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Abstract

Recent studies suggest that obese individuals lose weight more rapidly and lose more total weight with soy protein than with animal
protein as a major diet component. The purpose of the present study was to evaluate the weight-loss efficacy and changes in body
composition, waist circumference, blood pressure, and levels of plasma glucose, insulin, serum lipids, C-reactive protein, and homocysteine
from consumption of either 3 soy shakes or 3 casein shakes daily as part of a 16-week, energy-restricted diet for obese women. Forty-three
women with body mass index values of 30 to 40 kg/m? were randomized to intensive dietary interventions using either casein (n = 21) or soy
(n = 22) shakes. Subjects were instructed to consume 3 shakes, 1 prepackaged entrée, and 5 servings of fruits or vegetables daily to achieve
an energy intake of 4.2 to 5.0 MJ/d. Subjects attended classes weekly or biweekly. Weight, body fat, lipid, and glucose measurements were
obtained at baseline and at 8 and 16 weeks. For both groups combined, subjects lost 8.1% of initial body weight (7.7 kg) at 8 weeks and
13.4% (12.7 kg) at 16 weeks. Weight loss from baseline did not differ significantly by group and, for completing subjects, was 14.0% +
1.2% (mean * SE) for casein and 12.8% + 1.4% for soy. With the intention-to-treat analysis, weight losses at 16 weeks were 12.5% + 1.4%
for casein and 11.3% + 1.2% for soy. Body fat losses were 23.7% + 2.0% for casein and 21.8% + 2.4% for soy and did not differ
significantly. Both study groups lost significant amounts of weight with a highly structured behavioral program incorporating 4 meal
replacements and vegetables and fruits. Differences in weight loss and body composition changes between casein and soy treatments were
not significant.
© 2007 Elsevier Inc. All rights reserved.

1. Introduction Meal replacements in the form of shakes, bars, and
prepackaged meals are emerging as very effective tools for
weight management [7,11,12]. Long-term weight mainte-
nance is better when individuals lose a substantial percent-
age of their excess weight [8] and when they continue to use
meal replacements daily [13].

Soy protein appears to be one of the best choices for
inclusion in a weight-loss regimen. Epidemiologic obser-
vations indicate that persons with higher soy food
consumption have lower body weights than those with
lower soy intakes [14,15]. Although some recent studies
suggest that obese individuals lose weight more rapidly and
lose more total weight with soy protein than with animal
protein as a major diet component [7,16,17], another re-
port did not confirm these observations [18]. Studies in
vitro and with experimental animals suggest that soy
protein and its components (peptides and isoflavones) act

* Corresponding author. Tel.: +1 859 323 5822; fax: +1 859 323 5707. in a large variety of ways to promote weight loss and
E-mail address: jwandersmd@aol.com (J.W. Anderson). weight maintenance [19-24].

Obesity is a major health problem in the United States [1]
and is increasing at epidemic proportions worldwide [2,3].
Approximately two thirds of adults in the United States are
overweight or obese [1], and the prevalence of overweight
adolescents has increased 3-fold in the last 2 decades [4].
Obesity is accompanied by significantly higher risks of
developing diabetes, hypertension, and coronary heart
disease [5]. Popular diets and weight-loss regimens do not
enable most obese individuals to lose significant amounts of
weight or maintain reduced body weight long term [6-9].
Current pharmacotherapeutic approaches have limited ef-
fectiveness. [10] Clearly, we need more effective therapeutic
approaches for the overweight individual.

0026-0495/$ — see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2006.10.013



J.W. Anderson et al. / Metabolism Clinical and Experimental 56 (2007) 280-288 281

The purpose of the present study was to evaluate the
weight-loss efficacy, body composition changes, and other
effects of either 3 soy shakes or 3 casein shakes daily as part
of a 16-week, energy-restricted diet for obese women by
using a randomized, controlled, blinded design. The primary
study end points included mean change from baseline in
body weight, body fat composition, and visceral adipose
tissue (VAT). This intensive intervention included 13 classes
and weekly midweek phone calls over 16 weeks and use of
3 shakes, 1 entrée, and at least 5 servings of vegetables or
fruits daily.

2. Materials and methods

2.1. Subjects

This study was conducted by the Metabolic Research
Group at the University of Kentucky. A subject was eligible for
inclusion in this study only if all of the following criteria were
met: female; aged 20 to 65 years; with body mass index (BMI)
of 30 to 40 kg/m?; motivated to lose weight; otherwise healthy
as determined by the principal investigator; could read,
comprehend, and write English at a sufficient level to complete
study-related materials; could provide a signed and dated
written informed consent before study participation; was
available for participation in the study for up to 21 weeks;
and was either of nonchildbearing potential or agreed to follow
an acceptable birth control method. A woman was not eligible
for inclusion in this study if any of the following criteria apply:
history of bulimia or anorexia nervosa; cardiovascular disease;
uncontrolled hypertension; type 1 or type 2 diabetes mellitus or
fasting blood glucose level of 126 mg/dL or higher; waist
circumference greater than 48 in. (required for midsagittal
computed tomography [CT] scan to be done); untreated
hypothyroidism; significant variation in weight (=4 kg) in
the past 3 months; use of other medications or herbal remedies
for weight loss in the past 3 months; had surgical intervention
for the treatment of obesity; history of severe renal, hepatic,
neurologic, chronic pulmonary disease, or any other unstable
medical disorder; had gallbladder disease; depression, panic
disorder, psychosis, or bipolar disorder; history of alcohol or

substance abuse and dependence within the past year; breast-
feeding; or subject’s reservations about class attendance and
use of shakes for 16 weeks.

Each subject signed and dated an informed consent form
that was witnessed before undertaking any screening
procedures. This protocol was approved by the University
of Kentucky Institutional Review Board.

2.2. Protocol

This was a 21-week, randomized, single-blind, con-
trolled, parallel-group study. Subjects volunteered for the
study after seeing newspaper advertisements, hearing about
the study, or being contacted because of a prior interest in
this type of research. After prescreening by telephone,
subjects who met initial inclusion and exclusion criteria
participated in a 2-week assessment period. During the first
screening visit, the informed consent was reviewed and
signed, a detailed history and medication review was
performed, and blood and urine specimens were obtained
for screening. Additional medical history information was
obtained and a psychological assessment and a detailed
physical examination were performed by an experienced
physician at the second visit. Subjects that met all inclusion/
exclusion criteria at the end of the 2-week assessment period
were randomized to a 16-week single-blind treatment
period. Subjects were randomized to use either 3 soy-based
or 3 casein-based meal replacement shakes daily.

Subjects were advised to maintain their usual diet and
exercise routines until they received formal diet instruction
at the randomization visit (the baseline visit or week 0).
During the run-in period at visit 2 (1 week before baseline),
subjects were given both flavors of the soy- and casein-
based shakes and instructed to try all 4 types of shakes for
tolerability and to use 2 shakes daily. They were also given a
pedometer and a lifestyle diary where they recorded
information about daily steps, physical activity, and meal
replacement use. At the randomization visit, subjects were
instructed in a low-energy diet providing 4.5 to 5.0 MJ/d.
Their prescription included consumption of 3 packets of
product and 1 entrée daily during the 16-week weight-loss

Table 1
Nutrient and energy content of the casein and soy shakes and estimated total energy and nutrient intake from shakes, entrees, fruits, and vegetables
Component Casein Soy Minimum daily intake
Vanilla Chocolate Vanilla Chocolate
Mjoules 0.54 0.59 0.51 0.56 4.40
Total fat (g) 0.6 1.3 0.7 1.2 9.0
Total carbohydrate (g) 8.5 10.1 8.1 10.4 151.0
Protein (g) 224 22.6 20.7 20.5 91
Calcium (mg) 190 166 792 770 1580
Sodium (mg) 297 298 290 327 1640
Potassium (mg) 164 354 354 574 3300
Isoflavones (aglycones) (mg) 4 3 51 47 10 (150)*
Dietary fiber (g)° 0 2 0 2 19.0

Values were analyzed by the Nestle Purina Analytical Laboratories.
? Casein (soy).
® From product information.
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period. Shakes (21 per week) and entrees (7 per week)
were provided. The prepackaged entrées (purchased from
Health Management Resources [HMR]) provided about
0.84 M1J and 15 g of protein daily. Subjects were encouraged
to eat at least 5 servings of vegetables and fresh fruit and
no other food. They were instructed to keep daily records
of food intake, meal replacement use, and physical activity
in the lifestyle diary during the 16-week study period.
Subjects were given detailed instructions by a registered
dietitian about the low-energy diet and about the incorpo-
ration of the 3 shakes and the entrée into their daily diet.
They were given specific instructions for preparation of
shakes and recipes for “smoothies.” The nutrient and energy
composition of the shakes are presented in Table 1. Nutrient
values are similar for both types of shakes with the
exception of calcium and isoflavone content. Casein and
soy shakes were prepared and packaged specifically for
this study by Revival Soy, Physicians Pharmaceuticals
(Kernersville, NC).

Shakes were provided in identical packages and the
boxes were labeled A or B. Subjects did not know their
assignment. Shakes were sweetened with Splenda; both
vanilla shakes were formulated similar to Vanilla Pleasure
Splenda and the chocolate shakes were similar to Chocolate
Daydream Splenda (Physicians Pharmaceuticals). The 4
types of shakes were analyzed by the Nestle Purina
Analytical Laboratories (St Louis, MO) per arrangement
of Glenna Hughes (Solae, St Louis, MO). Analytical values
are very similar to values on the label for the branded
products. Dietary fiber was not analyzed and the values
stated on the label are presented in the table.

All subjects attended a group orientation (baseline,
week 0) where the study procedures were outlined in
detail. Subjects were scheduled to attend 9 weekly classes
(baseline, weeks 1-8) and 4 biweekly classes (weeks 10-16)
during the program. They were expected to attend every
class or make-up class with an individual appointment with
the dietitian-educator. They were instructed to call the
educator at midweek with a progress report. They were
instructed to keep a record of all food and supplement use in
their lifestyle diary. During the first 16 weeks, subjects were
instructed to use a modification of the HMR Healthy
Solutions Program that included 3 shakes daily, 1 prepack-
aged entrée daily, and 5 or more fruits or vegetables daily
[25]. Subjects were encouraged to achieve physical activity
levels of at least 8.4 MJ weekly [25]. Because some
individuals encounter difficulty resuming their usual diet
after 16 weeks of very limited food choices, we provided a
“refeed” program with specific instructions about a gradual
resumption of usual foods, phone availability, and one
final follow-up visit. Thus, at week 16, after completing
16 weeks of the weight loss regimen, subjects were
instructed in a refeed program that was followed for the
last 2 weeks of the program (weeks 16-18). Two groups of
subjects were recruited, with the first group orientation in
June 2004 and the second group orientation in August 2004.

2.3. Assessments

Subjects made 16 clinic visits in 21 weeks (at —3,—2. 0,
1,2,3,4,5,6,7,8,10, 12, 14, 16, and 18 weeks). Screening
laboratory measurements included an electrocardiogram,
chemistry panel, hematology panel, thyrotropin test, urine
pregnancy test, and outcome measures (serum glucose and
lipids). Efficacy assessments included the following: weight
(every clinic visit); waist circumference (weeks 0 and 16);
BMI (weeks 0 and 16); blood pressure (weeks 0, 8, and 16);
fasting serum glucose, insulin, and lipids (cholesterol, tri-
glycerides, high-density lipoprotein [HDL]-cholesterol, low-
density lipoprotein [LDL]-cholesterol) at weeks 0, 8, and
16. Fasting serum glucose and insulin concentrations were
used for calculation of the homeostasis model assessment
(HOMA) indicator of insulin sensitivity as previously
described [26]. Safety assessments included adverse events
as self-reported and a chemistry panel at 16 weeks.

Adherence was objectively assessed as follows: subjects
signed an attendance sheet to verify attendance and a staff
member inspected the lifestyle diary to record completion.
The following information was self-reported by the subjects
and recorded on a data sheet at each visit: number of shakes,
entrees, and fruits plus vegetables consumed per week.
Subjects also estimated their physical activity daily,
recorded it in the lifestyle diary, and recorded the weekly
total on the data sheet in the clinic. Energy expenditure with
physical activity was estimated in kilocalories with the
HMR calorie system [25,27]. All lifestyle calculations were
based on active subjects and adjustments were not made for
subjects after their withdrawal.

LabCorp (Louisville, KY) performed routine laboratory
studies for this study. The General Clinical Research
Center (GCRC) laboratory at the University of Kentucky
performed serum C-reactive protein (CRP) and homocys-
teine measurements.

Body composition changes were assessed by these
measures: air displacement plethysmography with the
BOD POD at the GCRC as previously described; [28]
dual-energy x-ray absorptiometry (DEXA, GE Lunar
Prodigy, Madison, WI) at the GCRC; and midabdominal
CT in the Department of Diagnostic Radiology, University
of Kentucky, as described by Akazawa et al [29]. The
single-slice axial CT at the L4-L5 level gives a very specific
estimate of the area for VAT and for non-VAT in the
abdomen [30].

2.4. Statistical analyses

The use of 3 meal replacements, soy shakes, or casein
shakes per day was evaluated. The primary end points were
the absolute and percentage changes from baseline in body
weight at 16 weeks. The conservative power analysis
approach leads to an unpaired ¢-test analysis. We used
completer or available subject data for analysis of all
variables but also used last-observation-carried-forward
(intention-to-treat) analysis for weight changes.
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We planned to randomize approximately 40 subjects to
one of 2 treatment groups. Sample size calculations were
based on data from previous clinical trials at the University of
Kentucky [31,32]. We calculated the minimum sample size to
detect a difference in body weight change of 4% and assumed
a standard deviation of 4%. We calculated that 16 subjects
would be required per treatment group to detect a 4%
difference with a significance of o = .05 and a power of 80%.

3. Results
3.1. Screened subjects

Subjects were prescreened by telephone, e-mail, or
Internet database, and appropriate subjects were invited
for a screening visit to the clinic. Of 57 screened subjects,
43 qualified and were randomized. The remaining 14 sub-
jects were not randomized for these reasons: unable to
commit to weekly classes or the dietary regimen (8), BMI
too high (2), BMI too low (1), dyslipidemia (1), newly
discovered diabetes mellitus (1), and pregnancy (1).

3.2. Randomization

Thirty-five subjects completed this study. The overall
completion rate for those subjects randomized in the study
was 81%. Twenty-one subjects were randomized to the
casein shakes and 18 (86%) completed the study; 22 subjects
were randomized to the soy shakes and 17 (77%) completed
the study.

3.3. Demographic characteristics of subjects

Age and racial/ethnic group did not differ significantly
between groups (Table 2). The average age was approxi-
mately 45 years. Of the completers, 30 were Caucasian,
4 were African American, and 1 was Hispanic. Per study
protocol, all subjects were women in both groups. The
baseline BMI values were almost identical at approximately
35 kg/m? for both groups (Table 2).

3.4. Early withdrawals

Early withdrawals were related to these reasons: at
4 weeks, 1 subject (soy) was not able to get to class on
time; at 5 and 8 weeks, 2 subjects (1 casein and 1 soy) had
job changes that conflicted with class time; and at 12 to
14 weeks, 5 subjects (2 casein, 3 soy) were unable to
continue compliance with the diet. None of the subjects

Table 2
Baseline demographics of subjects by study group
Casein MR Soy MR

Average age (y) 44.0 + 12.2 46.5 + 8.4
Race (n)

Caucasian 17 20

African American 3 2

Hispanic 1 0
Average BMI (kg/m?) 349 £ 32 346 + 3.6

Values are means + SD. MR indicates meal replacement.

indicated that intolerance to the shakes were responsible for
their discontinuation.

3.5. Supplement and lifestyle diary compliance

A number of subjects initially found it difficult to use
3 shakes daily; with coaching from the dietitian and with
sharing experiences with other class members, all enrolled
subjects used 3 shakes daily on most days. Subjects
consumed 3 shakes, either casein or soy, 1 entrée, and a
minimum of 5 servings of vegetables or fruits daily. Table 1
presents an estimate of minimum daily intake calculated for
3 shakes, 1 entrée, 3 vegetables, and 2 fruits. The minimum
daily intake is estimated as follows: 4.4 MJ; protein, 91 g,
fat, 9 g; carbohydrate, 151 g; calcium, 670 mg (casein) and
1690 mg (soy); sodium, 1638 mg; potassium, 3206 mg; and
dietary fiber, 18.9 g. Isoflavone intake, as aglycones, was
approximately 10 mg/d in the casein group and approxi-
mately 150 mg/d in the soy group.

Average class attendance, as summarized in Table 3, was
excellent (=95%) for casein (96%) and soy groups (96%).
Lifestyle diary completion averages also were very good
(=90%) to excellent for both groups (96% for casein and
92% for soy). Other lifestyle variables, although self-
reported, were excellent for casein and soy groups,
respectively. Three shakes were prescribed for daily use
(21/wk) and shake consumption averaged 20.6/wk for casein
(98% of goal) and 20.4/wk for soy (97%). One entrée was
provided for daily use (7/wk) and entrée consumption
averaged 6.8/wk for casein (97%) and 6.9/wk for soy
(99%). Subjects were instructed to consume 5 servings of
fruits or vegetables daily (=35/wk) and they reported
54.4 servings per week for casein (155% of goal) and
51.4 servings per week for soy (147% of goal). All but
one subject averaged more than 35 servings per week of
fruits or vegetables, with the average intake over 16 weeks
ranging from 34 to 106 servings per week. Subjects
were encouraged to achieve expenditure of 8.4 MJ/wk in
physical activity and values averaged 10.6 = 0.8 MJ/wk for
casein (127% of goal) and 11.9 + 0.9 MJ/wk for soy (142%).
Average physical activity over the 16 weeks ranged from
5.7 to 21.5 MJ/wk, and 77% of subjects averaged more
than 8.4 MJ/wk. There were no significant differences
between class attendance, lifestyle diary completion, and
other lifestyle behaviors (shake, entrée, and fruit/vegetable
consumption, and physical activity) between casein and
soy groups, and there were no observed correlations
between weight loss or serum LDL-cholesterol changes
and lifestyle behaviors.

3.6. Weight loss

Average weight losses were significant after 1 week in
both groups and were significant (P < .0001) at 8 and
16 weeks in both groups (Table 4). Weight loss for available
subjects was similar between the 2 groups and did not
differ significantly at any time point (Fig. 1). At 8 weeks,
weight loss averaged 8.3% (95% confidence interval [CI],
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Table 3
Class attendance and self-reported values for food intake and physical activity
Casein Soy
Average 95% CI Average 95% CI

No. of subjects 21 22

Attendance (%) 96.1 92.8-99.4 96.4 94.2-98.6
Range 81.8-100 85.7-100

Records (%) 96.4 94.0-98.8 922 85.7-98.7
Range 81.8-100 36.4-100

Shake use (no./wk) 20.6 20.4-20.9 20.4 19.8-21
Range 19.6-21 14.2-21

Entree use (no./wk) 6.8 6.1-7.0 6.9 6.8-6.9
Range 5.9-7.0 6.6-7.0

Fruits, vegetables (no./wk) 54.4 46-63 51.1 47-55
Range 36-106 34-69

Physical activity (MJ/wk) 10.6 9.1-12.2 11.9 10.1-13.6
Range 5.7-19.21 6.5-21.5

Averages are provided for class attendance over 16 weeks and completed record summaries reviewed by the dietitian in the class. These self-reported values per
week are presented: numbers of shakes used, entrees used, fruits and vegetables consumed, and physical activity.

6.9%-9.7%) of baseline weight for casein and 7.9% (95%
Cl, 6.5%-9.3%) for soy. Weight loss for completing subjects
was 14.0% (95% CI, 11.6%-16.4%) for casein and 12.8%
(95% CI, 10.1%-15.5%) for soy. By the intention-to-treat or
last-observation-carried-forward analyses, the weight losses
at 16 weeks for casein and soy, respectively, were 12.5%
(95% CI, 9.8%-15.2%) and 11.3% (95% CI, 8.9%-13.7%)
from baseline. None of the weight change differences
between casein and soy were significantly different.

3.7. Waist circumference changes

Baseline waist measurements were similar in the 2 groups
(Table 4) and decreased by 13.3% (P = .0002) with casein
and 11.6% (P < .0001) with soy. Reductions in waist
circumferences closely paralleled reductions in body weight.

3.8. Blood pressure changes

Significant reductions in systolic and diastolic blood
pressures occurred in both groups at 8 and 16 weeks.

Systolic blood pressure decreased approximately 4.1%
with casein (average of 8- and 16-week values) and
approximately 6.2% with soy, but the differences be-
tween the groups were not significant (Table 4). Diastolic
blood pressure reductions averaged approximately 9% in
both groups.

3.9. Body composition changes

BOD POD. Body composition changes for individuals as
measured by BOD POD and DEXA were almost identical
(Table 4). The total fat losses at 8 weeks by both
measurements were proportional to the weight losses. The
changes in BOD POD measurements at 16 weeks were as
follows: total body fat loss, casein, 23.4% (P <.0001), and
soy, 21.6% (P <.0001; casein vs soy, not significant [NS]);
total body lean tissue loss, casein, 3.4%, and soy, 4.3%
(both NS).

DEXA. The changes at 16 weeks were as follows: total
body fat loss, casein, 23.7% (P < .0001), and soy, 21.8%

Table 4
Body weight, waist circumference, blood pressure, and body composition changes for available subjects
Measurement Casein MR Soy MR
Baseline 8 wk (% change) 16 wk (% change) Baseline 8 wk (% change) 16 wk (% change)
Weight (kg)* 96.4 (2.3) —8.3 (0.7)* —14.0 (1.2)* 93.6 (2.5) —7.9 (0.7)* —12.8 (1.4)*
Waist circumference (in.) 41.7 (0.9) —13.3 (2.4)* 40.6 (0.7) —11.6 (1.4)*
Systolic blood pressure (mm Hg) 119.8 (2.5) —4.3 (L.5)* -3.9 (2.0)* 128.2 (4.0) —6.1 (1.9)* —6.3 (3.2)*
Diastolic blood pressure (mm Hg) 78.5 (2.1) —6.9 (2.7)* —11.6 (1.9)* 83.4 (2.1) —10.4 (2.2)* —8.5 (2.5)*
BOD POD
Fat weight (kg) 442 (1.7) —16.4 (1.5)* —23.4 2.7)* 44.6 (1.9) —13.9 (1.3)* —21.6 2.9)*
Lean weight (kg) 49.2 (1.0) 0.7 (1.0) —3.4(1.3) 47.9 (1.3) —-1.3(0.9) —4.3 (1.4)
DEXA
Total fat (kg) 444 (1.4) —13.0 (1.0)* —23.7 (2.0)* 43.5 (1.6) —12.5 (1.0)* —21.8 (2.4)*
Truncal fat (kg) 22.5(0.9) —13.7 2.6)* —26.1 (2.1)* 21.8 (0.8) —13.5 (1.3)* —22.5 (3.0)*
Total lean tissue (kg) 454 (1.3) —2.8 (0.9)* —3.6 (1.3)* 46.3 (1.1) —2.1 (0.7)* —3.1 (1.0)*
CT
Non-VAT fat area (cm?) 523 (14.5) —25.3 (3.0)* 521 (22.2) —25.0 2.8)*
VAT fat area (cm?) 103 (11) —27.2 3.7)* 101 (7.4) —30.3 (4.2)*

Baseline values are given in units and changes are expressed as percentages. Values in parentheses are SEs.

* P < .05 compared with baseline value.
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Fig. 1. Weight loss over time as percentage of baseline weight.

(P <.0001, casein vs soy, NS); total body lean tissue loss,
casein, 3.6%, and soy, 3.1% (both significant, P = .01).
Losses in truncal fat paralleled losses in total body fat and
did not differ significantly between casein and soy.

CT. Reductions in non-VAT area were similar for casein
(25.3%) and soy (25.0%; P < .0001 for both). Significant
reductions in VAT were seen for casein (28.3%, P < .0001)
and soy (30.3%, P < .0001), but differences between the
2 groups were not statistically significant.

3.10. Plasma glucose, insulin, and HOMA changes

Fasting plasma glucose values decreased in both groups
by approximately 4.3%, with this reduction being statisti-
cally significant at 16 weeks with soy (P = .018, Table 5).
Plasma insulin values decreased in both groups with
reductions at 16 weeks of 19.9% (P = .0219) for casein
and 15.4% (P = .0518) for soy.

The HOMA, an estimation of insulin sensitivity, was
calculated by using the fasting plasma glucose and insulin
values, with lower values indicating better sensitivity to
insulin. The HOMA values decreased significantly, with
absolute values of 3.1 (P = .036) for casein and 2.3 (P =
.038) for soy. These changes and differences did not differ
significantly between casein and soy.

3.11. Serum lipid changes

Weight loss was associated with significant reductions in
serum total cholesterol and LDL-cholesterol. The largest
reductions in total cholesterol values were seen at 8 weeks
with values for casein of —12.0% (P = .0024) and for soy
of —13.7% (P < .0001, Table 5). Reductions in total
cholesterol at 16 weeks were —7.6% (P = .0141) for casein
and —11.0% (P = .004) for soy. Serum LDL-cholesterol
changes followed the same pattern. For casein and soy,
respectively, reductions at 8 weeks were 13.3% (P = .0028)
and 16.4% (P < .0001), and at 16 weeks were 7.7% (P =
.0245) and 12.5% (P = .0071). Differences between soy
and casein were not statistically significant. With weight
loss in women, reductions in HDL-cholesterol values
usually occur over the short term [33]. Accordingly, in this
study, values decreased significantly in casein and soy by
10% to 11% at 8 weeks but returned to values not
significantly below baseline at 16 weeks. The nutrition
content of the shakes and the increased intake of fruits
without counterbalancing grain fiber probably contributed to
the small increase in fasting serum triglycerides at 8 weeks.
By 16 weeks, changes in serum triglycerides were not
significant (—6.7% with casein and —12.5% with soy), and
no significant differences were seen between groups.

3.12. Serum CRP and homocysteine changes

Serum CRP values were insignificantly decreased at
16 weeks with casein (7.6%) and soy (15.4%), but these
differences between treatments were not significant. Serum
homocysteine values increased in both groups and were
significantly increased at 8 weeks with soy, but there were
no significant differences between treatments (Table 5).

3.13. Side effects

Gastrointestinal side effects were reported initially, but
both soy and casein shakes were well tolerated. No
moderate or severe side effects or serious adverse events
were reported. None of the “early” withdrawals appear
related to the type of protein shake being used. Subjects
were blinded to their assignment, and most did not know

Table 5
Plasma and serum measurement changes
Measurement Casein Soy

Baseline 8 wk (% change) 16 wk (% change) Baseline 8 wk (% change) 16 wk (% change)
Plasma glucose (mmol/L) 5.3 (0.12) —3.2(2.3) —4.4 (2.9) 5.4 (0.12) —1.4 (1.7) —4.2 (1.6)*
Plasma insulin (#U/mL) 19.1 (3.0) —25.1 (7.4)* —19.9 (8.7)* 15.3 (1.5) —13.9 (7.9)* —15.4 (8.7)
HOMA (units) 4.7 (0.9) 2.7 (0.3) 3.1 (0.6)* 3.8(0.4) 3.1(04) 2.3 (0.2)*
Serum cholesterol (mmol/L) 4.5 (0.21) —12.0 (4.6)* —7.6 (3.4)* 4.9 (0.19) —13.7 2.5)* —11.0 (3.3)*
Serum LDL-cholesterol (mmol/L) 2.8 (0.16) —13.3 (6.0)* —7.7 (4.4)* 3.2 (0.14) —16.4 3.1)* —12.5 (4.2)*
Serum HDL-cholesterol (mmol/L) 1.18 (0.05)  —10.0 (3.5)* -3.0 (3.5) 1.14 (0.04) —11.0 3.5)* —3.5(3.3)
Serum triglycerides (mmol/L) 1.17 (0.15) 7.6 (8.6) —6.7 (7.7) 1.23 (0.14) 5.6 (9.6) —12.5 (8.1)
Serum CRP (ng/mL) 0.8 (0.1) 3.5 (10.8) —7.6 (6.6) 0.8 (0.2) —2.1 9.3) —15.4 (6.1)
Serum homocysteine (umol/L) 8.8 (0.4) 12.9 (6.4) 9.9 (6.4) 8.6 (0.5) 28.4 (9.3)* 18.8 (12.1)

Values are for available subjects. Baseline values are given in units and follow-up values are given as percentage change from baseline except for HOMA

values, which are given in units. Values in parentheses are SEs.
* P < .05 compared with baseline value.
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which protein shake they were receiving. Subjects were
queried at each visit about shake acceptability by the
dietitian (J.F.) and nutrition graduate student (K.P.). Overall,
both vanilla and chocolate casein shakes were reported to be
well tolerated and the vanilla soy shake was well tolerated.
The chocolate soy shake was the least favorite shake.

4. Discussion

Meal replacement (shakes and entrees) use coupled with
fruit and vegetable consumption are excellent strategies for
weight loss and weight maintenance [7,11,34]. In the current
study, subjects who completed 16 weeks of treatment lost an
average of 13.4% of initial body weight (12.7 kg). These
weight losses are very similar to those for patients treated in
the HMR Program with the Healthy Solution option, where
weight loss over 20 weeks averaged 15.4% for patients who
completed the 12-week core classes [34]. To account for
individuals who enter treatment but do not complete the
12 or 16 weeks of core classes, weight loss for subjects in
this research study was 11.9% of initial body weight,
whereas weight loss for patients in the HMR Program was
11.2% (unpublished observations). These weight losses of
11% to 15% of initial body weight are substantially higher
than reported for meal replacement use alone [7,11] or
energy-restricted diets [7] and are equivalent to average
weight losses over 24 weeks for intensive behavioral
programs using low-energy diets [7,35,36]. Only use of
very low energy or low-energy diets using meal replace-
ments (shakes and entrees) without other foods (such as
fruits and vegetables) appears to be a more effective dietary
intervention for obese individuals [7,8].

Based on preliminary studies in humans [7,12,16,17,37]
and on animal studies [19-24], we hypothesized that a soy-
based meal replacement intervention would have greater
weight-loss efficacy than use of a casein-based meal
replacement. Although lifestyle behaviors and meal replace-
ment use did not differ between the casein and soy groups,
we saw no significant differences in weight loss. The casein
group had slightly more weight loss and greater total fat
loss, whereas the soy group had slightly greater reductions
in systolic blood pressure, visceral fat, and serum total and
LDL-cholesterol values. It is possible that the intensity of
intervention—considerably higher than in our previous
study [12]—may have minimized differences between soy
and casein effects. Previous controlled studies in humans
[18,38], including our own [12], have also failed to
document significantly greater effects of soy protein on
body weight loss, indicating that more research is required
to support the hypothesis that soy protein fosters weight loss
more effectively than milk protein.

Isolated soy protein, as used in this study, provides soy
protein, soy peptides, and isoflavones. Evidence is emerg-
ing, especially in experimental animals and in vitro studies,
that all 3 of these components have important physiologic
and biochemical effects. Soy peptides, for example, have

greater hypocholesterolemic effects in humans than intact
soy protein [39,40]. In rodents, feeding soy peptides has a
slightly greater effect in slowing fat accumulation and
decreasing visceral fat accumulation than does intact soy
protein [19,41]. In rodents, soy peptides also increase
postprandial energy expenditure [20], decrease food intake
[22,42], and have appetite-suppressant effects [21]. Iso-
flavones, both in vitro and in vivo, have distinct effects on
fat accumulation and metabolism. In rodents, isoflavone
administration decreases fat accumulation [23,43-45].
When isoflavones are incubated with isolated adipocytes,
significant changes in lipid metabolisms occur [46,47].
In aggregate, the animal and in vitro studies using soy
protein, soy peptides, and isoflavones suggest that these
soy components may significantly affect weight regulation
in humans.

Limitations of this study include sample size and
intensity of intervention. Although the sample size was
appropriate for detecting meaningful differences in weight
loss, it was not adequate for discerning significant differ-
ences in serum LDL-cholesterol changes or VAT changes for
soy compared to casein. Higher intensity weight loss
interventions may decrease the likelihood of detecting
significant differences between experimental arms. Approx-
imately 300 subjects in each group would be required to
detect a weight loss difference of only 1.2%. The significant
increase in serum homocysteine values after 8 weeks of soy
consumption may be related to weight loss coupled with the
specific soy shakes used; however, we cannot provide a
reasonable hypothesis to explain these changes.

Overweight and obesity are associated with a dramatic
increase in the risk of developing diabetes [48]. Studies in
humans indicate that soy protein or isoflavones enhance
insulin sensitivity and may have a role in protection from
development of diabetes [49,50]. These observations are
supported by animal [51,52] and in vitro studies [53,54]
looking at potential mechanisms for these effects. Addi-
tional controlled trials are required to more critically
examine these potential effects in humans.

In conclusion, this randomized controlled study con-
firmed that an intensive behavioral weight management
program including 3 shakes, 1 entrée, and 5 fruits or
vegetables daily was associated with a weight loss of 12.6 kg
or 13.4% of initial body weight over a 16-week period. With
subjects blinded to protein source, the weight loss with
casein shakes and soy protein shakes were similar. Body fat
losses were greater than 22%, and significant reductions in
serum cholesterol and LDL-cholesterol occurred.
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