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Abstract

Background/Objective: Previous clinical trials have documented that soy protein reduces low-
density lipoprotein cholesterol and increases high-density lipoprotein (HDL) cholesterol compared
with milk protein. However, the effect of soy protein on lipids compared with carbohydrate has not
been not well studied. We examined the effect of soy and milk protein supplementation on lipids
and lipoproteins compared with carbohydrate among adults without hypercholesterolemia.

Subjects/Methods: We conducted a randomized, double-blind, 3-phase crossover trial among
352 US adults with serum total cholesterol level of <240 mg/dl from September 2003 to April
2008. Trial participants were assigned to 40 g/day supplementation of soy protein, milk protein

or complex carbohydrate from wheat each for 8 weeks in random order with a 3-week washout
period between interventions. Overnight fasting blood samples were collected at the termination of
each intervention phase.

Results: Compared with carbohydrate, soy protein supplementation was significantly associated
with a net change (95% confidence interval (CI)) in total cholesterol and total/HDL cholesterol
ratio of —3.97 mg/dl (-7.63 to -0.31, £=0.03) and —-0.12 (-0.23 to —0.01, ~£=0.03), respectively.
Compared with milk protein, soy protein supplementation was significantly associated with a net
change (95% CI) in HDL and total/HDL cholesterol ratio of 1.54 mg/dl (0.63 to 2.44, £=0.0009)
and —0.14 (-0.22 to -0.05, P=0.001), respectively. Compared with carbohydrate, milk protein
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supplementation was significantly associated with a net change (95% CI) in HDL of -1.13 mg/d|
(-2.05 to -0.22, P=0.02).

Conclusions: This randomized controlled trial indicates that soy protein, but not milk protein,

supplementation improves the lipid profile among healthy individuals.
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Introduction

Cardiovascular disease (CVD) is a major public health problem, with an estimated one in
three American adults having one or more types of CVD (Roger et al., 2011). Observational
studies have indicated that dyslipidemia is a modifiable risk factor for CVD (Wilson et af.,
1997; Stamler et al., 2000; Sharrett et al, 2001; Greenland et al., 2003). Clinical trials have
documented that lowering blood lipids reduces risk of coronary heart disease and stroke
(LaRosa et al., 1999; De Caterina et al., 2010). According to the most recent statistics,
44.4% of the US population have borderline-high or higher total cholesterol (=200 mg/dl,
=>5.2 mmol/l) and 31.9% have borderline-high or higher low-density lipoprotein (LDL)
cholesterol (=130 mg/dl, =3.4 mmol/l) (Roger et al., 2011). 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 (Grundy et al,, 2004). Improvement of overall lipid profile is an important public
health and clinical goal for reducing the burden of CVD and its associated economic impact
on the US health care system.

Clinical studies of soy protein have reported findings that vary with respect to the magnitude
of serum lipids reduction (Anderson ef al., 1995; Reynolds et al., 2006; Sacks et al., 2006).
In a meta-analysis of 38 clinical studies, Anderson et al., 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 mg/dl (0.6 mmol/l), 21.7 mg/dl (0.6 mmol/I)

and 13.3 mg/dl (0.2 mmol/l), respectively, and a nonsignificant increase in high-density
lipoprotein (HDL) cholesterol of 1.2 mg/dl (0.03 mmol/l). In a recent meta-analysis of

41 randomized controlled trials, Reynolds et a/. (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 of
6.26 mg/dl (0.07 mmol/l), and a significant increase in HDL cholesterol of 0.77 mg/dl (0.02
mmol/l). In the American Heart Association Science Advisory that 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 cholesterol, triglycerides or lipoprotein(a)
(Sacks et al., 2006). However, most of these studies used milk protein supplementation

as control and were conducted in patients with hypercholesterolemia or postmenopausal
women (Anderson et al., 1995; Reynolds et al., 2006; Sacks et al., 2006). In this study, we
compare the effects of soy protein, milk protein and complex carbohydrate supplementations
on serum lipids and lipoproteins in a randomized controlled crossover trial among men and
women aged 22 years and older without hypercholesterolemia.

Eur J Clin Nutr. Author manuscript; available in PMC 2022 January 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wofford et al.

Page 3

Subjects and methods

Study design

The Protein and Blood Pressure Study was a randomized, double-blinded and p/acebo-
controlled trial designed primarily to test whether a soy protein or milk protein
supplementation would reduce systolic blood pressure (BP) compared with a complex
carbohydrate and secondarily to assess the impact of these supplements on serum lipids

and lipoproteins (He et al.,, 2011). The Protein and Blood Pressure study utilized a 3-

phase crossover study design. Following a 2-week run-in period, eligible participants were
allocated to receive 40 g of soy protein per day, 40 g of milk protein per day and 40 g

of complex carbohydrate p/acebo per day in a random order, each for 8 weeks. During the
run-in period, study participants received 40 g 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.

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.

Study participants

Intervention

The study participants were men and women aged 22 years or older who had a mean systolic
BP from 120 to 159 mm 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 (or

a serum creatinine =1.7 mg/dl (=150.3 umol/l) for men and =1.5 mg/dl (=132.6 pmol/l)

for women), hypercholesterolemia (or serum total cholesterol =240 mg/dl (=6.2 mmol/l)),
diabetes (or serum glucose =126 mg/dl (>7.0 mmol/l)), body mass index >40 kg/m?2 or
consumption of > 14 drinks of alcoholic beverages per week were excluded. Persons who
consumed dietary protein =1.63 g/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 1626 persons
to the study clinics for screening visits and 391 persons met all eligibility criteria (Figure
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.

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 g of soy protein for 8
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weeks, then 40 g of milk protein for 8 weeks and finally 40 g 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 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 Protein and Blood Pressure study by Solae, LLC (St Louis, Missouri, MO, USA). The
nutrient composition of the supplements is provided in Table 1. The complex carbohydrates
were from wheat, which consisted of 90.6% 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, 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.

Measurements

Study participants were instructed to fast for 10 h before their clinic visits for blood

sample collection. Blood samples were promptly centrifuged at 3000 g for 10 min 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, IN, USA). Serum HDL was
quantified by a combined procedure of heparin-calcium precipitation of apo-B-containing
lipoproteins and agar-agarose gel electrophoresis of lipoproteins (Srinivasan and Berenson,
1983). Serum LDL cholesterol was calculated using the Friedewald equation for individuals
with serum triglyceride <400 mg/dl (4.5 mmol/l) (Friedewald et al., 1972).

At the baseline and termination visits during each intervention/control phase, three BP
readings were measured using the Hawksley random-zero sphygmomanometer by trained
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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 body
mass index 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 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.

Statistical analysis

Results

The primary outcome of interest was the difference in serum lipid levels (total cholesterol,
LDL, HDL, triglycerides and 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, NC, USA)

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.

Of these 352 study participants, 322 (91.5%) completed the first phase, 280 (79.5%)
completed the second phase and 255 (72.4%) completed the third phase (Figure 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). 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 2. Baseline characteristics were generally evenly distributed across
randomization sequence. For the overall study population, the mean (s.d.) lipids level at
baseline were 194.2 (31.4) mg/dl (5.0 (0.8) mmol/l) for total cholesterol, 117.4 (28.9) mg/dl
(3.0 (0.7) mmol/l) for LDL, 52.3 (14.5) mg/dl (1.4 (0.4) mmol/l) for HDL and 120.6 (64.4)
mg/dl (1.4 (0.7) mmol/l) for triglycerides.

Dietary nutrient intake information is presented according to intervention phase in Table
3. By design, protein and carbohydrate intake varied across interventions with a mean
increased protein intake of 30.5 g/day during the soy intervention and 32.8 g/day during
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the milk protein intervention compared with the carbohydrate intervention, and an increased
daily intake of about 30.7 g of carbohydrate during the carbohydrate intervention compared
with 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 with carbohydrate supplementation phase.

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. Compared with carbohydrate
supplementation, soy protein supplementation significantly reduced total cholesterol by
3.97 mg/dl (95% confidence interval (CI), =7.63 to —0.31; ~=0.03) (-0.10 mmol/l (95%

Cl, -0.20 to —0.01)) and total/HDL cholesterol ratio by 0.12 (95% Cl, —0.23 to —-0.01;
P=0.03), and borderline significantly reduced LDL by 3.03 mg/dl (95% Cl, —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%

Cl, -18.46 to 1.19; P=0.08) ((—0.10 mmol/l (95% ClI, —0.21 to 0.01)). Compared with

milk protein supplementation, soy protein supplementation significantly increased HDL

by 1.54 mg/dl (95% CI, 0.63 to 2.44; £=0.0009) (0.04 mmol/l (95% ClI, 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% Cl, —4.95 to 0.04; P=0.05) (-0.06
mmol/l (95% CI, -0.13 to 0.001)). Compared with 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% CI, —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)).

Discussion

This randomized controlled trial indicates that, compared with carbohydrate intake, soy
protein supplementation reduces total cholesterol and total/HDL cholesterol ratio among
individuals without hypercholesterolemia. In addition, compared with milk protein, soy
protein supplementation increased HDL and reduced total/HDL cholesterol ratio. On the
other hand, milk protein might reduce HDL cholesterol compared with carbohydrate. These
study findings 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. There is increasing evidence that
consumption of soy protein in place of animal protein lowers blood cholesterol levels and
may provide other cardiovascular benefits (Erdman, 2000). Our study provides additional
evidence that consumption of soy protein in place of carbohydrate might improve the lipid
profile. Animal experiments and clinical studies indicate that hormone replacement therapy
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has favorable effects on serum lipids and lipoprotein concentrations, antioxidant protection,
endothelial function and vascular reactivity (Barrett-Conner and Stuenkel, 1999; Joswig

et al., 1999). 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 - (Kuiper
et al., 1998; Hodges et al., 2000; Aavik et al., 2001). Several clinical trials have indicated
that isoflavones in soy protein may have an important role in lowering serum lipids (Baum
et al, 1998; Crouse et al., 1999; Merz-Demlow et al., 2000; Gardner et al., 2001; Clerici et
al., 2007). In addition, epidemiologic studies have documented that the Asian populations
who consume soy foods as a dietary staple have a lower incidence of CVD than those who
consume a typical Western diet (Beaglehole, 1990; Zhang et al., 2003; Sacks et al., 2006).

In a meta-analysis of clinical studies, Anderson et al. (1995) reported soybean protein intake
reduced ~10% of total cholesterol, LDL cholesterol and triglycerides, without significantly
affecting HDL cholesterol. However, many clinical studies included in the meta-analysis
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. Our study showed that the effects of

soy protein on lipids are moderate. The more conservative magnitude of effect of soy
protein on lipid levels in our studies and more recent randomized trials is likely due to

the minimization of confounding effect compared with non-randomized clinical studies.
Recent randomized controlled trials have well-balanced macro-nutrient 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 (Carroll, 1991; Jenkins et a/,, 2010). In addition,
the previous studies were mostly conducted in patients with elevated serum cholesterol

or postmenopausal women (Anderson et al,, 1995; Reynolds et al., 2006). 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 the lipid profile.

This randomized controlled trial used a 3-phase crossover 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. Because
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 are objective evidence that participants adhered to the
intervention. A prolonged washout period (3 weeks) reduced the carryover effects of
intervention. Furthermore, statistical assessment revealed no evidence of carryover in this
study. The limitations of this study include the relatively short duration of the intervention
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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 total/HDL
cholesterol ratio compared with carbohydrate, and increases HDL and reduces total/HDL
cholesterol ratio compared with milk protein. The effect of milk protein did not confer

a significant favorable effect on any lipid measures compared with carbohydrate. Further
randomized controlled trials are warranted to examine the effect of various amounts of soy
proteins on lipid levels to recommend a particular optimal level to increase soy protein
intake as part of a nutrition intervention strategy for the prevention and treatment of
hypercholesterolemia and subsequent CVD.
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Assessed for eligibility (n=1,626)

Group A

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 B

Group C

Received soy protein (n=117)
Completed (n=105)

Received milk protein (n=117)
Completed (n=108)

Received carbohydrate (n=118)
Completed (n=109)

4

Y

Y

Received milk protein (n=101)
Completed (n=94)

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

Received soy protein (n=101)
Completed (n=93)

Y

Y

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

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

Received milk protein (n=88)
Completed (n=84)

Figurel.

Flow diagram of participants in the Protein and Blood Pressure Study.
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Nutrient composition of soy protein, milk protein and complex carbohydrate supplements, per daya

Table 1

Soy protein  Milk protein  Carbohydrate
Energy (kcal) 200 200 200
Protein (g) 40 40 0.4
Carbohydrate (g) 8 10 50
Fat (g) 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

Page 12

aNutrient composition of soy protein, milk protein and complex carbohydrate supplements was provided by Solae, LLC, St Louis, MO, USA.
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