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ABSTRACT

Globally, obesity and the related health consequences associated with excess body
fat (heart disease and diabetes) continue to be a major public health problem. A healthy
diet containing adequate protein may help people reduce energy intake, and during
weight loss, protein can help preserve muscle mass that is often lost. Consumption of soy
protein, a high quality plant-based protein, may offer several health benefits. Preclinical
and clinical trials have been performed and the current data suggest that soy is as good as
other protein sources for promoting weight loss and weight management and there is a
suggestive body of evidence that soy may confer additional health benefits.

In this chapter the following topics related to soy and body weight will be addressed:
1) soy (protein) may help improve body weight and or fat loss while preserving lean mass
as part of a healthy diet; and 2) soy (protein) may help improve risk factors related to
glucoregulatory and cardiovascular health during weight loss. Soy, a vegetable-based
source of high quality protein, has the potential to help individuals with body weight
control.

OBESITY

Obesity can be defined as a complex metabolic disorder which develops from an
imbalance of intake and expenditure of energy leading to excess accumulation of body fat
over time. Overweight and obesity have increased globally and are not isolated to any
particular geographical region or population; adults and children throughout the world are
experiencing similar patterns of increased obesity.
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The World Health Organization (WHO) estimates that 35% of adults over 20 years old
are overweight (Body Mass Index or BMI > 25 kg/mz) and obesity (BMI >30 kg/mz) rates
doubled between 1980 and 2008 in men and women with an estimated 205 million men and
297 million women considered obese worldwide [1].

The issue with body weight regulation is not only a problem in adults, but also among
children. In 2010, 43 million children were estimated to be overweight and obese globally
with an additional 92 million at risk of overweight. The worldwide prevalence of childhood
overweight/obese increased from 4.2% (95% CI: 3.2%, 5.2%) in 1990 to 6.7% (95% CI:
5.6%, 7.7%) in 2010 [2].

OBESITY RELATED CO-MORBIDITIES

The co-morbidities of body fat or adiposity, such as diabetes and cardiovascular disease,
have also increased [3-8]. Cardiovascular disease is the leading cause of death worldwide and
kills an estimated 17.3 million people annually, representing 30% of all global deaths [9]. The
WHO estimates that 23.6 million people will die from CVDs by 2030 [9].

The other prominent co-morbidity related to body fat is diabetes and the WHO estimates
that 346 million people have diabetes with the number of deaths related to the disease
expected to double between 2005 and 2030 [10]. The economic burden of cardiovascular
disease and diabetes has been projected to increase. For example, WHO estimates that
between 2006-2015, China will lose $558 billion in foregone national income due to heart
disease, stroke and diabetes [10].

Reducing rates of overweight and obesity could help alleviate these other health related
co-morbidities and would make a tremendous impact on reducing obesity’s global economic
burden.

LIFESTYLE MODIFICATIONS

Lifestyle changes that include healthy food choices and physical activity are conducive to
weight management and would be a fundamental scenario needed in order to curb the
“epidemic” of obesity. It is well accepted that a feeding paradigm of restricted calories can
help reduce body weight; however, there are indications that the type of macronutrient
restricted or increased in the diet (fat, carbohydrate or protein) may be important for sustained
weight management.

One proposed program for weight management includes the use of higher protein diets
[11,12] which have been associated with satiety [13], significant weight/fat loss and
preservation of muscle mass, especially when consumed in conjunction with an exercise
program [14].

While the daily dietary reference intake for protein is 10-35% of energy [15], studies
indicate that it may be the higher protein diets that are more beneficial for weight
management [13,16]. In other words, a healthy diet containing higher protein (closer to the
35% level) may be a good option for reducing body weight/fat while preserving muscle.
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HIGHER PROTEIN DIETS

High quality proteins (defined as having a protein digestibility corrected amino acid score
or PDCAAS of 1.0) are usually recognized as ones from animal sources like eggs and dairy
proteins. This PDCAAS score is a well accepted method for showing that a protein contains
adequate amino acids for normal growth and development and a score of 1.0 indicates that
100% of the amino acids are provided (Glenna’s ref).

With the increasing level of obesity and with fewer sources of these high quality proteins
like dairy there is a need for sustainable high quality protein sources in weight management
products. A high quality, plant-based protein like soy protein has become an excellent
sustainable choice and a significant source of protein for weight management products like
meal replacements.

To highlight the importance of protein in the diet, the European Food Safety Authority
(EFSA) recently approved a meal replacement claim for high quality proteins based on the
available clinical evidence. The EFSA opinion stated that proteins, when used as part of a
healthy reduced energy diet, can help overweight individuals lose weight and maintain the
weight loss [17]. Again, weight loss with minimal muscle loss and maintaining a normal body
weight can be supported by adequate intake of a high quality protein like soy when
incorporated into a healthy diet [11,12,18].

Soy PROTEIN

Soybeans contain major constituents including protein, oil and carbohydrate as well as
minor constituents like vitamins, minerals and isoflavones. Isolated soy protein (highly
refined or purified form of soy protein with a minimum protein content of 90% on a moisture-
free basis) is one of the only high quality plant-based proteins widely available and has a
PDCAAS of 1.0 [19] comparable to casein, egg whites and beef. People have consumed
soyfoods for many centuries and soy protein has clinically proven heart health benefits
[20,21] which have resulted in regulatory “Soy Protein Heart Health Claims” throughout the
world.

A standard Asian diet consist of soyfoods like tofu, miso and tempeh while Western diets
include soy from soy beverages (protein shakes and meal replacement products), breakfast
cereals, protein snack bars and soy meat alternatives like ‘soy-burgers’. It is common for
products to have soy added in the form of soy protein isolate (~90% soy protein), soy
concentrate (~60% soy protein) or textured soy protein (made of mixtures of soy flour and
soy concentrates and extruded~50% soy protein).

Most clinical research investigating the effects of soy on body weight loss and weight
management evaluates soy protein as an ingredient in products such as meal replacement
beverages and not as the typical soyfoods like tofu. For the remainder of this chapter the use
of “soyfoods” will include the traditional whole soyfoods (tofu, miso, etc.) as well as the
foods or products that contain soy protein as an ingredient (meal replacement or protein
shakes).
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WEIGHT MANAGEMENT RESEARCH LIMITATIONS
RELATED TO SOYFOODS

The use of standard protocols and reporting processes are not consistent in weight
management research (body weight vs body fat, waist circumference vs intra-abdominal fat,
etc). In order to advance the science for soy in weight management there will need to be
standardization of study designs, agreement on soy nomenclature and more accurate and
consistent reporting. Scientist have recommended that clinical intervention studies designed
to investigate soyfoods should follow more clearly defined study protocols and report
consistently about soy products used in order to make the results and conclusions clear [22].
Currently, soy research for weight management has limitations including the following [23]:

1. Choice of comparator condition or control

2. Defining the actual components from soyfoods accurately and consistently

3. Limited number of long-term randomized clinical trials comparing soyfoods to other
protein sources

4. Limited longitudinal measures of body composition during long-term soyfood
consumption

Even with the current limitations in study design and reporting, evidence is available to
describe the effects of soyfoods on satiety, body weight loss and muscle mass retention, as
well as evidence that soy protein may help improve risk factors related to glucose regulation
and cardiovascular health during weight loss. The literature used in this chapter was obtained
through PubMed and Web of Science searches using the key words soy, weight loss, fat loss,
glucose and satiety. Each paper was evaluated and included in the discussion if protein source
and body weight, body fat and/or satiety/food intake data were available.

Soy PROTEIN AND SATIETY
(SEE TABLES 1 AND 2 FOR SUMMARY)

Satiety can be defined as the “feeling of fullness” that occurs following ingestion of food
and this may lead to a reduction in energy intake at the subsequent meal. Protein has been
reported to be the most satiating of the macronutrients and there are clinical studies showing
this effect [11]. Upon gastrointestinal digestion of proteins, peptides are generated that
stimulate the release of satiety hormones such as cholecystokinin (CCK) from
enteroendocrine cells [24]. Soy protein has been studied for its potential satiating effects in
preclinical and in clinical research. In animal studies, soy has been shown to be satiating
especially in acute feeding paradigms.

Rats fed diets for 3 days containing high-protein mixtures of casein, lactalbumin, egg
white and soy or a diet containing the individual proteins had reduced food intake during a 15
min intake compared to baseline amounts except for rats on casein alone which actually
consumed more than baseline [25].



Table 1. References for Preclinical Studies investigating the effects of soy on satiety

Author and Citation

Animals and Intervention

Outcomes Measured

Results

25. Semon BA, Leung PM,
Rogers QR, Gietzen DW.

Physiol Behav
1987;41:451-8.

Rats

Diets containing high-protein mixtures of
casein, lactalbumin, egg white and soy or
a diet containing the individual proteins.

Food intake compared to a 3 day
average baseline measure

All proteins led to reduced food intake during
first 15 min measurement except for rats on
casein alone which actually consumed more
than baseline

26. Sufian KN, Hira T,
Nakamori T, Furuta H,
Asano K, Hara H.

Biosci Biotechnol Biochem
2011;75:848-53.

Male Sprague Dawley rats

50 mg/ml of CCK inducing hydrolysate
(including soy B-conglycinin bromelain)
or water preload before offering 25 grams
of diet

Expt 1- acute measure
Expt 2- 10 days

Expt 1- amount of food intake after 1
hour

Expt 2- food intake during the 10
days of feeding

Expt 1. Soy B-conglycinin bromelain
hydrolysate induced a decrease in food intake
acutely (60 min measured) compared to water

Expt 2. 50 mg preload of soy 3-conglycinin
bromelain resulted in reduced food intake over
the 10 day period especially in the evening
feedings

27. Nishi T, Hara H,
Tomita F

J Nutr 2003;133:352-7.

Male Sprague Dawley rats

Duodenum ingestion of the B-conglycinin
peptone (2g/L) or whole soy protein,
wheat peptone or water.

Food intake for an hour after
duodenum infusion of the peptone or
controls.

Soy protein B-conglycinin when given via
duodenum at a 2 g/L infusion rate caused
decreased food intake compare to water
control.

29. Pupovac J,
Anderson GH.

J Nutr 2002;132:2775-80.

Male Wistar rats

Gavage of casein or soy protein and their
hydrolysates (0.5 g/4 ml)

Food intake one hour post preload of
proteins

The proteins depressed food intake; however,
if the opiod receptor and CCK receptor
antagonist were co-administered the effect was
not seen.




Table 2. References for Clinical Studies investigating the effects of soy on satiety

Author and Subjects and Intervention Outcomes Measured Results
Citation
28. Hira T, Mori Expt 1. Double-blinded crossover design | Visual analogue scale for hunger and Expt 1. Hunger and prospective consumption
N, Nakamori T, with healthy young individuals (21-35 appetite every 15 mins for an hour ratings were lower in the soy protein -
etal. yrs old) after ingestion of test diets conglycinin treated subjects was lower than in
other treatments and fullness ratings were

Appetite 2011. Beverages (100 ml) containing 3 grams higher for the soy protein B-conglycinin

of either soy protein B-conglycinin, soy group.

protein hydrolysate or a combination of

the two (2-3 day washout between) Expt 2. Results were similar but not as clear

with the soy protein B-conglycinin group

Expt 2. Double-blinded crossover design showing the greatest satiety.

with healthy individuals (21-52 yrs old)

Jellies (100 grams) containing 3 grams of

either soy protein B-conglycinin, soy

protein hydrolysate or a combination of

the two (2-3 day washout between)
30. Bowen J, Randomized, crossover study of four Fasting and postprandial plasma Energy intake was 10% lower after all protein
Noakes M, preloads glucose, insulin, ghrelin, glucagon-like | preloads compared with the glucose treatment
Clifton PM. peptide-1 (GLP-1) and cholecystokinin | independent of BMI and protein type.
J Clin Endocrinol Seventy-two men (n=38), ad libitum energy intake, and All protein loads prolonged the postprandial
Metab appetite ratings suppression of ghrelin and elevation of GLP-1

2006;91:2913-9.

Liquid preloads (450 ml) containing 50 g
whey, soy, gluten, or glucose

and CCK.

31.Anderson GH,
Tecimer SN, Shah
D, Zafar TA.

J Nutr
2004;134:3011-5.

Young men (4 separate experiments)
given whey, soy or egg albumen protein
isolates (45-50 grams):

1. Protein source and food intake.
2. Protein source, time of arrival and
food intake.

Food intake following ingestion of
proteins.

1.  Whey and soy protein, but not egg
albumen, suppressed food intake at 1 h
later.

2. Egg albumen and soy lead to greater
meal intake when given in the late
morning (1100 h) compared with earlier
(0830-0910 h).




Author and Citation

Subjects and Intervention

Outcomes Measured

Results

3. Whey and food intake at 2 h.
4. Soy protein, glycemic carbohydrate
and food intake.

3. Suppression of food intake after whey
protein, consumed as either the intact
protein or as peptides, extended to 2 h.

4. Asoy preload (25 g protein plus 25 g of
either glucose or amylase) led to a loss in
suppression of food intake.

32. Veldhorst MA,
Nieuwenhuizen AG,
Hochstenbach-
Waelen A, et al.

Randomized, single-blind design

Twenty-five healthy subjects

Appetite profile (Visual
Analogue Scales) and amino
acid concentrations were
determined for 4 h.

At 10% energy, whey decreased hunger more
than casein or soy.

At 25% energy, no differences in appetite
ratings.

Physiol Behav
2009;96:675-82.

Standardized breakfasts: custards with
either casein-, soy, or whey-protein with
either 10/55/35 (normal) or 25/55/20 (high)
% Energy (protein/carbohydrate/fat).

Plasma glucose, insulin, active
Glucagon-like Peptide 1 (GLP-
1), and active ghrelin
concentrations were determined
for 3 h. Second set of
experiments to determine
energy intake (EI) at 180 mins

Whey triggered the strongest responses in
concentrations of
active GLP-1 and insulin.

There were no differences in EI.

33. Veldhorst MA,
Nieuwenhuizen AG,
Hochstenbach-
Waelen A, et al.
Clin Nutr 2009;
28:147-55.

Randomized, single-blind design
Twenty-four healthy subjects (25+/-2 years)
Breakfast custard with casein, soy, whey,
whey-glycomacropeptide (GMP), alpha-
lactalbumin, gelatin, or gelatin+tryptophan
as protein source with either 10/55/35
(normal) or 25/55/20 (high) % energy
(protein/carbohydrate/fat)

Appetite profile and energy
intake.

Alpha-lactalbumin or gelatin (+TRP) induced
approximately 20% lower energy intake than
after a casein, soy, or whey-GMP breakfast.

Appetite ratings at 180 min differed
approximately 40% between types of protein.

34. Veldhorst MA,
Nieuwenhuizen AG,
Hochstenbach-
Waelen A, et al.

Randomized, single-blind design.

Appetite profile, plasma
glucose, insulin, Glucagon-like
Peptide 1, ghrelin, and amino
acid concentrations were
determined for 4 h.

Soy-custard (25 % energy) was rated as being
more satiating than the 10%

soy-custard.

Insulin response was increased more after
25% than after the 10% soy-custard.




Table 2. (Continued)

Author and Citation

Subjects and Intervention

Outcomes Measured

Results

Eur J Nutr 2009;
48:92-100

Twenty-five healthy subjects

received custard with soy as single protein
type with either 10/55/35 (normal)

or 25/55/20 (high) % energy
(protein/carbohydrate/ fat

Energy intake

There was no difference in energy
intakes

35. Lang V, Bellisle F,
Alamowitch C, et al.
Eur J Clin Nutr
1999;53:959-65.

Nine healthy overweight men.

Test meals containing 23% energy from
proteins (casein, gelatin, or soy)

Subjective satiety and hunger,
plasma glucose, insulin and
glucagon for 8 h.

Energy and macronutrient intakes
for 24 h.

No effect on satiety or hunger.

Casein test meal induced a delayed
glucose and insulin response compared
to soy.

36. Williamson DA,
Geiselman PJ,
Lovejoy J, et al.

Appetite 2006;46:41-8.

Within subjects design
Forty-two overweight adults

Three isocaloric pasta preloads containing
mycoprotein, tofu, or chicken were given.

Food intake 20 minutes following
preloads and at the next meal

Subjective appetite scores

Mycoprotein and tofu induced a greater
effect compared to chicken on intake (ate
less) at the meal immediately following
consumption.

Subjects consuming mycoprotein and
tofu did not compensate by eating more
at the next meal.

No treatment effect on subjective satiety
measures.

37. Simmons AL, Miller
CK, Clinton SK,
Vodovotz Y.

Food Funct 2011.

Crossover design

Twenty healthy adults

Soy and traditional pretzels. 27.3% of
wheat flour was replaced by soy flour. Soy
pretzel contained 12.4 grams of protein and
wheat pretzels contained 7.2 grams.

Subjects reported satiety on a 10
cm visual analog scale for 2 h
postprandially.

No effect on satiety.
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When 50 mg of bromelain (a food processing protease from pineapple stem) hydrolyzed
B-conglycinin was given to rats via orogastric tube prior to feeding there was a reduction in
food intake [26]. Another study examined the effects of soy B-conglycinin and its peptone
form (hydrolysed with pepsin prior to administration) on food intake after an intraduodenal
infusion in rats. This form of soy B-conglycinin inhibited food intake in a dose-dependent
manner and caused significant increases in portal CCK levels [27]. Interestingly, this same
bromelain hydrolyzed B-conglycinin (given as in beverages and jellies at a 3 gram inclusion)
was shown to have greater satiating properties compared to soy protein hydrolysate for 1 hour
post consumption in people [28]. Also, when casein and soy protein, and hydrolysates of each
were administered to rats by gavage, food intake was suppressed; however, if opioid receptor
antagonist and CCK-A receptor antagonist were given, the rats increased their food intake
indicating that peptides arising from digestion contribute to satiety by independent activation
of both opioid and CCK-A receptors [29]. These findings from animal models introduce the
concept about how soy protein can induce satiety.

Clinical evidence suggests that soy protein can be satiating and may help people decrease
caloric intake [30]. Acute effects of soy protein on satiety and energy intake when consumed
through different forms (liquid, custards, whole food) have shown mixed results when
compared to other high quality proteins; however, there are some supporting clinical data.

Following an overnight fast, protein preloads (45-50 grams) of whey, soy or egg albumen
were evaluated in sweet flavored beverages to determine the effect of these proteins on food
intake. A meal (lunch) was offered at 1 and 2 hours after the preload and the amount of pizza
consumed was measured. Whey and soy protein preloads, but not egg albumen, resulted in
less pizza consumption than controls at 1 hour after the preload; however, replacing half of
the soy protein preload with either glucose or amylose did not cause a suppression of pizza
intake [31].

Breakfast custards containing whey, casein or soy were compared for appetite ratings in
healthy adults. When given as 10% of energy, whey protein had higher satiety ratings than
casein or soy; however, at 25% of energy there was no difference suggesting that certain
levels of amino acids may be required to have a significant effect on appetite [32]. Similarly,
breakfast custards containing alpha-lactalbumin, gelatin, gelatin+ tryptophan, casein, soy,
whey, whey-glycomacropeptide were evaluated for appetite ratings and energy intake at 3
hours post consumption in healthy subjects. Alpha-lactaloumin, gelatin, gelatin+ tryptophan
were about 40% more satiating than other proteins and resulted in approximately 20%
reduction of subsequent energy intake [33].

Finally, when soy custards containing 10% vs 25% of energy from soy protein with equal
total energy, subjects were more satiated at 20 minutes when given the higher amount of soy
protein; however, there was no significant difference in total energy intake at 3 hours post
consumption [34].

When healthy men were fed three different dietary proteins (casein, gelatin and soy)
representing 23% of total energy in mixed meals (controlled for macronutrients, fiber and
palatability) there was no difference in 24-h energy or macronutrient intakes and no
consistent findings on satiety and hunger levels [35].

Comparing soy, whey and gluten to glucose in a crossover study design, lean and
overweight men tended to have reduced food intake following a 50 gram preload at 3 hours
post consumption, but the proteins did not differ from each other [30].
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Isocaloric preload meals made from mycoprotein (higher fiber), tofu (soy protein), or
chicken were given to subjects over a 3-day period before lunch each day. Following the
complete consumption of the preload meal, subjects were given ad libitum access to
sandwiches. Subjects given mycoprotein and tofu preload meals consumed less food during
lunch compared to subjects given chicken [36]. Addition of soy protein to a soft pretzel did
not induce a greater satiating effect compared to an all wheat pretzel when consumed by
healthy adults [37].

Overall these data give limited support that soy might help induce some short-term
satiety. In general, the findings indicate how high quality proteins when given at adequate
levels (perhaps 20-25% of energy) will increase satiety.

Research investigating the mechanisms related to satiety is needed to determine if
soyfoods have any unique characteristics that can enhance satiety. It does appear that soy
protein can lead to satiety acutely; however, having an effect chronically with reduced caloric
intake over time and accompanied by weight loss would be the ultimate goal.

THE RELATIONSHIP OF SOY PROTEIN AND BODY WEIGHT
REGULATION (SEE TABLES 3 AND 4 FOR SUMMARY)

Preclinical research has indicated that soy consumption within isocaloric settings may
help produce significant weight and fat loss. Some animal studies indicate that soy protein
compared to dairy based proteins has beneficial effects on body composition during energy-
restricted dietary interventions; however, others indicate little or no advantage of one protein
source over another. Commonly measured endpoints for weight regulation in animals are
body weight, body fat, liver fat, muscle mass and specific fat depots (mesenteric,
retroperitoneal, epididymal and brown fat). A benefit of doing preclinical animal studies is
that they can be well controlled and measurements can be made accurately. While the
translation from animal to human is not always straighforward, these preclinical data do give
a scientific foundation about the effect of soy on body weight regulation.

In one study, obese female Zucker rats gained more body weight when fed soy protein
diet (20% of diet with 5.8 mg isoflavones) compared to a casein protein diet; however,
visceral fat depots were not different between the groups [38]. Obese male Zucker rats fed
soy protein tended to gain more weight but did not differ from controls [38]. Rats on soy
protein with 5.8 mg isoflavones had lower liver weights than casein fed rats [38]. Similarly,
obese male Wistar rats fed soy protein isolate (23.4% of diet) as part of a calorie restricted
dietary intervention did not differ in body weight compared with rats fed isocaloric casein diet
[39]; however, the soy fed rats had less triglyceride levels in adipose tissue and livers at the
end of the intervention [39].

Another study investigated the effects of milk proteins and isolated soy protein with low
and high calcium and found that during energy restriction, rats fed whey (low calcium and
high calcium) and skim milk (high calcium) had a greater decline in body weight than those
fed soy protein isolate (low calcium) [40]. However, percent body fat in rats fed soy protein
isolate and whey did not differ from those fed skim milk and casein. Lean body mass did not
differ between soy protein, casein, or skim milk; however, rats that consumed whey protein
had significantly lower lean mass compared to skim milk [40]. These three studies in rats fail
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to show any clear advantage of soy protein over the other sources; however, soy appears to be
as good as other sources.

In order to examine the effects of high-protein diets (35% of energy) during energy
restricted weight loss, genetically obese male mice (yellow KK) were fed milk whey isolate,
milk whey hydrolysate, soy isolate or soy hydrolysate for 2 weeks [41]. All mice lost
significant body weight with soy hydrolysate having the greatest loss and significantly more
than milk whey (p < 0.01). Percent body fat was significantly lower in the mice fed soy
isolate compared to milk whey isolate (p < 0.05), and mice fed soy hydrolysate were
significantly lower in body fat compared to both groups fed milk whey (p < 0.05) [41].

Similarly, yellow KK mice fed soy protein hydrolysate diet for 4 weeks lost more weight
(during weeks 2-3) and had lower body fat than mice fed casein (p < 0.05) [42]. Two main
soybean protein components, f—conglycinin and glycinin, were shown to effectively reduce
body and liver weights in obese KK yellow mice that received energy-restricted diets (20%
protein and 30% fat) for 2 weeks compared to a energy matched casein control diet (p < 0.05)
[43]. In a study that examined the adipose tissue depots of KK yellow obese mice, soy protein
isolate compared to casein induced lower body weights and less mesenteric, epididymal and
brown fat during energy restricted diet intervention [44]. Similarly, a study investigating soy
protein B-conglycinin in people showed reduced abdominal fat during 20 weeks of
consumption compared to casein [45].

When obese male Sprague-Dawley rats were given a low-fat (5%), high-protein (35%
casein, soy protein isolate, or soy protein hydrolysate) diet for 4 weeks there was a trend for
soy protein to induce weight loss [42]. Also, obese Wistar rats fed soy protein isolate
compared to casein had lower body weights and liver triglycerides following 3 weeks of
intervention [46]. During an exercise training study, male Sprague-Dawley rats were fed soy
protein or casein diets over a 2 week period that included swimming 6 days a week [47].
Intervention with the soy protein led to less epididymal fat depots and triglyceride levels in
the liver compared to casein [47]. Data from these animal models, when isocaloric diets are
administered, although not entirely consistent, are generally supportive for soy protein to
improve weight and fat loss.

In order to achieve weight loss, people must reduce caloric intake (eating) and/or increase
calories burned (physical activity) which means being in negative energy balance. There is
evidence to support that consumption of high quality proteins including soy protein as part of
a weight loss diet (reduced energy), significant weight loss occurs. Very low energy or
restricted calorie diets can help individuals lose weight in a short period of time; however, it
is important to have high quality protein in these diets. One study compared the use of soy or
casein in extremely obese subjects with a reduced caloric intake (below 500 kcals/day) and
regardless of protein source equivalent weight and fat loss occurred after 60 days [48].

There is occasionally a need to use meal replacements in order to help individuals
achieve weight loss. Soy-based meal replacements have been studied in long term weight loss
paradigms with mixed or neutral results compared to milk-based meal replacements. In one
study, overweight and obese men and women were randomly assigned to consume either soy-
based or milk-based meal replacement shakes daily as part of a low-energy diet over a 12
week period [49]. Both groups lost significant body weight with the soy group having a 9.0%
reduction compared to the 7.9% lost by the milk consumers; also, waist circumferences were
significantly reduced in both groups, but these changes were not significantly different
between the two protein sources [49].



Table 3. References for Preclinical Studies investigating the effects of soy on body weight

Author and Citation

Animals and Intervention

Outcomes Measured

Results

38.Mezei O, Banz WJ, Steger RW, Male and Female Zucker rats Body weight Rats fed HIS gained more body weight than
Peluso MR, Winters TA, Shay N. Visceral Fat weight casein.

Fed casein; low-isoflavone (< 0.1 | Liver weight
J Nutr 2003; mg isoflavone/g protein) soy Visceral fat depots were not different between
133:1238-43. protein-LIS; or high-isoflavone the groups

(5.8 mg isoflavone/g protein)

soy protein-HIS for 8 weeks. Rats fed HIS had lower liver weights than

casein

39.Nagasawa A, Fukui K, Kojima M, | Male Wistar rats Body weight No difference in body weight

etal.

Biochem Biophys Res Commun
2003;
311:909-14.

Fed casein or isolated soy protein
diets for 10 days

Triglyceride levels in
adipose tissue and liver

Soy fed rats had less triglyceride levels in
adipose tissue

Soy fed rats had less triglyceride levels in
livers

40. Eller LK, Reimer RA. Diet induced obese Sprague- Body weight Rats fed whey (low calcium and high calcium)
Dawley rats Percent body fat and skim milk (high calcium) had a greater
J Nutr 2010; decline in body weight than those fed soy
140:1234-41. Fed either skim milk, casein, protein isolate (low calcium).
whey, soy or control. Protein
groups were also either high or Percent body fat in rats fed soy protein isolate
low calcium. Diets were fed for 4 and whey did not differ from those fed skim
weeks. milk and casein.
Lean body mass did not differ between soy
protein, casein, or skim milk; however, rats that
consumed whey protein had significantly lower
lean mass compared to skim milk
41. Aoyama T, Fukui K, Genetically obese mice (yellow Body weight Soy hydrolysate resulted in greatest weight
Nakamori T, et al. KK) Liver weight loss and significantly more than milk whey.

Fat depots




Author and Citation

Animals and Intervention

Outcomes Measured

Results

Biosci Biotechnol Biochem 2000;
64:2594-600.

Fed energy-restricted diets containing
whey, whey hydrolysate, soy or soy
hydrolysate for 2 weeks.

Percent body fat was significantly lower soy
isolate compared to milk whey isolate

Soy hydrolysate led to significantly lower
body fat compared to milk whey

42. Aoyama T, Fukui K, Takamatsu | Exp 1. Sprague-Dawley rats Body weight Exp 1. Trend for soy protein to induce
K, Hashimoto Y, Yamamoto T. Exp 2. Genetically obese mice (yellow | Liver weight greater weight loss
KK) Fat depots (body fat)
Nutrition 2000; Exp 2. Soy protein hydrolysate diet lost more
16:349-54. Fed energy restricted casein, soy weight (weeks 2-3) and had lower body fat
protein or soy protein hydrolysate diets than mice fed casein.
for 4 weeks.
43. Moriyama T, Kishimoto K, Genetically obese mice (yellow KK) Body weight Soy diet resulted in reduced body and liver
Nagai K, et al. Liver weight weights compared to casein
Fed energy-restricted diets containing
Biosci Biotechnol Biochem 20% casein, soybean beta-conglycinin,
2004;68:352-9. or soybean glycinin
44. Nagasawa A, Fukui K, Genetically obese mice (yellow KK) Body weight Soy protein isolate resulted in reduced body

Funahashi T, et al.

Horm Metab Res 2002;34:635-9.

Fed energy-restricted diets containing
casein or soy protein isolate

Adipose tissue weight

weights and adipose tissue weights of
mesenteric, epididymal, and brown fat were
lower compared to casein

46. Iritani N, Hosomi H, Fukuda H,
Tada K,

Ikeda H.

J Nutr 1996;126:380-8.

Wistar rats

Fed casein or soy protein isolate for 3
weeks

Body weight
Liver triglycerides

Reduced body weight in soy protein isolate

Reduced liver triglycerides in soy protein
isolate

47. Morifuji M, Sanbongi C,
Sugiura K.

Br J Nutr 2006;
96:469-75.

Male Sprague-Dawley rats

Fed soy protein isolate or casein diets
over a 2 week period that included
swimming 6 days a week

Adipose tissue weight
Liver triglycerides

Soy protein led to less epididymal fat depots
compared to casein

Soy protein led to lower liver triglycerides




Table 4. References for Clinical Studies investigating the effects of soy on body weight

Author and Citation

Subjects and Intervention

Outcomes Measured

Results

45, Kohno M, Hirotsuka M, Kito
M, Matsuzawa Y.

J Atheroscler Thromb
2006;13:247-55

Randomized double-blind placebo-controlled
study.

Test 1. 138 volunteers aged 26 to 69 years
with TG concentrations above 1.69 mmol/L

Test 2. 102 volunteers aged 26 to 69 years
with body mass indices (BMI)
between 25 and 30

Two groups in each test: candy containing soy
protein beta-conglycinin or placebo candy
containing casein.

Test 1 measured triglycerides
after 12 weeks

Test 2 measured visceral body
fat using CT after 20 weeks

Test 1. Serum TG concentrations
were significantly reduced by soy
protein beta-conglycinin,
compared to placebo

Test 2. Significant reduction in
visceral fat occurred in the soy
protein beta-conglycinin group.

48. Bosello O, Cominacini L, 24 obese patients aged 25-42 of at least 50% Body weight Equal weight loss occurred in the
Zocca |, et al. above ideal weight. Cholesterol two groups however HDL
cholesterol did not
Ann Nutr Metab 1988;32:206- 15 days 375 kcal/day of either casein or soy diminish in the soy protein group
14. protein; then very low-caloric diet of 425
kcal/day of casein or soy protein for 60 days.
49. Anderson JW, Overweight or obese women and men (BMI Body weight Soy group lost 9.0% vs 7.9% for
Hoie LH. 27-40) Waist circumference milk consumers
Cholesterol

J Am Coll Nutr 2005;24:210-6.

Consumed low energy diet providing 1200
kcal/day

Triglycerides

Waist circumferences were
significantly reduced in both
groups

Five soy-based or two milk-based liquid meal
replacements for a 12-weeks

Soy group had greater reductions
from baseline in serum cholesterol
and LDL-cholesterol compared to
milk

| Author and Citation

| Subjects and Intervention

| Outcomes Measured

Results




50. Anderson JW, Fuller J, | Forty-three obese women (BMI 30 to 40) Body weight Weight loss from baseline did not

Patterson K, Blair R, Randomized to intensive dietary interventions using either | Body fat differ significantly

Tabor A. casein (n = 21) or soy (n = 22) shakes
Body fat losses were did not differ

Metabolism 2007; 3 soy shakes or 3 casein shakes daily as part of a 16-week, significantly

56:280-8. energy-restricted diet.

51. Allison DB, Gadbury One hundred overweight and obese persons (BMI 28 to Body weight Soy-based meal replacement

G, Schwartz LG, et al. 41) ages of 35 and 65. Cholesterol formula resulted in lower body
weight, fat mass and LDL

Eur J Clin Nutr Randomized to either the soy protein based meal cholesterol.

2003;57:514-22. replacement treatment group (n=50; 240 g/day, 1200

kcal/day) or control group (n=50).
52. Li Z, Hong K, One-hundred four subjects were randomized prospectively | Body weight Percentage weight loss in soy based

Saltsman P, et al.

Eur J Clin Nutr
2005;59:411-8.

to the two treatments for a total of 12 months.

Soy-based meal replacement vs an individualized diet plan;
as recommended by the American Diabetes Association

meal replacement group was
significantly greater than in
recommended diet plan.
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In another study looking at the effects of soy and casein meal replacement shakes, obese
women were instructed to consume the shakes and a well-balanced, reduced energy diet for
16 weeks [50]. All subjects successfully lost weight during the program with an average
weight loss of 13.4% among all participants with no difference between protein sources.
Similarly, body fat reduction was significant for all participants compared to baseline but
there was no difference between the two proteins [50]. From this information, both soy and
milk-based meal replacements can be used to successfully promote weight loss during a
reduced energy diet program.

Dietary counseling or individualized diet plans that include behavioral modification are
often compared to meal replacement programs. One-hundred obese adults were randomized
to receive either dietary counseling or a reduced energy diet plan which included soy-based
meal replacements for 12 weeks. Weight and fat were reduced in both groups; however, the
individuals on the soy-based diet lost significantly more weight and fat compared to controls
[51]. In a longer term intervention, diabetic patients were randomized to either a soy-based
meal replacement or an individual diet plan and body weight was monitored for 12 months
[52]. Percentage weight loss in meal replacement group (4.57 + 0.81%) was significantly
greater (p < 0.05) than in individual diet plan group (2.25 £ 0.72%) [52].Interestingly, a
weight loss intervention study comparing lifestyle education to a soy diet alone or a soy diet
plus exercise indicated that after 18 weeks of reduced calorie diets there was greater weight
loss among the two groups with soy protein included in their diets [14]. Most importantly the
subjects on soy protein tended to lose more fat mass than the lifestyle education group and the
subjects given soy did not lose lean mass [14].

This indicates how lifestyle education alone may only be modestly successful while a
meal replacement program, in this case including soy protein, can lead to significantly more
weight and fat loss and potentially help maintain lean mass during weight loss. In another
study, obese subjects were randomized to receive either a low calorie soy based or animal
based diet for 8 weeks [53].

Both treatments induced significant reductions in body weight, percent body fat and
waist circumference; however, the decrease in percent body fat was greater in the subjects
who consumed the soy-based diet compared to the animal-based diet indicating the potential
for soy protein to help, not only with weight loss, but also fat loss [53]. While there are no
confirmed differentiating factors to separate soy protein from other high-quality sources of
protein, it has been established that soy protein when used in meal replacements and as a
supplement in low calorie diets can be as effective as other high-quality proteins for body
weight and body fat reductions.

EFFECTS OF SOY PROTEIN ON GLUCOREGULATORY
AND CARDIOVASCULAR HEALTH DURING WEIGHT L0OSS

Diabetes and cardiovascular disease are two of the most prominent and deadly diseases in
the world and both may be related to obesity [3-8]. The first line of defense for helping
alleviate these two diseases could be nutrition intervention that includes helping individuals
maintain a normal body weight with decreased body fat. Primarily the underlying
consequences that lead to diabetes and cardiovascular disease are hyperglycemia and
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hypercholesterolemia, respectively. There are several preclinical and clinical studies
suggesting the beneficial effects of soy protein for people to help control glucose and to help
lower cholesterol in the context of weight loss. Individuals could manage their body weight
and have these other health related benefits from soyfood consumption as part of a healthy
diet.

Obese KK yellow mice fed soy protein isolate had lower plasma glucose levels compared
to casein fed mice during energy-restricted dietary intervention [44]. A mixture of soy protein
isolate with cornstarch was more effective at reducing plasma glucose than a diet with casein
and cornstarch during 28 days of administration [54]. Another example suggesting a
glucoregulatory effect of soy protein occurred in a study using Wistar rats; after 28 days of
intervention, fasting plasma glucose was lower, area under the glucose curve during glucose
loading was lower, and peripheral insulin sensitivity was improved in rats fed cod and soy
diets compared with casein [55]. A diet containing 50% soy protein combined with stevioside
resulted in lower fasting glucose levels than rats fed chow diet [56]. However, a study
investigating the effects of soy protein compared to casein showed no difference in plasma
glucose levels after 3 weeks of dietary intake [57].

Soy protein meal replacements were more effective than an individualized diet plan for
reducing fasting plasma glucose after 6 months; however, the soy group also had greater
weight loss than the control group which makes it difficult to interpret the relationship
between soy protein and glucose regulation [52]. Preclinical and clinical data have provided
limited evidence for soy to have beneficial effects on glucose metabolism independent of
weight loss; however, there is some indication of positive effects in the context of weight loss
when soy protein is used as part of the weight loss intervention. More substantiation will be
needed in order to determine the relationship between soy protein intake and glucose
regulation.

There are preclinical and clinical studies [20,21] confirming the cholesterol lowering
effects of soy protein consumption and this evidence is compelling enough that several
countries have approved soy protein related heart health claims. In the context of weight loss
there are some studies to support the effects of soy protein on cholesterol lowering. In obese
rats on a 10-week dietary intervention, without significant differences in body weight or body
composition, soy protein resulted in lower fasting total cholesterol than chow [56]. A soy-
based meal replacement diet during a 12 week weight loss intervention, led to significant
reductions in total cholesterol even after correcting for the significant weight loss in the soy
treatment group compared to dietary counseling [51]. In another meal replacement study, both
milk and soy-based led to significantly lower LDL-cholesterol values at 8 and 16 weeks of
intervention compared to baseline; however, LDL-cholesterol values did not differ between
milk and soy [49]. Comparing two patterns of caloric restriction with both incorporating soy-
based meal replacements over a 40 week period led to reduced LDL and HDL cholesterol
[58]. Isolated soy protein with varying levels of isoflavones given to subjects as 25 grams a
day supplements resulted in significantly lower total cholesterol after 9 weeks of intervention
[59]. An interesting concept is to investigate the effects of a low saturated fat portfolio diet
(high plant sterols, soy protein, viscous fiber and almonds) and a low saturated fat control diet
(whole-wheat cereals and low-fat dairy). Both diets result in similar weight loss; however the
portfolio group also had significant reduction in LDL cholesterol [60-62]. There are other
studies that confirm the beneficial effects on cholesterol which can be found in Chapter XX
of this book.



74 Mark B. Cope, Ratna Mukherjea, Elaine Krul et al.

EMERGING SCIENCE AND FUTURE RESEARCH

With the increasing prevalence of obesity globally there is a need to find meaningful and
efficient methods for helping individuals lose weight and maintain weight loss without losing
muscle mass in order to achieve a healthier lifestyle. More research is needed in order to
understand the underlying potential of soyfoods in weight management. Current outcomes
from preclinical and clinical studies have shown that soy is as good as other proteins for
weight loss and fat loss during caloric restriction and as a meal replacement. Other emerging
research indicates soy may promote loss of abdominal fat [63,64] which is a fat depot
strongly linked to the deleterious effects of obesity. If reduced abdominal fat can be
confirmed during soyfood consumption, this would differentiate soy protein from other
sources.

Soy protein is clinically proven to lower cholesterol [20] and may bring added benefits
for glucose regulation. High quality soy protein has supportive scientific evidence indicating
that it is a good option for weight loss and weight management. Future experiments will be
needed to identify and refine how soyfoods can be more efficiently used in longer term
weight management programs to promote satiety, weight loss, fat loss and preservation of
muscle mass during weight loss. While there are limitations in weight management research
related to soy protein, current evidence described in this chapter indicates soy protein, a
sustainable high-quality vegetable protein, can be incorporated into the diet and is at least as
good as many other protein sources for weight loss and weight management.
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