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ABSTRACT
Background: Cardiovascular disease (CVD) is the leading cause ofdeathin the U.S. and the

world. Clinical trials have suggested that soybean protein supplementation lowers serum lipids
and blood pressure. The effect of soybean protein on novel CVD risk factors has not been well
studied.·
Objective: To examine th~ 1 effect of soybean protein supplementation on lipids, inflammation

biomarkers, endothelial dysfunction biomarkers, and adipocytokines.
Methods: The Protein and Blood Pressure study is a randomized, placebo-controlled, double-

blind, 3-phase crossover trial designed to compare the effect of 8 weeks of 40 grams of soybean
protein supplement (89 .3 mg isoflavones), 40 grams of milk protein supplement, and 40 grams of
complex carbohydrate placebo on blood pressure and lipids among men and women aged 22 ·
.
.
.
years and older in.New Orleans, Louisiana and Jackson, Mississippi. We measured serum lipid
levels [total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL),
triglycerides, TC-to-HDL ratio], and plasma levels of inflammation biomarkers [C-reactive
protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-a (1NF-a)], endothelial dysfunction
biomarkers [E:-selectin, intercellular adhesionmolecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1 ), thromboJ:l?.odulin], and adipocytokines [high-molecular weight (HMW)
adiponectin, leptin, resistin] at baseline. and at the end of each intervention using
immunoturbidimetric assay and enzyme-linked immunosorbent assay techniques.
Results: Soy protein supplementation was statistically significantly associated with an increase

in HDL and reduction in TC and TC-to-HDL ratio, E-selectin, leptin in Caucasians, and VCAM1 in African-Americans compared to milk protein and/or carbohydrate supplementation. There
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were no statistically significant net changes in LDL, triglycerides, HMW adiponectin, resistin,
CRP, IL-6, TNF-a, ICAM-1, or thrombomodulin.

Conclusion: Soy protein supplementation has afavorable response on some biomarkers of the
lipid profile, endothelial function, and adipocytokines. Consumption of soy protein may reduce ·
CVDrisk.
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FOREWORD
The format of this dissertation is manuscript;.oriented. The dissertation includes an
introductory chapter describing the objectives of the study, a chapter reviewing the literature
pertaining to the theme of the dissertation, and a chapter describing the study methods. The body
of the dissertation consists of four manuscripts linked by a common theme and study population.
A discussion chapter integrates the fmdings from the four manuscripts and concludes the
dissertation. The appendix contains additional information that would not normally accompany a
manuscript but that is pertinent to understanding the data.
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CHAPTER 1: Introduction
1.1. CVD and related risk factors as public health challenges

Cardiovascular disease (CVD) is the leading cause of death in the U.S. and the world.
Based on the most recent data from the National Center for Health Statistics, CVD was the ·
underlying cause of 811,940 deaths in the U.S., which is 32.8 percent of all deaths or 1 cif every
. 3 deaths (1 ). Ischemic heart disease and cerebrovascular disease are the two leading causes of
death, accounting for 17.3% and 9.9% of total deaths, respectively, in high-income countries,
and 11.8% and 9.5% oftotal deaths, respectively, in low- and middle-income countries (2). In
addition to its health impact, it is estimated that the direct and indirect healthcare costs of CVD,
stroke, and related conditions is $297.7 billion in the U.S., which is higher than that for any other
major disease (1).
Elevated blood pressure and cholesterol continue to be a major public health concerns
due to their high global prevalence and concomitant increase in risk of CVD. High blood
pressure and high cholesterol are the first and third leading global risk factors for mortality (2).
The total number of adults world-wide estimated to have hypertension in 2000 was 972 million,
and this number is predicted to increase by approximately 60% to 1.56 billlon in 2025 (3).
According to the most recent statistics, 44.4% of the US population have borderline-high or
higher total cholesterol (2:200 mg/dL) and 31.9% have borderline-high or higher low-density
lipoprotein (LDL) cholesterol (2:130 mg/dL) (1). The lifetime risk of fatal and nonfatal CVD
increases with a higher burden of traditional risk factors, including elevated blood pressure and
elevated cholesterol (4 ).

.16

1.2. Lifestyle modifications for CVD risk reduction
The National High Blood Pressure Education Program considers lifestyle characteristics,
including diet, physical activity, weight, and alcohol consumption, as modifiable risk factors for
CVD based on their ability to reduce blood pressure (5). The National Cholesterol Education
Program emphasizes the im_lJortance of therapeutic lifestyle changes for primary prevention,
including dietary modification, body weight reduction, and increased physical activity, through
LDL-cholesterqllowering and other mechanisms for CVD risk reduction (6). Specific diet
modifications that are recommended include sodium reduction, potassium and calcium
supplementation, and consumption of a diet rich in fruits, vegetables, and low-fat dairy products,
along with reductions in saturated and total fat, which are characteristics of the Dietary
Approaches to Stop Hypertension (DASH) eating plan (5). Lifestyle modifications as stated in
current prevention and treatment guidelines do not include a particular amount or type of protein.
Furthermore, current dietary guidelines have a wide range for acceptable level of daily protein
intake, from 10% to 35% of total energy from protein (7). However, t}J.e recommended DASH
diet includes increasing intake of protein-rich foods to 18% of total energy,

compare~

to the

average protein intake of 15.2% of total energy in the U.S. (8, 9).
Epidemiologic studies have reported that dyslipidemia, systemic inflammation,
endothelial dysfunction, and adipocytokines are related to increased risk of CVD (1 0-16). As
such, evaluating the impact of dietary protein interventions on lipids, systemic inflammatio;n,
endothelial dysfunction and adipocytokines may provide justification for widespread
implementation of such interventions for the prevention and treatment of CVD and its related

."'-.....

morbidity and mortality. The conceptual model illustrating the theorized impact of soy protein
supplementation on the endpoints of this study and their relationship to CVD risk through
modulation of ather<_:>sclerosis, insulin resistance and metabolism is provided as Figure 1.1.
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1.3. Objectives
Clinical trials have suggested that soybean protein supplementation lowers serum lipids
and blood pressure levels in hunian subjects. However, the effect of soybean protein on novel
risk factors for CVD has not been well studied. The overall objective of the study was to
examine the effect of soybean protein supplementation on lipids, biomarkers of inflammation,
biomarkers of endothelial dysfunction, and adipocytokines. We tested the following hypotheses
in a randomized controlled trial of soybean protein supplementation by measuring levels of
lipids, inflammatory biomarkers, endothelial dysfunction biomarkers, and adipocytokines at
baseline and at the end of 8-week interventions of 40 grams/day of soybean protein (89 .3 mg
isoflavones) supplementation, 40 grams/day of milk protein supplementation, and 40 grams/day
of complex carbohydrate control.
Hypothesis 1: Soybean protein supplementation affects serum levels oflipids by
increasing high-density lipoprotein (HDL) and decreasing of total cholesterol, low-density
lipoprotein (LDL), triglycerides, and total cholesterol-to-HDL ratio compared to milk protein
and carbohydrate supplementation.
Meta-analyses of clinical trials comparing soy protein to animal sources of protein
conducted mostly among hyper-cholesterolemic subjects have reported improvements in the lipid
profile with varying magnitudes of change. We compared serum levels of lipids and lipoproteins,
including total cholesterol, LDL, HDL, triglycerides, and total cholesterol-to-HDL ratio, at the
end of intervention and control phases.
Hypothesis 2: Soybean protein supplementation reduces plasma levels ofsystemic
inflammatory markers compared to milk protein and carbohydrate supplementation.
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Observational studies and clinical trials suggest that hormone replacement therapy may
increase plasma C-reactive protein (CRP) levels. Soybean protein is a rich source ofisoflavones
which are structurally similar to estradiol and have a high binding affmity for the estrogen
receptor in the vascular wall. We compared plasma levels of inflammatory markers, including
CRP, interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a), at the end of intervention and
control phases.
Hypothesis 3: Soybean protein supplementation reduces plasma biomarkers of
.,

endothelial dysfunction compared to milk protein and carbohydrate supplementation.

Clinical studies suggest that soybean protein with isoflavones improves endothelial
function assessed by flow-mediated endothelium-dependent vasodilation. We compared
biomarkers of endothelial dysfunction, including plasma levels of E-selectin, intercellular
adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), and
thrombomodulin, at the end of intervention and control phases.
Hypothesis 4: Soybean protein supplementation affects plasma levels ofadipocytokines
by incre.asing adiponectin levels and decreasing resistin and leptin levels compared to milk
protein and carbohydrate supplementation.

The effects of soy protein on adipose tissue have not been well studied. However, sonie
. clinical trials have begun to investigate the effect of diet characteristics on adipocytokines as
markers of metabolic function. We compared adipocytokines, including plasma levels of high
molecular weight adiponectin, leptin, and resistin, at the end of intervention and control phases.
This study utilized existing data and specimens from the completed National Heart, Lung
and Blood Institute-sponsored soybean protein supplementation trial, the Protein and Blood
Pressure (ProBP) study. The ProBP study is a randomized, placebo-controlled, double-blinded,
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three-phase cross-over trial designed to compare the effect of 40 grams of soybean protein
supplement (89 .3 mg isoflavones), 40 grams of milk protein supplement, and 40 warns of
complex carbohydrate placebo on blood pressure in 352 healthy African-American and
Caucasian men and women aged 22 years and older in New Orleans, Louisiana and Jackson,
Mississippi (17). Serum lipids levels were measured in the overall ProBP study sample of352
participants. A subset of the samples collected for the ProBP study, i.e., plasma samples from
102 participants that were recruited after Hurricane Katrina, were frozen at -85 degrees Celsius
until analysis ofbiomarkers of inflammation, endothelial dysfunction, and adipocytokines. In
this study, we meas·ured serum lipid levels (total cholesterol, LDL, HDL, triglycerides, total
cholesterol-to-HDL ratio), and plasma levels ofbiomarkers of inflammation (CRP, IL-6, TNF-

a), endothelial dysfunction (E-selectin, ICAM-J, VCAM-1, tbrombomodulin), and
adipocytokines (high molecular weight adiponectin, leptin, resistin) at baseline and at the end of
each intervention/control period using immunoturbidimetric assay and enzyme-linked
immunosorbent assay techniques.
1.4. Rationale and significance

· Soybean protein has been widely accepted as a healthy food for cardiovascular health in
the U.S. general population based primarily on its favorable effect on cholesterol levels (18).
However, there is limited information available about its effect on other CVD risk factors, such
as inflammatorymarkers, endothelial dysfunction markers, and adipocytokines. This study
provides important new information about the effect of soybean protein supplementation on
novel CVD risk factors and provides additional information on established CVD risk factors
(lipid parameters), which will be useful for evaluating the recommendation of soybean protein
for the prevention and treatment of CVD.
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This study had several unique features. This study examined the effect of soybean protein
supplementation on several lipid parameters, biomarkers of inflammation, endothelial
dysfunction biomarkers, and adipocytokines. The effect of soybean protein supplementation was
compared to both milk protein and a complex carbohydrate control in order to separate the effect
of soybean protein from other protein supplementation on CVD risk factors. The study .
population consisted of healthy individuals, that is, those without hypercholesterolemia or
hypertension. Furthermore, the study population was diverse with respect to gender and
·race/ethnicity. The cross-over study design maximized statistical power.
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CHAPTER 2: ·Background and Literature Review
2.1. Lipids and atherosclerosis
LDL cholesterol is a primary risk factor for atherosclerosis. An integral part of
atherosclerotic plaque development is the passage o{Iipids across the endothelial membrane that
has been damaged and has become permeable, modification of LDL particles, and accumulation
of cholesterol in the arterial wall forming the characteristic fatty streak (19). Modified LDL
stimulates expression of monocyte chemotactic protein-1, which then attracts monocytes to the
site ofLDL accumulation in the lumen (20). Modified LDL also promotes the differentiation of
monocytes into macrophages (19). Macrophages release inflammatory cytokines that activate
'

'

endothelial cells to express adhesion molecules and recruit monocytes into the sub-endothelial
space with the assistance of monocyte chemotactic protein-1 (21 ). Activated macrophages engulf
modified LDL and are converted to lipid-rich foam cells that are :fundamental to the development
of atherosclerotic plaques (19).
'

Early fatty lesions can be produced by triglyceride-rich lipoproteins (22). One potential
mechanism is for triglyceride._rich lipoproteins to be converted to remnant particles that
transverse the arterial wall carrying ,,triglyceride and cholesterol, be engulfed by macrophages,
and convert macrophages into foam cells (22-24). Another mechanism is through the release of
cytokines and adhesion molecules during lipolysis of triglyceride-rich lipoproteins, which
promote atherosclerotic lesion development (22, 25, 26).

In contrast to the activity of LDL, HDL protects against atherosclerosis development by
promoting cholesterol efflux from foam cells, inhibiting LDL oxidation, and inhibiting the
expression of adhesion molecules (27 -29).

23

-- -·---·---------

----~-----

- - - - - - · ·--·--

-·--------···--·--~------------·----~--·----

2.2. Inflammation and atherosclerosis
Inflammation plays a key role in the pathogenesis. of atherosclerotic CVD (30-32).
Inflammation is involved in all stages of atherogenesis', ranging from the initial detectable step of
endothelial dysfunction to plinical manifestations of disease due to atherosclerotic plaque
rupture. Atherogenesis begins with recruiting inflammatory cells to the damaged site in the blood
vessel through endothelial expression of adhesion molecules to capture monocytes (33).
Inflammatory cytokines stimulate further expression of cellular adhesion molecules (34).
Activated macrophages in the atheromatous lesion produce high levels of inflammatory
cytokines, such as interleukins and tumor necrosis factors, to promote lesion formation and
complications of atherosclerotic plaques (33). Continued infl~ation results in increased
numbers of macrophages and lymphocytes, focal necrosis, mature atherosclerotic plaque
development, inability of the artery to compensate by dilation, and blood flow obstruction (34).
Biomarkers of systemic inflammation, such as CRP, IL-6, and TNF -a, have been studied
as early markers of atherogenesis due to their analytic availability. CRP in particular has been
extensively studied. In addition to being an acute phase reactant, CRP directly affects vascular
disease progression by activating complement, inducing expression of several cellular adhesion
molecules and tissue factors, mediating LDL uptake by endothelial macrophages, inducing
monocyte recruitment into the arterial wall, and enhancing production of monocyte chemotactic
protein-1 (35, 36). TNF-a is a pleiotropic cytokine which is produced by activated immune cells
in the atherosclerotic plaq:ue. TNF -a stimulates IL-6 production and· amplifies the inflammatory
response in general (37, 38). IL-6 is another pleiotropic cytokine with a wide variety of biologic
activity (39). IL-6 is expressed in atheromatous lesions and is the main hepatic stimulus for CRP
production (40, 41). Both TNF-a and IL-6 are also produced by adipose tissue (42). Extensive
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laboratory research demonstrating the vital role of inflammation in atherosclerotic disease and
the involvement of CRP, JL..,6, and TNF -a in the cascade of events leading to CVD provides
justification for use of these markers in clinical research.

2.3. Endothelial dysfunction and atherosclerosis
Endothelial dysfunction is the initial detectable step in the process of developing
atherosclerotic CVD (30, 31, 34). Damaged endothelial cells result in increased permeability
across this barrier to allow for entry of lipoproteins and up-regulation of adhesion molecules,
such as VCAM-1, ICAM-1, and E-selectin. Adhesion molecules facilitate early atherosclerotic
lesion development via mediation of the initial rolling, adherence, and transmigration of
inflammatory cells across the vascular endothelium (31, 43). Adhesion molecules essentially act
as receptors for glycoproteins and integrins found on the surface of monocytes. The
accumulation: oflipids and inflammatory cells in the arterial wall creates a fatty streak, which
progresses to an advanced lesion with a fibrous cap and necrotic core. Advanced lesions obstruct
blood flow, occlude the artery, and the fibrous plaque can rupture and lead to thrombosis.
Turbulent blood flow due to lesion protrusion into the arterial lumen, in addition to the presence
of oxidized LDL, promotes expression ofiCAM.:.1, VCAM-1, and E-selectin on the endothelial
surface of the artery for further atherosclerosis development (44, 45).
Thrombomodulin is a cell surface glycoprotein in the vascular endothelium, fragments of
which are derived from 'injured endothelial cells, and are detectable in soluble form circulating in
plasma (46-48). Thrombomodulin is also a cofactor in the clinically important protein C
antico_agulant system, defects of which commonly predispose individuals to thrombosis (49).
Endothelial. dysfunction biomarkers are novel CVD risk factors that can be useful as early
indicators of disease for both research and clinical applications.
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2.4. Adipocytokines and metabolic dysfunction
Adipose tissue can be classified as an endocrine organ due to its ability to secrete
adipocytokine~

which regulate metabolic pathways throughout the body (50). Adipocytokines

are biologically active molecules produced by adipose tissue that have recently been proposed as ·
markers of insulin resistance and metabolic syndrome (51). Adiponectin increases tissue
sensitivity to insulin (51), and suppresses lipid accumulation in the blood vessel wall thereby
preventing foam cell development (52). Adiponectin reduces the expression of adhesion
molecules in endothelial cells (53). In addition, adiponectin is involved in both adaptive and
innate immunity by inhibiting macrophage activity (54) and inhibiting production ofTNF-a (55).
·Adiponectin P,as been shown to stimulate nitric oxide production, resulting in vasodilation (56).
Conversely, resistin induces insulin resistance, i.p.creases the expression of adhesion molecules,
impairs glucose metabolism, and is produced by macrophages in response to inflammatory
cytokines (30, 57). Leptin is a satiety signal, and sustained increased leptin levels lead to
impaired lipid and glucose metabolism and insulin resistance (58, 59). Further, leptin has been
shown to modulate sympathetic nervous system activity, stimulate production of inflammatory
cytokines including TNF-a and IL-6, and promote platelet aggregation and thrombotic states (5861). By measuring changes in adipocytokines, we should be able to early signs of metabolic
dysfunction.
2.5. Lipids as predictors of CVD risk
Elevated blood level of cholesterol is an established, strong, and independent risk factor
for

CVD~

Risk of fatal and nonfatal CVD increases with a higher burden of traditional risk

factors, including elevated cholesterol (4, 62). Total cholesterol and HDL-cholesterollevels are
two of the six factors used for calculating the Framingham Risk Score for assessing CVD risk,
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which is based on information from the Framingham,Heart Study (63). Using data from the
Atherosclerosis Risk in Communities Study, the relative risk for coronary heart disease was 2. 7
for women and 2.5 for men among those with the highest quintile of LDL cholesterol compared
to those with the lowest quintile (64). LDL, HDL and triglycerides (among women only) were all
found to be independent predictors of coronary heart disease (64). In the Framingham Heart
Study, high cholesterol levels were associated with an increased risk of carotid stenosis in men
and women (65). The risk ofCVD-related and all-cause mortality with serum cholesterol was
assessed in younger men (18 to 39 years of age) in three prospective studies -the Chicago Heart
Association Detection Project in Industry, People's Gas Company Study, and the Multiple Risk
Factor Intervention Trial (66). Among those with elevated baseline serum cholesterol (greater
than or equal to 240 mg/dL) compared to those with favorable levels (less than 200 mg/dL), risk
of coronary heart disease mortality was 2.15 to 3. 63 times greater, CVD mortality was 2.10 to
2.87 greater~ and all-cause mortality was 1.31 to 1.49 times greater.(66). These observational
studies demonstrate that the relationship between cholesterol and CVD is graded, strong, and
independent of other risk factors.
Clinical trials have documented that lowering blood cholesterol reduces risk of coronary
heart disease and stroke. In. a meta-analysis of five clinical trials of lipid reduction with statin
I

therapy, there was a 20% reduction in total cholesterol, 28% reduction in LDL, 13% reduction in
triglycerides, and 5% increase in HDL (67). After pooling the resUlts from the trials, there was a
31% reduced risk of major coronary events and 21% reduced risk in all-cause mortality with
statin drug treatment (67). In another meta-analysis of randomized trials of cholesterol-lowering
treatment with 266,973 patients and 946,582 person-years of follow-up, there was a statistically
significant 15% decreased odds of incident stroke (odds ratio: 0.85, 95% confidence intervals: .
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0.78, 0.92) (68). A 10% reduction in total cholesterol was associated with 8% relative risk
reduction in stroke (68).
The National Cholesterol Education Program periodically reviews all the available
evidence from published studies with an emphasis on large, randomized controlled trials and
makes treatment guidelines accordingly (6). The updated Adult Treatment Panel III Guidelines
recommend an aggressive 30-40% reduction ofLDL cholesterol in order to achieve a risk
reduction for.major coronary events of30-40% (6). Cholesterol level is

an important modifiable

risk factor for CVD.

2.6. Inflammation as predictors of CVD risk
Prospective epidemiologic studies have documented that systemic inflammatory markers
(

'

are associated with increased risk of CVD. CRP in particular has been widely studied. CRP is a
strong, independent predictor of subsequent risk of CVD morbidity and mortality among

individuals without a history ofCVD (10, 15, 16, 69-80) and with a history ofCVD (72, 73, 75,
81-86). In a meta-analysis of 160,309 individuals without CVD from 54 long-:term prospective
studies, a three-fold increase in CRP (one standard deviation higher loge CRP) was associated
with an increased relative risk (RR) of coronary heart disease (RR: 1.63, 95% confidence
. interval: 1.51, 1.76), ischemic stroke (RR: 1.44, 95% confidence interval: 1.32, 1.57), and CVD
mortality (RR: 1.71, 95% confidence interval: 1.53, 1.91) (87). The associations ofCRP with
these outcomes were still significant after adjusting for traditional risk factors, including age,
sex, systolic blood pressure, smoking status, alcohol consumption, diabetes, body-mass index,
triglycerides, total cholesterol, non-HDL cholesterol, and HDL cholesterol. In a cohort study of
3,435 Caucasian middle-aged men, CRP significantly improved incident coronary event risk
prediction after accounting for traditional CVD risk factors in the Framingham Risk Score (88).
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Based on the quality, consistency, and volume of the existing evidence, in 2003, the American
Heart Association and Centers for Disease Control and Prevention concluded that "it is
reasonable to measure [high sensitivity] CRP as an adjunct to the major risk factors to further
assess absolute risk for coronary disease primary prevention" (89). In the Justification for the
Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER) study,
individuals without any traditional CVD risk factors were included in the study and randomized
to receive either statin therapy or placebo on the basis of having an elevated CRP levels (greater
than 2.0 mg!L) (90). This trial was ended early since a statistically significant reduction in major
CVD events was detected much earlier than anticipated among those treated with statins
compared to c_ontrols (90).
Epidemiological studies have also found that increased plasma levels of cytokines such as
IL-6 and TNF -a are associated with increased risk of CVD among persons with and without a
history of CVD. In a small study of 57 subjects, higher levels ofiL-6 were- present in patients
with unstable angina than among those with stable angina (91). In another small study by the
same investigators, among 43 patients with unstable angina, IL-6level was higher among those
with a complicated in-hospital stay (death, myocardial infarction, refractory angina) compar:ed to
those with an uneventful hospital stay (92). In a cohort study of 1,293 healthy older·people, those
with plasma IL-6levels in the highest quartile

(~3.19

pg/mL) were 1.9 times more likely to die

during 4.6 years of follow-up than those with plasma IL-6levels in the lowest quartile (93). In
nested a case-control study of28,263 healthy post-menopausal female participants ofthe
Women's Health Study, those with the highest quartile of baseline IL-6 were had a 2.2 times
higher CVD risk than those in the lowest quartile (16). Similar estimates of a direct association
between IL-6 and CVD or mortality have been documented (94-96). In a meta-analysis of 17
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prospective studies, an increase in IL-6level oftwo standard deviations was associated with
1.61-3.34 increased odds ofCVD (97).
There are fewer articles that report on TNF-a and CVD. In the Health, Aging, and Body
Composition (Health ABC) study of2,610 older persons, doubling ofTNF-a level was
associated with a 46% increase in heart failure risk (95% confidence interval, 17-84%; p=0.001)
(98). In a nested case-control of272 myocardial ~infarction patients, those with the highest levels
of 1NF-a had a 2. 7 fold increased risk of recurrent myocardial infarction or fatal CVD event
(95% confidence interval, 1.4 to 5.2; p=0.004) (99).

2. 7. Endothelial dysfunction biomarkers as predictors _of CVD risk
Several epidemiologic studies have indicated that biomarkers of endothelial dysfunction
are associated with CVD risk. In a case-control study of subjects in the Atherosclerosis Risk in
Communities (ARlC) cohort study, those with the highest quartile ofiCAM-1 were 5.53 more
likely to have coronary heart disease and 2.64 times more likely to have carotid artery
atherosclerosis, and those with the highest quartile ofE-selectin were 2.03 times more likely to
·have carotid artery atherosclerosis (11 ). Thrombomodulin was also measured in a case-cohort
study using data from the ARIC study, and was found to be positively associated with carotid
artery atherosclerosis, but surprisingly inversely associated with incident coronary heart disease
(1 00). The fmdings of a direct association of ICAM-1 and inverse relationship of

thrombomodulin with coronary heart disease were replicated in another article by ARIC
investigators (1 01 ).
In a nested case-control study of the Physician's Health Study, healthy men were
followed for 9 years and observed for the development of peripheral arterial disease and
myocardial infarction (102, 103). Those with the highest quartile ofbaseline ICAM-1levels had
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a 80% higher risk of future myocardial infarction (102). After adjustment for traditional CVD
risk factors, there was a progressive increase in risk for peripheral arterial disease with increasing
levels ofiCAM-1, but elevated VCAM-1 was not associated with futUre peripheral arterial
disease (1 03).

In a nested case-control study within the Nurses' Health Study with 10 years of followup, elevated E-selectin levels predicted incident diabetes in logistic regression models
conditioned on matching criteria and adjusted for body mass index, family history of diabetes,
smoking, diet score, alcohol intake, physical activity, postmenopausal hormone use, ICAM-1,
and VCAM-1 (104). The. trend was statistically sigD.ificant with those in the highest quintile ofE\

selectin having 4.61 increased risk of developing diabetes (1 04).
In a large prospective study of 1,246 German patients with coronary artery disease,

baseline levels of adhesion molecules predicted CVD mortality (12). In the model adjusting for
age, sex, body mass index, history of hypertension, diabetes, current smoking, and HDL ·
cholesterol, the risk of CVD mortality was increased among those with the highest quartile of
VCAM-1 (hazard ratio: 2.6, 95% confidence interval: 1.5, 4.4), ICAM-1 (hazard ratio: 1.8, 95%
confidence interval: 1.1, 2.9), and E-selectin (hazard ratio: 2.0, 95% confidence interval: 1.2, 3.5)
(12). In a nested case-control study of coronary heart disease patients, each 100 ng/mL increase
in ICAM-1 was associated with 27% increased odds of CVD events (1 05). When the results from
five ICAM-1 studies, four VCAM-1 studies, and two E-selectin studies were included in a metaanalysis, only ICAM-1 was a significant predictor of coronary heart disease (odds ratio: 1.3 9,
95% confidence intervals: 1.11, 1.73) (106).
Overall, epidemiologic studies provide support for endothelial dysfunction biomarkers
being related to CVD risk. However, there are some inconsistencies among the limited number
(
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of published studies, with respect to thrombomodulin and VCAM-1 in particular. Further
research is warranted to better assess this relationship.

2.8. Adipocytokines as predictors of CVD risk
The evidence of an association between adipocytokines on CVD morbidity and mortality
is suggestive but not entirely conclusive. Adiponectin generally demonstrates a protective effect
on CVD risk. In a nested case-control study withii:l. the European Prospective Investigation into
Cancer and Nutrition Potsdam cohort, adiponectin was independently associated with risk of
type 2 diabetes in healthy individuals (1 07). The odds of type 2 diabetes among those with the
highest quartile of adiponectin was 0.3 times that with the lowest quartile of adiponectin (95%
confidence interval, 0.2-0.7, p=0.0051) (107). This inverse relationship was confirmed in other
studies predicting type 2 diabetes (108, 109), myocardial infarction (110), other major CVD
events (111), and all-cause mortality (112). However, high levels of adiponectin were
unexpectedly found to be a risk factor for all-cause mortality and CVD mortality in patients with
CVD at baseline in a few studies (13, 113, 114).
In epidemiologic studies, high resistin levels are associated with CVD events and disease
severity (1152.118), and all-cause and CVD-related mortality (13, 119-121). As an example;
among coronary artery disease patients in the AtheroGene Study, resistin level was moderately
associated with cardiovascular mortality in the 2.6 year average follow-up period, after adjusting
for traditional risk factors· (119). An increase of one standard deviation of resistin levels was
associated with a 1.22-fold (95% confidence interval: 1.04, 1.43; p=0.02) increased risk ofCVD
mortality (119).
Leptin is infrequently studied and the evidence for its association with CVD is
inconsistent. In a nested case-control study within the Long-Term Intervention with Pravastatin
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in Ischaemic Disease (LIPID) trial, leptin was a significant and independent predictor of CVD
events and mortality among men with coronary heart disease (122). The same investigators
documented a direct relationship between leptin 'and myocardial infarction in an earlier nested
case-control study(123). Higher leptin levels were presentin heart failure patients compared to
controls in a small case-control study (124). In·a nested case-control study of men in Scotland,
·one standard deviation increase in leptin was associated with 1.25 times increased CVD risk
(95% confidence interval: 1.10, 1.43; p<0.001) (125).

However~

there were no statistically

significant independent associations
detected between leptin levels and CVD morbidity or
.
.

overall mortality among diabetic women in the Nurses' Health Study (126). In a 7-year cohort
study in Italy, leptin counter-intuitively demonstrated a protective effect on CVD mortality
(hazard ratio: 0.88; p<0.02) (14).

2.9. Soy protein and lipids
The primary reason for soybean protein being accepted as a healthy food for
cardiovascular health is based on its favorable effect on the lipid profile. There is a substantial
body of evidence evaluating the relationship between soy protein and lipids and lipoproteins.
Clinical.studies have reported fmdings that vary with respect to magnitude of serum lipids
reduction. Past studies have mostly used milk protein as a comparison group, and have used
hypercholesterolemic individuals as the study population. Reviews of the literature have similar
conclusions with slight variations.
In October 1999, the U.S. Food and Drug Administration (FDA) approved the use of a
health claim on food labels that foods containing 6.25 grams of soy protein are protective against
coronary heart disease (127). Their decision was based on evidence suggesting that 25 grams of
soy protein per day (4 servings of 6.25 grams) lowers total cholesterol and LDL cholesterol. The
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FDA statement further specifies that soy protein included in a diet that is low in saturated fat and
cholesterol is cardio-protective.
In 2000, the American Heart Association (AHA) published a science advisory on soy

protein and CVD (128). Similar to the FDA approved claim, the AHA advisory supported daily
consumption of 25 grams or more soy protein with phytoestrogens in a diet low in saturated fat
and cholesterol to improve the lipid profile and reduce CVD risk for hypercholesterolemic
individuals. Based on the totality of evidence from clinical trials, the AHA Nutntion Committee
stated in the science advisory that daily intake of 25 to 50 grams soy protein is effective in
lowering LDL cholesterol by approximately 4 to 8%. Of note, their summary_ about isolated
isoflavones was more reserved: "Soy protein without the isoflavones appears to be less effective.
Consuming isoflavones without soy protein does not lower cholesterol but may provide other
cardiovascular benefits. The effects of using soy extracts of isoflavones as dietary supplements
are largely unknown and cannot be recommended" (128).
In 2006, the AHA published an updated science advisory on soy protein, isoflavones, arid

cardiovascular health (18). After reviewing 22 randomized trials that were published since the
earlier advisory, the AHA concluded that. an average amount of 50 grams of isolated soy protein
with isoflavones resulted in a modest average reduction in LDL cholesterol of about 3% when
· compared to milk or other protein~. The AHA was not able to establish a beneficial effect of soy
protein on HDL cholesterol, triglycerides, lipoprotein(a), or blood pressure. The updated
advisory stated that the average reduction of a few percentage points ofLDL cholesterol was not
clinically important. Nonetheless, they stated that soy food products may be advantageous to
cardiovascular an.d overall health due to their high content of polyunsaturated fats, fiber,
vitamins, and minerals and low content of saturated fat. Furthermore, soy foods may offer health
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benefits by replacing animal protein that contains saturated fat and cholesterol. Increased dietary
protein intake in general, by substituting for carbohydrate and/or fat, confers cardiovascular
protection. Based on a review of 19 studies of soy isoflavones, they conclude that "the average
effect on LDL cholesterol and other lipid risk factors was nil." In this 2006 science advisory, the
AHA recommended further research to better understand the potential impact of protein for
cardiovascular health.
Several meta-analyses of clinical trials comparing soy protein to animal sources of
protein conducted mostly among hyper-cholesterolemic subjects have reported improvements in
the lipid profile with varying magnitudes of change (129-132). In the 1995 meta-analysis of soy
protein compared to animal protein on lipids, the average soy protein intake was 47 grams per
day among the 38 controlled clinical trials (132). They estimated statistically significant
reductions in total cholesterol of23.2 mg/dL or 9.3%, LDL cholesterol of21.7 mg/dL or 12.9%,
I

and triglycerides of 13.3 mg/dL or 10.5%, and a non-significant increase in HDL cholesterol of
1.2 mg/dL or 2.4%, The net changes in total cholesterol and LDL cholesterol-were directly and
significantly related to baseline cholesterol levels. Although not assessed analytically, the
authors· state that "soy estrogens may be responsible for most ofthe hypocholesterolemic effects
of soy protein" based on support from animal studies. In a 2006 meta-analysis of 41 randomized
controlled trials of isolated soy protein supplementation, there were smaller effects observed on
· lipids, with a significant reduction in total cholesterol (-5.26 mg/dL), LDL cholesterol (-4.25
mg/dL), triglycerides (-6.26 mg/dL) and a significant increase in HDL cholesterol (0.77 mg/dL)
(130). The amount of daily soy protein intake ranged from 20 grams to over 61 grams. Metaregression analyses demonstrated a significant dose-response relationship between i~oflavone
content on reduction of total cholesterol, LDL, and triglycerides, and increase in HDL. Dr.
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Anderson recently published a meta-analysis that assessed 43 randomized controlled trials
published since the 1995 meta-analysis (1996 to 2008) (131). With anaverage daily intake of30
grams, soy protein was associated with 4.2% to 5.5% reduction in serum LDL-cholesterol,
10.7% reduction in triglycerides, and 3.2% increase in HDL-cholesterol.
The influence of isoflavones in soy protein on lipids continues to be debated issue. ·
Isoflavones are structurally similar to estradiol and have a high binding affinity for the primary
estrogen receptors in the vascular wall, estrogen receptor a and f3 (133-135). Estrogen hormone
replacement therapy has favorable effects on serum lipids and lipoprotein concentrations (136, .
137). Soy isoflavones have been shown to have strong biological activity in animal studies by
causmg vasodilation, cholesterol reduction, and inhibition of atherosclerosis (138, 139). Clinical
trials have indicated that isoflavones in soy protein, genistein and daidzein in particular, may
play an important role in lowering serum lipids (140-144). It should be noted that the isoflavone
content of soy food varies depending on preparation technique (145, 146). Variability in
concentration of isoflavones and imprecision in measurement may partly be responsible for the
difficulty in translating the evidence for the effect of soy isoflavones on lipids from basic science

'
and animal experiments to clinical studies.
Some of the earlier evidence demonstrating the beneficial effects of soy protein on lipid
levels may have been due to soy protein displacing saturated fats and cholesterol from animal
sources of protein in the overall dietary profile (147, 148). Multiple lipid-lowering plant foods.
and functional components may explain the observed effects on lipids. Recent randomized
controlled trials and meta-analyses of randomized clinical trials have well-balanced
macronutrient profiles between comparison groups, which minimizes confounding, thereby .
· resulting in more modest estimates of the intrinsic effect 9f soy on lipid levels. As such, the
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recommendation to replace carbohydrate and animal protein with increased amounts of soy
protein in a diet that is low in saturated fat and cholesterol is appropriate.
2.10. Soybean protein and inflammation
Soybean protein is a rich source of isoflavones which are structurally similar to estradiol
and have a high binding affinity for the estrogen receptor in the vascular wall. Besides
isoflavones, soybean protein may have direct effects on inflammatory markers. CRP, the most
widely studied inflammatory marker associated with CVD, has beeri reported to decrease in
response to soy consumption in only one clinical trial (149). In this randomized crossover
clinical trial, 42 postmenopausal women with metabolic syndrome were randomized to eight
weeks of control diet, soy nut diet (30 grams protein/day and 102 mg isoflavones/day), or a soy
protein diet (30 grams protein/day and 84 mg isoflavones/day) (149). The soy nut diet resulted in
an 8.9% decrease (p<0.01) in CRP and soy protein diet resulted in a 1.6% decrease (p<0.01) in
. CRP compared to the control diet (149). In contrast, CRP did not change significantly in five
other soy protein clinical studies (150-154) .
. Two small soy protein studies have reported a decrease in 1NF-a levels. In the crossover
trial described previously with 42 participants, soy nut diet (30 grams protein and 102 mg
isoflavones daily) resulted in a significant decrease in 1NF-a levels compared to the control diet
(p<0.01) (149). In another study, twelve healthy postmenopausal women consumed 36 ounces of
soymilk containing isoflavones (38 grams protein, 112 milligrams isoflavones) for 16 weeks
(155). Serum levels of1NF-a significantly decreased at follow-up compared to baseline levels
(p<O. 01) (15 5). Paradoxically, soy protein resulted in an increase in 1NF-a among women in one
trial (151). There was no significant effect of soy protein on 1NF-a levels in four trials (152,
. 154, 156, 157).
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Among the seven clinical trials that investigated the impact of soy protein on IL-6, none
detected a significant response (149-152, 155-157).
2.11. Soybean protein and endothelial dysfunction
Animal experiments have demonstrated that oral administration of phytoestrogens found
in soybeans, such as genistein, improve endothelial function by increasing nitric oxide and
subsequently causing smooth-musCle relaxation (158-160). Clinical studies suggest that
isoflavones improve endothelial function assessed by flow-mediated endothelium-dependent
vasodilation of the brachial artery (161-163). In a meta-analysis of randomized controlled trials,
isolated isoflavones significantly improved endothelial function as measured by flow-mediated
vasodilation by about 2% (164).
A few clinical trials investigated the effect of soybean protein on endothelial function and
generated conflicting results. Three clinical trials indicated tliat soybean protein improved flowmediated, endothelium-dependent vasodilation of the br~chial artery (165-167). In contrast, two

'
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other clinical trials showed that there was no such effect on flow-mediated vasodilation (168,
169).
There are eight soy protein clinical trials that have measured endothelial dysfunction
biomarkers. All eight soy protein clinical trials did not detect a significant effect on ICAM-1
(149, 165, 167, 170-174). In a randomized crossover study of 60 healthy postmenopausal
women; participants were randomized to consume soy nuts containing 25 grams of soy protein
with 101 milligrams ofisoflavones or a control diet for eight weeks (171). There was a
statistically significant 11.2% reduction in V CAM-1 levels on the soy diet compared to the
control diet among women with hypertension (p=0.003) (171). In contrast, six soy protein
studies did not observe a significant change in VCAM-1 (149, 167, 170, 172-174). In a
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previously described randomized crossover clinical trial, 42 postmenopausal women with
metabolic syndrome were randomized to eight weeks of control diet, soy nut diet (30 grams
protein/day and 102 mg isoflavones/day), or a soy protein diet (30 grams protein/day and 84 mg
isoflavones/day) (149). The soy nut diet resulted in a 11.4% decrease (p<0.01) in E-selectin
compared to the control diet (149). Three other clinical studies did not detect a significant change
in E-selectin (167, 170, 174): Plasma levels ofthrombomodulin were measured in one study of
twenty hypercholesterolemic male subjects that were given a soy protein diet for six weeks
(165). There was a statistically significant reduction in plasma thrombomodulin levels after six
weeks on the soy protein diet compared to baseline (165).
2.~2.

Soybean protein and metabolic dysfunction
Animal studies suggest the beneficial effect of soy protein and active components on

adiponectin, resistin, and leptin through increased expression of peroxisome proliferatoractivated receptors and isoflavone bindin~ to estrogen receptors (17 5-177). Clinical trials have
demonstrated favorable effects of soy isoflavones on insulin sensitivity andrglucose metabolism
(178-180).
Some clinical trials have begun to investigate the effect of soy protein on adipocytokines
as markers·ofmetabolic function and CVD risk. Adiponectin, the most widely studied
· adipocytokine, has been reported to increase in response to soy consumption in one clinical trial
(157). In a twelve week-long study, 75 healthy postmenopausal women were randomized to
receive either 20 grams of soy protein including 160 milligrams of isoflavones or 20 grams of
milk protein daily (157). There was a statistically significant increase in serum adiponectin levels
'

in the group consuming soy protein with isoflavones compared to control (p=0.03) (157). Five
other clinical trials did not observe a significant effect of soy protein on adiponectin (181-185).
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Counter-intuitively, adiponectin decreased in response to 28 days of soy protein consumption
relative to milk protein in a crossover study of twenty overweight and obese but otherwise
healthy adults (186).
With respect to leptin, the majority of soy protein clinical trials noted no significant
change in leptin levels (157, 181-183, 185, 187, 188). However, in a 6-week parallel-arm clinical
trial among 90 overweight or obese men and women, there was a statistically significant
difference in the reduction of leptin among those consuming the soy protein drink (-18.2 ng/m.L)
relative to the control group (-6.97 ng/m.L, p<0.05) (189).
Only one known soy protein clinical trial has reported on resistin (157). In this previously
described trial, 75 postmenopausal women were randomized to consume 20 grams of soy protein
(including 160 milligrams ofisoflavones) or 20 grams of milk protein for 12 weeks (157). There
was no statistically significant change in resistin levels due to soy consumption (157).
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CHAPTER 3: STUDY DESIGN AND METHODS
3.1. Study design
This study is an augmentation of the National Institutes ·of Health-sponsored randomized,
double-blind, placebo-controlled trial with three eight-week cross-over phases separated by
three-week washout periods. The study design is shown in Figure 3.1. Lipids levels were
measured in serum samples from all352 ProBP study participants at the baseline visit and at the
end of each intervention phase. A subset of the samples collected for the ProBP study, i.e.,
plasma: samples· from 102 participants that were recruited after Hurricane Katrina, was frozen at 85°C until analysis of biomarkers of inflammation, endothelial dysfunction, and adipocytokines.
We measured lipids (total cholesterol, LDL, HDL, triglycerides, total cholesterol-to-HDL ratio),·
biomarkers ofinflamniation (CRP, IL-6, 1NF-a), endothelial dysfunction (E-selectin, ICAM-1,
VCAM-1, thrombomodulin), and adipocytokines (high molecular weight adiponectin, leptin,
resistin) among study participants at the baseline visit and at the end of each intervention phase.
The net changes in lipids, inflammatory biomarkers, endothelial dysfunction biomarkers, and
adipocytokines between intervention and control periods were compared. The three-phase
crossover design inthis study increased statistical power substantially by using study participants
as their own control and reducing variance of biomarker changes during follow-up. The
limitations of this design include the potential for carry-over effects of the interventions, and the
prolonged study duration for study participants. Carry-over of the intervention effect was
minimized by using a prolonged three-week washout period between the interventions. During
the washout period, study participants did not take supplements or placebo and had a break from
the study. In order to balance the need for an adequate duration to test the effect of the
intervention against the cost and logistical difficulties of a: more prolonged trial as well as
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compliance challenges during long-term supplementation, an eight-week intervention duration
was used for each of the three phases.

3.2. Study population
ProBP study participants were A:fricari'..American and Caucasian men and women aged
22 years and older with untreated prehypertension or stage-1 hypertension (baseline systolic
blood pressure of 120 to 159 mm Hg and diastolic blood pressure of 80 to 95 mm Hg, based on
six readings at two screening visits) and without hypercholesterolerriia. Serum samples were
available for the measurement of lipid levels for the overall ProBP study population. Plasma
samples were available from a total of 102 ProBP participants that were recruited after Hurricane
Katrina. The eligibility criteria were designed to yield healthy adult men and women with
prehypertension or stage-1 hypertension who could safely undertake the proposed intervention
and were likely to be cooperative with the requirements of the trial. Persons with systolic blood
pressure ~160 mm Hg or diastolic blood pressure ~95 mm Hg were excluded and referred to
their physician for further evaluation. In addition, persons with a self-reported history of clinical
CVD, including angina/myocardial infarction, coronary revascularization, heart failure,
stroke/transient ischemic attack, and peripheral arterial disease, were excluded. .Patients with a
serum creatinine ~1.7 mg/dL for men and ~1.5 mg/dL for women, serum total cholesterol ~240
mg/dL, serum glucose ~126 mg/dL, or body mass index (BMI) ~40 kg/m2 were excluded.
Although the trial was not designed as a feeding study and therefore we were unable to control
participants' diet, participants were excluded based on high dietary intake of protein (~1.63 '
g/kg/day, the 90th percentile of dietary protein intake in the U.S. general population in NHANES
III), estimated with two 24-hour dietary recalls at thy screening visit. Children (<22 years of age)
were excluded because the definition and treatment guidelines of hypertension are different for
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children compared to adults. A full list of eligibility criteria for the proposed trial is provided in

Appendix A.
Participants were recruited by mass mailing and work-site and community-based blood
pressure screenings in New Orleans, Louisiana, and Jackson, Mississippi. Participants were
required to take part in two screening visits and a two-week run-in period in order to meet
eligibility criteria for participating in the trial. The two-week run-in period consisted of taking
85% of the daily 40 grams of complex carbohydrate supple~ent, determined by packet counts,
supplement calendar report, and questionnaire.

3.3. Study conduct
3.3.1. Randomization
Eligible participants were randomly assigned to three sequences at a fixed 1:1:1
allocation ratio. The three groups received supplements in different orders: A: soy-7 milk-7
placebo, B: milk-7 placebo-7 soy, or C: placebo-7soy-7 milk. Randomization was stratified by
clinic site (New Orleans vs. Jackson), gender (male vs. female), and hypertension status (systolic
blood pressure 2::140 mm Hg and/or diastolic blood pressure 2::90 mm Hg vs. systolic blood
pressure <140 mm Hg and diastolic blood pressure <90 mm Hg) with a block size of six persons
. within each stratum to balance participants among groups over time. After eligibility was
ascertained, the study coordinator called the Data Coordinating Unit to obtain the randomization
assignment. Randomization assignments were created by a computer program and were only
accessible to a study staff member. Other study staff and all participants were blinded to
randomization assignment.
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33.2. Intervention
Study participants received 40 grams of soybean protein, 40 grams of milk protein, and
40 grams of complex carbohydrate (placebo) per day in a random order, each for 8 weeks. These
products were made to ensure that the differences of protein or carbohydrate between them was
at least 40 grams. The soybean protein, milk protein, and complex carbohydrate supplements
were provided for the study by Solae, LLC., St. Louis, MO. We used 40 grams of soybean
protein supplements per day in our trial based on previous documented effects of soybean protein
on the lipid profile, blood pressure; and endothelial function using 20 to 40 grams/day of
soybean protein suppl~ments(140, 142,165-167, 190-197). The soybean protein and complex
carbohydrate supplements were fortified with calcium to amounts comparable.withthose found
in the milk protein supplement. The soybean protein, milk protein, and complex carbohydrate .
powders looked the same and were provided to trial participants in identical 20-gram packets to
be taken twice daily (20 grams in the morning and 20 grams in the evening) in water or juice.
Several flavored packages were provided for study participants. In addition, recipes were
provided for making foods with the supplements, such as soups, breads, and pancakes.
Study participants were counseled to adhere to their usual diet and physical activity. A
one-on-one counseling session was held at the run-in and randomization visit with the study
dietitian. Based on the participants' 24-hour dietary recalls during screening visits,
individualized recommendations were given in order for participants' total energy intake to
remain consistent over the supplementation period. The ProBP study was not designed as a
feeding study and participants'. diets were not contr9lled.

3.3.3. Blinding
The randomization was conducted centrally at Tulane University School of Public Health
and Tropical Medicine. The randomization sequence numbers were generated by a computer
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program and kept in a password-protected computer file that was only accessed by a study
investigator. Identical soybean protein, milk, and carbohydrate supplements in 20-gram packets
labeled 098, 788, and 608 were given to study participants. Study staff and participants did not
know the randomization assignment and were not allowed to discuss it. Special effort was made
to ensure clinical technicians and laboratory technicians did not have any knowledge about the
intervention assignment.

3.3.4. Compliance

To increase compliance, a group of cooperative participants was selected based on their
screening visit and run-in experience. Compliance was an important eligibility criterion in the
recruited process and was assessed by ability to complete all screening visits and to take 85% or
more of the prescribed placebo during a two-week run-in phase. Clinic visits were scheduled at
the convenience of trial participants.· Study staff members with enthusiasm about the project and
with good interpersonal skills were selected for this project. Reminder calls were made prior to
participants' clinic visits. Notes of condolence on bereavement and recognition of major positive
life events were sent. Personalized birthday, holiday, and anniversary cards were sent to
participants. Small gifts like study mugs, pens, movie tickets, and blenders were also employed
to promote participants' willingness to adhere to the study intervention. Specific strategies for
improving compliance to supplements included providing beverage powders with different
flavors to meet individual participants' preference; teaching participants using specific
techniques, such as mixing supplements using a blender with ice, to improve supplement taste;
and developing and providing recipes to study participants. The study coordinator and dietitian
contacted participants one week after randomization and then on a biweekly basis by phone.
Symptoms and side effects were assessed and addressed.
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Adherence to the intervention regimen was assessed by self-reported number of packets
consumed in their supplement calendar at the termination 8-week visits during each phase and by
8-hour overnight urinary excretion of urea nitrogen at the termination visits.

3.3.5. Safety considerations
If participants had systolic blood pressure greater than 170 mm Hg or diastolic blood
pressures greater than 105 mm Hg at any single visit during the intervention phases, they were
referred to a clinician for evaluation and treatment. This blood pressure cut-point is lower than
that used in the Dietary Approaches to Stop Hypertension (DASH) and DASH-Sodium trials.
· Participants and their physicians were encouraged to inform study staff before treatment was
initiated so that a set of six termination blood pressure measures and blood specimens could be
obtained, if possible, without interfering with clinical care. At the conclusion of the third
intervention period, study participants with a persistently elevated blood pressure (140/90 mm
Hg) that did not reach 170/105 mmHg during intervention were referred to their physician for
evaluation and treatment. A Data and Safety Monitoring Committee met regularly to review trial
progress and safety issues. ·

3.4. Study visits
3.4.1. Pre-screening
Prior to. the formal screening visit, we pre-screened interested candidates by means of a
brief one-page pre-screening eligibility questionnaire and by a single blood pressure assessment
using a standard sphygmomanometer. Candidates with a systolic blood pressure <11 0 mm Hg or
> 180 mm Hg or diastolic blood pressure <74 mm Hg or> 110 mm Hg were excluded. Those
remaining were referred for a formal screening visit.
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3.4.2. Screening visits
Persons eligible based on pre-screening were scheduled for a clinic screening visit as
soon as possible. Two screening visits, at least two days and no more than 14 days apart, were
conducted to identify potential trial participants. At screening visit 1, a detailed medical history
questionnaire, which included history of clinical CVD (angina/myocardial infarction, coronary
revascularization, heart failure, stroke/transient ischemic attack, peripheral arterial disease),
chronic kidney disease, hypercholesterolemia, diabetes, and cancer, was administrated and used
for excluding ineligible participants. Information on use of antihypertensive medications or
other medications that affect blood pressure was also used to exclude ineligible participants.
Body weight and height was measured at screening visit 1. Body mass index was calculated and
used to exclude persons with morbid obesity (body mass index ~40 kg/m2). At each visit, three
standard blood pressure measurements were obtained. For a participant to be declared eligible for
run-in, the average of six blood pressure measurements obtained at screening visit 1 and ·
screening visit 2 had to be within the following ranges: systolic blood pressure 120 to 159 mm
Hg and diastolic blood pressure 80 to 95 mm Hg.
Two 24-hour dietary recalls were conducted (including one on a weekend day) and
average intake of dietary protein from the two 24-hour dietary recalls was used to exclude
participants with~ high dietary protein intake (~1.63 grams/kg/day). Questions on the use of soy
or milk products were asked. These data were used to exclude study participants who consume
· more than the 90th percentile of these products in the U.S. general population. An overnight
fasting blood sample was drawn at screening visit 2 and glucose, lipid profile and creatinine were
measured. These measurements were used for excluding persons with diabetes,
hypercholesterolemia, and chronic kidney disease. Plasma and DNA specimens were stored at 85°C for future analysis.
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3.4.3. Run-in and randomization
Participants were scheduled for a run-in visit as soon as possible but no later than 21 days
after screening visit 2. An overnight urinary specimen was collected at run-in to measure
excretion of sodium, potassium, urea nitrogen, and creatinine. Three random-zero blood pressure ·
measurements were taken at the run-~ visit. Following their run-in visit, eligible participants
were asked to take 40 grams of complex carbohydrates for tWo Weeks. Only those who took 85%
or more of the supplements were eligible for randomization. Adherence to supplementation and a
side-effects profile was assessed at the randomization visit by packet counts, supplement
calendar report, and questionnaire. After confirmation that a participant met the trial eligibility
criteria, a randomization assignment was obtained from the Data Coordinating Unit. Thee
random-zero blood pressure measurements were taken at the randomization visit. The average of
. six random-zero blood pressure measurements (three at run-in and three at randomization) was
used as the phase 1 baseline level.

3.4.4. One-week telephone follow-up
A telephone follow-up was conducted by the study coordinator one week after
randomization. Adherence to supplements and side-effects was assessed.. If severe
gastrointestinal symptoms were reported, supplements were tailored.

3.4.5. Follow-up and close-out
The trial consisted of three 8-week intervention/control phases, separated by 3-week
washout periods. Two baseline visits were conducted in each phase. The run-in and
randomization visits served as the baseline visits for the first phase. Two termination visits
occurred within the last 10 days of the 8-week intervention period. The first termination visit was
scheduled in week 8. The two visits were scheduled at lea.St two days but no more than 11 days
apart. Six blood pressure measurements, three fro,m each ofthe two visits was obtained.
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Information on initiation of antihypertensive and lipid lowering drug treatment was obtained at
week 8, visit 1. One fasting blood sample was drawn at week 8,visit 1. Side-effects and
compliance were also assessed using a questionnaire, packet counts, and supplement calendar
report;

3.5. Data collection
The type and frequency of measurements collected at the screening, randomization and
follow-up visits are described below, and presented in table format in Appendix B.

3.5.1. Informed consent
Informed consent was

elic~ted

twice, once prior to screening, and again prior to

randomization.

3.5.2. Medical history
A questionnaire detailing personal medical history data and health behaviors, including
smoking habits and alcohol use, was administered at screening visit 1. A short questionnaire on
use of antihypertensive and lipid,...lowering medications was administered at screening visit 1, and
at the week 8, visit 1 follow-up visits during each phase.

3.5.3. Physical activity
Physical activity was measured at screening and termination visits using the Harvard
Alumni Physical Activity Questionnaire, a validated instrument widely used in clinical trials
(198, 199).

3.5.4. Dietary assessment
Two 24-hour dietary recalls were conducted at the screening visits (one to cover a
weekend day) during a period of one week. The 24-hour dietary recalls were repeated at the
termination visits during each phase. Computer software (Nutrition Data System for Research

49

[NDS.:.R]) and a set of three-division food models that have been used in previous studies wereutilized. The first 24-];lour dietary recall was conducted in person and the second dietary recall
could be conducted in person or over the telephone by the study dietitian who was trained and
certified by the Nutrition Coordinating Center, University of Minnesota. The dietary nutrient
intakes were calculated using the NDS database (200). The diet data were used to monitor shortterm changes in mean nutrient intake between the active treatment and control phases.

3.5.5. Assessment and management of side-effects
Previous clinical trials have documented that soybean protein supplementation is safe and .
. well tolerated. The frequency and severity of side effects to supplements in the ProBP study were
assessed at the randomization visit, at the one-week telephone follow-up, and at week 8, visit 2
during each intervention/control phase by the study coordinator. Severe side-effects were
promptly reported to the Study Steering Committee and the Data and Safety Monitoring Broad.
Management ·of side effects was based on the principle of protecting the safety of the participants
while at the same time making every effort to adhere to the intervention program. If participants
self-reported severe side effects either the intervention was stopped entirely or they were given a
tailored regimen, in which supplement intake was reduced to 20 grams per day. After their
gastrointestinal system adapted to the supplements, they were given 40 grams of supplements per
day. This tailored procedure was momtored on a weekly basis.

3.5.6. Blood pressure
Three blood pressure readings were measured at each visit by trained and certified
observers who were masked to group assignment. Blood pressure measurements ciuring the runin, randomization, and intervention visits were obtained using the Hawksley random-zero
sphygmomanometer. Blood pressure was measured after the individual had been seated quietly
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for five minutes. The subject was instructed not to eat or smoke for at least 30 minutes prior to
their blood pressure measurements. The first and fifth Korotkoff sounds were recorded as
systolic and diastolic blood pressure, respectively. Blood pressure measurements were taken at
the same time of the day for study participants during baseline and intervention visits. To reduce
measurement error, standardized procedures for both training observers and taking
measurements were employed (2 0 1) . Standardized procedures for blood pressure measurement
included protocols for preparing and positioning subjects; selecting an appropriate cuff;
imposing restrictions on alcohol drinking and cigarette smoking for a specified time period prior
to blood pressure measurement; using random-zero sphygmomanometers to minimize
observation bias; maintaining observer blindness concerning the subject's treatment allocation;
and maintaining all equipment.

3.5.7. Body weight, height, and waist circumference
'

Body weight was measured at both screening visits, and at week 8, visit 2 during each
intervention/control phase. Height was measured at screening visit 1. Waist circumference was
measured at screeni.n:g visit 2 and at week 8, visit 2 during each intervention/control phase. A
standard protocol was used for these measurements.

3.5.8. Urine collection
One overnight urinary specimen was collected at the run-in visit, and one at week 8, visit
2 during each intervention/contrql phase.
Study participants. were given a four liter container at
.
screening visit'2 and week 8, visit 1 of each phase and instructed to.pollect all urine overnight
before the next visit. The completeness ofuririe collection as well as exact time for the start and
end of urine collection were recorded. Three 10 milliliter well-mixed samples were stored at -85°
C for laboratory assays. Urinary sodium, potassium, urea nitrogen and creatinine were measured
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at the Bogalusa Heart Study Chemistry Laboratory. Urinary excretion of urea nitrogen was used
as a marker of compliance to protein supplements.

3.5.9. Blood samples
Study participants were instructed to fast for 10 hours prior to clinic visits for blood
sample collection at the screening visit and termination of each phase (week 8, visit 1) for blood
sample collection. Blood samples were promptly centrifuged at 3000 g for 10 minutes at 4°C.
Serum and plasma were separated and aliqouted for different analyses in the laboratory. The
samples for lipoprotein analysis were kept at 4°C in the laboratory. Remai.Ding serum samples
and all plasma samples were frozen at -85°C until analysis.

3.6. Laboratory measurements
Due to the numerous pathophysiologic pathways involving lipoprotein metabolism,
inflammation, endothelial dysfunction, and adipocytokine activity that impact cardiovascular
function, we selected multiple biomarkers to be measured in the study. All laboratory·
nieasurements were conducted at the Tulane University Health Sciences Center, in the Bogalusa
Heart Study Biochemistry Laboratory, according to the manufacturers' protocols. Laboratory
measurements were made without knowledge ofthe·participants' randomization assignment.
Many novel CVD risk factors that were measured in this study have been measured among study
participants in th~Bogalusa Heart Study, including CRP and ICAM-1 (202, 203). The Bogalusa
Heart Study biochemical laboratory has extensive experience and strict quality control
procedures for measuring biochemical risk factors for CVD.
3.6.1. Validity of biomarkers in frozen samples ·
A subset of the samples collected for the ProBP study, i.e., plasma samples from 102
participants who were recruited after Hurricane Katrina (August 2005), were frozen at -85°C
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until laboratory assays were performed. The biomarkers that were measured in tbis study are
stable in frozen samples over long periods of time. CRP, IL-6, and TNF-a were stable in frozen
samples at -70°C for 8-1 0 years in the Women's Health Initiative and the Health, Aging, and
Body Composition Study (98, 204). E-selectin, VCAM-1, ICAM-1, and thrombomodulin were
stable in frozen samples stored at -70 to -80°C for 9-12 years in the Physician's Health Study, the
Nurses' Health Study, and Atherosclerosis Risk in Communities study (11, 100, 103; 104).
Leptin, adiponectin, and resistin were stable· in frozen samples stored at -70°C for 9-15 years in
the Atherosclerosis Risk in Communities study and the Health, Aging, and Body Composition
study (205-207). Based on prior evidence of stability of biomarkers in frozen samples stored at
low temperatures for extended periods o:( time, the possibility of biomarker degradation in the
ProBP frozen samples was not a major concern. Moreover, if there was any change in the
biomarkers due to freezer storage, the change should be non-differential with regard to
intervention period. Therefore, its influence should be minimal as the relative effect of soy on
biomarkers compared to milk protein and carbohydrate supplementation, not the absolute value,
was the primary concern of our study.
3.6.2. Measurement of lipids
Serum total cholesterol and triglycerides were measured by enzymatic procedures
(Hitacbi 902 Chemistry Analyzer, Roche Diagnostics, Indianapolis, IN, USA). Senim HDL was
quantified by a combined procedure of heparin-calcium precipitation of apo-B-containing
lipoproteins and agar-agarose gel electrophoresis (208). Serum LDL cholesterol was calculated
using the Friedewald equation for individuals with serum triglyceride levels less than 400 mg/dL
(4.5 mmol/L) (209).
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The coefficients of variation for blind duplicate samples were 2.0% for total cholesterol,
3.2% for triglycerides, 4.3% for LDL-cholesterol, and 3.5% for HDL-cholesterol.

3.6.3. Measurement of C-reactive protein (CRP)
Plasma levels ofCRP were measured using a latex-enhanced, high-sensitivity
immunoturbidimetric assay on the Olympus AU400e Analyzer (Beckman Coulter, Brea, CA)
with Kamiya.reagents (Kamiya Biomedical Company, Seattle, WA) (210). No dilution was used
in the preparation of samples for this assay. In this assay, an antigen-antibody reaction occurs
between CRP in the sample and an anti-CRP antibody that has been sensitized to latex particles,
and agglutination results. This antigen-antibody .complex causes an increase in turbidity, which is
detected spectrophotometrically, with the I,level of turbidity being proportional to the
concentration of CRP in the sample. This lower limit of detection was 0.32 mg/L. The variability
of the assay ranged from 2.2% to 13%.

3.6.4. Measurement of other biomarkers of inflammation, endothelial dysfunction, and
adipocytokines
The quantitative sandwich enzyme-linked immunosorbent assay (ELISA) technique was
used to measure plasma levels ofiL-6, TNF-a, E-selectin, VCAM-1, ICAM-1, thrombomodulin,
adiponectin, leptin, and resistin. Microtitration wells were pre-coated with monoclonal antibody.
specific for the biomarkers of interest.

ln. the assay, standards and plasma samples were

incubated in microtitratiori. wells and biomarkers in the standards and samples bind to the
immobilized antibody. After the first incubation and a wash to remove unbound substances, the
w~lls were treated with another enzymeAinked monoclonal antibody specific for the biomarkers

of interest. After a second incubation and washing step, the wells were incubated with a substrate
solution. Color developed in proportion to the amount of biomarker bound in the initial step. The
color development was stopped and the intensity of color was measured to represent the amount
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of biomarker present in each well. The optical density was measured using a microplate reader
(ASYS Expert Plus microplate reader, Biochrom Ltd., Cambridge, UK). Table 3.1 provides the
coefficients of variation .for these assays as reported in the manufacturer's protocol.

3.6.4.1. lnterleukin-6 (IL-6)
Plasma levels ofiL-6 were measured by using a commercially-available, high-sensitivity
ELISA (Quantikine high sensitivity human IL-6 immunoassay kit, R&D Systems, Inc.,
Minneapolis, MN). The minimumtequired sample volume for this assay was 200 J..LL (100 J..LL
per well). No dilution was used in the preparation of samples for this assay. The optical density
was measured at 492 nm with wavelength correction at 620 nm. The mean minimum detectable
limit was 0.039 pg/mL. The coefficient of variation was 6.58%.

3.6.4.2. Tumor necrosis factor-a (TNF-a)
7

Plasma,. TNF-a levels were measured using a commercially-available, high-sensitivity
\

ELISA (Quantikine high sensitivity human TNF-a immunoassay kit, R&D Systems, Inc.,
Minneapolis, :MN). The minimum required sample volume for this assay was 400 J..LL (200 J..LL
per well). No dilution was used in the preparation of samples for this assay. The optical density
was measured at 492 nm with wavelength correction at 620 nm. The inean minimum detectable (
limit was 0.106 pg/mL. The coefficient of variation was 9. 71%.

3.6.4.3. E-selectin
Plasma levels of soluble E-selectin were measured by using a commercially-available
ELISA (Quantikine human soluble E-selectin/CD62E immunoassay kit, R&D Systems, Inc.,
Minneapolis, MN). The minimum required sample volume for this assay was 30 J..LL. A 10-fold
dilution was used in the preparation of samples for this assay. A 20-:fold dilution was used for
samples with E-selectin levels that were above the upper limit of detection after the original 10-
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fold dilution. The optical density was measured at 450 nm with wavelength correction at 620 nm.
The mean minimum detectable limit was 0.009 ng/m.L. The coefficient of variation was 4.41 % .

. 3.6.4.4. Vascular cell adhesion molecule-1 (VCAM-1)
Plasma levels of soluble VCAM-1 were measured by using a commercially-available
ELISA (Quantikine human soluble VCAM-1 immunoassay kit, R&D Systems, Inc.,
Minneapolis, MN). The minimum required sample volume for this assay was 20 11L. A 20-fold
dilution was used in the preparation of samples for this assay. The optical density was measured
at 450 nm with wavelength correCtion at 620 nm. The mean minimum detectable limit was 0.6
ng/mL. The coefficient of variation was 7.69%.

3.6.4.5. Intercellular adhesion molecule-1 (ICAM-1)
Plasma levels of soluble ICAM-1 were measured by using a commercially-available
ELISA (Quantikine human soluble ICAM-1/CD54 immunoassay kit, R&D Systems, Inc.,
Minneapolis, MN). The minimum required sample volume for this assay was 20 11L. A 20-fold
dilution was used in the preparation of samples for this assay. The optical density was measured
at 450 nm with wavelength correction at 620 nm. The mean minimum detectable limit was 0.096
ng/mL. The coefficient of variation was 7.69%.

3.6.4.6. Thrombomodulin
Plasma levels of soluble thrombomodulin were measured by use of a commerciallyavailable ELISA (Quantikine human thrombomodulin/BDCA-3 immunoassay kit, R&D
Systems, Inc., Minneapolis, :MN). The minimum required sample volume for this assay was 20

11L. A 10-fold dilution was used in the preparation of samples for this assay. The optical density
was measured at 450 nm with wavelength correction at 620 nm. The mean lower limit of
detection was 7.82 pg/mL. The coefficient ofvariation was 5.54%.
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3.6.4. 7. Adiponectin
Plasma levels ofhigh-molecular weight (HMW) adiponectin.were measured by a
cominercially-available ELISA (Quantikine human high-molecular weight adiponectin!Acrp30
immunoassay kit, R&D Systems, Inc., Minneapolis, :MN). The minimum required sample
volume for this assay was 10 J..LL. A 100-fold dilution was used in the preparation of samples for
this assay. A 50-fold dilution was used for samples that had levels ofHMW adiponectin that
were below the limit of detection after the original 100-fold dilution. The optical density was
measured at 450 nm with wavelength correction at 620 nm. The mean minimum detectable limit
was 0.195 ng/mL. The coefficient of variation was 7.75%.

3.6.4.8. Leptin
Plasma levels of leptin were measured by using a commercially-available ELISA
(Quantikine human leptin immunoassay kit, R&D Systems, Inc., Minneapolis, MN). The
'

minimum required sample volume for this assay was 10 J..LL. A 100-fold dilution was used in the
preparation of samples for this assay. A 50-fold dilution was used for samples that had levels of
leptin that were below the limit of detection after the original 100-fold dilution. The optical
density was measured at 450 nm with wavelength correction at 620 nm. The mean minimum
detectable limit was 7.8 pg/mL. The coefficient of variation was 4.71 %.

3.6.4.9. Resistin
'

.

Plasma levels of resistin were measured by using a commercially-available ELISA
(Quantikine human resistin immunoassay kit, R&D Systems, Inc., Minneapolis, MN). The
minimum J;'equired sample volume for this assay was 60 J..LL. A 5-foid dilution was used in the
preparation of samples for this assay. The optical density was measured at 450 nm with
wavelength correction at 620 nm. The mean miri.imum detectable limit was 0.026 ng/mL. The
coefficient ofvariation was 5.57%.
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3.6.5. Measurement of other biochemical measures

Plasma glucose, serum creatinine~ and urine levels of urea nitrogen, creatinine, sodium,
and potassium were measured using the Hitachi 902 Chemistry Analyzer (Roche Diagnostics,
Indianapolis, IN) and kits and reagents supplied by Hitachi-Boehringer Mannheim.

3.7. Quality assurance and quality control
3. 7.1. Clinical quality .control
All research staff members participated in a multi-day training session in the techniques
of standardized data collection and passed an initial series of certification examinations as well
as periodic recertification evaluations in the ProBP study. Training included instruction on the
use of a standardized protocol for blood pressure measurement, body height and weight
measurements, blood and urinary specimen collection, 24-hour dietary recall, and study
questionnaires. Certification for measurement of blood pressure, height, weight, and waist
circumference included repeated measurements ofthese indexes with experienced observers.
Continuous quality control monitoring of observers' performance was conducted by the
investigators and study coordinator. The routine quality control process was performed by the
study coordinator. This included supervising staff adherence to the protocol and manual of
operations during data collection and intervention, reviewing data collection forms for errors or
missing data before participants leave clinic, calibrating standard and random-zero
sphygmomanometers and weight scales weekly.

3. 7.2. Laboratory quality control
The Bogalusa Heart Study Chemistry Laboratory, functioning since 1973, follows
rigorous quality control procedures. The laboratory was monitored for measurement of lipid and
lipoprotein analyses by the Centers for Disease Control and Prevention-National Heart, Lung,
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and Blood Institute Lipid Standardization Program. Blind, duplicate samples were collected at
random from 10% of study participants. Six blind, duplicate samples were available after
Hurricane Katrina and these samples were assayed for the measurement of all endpoints. The_
measured levels of biomarkers in the blind duplicate samples were similar to the measured
values for the original samples.
For· all endpoints measured with ELISA techniques, 100% of samples were measured in
duplicate and the average value was used in the analysis. For the immunoturbidimetric assay for
the measurement ofCRP, 10% of samples were run in duplicate and the average value was used
in the analysis. Eight standards were run with each ELISA plate.
All laboratory measurements were performed without knowledge of the participants'
randomization assignment. To minimize potential systematic error, the same laboratory
technician and equipment were used forall ELISA measurements.

3.8. Statistical issues
3.8.1. Data management

In the ProBP study, all study forms were checked by clinical study coordinators for outof-range values, consistency, and completeness. The data manager received hard copies of study
forms to check outlier values, consistency, and completeness. If a problem was identified, the
data manager contacted the clinical study coordinator immediately and requested a correction
within one week. All data were double-entered.

3.8.2._Study outcomes

The primary outcome of interest was the net change in serum lipids (total cholesterol,
LDL, HDL, triglycerides, total cholesterol-to-HDL ratio), plasma biomarker levels of
inflammation (CRP, IL-6, TNF-a), plasma biomarker levels of endothelial dysfunction (E-
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selectin, ICAM-1, VCAM-1, thrombomodulin), and plasma levels ofadipocytokines (high
molecular weight adiponectin, leptin, resistin), which was calculated as the difference in levels of
these markers at the termination of the soybean protein supplementation intervention, at the
termination of the milk protein supplementation intervention, at the termination of the
.carbohydrate supplementation intervention, and at baseline.

3.8.3. Analytic methods
All subjects were randomly assigned to one of three possible treatment sequences (A: soy
~

milk

~

placebo, B: milk ~ placebo

~

soy, or C: placebo

~

soy ~ milk). The study design

can be summarized as shown in Table 3.2. The study design was characterized by uniformity
across sequences as well as time periods, as each treatment condition appeared equally often in
each sequence and time period, which minimized the undesired effects of order and period. We
expected that any carryover effects would be minimal due to the 3-week washout between
phases.
All data were cleaned and logically checked. The distribution of the levels of biomarkers
was examined by plots and test statistics both overall and according to subgroups (gender,
race/ethnicity). Means and percentages of baseline variables were compared among groups
(intervention sequence) to ensure randomization was effective using the chi-squared test for
categorical vanables and analysis of variance for continuous variables. Twenty-four hour dietary
nutrient intake and urinary excretion of micronutrients data were compared by intervention using
repeated-measures analysis ofvariance.
To preserve the value of randomization, all primary analyses were conducted with
. participants analyzed according to group assignment, i.e. intention-to-treat. Adherence to the
J

intervention was estimated by average rate of supplement consumption based on participants'
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completion of supplement calendars and a count of unconsumed returned supplement packets by
study staff. In addition, adherence was estimated by assessment of urinary excretion of urea
nitrogen and urea nitrogen-to-creatinine ratio. Sensitivity analyses were conducted by: 1)
of the study, and 2)
restricting the analytic sample to participants that
completed all phases
r
.
restricting the analytic sample to participants that consumed at least 85% of supplements based
on returned packet counts.
A mixed effects model was used to compare the effects of soy protein, milk protein, and
complex carbohydrate supplementation on biomarker levels, in which participants and period
were random effects and treatment and sequence were fixed effects. PROC MIXED was used to
obtain point estimates and standard errors of treatment and seq~ence effects and to test for
differences between treatments (SAS statistical software, version 9.2). The REPEATED
statement was used and autoregressive correlation structure was specified to take into account
the within-subject correlation due to repeated measurements on the same individuals with the
crossover study design. Mean levels of biomarkers according to intervention/control phase and
net changes in biomarkers according to all three comparisons between phases along with 95%
confidence intervals were estimated with the LSMEANS statement. The interaction between
period and treatment was assessed and was not significant.

3.8.4. Sample size and statistical power
The 3-phase crossover design in the proposed study increased statistical power by using
study participants as their own control, thereby reducing the variance of biomarkers. The power
for determining the difference in mean biomarkers in a cross-over design study for two-tailed
tests with a significance level of a was calculated using the following formula (211): power= Tn1 [LVcr(ni

12

-

tn-1, a12] + Tn-1[LVcr(ni12 - tn-1, atz], where Tn-1 denotes the cumulative probability

61

distribution for a t statistic with n-1 degrees of freedom, 11 is the expected difference in
biomarkers between the soybean protein supplementation and control phases, cr is the standard
deviation of the difference in biomarkers, and n is the number of study participants needed for
the study. The sample size for the proposed study is fixed at n=1 02. In this statistical power
analysis, the standard deviations of the differences in biomarkers between the intervention and
control phases were abstracted from published trials which have a similar follow-up period as the
proposed study (155, 212, 213). We used the Bonferroni method to adjust for multiple ·
comparisons: a=0.05/2=0.025. It should be possible to recognize small but clinically significant
net changes .in plasma levels of inflammation, endothelial dysfunction, and metabolic
dysfunction biomarkers with excellent (::::_80%) statistical power (Table 3.3).

3.9. Human subjects protection
The ProBP study was approved by Institutional Review Boards at Tulane University
Health Sciences Center (#H0330) and University of Mississippi Medical Center, and informed
consent was obtained at both the screening and randomization visits. The laboratory analysis of
· inflammation biomarkers, endothelial dysfunction biomarkers, and adipocytokines using the
stored plasma samples was determined to be exempt from Tulane University Health Sciences
Center Institutional Review Board review (#205821-1 ). All investigators completed training for
protection of human subjects and were certified by the Institutional Review Board at their
institution.
The possibility of risk for the proposed analysis was a loss of privacy due to subject
identification. We used existing data and biological specimens that were collected from the
ProBP study participants. The ProBP study participants were not contacted and no additional
participants were recruited. All study data were kept in a locked file cabinet and on a password-
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protected computer in a locked room, accessible only by study staff with permission. No
personal identifiers were entered into the computer database. Each participant was assigned a
study identification number to protect their identification. Data obtained were managed and
protected at Tulane University School of Public Health and Tropical Medicine. Biological
specimens were analyzed at the Bogalusa Heart Study Biochemistry Laboratory.·
There was no direct benefit to study participants, but the laiowledge gained from the
study may benefit society in general. Soybean protein has been widely used as a heart healthy
diet in the U.S. general population. This study provided important information on the effect of
soybean protein supplementation on serum lipids, and plasma biomarkers of inflammation,
biomarkers of endothelial dysfunction, and adipocytokines, which are risk factors for CVD. This
knowledge should lead to successful dietary recommendations that may help to reduce CVD risk
more efficiently than the current universal recommendations.

3~10.

Summary
In summary, we tested the effect of soybean protein supplementation on seruni lipids, and

plasma biomarkers of inflammation, endothelial dysfunction, and adipocytokines. This study
examined the effect of soybean protein supplementation· on several biomarkers representing
biological pathways that relate to CVD risk, primarily through atherosclerosis. This study
.
.
provided important information to evaluate the recommendation that soybean protein be used as
a healthy food to prevent and treat CVD in the U.S. general population.

63

Table 3.1. Coefficients ofVariation According to Manufacturer's Protocol
Biomarker
ICAM-1
VCAM-1
Thrombomodulin
E-selectin
Resistin
High molecular weight adiponectin
Leptin
IL-6
TNF-a

Intra-assay
Coefficient of Variation
3.6%-5.2%
2.3%-3.6%
2.3%-3.6%
5.2%-6.6%
3.8%-5.3%
2.6%-3.7%
3.0%-3.3%
6.9%-7.8%
3.1%-8.5%

Inter-assay
Coefficient ofVariation
4.4%-6.8%
5.5%~7.8%

5.7%-7.9%
7.3%-8.7%
7.8%-9.2%
8.3%-8.6%
3.5%-5.4%
6.5%-9.6%
7.4%-10.6%
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Table 3.2. Summary of Study Design
Sequence
Period

A

B

c

1st

Soy protein

Milk protein

Carbohydrate

2na

Milk protein

Carbohydrate

Carbohydrate

Soy protein

3r<1

~

Soy protein
Milk protein
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Table 3.3. Detectable Effect Size

1.

Variable
CRP,mg/L
IL-6, pg/mL
TNF-a, pg/mL
E-selectin, ng/mL
ICAM-1, ng/mL
VCAM-1, ng/mL
,Thrombomodulin, ng/mL
Leptin, Jlg/L
Adiponectin, Jlg/mL
Resistin, ng/mL

Standard
Deviation
0.43
0.24
Q.27
5.38
65.0
69.0
0.75
1.0
.. 2.5
3.8

Detectable
Effect Size
0.15
0.08
0.10
1.98
24.02
25.50
0.27
0.37
0.92
1.40
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Figure 3.1. Study Design
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CHAPTER 4:

Soybe~n

Protein and Lipids

Cardiovascular disease (CVD) is a major public health problem, with an estimated one in
three American adults having one or more types of CVD (1 ). Observational studies have
indicated that dyslipidemia is a modifiable risk factor for CVD (62, 64-66). Clinical trials have
documented that lowering blood lipids reduces risk of coronary heart disease and stroke (67, 68).
According to the most recent statistics, 46.8% of the U.S. population have borderline-high or
higher total cholesterol (2::200 mg/dL, ~5.2 mmol!L) and 32.6% have borderline-high or higher
low-density lipoprotein (LDL) cholesterol (2::130 mg/dL, ~3.4 mmol/L) (1). The National
Cholesterol Education Program emphasizes the importance of therapeutic lifestyle changes for
primary prevention, including dietary modification, body weight reduction, and increased.
physical activity (6). Improvement ofoveralllipid profile is an important public health and
clinical goal for reducing the burden ofCVD and its associated economic impact on the U.S.
health care system.
Clinical studies of soy protein have reported fmdings that vary with respect to the
magnitude of serum lipids reduction (18, 130, 132). In a meta-analysis of 38 clinical studies,
Anderson and colleagues (1995) reported that soy protein intake (averaged 47 g/day) was
associated with significant reduction in total cholesterol, LDL cholesterol, and triglycerides of
23.2 ~g/dL (0.6 mmol!L), 21.7 mg/dL (0.6 mmol!L) and 13.3 mg/dL (0.2 mmol!L), respectively,
and a non-significant increase in high-density lipoprotein (HDL) cholesterol of 1.2 mg/dL (0.03
mmol!L) (132). Ina recentmeta-analysis of 41 randomized controlled trials, Reynolds eta!..
(2006) reported a much smaller effect of isolated soy protein supplementation on lipids: a
significant reduction in total cholesterol of 5.26 mg/dL (0.14 mmol/L), LDL cholesterol of 4.25
mg/dL (0.11 mmol!L), and triglycerides of6.26 mg/dL (0.07 mmol!L), and a significant increase
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in HDL cholesterol of0.77 mg/dL (0.02 mmol!L). In the American Heart Association Science
Advisory, which assessed 22 randomized trials of soy protein, the committee reported a modest
average reduction in LDL cholesterol of about 3% and no significant effect on HDL

chol~sterol,

triglycerides, or lipoprotein(a) (18). However, most of these studies used milk protein
supplementation as control and were conducted in patients with hypercholesterolemia or
postmenopausal women (18, 130, 132). In the present study, we compare the effects of soy
. protein, milk protein, and complex carbohydrate supplementations on serum lipids and
lipoproteins in a randomized controlled cross-over trial among men and women aged 22 years
and older without hypercholesterolemia.

4.1. Methods
4.1.1. Study Design
The Protein and Blood Pressure (ProBP) study was a randomized, double-blinded, and
placebo-controlled trial designed primarily to test whether a soy protein or milk protein
supplementation would reduce systolic blood pressure (BP) compared to a complex carbohydrate
and secondarily to assess the impact ofthese supplements on serum lipids and lipoproteins (17).
The ProBP study utilized a 3-phase cross-over study design. Following a 2-week run-in period,
eligible participants were allocated to receive 40 grams of soy protein per day, 40 grams of milk
protein per day, and 40 grams of complex carbohydrate (placebo) per day in a random order,
each for 8 weeks. During the run-in period, study participants received 40 grams of complex
carbohydrate supplement. During. each of the three 8-week phases, participants were seen at two
study visits at the beginning and another two study visits at the termination of the phase. A 3-
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week washout period was implemented between each intervention period. Participant
recruitment and the intervention occurred between September 2003 and April2008.
Written info!med consent was obtained from each participant before the initial screening
visit and before randomization. The institutional review boards at the Tt1lane University Health
Sciences Center and the University of Mississippi Medical Center approved the study protocol.

4.1.2. Study Participants
The study participants were men and women aged 22 years or older who had a mean
. systolic BP from 120 to 159mm Hg and a diastolic BP from 80 to 95 mm Hg, based on six
readings at two screening visits. Persons with a systolic BP ~160 mm Hg or a diastolic BP ~95
mm Hg or that were taking antihypertensive medications were excluded. In addition, persons
with a self-reported history of clinical CVD, cancer, chronic kidney disease [CK.D, or a serum
creatinine ~1.7 mg/dL

(~150.3

).Lmol/L) for men and ~1.5 mg/dL

hypercholesterolemia [or serum total cholesterol ~240 mg/dL

(~132.6

(~6.2

).Lmol/L) for women],

mmol/L)], diabetes [or

serum glucose ~126 mg/dL (~7.0 mmol/L)], body mass index (BMI) ~40 kg/m2 , or consumption
of more than 14 drinks of alcoholic beverages per week were excluded.

Per~ons

who consumed

dietary protein ~1.63 grams/kg/day (85th percentile of dietary protein intake in the US general
population) based on two 24-hour dietary recalls were also excluded. Women who were
pregnant or who intended to become pregnant during the study were excluded.
Study participants were recruited by mass mailing and work-site and community-based
screenings in New Orleans, Louisiana and Jackson, Mississippi. We invited 1 626 persons to the
,study clinics for screening visits and 391 persons met all eiigibility criteria (Figure 4.1). Among
those who met inclusion criteria, 352 successfully completed a 2-week run-in (intake

of~85%

supplements) and were randomized to the intervention.
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4.1.3. Intervention
The study participants were randomly assigned to three sequences at a fixed 1: 1:1
allocation ratio: those who were assigned to sequence A received 40 grams of soy protein for 8
weeks, then 40 grams of milk protein for 8 weeks, and fmally 40 grams of complex carbohydrate
for 8 weeks; those who were assigned to sequence B first received milk protein, then
carbohydrate, and finally soy protein; and those who were assigned to sequence C first received
carbohydrate, then soy protein, and finally milk protein. The randomization was stratified by
clinic site, gender, and hypertension status and used a block size of six. The randomization
assigninent was conducted centrally at the Data Coordinating Unit at Tulane University. The
randomization assiglirnent list was generated by a computer program which could only be
accessed by the data coordinator. All other research personnel, including clinical coordinators
and laboratory technicians, and the study participants were unaware of treatment assignment.
The soy protein, milk protein, and complex carbohydrate supplements were provided for
the ProBP study by Solae, LLC, St. Louis, Missouri. The nutrient composition of the
supplements is provided in Table 4.1. The complex carbohydrates were from wheat which
consisted of90.6% maltodextrin, 4.7% sucrose, and 4.7% fructose. The caloric content and
amount of fat was similar in the soy protein, milk protein, and complex carbohydrate
supplements. The milk protein supplements contained a small amount of cholesterol, which was
not present in the other supplements. The glycemic index varied among the supplements, with
the lowest index in the soy protein supplement and the highest index in the carbohydrate
supplement. The soy protein, milk.protein, and complex carbohydrate powders looked the same
and were provided to study participants in identical packets. The study participants were
instructed to take the supplements twice per day; once in the morning and once in the evening in
water or juice. Based on the participants' two 24-hour dietary recalls during screening visits,
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individualized recommendations were given in order for participants' total energy intake to
remain consistent over the supplementation periods; for example, protein and carbohydrate
supplement was recommended to partially replace breakfast, snack, or supper based on .
participants' dietary habits. The study participants returned unconsumed packets at follow-up
clinic visits. The study coordinator counted the number of returned packets, and we used this
information to assess participants' adherence to the assigned intervention.

4.1.4. Measurements
Study participants were instructed to fast for 10 hours prior to their clinic visits for blood
sample collection. Blood samples were promptly centrifuged at 3 000 g for 10 minutes at 4°C.
Serum and plasma were separated and aliquoted for different analyses at the clinical laboratory.
The samples for lipoprotein analysis were kept at 4°C in the laboratory. Serum total cholesterol
and triglycerides were measured by enzymatic procedures (Hitachi 902 Chemistry Analyzer,
Roche Diagnostics, Indianapolis, Indiana). Serum HDL was quantified by a combined procedure
of heparin-calcium precipitation ofapo-B containing lipoproteins and agar-agarose gel
electrophoresis oflipoproteins (208). Serum LDL cholesterol was calculated using the
Friedewald equation for individuals with serum triglyceride <400 mg/dL (4.5 mmol/L) (209).
At the baseline and termination visits during each intervention/control phase, three BP
readings were measured using the Hawksley random-zero sphygmomanometer by trained and
certified observers who were masked to group assignment. Body weight, height, and waist
circumference were measured by trained staff using a standard protocol and BMI was calculated
as kg/m2 . Two 24-hour dietary recalls were conducted at the screening visits and at the
termination visits during each intervention/control phase. Computer software was used to
conduct 24-hour dietary recalls and calculate nutrient ·intakes (Minnesota Nutrition Data System
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for Research, University of Minnesota, 2002). An overnight timed urine sample was collected at
the baseline and termination visits to mea.Sure urinary excretion of sodium, potassium, urea
nitrogen, and creatinine. Side-effects and compliance were assessed using a questionnaire, packet
counts, and self-reported supplement calendar report.

4.1.5. Statistical Analysis

The primary outcome of interest was the difference in serum lipid levels (total
cholesterol, LDL, HDL, triglycerides, total cholesterol to HDL ratio) among the three
intervention phases. A mixed effects model was used to compare the effects of soy protein, milk
protein, and complex carbohydrate on serum lipid levels, in which participants and period were
assumed to be random effects and treatment and sequence were assumed to be estimable fixed
effects. PROC MIXED of SAS version 9.2 (SAS Institute Inc., Cary, North Carolina) was used
to obtain point estimates and standard errors of the treatment and sequence effects and to test for
differences between treatments. We examined the effect of period by testing its interaction with
treatment and the interaction was not statistically significant. First-order carryover and sequence
were also not statistically significant for any of the outcome measures. We used an
autoregressive correlation structure to account for repeated measures in the crossover study
design. The intention-to-treat principle was used for all primary analyses.

4.2. Results

Ofthese 352 study participants, 322 (91.5%) completed the frrstphase, 280 (79.5%)
completed the second phase, and 255 (72.4%) completed the third phase (Figure 4.1). Follow-up
rates were similar according to intervention (80.7% in soy protein supplementation phase, 81.3%
· in milk protein supplementation phase, and 81.5% in carbohydrate supplementation phase).
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Based on returned packet counts and supplement calendar report, the study participants who
completed the supplementation intervention consumed over 85% of their supplements during the
corresponding intervention phase.
Baseline characteristics of the study population are presented according to randomization
sequence in Table 4.2. Baseline characteristics Were generally evenly distributed across
randomization sequence. For the overall study population, the mean (standard deviation) lipids
level at baseline were 194.2 (31.4) mg/dL [5.0 (0.8) mmoVL] for total cholesterol, 117.4 (28.9)
mg/dL [3.0 (0.7) mmoVL] for LDL, 52.3 (14.5) mg/dL [1.4 (0.4) mmoVL] for HDL, and 120.6
(64.4) mg/dL [1.4 (0.7) mmoVL] for triglycerides.
Dietary nutrient intake information is presented according to intervention phase in Table
4.3. By design, protein and carbohydrate intake varied across interventions with a mean

increased protein intake of 30.5 grams/day during the soy intervention and 32.8 grams/day
during the milk protein intervention compared to the carbohydrate intervention, and an increased
daily intake of about 30.7 grams of carbohydrate during the carbohydrate intervention compared
-,

to soy protein and milk protein interventions. The percentage of total energy from protein,
carbohydrate, and fat, respectively, was 20.8%, 45.3%, and 33.9% during the soy protein
intervention, 21.2%, 45.3%, and 33.5% during the milk protein intervention, and 16.1%, 51.9%,
and 32.9% during the carbohydrate intervention. Daily intake of overall, saturated,
polyunsaturated, and monounsaturated fat as well as cholesterol and glycemic index was not
significant different across intervention phases. Urinary excretion of urea nitrogen but not
creatinine was significantly increased in the soy protein and milk protein supplementation phases
compared to carbohydrate supplementation phase.
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The mean levels of serum lipids according to intervention phase and the net change in
lipid levels for all three comparisons are presented in Table 4.4. Compared to ·carbohydrate
supplementation, soy protein supplementation significantly reduced total cholesterol by 3.97
mg/dL (95% CI, -7.63 to -0.31; p=0.03) [-0.10 mmol/L (95% CI, -0.20 to -0.01)] and total!HDL
cholesterol ratio by 0.12 (95% CI, -0.23 to -0.01; p=0.03), and borderline significantly reduced
LDL by 3.03 mg/dL (95% CI, -6.29 to 0.22; p=0.07) [-0.08 mmol/L (95% CI, -0.16 to 0.01)] and
. triglycerides by 8.63 mg/dL (95% CI, -18.46 to 1.19; p=0.08) [(-0.10 mmol/L (95% CI, -0.21 to
0.01)]. Compared to milk protein supplementation, soy protein supplementation significantly
increased HDL by 1.54 mg/dL (95% CI, 0.63 to 2.44; p=0.0009) [0.04 mmol/L (95% CI, 0.02 to
0.06)] and reduced total!HDL cholesterol ratio by 0.14 (95% CI, -0.22 to -0.05; p=0.001), and
borderline significantly reduced LDL by 2.45 mg/dL (95% CI, -4.95 to 0.04; p=0.05) [-0.06
mmol/L (95% CI, -0.13 to 0.001)]. Compared to carbohydrate supplementation, milk protein
supplementation significantly reduced HDL by 1.13 mg/dL (95% CI, -2.05 to -0.22, p=0.02) [0.03 mmol/L (95% Cl, -0.05 to -0.01 )], and borderline significantly reduced total cholesterol by
2.56 mg/dL (95% CI, -5.40 to 0.28; p=0.08) [-0.07 mmol/L (95% CI, -0.14 to 0.01)].

4.3~

Discussion
This randomized controlled trial indicates that, compared to carbohydrate intake, soy

protein supplementation reduces total cholesterol and total!HDL cholesterol ratio among ·
individuals without hypercholesterolemia. In addition, compared to milk protein, soy protein
supplementation increased HDL and reduced total!HDL cholesterol ratio. On the other hand,
milk protein might reduce HDL cholesterol compared to carbohydrate. These study fmdings
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contribute significantly to our understanding of the relationship between dietary protein intake
and lipid levels and have important public health and clinical implications.
Our study is the first randomized controlled trial to compare the effects of soy protein,
milk protein, and complex carbohydrate on serum lipids. Tiiere is increasing evidence that
consumption of soy protein in place of a,nimal protein lowers blood cholesterol levels and may
provide other cardiovascular benefits (128). Our study provides additional evidence that
consumption of soy protein in place carbohydrate might improve the lipid profile. Animal
experiments and clinical studies indicate that hormone replacement therapy has favorable effects
oh serum lipids and lipoprotein concentrations, antioxidant protection, endothelial function, and
vascular reactivity (136, 137). Soy protein is a rich source of the polyphenolic isoflavones
genistein and daidzein. Isoflavones are structurally similar to estradiol and have a high binding
affinity for the primary estrogen receptors in the vascular wall, estrogen receptor a

and~

(133-

135). Several clinical trials have indicated that isoflavones in soy protein may play an important
role in lowering serum lipids (140-144). In addition, epidemiologic studies have documented that
Asian populations who consume soy foods as a dietary staple have a lower incidence of CVD
than those who consume a typical Western diet (18, 214, 215).
In a meta-analysis of clinical studies, Anderson et al. (1995) reported soybean protein
intake reduced approximately 10% oftotal cholesterol, LDL-cholesterol and triglycerides,
without significantly affecting HDL-cholesterol (132). However, many clinical studies included
in the meta-analys~s were not randomized controlled trials. In a more recent meta-analysis of
randomized controlled clinical trials, Reynolds et al. (2006) reported that the lipid-lowering
effect of soy protein was smaller than previously reported (130). Our study showed that the
effects of soy protein on lipids are moderate. The more conservative magnitude of effect of soy
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protein on lipid levels in our studies and more recent randomized trials is likely due to the
minimization of confounding effect compared to non-randomized clinical studies. Recent
randomized controlled trials have well-balanced macronutrient profiles between comparison
groups thereby estimating the more modest intrinsic effect of soy on lipid levels. In contrast,
earlier trials may additionally depict the ability of soy protein to displace saturated fats and
cholesterol from animal sources of protein in the overall dietary portfolio and the combined
effect of multiple lipid-lowering plant foods and components; which may explain the larger
observed effect on lipids (147, 148). In addition, the previous studies were mostly conducted in
patients with elevated serum cholesterol or postmenopausal women (130, 132). Our study is
conducted in healthy adults 22 years of age and older without hypercholesterolemia. Finally,
when lipid levels from either of the interventions that were being compared were missing, we set
the difference equal to zero. As such, our estimates may underestimate the magnitude of effect of
soy protein on th~ lipid profile.
This randomized controlled trial used a 3-phase cross-over design. We were able to
provide precise measures of effect by enrolling a large number of participants and by reducing
between subject variance with the crossover study design. This design also minimized the
influence of variations in lifestyle and diet among individual participants. Since this was not a
feeding study, we were not able to control participants' dietary intake. Nonetheless, diet
characteristics, aside from the protein and carbohydrate levels, remained constant across
intervention periods as evidenced by the average nutrient intake. from dietary recalls. In addition,
the supplement calendar reports, returned packet counts, and urinary excretion of urea nitrogen is
objective evidence that participants adhered to the intervention. A prolonged washout period (3
weeks) reduced the carryover effects of intervention. Furthermore, statistical assessment revealed
/
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no evidence of carryover in this study. Limitations of this study include the relatively short
duration of the intervention and the lack of testing for a dose-response relationship between
dietary protein intake and lipid levels. Future studies should test the dose-response relationship ·
between soy protein intake and lipid levels.
Our study suggests that soy protein supplement reduces total cholesterol and totaliHDL
cholesterol ratio compared to carbohydrate, and iricreases HDL and reduces totaliHDL
cholesterol ratio compared to milk protein. The effect of milk protein did not confer a significant
favorable effect on any lipid measures compared to carbohydrate. Further randomized controlled
trials are warranted to examine the effect of various amounts of soy proteins on lipid levels in
order to recommend a particular optimal level to increase soy protein intake as part of nutrition
intervention strategy for the prevention and treatment of hypercholesterolemia and subsequent
CVD.
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Table 4.1. Nutrient composition of soy protein, milk protein, and complex carbohydrate
supplements, per day*
Soy protein

Milk protein

Carbohydrate

Energy, kcal

200

200

200

Protein, g

40

40

0.4

Carbohydrate, g

8

10

50

1.2

0.2

0

Saturated fat, g

0

0

0

Cholesterol, mg

0

10

0

Isoflavones, mg

84

0

0

Glycemic index

47.7

67.2

98.9

Fat, g

* Nutrient composition of soy protein, milk protein, and complex carbohydrate supplements was
provided by Solae, LLC, St. Louis, Missouri.
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Table 4.2. Baseline characteristics* of 352 trial participants
Randomization groups

c

A
(n=117)

B
(n=117)

(n=118)

48.4 (11.5)

46.7 (10.7)

48.1 (8.7)

Male,%

59.0

58.1

57.6

African-American,%

33.3

32.5

37.3

Some college education, %

92.3

89.7

86.4

Current smoking, %

5.1

11.1

5.1

Alcohol drinking,%

39.3

48.7

48.3

Physic8.1 activity :::: 3 times/week, %

56.9

55.7/

58.8

Age, years

Body-mass index, kg/m2

29.0 (4.5)

29.5 (4.5)

29.3 (4.6) .

Systolic blood pressure, mm Hg

127.2 (9.3)

126.7 (11.0)

126.1 (9.7)

Total cholesterol, mg/dL

197.7 (27.7)

. 200.0 (26.4)

194.6 (27.7)

High-density lipoprotein, mg/dL

51.1 (12.4)

52.6 (15.6)

53.8 (15.2)

Low-density lipoprotein, mg/dL

122.5 (27.1)

123.1 (26.0)

115.7 (26.3)

Triglycerides, mg/dL

118.3 (61.2)

124.5 (67.7)

119.2 (64.8)

4.0 (1.0)

4.1 (1.3)

3.9 (1.2)

Total!HDL cholesterol ratio
*Mean (standard deviation) or percentage
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Table 4.3. Mean (standard deviation) for daily dietary nutrient intake and urinary overnight
excretion of urea nitrogen and creatinine according to intervention phase
Soy protein

Milk protein

Carbohydrate

p-value

2,095.4 (666.1)

2,091.3 (628.4)

2,057.8 (621.0)

0.80

Protein, g

108.4 (31.3)

110.7 (33.8)

77.9 (30.8)

<0.0001

Carbohydrate, g

236.4 (85.4)

236.5 (84.4)

267.1 (88.5)

0.0002

Fat, g

78.7 (35.1)

77.6 (31.5)

75.3 (29.9)

0.56

Saturated fat, g

25.3 (12.7)

25.7 (11.8)

24.5 (11.5)

0.56

Polyunsaturated fat, g

15.3 (7.6)

15.5 (6.6)

15.2 (7.1)

0.92

Monounsaturated fat, g

30.6 (14.7)

29.6 (13.2)

29.2 (12.1)

0.57

Cholesterol, mg

289.1 (173.6)

301.2 (183.0)

282.0 (182.3)

0.55

Glycemic index

60.8 (5.7)

60.6 (5.3)

61.5 (5.6)

0.25

443.6 (276.5)

467.5 (258.6)

356.8 (194.4)

<0.0001

40.1 (30.1)

41.0 (29.5)

40.9 (28.4)

0.95

Dietary intake
Energy, kcal

Urinary excretion
Urea nitrogen, mg/8-hr
Creatinine, mg/8-hr
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Table 4.4. Mean serum lipids and lipoproteins.at the termination of each intervention phase and net changes by comparison phases
Mean (95% confidence interval) at the termination of
each intervention phase

Net change (95% confidence interval) and p-value by
comparison phases

Soy protein

Milk protein

Carbohydrate

Soy protein vs.
Carbohydrate

Milk protein vs.
Carbohydrate

Soy protein vs.
Milk protein

192.25
(188.68, 195.81)

193.66
(190.12, 197.19)

196.22
(192.66, 199.78)

-3.97
(-7.63, -0.31)
O.OJ

-2.56
(-5.40, 0.28)
0.08

-1.41
(-4.24, 1.42)
0.33

HDL, rng/dL

52.90
(51.27, 54.52)

51.36
(49.74, 52.98)

52.49
(50.86, 54.12)

0.40
(-0.82, 1.63)
0.52

-1.13
(-2.05, -0.22)
0.02

1.54
(0.63, 2.44)
0.0009

LDL, rng/dL

115.52
(112.20, 118.84)

117.97
(114.68, 121.26)

118.55
(115.22, 121.88)

-3.03
(-6.29, 0.22)
0.07

-0.58
(-3.10, 1.94)
0.65

-2.45
(-4.95, 0.04)
0.05

Triglycerides,
rng/dL

118.68
(110.06, 127.30)

122.55
(114.01, 131.09)

127.31
{118.68, 135.94)

-8.63
(-18.46, 1.19)
0.08

-4.76
(-12.62,"3.09)
0.23

-3.87
(-11.69, 3.95)
0.33

3.87
(3.74, 4.01)

4.01
(3.88, 4.14)

4.00
(3.87, 4.13)

-0.12
(-0.23, -0.01)
0.03

0.01
(-0.07, 0.10)
0.76

-0.14
(-0.22, -0.05)
0.001

Total
cholesterol,
rng/dL

Total/HDL
cholesterol ratio

HDL, high-density lipoprotein; LDL, low-density lipoprotein
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Figure 4.1. Flow Chart
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Assessed for

(n=1,626)

.

Excluded (n=1 ,274)
Not meeting eligibility criteria (n=931)
Declined to participate (n= 304)
Non-compliance during run-in (n=39)
Randomized (n=352)

Group A

Group 8

Received soy protein (n=117)
Completed (n=1 05)

Received milk protein (n=117)
Completed (n=1 08)

Group C Received carbohydrate (n=118)
Completed (n=1 09)

~

"

"

Received milk protein (n=1 01)
Completed (n=94)

Received carbohydrate (n=104)
Completed (n=93)

w

"

Received carbohydrate (n=93)
Completed (n=85)

Received soy protein (n=92)
Completed (n=86)

"

Received soy protein (n=1 01)
Completed (n=93)

"

Received milk protein (n=88)
Completed (n=84)
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CHAPTER 5: Soybean Protein and Inflammation
Cardiovascular disease (CVD) is a primary cause of mortality in the U.S. and the world
(1, 2). Prospective epidemiologic studies have found that systemic inflammation, as indicated by
levels ofC-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNFa), are associated with an increased risk ofCVD, independent oftraditional CVD risk factors
(71, 94, 96). The inflammatory system is integral to the pathogenesis of atheroscleroti'c CVD (30,
31). CRP, IL-6, and TNF-a are important facilitators of early atherosclerotic lesion development
and continued inflammation leading to focal necrosis, mature plaque development, inability of
the artery to compensate by dilation, and blood flow obstruction (34). TNF-a is a pleiotropic
.

.

cytokine that stimulates IL-6 production (37, 38): IL-6 is expressed in atheromatous lesions and
is the main hepatic stimulus for CRP production (40, 41 ). CRP is an acute phase reactant that
directly affects vascular disease progression by activating complement, inducing expression of
several cellular adhesion molecules and tissue factors, mediating low-density lipoprotein uptake
by endothelial macrophages, inducing monocyte recruitment into the arterial wall, and enhancing
production of monocyte chemotactic protein-I (35, 36). By examining markers of the
inflammatory system, we are able to detect early indications of changes in CVD risk.
Altering certain aspects of daily dietary intake, such as adopting the DASH eating plan
and reducing sodium consumption, is an important component of lifestyle modifications
recommended by professional medical societies for the prevention and treatment of CVD (5,
216). Soybean protein is widely accepted as a heart-healthy food product, a position which is
endorsed by the American Heart Association and the U.S. Food·and Drug Administration (18,
127). The evidence supporting soy protein's health benefits is based primarily on cholesterollowering effects and secondarily on blood pressure-lowering effects (130, 132, 217, 218).
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However, the effect of soybean protein on novel CVD risk factors, including biomarkers of
infl8mmation, has not been well studied. Some clinical trials have begun to investigate the effect
of soybean protein and isoflavones, estrogen-like components of soy protein, on inflammatory
markers, but the results have been inconsistent (149-151, 151-157). The current study will
provide information about the effect of soybean protein on ·the inflammatory profile using both
milk protein and complex carbohydrates for comparison. Evaluating the impact of dietary
interventions, such as protein supplementation, on systemic inflammation may provide
justification for widespread implementation of such interventions for the prevention and
treatment of CVD and its related morbidity and mortality.
The objective of this study is to examine the effect of soybean protein, milk protein, and
carbohydrate supplementation on plasma levels of iirllammation biomarkers. We hypothesize
(

that soybean protein supplementation reduces plasma levels of systemic inflammatory markers
(CRP, IL-6, and TNF-a) compared to milk protein and carbohydrate supplementation.

5.1. Methods
5.1.1. Study Design
The Protein and Blood Pressure (ProBP) study was a randomized, double-blinded, and
placebo-controlled trial designed primarily to test whether a soy protein or milk protein
supplementation would reduce systolic blood pressure compared to a complex carbohydrate (17).
The ProBP study utilized a 3-phase cross-over study design. Following a 2-week run-in period,
eligible participants were allocated to receive 40 grams of soy protein per day (89.3 mg
isoflavones), 40 granis of milk protein per day, antl 40 grams of complex carbohydrate (placebo)
per day in a random order, each for 8 weeks. During the run-in period, study participants
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received 40 grams of complex carbohydrate supplement. During each of the three 8-week
phases, participants were seen at two study visits at the beginning and another two study visits at
the termination of the phase. A 3-week washout period was iTilplemented between each
intervention period. Participant recruitment and the intervention occurred between September
2003 and April 2008.
Written informed consent was obtained from each participant before the initial screening
visit and before randomization. The institutional review boards at the Tulane University Health
Sciences Center and the University of Mississippi Medical Center approved the study protocol.

5.1.2. Study Participants ·
The study participants were men and women aged 22 years or older who had a mean
systolic blood pressure from 120 to 159 mm Hg and a diastolic blood pressure from 80 to 95 mm
Hg, based on six readings at two screening visits. Persons with a systolic blood pressure ~160
, mm Hg or a diastolic blood pressure ~95 mm Hg or that were taking antihypertensive
medications were excluded. In addition, persons with a self-reported history of clinical CVD,
cancer, chronic kidney disease (CKD, or a serum creatinine ~1.7 mg/dL for men and ~1.5 mg/dL
for women), hypercholesterolemia (or serum total cholesterol ~240 mg/dL), diabetes (or serum
glucose ~126 mg/dL), body mass index (BMI) ~40 kg/m2, or consumption of more than 14
drinks of alcoholic beverages per week were excluded. Persons who consumed dietary protein
~1.63

grams/kg/day (85th percentile of dietary protein intake in the U.S. general population)

based on two 24-hour dietary recalls were also excluded. Women who were pregnant or who
intended to become pregnant during the study were excluded.
Study participants were recruited by mass mailing and work-site and community-based .
screenings in New Orleans, Louisiana and Jackson, Mississippi. Among the 1,626 persons
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invited to the study clinics for screening visits, 931 did not meet all eligibility criteria, 304
declined to participate, 250 were recruited before Hurricane Katrina, and 39 were non-compliant
during the run-in period (Figure 5.1). Of the 931 ineligible persons, 27 were taking
antihypertensive medications, 61 had mean blood pressure greater than or equal to 160/95 mm
Hg, 686 had mean blood pressure less than or equal to 120/80 mm Hg, 23 had BMI greater than
or equal to 40 kg/m2 , 96 had clinical cardiovascular disease, chronic kidney disease,
dyslipidemia, or diabetes, and 38 met other exclusion criteria. Plasma specimens were available
for 102 participants who were randomized after Hurricane Katrina and were included in this
analysis.

5.1.3. Intervention
The study participants were randomly assigned to three sequences at a fixed 1: 1: 1
allocation ratio. Those who were assigned to sequence A received 40 grams of soy protein for 8
weeks, then 40 grams of milk protein for 8 weeks, and fmally 40 grams of complex carbohydrate
for 8 weeks. Those who were assigned to sequence B first received milk protein, then. ·
carbohydrate, and fmally soy protein. Those who were assigned to sequence C first received
carbohydrate, then soy protein, and finally milk protein. The randomization was stratified by
clinic site, gender, and hypertension status. We used a block size of six to ensure equal
distribution of participants among the sequences. The randomization assignment was conducted
centrally at the Data Coordinating Unit at Tulane University. The randomization assignment list ·
was generated by a computer program which could only be accessed by the data coordinator. All
other research per~onnel, including clinical coordinators and laboratory technicians, and the
study participants were unaware of tre'!-tment a.Ssignment.
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The soy protein, milk protein, and complex carbohydrate supplements were provided for
the ProBP·study by Solae, LLC, St. Louis, Missouri. The caloric content and amount offat was
similar in the soy protein, milk protein, and complex carbohydrate supplements. The milk protein
supplements contained a small amount of cholesterol, which was not present in the other
supplements. The glycemic index varied among the supplements, with the lowest index in the
soy protein supplement and the highest index in the carbohydrate supplement. The soy protein,
milk protein, and complex carbohydrate powders looked the same and were provided to study
participants in identical packets. The study participants were instructed to take the supplements
twice per day; once in the monling and or1ce in the evening in water or juice. Based on the
participants' two 24-hour dietary recalls during screening visits, individualized recommendations
were given in order ~or participants' total energy intake to remain consistent over the
supplementation periods. For example, protein and carbohydrate supplement was recommended
to partially replace breakfast, snack, or supper b.ased on participants' dietary habits. The study
participants returned unconsumed packets at follow-up clinic visits. The study coordinator
counted the number of returned packets, and we used this information to assess participants'
adherence to the assigned intervention.

5.1.4. Measurements

Study participants were instructed to fast for 10 hours prior to their clinic visits for blood
sample collection. Blood samples were promptly centrifuged at 3000 g for 10 minutes at 4°C.
Serum and plasma were separated and aliquoted for different analyses at the clinical laboratory.
Specimens were stored at -85°C until analysis. Specimens that were collected before Hurricane
Katrina were discarded due to extended electricity outages in research build!Jlgs. Specimens
from ProBP study participants who were recruited after Hurricane Katrina were available for this
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study. Blind duplicates of samples were collected and were assayed for levels of inflammatory
biomarkers according to the procedures described below.
Plasma levels of CRP were measured using a latex particle-enhanced, high-sensitivity
immunoturbidimetric assay on the Olympus AU400e Analyzer (Beckman Coulter, Brea, CA)
with Kamiya reagents (Kamiya Biomedical Company, Seattle, WA) (210). In this assay, an
antigen-antibody reaction occurs between CRP in the sample and an anti-CRP antibody that has
been sensitized to latex particles, and agglutination results. This antigen-antibody complex
causes an increase in turbidity, which is detected spectrophotometrically, with the level of
turbidity being proportional to the concentration of CRP in the sample. Ten percent of samples
were measured in duplicate and the average of these CRP measurements was used for analysis.
This assay has a limit of detection of 0.32 mg/L and the variability of the assay ranges from 2.2%
to 13%.
Plasma levels ofiL-6 and TNF-a were measured using a high-sensitivity, sandwich
enzyme-linked immunosorbent assay (ELISA) method (Quantikine® high sensitivity human IL-6.
immunoassay and Quantikine® high sensitivity human TNF-a immunoassay, R&D Systems,
Inc., Minneapolis, MN). Microtitration wells were pre-coated with monoclonal IL-6 and TNI:'-a.
antibody. In the assay, standards and plasma samples were incubated in microtitration wells and
inflammatory markers in the standards and samples bind to the immobilized antibody. After the
first incubation and a wash to remove unbound substances, the wells were treated with another
enzyme-linked monoclonal antibody specific for IL-6 and TNF-a.. After a second incubation and
washing step, the wells were incubated with a substrate solution. Color developed in proportion
to the amount ofiL-6 and TNF-a. bound in the initial step. The color development was stopped
and the intensity ofthe color was measured to represent the amount ofiL-6 and TNF -a. present
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in each well. The optical density was measured at 492 nm with wavelength correction at 620 nm
using a microplate reader (ASYS Expert Plus microplate reader, Biochrom Ltd., Cambridge,
UK). The mean minimum detectable dose was 0.039 pg/mL for IL-6 and 0.106 pg/mL for TNF-

a. The intra- and inter-assay coefficients of variation were from 6.9% to 7.8% and 6.5% to 9.6%
for IL-6, and 3.1% to 8.5% and 7.4% to 10.6% for TNF-a, respectively. All samples were run in
duplicate for the measurement of IL-6 and TNF-a.
At the baseline and termination visits during each intervention/control phase, three blood
pressure readings were meas.ured using the Hawksley random-zero sphygmomanometer by
trained and certified observers who were masked to group assignment. Body weight, height, and
waist circumference were measured by trained staff using a standard protocol and BMI was
calculated as kg/m2 • Two 24-hour dietary recalls were conducted at the screening visits and at the
termination visits during each intervention/control phase. Computer software was used to
conduct 24-hour dietary recalls and calculate nutrient intakes (Minnesota Nutrition Data System
for Research, University of Minnesota, 2002). An overnight timed urine sample was collected at
\

the ba.Seline and termination visits to measure urinary excretion of sodium, potassium, urea
nitrogen, and creatinine. Side-effects and compliance were assessed using a questionnaire, packet
counts, and self-reported supplement calendar report.

5.1.5. Statistical Analysis
Baseline characteristics were compared according to randomization group using the

i

test for categorical variables and ANOVA for continuous variables. The 24-hour dietary nutrient
intake and urinary excretion of micronutrients were compared among the three
intervention/control groups by repeated-measures ANOVA.
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The primary outcome of interest wa.S the difference in plasma levels of inflammatory
biomarkers (CRP, IL-6, and TNF-a) among the three intervention phases and baselip.e. The net
change of inflammatory biomarkers was calculated as the difference in level of inflammatory
biomarkers measured at the termination of each intervention/control period or baseline period.
When duplicate measurements of samples were taken, the means of the two measurements were
used for analysis. A mixed effects model was used to compare the effects of soy protein, milk
protein, and complex carbohydrate on plasma levels of inflammatory biomarkers, in which
participants and period were assumed to be random effects and treatment and sequence were
assumed to be estimable fixed effects.· PROC MIXED of SAS version 9.2 (SAS Institute Inc.,
Cary, North Carolina) was used to obtain point estimates and standard errors of the treatment and
sequence effects and to test for differences between treatments. Mean levels of inflainmatory
biomarkers according to intervention phase and net change in inflammatory biomarkers
according to all three comparisons between phases along with corresponding 95% confidence
intervals were estimated with the LSMEANS statement in the MIXED procedure. We examined
the carryover effect by testing the interaction between phase/period and treatment and the
interaction was not statistically significant. We used an autoregressive correlation structure to
account for within-subject correlation due to repeated measurements in the crossover study
design. The intention-to-treat principle w~ used for all primary analyses. Two secondary perprotocol analyses were performed by: 1) restricting the sample to those participants that
completed all phases of the study, and 2) those participants that consumedat least 85% of
supplements based on returned packet counts. Values of inflammatory biomarkers were logtransformed to improve normality. However, the results were similar after log-transformation as
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for untransformed values, so the untransformed values are presented here for the main results.
We conducted stratified analysis by gender and raciallethnic group.

5.2. Results
The flow diagram summarizes participant recruitment, reasons for exclusion, and study
completion according to randomization group and period (Figure 5.1). Of the 102 participants
that were recruited after Hurricane Katrina and randomized to one of the three sequences, 96
(94.1 %) completed the first phase, 78 (76.5%) completed the second phase, and 72 (70.6%)
completed the third phase. Follow-up rates were similar for the three interventions, with 83
(81.4%) plasma samples available for analysis at the end of the soy protein supplementation
phase, 81 (79.4%) plasma samples available for analysis at the

~nd

of the milk protein

supplementation phase, and 82 (80.4%) plasma samples available for analysis at the end of the
carbohydrate phase.
Baseline characteristics of the 102 ProBP study participants that were recruited after
Hurricane Katrina are shown in Table 5.1 according to randomization group. For the total study
population, mean age was 46 years, 67% were male, and 29% were African-American. At
\

baseline, mean BMI was 29.9 kglin2, mean fasting glucose level was 96.1 mg/dL, mean
systolic/diastolic blood pressure was 127.5/82.3 mm Hg, and mean total cholesterol was 196.5
mg/dL. There were no statistically significant differences between groups thereby demonstrating
that the randomization procedure was effective.
The daily dietary nutrient intake based on 24-hour dietary recall is presented according to
intervention phase in Table 5.2. By design, dietary protein intake was significantly increased by
an average of30.2 grams/day during the soy protein intervention and by 33.2 grams/day during
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the milk protein intervention compared to the carbohydrate intervention. Dietary carbohydrate
intake was decreased by 36.7 grams/day during the soy protein intervention and by 41.3
grams/day during the milk protein intervention compared to the carbohydrate phase. The
percentage oftotal energy from protein, carbohydrate and fat, respectively, was 22.0%, 44.6%,
and 33.4% during the soy protein intervention, 22.6%, 43.6%, and 33.8% during the milk protein.
intervention, and 16.0%, 50.8%, and 33.2% during the carbohydrate interv-ention. Daily intake of
total energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat, cholesterol,
sodium, potassium and calcium were not significantly different across intervention phases.
Supplement consumption was similar for all three interventions and all three periods.
According to supplement calendars reports for all interventions combined, study participants
consumed an average of 92.1% of supplements provided for that phase and 84.5% of participants
·consumed at least 85% of supplements. Based on overall counts by study staff of returned and
· unconsumed supplement packets, study participants consumed an average of 90.5% of
supplements and 76% of participants consumed at least 85% of supplements. The correlation
between these two measures of compliance was moderate (overall: r=0.48, p<0.0001; soy:
r=0.67, p<0.0001; milk: r=0.52, p<0.0001; carbohydrate: r=0.32, p=0.0065). The average level
'

of overnight urinary excretion of urea nitrogen ~as significantly increased during the soy protein
(467.4 mg/L) and milk protein (484.0 mg/L) supplementation interventions compared to the·
carbohydrate supplementation phase (376.9 mg/L, p=0.0134). The urea:creatinine ratio was also
increased during protein interventions (soy: 8.7, milk: 8.7, carbohydrate: 6.8, p<0.0001).
The frequency of reporting side effects was similar for soy protein, milk protein, and
carbohydrate supplements (Table 5.3). The most commonly self-reported change in symptoms
were a change in appetite (29.6%), increased energy level (16.7%), and constipation (14.2%).
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Participants reported more. belchiiig during the milk protein supplementation (18.0%) compared
with soy protein (6.2%) and carbohydrate supplementation (6.2%, p=0.0173). There was a
slightly larger proportion of participants reporting improved mood during the soy protein
supplementation (18.5%) compared with milk protein (7. 7%) and carbohydrate supplementation
(8.6%), although it was not statistically significant (p=0.0607).
Mean plasma levels of inflammatory biomarkers at baseline and at the end of each
intervention with corresponding confidence intervals are presented for the overall sample and
according to gender in Table 5.4. Among women, levels of CRP and IL-6 were 2-2.5 times
higher than that for men at all observed time points. The lowest plasma levels of CRP and IL-6
were observed at the end of soy protein supplementation for men and at the end of carbohydrate
supplementation for women. Plasma levels of1NF-a were slightly higher among women than
men at baseline and at the end of soy protein and carbohydrate supplementation, but women had
lower 1NF-a levels than men at the termination of milk protein supplementation.
Net change in plasma levels of inflammatory biomarkers along with confidence intervals
· and p-values are provided for the three comparisons of interest for the overall sample and
according to gender in Table 5.5. The largest change in plasma levels of CRP was observed at
the end of soy protein supplementation compared to milk protein supplementation, although this
(

difference was not statistically significant (-0.32 mg/L; 95% confidence interval: -0.94 to 0.30
mg/L; p=0.3137). The largest net change in IL-6 was observed at the termination of the soy
protein supplementation period compared to carbohydrate supplementation, but again the effect
was not statistically significant (-0.18 pg/mL; 95% confidence interval: -0.56 to 0.21 pg/mL;
p=0.3717). Net change in plasma levels ofTNF-a was approximately the same for all three.
comparisons of interest. The net change in all three inflammatory biomarkers during the ·
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interventions was not substantially different in the gender-stratified analysis compared to the
overall analysis.
Mean plasma levels of inflammatory biomarkers at baseline and at the end of each
intervention with corresponding confidence intervals are presented according to racial/ethnic
category in Table 5.6. Plasma levels of CRP and IL-6 were consistently higher among AfricanAmericans then Caucasians at baseline and at the end of each intervention. The lowest plasma
levels of CRP and IL-6 were observed after soy protein supplementation for both AfricanAmericans and Caucasians. TNF-a levels were not substantially different by racial/ethnic
category. The net change in all three inflammatory biomarkers during the interventions was not
substantially different in the race/ethnicity-stratified analysis (Table 5. 7) compared to the overall
analysis.
The magnitude and significance of the mean levels and net change estimates were not
different when the values were log-transformed, when restricting the analysis to participants that
completed all phases, and when restricting the analysis to participants that consumed at least
85% of supplement packets (Table 5.8, Table 5.9).

5.3. Discussion
This randomized controlled trial ....indicates that soy protein supplementation, compared to
milk protein and carbohydrate supplementation, does not reduce plasma levels of CRP, IL-6, or
TNF-a, and there was very little variability in plasma TNF-a levels. We observed notable
differences in plasma levels of CRP and IL-6 by gender and racial group. Whereas the overall
-study population, both African-Americans and Caucasians, and men had the most favorable
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response in CRP and IL-6 reduction to soy protein supplementation, the lowest level ofCRP and
IL-6 was attained after carbohydrate supplementation for women.
The effect of soy protein on traditional CVD risk factors, primarily blood pressure and
lipids, has been demonstrated by the ProBP study and by other investigators (17, 130, 132,217219). The evidence for an association of diet8ry protein intake on novel CVD risk factors, such
as biomarkers of inflammation, is less conclusive. CRP, the most widely studied inflammatory
marker associated with CVD, has been reported to decrease in response to soy consumption in
only one clinical trial (149), and to have no significant effect in five studies (150-154). TNF-a
has decreased as a result of soy protein intake in two clinical studies (149, 155), paradoxically
increased among women only in one trial (151 ), and demonstrated no response in four trials
(152, 154, 156, 157). Among the seven clinical trials that investigated the impact of soy protein
on IL-6, none detected a response (149-152, 155-157). Our fmdings are consistent with the
majority of soy protein clinical trials, demonstrating no statistically significant change in the
inflammatory biomarkers. To tlie best of our knowledge, the present study is the largest
randomized trial to investigate the effect of protein supplementation on inflammation
biomarkers. Furthermore, our study population is diverse, and we present our results separately
for men, women, African-Americans, and Caucasians.
It is well-established that diet plays an important role in the risk of CVD and other
metabolic disorders, and one mechanism through which diet impacts cardiovascular health is
through mediation of inflammatory cytokines (220). Soy protein in particular has several
bioactive components, including isoflavones, fiber, and polyunsaturated fatty acids, that reduce
markers of inflammation, including CRP, IL6, and TNF-a (110, 221, 222). Replacement of .
carbohydrate with dietary protein· intake is thought to offer cardiovascular benefits due to the
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lower glycemic index of protein and associated reduction of inflammation activity (223).
Although we did not detect significant effects of protein on inflammation biomarkers, there were
differences in biomarkers by gender and race/ethnicity. We observed higher levels of plasma
CRP and IL-6 among women relative to men. Whereas men often present with typical and wellcharacterized CVD symptoms, women are more likely to have atypical CVD presentations or be
asymptomatic before experiencing a CVD event (224). Subclinical measures such as the
inflammatory biomarkers investigated in this study may be particularly valuable for describing
CVD risk among women. We also observed higher levels of plasma CRP and IL-6 among
African-Americans relative to Caucasians. Racial disparities are well-documented for CVD and
related chronic diseases, even after accounting for traditional risk factors (225-229). Less wellunderstood is the etiology of racial disparities in CVD. It is plausible that unmeasured
imbalances in the inflammatory system activity may explain part of the well-recognized racial
disparities.
This randomized, double-blind, placebo-controlled trial had a high-level of compliance,
high-rate of study completion, and limited variability in diet and lifestyle behaviors. The
prolonged three-week washout period limited the carryover effect, and there was no statistical
evidence of carryover between periods. Blind duplicates of samples were measured, and the
same laboratory technician and equipment was used throughout the study to minimize systematic
error. High-sensitivity assay techniques were employed such that we were able to detect low
levels of inflammatory biomarkers in the plasma samples. Random variability was decreased by
using average values of duplicate measures in the analysis. The estimation of mean levels of
inflammatory biomarkers and mean net change in inflammatory biomarkers was consistent in
sensitivity analyses that limited the analytic sample to those participants that completed all study
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phases and to those that complied with the. intervention by consuming at least 85% of the
supplement packets. An unfortunate limitation of this study is the smaller available sample size
than originally planned. The stored samples for a majority of participants (n=250) for the overall
ProBP study were discarded due to loss of electricity for several months in the research storage
freezers in the aftermath of Hurricane Katrina. The contribution of participants that were
recruited after Hurricane Katrina was maximized with the crossover study design so that
participants were able to undergo all three interventions and contribute information at four time
points, including baseline. The mixed effects regression model was able to incorporate data from
participants that did not complete all phases, and reduced variability by accounting for the
correlation inherent in taking repeated measurements from the same participants. Lastly, we did
not have sufficient power to assess significance within subgroup analyses, although the observed
differences by gender and racial groups provide interesting hypotheses for future study.
In conclusion, this study indicates that dietary protem supplementation does not reduce
plasma levels of CRP, IL-6, and 1NF-a. A meta-analysis is warranted to pool results from the
few available clinical trials of small sample sizes in order to estimate the effect of protein on
CRP, IL-6, and TNF-a with greater statistical power. Further research is warranted to explore
gender and race/ethnicity differences in the inflammatory profile.
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Table 5.1. Baseline characteristics* of 102 trial participants
Randomization groups
A
(n=35)

B
(n=32) .

c
(n=35)

P-value

Age, years

48.2 (11.7)

42.7 (11.7)

47.6 (9.2)

0.0833

Male, n (%)

25 (71.4%)

20 (62.5%)

23 (65.7%)

0.7329

8 (22.9%)

9 (28.1 %)

13 (37.1%)

0.4153

33 (94.3%)

27 (84.4%)

26 (74.3%)

0.0709

Current smoking, n (%)

1 (2.9%)

4 (12.5%)

4 (11..4%) ·.

0.3040

Alcohol drinking, n (o/o)

15 (42.9%)

12 (37.5%)

14 (40.0%)

0.9046

Physical activity ~3 times/week, n (%)

18 (51.4%).

23 (74.2%)

20 (58.8%)

0.1585

Body-mass index, kg/m2

30.4 (4.8)

29.5 (3.8)

29.7 (4.9)

0.7128

Systolic blood pressure, n:lm Hg

127.0 (8.3)

126.9 (8.5)

128.4 (11.3)

0.7875

Diastolic blood pressure, mm Hg

81.6 (4.9)

82.7 (4.8)

82.7 (7.0)

0.6659

191.1 (25.3)

203.2 (22.0)

195.9 (25.8)

0.1342

Glucose, mg/dL

95.7 (9.7)

96.8 (8.3)

95.8 (9.2)

0.8488

Creatinine, mg/dL

1.0 (0.3)

1.1 (0.2)

1.1 (0.2)

0.8700

African-American, n (%)
Some college education, n (%)

Total cholesterol, mg/dL

*Mean (standard deviation) or frequency (percentage)
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Table 5.2. Mean (standard deviation) daily dietary nutrient intake according to intervention phase
Nutrient ·
Energy, kcal

Soy protein
(n=83)
. 2,102.7 (705.7)

Milk protein
(n=81)

Carbohydrate
(n=82)

P-value

2,099.8 (596.5)

. 2,113.2 (643.1)

0.9906

Protein, g

114.3 (30.9)

117.3 (32.2)

84.1 (30.4)

<0.0001

Animal protein, g

59.7 (25.7)

93.2 (29.9)

59.4 (26.0)

<0.0001

Vegetable protein, g

54.4 (16.2)

24.0 (10.7)

24.5 (10.9)

<0.0001

Carbohydrate, g

231.4 (91.0)

226.8 (80.4)

268.1 (89.7)

0.0046

Fat, g

77.0 (34.6)

78.0 (28.7)

77.8 (32.5)

0.9804

Saturated fat, g

24.9 (13.4)

25.2 (10.5)

25.5 (12.6)

0.9491

Polyunsaturated fat, g

14.3 (6.9)

15.8 (6.8)

15.7 (7.3)

0.2897

Monounsaturated fat, g

30.2 (14.0)

30.0 (12.3)

29.8 (13.5)

0.9769

317.5 (168.4)

341.9 (193.8)

300.2 (184.9)

0.3471

Sodium, mg

3;661.3 (1313.7)

3,690.9 (1272. 7)

3,695.0 (1219.4)

0.9829

Potassium, mg

3,018.8 (1039.4)

3,012.4 (864.8)

3,031.3 (1087.5)

0.9926

Calcium, mg .

1,996.3 (664.0)

1,973.8 (668.3)

2,144.7 (675.4)

0.2110

Cholesterol, mg
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·Table 5.3. Frequency (n (%))of symptoms according to intervention phase
Symptom
Increased physical energy
Change in appetite
Improved inood
Improved vision
Bad taste in mouth
Stomach upset or nausea
·Belching
Stomach pain or burning
Diarrhea
Loose, frequent stools
Constipation
Frequent urination
Excessive gas
Easy bruising
Nose bleeds
Excessive bleeding from cuts/scratches
Change in sexual drive
Excess thirst
Skin rash
Blood in stool or blackened stool
Other

Soy:Qrotein Milk protein · Carbohydrate
12 (14.8%)
11 (14.1%)
17 (21.0%)
25 (32.1%)
25 (30.9%)
21 (25.9%)
15 (18.5%)
6 (7.7%)
7 (8.6%)
4 (5.1%)
2 (2.5%)
1 (1.2%)
11 (13.6%)
8 (10.3%)
7 (8.6%)
7 (9.0%)
10 (12.4%)
9 (11.1%)
14 (18.0%)
5 (6.2%)
5 (6.2%)
5 (6.2%)
3 (3.9%)
6 (7.4%)
1 (1.2%)
1 (1.3%)
2 (2.5%)
10 (12.4%)
8 (10.3%)
9 (11.1%)
11 (14.1 %)
11 (13.6%)
12 (14.8%)
11 (13.6%)
10 (12.8%)
7 (9.9%)
14 (17.3%) . 14 (18.0%)
12 (14.8%)
0 (0%)
2 (2.6%)
2 (2.5%}
1 (1.2%)
0 (0%)
0 (0%)
1 (1.3%)
2 (2.5%)
~ 0 (0%)
3 (3.7%)
3 (3.9%)
3 (3.7%)
12(14.8%)
9 (11.5%)
9 (11.1%)
4 (4.9%)
1 (1.3%)
3 (3.7%)
2 (2.5%)
1 (1.3%)
2 (2.5%)
5 (7.4%)
9 (13.4%)
3 (4.4%)

P-value
0.44
0.67
0.06
0.33
0.59
0.79
0.02
0.62
0.79
0.92
0.97
0.75
0.97
0.35
0.37
0.37
0.99
0.74
0.43
0.84
0.16
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Table 5.4. Mean (95% confidence interval) plasma C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF -a) according to comparison phases overall and stratified by gender
Biomarker

CRP,mg/L

IL-6, pg/mL

TNF-a, pg/mL

Gender

. Baseline

. Soy Protein

· Milk Protein

Carbohydrate

Both

2.44
(1.81, 3.06)

2.33
(1.71, 2.95)

2.65
(2.03, 3.26)

2.54
(1.92, 3.15)

Men

1.80
(0.92, 2.67)

1.67
(0.86, 2.48)

1.82
(1.02, 2.62)

1.80
(1.01, 2.59)

Women

3.96
(2.63, 5.30)

4.03
(2.66, 5.39)

4.37
(2.98, 5.76)

3.94
(2.57, 5.31)

Both

2.29
(1.88, 2.70)

1.57
(1.18, 1.96)

1.69
(1.30, 2.07)

1.76
(1.38, 2.15)

Men

2.06
(1.60, 2.52)

1.4~

(1.01, 1.86)

1.64
(1.23, 2.05)

1.77
(1.36, 2.19)

Women

2.73
(2:07, 3.39)

1.86
(1.20, 2.53)

1.77
(1.09, 2.45)

1.66
(0.99, 2.33)

Both

1.45
(1.28; 1.62)

1.20
(1.03, 1.37)

1.22
(1.05, 1.39)

1.22
(1.05, 1.38)

Men

1.38
(1.21, 1.55)

1.18
(1.00, 1.35)

1.26
. (1.09, 1.43)

1.18
(1.01, 1.35)

Women

1.62
(1.25, 2.00)

1.26
(0.88, 1.65)

1.15
(0.76, 1.54)

1.31
(0.93, 1.70)
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Table 5.5. Net change (95% confidence interval) and p-value for plasma C-reactive protein (CRP), interleukin-6 (IL-6), and tumor
necrosis factor-alpha (TNF-a) according to comparison phases overall and stratified by gender
Biomarker

CRP;mg/L

IL-6, pg/mL

TNF-a, pg/mL

So'y Protein vs.
Carbohydrate

Milk Protein vs.
Carbohydrate

Soy Protein vs.
Milk Protein

Both

-0.06 (-0.68, 0.55)
0.8362

0.25 (-0.38, 0.87)
0.4341

-0.32 (-0.94, 0.30)
0.3137

Men

-0.13 (-0.84, 0.58)
0.7249

-0.08 (-0.79, 0.64)
0.8374

-0.12 (-0.83, 0.60)
0.7481

Women

0.01 (-1.20, 1.23)
0.9810

0.93 (-0.31, 2.17)
0.1419

-0.83 (-2.04, 0.38)
0.1775

Both

-0.18 (-0.56, 0.21)
0.3717

-0.03 (-0.42, 0.36)
0.8690

-0.13 (-0.52, 0.25)
0.4981

Men

-0031 (-0.76, 0.15)
0.1882

-0.09 (-0.55, 0.37)
0.7016

-0.18 (-0.63, 0.28)
0.4410

Women

0.14 (-0.61, 0.89)
0.7063

0.14 (-0.62, 0.90)
0.7141

0.01 (-,0.73, 0.75)
0.9776

Both

-0.08 (-0.37, 0.20)
0.5655

-0.11 (-0.39, 0.18)
0.4567

-0.09 (-0.37, 0.18)
0.5151

Men

-0.27 (-0.65, 0.12)
0.1736

-0.23 (-0.61, 0.15)
0.2409

-0.35(-0.72, 0.03)
0.0685

Women

-0.05 (-0.42, 0.31)
0.7705

-0.20 (-0.57, 0.17)
0.2774

0.12 (-0.24, 0.48)
0.5182

Gender
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Table 5.6. Mean (95% confidence interval) plasma C-reactive protein (CRP), interleukin-6 (IL-6), and tutilor necrosis factor-alpha
(TNF-a) according to comparison phases and stratified byrace/ethnicity

Biomarker

Race/ethnicity

Baseline

Soy Protein

Milk Protein

Carbohydrate

African-American

2.72
(1.41, 4.04)

3.23
(1.89, 4.57)

4.13
(2.75, 5.51)

3.68
(2.38, 4.99)

Caucasian

2.29
(1.28, 3.00)

2.04
(1.35, 2.73)

2.11
(1.43, 2.78)

2.07
(1.39, 2.76)

African-American

2.31
(1.57, 3.06)

1.72
(1.00, 3.06)

1.74
(1.00, 2.48)

1.99
(1.30, 2.68)

Caucasian

2.25
(1.81, 2.68)

1.50
(1.09' 1.92)

1.64
(1.24, 2.04)

1.62
(1.21, 2.04)

CRP,mg/L

IL-6, pg/mL

-

African-American

1.30
(1.01, 1.58)

1.23
(0.94, 1.51)

1.21
(0.92, 1.51)

1.26
(0.97, 1.54)

Caucasian

1.53
(1.20, 1.85)

1.21
(0.88, 1.54)

1.25
(0.92, 1.57)

1.21
(0.88, 1.54)

TNF-a, pg/mL
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Table 5.7. Net change (95% confidence interval) and p-value for plasma C-reactive protein (CRP), interleuk:in-6 (IL-6), and tumor
~

necrosis factor-alpha (TNF-a) according to comparison phases and stratified by race/ethnicity

Biomarker

Race I ethnicity

SoyProtein vs. Carbohydrate

Milk Protein vs. Carbohydrate

Soy Protein vs. Milk Protein

African-American

-0.57
(-1.63, 0.50)
0.2933

0.43
(-0.64, 1.49)
0.4294 .

-0.98
(-2.04, 0.08)
0.0700

Caucasian

0.15
(-0.61, 0.90)
0.7023

0.15
(-0.62, 0.91)
0.7007

-0.03
(-0.78, 0.72)
0.9376

African-American

-0.34
(-1.11, 0.43)
0.3791

-0.18
(-0.95, 0.59)
0.6381

-0.17
(-0.93, 0.60)
0.6688

Caucasian

-0.10
(-0.55, 0.36)
0.6750

0.04
(:-0.42, 0.51)
0.8547

-0.11
(-0.56, 0.34)
0.6258

African-American

-0.50
(-1.19, 0.18)
0.1493

-0.49
(-1.17, 0.20)
0.1611

-0.46
(-1.14, 0.22)
0.1869

Caucasian

0.02
(-0.18, 0.22)
0.8505

-0.02
(-0.22, 0.18)
0.8262

-0.01
(-0.21, 0.18)
0.8966

CRP,mg/L

IL-6, pg/mL

TNF-a, pg/mL

105

Table 5.8. Sensitivity analyses of mean (95% confidence interval) plasma C-reactive protein (CRP), interleukin-6 (IL-6), and tumor
necrosis factor:-alpha (TNF-a) according-to comparison phases
. Biomarker

'
CRP,mg/L

IL-6, pg/mL

TNF -a, pg/mL

Baseline

Soy Protein

Milk Protein

Carbohydrate

Log-transformed

0.31
(0.06, 0.56)

0.25
(-0.01, 0.50)

0.31
(0.06, 0.56)

0.22
(-0.03, 0.47)

Completed all phases

.2.47
(1.69, 3.24)

2.71
(1.96, 3.45)

3.06
(2.33, 3.79)

2.98
(2.25, 3.71)

Consumed ::::85% of
supplements

--

2.16
(0.82, 3.50)

2.78
(1.42, 4.13)

2.34
(0.99, 3.69)

Sensitivity Analysis

Log-transformed

0.64
(0.50, 0.78)

0.28
(0.14, 0.41) .

0.30
(0.16, 0.43)

0.30
(0.17, 0.44)

Completed all phases

2.32
(1.88, 2.76)

1.61
(1.23, 1.99)

1.73
(1.36, 2.1 0)

1.83
(1.46, 2.20)

Consumed ::::85% of
supplements

--

1.48
(1.18, 1.79)

1.84
(1.52, 2.16)

1.49
(1.17, 1.80)

Log-transformed

0.25
(0.15, 0.35)

0.06
(-0.04, 0.16)

0.08
(-0.02, 0.19)

0.07
(-0.03, 0.17)

Complete'd all phases

1.39
(1.19, 1.58)

1.16
(0.97, 1.36)

1.16
(0.97, 1.35)

.1.17
(0.98, 1.36)

Consumed ::::85% of
supplements

--

1.25
(1.08, 1.42)

1.30
(1.13' 1.48)

1.26
(1.09, 1.44)
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Table 5.9. Sensitivity analyses of net change (95% confidence interval) and p-value for plasma C-reactive protein (CRP), intedeukin-6
(IL-6), and tumor necrosis factor-alpha (TNF -a) according to comparison phases

Biomarker

· CRP, mg/L

IL-6, pg/mL

TNF-a,
pg/mL

Soy Protein. vs.
Carbohydrate

Milk Protein vs.
Carbohydrate

Soy Protein vs.
Milk Protein

Log-transformed

-0.17 (-0.66, 0.32)
0.4901

-0.09 (-0.58, 0.39)
0.7072

-0.27 (-0.75, 0.20)
0.2628

Completed all phases

-0.09 (-0.74, 0.56)
0.7940

0.25 (-OAO, 0.90)
0.4571 .

-0.33 (-0.98, 0.32)
0.3214

Consumed 2:85% of
supplements

0.12 (-0;69, 0.93)
0.7667

0.28 (-0.53, 1.1 0)
0.4969

-0.18 (-0.99, 0.64)
0.6673

Log-transformed

:o.o2 (-0.15, o.12)
0.8100

0.03 (-0.1 0, 0.17)
0.6301

-0.04 (-0.18, 0.09)
0.5349

Completed all phases

-0.18 (-0.60, 0.23)
0.3860

-0.03 (-0.44, 0.39)
0.8925

-0.15 (-0.57, 0.26)
0.2605

Consumed 2:85% of
supplements

0.06 (-0.34, 0.45)
0.7810

0.36 (-0.04, 0.76)
0.0769

-0.27 (-0.66, 0.13)
0.1818

Log-transformed

-0.16 (-0.42, 0.11)
0.2396

-0.17 (-0.43, 0.09)
0.1973

-0.17 (-0.43, 0.08)
0.18-59

Completed all phases

-0.03 (-0.18, 0.13)
0.7324

-0.04 (-0.19, 0.12)
0.6618

0.01 (-0.15, 0.17)
0.8967

Consumed 2:85% of
supplements

-0.02 (-0.20, 0.17)
0.8742

-0.04 (-0.22, 0.15)
0.7024

-0.02 (-0.20, 0.17)
0.8479

Sensitivity Analysis
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Figure 5.1. Flow Chart

Assessed for eligibility (n=1 ,626)
I

~

Excluded (n=1 ,524)
Did not meet eligibility criteria (n=931)
Declined to participate (n=304)
Recruited before Hurricane Katrina (n=250)
Non-compliant dur.ing run-in (n=39)

'I

Samples available after Hurricane Katrina (n=1 02)

~

"

~

Randomized to group A (n=32)

Randomized to group B (n=35)

Randomized to group C (n=35)

"

'~

'~

Completed soy protein (n=29)
'~

Completed milk protein (n=34) Completed carbohydrate (n=33)
'~

Completed milk protein (n=23) Completed carbohydrate (n=28)

"

,~

Completed carbohydrate (n=21) Completed soy protein (n=27)

'~

Completed soy protein (n=27)
'~

Completed milk protein (n=24)
108

---------------------- ----------------------- - - - - - - - - - - - - - - - - - - - -

------------

CHAPTER 6: Soybean Protein and Endothelial Dysfunction
I .

Cardiovascular disease (CVD) is the leading cause of death in the U.S. and the world.

!
'

Based on the most recent data from the National Center for Health Statistics, CVD was the
underlying cause of 811,940 deaths in the U.S., accounting for approximately 1 of every 3 deaths
·'.

(1 ). In addition to its health impact, it is estimated that the direct and indirect economic impact of
CVD and stroke is $297.7 billion in the U.S., which is higher than that for any other major
disease (1). Epidemiologic studies have found that endothelial dysfunction biomarkers, including
E-selectin, vascular cell adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1
(ICAM:-1), and thrombomodulin, are associated with an increased risk ofCVD (11, 12, 100-102,
104, 104). Endothelial dysfunction is the initial detectable step in the process ofdeveloping CVD
(34). Early atherosclerotic lesion development is facilitated by cellular adhesion molecules via
mediation of the initial rolling, adherence, and transmigration of inflammatory cells across the
vascular endothelium (31, 43). Thrombomodulin is a cell surface glycoprotein in the vascular
endothelium, fragments of which are derived from injured endothelial cells, and are detectable in
soluble form circulating in plasma (46-48). Endothelial dys:fwiction biomarkers are novel CVD
risk factors that can be useful as early indicators of disease for both research and clinical
applications.
Lifestyle characteristics, including diet, are considered modifiable risk factors for CVD
(5). Soybean protein has been widely accepted as a heaithy food for cardiovascular health in the

u.s. general population based primarily on its favorable effect on blood pressure and serum lipid
levers (18, 132, 230). Clinical studies suggest that soybean protein with isoflavones improves
endothelial function assessed by flow-mediated endothelium-dependent vasodilation of the
brachial artery (161, 162, 231, 232). More recent clinical studies assessing endothelial
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dysfunction biomarkers as early markers of CVD risk have not shown an effect of soy foods
(170, 171, 233). The existing evidence on this topic is limited and inconsistent. This study will
provide important new information about the effect of soybean protein supplementation on novel
CVD risk factors. Evaluating the impact of dietary interventions, such as soybean protein
supplementation, on endothelial dysfunction biomarkers may provide justification for
widespread implementation of such interventions for the prevention and treatment of CVD and
its related morbidity and mortality.
The overall objective of the study is to examine the effect of soybean protein, milk
protein, and complex carbohydrate supplementation on plasma levels of endothelial dysfunction
biomarkers. We hypothesize that soybean protein supplementation reduces plasma levels of Eselectin, ICAM-1, VCAM-1, and thrombomodulin compared to milk protein and carbohydrate
supplementation.

6.1. Methods
6.1.1. Study Design
The Protein ai:l.d Blood Pressure (ProBP) study was a randomiZed, double-blinded, and
placebo-controlled trial designed primarily to test whether a soy protein or milk protein
supplementation would reduce systolic blood pressure compared to a complex carbohydrate (17).
The ProBP study utilized a 3-phase cross-over study design. Following a 2-week run-in period,
eligible participants were allocated to receive 40 grams of soy protein (89 .3 mg isoflavones) per
day, 40 grams of milk protein per day, and 40 grams of complex carbohydrate (placebo) per day
in a random order, each for 8 weeks. During the run-in period, study participants received 40
grains of complex carbohydrate supplement. A 3-week washout period was implemented
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between each intervention period. Participant recruitment and the intervention occurred between
September 2003 and April 2008.
Written informed consent was obtained from each participant before the initial screening
visit and before randomization. The institutional review boards at the Tulane University Health
·Sciences Center and the University of Mississippi Medical Center approved the study protocol.

6.1.2. Study Participants
The study participants were men and women aged 22 years or older who had a mean
systolic blood pressure from 120 to 159 mm Hg and a diastolic blood pressure from 80 to 95 mm
Hg, based on six readings at two screening visits. Persons with a systolic blood pressure 2':160
mm Hg or a diastolic blood pressure 2':95 mm Hg or who were taking antihypertensive
medications were excluded. In addition, persons with a self-reported history of clinical CVD,
cancer, chronic kidney disease (CKD, or a serum creatinine 2': 1. 7 mg/dL for men and 2': 1.5 mg/dL
for women), hypercholesterolemia (or serum total cholesterol2':240 mg/dL), diabetes (or serum
glucose 2':126 mg/dL), body mass index (BMI) 2':40 kg/m2, or consumption of more than 14
drinks of alcoholic beverages per week were excluded. Persons who consumed dietary protein
2':1.63 grams/kg/day (85th percentile of dietary protein intake in the U.S. general population)
based on two 24-hour dietary recalls were also excluded. Women who were pregnant or who
intended to become pregnant during the study were excluded.
Study participants were recruited by mass mailing and work-site and community-based
screenings in New Orleans, Louisiana and Jackson, Mississippi. Among the 1,626 persons
invited to the study clinics for screening visits, 931 did not meet all eligibility criteria, 304
declined to participate, 250 were recruited before Hurricane Katrina (August 29, 2005), and 39
were non-compliant during the run-in period (Figure 6.1). Plasma specimens were available for
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102 participants who were randomized after Hurricane Katrina and were included in this
analysis.

6.1.3. Intervention

The study participants were randomly assigned to three sequences at a fixed 1:1: 1
allocation ratio. Those who were assigned to sequence A received 40 grams of soy protein for 8
weeks, then 40 grams of milk protein for 8 weeks, and fmally 40 grams of complex carbohydrate
for 8 weeks. Those who were assigned to sequence B first received milk protein, then
carbohydrate, and fmally soy protein. Those who were assigned to sequence C fust received
carbohydrate, then soy protein, and fmally milk protein. The randomization was stratified by
clinic site, gender, and hypertension status. We used a block size of six to ensure equal
distribution of participants among the sequences. The randomization assignment was conducted
centrally at the Data Coordinating Unit at Tulane University. The randomization assignment list
was generated by a computer program which could only be accessed by the data coordinator. All
other research personnel, including clinical coordinators and laboratory technicians, and the
study participants were blinded to treatment assignment.
The soy protein, milk protein, and complex carbohydrate supplements were provided for
the ProBP study by Solae, LLC, St. Louis, Missouri. The caloric content and amount of fat was
similar in the soy protein, milk protein, and complex carbohydrate supplements. The milk protein
supplements contained a small amount of cholesterol, which was not present in the other
supplements. The glycemic index varied among the supplements, with the lowest index in the
soy protein supplement and the highest index in the carbohydrate supplement. The soy protein,
milk protein, and complex carbohydrate powders looked the same and were provided to study
participants in identical packets. The study participants were instructed to take the supplements
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twice per day; once in the morning and once in the evening in water or juice. Based on the
participants' two 24-hour dietary recalls during screening visits, individualized recommendations
were given in order for participants' total energy intake to remain consistent over the
supplementation periods. For example, protein and carbohydrate supplement was recommended
to partially replace breakfast, snack, or supper based on participants' dietary habits. The study
participants returned unconsumed packets at follow-up clinic visits. The study coordinator
counted the number of returned packets, and we used this information to assess participants'
adherence to the a.Ssigned intervention. In addition, the study coordinator administered a survey
at follow-up visits to record symptoms experienced during each supplementation phase.

6.1.4. Measurements
Study participants were instructed to fast for 10 hours prior to their clinic visits for blood
sample collection. Blood samples were promptly centrifuged at 3000 g for 10 minutes at 4°C.
Serum and plasma were separated and aliquoted for different analyses at the clinical laboratory.
Specimens were stored at -85°C until analysis. Specimens from 250 participants that were
recruited before Hurricane Katrina were discarded due to extended electricity outages in research
buildings. Specimens from ProBP study participants that were recruited after Hurricane Katrina
were available for this project. Blind duplicates of sam:ples were collected and were assayed for
levels of endothelial dysfunction biomarkers according to the procedures described below.
Plasma levels ofE-selectin, ICAM-1, VCAM-1, and thrombomodulin were measured
using the sandwich enzyme-linked immunosorbent assay (ELISA) method (Quantikine® human
sE-selectin/CD62E, siCAM-1/CD54, sVCAM-1, and thrombomodulin/BDCA-3 immunoassays,
R&D Systems, Inc., Minneapolis, :MN). A 20-fold dilution was used for the measurement of ·
ICAM-1 and VCAM-1. A 10-fold dilution was used for the measurement ofthrombomodulin. A
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10-fold dilution was used to measure most samples for levels ofE-selectin, and a 20-fold dilution
was used for samples that were above the upper limit of detection after the original 10-fold
dilution. Microtitration wells were pre-coated with monoclonal E-selectin, ICAM-1, VCAM-1,
and thrombomodulin antibody. In the assay, standards and plasma samples were incubated in
microtitration wells and endothelial dysfunction biomarkers in the standards and samples bind to
the immobilized antibody. After the first incubation and a wash to remove unbound substances,
the wells were treated with another enzyme-linked monoclonal antibody specific for E-selectin,
ICAM-1,VCAM-1, and thrombomodulin. After a second incubatio:n and washing step, the wells
were incubated with a substrate solution. Color-developed in proportion to the amount of Eselectin, ICAM-1, VCAM-1, and thrombomodulin bound in the initial step. The color
I

development was stopped and the intensity of the color was measured to represent the amount of
E-selectin, ICAM-1, VCAM-1, and thrombomodulin present in each well. The optical density
was measured at 450 nm with wavelength correction at 620 nm using a microplate reader (ASYS
Expert Plus microplate reader, Biochrom Ltd., Cambridge, UK). The mean minimum detectable
dose was 0.009 ng/mL for E-selectin, 0.096 ng/mL for ICAM-1, 0.6 ng/mL for VCAM-1, and
,.-

7.82 pg/mL for thrombomodulin. The intra- and inter-assay coefficients ofvariation were 5.2%
to 6.6% and 7.3% to 8.7% for E-selectin, 3.6% to 5.2% and 4.4% to 6.8% for ICAM-1, 2.3% to
3.6% and 5.5% to 7.8% for VCAM-1, and 2.3% to 3.6% and 5.7% to 7.9% for thrombomodulin,
respectively. All samples were run in duplicate. ·

At the baseline and termination visits during each intervention/control phase, three blood
pressure readings were measured using the Hawksley random-zero sphygmomanometer by
trained and certified observers who were masked to group assignment. Body weight, height, and
waist circumference were measured by trained staff using a standard protocol and BMI was .
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calculated as kg/m2• Two 24-hour dietary recalls were conducted at the screening visits and at the
termination visits during each intervention/control phase. Computer software was used to
conduct 24-hour dietary recalls and calculate nutrient intakes (Minnesota Nutrition Data System
for Research, University of Minnesota, 2002). An overnight timed urine sample was collected at
the baseline and termination visits to measure urinary excretion of sodium, potassium, urea
nitrogen, and creatinine. Side-effects and compliance were assessed using a questionnaire, packet
counts, and self-reported supplement calendar report.

6.1.5. Statistical Analysis
Baseline characteristics were compared according to randomization group using the chisquared test for categorical variables and ANOVA for continuous variables. The 24-hour dietary
nutrient intake and urinary excretion of micronutrients were compared among the three
intervention/control groups by repeated-measures ~OVA.
The primary outcome of interest was the difference in plasma levels of endothelial
dysfunction biomarkers (E-selectin, ICAM-1, VCAM-1, and thrombomodulin) among the three
intervention phases and baseline. The net change of endothelial dysfunction biomarkers was
calculated as the difference in endothelial dysfunction biomarker level measured at the
termination of each intervention/control period or baseline period. The means of duplicate
measurements of all samples were used for analysis. A mixed effects model was used to compare
the effects of soy protein, milk protein, and complex carbohydrate on plasma endothelial
dysfunction biomarker levels, in which participants and period were assumed to be random
effects and treatment and sequence were assumed to be estimable fixed effects. PROC MIXED
of SAS version 9.2 (SAS Institute Inc., Cary, North Carolina) was used to obtain point estimates
and standard errors of the treatment and Sequence effects and to test for differences between
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treatments. Mean plasma levels of endothelial dysfunction biomarkers according to intervention
phase and net change in endothelial dysfunction biomarkers according to all three comparisons
between phases along with corresponding 95% confidence intervals were estimated with the
LSMEANS statement in the MixED procedure.
We examined the carryover effect by testing the interaction between phase/period and
treatment and the interaction was not statistically significant. We used an autoregressive
correlation structure to account for within-subject correlation due to repeated measurements in
the crossover study design. The intention-to-treat principle was used for all primary analyses.
Two secondary per-protocol analyses were performed by: 1) restricting the sample to those
participants that completed all phases of the study, and 2) those participants that consumed at
'

'

'

least 85% of supplements based on returned packet counts~ Endothelial dysfunction biomarker
values were log-transformed to improve normality. However, the results were similar after logtransformation as for untransformed values, so the untransforme4 values are presented here for
the main results. We conducted stratified analysis by gender and racial/ethnic group.

6.2. Results
The flow diagram summarizes participant recruitment, reasons for exclusion, and study
completion according to randomization group and period (Figure 6.1). Of the 102 participants
who were recruited after Hurricane Katrina and randomized to one of the three sequences, 96
(94.1 %) completed the first phase, 78 (76.5%) completed the second phase, and 72 (70.6%)
completed the third phase. Follow-up rates were similar for the three interventions, with 83
(81.4%) plasma samples available for analysis at the end of the soy protein supplementation
phase, 81 (79.4%) plasma samples available for analysis at the end of the milk protein
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supplementation phase, and 82 (80.4%) plasma samples available for analysis at the end of the
carbohydrate phase.
Baseline characteristics of the 102 ProBP study participants that were recruited after
Hurricane Katrina are shown in Table 6.1 according to randomization group. For the total study
population, mean age was 46 years, 67% were male, and 29% were African-American. At
baseline, mean BMI was 29.9 kg/m2, mean fasting glucose level was 96.1 mg/dL, mean
systolic/diastolic blood pressure was 127.5/82.3 mm Hg, and mean total cholesterol was 196.5
mg/dL. There were no statistically significant differences between groups thereby demonstrating
that the randomization procedure was effective.
The daily dietary nutrient intake based on 24-hour dietary recall is presented according to
intervention phase in Table 6.2. By design, dietary protein intake was significantly increased by
an average of 3 0.2 grams/day during the soy protein intervention and by 3 3 .2 grams/day during
the milk protein intervention compared to the carbohydrate intervention. Dietary carbohydrate
intake was decreased by 36.7 grams/day during the soy protein intervention and by 41.3
grams/day during the milk protem intervention compared to the carbohydrate phase. The
percentage of total energy from protein, carbohydrate and fat, respectively, was 22.0%, 44.6%,
and 33.4% dUring the soy protein ititervention, 22.6%, 43.6%, and 33.8% during the milk protein
intervention, and 16.0%, 50.8%, and 33.2% during the carbohydrate intervention. Daily intake of
total energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat, cholesterol,
sodium, potassium and calcium were not significantly different across intervention phases.
According to supplement calendars reports completed by study participants, those who
completed the intervention phase consumed an average of 92.1% of supplements provided for
that phase and 84.5% of participants consumed at least 85% of supplements. Based on counts by
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study staff of returned and unconsumed supplement packets, study participants consumed an .
average of 90.5% of supplements and 76% of participants consumed at least 85% of
supplements. The percentages of supplement consumption for both the supplement calendar ·
reports and packet counts were not statistically significantly different by period or intervention.
The correlation between these two measures of compliance was moderate (overall: r=0.48,
p<0.0001; soy: r=0.67, p<0;0001; milk: r=0.52, p<0.0001; carbohydrate: r=0.32, p=0.0065). The
average level of overnight urinary excretion of urea nitrogen was significantly increased during
the soy protein (467.4 mg/L) and milk protein (484.0 mg/L) supplementation interventions
compared to the carbohydrate supplementation pha8e (376.9 mg/L, p=O.Ol34). The
urea:creatinine ratio was also increased during protein interventions (soy: 8.7, milk: 8.7,
carbohydrate: 6.8, p<0.0001).
The frequency of reporting side effects was similar for soy protein, milk protein, and
carbohydrate supplements .. The most commonly self-reported change in symptoms were a
change in appetite (29.6%), increased energy level (16.7%), and constipation (14.2%).
Participants reported more belching during the milk protein supplementation (18.0%) compared
with soy protein (6.2%) and_carbohydrate supplementation (6.2%, p=0.0173). There was a
slightly larger proportion of participants reporting improved mood during the soy protein
supplementation (18.5%) compared with milk protein (7.7%) and carbohydrate supplementation .
(8.6%), although it was not statistically significant (p=0.0607).
Mean plasma levels of endothelial dysfunction biomarkers at baseline and at the end of
each intervention with corresponding confidence intervals are presented for the overall sample
and according to racial/ethnic category in Table 6.3. Caucasians consistently had higher mean
plasma levels ofVCAM-1, ICAM-1, and thrombomodulin at baseline and at the termination of
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each intervention comp~ed to African-Americans. There was less difference between AfricanAmericans and Caucasians with respect to plasma level ofE-selectin. For the overall sample, the
\

lowest plasma level of endothelial dysfunction biomarker was observed at the end of soy
supplementation for E-selectin and ICAM-1, at the end of milk protein supplementation for
VCAM-1, and at the end of carbohydrate supplementation for thrombomodulin.
Net change in plasma levels of endothelial dysfunction biomarkers along with confidence
intervals and p-values are provided for the three comparisons of interest for the overall sample
and according to racial/ethnic category in Table 6.4. Soy protein significantly reduced plasma
levels of E-selectin for the overall sample and for Caucasians, when compared to milk protein.
Soy protein supplementation resulted in a significant mean net change in plasma VCAM-1 when
compared to both milk protein and carbohydrate among African-Americans. There were no
statistically significant mean net changes in ICAM-1 or thrombomodulin.
Mean pla.Sma levels of endothelial dysfunction biomarkers at baseline and at the end of
each intervention with corresponding confidence intervals are presented according to gender in
Tabl~

6.5. Among women, levels ofVCAM-1 and ICAM-1 were generally higher than that for

men. Plasma levels of thrombomodulin were higher for men than women. Plasma levels of Eselectin were not substantially different between men and women. Net change in plasma levels
of endothelial dysfunction biomarkers along with confidence intervals and p-values are provided
for the three comparisons of interest according to gender in Table 6.6. The magnitude of the net
change in endothelial dysfunction biomarkers was greater among women for plasma levels of Eselectin, VCAM-1, and ICAM-1 relative to men. Plasma levels ofthrombomodulin increased
among men after protein supplementation compared to carbohydrate supplementation. In the
gender stratified results, none of the mean net change estimates were statistically significant.
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The results were not substantially different when endothelial dysfunction values were
log-transformed, when restricting to participants that completed all phases, and when restricting
to participants that consumed at least 85% of supplement packets (Table 6. 7, Table 6.8).

6.3 .. Discussion
This randomized controlled trial demonstrates that soy protein supplementation,
compared to milk protein, reduces plasma levels of E-selectin. In addition, soy protein
supplementation, compared to both milk protein and carbohydrate, reduces plasma levels of
VCAM-1 among African-Americans. There were no meaningful effects of protein on plasma
levels ofiCAM-1 or thrombomodulin. We observed notable differences in plasma levels of
endothelial dysfunction biomarkers in stratified analysis by race/ethnicity and gender.
Caucasians consistently had higher mean plasma levels ofVCAM-1, ICAM-1, and
thrombomodulin compared to African-Americans, but there was little variability in levels ofEselectin by race/ethnicity. Women generally had higher plasma levels ofVCAM-1 and ICAM-1,
men had higher levels of thrombomodulin, and there was little difference in E-selectin levels by
gender. These study fmdings add substantially to our understanding of the effects of soy protein,
especially considering the paucity of information about the effect of protein on novel CVD risk
factors.
The beneficial effect of soy protein on traditional CVD risk factors, primarily blood
pressure and lipids, has been demonstrated previously by the ProBP study and by other
investigators (17; 130, 132, 217-219). The evidence for an association of dietary protein intake
on novel CVD risk factors, such as endothelial dysfunction biomarkers, is less conclusive. To the
best of our knowledge, there are only eight soy protein clinical trials that have measured
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endothelial dysfunction biomarkers. The lack of an effect of soy protein on ICAM-1 is consistent
with eight previous trials (149, 165, 167, 170:-174). The reduction in plasma levels ofE-selectin
after soy supplementation was consistent with one other study (149) and in contrast with three
previous studies (167, 170, 174). The reduction ofVCAM-1 in our study was consistent with one
other study (171) and in contrast with six studies (149, 167, 170, 172-174). Only one previous
·soy protein study measured thrombomodulin
levels, and they
.
. detected a reduction in
thrombomodulin, whereas we report no effect of soy protein (165). The present study is one of
the largest randomized controlled trials to investigate the effect of protein supplementation on
several endothelial dysfunction biomarkers, and only the second to report on thrombomodulin.
Whereas the majority of previous studies have limited their participants to females, our study
population is diverse with respect to gender and race/ethnicity, and we provide results separately
. for these important subgroups.
It is well-established that diet plays an important role in CVD risk, and one mechanism

through which diet impacts cardiovascular health is by mediating endothelial function.
Isoflavones or phytoestrogens are natural components of soy protein with estrogen-like structure
and biological activity. Soy-derived isoflavones bind to the

~-isoform

of the estrogen receptor

which predominates in vascular tissue (133, 134, 234). Animal experiments have demonstrated
that oral administration of phytoestrogens found in soybeans, such as genistein, improves
endothelial function by increasing nitric oxide and subsequently causing smooth muscle
relaxation (158-161, 168). A couple clinical. trials demonstrated the beneficial effect of
phytoestrogens on flow-mediated, endothelium-dependent vasodilation of the brachial artery
(161, 162, 235). This study adds to the existing literature and provides further support for the
cardio-protective effects of soy protein through E-selectin and VCAM-1 reduction.
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This randomized,· double-blind, placebo-controlled trial had a high-level of compliance,
high-rate of study completion, and limited variability in diet and lifestyle behaviors. The
prolonged three-week washout period limited the carryover effect, and there was no statistical
evidence of carryover between periods. Blind duplicates of samples were measured, and the
same laboratory technician and equipment was used thr?ughout the study to minimize systematic
error. Random variability was decreased by using average values of duplicate measures for all
samples in the analysis. The estimation of mean levels of endothelial dysfunction biomarkers and
mean net change in endothelial dysfunction biomarkers was consistent in sensitivity analyses that
limited the analytic sample to those participants that completed all study phases and fo those that
complied with the intervention by consuming at least 85% of the supplement packets. The main
limitation is the low level of statistical power. Although the sample size was limited to the 102
participants that were recruited after Hurricane Katrina, due to the crossover design, participants
were able to undergo all three interventions and contribute information at four time points,
including baseline. The mixed effects regression model was able to incorporate data from
participants that did not complete all phases, and reduced variability by accounting for the
correlation inherent in taking repeated measurements from the same participants. Furthermore,
we did not have sufficient power to assess significance within subgroups, although the observed
differences by gender and racial groups provide interesting hypotheses for future study.

In conclusion, this study indicates that soy protein supplementation reduces plasma levels
ofE-selectin and VCAM-1, but does not impact thrombomodulin or ICAM-1. A meta-analysis is
warranted to pool results from the few available clinical trials of small sample sizes in order to
estimate the effect of protein on E-selectin, ICAM-1, VCAM-1, and thrombomodulin with
greater statistical power. Further research is warranted to explore gender and race/ethnicity
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differences in endothelial dysfunction. This study provides additional support for soybean .
protein supplementation for improved CVD risk through the reduction of plasma E-selectin and
VCAM-1 levds.
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Table 6.1. Baseline characteristics* of 102 trial participants
Randomization groups

c

A
(n=35)

B
(n=32)

(n=35)

Age, years

48.2 (11.7)

42.7 (11.7)

47.6 (9.2).

0.0833

Male, n (%)

25 (71.4%)

20 (62.5%)

23 (65.7%)

0.7329

African-American, n (%)

8 (22.9%)

9 (28.1%)

13 (37.1 %)

0.4153

Some college education, n (%)

33 (94.3%)

27 (84.4%)

26 (74.3%)

0.0709

Current smoking, n (%)

1 (2.9%)

4 (12.5%)

4 (11.4%)

0.3040

Alcohol drinking, n (%)

15 (42.9%)

12 (37.5%)

14 (40.0%)

0.9046

·Physical activity ~3 times/week, n (%)

18 (51.4%)

23 (74.2%)

20 (58.8%)

0.1585

Body-mass index, kg/m2

30.4 (4.8)

29.5 (3.8)

29.7 (4.9)

0.7128

Systolic blood pressure, mm Hg

127.0 (8.3)

126.9 (8.5)

128.4 (11.3)

0.7875

Diastolic blood pressure, mm Hg

81.6 (4.9)

82.7 (4.8)

82.7 (7.0)

0.6659

195.9 (25.8)

0.1342

Total cholesterol, mg/dL
Glucose, mg/dL
Creatinine, mg/dL

191.1 (25.3) 203.2 (22.0)

P-value

95.7 (9.7)

96.8 (8.3)

95.8 (9.2)

0.8488

1.0 (0.3)

. 1.1 (0.2)

1.1 (0.2)

0.8700

*Mean (standard deviation) or frequency (percentage)
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·Table 6.2. Mean (standard deviation) daily dietary nutrient intake according to intervention phase
Soy protein
(n=83)

Milk protein
(n=81)

Carbohydrate
(n=82)

p-value

2,102.7 (705.7)

2,099.8 (596.5)

2,113.2 (643.1)

0.9906

Protein, g

114.3 (30.9)

117.3 (32.2)

84.1 (30.4)

<0.0001

Animal protein, g

59.7 (25.7)

93.2 (29.9)

59.4 (26.0)

<0.0001

Vegetable protein, g

54.4 (16.2)

24.0 (10.7)'

24.5 (10.9)

<0.0001

Carbohydrate, g

231.4 (91.0)

226.8 (80.4)

268.1 (89.7)

0.0046

Fat, g

77.0 (34.6)

78.0 (28.7)

77.8 (32.5)

0.9804

Saturated fat, g

24.9 (13.4)

25.2 (10.5)

25.5 (12.6)

0.9491

Polyunsaturated fat, g

14.3 (6.9)

15.8 (6.8)

15.7 (7.3)

0.2897

Monounsaturated fat, g

30.2 (14.0)

30.0 (12.3)

29:8 (13.5)

0.9769

317.5 (168.4)

341.9 (193.8)

300.2 (184.9)

0.3471

Sodium, mg

3,661.3 (1313.7)

3,690.9 (1272.7)

3,695.0 (1219.4)

0.9829

Potassium, mg.

3,018.8 (1039.4)

3,012.4 (864.8)

3,031.3 (1087.5)

0.9926

1,996.3 (664.0)

1,973.8 (668.3)

2,144.7 (675.4)

0.2110

Nutrient
Energy, kcal

Cholesterol, mg

Calcium,mg
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Table 6.3. Mean (95% confidence interval) plasma E-selectin, VCAM-1, ICAM-1, and thrombomodulin according to comparison
phases for the overall sample and stratified byrace/ethnicity
Biomarker

E-selectin, ng/mL

VCAM-1, ng/mL

ICAM-1, ng/mL

Thrombomodulin, pg/mL

Baseline

Soy Protein

Milk Protein

Carbohydrate

Both

'49.9
(45.3, 54.5)

42.4
(37.8, 47.1)

'46.4
(41.7, 51.0)

43.2
(38.5, 47.8)

African-American

54.9
(45.5, 64.3)

41.9
(32.3, 51.4)

46.5
(36.7, 56.3)

45.3
(35.9, 54.6)

Caucasian

47.6
(42.4, 52.9)

42.4
(37.1, 47.8)

45.8
(40.5, 51.0)

42.1
(36.8, 47.5)

Both

674.5
(612.3, 736.7)

746.0
(685.8, 806.2)

737.2
. (677.5, 796.9)

760.4
(701.2, 819.7)

African-American

567.9
(498.3, 637.6)

553.6
(485.3, 621.8)

618.3
(547.3, 689.3)

636.0
(570.5, 701.4)

Caucasian

722.4
(640.8, 803.9)

824.1
(746:9, 901.4)

784.4
(709.1, 859.7)

807.9
(731.0, 884.8)

Both

254.4
(232.3, 276.5)

262.6
(240.2, 285.1)

268.2
(245.9, 290.5)

266.1
(243.9, 288.4)

African-American

220.0
(176.4, 263.6)

217.2
(172.2, 262.2)

227.3
(181.7, 273.0)

237.9
(193.6, 282.3)

Caucasian

270.8
(245.1, 296.5)

282.1
(256.6, 307.6)

285.1
(260.1, 310.1)

278.1
(252.63, 303.5)

Both

4457.4
(4204.5, 4710.2)

4514.2
(4259.5, 4769.0)

4589.0
(4335.9, 4842.2)

. 4455.9
(4201.0, 4707.7)

African-American

4010.1
(3567.2, 4453.1)

3953.3
(3513.9, 4392.7)

4053.7
(3597.8, 4509.6)

4054.3
(3631.9, 4476.7)

Caucasian

4650.7
(4347.9, 4953.5)

4741.0
(4436.8, 5045.2)

4794.0
(4494.8, 5092.2)

4614.0
(4310.7, 4917.3)

Race/ethnicity
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Table 6.4. Net change (95% confidence interval) and p-value for plasma E-selectin, VCAM-1, ICAM-1, and thrombomodulin
according to comparison phases for the overall sample and stratified by race/ethnicity
Biomarker

Soy Protein vs.
Carbohydrate
-6.7 (-17.3, 3.9)
0.2172

Milk Protein vs.
Carbohydrate ·
-3.4 (-14.0, 7.2)
0.5283

Soy Protein vs.
Milk Protein
-10.7 (-21.1, -0.3)
0.0431

-1.2 (-9.3, 6.8)
0.7628

5.1 (-2.9, 13.2)
0.2090

-7.0 (-15.0, 1.1)
0.0887

-10.6 (-22.4, 1.2)
0.0783

-8.9 (-20.7, 2.9)
0.1394

-14.0 (-25.4, -2.5)
0.0171

Both

-58.7 (-194.6, 77.3)
0.3967

-63.7 (-195.5, 68.1)
0.3428

African-American

-'70.8 (-134.9, -6.7)
0.0307

-36.1 (-171.2, 98.9)
0.5993
-4.1 (-68.2, 60.0)
0.8993

-79.8 (-263.7, 104.2)
0.3942

Race I ethnicity
Both

E-selectin, ng/mL

African-American
Caucasian~

VCAM-1, ng/mL

Both

-11.9 (-49.1, 25.3)
0.5303

-68.8 (-258.4, 120.8)
0.4761
-2.0 (-38.9, 34.9)
0.9154.

African-American

-21.5 (-49.5, 6.5)
0.1312

-9.4 (-37.3, 18.5)
0.5061

-13.5 (-41.2, 14.2)
0.3378

Caucasian

-17.5 (-73.1, 38.1)
0.5359

-8.6 (-63.6, 46.4)
0.7588

-31.2 (-84.6, 22.2)
0.2511

Both

110.7 (-165.9, 387.2)
0.4320

173.3 (-106.2, 452.9)
0.2236

-111.7 (-388.5, 165.1)
0.4282

African-American

-162.7 (-660.7, 335.3)
0.5192

111.0 (-386.6, 608.6)
0.6597

-301.1 (-796.9, 194.6)
0.2317

Caucasian

217.8 (-116.1, 551.7)
0.2003

181.9 (-158.4, 522.0)
0.2939

-44.3 (-380.5, 291.8)
0.7954

Caucasian

ICAM-1, ng/mL

Thrombomodulin,
pg/mL

-71.2 (-262.2, 119.7)
0.4635

-66.6 (-130.5, -2.7)
0.0411

-18.9 (-54.9, 17.1)
0.3033
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Table 6.5. Mean (95% confidence interval) plasma E-selectin, VCAM-1, ICAM-1, and thrombomodulin according to comparison
phases and stratified by g·ender
Biomarker

Gender

Baseline

Soy Protein

Milk Protein

Carbohydrate

Men

48.1
(42.9, 53.3)

43.1
(37.8, 48.4)

45.5
(40.3, 50.8)

42.5
(37.3, 47.8)

Women

52.9
(43.9, 61.8)

40.4
(31.2, 49.6)

46.9
(37.6, 56.2)

43.7
(34.4, 52.9)

Men

635.3
(549.5, 721.2)

737.3
(652.4, 822.2)

741.3
(657.3, 825.4) .

743.1
(659.2, 827.0)

Women

759.7
(608.8, 910.6)

761.8
(616.0, 907.7)

721.2
(571.4, 871.0)

797.6
(650.9, 944.3)

230.0
(197.9, 262.0)

249.2
(216.9, 281.5)

258.7
(226.7, 290.8)

246.1
(214.1, 278.2)

308.0
(257.0, 358.9)

290.4
(238.6, 342.1)

285.0
(232.3, 337.7)

309.1
(257.1, 361.0)

Men

4577.1
(4132.2, 5022.1)

4648.2
(4202.9, 5093.4)

4774.9
(4333.3, 5216.5)

4515.2
(4074.0, 4956.5)

Women

4225.2
(3751.9, 4698.6)

4222.9
(3741.4, 4704.3)

4169.0
(3678.9, 4659.1)

4336.8
(3853.6, 4819.9)

E-selectin, ng/mL

VCAM-1, ng/mL

·Men
ICAM-1, ng/mL
Women

Thrombomodulin, pg/mL
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Table 6.6. Net change (95% confidence interval) and p-value for plasma E-selectin, VCAM-1, ICAM-1, and thrombomodulin
according to comparison phases and stratified by gender
Biomarker

Soy Protein vs. Carbohydrate

Milk Protein vs. Carbohydrate

Soy Protein vs. Milk Protein

-3.1
(-13.6, 7.5)
0.5659
-3.9
(-16.6, 8.7)
0.5395
-13.8
(-68.4,40.8)
0.6200
-17.0
(-180.1, 146.0)
0.8368
0.2
(-17.8, 18.2)
0.9866
-38.4
(-133.5, 56.8)
0.4265

-2.1
(-12.6, 8.4)
0.6960
4.5
(-8.2, 17.2)
0.4844
6.1
(-49.0, 61.2)
0.8272
10.9
(-153.2, 175.1)
0.8955
11.4
(-6.7, 29.5)
0.2170
-32.1
(-126.1, 61.9)
0.5004

-5.7
(-16.1, 4.6)
0.2764
-11.2
(-23.7, 1.2)
0.0753
-21.9
(-76.8, 33.1)
0.4345
-22.1
(-182.0, 137.9)
0.7855
. -11.3
(-29.3, 6.8)
0.2198
-36.2
(-127.5, 55.2)
0.4350

Men

157.3
(-169.9, 484.4)
0.3450

197.6
(-132.4, 527.5)
0.2397

-106.1
(-434.9, 222.7)
0.5258

Women

-26.1
(-550.6, 498.5)
0.9219.

83.5
(-449.6, 616.7)
0.7572

-153.0
(-673.7, 367.8)
0.5622

Gender
Men

E-selectin, ng/mL
Women

Men
VCAM-1, ng/mL
Women

Men
ICAM-1, ng/mL
Women

Thrombomodulin,
pg/mL

.!
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Table 6.7. Sensitivity analyses of mean (95% confidence interval) plasma E-selectin, VCAM-1, ICAM-1, and thrombomodulin
according to comparison phases
Biomarker

E-selectin, ng/mL

Sensitivity Analysis

Baseline

Soy Protein

Milk Protein

Carbohydrate

_Log-transfornwd

3.76
{3.65, 3.87)

3.69
(3.58, 3.80)

3.66
(3.55, 3.77)

Completed all phases

49.0
(43.7, 54.2)

3.64
(3.53, 3.75)
43.1(37.7, 48.4)

43.4
(38.1, 48.6)

Consumed 2:85% of
supplements

--

44.0
(34.1. 53.9)

46.8
' (41.5, 52.0}
47.7
(37.8, 57.7)

43.7
(33.7, 53.6)

6.45
(6.38, 6.52)

6.55
(6.48, 6.62)

6.57
(6.50, 6.64)

6.60
(6.53, 6.66)

Completed all phases

653.2
(580.2, 726.3)

731.9 (665.0, 798.8)

730.0
(664.6, 795.5)

759.8
(694.4, 825.3)

Consumed 2:85% of
supplements

--

740.8
- (629.2, 852.4)

732.2
(619.1, 845.2)

736.9
(624.0, 849.7)

Log-transformed
VCAM-1, ng/mL

5.45
(5.37, 5.53)

5.50
(5.42, 5.58)

5.53
(5.45, 5.61)

5.51
(5.43, 5.59)

Completed all phases

246.5
(221.1, 272.0)

- 260.8
(235.4, 286.1)

266.4
(241.4, 291.4)

265.2
(240.2, 290.2)

Consumed 2:85% of
supplements

--

259.5
(218.9, 300.0)

249.9
(209.0, 290.7)

8.36
(8.30, 8.41)
4471.9
{4163.7, 4780.1)

8.39
(8.33, 8.44)
4576.1
{4272.1, 4880.0)

256.7
(215.8, 297.6)
8.40
(8.34, 8.45)
4628.1
{4328.9, 4927.2)

8.38
(8.33, 8.43)
4500.4
(4201.1, 4799.8)

--

4627.5
(4071.2, 5183 -~)

4772.6
(4208.9, 5336.3)

4493.1
(3930.6, 5055.7)

Log-transformed
ICAM-1, ng/mL

Log-transformed
Thrombomodulin~

pg/mL

Completed all phases
Consumed 2:85% of
supplements
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Table 6.8. Sen~itivity an~lyses of net change (95% confidence interval) and p-value for plasma E-selectin, VCAM-1, ICAM-1, and
thrombomoduhn accordmg to comparison phases
Biomarker

Soy Protein vs.
Carbohydrate

Milk Protein vs.
Carbohydrate

Soy Protein vs. Milk
Protein

-0.02 (-0.16, 0.12)
0.7871
0.6 (-3 .4, 4.6)
0.7707
-10.5 (-26.4, 5.4)
0.1934
-0.04 (-0.10, 0.02)
0.2227

0.03 (-0.11, 0.17)
0.7026
4.2 (0.2, 8.2)
0.0390
-10.0 (-25.8, 5.9)
0.2174
0.01 (-0.05, 0.08)
0.6653

-0.08 (-0.22, 0.06)
0.2551
-3.7 (-7.7, 0.3)
0.0689
-12.8 (-28.4, 2.8)
0.1072

-15.3 (-79.7, 49.1)
0.6415

8.2 (-56.2, 72.7)
0.8016

-17.6 (-82.0, 46.8)
0.5912

-158.7 (-407.7, 90.4)
0.2110

-139.9 (-387.2, 107.5)
0.2667

-171.3 (-414.0, 71.4)
0.1659

Log-transformed

-0.01 (-0.07, 0.05)
0.7510

0.03 (-0.03, 0.09)
0.2567

-0.04 (-0.10, 0.02)
0.1752

Completed all phases

-2.8 (-23.2, 17.6)
0.7885

7.4 (-13.0, 27.7)
0.4777

-8.8 (-29.2, 11.5)
0.3939

Consumed ~85% of supplements

-13.3 (-70.6, 44.0)
0.6488

-6.5 (-63.3, 50.4)
0.8223

-24.2 (-80.0, 31.7)
0.3950

Log-transformed

0.02 (-0.04, 0.07)
0.5614

0.03 (-0.03, 0.09)
0.3401

-0.02 (-0.08, 0.04)
0.4994

Completed all phases

124.7 (-163.0, 412.4)
0.3948

193.2 (-94.5, 480.9)
0.1875

-71.7 (-359.4, 216.0)
0.6243

Consumed ~85% of supplements

214.3 (-123.3, 552.0)
0.2126

228.3 (-111.9, 568.5)
0.1877

-56.9 (-396.6, 282.7)
0.7418

Sensitivity Analysis
Log-transformed

E-selectin, ng/mL

Completed all phases
Consumed ~85% of supplements
Log-transformed

VCAM-1, ng/mL

Completed all phases
Consl.nned ~85% of supplements

ICAM-1, ng/mL

. Thrombomodulin,
pg/mL

-0.05 (-0.11, 0.02)
0.1487-
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Figure 6.1. Flow Chart

Assessed for eligibility (n=1 ,626)

Excluded (n=1 ,524)
Did not meet eligibility criteria (n=931)
~ Declined to participate (n=304)
. Recruited before Hurricane Katrina (n=250).
Non-compliant during run-in (n=39)

.•

'"

· Samples available after Hurricane Katrina (n=1 02)

~
Randomized to group A (n=32)

"

Completed soy protein (n=29)

"

~
'
"
Randomized to group 8 (n=35) Randomized to group C (n=35)

1

Completed milk protein (n=34) Completed carbohydrate (n=33)
'·

"

Completed milk protein (n=23) Completed carbohydrate (n=28)
'II

'"

'I

I

'I

Completed soy protein (n=27)

'I

Completed carbohydrate (n=21) Completed soy protein (n=27)

1

Comple~ed

"

milk protein (n=24)
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CHAPTER 7: Soybean Protein and Adipocytokines
Cardiovascular disease (CVD) is the leading cause of death in the U.S. and the world.
Based on the most recent data from the National Center for Health Statistics, CVD was the
underlying cause of 811,940 deaths in the U.S., accounting for approximately 1 of every 3 deaths
(1). In addition to its health impact, it is estimated that the direct and indirect economic impact of
CVD and stroke is $297.7 billion in the U.S., which is higher than that for any other major
disease (1 ). Epipemiologic studies have reported that adipocytokines are related to increased risk
ofCVD morbidity and mortality, including stroke, acute coronary syndrome, myocardial
infarction, diabetes mellitus (13, 107-110, 119, 120, 122). Adipocytokines such as adiponectin,
resistin, and leptin are thought to act through several pathways to realize these cardio-metabolic
effects, including mediation of insulin sensitivity, glucose and lipid metabolism, the
inflammatory response, and endothelial. function (50, 57). Adipocytokines are novel CVD risk
factors that can be useful as early indicators of disease for both research and clinical applications.
Lifestyle characteristics, inCluding diet, are considered modifiable risk factors for CVD
(5). Soybean protein has been widely accepted as a healthy food for cardiovascular health in the
U.S; general population based primarily on its favorable effect on blood pressure and serum lipid
levels (18, 132, 230). Some clinical trials have begun to investigate the effect of diet
characteristics on adipocytokines as markers of metabolic function and CVD risk (157, 181, 185,
187, 188, 236). However, the existing evidence is limited and inconsistent. This study will
provide important new information about the effect of soybean protein supplementation on novel
CVD risk factors. Evaluating the impact of dietary interventions, such as soybean protein
supplementation, on adipocytokines may provide justification for widespread implementation of
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such interventions for the prevention and treatment of CVD and its related morbidity and
mortality.
The overall objective of the study is to examine the effect of soybean protein, milk
protein, and complex carbohydrate supplementation on plasma levels of adipocytokines. We
hypothesize that soybean protein supplementation affects plasma levels of adipocytokines by
increasing adiponectin levels and decreasing resistin and leptin levels compared to milk protein
supplementation, carbohydrate supplementation, and baseline levels.

7.1. Methods
7.1.1. Study Design
· The Protein and Blood Pressure (ProBP) study was a randomized, double-blinded, and
placebo-controlled trial designed primarily to test whether a soy protein or milk protein
supplementation would ~educe systolic blood pressure compared to a complex carbohydrate (17).
The ProBP study 1,1tilized a 3-phase cross-over study design. Following a 2-week run-in period, '
eligible participants were allocated to receive 40 grams of soy protein (89.3 mg isoflavones) per
day, 40 grams of milk protein per day, and 40 grams of complex carbohydrate (placebo) per day
in a random order, each for 8 weeks. During the run-in period, study participants received 40
grams of complex carbohydrate supplement. During each of the three 8.-week phases,
participants were seen at two study visits at the beginning and another two study visits at the
termination of the phase. A 3-week washout period was implemented between each intervention
period. Participant recruitment and the intervention occurred between September 2003 and April
2008.
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Written informed consent was obtained from each participant before the initial screening
visit and before randomization. The institutional review boards at the Tulane University Health
Sciences Center and the University of Mississippi Medical Center approved the study protocol.

7.1.2. Study Participants

The study participants were men and women aged 22 years or older who had a mean
systolic blood pressure from 120 to 159 mm Hg and a diastolic blood pressure from 80 to 95 mm
Hg, based on six readings at two screening visits. Persons with a systolic blood pressure ;:::160
mm Hg or a diastolic blood pressure ;:::95 mm Hg or who were taking antihypertensive
medications were excluded. In addition, persons with a self-reported history of clinical CVD,
cancer, chronic kidney disease (CKD, or a serum creatinine ;:::1.7 mg/dL for men and ;:::1.5 mg/dL
for women), hypercholesterolemia (or serum total cholesterol ;:::240 mg/dL), diabetes (or serum
glucose ;:::126 mg/dL), body mass index (BMI) ;:::40 kg/m2, or consumption of more than 14
drinks of alcoholic beverages per week were excluded. Persons who consumed dietary protein
;:::1.63 grams/kg/day (85th percentile of dietary protein intake in the U.S. general population)
based on two 24-hour dietary recalls were also excluded. Women who were pregnant or who
intended to become pregnant during the study were excluded.
Study participants were recruited by mass mailing and work-site and community-based
screenings in New Orleans, Louisiana and Jackson, Mississippi. Among the 1,626 persons
invited to the study clinics for screening visits, 931 did not meet all eligibility criteria, 304
declined to participate, 250 were recruited before Hurricane Katrina (August 29, 2005), and 39
were non-compliant during the run-in period (Figure 7.1). Of the 931 ineligible persons, 27 were
taking antihypertensive medications, 61 had mean blood pressure greater than or equal to 160/95
mm Hg, 686 had mean blood pressure less than or equal to 120/80 mm Hg, 23 had BMI greater
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· than or equal to 40 kg/m2 , 96 had clinical cardiovascular disease, chronic kidney disease,
dyslipidemia, or diabetes, and 3 8 met other exclusion criteria. Among those who met inclusion
criteria after Hurricane Katrina, 102 successfully completed a 2-week run-in period by
consuming at least 85% of supplements and were randomized to the intervention.

7.1.3. Intenrention

The study participants were randomly assigned to three sequences at a fixed 1: 1:1
allocation ratio. Those who were assigned to sequence A received 40 grams of soy protein for 8
weeks, then 40 grams of milk protein for 8 weeks, and fmally 40 grams of complex carbohydrate
for 8 weeks. Those who were assigned to sequence B first received milk protein, then
carbohydrate, and fmally soy protein. Those who were assigned to sequence C first received
carbohydrate, then soy protein, and fmally milk protein. The randomization was stratified by
clinic site, gender, and hypertension status. We used a block size of six to ensure equal
distribution of participants among the sequences. The randomization assignment was conducted
centrally at the. Data Coordinating Unit at Tulane University. The randomization assignment list
was generated by a computer program which could only be accessed by the data coordinator. All
other research personnel, including clinical coordinators and laboratory technicians, and the
study participants were unaware of treatment assignment.
The soy protein, milk protein, and complex carbohydrate supplements were provided for
the ProBP study by Solae, LLC, St. Louis, Missouri. The caloric content and amount of fat was
·~

similar in the soy protein, milk protein, and complex carbohydrate supplements. The milk protein
supplements contained a small amount of cholesterol, which was not present in the other
supplements. The glycemic index varied among the supplements, with the lowest index in the
soy protein supplement and the highest index in the carbohydrate supplement. The soy protein,
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milk protein, and complex carbohydrate powders looked the same and were provided to study
participants in identical packets. The study participants were instructed to take the supplements
twice per day; once in the morning and once in the evening in water or juice. Based on the
participants' two 24-hour dietary recalls during screening visits, individualized recommendations
were given in order for participants' total energy intake to remain consistent over the
supplementation periods. For example, protein and carbohydrate supplement was recommended
to partially replace breakfast, snack, or supper based on participants' dietary habits. The study
participants returned unconsumed packets at follow-up clinic visits. The study coordinator
counted the number of returned packets, and we used this information to assess participants'
adherence to the assigned intervention. In addition, the study coordinator administered a survey
at follow-up visits 'to record symptoms experienced during each supplementation phase.

7.1.4. Measurements

Study participants were instructed to fast for 10 hours prior to their clinic visits for blood
sample collection. Blood samples were promptly centrifuged at 3000 g for 10 minutes at 4 °C.
Serum and plasma were separated and aliquoted for different analyses at the clinical laboratory.
Specimens were stored at -85°C until analysis. Specimens from 250 participants that were
recruited before Hurricane Katrina were discarded due to extended electricity outages in research
buildings. Specimens from ProBP study participants that were recruited after Hurricane Katrina
were available for this project. Blind duplicates of samples were collected and assayed for levels
/

of adipocytokines according to the procedures described below.
Plasma levels of high-molecular weight (HMW) adiponectin, leptin~ and resistin were
measured using sandwich enzyme-linked immunoso~bent assay (ELISA) method (Quantikine®
human HMW adiponectin, leptin, and resistin immunoassays, R&D Systems, Inc., Minneapolis,
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MN). A 5-fold dilution was used for the measurement ofresistin. A 100-fold dilution was used to

measure most samples for levels of adiponectin and leptin, and a 50-fold dilution was used for
samples that were below the limit of detection after the original100-fold dilution. Microtitration
wells were pre-coated with monoclonal adiponectin, leptin, and r:esistin antibody. In the assay,
standards and plasma samples were incubated in microtitration wells and adipocytokines in the
standards and samples bind to the immobilized antibody. After the first incubation and a wash to
remove unbound substances, the wells were treated with another enzyme-linked monoclonal .
antibody specific for adiponectin, leptin, and resistin. After a second incubation and washing
step, the wells were incubated with a substrate solution. Color developed in proportion to the
amount of adiponectin, leptin, and resistin bound in the initial step. The color development was
stopped and the intensity of the color was measured to represent the amount of adiponectin,
leptin, and resistin present in each well. The optical density was measured at450 nm with
wavelength correction at 620 nm using a microplate reader (ASYS Expert Plus microplate
reader, Biochrom Ltd., Cambridge, UK). The mean minimum detectable dose was 0.195 ng/mL
for HMW adiponectin, 7.8 pg/mL for leptin, and 0.026 ng/mL for resistin. The intra- and interassay coefficients of variation were 2.6% to 3.7% and 8.3% to 8.6% for HMW adiponectin, 3.0%
to 3.3% and 3.5% to 5.4% for leptin, and 3 .. 8% to 5.3% and 7.8% to 9.2% for resistin,
respectively. All samples were run in duplicate.
· At the baseline and termination visits during each intervention/control phase, three blood ,
pressure readings were measured using the Hawksley random-zero sphygmomanometer by
trained and certified observers who were masked to group assignment. Body weight, height, and
waist circumference were measured by trained staff using a standard protocol and BMI was
calculated as kg/m2 . Two 24-hour dietary recalls were conducted at.the screening visits and at the
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termination visits during each intervention/control phase. Computer software was used to
conduct 24-hour dietary recalls and calculate nutrient intakes (Minnesota Nutrition Data System
for Research, University of Minnesota, 2002). An overnight timed urine sample was collected at
the baseline and termination visits to measure urinary excretion of sodium, potassium, urea
nitrogen, and creatinine. Side-effects and compliance were assessed using a questionnaire, packet
counts, and self-reported supplement calendar report;

7.1.5. Statistical Analysis
Baseline characteristics. were compared according to randomization group using the chisquared test for categorical variables and ANOVA for continuous vari;1bles. The 24-hour dietary
nutrient intake and urinary excretion of micronutrients were compared among the three
intervention/control groups by repeated-measures ANOVA.
The primary outcome of interest was the difference in plasma adipocytokine levels

(HMW adiponectin, leptin, and resistin) among the three intervention phases and baseline. The
net change of adipocytokines was calculated as the difference in adipocytokine level measured at
the termination of each intervention/control period or baseline period. The means of duplicate.
measurements of all samples were used for analysis. A mixed effects p:.todel was used to compare
the effects of soy protein, milk protein, and complex carbohydrate on plasma adipocytokine
levels, in which participants and period were assumed to be random effects and treatment and
sequence were assumed to be estimable fixed effects. PROC MIXED ofSAS version 9.2 (SAS
Institute Inc., Cary, North Carolina) was used to obtain point estimates and standard errors of the
treatment and sequence effects and to test for differences between treatments. Mean levels of
adipocytokines according to intervention phase and net change in adipocytokines according to all
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three comparisons between phases along with corresponding 95% confidence intervals were
estimated with the LSMEANS statement in the MIXED procedure.
We examined the carryover effect by testing the interaction between phase/period and
treatment and the interaction was not statistically significant. Randomization group/sequence
was also. not statistically significant for any of the outcome measures. We used an autoregre~sive
correlation structure to account for within-subject correlation due to repeated measurements in
the crossover study design. The intention-to-treat principle was used for all primary analyses.
Two secondary per-protocol analyses were performed by: 1) restricting the sample to those
participants that completed all phases of the study, and 2) those participants that consumed at
least 85% of supplements based on returned packet counts. Adipocytokines values were logtransformed to improve normality. However, the results were similar after log-transformation as
for untransformed values, so the untransformed values are presented here for the main analyses.
We conducted stratified analysis by gender and racial/ethnic group.

7.2. Results
The flow diagram summarizes participant recruitment, reasons for exclusion, and study
completion according to randomization group and period (Figure 7.1). Of the 102 participants
that were recruited after Hurricane Katrina and randomized to one of the three sequences, 96
(94.1 %) completed the frrst phase, 78 (76.5%) completed the second phase, and 72 (70.6%)
completed the third phase. Follow-up rates were similar for the three interventions, with 83
(81.4%) plasma samples available for analysis at the end ofthe soy protein supplementation
phase, 81 (79 .4%) plasma samples available for analysis at the end of the milk protein
supplementation phase, and 82 (80.4%) plasma samples available for analysis at the end of the
carbohydrate phase.
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Baseline characteristics of the 102 ProBP study participants that were recruited after
Hurricane Katrina are shown in Table 7.1 according to randomization group. For the total study ·
population, mean age was 46 years, 67% were male, and 29% were African-American. At
baseline, mean BMI was 29.9 kg/m2, mean fasting glucose level was 96.1 mg/dL, mean
systolic/diastolic blood pressure was 127.5/82.3 mm Hg, and mean total cholesterol was 196.5
mg/dL. There were no statistically significant differences between groups thereby demonstrating
that the randomization procedure was effective.
The daily dietary nutrient intake based on 24-hour dietary recall is presented according. to
intervention phase in Table 7.2. By design, dietary protein intake was significantly increased by
an average of30.2 grams/day during the soy protein intervention and by 33.2 grams/day during
. the milk protein intervention compared to the carbohydrate intervention. Dietary carbohydrate
intake was decreased by 36.7 grams/day during the soy protein intervention and by 41.3
grams/day during the milk protein intervention compared to the carbohydrate phase. The
percentage of total energy from protein, carbohydrate and fat, respectively, was 22.0%, 44.6%,
and 33.4% during the soy protein intervention, 22.6%, 43.6%, and 33.8% during the milk protein
intervention; and 16.0%, 50.8%, and 33.2% during the carbohydrate intervention. Daily intake of
. total energy, total fat, saturated fat, polyunsaturated fat, monounsaturated fat, cholesterol,
'

sodium, potassium and calcium were not significantly different across intervention phases.
According to supplement calendars reports completed by study participants, those who
completed the intervention phase consumed an average of 92.1% of supplements provided for
that phase and 84.5% of participants consumed at least 85% of supplements. Based on counts by
study staff of returned and unconsumed supplement packets, study participants consumed an
average of90.5% of supplements and 76% ofparticipants consumed at least 85% of
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supplements. The percentages of supplement consumption for both the supplement calendar
reports and packet counts were not statistically significantly different by period or intervention.
The correlation between these two measures of compliance was moderate (overall: r=0.48,
p<0.0001; soy: r=0.67, p<0.0001; milk: r=0.52, p<0.0001; carbohydrate: r=0.32, p=0.0065). The
. average level of overnight urinary excretion of urea nitrogen was significantly increased during
the soy protein (467.4 mg/L) and milk protein (484.0 mg/L) supplementation interventions
compared to the carbohydrate supplementation phase (376.9 mg/L, p=0.0134). The
urea:creatinine ratio was also increased during protein interventions (soy: 8.7, milk: 8.7,
carbohydrate: 6.8, p<0.0001).
The frequency of reporting side effects was similar for soy protein, milk protein, and
carbohydrate supplements. The most commonly self-reported change in symptoms were a
change in appetite (29.6%), increased energy level (16.7%), and constipation (14.2%).
Participants reported more belching during the milk protein supplementation (18.0%) compared
with soy protein (6.2%) and carbohydrate supplementation (6.2%, p=0.0173). There was a
slightly larger proportion of participants reporting improved mood during the soy protein
supplementation (18.5%) compared with milk protein (7. 7%) and carbohydrate supplementation
(8.6%), although it was not statistically significant (p=0.06).
Mean plasma levels of adipocytokines at baseline and at the end of each intervention with
corresponding confidence intervals are presented for the overall sample and according to
racial/ethnic category in Table 7.3. Levels ofHMW adiponectin and resistin were consistently
higher among Caucasians at baseline and during each intervention whereas levels of leptin were
higher among African-Americans for at all four time points. Resistin levels decreased during the
intervention compared to baseline, and the lowest level was attained during milk protein
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supplementation. The lowest level of leptin was during soy protein supplementation for
Caucasians and during milk protein supplementation for African-Americans.
Net change in plasma levels of adipocytokines along with confidence intervals and p- ·
values are provided for the three comparisons of interest for the overall sample and according to
racial/ethnic category in Table 7.4. Soy protein significantly reduced plasma levels ofleptin
among Caucasians and for the overall sample, but not among African-Americans. The difference
was only statistically significant among Caucasians. Soy protein supplementation resulted in a
significant mean net change (95% confidence interval (CI)) in plasma leptin of -2,305 pg/mL (I

..

4,516 to -93 pg/mL, p=0.0412) compared with carbohydrate among Caucasians. Soy protein
supplementation resulted in a significant me~ net change (95% CI) in plasma leptin of -2,214
pg/mL (-4,401 to .-26 pg/mL, p=0.0474) compared with milk protein among Caucasians.
Among women, levels of H.MW adiponectin and leptin were 2-4 times higher than that
for men (Table 7.5). Levels ofresistin were similar for men and women. The net change in the
adipocytokines during the interventions was not different by gender (Table 7.6). The magnitude
and significance of the results were not different with the l9g..:transformed values, when
restricting to participants that completed all phases, and when restricting to participants that
consumed at least 85% of supplement packets (Table 7. 7, Table 7.8).

7.3. Discussion

This randomized controlled trial demonstrates that soy protein supplementation,
compared to both milk protein and carbohydrate supplementation, reduces plasma levels of
leptm among Caucasians. Furthermore, there were no apparent effects of dietary protein
supplementation on plasma levels of high-molecular weight adiponectin or resistin. We observed
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notable differences by gender in plasma levels of all three adipocytokines that were measured at
baseline and at the end of each intervention, although the change in plasma levels of
adipocytokines in response to protein supplementation was not different between men and
· women. These study findings add substantially to our understanding of the cardia-protective
effect of dietary protein, especially considering the paucity of rigorously designed and conducted
clinical trials on adipocytokines. In addition, these results may have substantial public health and
clinical implications given the importance of effective non-pharmacologic lifestyle modifications
for the prevention and treatment of cardia-metabolic diseases (5, 216, 237).
The beneficial effect of soy protein on traditional cardiovascular risk factors including
blood pressure and lipids has been previously documented by the ProBP study and other studies
(17, 130, 132, 217-219). However, there are relatively fewer clinical trials that have documented
the effect of protein on adipocytokines and the overall body of evidence is inconsistent.
Adiponectin, the most widely studied adipocytokine, has been reported to increase in response to
soy consumption in two clinical trials (157, 236), to have no response in five trials (181-185),
and, counter-intuitively, to decrease in one trial (186). Only one known soy protein clinical trial
has reported on resistin, and the investigators found no significant effect (157). With respect to
leptin in particular, the majority of soy protein Clinical trials noted no significant change in leptin
levels (157, 181-183, 185, 187, 188, 236). However, in. a 6-week parallel-arm clinical trial
among 90 overweight or obese men and women, there was a statistically significant difference in
the reduction of leptin among those consuming the soy protein drink (-18.2 ng/mL) relative. to
the control group (-6.97 ng/mL, p<0.05) (189). The present study is one of the largest
randomized controlled trials to investigate the effect of protein supplementation on several
adipocytokines, and only the second trial to report on resistin. Whereas the majority of previous
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studies have limited their participants to Caucasian females, our study population is diverse with
respect to gender\ and race/ethnicity, and we provide results separately for these important
.

subgroups.
The postulated mechanism for an effect of soy protein on adipocytok:ines is thought to be
due to the activity of isoflavones, which are natural components of soy protein with estrogen-like
structure and biological activity (176, 238). Genistein, a soy-derived isoflavone, was shown to
inhibit differentiation of fat cells, which secrete adipocytokines, through several pathways
including expression of endothelial nitric oxide synthase, inhibition ofp38 mitogen-activated
kinase phosphorylation, inhibition of fatty acid synthase, and suppression of janus-activated
kinase 2 (JAK2)-mediated CCAAT/enhancer binding protein alpha (239-242). The higher
plasma concentration of circulating HMW adiponectin and leptin in women could be due to
higher estrogen levels or differences in body fat mass relative to men (176, 243, 244). The
mechanism for a modified effect of soy protein supplementation on leptin by race/ethnicity is not
known but may partly explain racial disparities in cardio-metabolic disease rates (227, 228).-This
study adds to the existing literature and provides further support for the cardio-protective effects
of soy protein through leptin reduction.
This randomized, double-blind, placebo-controlled trial had a high-level of compliance,
high-rate of study completion, and limited variability in diet and lifestyle behaviors. The
prolonged three-week washout period limited the carryover effect, and there was no statistical
evidence of carryover between phases. All samples were measured in duplicate and the average
value was used for analysis thereby decreasing random error. Blind duplicates of samples were
also measured, and the same laboratory technician and equipment were used throughout the
study to minimize systematic error. An unfortunate limitation of this study is smaller available
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sample size than originally planned. The stored samples for a majority of participants (n=250)
for the overall ProBP study were discarded que to loss of electricity for several weeks in the
research storage freezers in the aftermath of Hurricane Katrina. The contribution of participants
that were recruited after Hurricane Katrina was maximized with the crossover study design and
mixed effects regression model.

In conclusion, this study indicates that soy protein decreases plasma leptin levels in
Caucasians, compared to milk protein and carbohydrate supplementation, but does not impact
high molecular weight adiponectin or resistin. A meta-analysis is warranted to pool results from
the few available clinical trials of small sample sizes in order to estimate the effect of protein on
adiponectin and leptin with greater statistical power. Future intervention studies should take into
consideration a potential differential response in adipocytokines based on gender and
race/ethnicity. This study provides additional support for soybean protein supplementation for
improved CVD risk through the reduction of plasma leptin levels among Caucasians.
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Table 7.1. Baseline characteristics* of 102 trial participants.
Randomization groups

c

A
(n=35)

B
(n=32)

(n=35)

Age, years

48.2 (11.7)

42.7(11.7)

47.6 (9.2)

0.0833

Male, n (%)

25 (71.4%)

20 (62.5%)

23 (65.7%)

0.7329

African-American, n (%)

8 (22.9%)

9 (28.1%)

13 (37.1%)

0.4153

33 (94.3%)

27 (84.4%)

26 (74.3%)

0.0709

Current smoking, n (%)

1 (2.9%)

4 (12.5%)

4 (11.4%)

0.3040

Alcohol drinking, n (%)

15 (42.9%)

12 (37.5%)

14 (40.0%)

0.9046

Physical activity ~3 times/week, n (%)

18 (51.4%)

23 (74.2%)

20 (58.8%)

0.1585

Body-mass index, kg/m2

30.4 (4.8)

29.5 (3.8)

' 29.7 (4.9)

0.7128

Systolic blood pressure, mm Hg

127.0 (8.3)

126.9 (8.5)

128.4 (11.3)

0.7875

Diastolic blood pressure, mm Hg

81.6 (4.9)

82.7 (4.8)

82.7 (7.0)

0.6659

191.1 (25.3)

203.2 (22.0)

195.9 (25.8)

0.1342

95.7 (9.7)

96.8 (8.3)

95.8 (9.2)

0.8488

1.1 (0.2)

1.1 (0.2)

0.8700

Some college education, n (%)

Total cholesterol, mg/dL
Glucose, mg/dL
Creatinine, mg/dL

1~o

(0.3)

P-value

*Mean (standard deviation) or frequency (percentage)
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Table 7.2. Mean (standard deviation) daily dietary nutrient intake according to intervention phase
Soy protein
(n=83)

Milk protein
(n=81)

Carbohydrate
(n=82)

p-value

2,102.7 (705.7)

2,099.8 (596.5)

2,113.2 (643.1)

0.9906

Protein, g

114.3 (30.9)

117.3 (32.2)

84.1 (30.4)

<0.0001

Animal protein, g

59.7 (25.7)

93.2 (29.9)

59.4 (26.0)

<0.0001

Vegetable protein, g

54.4 (16.2)

24.0 (10.7)

24.5 (10.9)

<0.0001

Carbohydrate, g

231.4 (91.0)

(80.4)

268.1 (89.7)

0.0046

Fat, g

77.0 (34.6)

78.0 (28.7)

77.8 (32.5)

0.9804

Saturated fat, g

24.9 (13.4)

25.2 (10.5)

25.5 (12:6)

0.9491

Polyunsaturated fat, g

14.3 (6.9)

15.8 (6.8)

15.7 (7.3)

0.2897

Monounsaturated fat, g

30.2 (14.0)

30.0 (12.3)

29.8 (13.5)

0.9769

317.5 (168.4)

341.9 (193.8)

300.2 (184.9)

0.3471

Sodium,mg

3,661.3 (1313.7)

3,690.9 (1272.7)

3,695.0 (1219.4)

0.9829

Potassium, mg

3,018.8 (1039.4)

3,012.4 (864.8)

3,031.3 (1 087.5) . 0.9926

1,996.3 (664.0)

1,973.8 (668.3)

2,144.7 (675.4)

Nutrient
Energy, kcal

Cholesterol, mg

Calcium, mg

226~8

0.21'10
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Table 7.3. Mean (95% confidence interval) plasma high molecular weight adiponectin, leptin, and resistin according to comparison
phases for the overall sample and stratified by race/ethnicity

Adipocytokine

HMW Adiponectin,
ng/mL

Leptin, pg/mL

Resistin, ng/mL

Race/ethnicity

Baseline

Soy Protein

Milk Protein

Carbohydrate

Both

2,938.3
(2194.1, 3682.5)

3,384.7
(2646.5, 4122.8)

3,248.2
(2509.7, 3986.7)

3,412.2
(2672.3, 4152.1)

African-American

. 2,772.0
(2026.2, 3517.9)

2,685.9
(1946.9, 3424.8)

2,411.7
(1663.2, 3160.2)

2,475.6
(1733.2, 3218.0)

Caucasian

2,962.2
(1950.9, 3973.5)

3,632.8
(2629.8, 4636.0)

3,502.7
(2502.3, 4503.2)

3,758.4
(2753.7, 4763.1)

Both

17,552
(13896, 21208)

17,072
(13468, 20676)

18,158
(14553, 21764)

19,396
(15781, 23011)

African-American

21,892
(13975, 29809)

23,360
(15538, 31181)

21,836
(13893, 29778)

24,699
(16840, 32558)

Caucasian

16,126
(12085, 20168)

14,673
(10694, 18653)

16,910
(12949, 20870)

17,379
(13390, 21369)

Both

11.1
(9.7, 12.5)

8.0
(6.8, 9.2)

7.4
(6.2, 8.6)

8.2
(7.0, 9.4)

African-American

8.5
(6.6, 10.5)

6.6
(4.8, 8.3)

5.9
(4.1, 7.7)

7.1
(5.4, 8.7)

Caucasian

12.2
(10.5, 14.0)

8.4
(6.9, 9.9)

8.0
(6.6, 9.5)

8.4
(6.9, 9.9)
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Table 7.4. Net change (95% confidence interval) and p-value for plasma high-molecular-weight adiponectin, leptin, and resistin
according to comparison phases for the overall sample and stratified by race/ethnicity
Soy Protein vs.
Carbohydrate

Milk Protein vs.
Carbohydrate

Soy Protein vs.
Milk Protein

Both

-49.3 (-394.9, 296.4)
0.7794

-156.8 (-506.0, 192.4)
0.3778

84.0 (-261.6, 429.6)
0.6329

African-American

126.9 (-180.3, 434.1)
0.4145

-94.4 (-401.5, 212.8)
0.5437

176.2 (-130.4, 482.8)
0.2570

Caucasian

-133.4 (-610.9, 344.0)
0.5825

-191.9 (-677.3, 293.5)
0.4370

34.3 (-444.6, 513.2)
0.8880

. -1,242.3 (-3178.7, 694.2)
0.2079

-973.5 (-2924.1, 977.0)
0.3270

-659.4 (-2585.4, 1266.7)
0.5012

Race I ethnicity

Adipocytokine

HMW Adiponectin,
ng/mL

Both
Leptin, pg/mL.

Resistin, ng/mL

African-American

1,002.6 (-2861, 4896)
0.6107

-1,630.6 (-5524, 2262)
0.4081

2,489.9 (-1396, 6376)
0.2067

Caucasian

-2,304.5 (-4516, -93)
0.0412

-767.2 (-2996, 1461)
0.4984

-2,213.6 (-4401, -26)
0.0474

Both

0.1 (-1.5, 1.6)
0.9362

-0.7 (-2.3, 0.9)
0.3713

0.8 (-0.8, 2.4)
0.3142

African-American

0.3 (-1.8, 2.3)
0.8077

-0.3 (-2.4, 1.7)
0.7369

0.6 (-1.4, 2.7)
0.5367

-0.02 (-2.1, 2.1)
0.9865

-0.9 (-3.1, 1.3)
0.4115

0.9 (-1.2, 3.0)
0.3964

Caucasian
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Table 7.5. Mean (95% confidence interval) plasma high molecular weight adiponectin, leptin, and resistin according to comparison
phases and stratified by gender

Adipocytokine

Baseline

Soy Protein

Milk Protein

Carbohydrate

Men

2049.2
(1479.4, 2619.0

2521.2
(1970.3, 3072.1)

2465.3
(1918.2, 3012.4)

2693.4
(2145.1, 3241.8)

Women

4633.3
(2773.3, 6493.4)

4983.9
(3127.5, 6840.2)

4691.1
(2829.2, 6553.1)

4775.9
(2910.6, 6641.2)

Men

9288
(7483, 11094)

8919
(7159, 10679)

9583
(7833, 11334)

9510
(7756, 11264)

Women

34213
(26500, 41926)

33270
(25741, 40800)

35125
(27477, 42773)

39625
(31948, 47302)

Men

11.2
(8.6, 13.7)

8.0
·(5.6, 10.5)

7.4
(5.0, 9.8)

8.1
(5.7, 10.5)

Women

10.7.
(8.4, 13.0)

7.8
(5.8, 9.8)

7.4
(5.4, 9.5)

8.3 .
(6.3, 10.3)

Gender

HMW Adiponectin,
· ng/mL

Leptin, pg/mL

Resistin, ng/mL
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Table 7. 7. Sensitivity analyses of mean (95% confidence interval) plasma high molecular weight adiponectin, leptin, and resistin
according to comparison phases
Adipocytokine

HMW Adiponectin,
ng/mL

Sensitivity Analysis

Baseline

Soy Protein

Milk Protein

Carbohydrate

Log-transformed

7.60
(7.43, 7.78)

7.74
(7.57, 7.91)

7.70
(7.52, 7.87)

7.75
(7.57, 7.92)

Completed all phases

2673.8
(1844, 3504)

3316.9
(2473, 4161)

3160.8
(2320.3, 4001.3)

3378.9
(2535, 4217)

Consumed ~85% of
supplements

--

3343.1
(1663, 5024)

3226.3
(1541, 4912)

3480.9
(1796, 5166)

9.32
(9.13, 9.51)

.9.35
(9.17, 9.54)

9.41
(9.22, 9.60)

9.45
(9.26, 9.64)

Completed all phase~

17992
(13519, 22465)

17989
(13443, 22534)

18153
(13625, 22682)

19425
(14893, 23957)

Consumed ~85% of
supplements

--

17555
(9336, 25774)

18661
(1 0426, 26896)

18935
(1 0703, 27168)

Log-transformed

2.18
(2.06, 2.30)

1.98
(1.88, 2.09)

1.94
(1.84, 2.05)

1.98
(1.88, 2.09)

Completed all phases

11.7
(10.0, 13.5)

8.7
(7.4, 10.1)

8.2
(6.8, 9.5)

8.6
(7.2, 9.9)

Consumed ~85% of
supplements

--

9~65

9.15
(7.61, 10.68).

9.62
(8.09, 11.15)

Log-transformed
Leptin, pg/mL

Resistin, ng/mL

(8.21, 11.10)
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Table 7 .8. Sensitivity analyses of net change (95% confidence interval) and p-value for plasma high-molecular-weight adiponectin,
leptin, and resistin according to comparison phases

Adipocytokine

Soy Protein vs.
Carbohydrate

Milk Protein vs.
Carbohydrate

Soy Protein vs.
Milk Protein

-0.005 (-0.10, 0.09)
0.9206

-0.04 (-0.13, 0.05)
0.4302

0.03 (-0.06, 0.12)
0.5109

Completed all phases

-8.2 (-377.1, 360.8)
0.9653

-116.2 (-485.2, 252.7)
0.2408

118.4 (-250.6, 487.3)
0.5284

Consumed 2:85% of
supplements

-17.9 (-491.3, 455.6)
0.9408

-112.6 (-588.5, 363.4)
0.6418

79.4 (-394.7, 553.4)
0.7418

-0.09 (-0.19, 0.01)
0.0837

-0.05 (-0.15, 0.05)
0.3328

-0.05 (-0.15, 0.05)
0.3013

Completed all phases

-839.6 (-2800.7, 1121.5)
0.4003

-706.7 (-2667.8, 1254.4)
0.4789

-180.3 (-2141.4, 1780.8)
0.8566

Consumed 2:85% of
supplements

-1297.4 (-3799.8, 1205.0)
0.3082

-756.3 (-3268.2, 1755.6)
0.5537

. -794.0 (-3292.1, 1704.1)
0.5319

0.02 (-0.11, 0.15)
0.7618

-0.03 (-0.16, 0.1 0)
0.6709

0.06 (-0.07, 0.19)
0.3555

Completed all phases

0.2 (-1.5, 1.9)
0.8129

-0.7 (-2.4, 1.0)
0.4217

0.7 (-1.0, 2.4)
0.4025

Consumed 2:85% of
supplements

0.4 (-1.5, 2.3)
0.6910

0.4 (-1.6, 2.3)
0.7097

1.0 (-1.8, 2.0)
0.8981

Sensitivity Analysis
Log-transformed

HMW Adiponectin,
ng/mL

Log-transformed
Leptin, pg/mL .

Log-transformed

Resistin, ng/mL

-
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Figure 7.1. Flow Chait

Assessed for eligibility (n=1 ,626)

Excluded (n=1 ,524)
Did not meet eligibility criteria (n=931)
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~
Recruited before Hurricane Katrina (n=250)
Non-compliant during run-in (n=39)
'~

Samples available after Hurricane Katrina (n=1 02)

~

~

'~

-

Randomized to group A (n=32)

Randomized to group B (n=35)

Randomized to group C (n=35)

'I
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Completed soy protein (n=29)
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Completed milk protein (n=34) Completed carbohydrate (n=33)
'I
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Completed milk protein (n=24)
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-
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CHAPTER 8: Discussion
The overall objective of this dissertation was to examine the effect of soybean protein
supplementation on lipids, biomarkers of inflammation, biomarkers of endothelial dysfunction,
and adipocytokines. This research question was assessed in a sample of352 healthy AfricanAmerican and Caucasian male and female participants who took part in the Protein and Blood
Pressure study, a randomized controlled crossover trial of eight week phases of 40 grams/day of
soy protein (89.3 milligrams isoflavones), 40 grams/day of milk protein, and 40 grams/day of
carbohydrate supplementation. Levels of lipids, inflammatory biomarkers, endothelial
dysfunction biomarkers, and adipocytokines were measured at baseline and at the termination of
each phase. Specifically, this study aimed to assess whether soybean protein supplementation,
compared to milk protein and carbohydrate supplementation, 1) affected serum levels of lipids
by increasing HDL and decreasing total cholesterol, LDL, triglycerides, and total cholesterol-toHDL ratio, 2) reduced plasma levels of systemic inflammatory markers by reducing CRP, IL-6,
and TNF-a., 3) reduced plasma biomarkers of endothelial dysfunction by reducing E-selection,
ICAM-1, VCAM-1, and thrombomodulun, and 4) affected plasma levels of adipocytokines by
increasing adiponection and decreasing leptin and resistin. This study provides important new
information about the effect of soybean protein supplementation on novel CVD risk factors and
provides additional information on established CVD risk factors (lipid parameters), which will
be useful for evaluating the recommendation of soybean protein for the prevention and treatment
ofCVD.

156

8.1. Summary of fmdings

Compared with carbohydrate, soy protein was significantly associated with a reduction in
TC and TC:HDL ratio, reduction in leptin in Caucasians, and reduction in VCAM-1 in AfricanAmericans. Compared with milk protein, soy protein was significantly associated with an
increase in HDL, decrease in TC:HDL ratio, reduction in leptin in Caucasians, reduction in Eselectin, and reduction in VCAM.:.l in African-Americarui. Compared with carbohydrate, milk
protein was significantly associated with a reduction in HDL. There were no significant changes
in HMW adiponectin, resistin, CRP, IL-6, TNF-a, ICAM-1, or thrombomodulin.
This study found significant and meaningful changes in the lipid profile with soy protein
supplementation. Compared to carbohydrate supplementation, soy protein supplementation
significantly reduced total cholesterol by 3.97 mg/dL (95% CI, -7.63 to -0.31; p=0.03) and total
cholesterol-to-HDL ratio by 0.12 (95% CI, -0.23 to -0.01; p=0.03), and borderline significantly
reduced LDL by 3.03 mg/dL (95% CI, -6.29 to 0.22; p=0.07) and triglycerides by 8.63 mg/dL
(95% CI, -18.46 to 1.19; p=0.08). Compared to milk protein supplementation, soy protein
supplementation significantly increased HDL by 1.54 mg/dL (95% CI, 0.63 to 2.44; p=0.0009)
and reduced total cholesterol-to-HDL ratio by 0.14 (95% CI, -0.22 to -0.05; p=0.001), and
borderline significantly reduced LDL by 2.45 mg/dL (95% CI, -4.95 to 0.04; p=0.05).
This analysis did not demonstrate a significant effect of soy protein on systemic
inflammatory biomarkers. Among women, levels of CRP and IL-6 were 2-2.5 times higher than
that for men at all observed time points. The lowest plasma levels of CRP and IL-6 were
observed at the end of soy protein supplementation for men and at the end of carbohydrate
supplementation for women. The largest change in plasma levels of CRP was observed at the end
of soy protein supplementation compared to milk protein supplementation, although this
difference was not statistically significant (-0.32 mg/L; 95% confidence interval: -0.94 to 0.30
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mg!L; p=0.3137). The largest net change in IL-6 was observed at the termination of the soy
. protein supplementation period compared to carbohydrate supplementation, but again the effect
was not statistically significant (-0.18 pg/mL; 95% confidence interval: -0.56 to 0.21 pg/mL;
'

p=0.3717). There was little change in plasma levels ofTNF-a due to dietary supplementation or
in stratified analysis.
Some but not all of the measured endothelial dysfunction biomarkers were altered by soy
protein supplementation. When compared to milk protein, soy protein supplementation
significantly reduced plasma levels ofE-selectin for the overall sample (-10.7 ng/mL, 95%
confidence interval, -21.1 to-0.3; p=0.0431) and for Caucasians (-14.0 ng/mL, 95% confidence
interval, -25.4 to -2.5; p=0.0171). Soy protein supplementation resulted in a significant mean net
· change in plasma VCAM-1 when compared to both milk protein (-70.8 ng/mL, 95% confidence
interval: -134.9 to -6.7; p=0.0307) and carbohydrate among African-Americans (-66.6 ng/mL,
95% confidence interval, -130.5 to -2.7; p=0.0411). There were no statistically significant mean
net changes in ICAM-1 or thrombomodulin. Caucasians consistently had higher mean plasma
levels ofVCAM-1, ICAM-1, and thrombomodulin at baseline and at the termination of each
intervention compared to African-Americans.
The present study demonstrates an. effect of soy protein on one adipocytokine only. Soy
protein supplementation resulted in a significant mean net change in plasma leptin of -2,305
pg/mL (95% confidence interval, -4,516 to -93 pg/mL, p=0.0412) compared with carbohydrate
among Caucasians. Soy protein supplementation resulted in a significant mean net change in
plasma leptin of -2,214 pg/mL (95% confidence interval, -4,401 to -26 pg/mL, p=0.0474)
compared with milk protein among Caucasians. Levels ofHMW adiponectin.and resistin were
consistently higher among Caucasians at baseline and during each intervention whereas levels of
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leptin were higher among African-Americans for at all four time points. Among women, levels
of BMW adiponectin and leptin were 2-4 times higher than that for men.

8.2. Study strengths
The present study has a number of notable strengths. This randomized, placebocontrolled, double-blind, crossover study design had a high level of compliance, high rate of
study completion, and limited variability in diet and lifestyle behaviors. The prolonged washout
period reduced the potential carryover effect of interventions from one period to the subsequent
period. Furthermore, statistical assessment revealed no evidence of carryover. The overall
findings were decidedly robust after a thorough sensitivity analysis. The magnitude and
significance of the results were consistent with results from analyses that used log-transformed
values, when restricting to participants that completed all phases, and when restricting to
participants that consumed at least 85% of supplements.
This study employed several quality control measures to ensure the validity of the data.
With respect to the laboratory analysis specifically, all samples that were assessed with ELISA
techniques were measured in duplicate. The average value of duplicate measurements was used
for analysis thereby decreasing random error. Blind duplicates of samples were collected,
measured for their level of biomarkers, and determined to be similar to the original samples. The
same laboratory technician and equipment was used throughout the study to minimize potential
systematic error. The majority of previous studies have been limited to Caucasian postmenopausal women. In contrast, this study population was diverse with respect to gender as well
as race/ethnicity.
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8.3. Study limitations
There are some limitations of this study which deserve consideration. Because this was
not a feedingstudy, we were not able to control participants' dietary intake. Nonetheless, diet
characteristics aside from the protein and carbohydrate levels, remained constant across
intervention periods as evidenced by the average nutrient intake from dietary recalls. Supplement
calendar reports, returned packet counts, and urinary excretion of urea nitrogen provide strong
evidence that participants adhered to the intervention. A limitation ofthis.study includes the
relatively short duration. However the duration of the interventions was similar to other protein
studies. Only one level of protein intake (40 g/d) was provided, so we were unable to test for a
dose response relationship. An unfortunate limitation of this study is the smaller sample size tl,lan
originally planned. The stored samples for a majority (n=250) of participants for the overall
ProBP study were discarded due to loss of electricity for several months in the research storage
freezers in the aftermath of Hurricane Katrina. However, the contribution of 102 participants that
were recruited after Hurricane Katrina was maximized with the crossover study design and
mixed effects regression model. Due to the limited sample size, we did not have sufficient power
to assess statistical significance particularly within subgroup analyses, although the observed
differences by gender and racial groups provide interesting hypotheses for future study.

8.4. Future directions
Further studies should continue to investigate the impact of soy protein on novel CVD
risk factors. For the assessment of systemic inflammatory biomarkers, endothelial dysfunction
biomarkers, and adipocytokines, the sample size of this study was unfortunately limited to the
participants who were recruited after Hurricane Katrina. As such, statistical power was limited in
these analyses. There are a few other published studies similar in scope to the present study.
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However, these other studies are also limited in their ability to detect net change due to small
sample sizes. In order to make firm conclusions about the impact of soy protein, a large, welldesigned and rigorously conducted randomized controlled trial would be useful.
As previously noted, a few trials have been published on this topic. However, they have
been limited by small sample size and therefore reduced statistical power for analysis. The
majority of the past studies report null results. It would be helpful to differentiate the false
negative fmdings from false positive findings. Aside from conducting another randomized
controlled trial with many more participants, a meta-analysis could be useful to pool results from
the few available .clinical trials of small sample sizes in order to estimate the effect of protein
with greater statistical power.
A limitation of the present study was the inability to test for a dose-response between
amount of soy protein consumption and magnitude of change in CVD risk factors. Future studies
may consider induding several intervention arms with varying amounts of soy protein and/or
isoflavone content. Such a design would allow for the direct calculation of dose-response.
The present study detected some significant net changes within race/ethnic groups. Mean
·levels of novel CVD risk factors were different by race/ethnicity as well as by gender. Future
intervention studies. should take into consideration a potential differential response in novel CVD
risk factors with respect to gender and race/ethnicity.
Further post-hoc analyses are possible in this study. In particular, the study population
consists of participants with pre-hypertension and stage 1 hypertension which is not treated with
medication. It is possible that these early indicators of CVD risk (specifically, elevated
inflammatory biomarkers, elevated endothelial dysfunction biomarkers, and altered
adipocytokines) are detectable among those with stage 1 hypertension, but not pre-hypertension.
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A stratified analysis by hypertension status could yield hypothesis generation. In addition, the

.

study population includes those with normal body weight, overweight, and obese individuals.
The adipocytokines are synthesized and secreted by cells in adipose tissue. It is also known that
IL-6 and TNF -a can be secreted by adipose tissue, in addition to being secreted by other organs
of the body. It is plausible that mean levels and net change in adipocytokines and systemic
inflammatory biomarkers differ by body mass. This theory could be investigated analyticaily by
including body mass index as a covariate in the statistical model, either as a continuous variable
or a categorical variable. For this study population, body mass index could be categorized as
normal weight (BMI:95 kg/m2), overweight (BMI greater than 25 and less than or equal to 30
kg/m2 ), and obese (BM1>30kg/m2 ). To simplify this categorization, BMI could be dichotomized
as normal weight or overweight/obese. A stratified analysis based on the dichotomized BMI
would also be useful. As with hypertension status, assessing the influence ofBMI could yield
additional hypotheses. .
The third and fmal potential post-hoc analysis is a power calculation. Many of the net
change estimates were null results. Of note, all analyses of systemic inflammatory biomarkers
were not statistically significant. While a calculation was performed a priori to estimate the
detectable effect size, the variables included in this calculation were estimated based on other
. published studies. For the interpretation of these results, it would be helpful to perform a posthoc power analysis to better understand the likelihood of having committed a type II error.

8.5. Conclusions and public health implications
The findings from this study have important clinical and public health implications. In the
U.S. and in the world, the prevalence ofhypertension, dyslipidemia, and CVD overall are
increasing. CVD is a substantial public health problem due to the large number of people that are
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afflicted with this disease. Treating CVD constitutes an enormous social and economic toll.
Improving CVD prevention and treatment strategies, and non-pharmacologic interventions in
particular, is vital for the health and well-being of the world's population.
The fmdings from the current study add substantially to our understanding of the cardiaprotective effect of dietary soy protein consumption. These findings, both null and significant,
are especially important given the paucity of rigorously designed and conducted clinical trials on
novel CVD risk factors. Soy protein demonstrates benefits on selected markers of the lipid
profile, endothelial function, and adipocytokines. However, soy protein supplementation does
not appear to impact systemic inflammation. Consumption of soy protein may reduce CVD risk
by mediating atherosclerosis development and glucose and lipid metabolism.
This study is consistent with past research on soy protein and lipid levels. The magnitude
of effect of soy protein on the lipid profile is more conservative than the earlier studies
estimated. The clinical importance of small reductions in lipids and increases in HDL cholesterol
may still be debated. However, small population-level decreases in these parameters would have
substantial public health implications by reducing the overall burden of CVD. The overall
evidence of soy protein on lipids is substantial enough to warrant large-scale, population-wide
efforts to alter the dietary profile to increase soy protein consumption in place of animal sources
of protein and carbohydrate. Clinical guidelines should continue to emphasize lifestyle
modifications for the prevention and treatment of CVD and its risk factors, and should include
increased soy protein consumption as healthy diet modification.
Further clinical research is necessary to better-evaluate the role of soy protein on novel
CVD risk factors, including systemic inflammation, endothelial dysfunction, and adipocytokines.
Interesting hypotheses were generated by this study, suggesting varying levels of the measured
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biomarkers and a potential differential response to soy protein by gender and race/ethnicity.
Mechanistic studies may better elucidate the reason for these observations.
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Appendix A: Eligibility Criteria

Inclusion criteria.
• Men or women aged 22 years or older
• Any race/ethnicity
• Systolic BP 120 to 159 mm Hg and diastolic BP 80 to 95 mm Hg (average of 6 measurements at 2
screening visits)
• Willing to participate in all aspects of the proposed study
• Willing and able to provide informed consent
Exclusion criteria
• Based on two 24-hour dietary recalls, consumption of dietary protein ;::::1.63 grams/kg/day (85th percentile
of dietary protein intake in the US general population)
• Stage-2 or more severe hypertension (systolic BP ;:::: 160 mm Hg and/or diastolic BP ;::::95 mm Hg)
• Use of antihypertensive medications or medications that affect BP
• History of clinical CVD (angina/myocardial infarction, coronary revascularization, heart failure,
stroke/transient ischemic attack, peripheral arterial disease)
• Chronic kidney disease (serum creatinine ;::::1.7 mg/dL for men and ;::::1.5 mg/dL for women)
• Current hypercholesterolemia (fasting serum total cholesterol ;::::240 mg/dL) or use of cholesterol-lowering
·
medications
• Current diabetes (fasting serum glucose ;::::126 mg/dL) or use of insulin or oral hypoglycemic agents
• Severe obesity (BMI ;::::40 kg/m2)
• Current use of prescription weight loss medications, underwent weight loss surgery, and/or experienced
weight loss > 15 pounds within past 6 months
• Cancer (except non-melanoma skin cancer) requiring treatment during the past year
• For women, current pregnancy or plans to become pregnant during the study period
• Consumption of more than 14 drinks of alcoholic beverages per week
• Current participation in another medical study
• Consumption of milk or soy protein ;:::: 90th percentile of intake in the US general population
• Participation of another household member ill the study; employees or persons living with employees of
the study
• Allergy or intolerance to soy protein or milk protein products
• Allergy to aspartame
• Plans to move out of the study area (;::::50 miles from the study site) and difficulty to come to the study site
• Inability or unwillingness to cooperate during the scree~g visits
• Poor compliance during the run-in period (intake of less than 85% of supplements)
• At the discretion of the study coordinator
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Appendix B: Type and Frequency of Measurements at Screening, Randomization, and Follow-up Visits
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*Two 24-hour dietary recalls were collected at baseline (one conducted in-person at screening V2 to cover a weekday and the second recall was
conducted via telephone and covers a weekend day).
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Appendix C: Demographic and Lifestyle Form
Protein and Blood Pressure Study
DEMOGRAPHIC and LIFESTYLE FORM
Please complete all questions to the best of your ability. If you have trouble answering any questions, a
staff member will assist you.
1. Date of birth: ..... ·............................................ _ _/ _ _/_ _
2. Age at last birthday. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ _ years
3. Sex: ....................................................... Male
4. Race:

White 01
Asian 03
Other 05

5. Current marital status: ............ .

D 1 Female D 2

Black
02
Hispanic 04
Specify:-------

02
Never married D 1 Divorced
Married
03 Widowed
04
Separated
05 Unmarried, living w/ partner 06

6. Do you own your own home? ...................................... Yes 01
7. Highest level of education completed (check· one):
01
Grade 11 or less
Some college
03
Degree from 4 yr college 05
Graduate degree
07

No02

High School diploma
02
Degree from 2 yr college 04
Some graduate school 06

8.

Employment Status: ........................ Full Time 01
Retired 03

PartTime 02
Not employed 04

9.

Current occupation (or former occupation if retired): . . . . . . . . . . Job Title_ _ _ _ _ _ _ __

10. Have you ever smoked 100 cigarettes in your life? . . . . . . . . . . . . . . . . . . . . . . .
Yes Of No 02
If NO, go to question # 11.
IF YES, at what age did you start? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Years
Do you currently smoke cigarettes? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
-Yes 01 No 02
If NO, at what age did you stop? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Years
When you smoke( d), on average how many cigarettes per day do/did you smoke? _cigarettes/day
11. How many times per WEEK do you engage in any regular activity such as
brisk walking, jogging, bicycling, etc., long enough to work up a sweat?

_ _ times per week

THANK YOU!
A member of the research staff will be reviewing this with·you shortly.
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Appendix D: Medical History Form
Protein and Blood Pressure Study
MEDICAL HISTORY FORM
1. Are you currently taking prescription medications for any of the following?
(Please check Yes or No for each Item)
Hypercholesterolemia (High cholesterol) ..... ·. . . . . . . . . . . . .

Yes 0

1

No02

High Blood Pressure (Hypertension) . . . . . . . . . . . . . . . . . . . . .

Yes 0 1

No02

Diabetes ............................... .' . . . . . . . . .

Yes 0 1

Noo 2

2. Has a physician ever told you that you had any of the following?
(Please check Yes or No for each Item)
Serious heart conditions such as heart
attack, angina, coronary artery disease,
congestive heart failure, or .
peripheral arterial disease......... , ..................... Yes D 1 No D 2
Stroke ............................................. Yes D 1 No D 2
Renal Failure ............................... ~ ....... Yes D 1 No D 2
Cancer {during the past year)? . . . . . . . . . . . . . . . . . . . . . . .
Yes D 1 NoD 2
IF YES, was it skin cancer? ........................ Yes 0 1 No 0 2
If skin cancer, was it melanoma? ..................... Yes D 1 NoD 2

3. Have you had weight loss surgery or weight loss greater than
15 pounds during the past 6 months? ..................... Yes D 1 No

D2

4. Are you currently taking any prescription medications (other than
those already listed) or any over the counter medicine? ........ Yes 0 1 No D 2
IF YES, please specify:

5. Do you have any known allergies or intolerance to soy
protein or milk protein products? . . . . . . . . . . . . . . . . . . . . . . . . Yes

6. Do you have any known allergy to aspartame?. . . . . . . . . . . . . .

D

1 No D 2

Yes D 1 No D 2

7. Are you currently participating in any other medical study?.. . . . . Yes D 1 NoD 2
IF YES, specify: _ _ _ _ _ _ _ _ _ __
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8. Are you being treated for any gastrointestinal or
stomach problems, suchas peptic ulcers? ................. .

Yeso 1 No o 2

9. Do you currently consume any of the following products:
9b. If YES, how much
(quantity)?

9c. If YES, how often?

a. Soybean protein

Yes

0 1 No 0 2 - - - - - - - _ _ _ _ _ _ _ _ __

b. Tofu

Yes

0 1 No 0 2 - - - - - - - - - - - - - - - - -

c. Soybean milk

Yes 01 No

d. Milk

Yes

0 1 No 0 2 - - - - - - - - - - - - - - - - -

e. Cheese

Yes

D 1 NoD 2 - - - - - - - - - - - - - - - - -

f. Other: _ _ __

Yes

D 1 NoD 2

0

2

(specify item)

10. For women, are you currently pregnant or do you intend to
become pregnant in the next 8 months? ..................... .

Yes

D1

No

0 2

11. Is any member of your household enrolled in,
or working for the ProBP study? ......................... .

12. Do you have any plans to move your
home or workplace more than 50 miles
from this area during the next 8 months
such that it would be difficult for you to come to this clinic?

Yes

D 1 NoD

YesD 1

13. On average, how many 12 oz. cans of beer do you usually drink per week?
D none (0) 0 less than 1 per week (1}

2

No02

beers/week

On average, how many 4 oz. glasses of wine do you usually drink per week?
0 none (0) D less than 1 per week (1)
_ _ glasses/week

On average, how many drinks (cocktails, hard liquor or liqueurs equal to 1-2 oz. liquor)
do you usually drink per week?
D none (0) D less than 1 per week (1}
drinks/week
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Appendix E: Blood Pressure and Anthropometries Form
Protein and Blood Pressure Study
SV1 Blood Pressure Form
1. During the past 30 minutes, have you smoked cigarettes,
consumed alcohol or caffeinated beverages (such as coffee, black tea
or soda), eaten, or exercised vigorously?. . . . . . . . . . . . . .. . . . . . . . . . . . . . Yes

D

1 No

D

2

If yes, wait 30 minutes before blood pressure measurements.
2. Preparation for Blood Pressure Measurements
a. Arm circumference ............................. ·............. .
b. Cuff size ...·... . . . . . . . . . . . . . .

sm adult (<24cm)
lg adult (>32-41cm)

D1
D3

em

adult (24-32 em)
thigh {>41 em)

c. Room Temperature .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .
d. Timeofday ........................ ·....................

D2
D4

F

_ _ _ _ am I pm

Wait 5 minutes Seated
_ _:_ _ am I pm

e. Time of day .......................... .
f. Resting 30 second pulse .................................. .

._ _I 30 seconds
_ _ _ mmHg

g. Pulse obliteration pressure (POP) . . . . . . . ...... .

+

3 0

h. Peak inflation level. ........................................ .

SBP/DBP
3. First Blood Pressure Measurement. .................................... _ _ _ I _ _ _ mm Hg

Wait 30 seconds

SBP/DBP
4. Second Blood Pressure Measurement. ................................ _ _ _ I _ _ _ mm Hg

Wait 30 seconds

SBP/DBP
5. Third Blood Pressure Measurement. .................................... _ _ _ I _ _ _ mm Hg

SBP/DBP
6. Sum of 3 SBPs and 3 DBPs (items 3 + 4 + 5) ........................ _ _ _ I _ _ _ mm Hg

.

IF THE SUM OF 3 SBPs IS WITHIN THE RANGE 348 TO 498 mm Hg
.
AND
IF THE SUM OF 3 DBPs IS WITHIN THE RANGE 228 TO 300 mm Hg
THE CANDIDATE IS ELIGIBLE.
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7. Height ........................................................................... 1) _ _ _ ._cm
(Record to the nearest 0. 1 em)
2) _ _ _ ._cm
average _ _ _ ._em

8. Weight .........................· ..................... .

1) _ _ _ ._kg

(Record to the nearest 0. 2 kg)

2) _ _ _ ._kg

average _ _ _ ._kg

9. Body Mass Index ... : ....................... .r...........

_ : _ _ kg/m 2 .

2

If <:::40 kg/m , then the candidate is INELIGIBLE.
10. Is candidate eligible and willing to continue to SV2 based on blood
pressure and BMI? .. : ..................................................Yes D 1 NoD 2

Note:

·BMI

= Weight (kg)/Height (m) 2

Weight: _ _ lbs x (0.4536) = __ kg
Height:
em x (0.01) = _ _ m
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Appendix F: Blood Collection Form
Protein and Blood Pressure Study
Week-S Visit-1 Blood Collection & Processing Form
1. Fasting Blood Collection:
When was the last time you ate or drank anything
other than water? .........................._ _ __

___ amlpm

Use the table below to calculate the participant's
time fasting: ............................._ _ _ _ _ hours
Current time

Fasting should start before:

~:00 am

Previous day, 10 pm

2:00pm

Current day, 6 am

17:00 am.

Previous day, 11 pm

3:00pm

Current day, 7 am

8:00am

Current day, 12 am

4:00pm

Current day, 8 am

9:00am

Current day, 1 am

5:00pm

Current day, 9 am

10:00 am

Current day, 2 am

6:00pm

Current day, 10 am

11:00 am

Currentday, 3 am

7:00pm

Current day, 11 am.

12:00 pm

Current day, 4 am

8:00pm

Current day, 12 am

1:00pm

Current day, 5 am

Current time

Fasting should start before:

Has the participant fasted at least 8 hours? .......................... Yes D 1 NoD 2
If participant has not fasted for 8 hours,
please reschedule: .................. Date: _ _ I _ _ I _ _ _ Time: ~ _: ___
Do you have any bleeding disorders?. . . . . .................. .

Yes D 1 No D 2

Number of venipuncture attempts: .................................. _ _ __
Blood Collection date: ........................................ ._ _ I _ _ I _ _
Blood Collection time: ....................................... _ _ : _ _ am I pm
Initials of phlebotomist: ......................................... - . -
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2. Blood Processing
a. Time at which specimens (vacuum tubes) were spun: ...................._ _ : _. _am I pm
b. Time at which specimens (EDTA tubes) were spun: ....................._ _ : _ _ am I pm
c. Time at which vacuum specimens were placed in freezer: ................ ·-.-: _ _ am I pm
d. Time at which EDTA specimens were placed in freezer: ............ ·......._ _ : _ _ am I pm
e, Initials of technician processing blood: ................................ _ _ _
f. Comments on blood drawing/processing:

3. Was an incident report used? ...........................·............... Yes D 1

NoD 2

4. Please complete the foilowing items when blood test results are received from the lab.
Lab Value
Total cholesterol ...................... .

_ _ _ mg/dl

HDL cholesterol .. ·.................... .

_ _ _ mg/dl

Triglycerides ........................ .

_. _ _ mg/dl

Serum creatinine .................... .

_ _._mg/dl

Serum Qlucose ...................... .

mQ/dl

Initials of person responsible for fi!ling in laboratory results ........................ _ - . -
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Appendix G: Urine Collection Form
Protein and Blood Pressure Study
Week-S Visit-2 Urine Collection Form
1. Did participant complete an overnight urine collection and bring it to the clinic? Yes D 1
No D 2
If NO, please STOP HERE and instruct participant to bring the collection with him/her to the clinic within
the next 24 hours.

2. What date and time did the participant last urinate PRIOR to starting urine collection for
this study (START TIME & START DATE on Overnight Urine Collection Instructions Sheet)?

a.

MM
b.

Date: _ ____,/ ___ _ ___,.....____,! _ _ _ __
DD
yy
Time: _ _ _ _ am I pm

3. What date and time did the participant last collect urine prior to this study visit (FINISH TIME
& FINISH DATE on Overnight Urine Collection Instructions Sheet)?

a.

Date:

b.

----''
MM

DD

yy

I

Time: _ _ : _ _ am/pm

4. Today's date: _ _ / _ _ / _ _
5. Did the participant collect urine for the entire overnight period (if he/she woke up
during the night to urinate, did he/she add all urine to the container)? .......... Yes D 1 NoD 2
If NO, how many times did participant urinate without collecting in the urinary container? _ _
6. Urine Volume:.· ............................................... _ _ _ _ ml
7. Staff ID# responsible for obtaining sample from participant and measuring volume: _ _ _
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Appendix H: Supplements Form
SINCE YOUR LAST VISIT, have you experienced any of the following? If yes, please indicate the level of frequency and degree.

1 =Yes
2 =No
(a)

Freguency:
1 = Less than weekly
2 =Weekly
3 = 2-6 times/week
4 =Daily
5 = Constantly
(b)

Degree:

1 =Moderate
2 =Extreme
3 = Very extreme
(c)

A. Increased physical energy

D

D

D

B. Change in appetite

D

D

D

C. Improved mood

D

D

D

D. Improved vision

D

D

D

E. Bad taste in mouth

D

D

D

F. Stomach upset or nausea

D

D

D

G. Belching

D

D

D

H. Stomach pain or burning

D

D

D

I. Diarrhea

D

D

D

J. Loose, frequent stool

D

D

D

K. Constipation

D

D

D
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Freguenc~:

1 =Yes
2 =No
(a)

1 = Less than weekly
2 =Weekly
3 = 2-6 times/week
4 =Daily
5 = Constantly

Degree:

(b)

1 =Moderate
2 =Extreme
3 = Very extreme
(c)

L. Frequent urination

D

D

D

M. Excessive gas

D

D

D

N. Easy bruising

D

D

D

0. Nose bleeds

D

D

D

P. Excessive bleeding from cuts/scratches

D

D

D

Q. Change in sexual drive

D

D

D

R. Excessive thirst

D

D

0

S. Skin rash

0

0

D

T. Red blood in stools or blackened stools

D

D

D

U. Other. Specify

0

0

0

-

Please provide further details on any events experienced at a greater than, weekly frequency (frequency code = 3, 4 or 5)
or a degree level which is extreme or very extreme (degree code= 2 or 3):

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ lnffials~pernonedffingfurm:~~~·
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Appendix 1: Supplements Calendar

Sun
YIN

am

Mon

I Amt

YIN

1

pm

YIN

air\

pm

pm

I Amt

pm

C:

Amt

YIN

ami

am
pm

pml
~C:

1

pml

I Amt II
I

I

11am
llpm
IC:

am 1

•

Amt

········•·.:.·.'··
......

am

;,·

..

.:

pm

I YIN I Amt II
.,:,,

'
I YIN

am '•< '
,,,,

pm
C:

I Amt
"'·--"~-

·~

<\

.·. ·:·i>

•am :< . :•·:·'

C:

pm

r.

I Amt

·YIN I Amt

ami,

/~<i~~i. .:~~,'

pm

pm

'

··•;.··~

YIN I Amt II

pm
C:

. ;F·>rr. .

. ').<.•·

I
alit 1

I

~<~Nmkw

'

~~

r.
.....
I YIN I Amt II

am,
·--~;:;:

pm
~.

I Amt

pm

r.
~·
I YIN I Amt I

':lt l;j;.., ', ' am

·.·· ,;•:;;•,

pm

C:

Amt II

. •';.,

···<····~+;; 1::ariL
•••:.;._ i<)i•,;;:;

pm

YIN

(::

I·

am

I Amt

pm

Amt

YIN

YIN

am

-

~ ..

'

YIN

pm

pm

,,

Amt
'

C:

am

am

C:

·<:~:::~,~);

Amt
..

-.am

.:c<ll~am
_,,;-.'

--~·<· ~

YIN I Amt

~.

YIN

pm

C:

YIN I Amt

IC:

YIN

I ~:l:.• • ·~·;

I Amt

pm

YIN

Sat

Fri

-'I',

-'<~,~·:·}+ ;·:~~

·,::<-:_-'.

C:

YIN

Amt

C:

YIN

Amt

C:

YIN

...

"£ •

<::>:r~:

C:

YIN

C:

YIN

ililil'
I pm

I

·. . ~m~t"
· ·<i.h ,.l . r~TT>:
pm
pm

am

pm

I Amt

YIN

'C:

YIN

am

C:

am

I Amt

Amt

YIN

IC:

IC:

am

I Amt

Thu

Wed

Tue

I.

IJ~i<

.

·

... :<

I YIN I Amt
am

1

pm
C:

177

References

1. Writing Group Members, Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, et al.
Heart disease and stroke statistics--2012 update: A report from the American Heart Association..
Circulation. 2012 Jan 3;125(1):e2-e220.
2. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional burden of
disease and risk factors, 2001: Systematic analysis of population health data Lancet. 2006 May
27;367(9524):1747-57.
3. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global burden of
hypertension: Analysis ofworldwide data. Lancet. 2005 Jan 15-21;365(9455):217-23.
4. Berry JD; Dyer A, Cai X, Garside DB, Ning H, Thomas A, et al. Lifetime risks of
cardiovascular disease. N Engl J Med. 2012 Jan 26;366(4):321-9.
5. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL,Jr, et al. The seventh
report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure: The JNC 7 report. JAMA. 2003 May 21;289(19):2560-72.
6. Grundy SM, Cleeman n, Merz CN, Brewer HB,Jr, Clark LT, Hunninghake DB, et al.
Implications of recent clinical trials for the National Cholesterol Education Program Adult
Treatment Panel III guidelines. JAm Coli Cardiol. 2004 Aug 4;44(3):720-32.
7. Institute ofMedicine. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, ·
cholesterol, protein, and amino acids. Washington, D.C.: National Academies Press; 2005.
8. Dietary Guidelines Advisory Committee. Report of the Dietary Guidelines Advisory
Committee on the Dietary Guidelines for Americans, 2010, to the Secretary of Agriculture and
the Secretary of Health and Human Services. Washington, DC: U.S. Department of Agriculture,
Agricultural Research Service; 2010.
.
·
9. Swain JF, Windhauser MM, Hoben KP, Evans MA, McGee BB, Steele PD. Menu design and
selection for multicenter controlled feeding studies: Process used in the Dietary Approaches to
Stop Hypertension trial. DASH collaborative research group. JAm Diet Assoc. 1999 Aug;99(8.
Suppl):S54-9.
10. Danesh J, Wheeler JG, Hirschfield GM, Eda S, Eiriksdottir G, Rumley A, et al. C-reactive
protein and other circulating markers of in:flamniation in the prediction of coronary heart disease.
N Engl J Med. 2004 Apr 1;350(14):1387-97.
11. Hwang SJ, Ballantyne CM, Sharrett AR, Smith LC, Davis CE, Gotto AM,Jr, et al.
Circulating adhesion molecules VCAM-1, ICAM-1, and E-selectin in carotid atherosclerosis and
incident coronary heart disease cases: The Atherosclerosis Risk in Communities (ARIC) study.
Circulation. 1997 Dec 16;96(12):4219-25.

178

12. Blankenberg S, Rupprecht HJ, Bickel C, Peetz D, Hafner G, Tiret L, et al. Circulating cell
adhesion molecules and death in patients with coronary artery disease. Circulation. 2001 Sep
18; 104(12): 1336-42.
13. Lee SH, Ha JW, Kim JS, Choi EY, ParkS, Kang SM, et al. Plasma adiponectin and resistin
levels as predictors of mortality in patients with acute myocardial infarction: Data from
infarction prognosis study registry. Coron Artery Dis. 2009 Jan;20(1):33-9.
14. Piemonti L, Calori G, Mercalli A, Lattuada G, Monti P, Garancini MP, et al. Fasting plasma
leptin, tumor necrosis factor-alpha receptor 2, and monocyte chemoattracting protein 1
concentration in a population of glucose-tolerant and glucose-intolerant women: Impact on
cardiovascular mortality. Diabetes Care. 2003 Oct;26(10):2883-9.
15. Pradhan AD, Manson JE, Rossouw IE, Siscovick DS, Mouton CP, Rifai N, et al.
Inflammatory biomarkers, hormone replacement therapy, and incident coronary heart disease:
Prospective analysis from the Women's Health Initiative observational study. JAMA. 2002 Aug
28;288(8):980-7.
16. Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of
inflammation in the prediction of catdiovascular disease in women. N Engl J Med. 2000 Mar
23;342(12):836-43.
.
.
17. He J, Wofford MR, Reynolds K, Chen J, Chen CS, Myers L, et al. Effect of dietary protein
supplementation on blood pressure: A randomized, controlled trial. Circulation. 2011 Aug
2; 124(5):589-95.
18. Sacks FM, Lichtenstein A, Van Hom L, Harris W, Kris-Etherton P, Winston M, et al. Soy
protein, isoflavones, and cardiovascular health: An American Heart Association Science
Advisory for Professionals from the Nutrition Committee. Circulation. 2006·Feb
21;113(7):1034-44.
19. Steinberg D, Parthasarathy S, Carew TE, Khoo JC, Witztum JL. Beyond cholesterol.
modifications oflow-density lipoprotein that increase its atherogenicity. N Engl J Med. 1989.
Apr 6;320(14):915-24.
20. Navab M, Imes SS, Hama SY, Hough GP, Ross LA, Bork RW, et al. Monocyte
transmigration induced by modification of low density lipoprotein in cocultures of human aortic
wall cells is due.to induction of monocyte chemotactic protein 1 synthesis and is abolished by
high density lipoprotein. J Clin Invest. 1991 Dec;88(6):2039-46.
21. Nathan CF. Secretory products ofmacrophages. J Clin Invest. 1987 Feb;79(2):319-26.
22. Goldberg II, Eckel RH, McPherson R. Triglycerides and heart disease: Still a hypothesis?
Arterioscler Thromb Vase Bioi. 2011 Aug;31(8):1716-25.

179

23. Mamo JC, Proctor SD, Smith D. Retention of chylomicron remnants by arterial tissue;
importance of an efficient clearance mechanism from plasma. Atherosclerosis. 1998 Dec; 141
Suppl1:S63-9.
24. Zilversmit DB. A proposal linking atherogenesis to the interaction of endothelial lipoprotein
lipase with triglyceride-rich lipoproteins. Circ Res. 1973 Dec;33(6):633-8.
25. Chung BH, Segrest JP, Smith K, Griffm FM, Brouillette CG. Lipolytic surface remnants of
triglyceride-rich lipoproteins are cytotoxic to macrophages but not in the presence of high
density lipoprotein. A possible mechanism of atherogenesis? J Clin Invest. 1989 Apr;83(4): 136374. .
26. Kume N, Cybulsky :MI, Gimbrone MA,Jr. Lysophosphatidylcholine, a component of
atherogenic lipoproteins, induces mononuclear leukocyte adhesion molecules iri cultured human
and rabbit arterial endothelial cells. J Clin Invest. 1992 Sep;90(3):1138:-44.
27. Miyazaki A, Rahim AT, Ohta T, Morino Y, Horiuchi S. High density lipoprotein mediates
selective reduction in cholesteryl esters from macrophage foam cells. Biochim Biophys Acta.
1992 Jun 5;1126(1):73-80.
28. Mackness :MI, Abbott C, Arrol S, Durrington PN. The role of high-density lipoprotein and
lipid-soluble antioxidant vitamins in inhibiting low-density lipoprotein oxidation. Biochem J.
1993 Sep 15;294 ( Pt 3)(Pt 3):829-34.
29. Cockerill GW, Rye KA, Gamble JR, Vadas MA, Barter PJ. High-density.lipoproteins inhibit
cytokine-induced expression of endothelial cell adhesion molecules. Arterioscler Thromb Vase
Bioi. 1995 Nov;15(11):1987-94.
30. Libby P~ Okamoto Y, Rocha VZ, Folco E. Inflammation in atherosclerosis: Transition from
theory to practice. Circ J. 2010 Feb;74(2):213-20.
31. Virani SS, Polsani VR, Nambi V. Novel markers of inflammation in atherosclerosis. Curr
Atheroscler Rep. 2008 Apr;10(2):164-70.
32. Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med. 1999 Jan 14;340(2):11526.
33. Libby P, Ridker PM, Hansson GK. Progress and challenges in translating the biology of
atherosclerosis. Nature. 2011 May 19;473(7347):317-25.
34. FalkE. Pathogenesis of atherosclerosis. JAm Coli Cardiel. 2006 Apr 18;47(8 Suppl):C7-12.
35. Jialal I, Devaraj S, Singh U. C-reactive protein and the vascular endothelium: Implications
for plaque instability. JAm Coli Cardiel. 2006 Apr 4;47(7):1379-81.

180

36. Pepys MB, Hirschfield GM. C-reactive protein: A critical update. J Clin Invest. 2003
Jun;111(12):1805-12.
37. Sanceau J, Kaisho T, Hirano T, Wietzerbin J. Triggering of the human interleukin-6 gene by
interferon-gamma and tumor necrosis factor-alpha in monocytic cells involves cooperation
between interferon regulatory factor-1, NF kappa B, and Sp 1 transcription factors. J Bioi Chern.
1995 Nov 17;270(46):27920-31.
38. Ng SB, Tan YH, Guy GR. Differential induction of the interleukin-6 gene by tumor necrosis
factor and interleukin-1. J Bioi Chern. 1994 Jul22;269(29):19021-7.
39. Naka T, Nishimoto N,Kishimoto T. The paradigm ofiL-6: From basic science to medicine.
Arthritis Res. 2002;4 Suppl 3:8233-42.
40. Seino Y, Ikeda U, Ikeda M, Yamamoto K, Misawa Y, Hasegawa T, et al. Interleukin 6 gene
transcripts are expressed in human atherosclerotic lesions. Cytokine. 1994 Jan;6(1):87-91.
41. Heinrich PC, Castell N, Andus T. Interleukin-6 and the acute phase response. Biochem J.
1990 Feb 1;265(3):621-36.
42. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease: N Engl J Med.
2005 Apr 21;352(16):1685-95.
43. Price DT, Loscalzo J. Cellular adhesion molecules and atherogenesis. Am J Med. 1999
Jul;107(1):85-97.
44. Nagel T, Resnick N, Atkinson WJ, Dewey CF,Jr, Gimbrone MA,Jr. Shear stress selectively
upregulates intercellular adhesion molecule-1 expression in cultured human vascular endothelial
cells. J Clin Invest. 1994 Aug;94(2):885-91.
·
45. Hansson GK, Hermansson A. The immune system in atherosclerosis. Nat Immunol. 2011
Mar; 12(3 ):204-12.
46. Takahashi H, Ito S, Hanano M, Wada K, Niwano H, Seki Y, et al. Circulating
thrombomodulin as a novel endothelial cell marker: Comparison of its behavior with von
willebrand factor and tissue-type plasminogen activator. Am J Hematol. 1992 Sep;41(1):32-9.
47. Takano S, Kimura S, Ohdama S, Aoki N. Plasma thrombomodulin in health and diseases.
Blood. 1990 Nov 15;76(10):2024-9.
48. Ishii H, Uchiyama H, Kazama M. Soluble thrombomodulin antigen in conditioned medium is
increased by damage of endothelial cells. Thromb Haemost. 1991 May 6;65(5):618-23.
49. Van de Wouwer M, Conway EM. Novel functions ofthrombomodulin in inflammation. Crit
Care Med. 2004 May;32(5 Suppl):S254-61.

181

50. Tesauro M, Canale MP, Rodia G, Di Daniele N, Lauro D, Scuteri A, et al. Metabolic
syndrome, chronic kidney, and cardiovascuJ.ar diseases: Role of adipokines. Cardiol Res Pract.
2011 Mar 7;2011:653182.
51. Soodini GR. Adiponectin and leptin in relation to insulin sensitivity. Metab Syndr Relat
Disord. 2004 Jun;2(2):114'"23.
52. Ouchi N, Kihara S, Arita Y, Nishida M, Matsuyama A, Okamoto Y, et al. Adipocyte-derived
plasma protein, adiponectin, suppresses lipid accumUlation and class A scavenger receptor
expression in human monocyte-derived macrophages. Circulation. 2001 Feb 27;103(8):1057-63.
53. Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y, et al. Novel modulator for
endothelial adhesion molecules: Adipocyte-derived plasma protein adiponectin. Circulation.
1999 Dec 21-28;100(25):2473-6.
54. Yokota T, Oritani K, Takahashi I, Ishikawa J, Matsuyama A, Ouchi N, et al. Adiponectin, a
new member of the family of soluble defense collagens, negatively regulates the growth of
myelomonocytic progenitors and the functions of macrophages. Blood. 2000 Sep I ;96(5): 1723- ·
32.
55. Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H, et al. Adiponectin, an
adipocyte-derived plasma protein, inhibits endothelial NF-kappaB signaling through a cAMPdependent pathway. Circulation. 2000 Sep 12;102(11):1296-301.
56. Chen H, Montagnani M, Funahashi T, Shimomura I, Quon MJ. Adiponectin stimulates
production of nitric oxide in vascular endothelial cells. J Bioi Chern. 2003 Nov 7;278(45):45021-

6.
57. Lazar MA. Resistin- and obesity-associated metabolic diseases. Horm Metab Res. 2007
Oct;39(10):710-6.
58. Anubhuti, Arora S. Leptin and its metabolic interactions: An update. Diabetes Obes Metab.
2008 Nov;IO(I 1):973-93.
59. Correia ML, Rahmouni K. Role ofleptin in the cardiovascular and endocrine cqmplications .
of metabolic syndrome. Diabetes Obes Metab. 2006 Nov;8(6):603-10.
60. Konstantinides S, Schafer K, Koschnick S, LoskutoffDJ. Leptin-dependent platelet
aggregation and arterial thrombosis suggests a mechanism for atherothrombotic disease in
obesity. J Clin Invest. 2001 Nov;I08(10):1533-40.
·
61. Loffreda S, Yang SQ, Lin HZ, Karp CL, Brengman ML, Wang DJ, et al. Leptin regulates
proin:flammatory immune responses. FASEB J. 1998 Jan;12(1):57-65.

182

62. Greenland P, Knoll MD, Stamler J, Neaten JD, Dyer AR, Garside DB, et al. Major risk
factors as antecedents of fatal and nonfatal coronary heart disease events. JAMA. 2003 Aug
20;290(7):891-7.
63. Grundy SM, Pasternak R, Greenland P, Smith S,Jr, Fuster V. Assessment of cardiovascular
risk by use of multiple-risk-factor assessment equations: A statement for healthcare professionals
from the American Heart Association and the American College of Cardiology. Circulation..
1999 Sep 28;100(13):1481-92.
· 64. Sharrett AR, Ballantyne CM, Coady SA, Heiss G, Sorlie PD, Catellier D, et al. Coronary
heart disease prediction from lipoprotein cholesterol levels, triglycerides, lipoprotein(a),
apolipoproteins A-I and B, and HDL density subfractions: The Atherosclerosis Risk in
Communities (ARIC) study. Circulation. 2001 Sep 4;104(10):1108-13.
65. Wilson PW, Hoeg JM, D'Agostino RB, Silbershatz H, Belanger AM, Poehlmann H, et al.
Cumulative effects of high cholesterol levels, high blood pressure, and cigarette smoking on
carotid stenosis. N Engl J Med. 1997 Aug 21;337(8):516-22.
66. Stamler J, Daviglus ML, Garside DB, Dyer AR, Greenland P, Neaten JD. Relationship of
baseline serum cholesterol levels in 3 large cohorts ofyounger men to long-term coronary,
cardiovascular, and all-cause mortality and to longevity. JAMA. 2000 Jul 19;284(3):311-8.
67. LaRosa JC, He J, Vupputuri S. Effect ofstatins on risk of coronary disease: A meta-analysis
of randomized controlled trials. JAMA. 1999 Dec 22-29;282(24):2340-6.
68. De Caterina R, Scarano M, Marfisi R, Lucisano G, Palma F, Tatasciore A, et al. Cholesterollowering interventions and stroke: Insights from a meta-analysis of randomized controlled trials.
JAm Coll Cardiel. 2010 Jan 19;55(3):198-211.
69. Kuller LH, Tracy RP, Shaten J, Meilahn EN. Relation ofC-reactive protein and coronary
heart disease in the MRFIT nested case-control study. Multiple Risk Factor Intervention Trial.
Am J Epidemiol. 1996 Sep 15;144(6):537-47.
70. Koenig W, Sund M, Frohlich M, Fischer HG, Lowel H, Doring A, et al. C-reactive protein, a
sensitive marker of inflammation, predicts future risk of coronary heart disease in initially
healthy middle-aged men: Results from the MONICA (Monitoring Trends and Determinants in
Cardiovascular Disease) Augsburg Cohort Study, 1984 to 1992. Circulation. 1999 Jan
19;99(2):23 7-42.
71. Danesh J, Whincup P, Walker M, Lennon L, Thomson A, Appleby P, et al. Low grade
inflammation and coronary heart disease: Prospective study and updated meta-analyses. BMJ.
2000 Jul22;321(7255):199-204.
72. Heeschen C, Hamm CW, Bruemmer J, Simoons ML. Predictive value of C-reactive protein
and troponin T in patients with unstable angina: A comparative analysis. CAPTURE

183

investigators. chimeric c7E3 AntiPlatelet therapy in unstable angina REfractory to standard
treatment trial. JAm Coil Cardiol. 2000 May;35(6):1535-42.
73. Liuzzo G, Biasucci LM, Gallimore JR, Grillo RL, Rebuzzi AG, Pepys MB, et al. The
prognostic value of C-reactive protein and serum amyloid a protein in severe unstable angina. N
Engl J Med. 1994 Aug 18;331(7):417-24..
74. Lowe GD, Yarnell JW, Rumley A, Bainton D, Sweetnam PM. C-reactive protein, fibrin Ddimer, and incident ischemic heart disease in the Speedwell Study: Are inflammation and fibrin
turnover linked inpathogenes_is? Arterioscler Thromb Vase Biol. 2001 Apr;21(4):603-10.
75. Morrow bA, Rifai N, Antman EM, Weiner DL, McCabe CH, Cannon CP, et al. C-reactive
protein is a potent predictor of mortality independently of and in combination with troponin T in
acute coronary syndromes: A TIMI 11A substudy. Thrombolysis in Myocardial Infarction. JAm
Coll Cardiol. 1998 Jun;31(7):1460-5.
76. Ridker PM, Buring JE, Shih J, Matias M, Hennekens CH. Prospective study of C-reactive
protein and the risk of future cardiovascular events among apparently healthy women.
Circulation. 1998 Aug 25;98(8):731-3.
77. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation, aspirin,
and the risk of cardiovascular disease in apparently healthy men. N Engl J Med. 1997 Apr
3;336(14):973-9.
78. Ridker PM, Rifai N, Clearfield M, Downs JR, WeisSE, Miles JS, et al. Measurement ofCreactive protein for the targeting of statin therapy in the primary prevention of acute coronary
events. N Engl J Med. 2001 Jun 28;344(26):1959-65.
79. Ridker PM, Stampfer MJ, Rifai N. Novel risk factors for systemic atherosclerosis: A
comparison of C-reactive protein, fibrinogen, homocysteine, lipoprotein(a), and standard
cholesterol screening as predictors of peripheral arterial disease. JAMA. 2001 May
16;285(19):2481-5 ..
80. Tracy RP, Lemaitre RN, Psaty BM, Ives DG, Evans RW, Cushman M, et al. Relationship of
C-reactive protein to risk of cardiovaScular disease in the elderly. Results from the
Cardiovascular Health Study and the Rural Health Promotion Project. Arterioscler Thromb Vase
Biol. 1997 Jun;17(6):1121-7.
81. Berk BC, Weintraub WS, Alexander RW. Elevation ofC-reactive protein in "aCtive"
coronary artery disease. Am J Cardiol. 1990 Jan 15;65(3):168-72.
82. Biasucci LM, Liuzzo G, Grillo RL, Caligiuri G, Rebuzzi AG, Buffon A, et al. Elevated levels
of C-reactive protein at discharge in patients with unstable angina predict recurrent instability.
Circulation. 1999 Feb 23;99(7):855-60.

184 .

83. Biasucci LM, Liuzzo G, Colizzi C, Rizzello V. Clinical use ofC-reactive protein for the
prognostic stratification of patients with ischemic heart disease. Ital Heart J. 2001 Mar;2(3):16471.
84. Rebuzzi AG, Quaranta G, Liuzzo G, Caligiuri G, Lanza GA, Gallimore JR, et al. Incremental
prognostic value of serum levels oftroponin T and C-reactive protein on admission in patients
with unstable angina pectens. Am J Cardiel. 1998 Sep 15;82(6):715-9.
85. Toss H, Lindahl B, Siegbahn A, Wallentin L. Prognostic influence of increased fibrinogen
and C-reactive protein levels in unstable coronary artery disease. FRISC study group. Fragmin
during instability in coronary artery disease. Circulation. 1997 Dec 16;96(12):4204-10.
86. Lindahl B, Toss H, Siegbahn A, Venge P, Wallentin L. Markers of myocardial damage and
inflammation in relation to long-term mortality in unstable coronary artery disease. FRISC study
group. Fragmin during instability in coronary artery disease. N Engl J Med. 2000 Oct
19;343(16):1139-47.
87. Emerging Risk Factors Collaboration, Kaptoge S, pi Angelantonio E, Lowe G, Pepys MB,
Thompson SG, et al. C-reactive protein concentration and risk of coronary heart disease, stroke,
and mortality: An individual participant meta-analysis. Lancet. 2010 Jan 9;375(9709):132-40.
88. Koenig W, Lowel H, Baumert J, Meisinger C. C-reactive protein modulates risk prediction
based on the Framingham Score: Implications for future risk assessment: Results from a large
cohort study in southern Germany. Circulation. 2004 Mar 23;109(11):1349-53.
89. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon R0,3rd, Criqui M, et al.
Markers of intl.ainmation and cardiovascular disease: Application to clinical and public health
practice: A statement for healthcare professionals from the Centers for Disease Control and
Prevention and the American Heart Association. Circulation. 2003 Jan 28;107(3):499-511.
\

.

90. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM,Jr, Kastelein JJ, et al.
Rosuvastatin to prevent vascular events in men and women with elevated C-reactive protein. N
. Engl J Med. 2008 Nov 20;359(21):2195-207.
91. Biasucci-LM, Vitelli A, Liuzzo G, Altamura S, Caligiuri G,.Monaco C, et al. Elevated levels
ofinterleukin-6 in unstable angina. Circulation. 1996 Sep 1;94(5):874-7.
92. Biasucci LM, Liuzzo G, Fantuzzi G, Caligiuri G, Rebuzzi AG, Ginnetti F, et al. Increasing
levels of interleukin (IL)-1 Ra and IL-6 during the first 2 days of hospitalization in unstable
angina are associated with increased risk of in-hospiuiJ. coronary events. Circulation. 1999 Apr
27;99(16):2079-84.
93. Harris TB, Ferrucci L, Tracy RP, Corti MC, Wacholder S, Ettinger WH,Jr, et al. Associations
of elevated interleukin-6 and C-reactive protein levels with mortality in the elderly. Am J Med.
1999 May;106(5):506-12.

185

94. Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. Plasma concentration of interleukin-6 and
the risk of future myocardial infarction among apparently healthy men. Circulation. 2000 Apr
18;1 01(15):1767.;. 72.
95. Sattar N, MurrayHM, Welsh P, Blauw GJ, Buckley BM, Cobbe S, et al. Are markers of
inflammation more strongly associated with risk for fatal than for nonfatal vascular events?
PLoS Med. 2009 Jun 23;6(6):e1000099.
96. Lindmark E, Diderholm E, Wallentin L, Siegbabn A. Relationship between interleukin 6 and
mortality in patients with unstable coronary artery disease: Effects of an early invasive or
noninvasive strategy. JAMA. 2001 Nov 7;286(17):2107-13.
97. Danesh J, Kaptoge S, Mann AG, Sarwar N, Wood A, Angleman SB, et al. Long-term
interleukin-6 levels and subsequent risk of coronary heart disease: Two new prospective studies
and a systematic review. PLoS Med. 2008 Apr 8;5(4):e78.
98. Kalogeropoulos A, Georgiopoulou V, Psaty BM, Rodondi N, Smith AL, Harrison DG, et al.
Inflammatory markers and incident heart failure risk in older adults: The Health ABC (Health,
Aging, and Body Composition) study. JAm Coli Cardiol. 2010 May 11;55(19):2129-37~
99. Ridker PM, Rifai N, Pfeffer M, Sacks F, Lepage S, Braunwald E. Elevation of tumor
necrosis factor-alpha and increased risk of recurrent coronary events after myocardial infarction.
Circulation. 2000 May 9;101(18):2149-53.
100. Salomaa V, Wu KK. Soluble thrombomodulin as predictor of incident coronary heart
disease. Lancet. 1999 Nov 6;354(9190):1646-7.
101. Wu KK, Aleksic N, Ballantyne CM, Ahn C, Juneja H, Boerwinkle E. Interaction between
soluble thrombomodulin and intercellular adhesion: molecule-1 in predicting risk of coronary
heart disease. Circulation. 2003 Apr 8;107(13):1729-32.
102. Ridker PM, Hennekens CH, Roitman-Johnson B, Stampfer MJ, Allen J. Plasma
concentration of soluble intercellular adhesion molecule 1 and risks of future myocardial
infarction in apparently healthy men. Lancet. 1998 Jan 10;351(9096):88-92.
103. Pradhan AD, Rifai N, Ridker PM. Soluble intercellular adhesion molecule-1, soluble
vascular adhesion molecule-1, and the development of symptomatic peripheral arterial disease in
men. Circulation. 2002 Aug 13;106(7):820-5.
104. Meigs JB, Hu FB, Rifai N, Manson JE. Biomarkers of endothelial dysfunction and risk of
type 2 diabetes mellitus. JAMA. 2004 Apr 28;291(16):1978-86.
105. Haim M, TanneD, Boyko V, ReshefT, Goldbourt U, Leor J, et al. Soluble intercellular
adhesion molecule-1 and long-term risk of acute coronary events in patients with chronic
. coronary heart disease. Data from the Bezafibrate Infarction Prevention (BIP) study. J Am Coli
Cardiol. 2002 Apr 3;39(7):1133-8.

186

106. Malik I, Danesh J, Whincup P, Bhatia V, Papacosta 0, Walker M, et al. Soluble adhesion
molecules and prediction of coronary heart disease: A prospective study and meta-analysis.
Lancet. 2001 Sep 22;358(9286):971-6.
107. Spranger J, Kroke A, Mohlig M, Bergmann MM, Ristow M, Boeing H, et al. Adiponectin
and protection against type 2 diabetes mellitus. Lancet. 2003 Jan 18;361(9353):226-8.
108. Lindsay RS, Funahashi T, Hanson RL,Matsuzawa Y, Tanaka S, Tataranni PA, et al.
Adiponectin and development of type 2 diabetes in the Pima Indian population. Lancet. 2002 Jul
6;360(9326):57-8.
109. Daimon M, Oizumi T, Saitoh T, Kameda W, Hirata A, Yamaguchi H, et al. Decreased
serum levels of adiponectin are a risk factor for the progression to type 2 diabetes in the Japanese
population: The Funagata study. Diabetes Care. 2003 Jul;26(7):2015-20: ·
110. Pischon T, Girman CJ, Hotamisligil GS, Rifai N, Hu FB, Rimm EB. Plasma adiponectin
levels and risk of myocardial infarction in men. JAMA. 2004 Apr 14;291(14):1730-7.
111. Kojima S, Funahashi T, Otsuka F, Maruyoshi H, Yamashita T, Kajiwara I,et al. Future
adverse cardiac events can be predicted by persistently low plasma adiponectin concentrations in
men and marked reductions of adiponectin in women after acute myocardial infarction.
Atherosclerosis. 2007 Sep;194(1):204-13.
112. Cavusoglu E, Ruwende C, Chopra V, Yanamadala S, Eng C, Clark LT, et al. Adiponectin is .
an independent predictor of all-cause mortality, cardiac mortality, and myocardial infarction in
patients presenting with chest pain. Eur Heart J. 2006 Oct;27(19):2300-9. ·
113. Kistorp C, Faber J, Galatius S, Gustafsson F, Frystyk J, Flyvbjerg A, et al. Plasma
adiponectin, body mass index, and mortality in patients With chronic heart failure. Circulation.
2005 Sep 20;112(12):1756-62.
114. Wannamethee SG, Whincup PH, Lennon L, Sattar N. Circulating adiponectin levels and
mortality in elderly men with and without cardiovascular disease and heart failure. Arch Intern
,Med. 2007 Jul23;167(14):1510-7.
115. Wang H, Chen DY, Cao J, He ZY, Zhu BP, Long M. High serum resistin level inay be an
indicator of the severity of coronary disease in acute coronary syndrome. Chin Med Sci J. 2009
Sep;24(3): 161-6.
116. Chu S, Ding W, Li K, Pang Y, Tang C. Plasma resistin associated with myocardium injury
inpatients with acute coronary syndrome. Circ J. 2008 Aug;72(8):1249-53.
117. Burnett MS, Lee CW, Kinnaird TD, Stabile E, Durrani S, Dullum MK, et al. The potential
role ofresistin in atherogenesis. Atherosclerosis. 2005 Oct;182(2):241-8.

187

118. Burnett MS, Devaney JM, Adenika RJ, Lindsay R, Howard BV. Cross-sectional
associations ofresistin, coronary heart disease, and insulin resistance. JClin Endocrinol Metab.
2006 Jan;91(1):64-8.
119. Lubos E, Messow CM, Schnabel R, Rupprecht HJ, Espinola-Klein C, Bickel C, et al.
Resistin, acute coronary syndrome and prognosis results from the AtheroGene study.
Atherosclerosis. 2007 Jul;193(1):121-8.
120. Efstathiou SP, Tsiakou AG, Tsioulos DI, Panagiotou TN, Pefanis AV, Achimastos AD, et
al. Prognostic significance of plasma resistin levels in patients with atherothrombotic ischemic
stroke. Clin Chim Acta. 2007 Mar;378(1-2):78-85.
121. Pilz S, Weihrauch G, Seelhorst U, Wellnitz B, Winkelmann BR, Boehm BO, et al.
Implications of resistin plasma levels in subjects undergoing coronary angiography. Clin
Endocrinol (Oxf). 2007 Mar;66(3):380-6.
122. Soderberg S, Colquhoun D, Keech A, Yallop J, Barnes EH, Pollicino C, et al. Leptin, but·
not adiponectin, is a predictor of recurrent cardiovascular events in men: Results from the LIPID
study. Int JObes (Lond). 2009 Jan;33(1):123-30.
123. Soderberg S, Ahren B, Jansson JH, Johnson 0, Hallmans G, Asplund K, et al. Leptin is
associated with increased risk of myocardial infarction. J Intern Med. 1999 Oct;246(4):409-18.
124. Schulze PC, Kratzsch J, Linke A, Schoene N, Adams V, Gielen S, et al. Elevated serum
· levels of leptin and soluble leptin receptor in patients with advanced chronic heart failure. Eur J
Heart Fail. 2003 Jan;5(1):33-40.
i25. Wallace AM, McMahon AD, Packard CJ, Kelly A, Shepherd J, Gaw A, et al. Plasma leptin
and the risk of cardiovascular disease in the West of Scotland Coronary Prevention Study
(WOSCOPS). Circulation. 2001 Dec 18;104(25):3052-6.
126. Brennan AM, Li TY, Kelesidis I, Gavrila A, Hu FB, Mantzoros CS. Circulating leptin
levels are not associated with cardiovascular morbidity and mortality in women with diabetes: A
prospective cohort study. Diabetologia. 2007 Jun;50(6):1178-85.
127. Food Labeling: Health Claims: Soy Protein and Coronary Heart Disease. Food and Drug
Administration, HHS: Final Rule: Soy Protein and Coronary Heart Disease. Fed Reg.
1999;64:57700 -57733. 64:57700-57733, Food and Drug Administration, (1999).
128. Erdman JW,Jr. AHA Science Advisory: Soy protein and cardiovascular disease: A
statement for healthcare professionals from the Nutrition Committee of the AHA. Circulation.
2000 Nov 14;102(20):2555-9.
129. Zhan S, Ho SC. Meta-analysis of the effects of soy protein containing iso:flavones on the
lipid profile. Am J Clin Nutr. 2005 Feb;81(2):397-408.

188

130. Reynolds K, Chin A, Lees KA, Nguyen A, Bujnowski D, He J. A meta-analysis of the
effect of soy protein supplementation on serum lipids. Am J Cardiol. 2006 Sep 1;98(5):633-40.
131. Anderson JW, Bush HM. Soy protein effects on serum lipoproteins: A quality assessment
and meta-analysis of randomized, controlled studies. JAm Coll Nutr. 2011 Apr;30(2):79-91.
132. Anderson JW, Johnstone BM, Cook-Newell ME. Meta-analysis of the effects of soy protein
intake on serum lipids. N Engl J Med. 1995 Aug 3;333(5):276-82.
133. Kuiper GG, Letirmen JG, Carlsson B, Corton JC, Safe SH, van der Saag PT, et al.
Interaction of estrogenic chemicals and phytoestrogens with estrogen receptor beta.
Endocrinology. 1998 Oct;139(10):4252-63.
134. Hodges YK, Tung L, Y an XD, Graham JD, Horwitz KB, Horwitz LD. Estrogen receptors
alpha and beta: Prevalence of estrogen receptor beta mRNA inhuman vascular smooth muscle
and transcriptional effects. Circulation. 2000 Apr 18;101(15):1792-8.
135. Aavik E, du Toit D, Myburgh E, Frosen J, Hayry P. Estrogen receptor beta dominates in
baboon carotid after ep.dothelial denudation injury. Mol Cell Endocrinol. 2001 Aug
20;182(1):91-8.
136. Barrett-Connor E, Stuenkel C. Hormones and heart di~ease in women: Heart and
Estrogen/Progestin replacement study in perspective. J Clin Endocrinol Metab. 1999
Jun;84(6):1848-53.
137. Joswig M, Hach-Wunderle V, Ziegler R, Nawroth PP. Postmenopausal hormone
replacement therapy and the vascular wall: Mechanisms of 17 beta-estradiol's effects on vascular
biology. Exp Clin Endocrinol Diabetes. 1999;107(8):477-87.
138. Anthony MS, Clarkson TB, Williams JK. Effects of soy isoflavones on atherosclerosis:
Potential mechanisms. Am J Clin Nutr. 1998 Dec;68(6 Suppl):1390S-3S.
13 9. Clarkson TB, Anthony MS, Morgan TM. Inhibition of postmenopausal atherosclerosis
progression: A comparison of the effects of conjugated equine estrogens and soy phytoestrogens.
J Clin Endocrinol Metab. 2001" Jan;86(1):41-7.
140. Baum JA, Teng H, Erdman JW,Jr, Weigel RM, Klein BP, Persky VW, et al. Long-term
intake of soy protein improves blood lipid profiles and increases mononuclear cell low-densitylipoprotein receptor messenger RNA in hypercholesterolemic, postmenopausal women. Am J
Clin Nutr. 1998 Sep;68(3):545-51.
141. Clerici C, Setchell KD, Battezzati PM, Pirro M, Giuiiano V, Asciutti S, et al. Pasta naturally
enriched with isoflavone aglycons from soy germ reduces seruin lipids and improves markers of
cardiovascular risk. J Nutr. 2007 Oct;137(10):2270-8.

189

142. Crouse JR,3rd, Morgan T, Terry JG, Ellis J, Vitolins M, Burke GL. A randomized trial
comparing the effect of casein with that of soy protein containing varying amounts of isoflavones
on plasma concentrations of lipids and lipoproteins. Arch Intern Med. 1999 Sep
27;159(17):2070-6.
143. Gardner CD, Newell KA, Cherin R, Haskell WL. The effect of soy protein with or without
isoflavones relative to milk protein on plasma lipids in hypercholesterolemic postmenopausal
women. Am J Clin Nutr. 2001 Apr;73(4):728-35.
144. Merz-Demlow BE, Duncan AM, Wangen KE, Xu X, Carr TP, Phipps WR, et al. Soy
isoflavones improve plasma lipids in normocholesterolemic, premenopausal women. Am J Clin
Nutr. 2000 Jun;71(6):1462-9.
145. Anderson RL, WolfWJ. Compositional changes in trypsin inhibitors, phytic acid, saponins
and isoflavones related to soybean processing. J Nutr. 1995 Mar;125(3 Suppl):581S-8S.
146. Erdman JW,Jr, Badger TM, Lampe JW, Setchell KD, Messina M. Not all soy products are
created equal: Caution needed in interpretation of research results. J Nutr. 2004
May; 134(5): 1229S-33S.
147. Jenkins DJ, Mirrahimi A, Srichaikul K, Berryman CE, Wang L, Carleton A, et al. Soy
protein reduces serum cholesterol by both intrinsic and food displacement mechanisms. J Nutr.
2010 Dec;140(12):2302S-11S.
148. Carroll KK. Review of clinical studies on cholesterol-lowering response to soy protein. J
Am Diet Assoc. 1991 Jul;91(7):820-7.
149. Azadbakht L, Kimiagar M, Mehrabi Y, Esmaillzadeh A, Hu FB, Willett WC. Soy
consumption, markers of inflammation, and endothelial function: A cross-over study in ·
postmenopausal women with the metabolic syndrome. Diabetes Care. 2007 Apr;30(4):967-73.
150. Hilpert KF, Kris-Etherton PM, West SG. Lipid response to a low-fat diet with or without
soy is modified by C-reactive protein status in moderately hypercholesterolemic adults. J Nutr.
2005 May;135(5):1075-9.
'
151. Jenkins DJ, Kendall CW, Connelly PW, Jackson CJ, Parker T, Faulkner D, et al. Effects of
high- and low-isoflavone.(phytoestrogen) soy foods on inflammatory biomarkers and
proinflammatory cytokines in middle-aged men and women. Metabolism. 2002 Jul;51(7):919-24.
152. Fanti P, Asmis R, Stephenson TJ, Sawaya BP, Franke AA. Positive effect of dietary soy in
ESRD patients with systemic inflammation--correlation between blood levels of the soy
isoflavones and the acute-phase reactants. Nephrol Dial Transplant. 2006 Aug;21(8):2239-46.
153. Matthan NR, Jalbert SM, Ausman LM, Kuvin JT, Karas RH, Lichtenstein AH. Effect of soy
protein from differently processed products on cardiovascular disease risk factors and vascular
endothelial function in hypercholesterolemic subjects. Am J Clin Nutr. 2007 Apr;85(4):960-6.

190

154. Ryan-Borchers TA, Park JS, Chew BP, McGuire MK, Fournier LR, Beerman KA. Soy
isoflavones modulate immune function in healthy postmenopausal women. Am J Clin Nutr. 2006
May;83(5):1118-25.
155. Huang Y, Cao S, Nagamani M, Anderson KE, Grady JJ, LuLJ. Decreased circulating levels
of tumor necrosis factor-alpha in postmenopausal women during consumption of soy-containing
isoflavones. J Clin Endocrinol Metab. 2005 Jul;90(7):3956-62.
156. Beavers KM, Serra MC, Beavers DP, Cooke MB, Willoughby DS. Soymilk
supplementation does not alter plasma markers of inflammation and oxidative stress in
postmenopausal women. Nutr Res. 2009 Sep;29(9):616-22.
157. Charles C, Yuskavage J, Carlson 0, John M, Tagalicud AS, Maggio M, et al. Effects of
high-dose isoflavones on metabolic and inflammatory markers in healthy postmenopausal
women. Menopause. 2009 Mar-Apr;16(2):395-400.
158. Catania MA, Crupi A, Firenzuoli F, Parisi A, Sturiale A, Squadrito F, et al. Oral
administration of a soy extract improves endothelial dysfunction in ovariectomized rats. Planta
Med. 2002 Dec;68(12):1142-4.
159. Jiang F, Jones GT, Husband AJ, Dusting GJ. Cardiovascular protective effects of synthetic
isoflavone derivatives in apolipoprotein e-deficient mice. J Vase Res. 2003 May-Jun;40(3):27684.
160. .Khemapech S, Monsiri K, Patumraj S, Siriviriyakul P. Genistein replacement therapy for
vasodilation disorder in bilateral ovariectomized rats. Clin Hemorheol Microcirc. 2003;29(3-'
4):271-7.
161. Squadrito F, Altavilla D, Morabito N, Crisafulli A, D'Anna R, Corrado F, et al. The effect
of the phytoestrogen genistein on plasma i:ritric oxide concentrations, endothelin-llevels and
endothelium dependent vasodilation in postmenopausal women. Atherosclerosis. 2002
Aug;163(2):339-47.
162. Squadrito F, Altavilla D, Crisafulli A, Saitta A, Cucinotta D, Morabito N, et al. Effect of
genistein on endothelial function in postmenopausal women: A randomized, double-blind,
controlled study. Am J Med. 2003 Apr 15;114(6):470-6.
163. Hall WL, FormanuikNL, Harnpanich D, Cheung M, Talbot D, Chowienczyk PJ, et al. A
meal enriched with soy isoflavones increases nitric oxide-mediated vasodilation in healthy
postmenopausal women. J Nutr. 2008 Jul; 138(7): 1288-92.
164. Beavers DP, Beavers KM, Miller M, Stamey J, Messina MJ. Exposure to isoflavonecontaining soy products and endothelial function: A Bayesian meta-analysis of randomized
controlled trials. Nutr Metab Cardiovasc Dis. 2012 Mar;22(3):182-91.

191

165. Yildirir A, Tokgozoglu SL, Oduncu T, Oto A, Haznedaroglu I, Akinci D, et al. Soy protein
diet significantly improves endothelial function and lipid parameters. Clin Cardiol. 2001
Nov;24(11):711-6.
166. Cuevas AM, Irribarra VL, Castillo OA, Yanez MD, Germain AM. Isolated soy protein
improves endothelial function in postmenopausal hypercholesterolemic women. Eur J Clin Nutr.
2003 Aug;57(8):889-94.
167. Steinberg FM, Guthrie NL, Villablanca AC, Kumar K, Murray MJ. Soy protein with
isoflavones has favorable effects on endothelial function that are independent of lipid and
antioxidant effects in healthy postmenopausal women. Am J Clin Nutr. 2003 Jul;78(1):123-30.
168. Blum A, Lang N, Vigder F, Israeli P, Gumanovsky M, Lupovitz S, et al. Effects of soy
protein on endothelium-dependent vasodilatation and lipid profile in postmenopausal women
with mild hypercholesterolemia. Clin Invest Med. 2003 Feb;26(1):20-6.
169. Teede HJ, Dalais FS, Kotsopoulos D, Liang YL, Davis S, McGrath BP. Dietary soy has
both beneficial and potentially adverse cardiovascular effects: A placebo-controlled study in men
and postmenopausal women. J Clin Endocrinol Metab. 2001 Jul;86(7):3053-60.
170. Greany KA, Nettleton JA, Wangen KE, Thomas W, Kurzer MS. Consumption of
isoflavone-rich soy protein does not alter homocysteine or markers of inflammation in
postmenopausal women. Eur J Clin Nutr. 2008 Dec;62(12):1419-25. ·
171. Nasca MM, Zhou JR, Welty FK. Effect of soy nuts on adhesion molecules and markers of
inflanimation in hypertensive and normotensive postmenopausal women. Am J Cardiol. 2008 Jul
1;102(1):84-6.
172. Tormala R, Appt S, Clarkson TB, Mueck AO, Seeger H, Mikkola TS, et al. Impact of soy
supplementation on sex steroids and vascular inflammation markers in postmenopausal women
using tibolone: Role of equol production capability. Climacteric. 2008 Oct; 11(5):409-15.
173. West SG, Hilpert KF, Juturu V, Bordi PL, Lampe JW, Mousa SA, et al. Effects of including
soy protein in a blood cholesterol-lowering diet on markers of cardiac risk in men and in
postmenopausal women with and without hormone replacement therapy. J Womens Health
(Larchmt). 2005 Apr;14(3):253-62.
174. Blum A, Lang N, Peleg A, Vigder F, Israeli P, Gumanovsky M, et al. Effects of oral soy
protein on markers of inflammation in postmenopausal women with mild hypercholesterolemia.
Am Heart J. 2003 Feb;145(2):e7.
175. Nagasawa A, Fukui K, Kojima M, Kishida K, Maeda N, Nagaretani H, et aL Divergent
effects of soy protein diet on the expression of adipocytokines. Biochem Biophys Res Commun.
2003 Nov 28;311(4):909-14. ·

192

176. Shimizu H, Sbimomura Y, Nakanishi Y, Futawatari T, Ohtani K, Sato N, et al. Estrogen
increases in vivo leptin production in rats and human subjects. J Endocrinol. 1997
Aug; 154(2):285-92.
177. Wagner JD, Zhang L, Shadoan MK, Kavanagh K, Chen H, Tresnasari K, et al. Effects of
soy protein and isoflavones on insulin resistance and adiponectin in male monkeys. Metabolism.
2008 Jul;57(7 Suppl1):S24-31.
.
.
178. Jayagopal V, Albertazzi P, Kilpatrick ES, Howarth EM, Jennings PE, Hepburn DA, et al.
Beneficial effects of soy phytoestrogen intake in postmenopausal women with type 2 diabetes.
Diabetes Care. 2002 Oct;25(10):1709-14.
179. Azadbakht L; Kimiagar M, Mehrabi Y, Esmaillzadeh A, Padyab M, Hu FB, et al. Soy
inclusion in the diet improves features of the metabolic syndrome: A randomized crossover study
in postmenopausal women. Am J Clin Nutr. 2007 Mm-;85(3):735-41.
180. Atteritano M, Marini H, Minutoli L, Polito F, Bitto A, Altavilla D, et al. Effects of the
phytoestrogen genistein on some predictors of cardiovascular risk in osteopenic, postmenopausal
women: A two-year randomized, double-blind, placebo-controlled study. J Clin Endocrinol
Metab. 2007 Aug;92(8):3068-75.
181. Maskarinec G, Steude JS, Franke AA, Cooney RV. Inflammatory markers in a 2-,year soy
intervention among premenopausal women. J Inflamm (Lond). 2009 Apr 7;6:9.
182. Matvienko OA, Alekel DL, Genschel U, Ritland L, Van Loan MD, Koehler K.J. Appetitive
hormones, but not isoflavone tablets, influence overall and central adiposity in healthy
postmenopausal women. Menopause. 2010 May-Jun;17(3):594-601.
183. Takahira M,Noda K, Fukushima M, Zhang B, Mitsutake R, Uehara Y, et al. Randomized,
double-blind, controlled, comparative trial of formula food containing soy protein vs. milk
protein in visceral fat obesity. -FLAVO study-. Circ J. 2011;75(9):2235-43.
184. Bahls LD, Venturini D, Scripes Nde A, Lozovoy MA, Simao TN, Simao AN, et al.
Evaluation of the intake of a low daily amount of soybeans in oxidative s;tress, lipid and
inflammatory profile, and insulin resistance in patients with metabolic syndrome. Arq Bras
Endocrine! Metabol. 2011 Aug;55(6):399-405.
185. Christie DR, Grant J, Darnell BE, Chapman VR, Gastaldelli A, Sites CK. Metabolic effects
of soy supplementation in postmenopausal Caucasian and African American women: A
randomized, placebo-controlled trial. Am J Obstet Gynecol. 2010 Aug;203(2):153.e1,153.e9.
186. Zemel MB, Sun X, Sobhani T, Wilson B. Effects of dairy compared with soy on oxidative
and inflammatory stress in overweight and obese subjects. Am J Clin Nutr. 2010 Jan;91(1):1622.

193

187. Phipps WR, Wangen KE, Duncan AM, Merz-Demlow BE, Xu X, Kurzer MS. Lack of
effect of isoflavonic phytoestrogen intake on leptin concentrations in premenopausal and
postmenopausal women. Fertil Steril. 2001 Jun;75(6):1059-64.
188. Wu AH, Stanczyk FZ, Martinez C, Tseng CC, Hendrich S, Murphy P, et al. A controlled 2mo dietary fat reduction and soy food supplementation study in postmenopausal women. Am J
Clin Nutr. 2005 May;81(5):1133-41.
189. Konig D, Deibert P, Frey I, Landmann U, Berg A. Effect of meal replacement on metabolic
risk factors in overweight and obese subjects. Ann Nutr Metab. 2008;52(1):74-8.
190. Bakhit RM, Klein BP, Essex-Sorlie D, Ham JO, Erdman JW,Jr, Potter SM. Intake of25 g of
soybean protein with or without soybean fiber alters plasma lipids in men with elevated
cholesterol concentrations. J Nutr. 1994 Feb;124(2):213-22.
191. Burke V, Hodgson JM, Beilin LJ, Giangiulioi N, Rogers P, Puddey lB. Dietary protein and
soluble fiber reduce ambulatory blood pressure in treated hypertensives. Hypertension. 2001
Oct;38(4):821-6.
192. Hermansen K, Sondergaard M, Hoie L, Carstensen M, Brock B. Beneficial,effects of a soybased dietary supplement on lipid levels and cardiovascular risk markers in type 2 diabetic
subjects. Diabetes Care. 2001 Feb;24(2):228-33.
193. Jenkins DJ, Kendall CW, Mehling CC, Parker T, Rao AV, Agarwal S, et al. Combined
effect of vegetable protein (soy) and soluble fiber added to a standard cholesterol-lowering diet.
Metabolism. 1999 Jun;48(6):809-16.
194. Kurowska EM, Jordan J, Spence JD, Wetmore S, Piche LA, Radzikowski M, et al. Effects
of substituting dietary soybean protein and oil for milk protein and.fat in subjects with
hypercholesterolemia. Clin Invest Med. 1997 Jun;20(3): 162-70.
195. Washburn S, Burke GL, Morgan T, Anthony M. Effect of soy protein supplementation on
serum lipoproteins, blood pressure, and menopausal symptoms in perimenopausal women.
Menopause. 1999 Spring;6(1):7-13.
196. Teixeira SR, Potter SM, Weigel R, Hannum S, Erdman JW,Jr, Hasler CM. Effects of
feeding 4 levels of soy protein for 3 and 6 wk on blood lipids and apolipoproteins in moderately
hypercholesterolemic men. Am J Clin Nutr. 2000 May;71(5):1077-84.
197. Potter SM, Baum JA, Teng H, StillmanRJ, ShayNF~ Erdman JW,Jr. Soy protein and
isoflavones: Their effects on blood lipids and bone density in postmenopausal women. Am J Clin
Nutr. 1998 Dec;68(6 Suppl):1375S-9S.
198. Albanes D, Conway JM, Taylor PR, Moe PW, Judd J. Validation and comparison of eight
physical activity questionnaires. Epidemiology. 1990 Jan;1(1):65-71.

194

199. Washburn RA, Smith KW, Goldfield SR, McKinlay ill. Reliability and physiologic
correlates of the Harvard Alumni Activity Survey in a general population. J Clin Epidemiol.
1991;44(12):1319-26.
200. McCullough ML, Karanja NM, Lin PH, Obarzanek E, Phillips KM, Laws RL, et al._
Comparison of 4 nutrient databases with chemical composition data from the Dietary
Approaches to Stop Hypertension trial. DASH collaborative research group. J Am Diet Assoc.
1999 Aug;99(8 Suppl):S45-53.
201. PerloffD~ Grim C, Flack J, Frohlich ED, Hill M, McDonald M, et al. Human blood pressure
determination by sphygmomanometry. Circulation. 1993 Nov;88(5 Pt 1):2460-70.
202. Nguyen QM, Srinivasan SR, Xu JH, Chen W, Berenson GS. Distribution and
cardiovascular risk correlates of plasma soluble intercellular adhesion molecule-1 levels in
asymptomatic young adults from a biracial community: The Bogalusa Heart Study. Ann
Epidemiol. 2010 Jan;20(1):53-9.
203. Patel DA, Srinivasan SR, Xu JH, Li S, Chen W, Berenson GS. Distribution and metabolic
syndrome correlates of plasma C-reactive protein in biracial (black-white) younger adults: The
Bogalusa Heart Study. Metabolism. 2006 Jun;55(6):699-705.
204. Kim HC, Greenland P, Rossouw JE, Manson JE, Cochrane BB, Lasser NL, et al.
Multimarker prediction of coronary heart disease risk: The Women's Health Initiative. J Am Coll
Cardiol. 2010 May 11;55(19):2080-91.
205. Zhu N, Pankow JS, Ballantyne CM, Couper D, Hoogeveen RC, Pereira M, et al. Highmolecular-weight adiponectin and the risk of type 2 diabetes in the ARIC study. J Clin
Endocrinol Metab. 2010 Nov;95(11):5097-104.
206. Schmidt MI, Duncan BB, Vigo A, Pankow JS, Couper D, Ballantyne CM, et al. Leptin and
incident type 2 diabetes: Risk or protection? Diabetologia. 2006 Sep;49(9):2086-96.
207. Butler J, Kalogeropoulos A, Georgiopoulou V, de Rekeneire N, Rodondi N, Smith AL, et
al. Serum resistin concentrations and risk of new onset heart failure in older persons: The Health,
Aging, and Body Composition (Health ABC) Study. Arterioscler Thromb Vase Biol. 2009
Jul;29(7):1144-9.
208. Srinivasan SR, Berenson GS. Serum lipoproteins in children and methods for study. In:
Lewis LA, editor. CRC Handbook ofElectrophoresis. Vol. 3, Lipoprotein Methodology and
Human Studies ed. Boca Raton, FL: CRC Press; 1983. p. 185-203.
209. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration oflow-density
lipoprotein cholesterol in plasma, without use ofthe preparative ultracentrifuge. Clin Chern.
1972 Jun;18(6):499-502.

195

210. Roberts WL, Moulton L, Law TC, Farrow G, Cooper-Anderson M, Savory J, et al.
Evaluation of nine automated high-sensitivity C-reactive protein methods: Implications for
clinical and epidemiological applications. Part 2. Clin Chern. 2001 Mar;47(3):418-25.
211. Dupont WD, Plummer WD,Jr. Power and sample size calculations. A review and computer
program. Control Clin Trials. 1990 Apr;11(2):116-28.
212. Papadopoulos DP, Perrea D, Thomopoulos C, Sanidas E, Daskalaki M, Papazachou U, et al.
Masked hypertension and atherogenesis: The impact on adiponectin and resistin plasma levels. J
Clin Hypertens (Greenwich). 2009 Feb;11(2):61-5.
213. Campbell CG, Brown BD, Dufner D, Thorland WG. Effects of soy or milk protein during a
high-fat feeding challenge on oxidative stress, inflammation, and lipids in healthy men. Lipids.
2006 Mar;41(3):257-65.
214. Zhang X, Shu XO, Gao YT, Yang G, Li Q, Li H, et al. Soy food consumption is associated ·
with lower risk of coronary heart disease in chinese women. J Nutr. 2003 Sep;133(9):2874-8.
215. Beaglehole R. International trends in coronary heart disease mortality, morbidity, and risk
factors. Epidemiol Rev. 1990;12:1-15.
216. Eyre H, Kahn R, Robertson RM, American Cancer Society, the American Diabetes
Association, and the American Heart Association. Collaborative Writing Committee. Preventing
cancer, cardiovascular disease, and diabetes: A common agenda for the American Cancer
Society, the American Diabetes Association, and the American Heart Association. Diabetes
Care. 2004 Jul;27(7):1812-24.
217. Obarzanek E, Velletri PA, Cutler JA. Dietary protein and blood pressure. JAMA. 1996 May
22-29;275(20):1598-603.
218. Altorf-van der Kuil W, Engberink MF, Brink EJ, van Baak MA, Bakker SJ, Navis G, et al.
Dietary protein and blood pressure: A systematic review. PLoS One. 2010 Aug 11;5(8):e12102.·
219. Wofford MR, Rebholz CM, Reynolds K, Chen J, Chen CS, Myers L, et al. Effect of soy and
milk protein supplementation on serum lipid levels: A randomized controlled trial. Eur J Clin
Nutr. 2011 Sep 28.
220. EspositoK, Giugliano D. Diet and inflammation: A link to metabolic and cardiovascular
diseases. Eur Heart J. 2006 Jan;27(1):15-20.
221. Kris-Etherton PM, Hecker KD, Bonanome A, Coval SM, Binkoski AE, Hilpert KF, et al.
Bioactive compounds in foods: Their role in the prevention of cardiovascular disease and cancer.
Am J Med. 2002 Dec 30; 113 Suppl 9B:71 S-88S.
222. King DE. Dietary fiber, inflammation, and cardiovascular disease. Mol Nutr Food Res.
2005 Jun;49(6):594-600.

196

223. Qi L, Hu FB. Dietary glycemic load, whole grains, and systemic inflammation in diabetes:
The epidemiological evidence. Curr Opin Lipidol. 2007 Feb;18(1):3-8.
224. Canto JG, Rogers WJ, Goldberg RJ, Peterson ED, Wenger NK, Vaccarino V, et al.
Association of age and sex with myocardial infarction symptom presentation and in-hospital
mortality. JAMA. 2012 Feb 22;307(8):813-22.
225. McClellan W, Warnock DG, McClure L, Campbell RC, Newsome BB, Howard V, et al.
Racial differences in the prevalence of chronic kidney disease among participants in the Reasons
for Geographic and Racial Differences in Stroke (REGARDS) cohort study. JAm Soc Nepbrol.
2006 Jun;17(6):1710-5.
226. Mensah GA, Mokdad AH, Ford ES, Greenlund KJ, Croft JB. State of disparities in
cardiovascular health in the United States. Circulation. 2005 Mar 15;111(10):1233-41.
227. Hertz RP, Unger AN,Comell JA, Saunders E. Racial disparities in hypertension prevalence,
awareness, and management. Arch Intern Med. 2005 Oct 10;165(18):2098-104.
228. Brancati FL, Kao WH, Folsom.AR, Watson RL, Szklo M. Incident type 2 diabetes mellitus
in African American and white adults: The Atherosclerosis Risk in Communities study. JAMA.
2000 May 3;283(17):2253-9.
229. Cushman M, Cantrell RA, McClure LA, Howard G, Prineas RJ, Moy CS, etal. Estimated
10-year stroke risk by region and race in the United States: Geographic and racial differences in
stroke risk. Ann Neurol. 2008 Nov;64(5):507-13.
230. BalkE, Chung M, Chew P, Ip S, Raman G, Kupelnick B, et al. Effects of soy on health
outcomes. Rockville, MD.: Ag~ncy for Healthcare Research and Quality; 2005. Report No.:
Evidence Report/Technology Assessment No. 126. AHRQ Publication No. 05-E024-2.
231. Hale G, Paul-Labrador M, Dwyer JH, Merz CN. Isoflavone supplementation and
endothelial function in menopausal women. Clin Endocrinol (Oxf). 2002 Jun;56(6):693-701.
232. Simons LA, von Konigsmark M, Simons J, Celermajer DS. Phytoestrogens do not influence
lipoprotein levels or endothelial function in healthy, postmenopausal women. Am J Cardiol.
2000 Jun 1;85(11):1297-301.
233. Hall WL, Vafeiadou K, Hallund J, Bugel S, Koebnick C, Reimann M, et al. Soy-isoflavoneenriched foods and inflammatory biomarkers of cardiovascular disease risk in postmenopausal
women: Interactions with genotype and equol produCtion. Am J Clin Nutr. 2005
Dec;82(6):1260,8; quiz 1365-6.
234. Gruber CJ, Tschugguel W, Schneeberger C, Huber JC. Production and actions of estrogens.
N Engl J Med. 2002 Jan 31;346(5):340-52.

197

235. Walker HA, Dean TS, Sanders TA, Jackson G, Ritter JM, Chowienczyk PJ. The
phytoestrogen genistein produces acute nitric oxide-dependent dilation of human forearm
vasculature with similar potency to 17beta-estradiol. Circulation. 2001 Jan 16;103(2):258-62.
236. Llaneza P, Gonzalez C, Femandez-Inarrea J, Alonso A, Diaz F, Amott I, et al. Soy
isoflavones, diet c,m.d physical exercise modify serum cytokines in healthy obese postmenopausal
women. Phytomedicine. 2011 Feb 15; 18(4):245-50.
237. Whelton PK, He J, Appel LJ, Cutler JA, Havas S, Ketchen TA, et al. Primary prevention of
hypertension: Clinical and public health advisory from the National High Blood Pressure
Education Program. JAMA. 2002 Oct 16;288(15):1882-8.
238. Pike AC, Brzozowski AM, Hubbard RE, Bonn T, Thorsell AG, Engstrom 0, et al. Structure
of the ligand-binding domain of oestrogen receptor beta in the presence of a partial agonist and a
full antagonist. EMBO J. 1999 Sep 1;18(17):4608-18.
·
239. Harmon AW, Harp JB. Differential effects offlavonoids on 3T3-L1 adipogenesis and
lipolysis. Am J Physiol Cell Physiol. 2001 Apr;280(4):C807-13.
240. Harmon A W, Patel YM, Harp JB. Genistein inhibits CCAAT/enhancer-binding protein beta
(C/EBPbeta) activity and 3T3-L1 adipogenesis by increasing C/EBP homologous protein
expression. Biochem J. 2002 Oct 1;367(Pt 1):203-8.
241. Park HJ, Della-Fera MA, Hausman DB, Rayalam S, Ambati S, Baile CA. Genistein inhibits
differentiation of primary human adipocytes. J Nutr Biochem. 2009 Feb;20(2): 140-8.
242. Zhang M, Ikeda K, Xu JW, Y amori Y, Gao XM, Zhang BL. Genistein suppresses
adipogenesis of3T3-L1 cells via multiple signal pathways. Phytother Res. 2009 May;23(5):7138.
243. Rosenbaum M; Nicolson M, Hirsch J, Heymsfield SB, Gallagher D, Chu F, et al. Effects of
gender, body composition, and menopause on plasma concentrations of leptin. J Clin Endocrinol
Metab. 1996 Sep;81(9):3424-7.
244. Leung KC, Xu A, Craig ME, MartiD. A, Lam KS, O'Sullivan AJ. Adiponectin isoform
distribution in women--relationship to female sex steroids and insulin sensitivity. Metabolism.
2009 Feb;58(2):239-45.

198

