins found in 
red, blue and purple fruits and vegetables 
(such as berries and grapes) have been as-
sociated with reduced inflammation and 
lower risk of heart disease. Sulforaphane, 
a phytochemical found in broccoli and 

Soybeans and foods made from soy are the major source of isoflavones, which serve as antioxidants, 
scavenging and neutralizing free radicals that might otherwise cause inflammation and increase the 
risk of heart disease. 

Online: http://californiaagriculture.ucanr.org/ 
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Isoflavones are found almost exclusively in 
soybeans and foods made from soy.
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other cruciferous vegetables, may reduce 
the risk of certain types of cancer. 

Isoflavones are found almost exclu-
sively in soybeans and foods made from 
soy. The cardiovascular health benefits 
associated with isoflavones appear to be 
due to the fact that in the body they serve 
as antioxidants, which neutralize the free 
radicals that cause oxidative damage to 
cells. A free radical is a molecule contain-
ing an unpaired electron, which makes 
it highly reactive. Within blood vessels, 
free radicals can oxidize circulating LDL 
cholesterol, starting a cascade of inflam-
matory events that ultimately increase 
the risk of developing heart disease. 
Antioxidants interfere with this process 
by neutralizing, or scavenging, the free 
radicals. 

Likewise, soy acts like compounds 
similar to the hormone estrogen, affecting 
processes including blood vessel dila-
tion and gene regulation (fig. 1, page 120). 
Some health concerns have been raised re-
lated to soy’s estrogenlike properties, par-
ticularly with regard to breast cancer risk, 
but these concerns are beyond the scope 
of the current article. Soy protein has also 
been shown to provide health benefits, 
such as helping to reduce LDL cholesterol 
levels. In addition, eating intact soy pro-
tein and isoflavones may improve vascu-
lar function better than either component 
by itself (Steinberg et al. 2003).

Bioavailability. The amount of isofla-
vones in a person’s diet does not directly 
determine their bioavailability, the 
amount of isoflavone metabolites that 
reach the body’s tissues and so are avail-
able to exert physiological effects. Rather, 
bioavailability depends on absorption, 
metabolism, distribution and excretion 
(fig. 1) (Lampe and Chang 2007). The 
isoflavones in soy are not biologically 
active until after they are digested and 
absorbed in the small intestine. Enzymes 
in the small intestine remove glycoside, or 
sugar, residues from the isoflavones, turn-
ing them into bioactive forms that can be 
absorbed.

Metabolites. In humans, the primary 
forms of bioactive isoflavone are daid-
zein and genistein, which are similar 
to the hormone estrogen. Daidzein and 
genistein are absorbed along the length 
of the small intestine, where they un-
dergo further metabolism. The resulting 
variety of isoflavone metabolites, such as 

glucuronides and sulphates, then leave 
the liver and enter the systemic circula-
tion. These metabolites travel to various 
tissues of the body, where they exert their 
cellular effects. 

Isoflavone metabolism 

 Some isoflavone metabolites are se-
creted by the liver into bile, which is then 
secreted into the small intestine. There, 
the isoflavone metabolites in the bile once 
again undergo digestion and absorption. 
This recycling process is known as en-
terohepatic (or intestine-liver) circulation. 

Another type of recycling, known as 
enteric recycling, occurs in the small in-
testine, where isoflavones are metabolized 
into glucuronidated and sulphated forms 
that are then secreted back into the intes-
tine for further reabsorption and metabo-
lism (Chen et al. 2003). 

Enterohepatic circulation and enteric 
recycling of isoflavones are important 
because they allow body tissues to be 
exposed to these phytochemicals for 
longer amounts of time following soy 
intake. After absorption, metabolism and 
distribution, isoflavones are ultimately 

Glossary
Bioactive compounds: Any chemical compounds, organic or inorganic, that 

exert physiological effects on a living organism. Bioactive compounds generally 
refer to those found in foods or metabolites formed in the body that affect hu-
man health, such as soy isoflavones.

Cholesterol (HDL, LDL, total): A type of lipid that is used by the body for cell 
membrane structure, cell signaling and the synthesis of hormones, bile and vi-
tamin D. Sources include synthesis by the liver and the dietary intake of animal 
products. Cholesterol is transported through the bloodstream bound to lipo-
proteins that are classified according to their lipid-to-protein ratio. Low-density 
lipoproteins (LDL) contain relatively large amounts of fat and cholesterol com-
pared to protein, whereas high-density lipoproteins (HDL) contain more protein 
and less cholesterol. LDL cholesterol is often referred to as “bad” cholesterol 
because it can become oxidized by free radicals, resulting in inflammation and 
atherosclerosis. High levels of HDL cholesterol, sometimes called “good” choles-
terol, are associated with lower risk of heart disease and other chronic diseases, 
possibly because HDL molecules transport cholesterol to the liver for excretion.

Cytokines: Intercellular signaling molecules involved in physiological pro-
cesses such as inflammation. Cytokines consist of many different small mol-
ecules that enable cells to communicate. Some examples include tumor necrosis 
factor alpha (TNF-α) and interleukins such as interleukin-6 (IL-6), both of which 
are involved in the inflammatory process.

Endothelial cells, function: Cells that line blood vessels throughout the body, 
providing a barrier between the bloodstream and body tissues. They are actively 
involved in blood clotting, controlling white blood cell migration in and out of 
the bloodstream during the inflammatory response, and constriction and dila-
tion of blood vessels.

Estrogen: A primary sex hormone that performs a number of important func-
tions related to human health. Although present at higher levels in women, 
estrogen helps regulate reproductive development and function in men and 
women. Estrogen reduces the risk of cardiovascular disease by decreasing LDL 
cholesterol and triglyceride levels, and increasing HDL cholesterol. Estrogen also 
plays a key role in bone health. 

Triglyceride: The predominant form of fat in food and in the body, consisting 
of a glycerol backbone with three fatty acids bound to it. Most circulating fat and 
most fat stored in adipose cells is in the form of triglycerides. Elevated triglyc-
eride levels are a marker of increased risk for heart disease, diabetes and other 
chronic diseases, and high triglycerides are one of the defining components of 
the metabolic syndrome.
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excreted in urine, and most excretion 
occurs within 24 hours of consuming a 
soy-containing meal (Setchell et al. 2003).
Isofl avones that pass through the small 
intestine without being bioactivated then 
pass into the colon, where precursors to 
the bioactive form of daidzein are instead 
metabolized by bacteria into another bio-
active compound called equol. The equol 
is then absorbed into the bloodstream 
and transported to various body tis-
sues, where it appears to exhibit greater 
antioxidant and estrogenic effects than 
daidzein (Arora et al. 1998; Mitchell et al. 
1998). Although there are other bacterial 
byproducts of isofl avone metabolism in 
the colon, equol is the primary one with 
signifi cant bioactivity in humans.

Not all humans have colonic bacte-
ria capable of producing equol. Equol is 
produced by an estimated 30% to 40% 
of white persons (Lampe et al. 1998) and 
up to 60% of Asians (Morton et al. 2002). 
Factors associated with equol production 
are not fully understood but are believed 
to include genetics, diet and lifestyle, in 
addition to the composition of gut micro-
fl ora (Atkinson et al. 2008). It is unclear 
whether equol producers have increased 
protection against cardiovascular disease 
compared to nonproducers, and this re-
mains a topic of great research interest 
(Atkinson et al. 2005). 

Cardiovascular disease protection

Atherosclerosis, which hardens and 
narrows the arteries, is a primary cause 
of cardiovascular disease (see box). The 
development of atherosclerosis is quite 
complex, involving chronic infl amma-
tion, the generation of reactive oxygen 
species, abnormal endothelial cell func-
tion, lipid-laden foam cell formation and 
clot formation within blood vessels. The 
observed protective effect of soy and soy 

isofl avones on atherosclerosis and cardio-
vascular disease risk appears to be related 
to a number of different mechanisms.

estrogenlike eff ects. In cardiovascular 
disease, the blood vessels become con-
stricted or blocked, forcing the heart to 
work harder to push blood through the 
body. One factor that promotes blood ves-
sel dilation (vasodilation) is the produc-
tion of nitric oxide by endothelial cells 
in the blood vessel wall. Estrogen can 
rapidly increase endothelial nitric oxide 
production (Rimbach et al. 2008), provid-
ing anti-atherosclerotic effects. Because 
isofl avones are so similar to estrogens, 
they can also rapidly increase endothelial 
nitric oxide production, enhancing vaso-
dilation and improving blood fl ow.

Another factor contributing to the 
development of cardiovascular disease is 
infl ammation in blood vessels. In animal 
models, estrogen decreases the levels of 
two small proteins (cytokines TNF-α and 
IL-6) that increase infl ammation, reducing 
the risk of cardiovascular disease (Ito et 
al. 2001). It is unclear whether isofl avones 
similarly inhibit the production of pro-
infl ammatory cytokines in humans 
(Beavers et al. 2009), but this remains a 
current area of research interest.

Cholesterol-lowering properties. In 
addition to the widely recognized choles-
terol-lowering effects of soy protein, soy 
isofl avones also help lower both total and 
LDL cholesterol levels, while increasing 
cardioprotective HDL cholesterol (Taku 
et al. 2007; Zhan and Ho 2005). In fact, 

Soy can reduce LdL cholesterol circulating in the blood, thereby decreasing the formation of plaque 
in blood vessel walls. 

Fig. 1. Overview of the absorption, metabolism, distribution and excretion of soy 
isofl avone metabolites.
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the combination of soy protein and iso-
flavones appears to exhibit the strongest 
hypocholesterolemic effects compared 
to isolated soy protein or soy isoflavones 
alone (Mortensen et al. 2009). Whole soy 
can promote a 3% to 5% reduction in 
blood cholesterol (Lichtenstein et al. 2006; 
Zhan and Ho 2005). Although soy’s ef-
fects are not as large as the 20% or greater 
reductions observed with statin drug 
therapy (Rosenson 2006), even a 3% to 5% 
reduction can have clinical significance. 
Reduced circulating LDL cholesterol 
means less is available to become oxidized 
and retained in lipid plaques in the blood 
vessel wall. Less oxidized LDL cholesterol 
results in a lower risk of atherosclerosis 
and therefore cardiovascular disease.

Antioxidant activity. Another way to 
reduce LDL cholesterol oxidation, aside 
from decreasing the amount that is cir-
culating, is to prevent or slow oxidation 
through the action of antioxidants. Soy 
isoflavones and their metabolites, particu-
larly genistein and equol, have antioxi-
dant properties.

Two studies in humans demonstrated 
that daily consumption of soy protein 
with isoflavones reduced levels of LDL 

oxidation (Tikkanen et al. 1998; Wiseman 
et al. 2000). In vitro studies have revealed 
potential mechanisms for the antioxidant 
activity of isoflavones, including: (1) their 
ability to scavenge free radicals and che-
late metals (or bind to metals, making 
them less chemically reactive); (2) their 
role in inhibiting the production of hydro-
gen peroxide, a naturally occurring cel-
lular byproduct that oxidizes compounds 
and damages blood vessel walls, stressing 
the body by inflammation; and (3) their 
capacity to stimulate the production of 
antioxidant enzymes such as superoxide 
dismutase (Mortensen et al. 2009).

Reactive oxygen species are molecules, 
ions or free radicals that contain oxygen 
and are highly reactive because of un-
paired electrons. Cellular processes pro-
duce them naturally, but large amounts 
cause oxidative damage. A key partner 
in cellular defenses against oxidative 
damage is the transcription factor Nrf2, 
which promotes the transcription of genes 
for various antioxidant and detoxifying 
enzymes. The activation of antioxidant 
genes via the Nrf2 pathway is a potential 
role for isoflavones (Mann et al. 2009). 

Soy isoflavones help promote vasodila-
tion by stimulating nitric oxide produc-
tion in the endothelial cells lining blood 
vessels. Interestingly, macrophages (a 
type of white blood cell) also produce 
nitric oxide during the inflammatory 
response, in an effort to destroy foreign 
particles such as bacteria. In cases of 
chronic inflammation, however, increased 

nitric oxide production by macrophages 
causes oxidative stress that contributes to 
the formation of atherosclerotic plaques, 
thereby increasing the risk of cardiovas-
cular disease. Soy isoflavones are able to 
inhibit inducible nitric oxide production 
in macrophages, reducing excessive oxi-
dative stress (Rimbach et al. 2008).

Improved vasodilation. Soy isoflavones 
can promote vasodilation by stimulating 
the production of nitric oxide. A recent 
study showed that genistein, one of the 
estrogenlike forms of isoflavones, modi-
fied the expression of genes that encode 
for a number of proteins related to va-
sodilation and blood pressure (Ambra 
et al. 2006). While in vitro and animal 
studies seem to support the vasodilatory 
effects of isoflavones, a review of human 
intervention studies found conflicting 
results, with some studies reporting 
improved vasodilation and others report-
ing no change (Mortensen et al. 2009). In 
addition, isoflavones appear to promote 
vasodilation in ways that do not involve 
estrogenic effects. More research is neces-
sary to better elucidate the relationship 
between isoflavones and vasodilation 
in humans.

Inhibition of platelet aggregation. One 
of the greatest threats of cardiovascular 
disease is the formation of clots within 
blood vessels. If a blood clot forms and 
breaks loose, it can travel to a coronary 
artery (which supplies the heart with 
blood), block the artery and cause a life-
threatening heart attack. Similarly, if a 

Soy isoflavones increase the levels of cardioprotective HDL (“good”) cholesterol and decrease levels 
of LDL (“bad”) cholesterol, lowering the risk of heart disease. 

The risks of cardiovascular 
disease 
In 2006, cardiovascular disease was 
responsible for 26% of all deaths in 
the United States (Heron et al. 2009). 
In California alone, it claimed the 
lives of more than 73,000 people in 
2004 — more than cancer, diabetes, 
chronic liver disease, homicide, sui-
cide and HIV/AIDS combined (Rey-
nen et al. 2007). The costs associated 
with the treatment of cardiovascular 
disease are staggering, particularly at 
a time when health care costs in the 
United States have never been higher.

Several risk factors for cardiovas-
cular disease are at least partially 
modifiable by lifestyle choices, 
including obesity, high blood pres-
sure, diabetes, chronic inflammation, 
dyslipidemia (abnormally high blood 
cholesterol and/or triglycerides), 
smoking, physical inactivity and di-
etary choices.
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clot obstructs the blood supply to the 
brain, it can cause a stroke. A key step in 
the formation of blood clots is platelet ag-
gregation. Although the mechanism is not 
yet fully understood, in vitro and animal 
studies have demonstrated that soy isofla-
vones inhibit platelet aggregation, reduc-
ing the risk of blood clots (Gottstein et al. 
2003; Peluso et al. 2000). It remains to be 
demonstrated whether this effect occurs 
in humans with typical levels of circulat-
ing isoflavones.

Gene regulation. A growing body of 
evidence supports the gene regulatory 
effects of soy isoflavones, both through 
their estrogenic and antioxidant prop-
erties. Genistein has been shown to 
inhibit the DNA binding of a transcrip-
tion factor called NF-κB, resulting in the 

reduced transcription of several vascular 
cell adhesion molecules that are crucial 
to the development of atherosclerotic 
plaques. Inhibition of NF-κB or other 
such transcription factors could slow the 
progression of atherosclerosis (Nagarajan 
2010). In addition, in cultures of the en-
dothelial cells that line blood vessels, 
physiologically relevant levels of genistein 
upregulated the transcription factor per-
oxisome proliferator–activated receptor 
gamma (PPAR-gamma), which resulted 
in reduced adhesion of monocytes (a 
type of white blood cell) to vessel walls 
(Chacko et al. 2007).

Similarly, both genistein and daid-
zein reduce the transcription of a protein 
called MCP-1 that attracts monocytes 
(Mortensen et al. 2009). MCP-1 is involved 
in atherogenesis because it is known to 
recruit monocytes and other immune 
system cells into the arterial wall, contrib-
uting to plaque formation. By reducing 
the secretion of MCP-1 and so inhibiting 
monocyte infiltration into the blood vessel 
wall, soy isoflavones may help prevent the 
formation of plaque.

As researchers continue to learn more 
about the nutrigenomics of soy, or the ef-
fects of soy on gene expression, it is likely 
they will find wide variation in the way 
individuals digest, absorb, metabolize, 
distribute and eliminate isoflavones and 
their metabolites. As with equol produc-
ers versus nonproducers, genetic and 
environmental factors appear to mediate 
the relationship between soy intake and 
cardiovascular disease risk. These indi-
vidual variations may help explain why 
human intervention studies have given 
mixed results.

Soy and metabolic syndrome

Metabolic syndrome is a constella-
tion of risk factors including abdominal 
obesity, high blood pressure, insulin resis-
tance and alterations in blood lipids that 
results in increased risk of cardiovascular 
disease and type 2 diabetes. The preva-
lence of metabolic syndrome is rising 
at an alarming rate in the United States 
(Ford et al. 2004). Dietary and lifestyle 
modifications are central to managing the 
syndrome.

The role of soy in ameliorating meta-
bolic syndrome and its associated risk 
factors is an emerging area of nutrition 
research. Rodent models have demon-
strated that soy diets can reduce adipos-
ity and circulating cholesterol levels and 
improve insulin sensitivity (Davis et al. 
2007; Ronis et al. 2009). Human studies 
have also supported the protective effects 
of soy against risk factors associated with 
metabolic syndrome. Postmenopausal 
women with the syndrome who con-
sumed soy nuts showed improvements in 
glycemic control and blood lipids as well 
as a marker of inflammation (Azadbakht 
et al. 2007). In contrast, adults with type 2 
diabetes who consumed soy protein had 
beneficial changes in blood lipid profiles 
but not glycemic control (Pipe et al. 2009). 
Hypertensive, postmenopausal women 
who consumed soy nuts had improve-
ments in blood pressure that were associ-
ated with markers of endothelial function, 
suggesting a decrease in vascular inflam-
mation (Welty et al. 2007).

To date, little is known about po-
tential fetal or prepubertal exposure to 
soy and its influence on cardiovascular 
risk later in life, but it is possible that 
these unexplored questions might help 
explain some of the beneficial effects 
of soy observed in Asian populations 
(Bonacasa et al. 2011).

Health and nutrition research

Research strategies have previously 
focused on consumption of soy protein 
and isoflavones in relatively healthy in-
dividuals, examining effects on vascular 
outcomes and safety (Heneman et al. 
2007; Steinberg et al. 2003; Steinberg et al. 
2011). Currently, a research project funded 
by the Center for Health and Nutrition 
Research is under way at UC Davis to in-
vestigate the effects of consuming whole 

Abdominal obesity is another factor of metabolic 
syndrome. Eating soy may help people improve 
glycemic control.

High blood pressure is one of the factors of metabolic syndrome, which results in higher risks of 
cardiovascular disease and type 2 diabetes. The consumption of soy lowered blood pressure in a 
study of postmenopausal women. 
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soy foods on biomarkers of cardiovascu-
lar risk in individuals with metabolic syn-
drome; it may be completed in 2012.

The cardioprotective effects of soy 
appear to be mediated by several mecha-
nisms related to the inflammatory pro-
cesses of atherosclerosis, involving both 
genomic and nongenomic activities. Soy 
isoflavones have a broad variety of biolog-
ical actions. The beneficial effects of soy 
are modest compared to pharmacological 
treatment, such as statin drugs. However, 
the cumulative effects over a lifetime 
are likely to be significant. Soy and its 

bioactive isoflavone components are an 
important part of a diet rich in foods for 
health promotion.

E.R. Cena is Senior Writer, UC Davis Department 
of Nutrition; and F.M. Steinberg is Professor and 
Department Chair, UC Davis Department of Nutri-
tion. Robert M. Hackman, Research Nutritionist in 
the UC Davis Department of Nutrition, served as 
Guest Associate Editor for this article. This work 
was supported in part by the UC Davis Center for 
Health and Nutrition Research, established with 
funding from the State of California Vitamin Price 
Fixing Consumer Settlement Fund.
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