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A B S T R A C T

Meal replacements and food supplements are now popular commercial weight loss and nutrition products. This
review describes the efficacy, effectiveness, and therapeutic use of one such product - a soy-yoghurt-honey food
formulation. The original formula of this product was created more than thirty years ago and since that time it has
become well established as a food supplement supporting a healthy lifestyle. Therapeutic evidence for this
product is based on numerous scientific studies and clinical trials, focusing particularly on weight management
and associated metabolic risk factors and published as peer-reviewed articles. Given the availability of the product
and the extent to which it has been experimentally evaluated, it is timely and important that the research is
brought together under a single review to consolidate the understanding for the scientific and clinical commu-
nities. This review discusses the ingredients and the broad mechanisms of action, which are probably due to the
biological properties of the three base components - soy, milk, and honey. It further summarizes and discusses the
laboratory and clinical intervention studies, including the biochemical and metabolic mechanisms regarding the
insulin- and lipid-lowering, anti-hypertensive, anti-inflammatory, antioxidant, and anti-microbial properties of
the overall food and its base products.
1. Introduction

As part of a healthy lifestyle, functional foods can have a positive
health benefit beyond their basic nutritional components and are an
established feature of the food industry. Amongst the diverse range of
products, a soy-yoghurt-honey formulation has been a commercially
available supplement and meal replacement product for several years.
This review will describe the efficacy, effectiveness, and therapeutic use
of this product, particularly in the area of weight loss and metabolic
health. The formulation of this product was created over thirty years ago
with the initial aim to improve and activate the metabolism of patients
with excess weight. The product is now established in the European and
North American markets for food supplements, supported by several
clinical trials and scientific studies evaluating its functionality and broad
mechanism of action.

Over time, the primary objective of the product has increasingly been
directed towards supporting weight loss, fat mass (FM) reduction and
long-term weight stabilization. The collective findings of research and
consumer use consistently demonstrate that weight management is
favorably influenced by the soy-yoghurt-honey formula and that markers
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of metabolic risk, including type 2 diabetes (T2DM) are also improved.
Thus, the nutritional product has been shown to support a healthy life-
style and help enhance metabolic health [1, 2, 3].

The experimental findings when using this product are consistent
with standard obesity treatment and prevention guidelines, including
those of the German and European Obesity Societies, concerning the
quality and outcomes of intervention programs [4, 5]. The main aim of
weight loss strategies should not necessarily be weight loss per se, but
rather an improvement in cardio-metabolic risk factors, achieved
through a lifestyle that combines increased physical activity with a
healthy diet which ultimately leads to an improvement in quality of
life. This aim can be achieved through supervised weight management
programmes, lasting at least 12 months and executed by a
multi-disciplinary team including physicians, nutritionists, psycholo-
gists, exercise professionals and group behavior consultants. This
strategy has to date, formed the cornerstone by which healthy modi-
fications to diet and exercise incorporated into an individual's
everyday life leads to improved body weight and health outcomes [6,
7, 8]. These lifestyle modifications are also essential in order to
counterbalance the global health emergency of the current Covid-19
r 2022
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pandemic through preventive measures [9, 10], particularly in the
elderly population [11, 12].

This review primarily centers on research that has originated from
the “Rehabilitative and Preventive Sports Medicine” group at the
Medical University Clinic Freiburg. In collaboration with other de-
partments of the Medical Clinic, they have continuously researched the
effect and mode of action of the soy-yogurt-honey formula. To place this
review within a wider research context, a recently conducted literature
search using the terms “protein-based supplements” and “protein-based
meal replacement” as well as “soy protein-based supplements” and “soy
protein-based meal replacement” indicated that the number of publi-
cations especially with the term “protein-based supplements” has
increased substantially over the last 10 years. Restricting the search
term to “soy protein”, resulted in a smaller number of publications
listed, and moreover, were not necessarily focused on the topic “weight
management and obesity-associated health risk”. Nevertheless, a meta-
analysis of randomized controlled studies on the topic “soy products
and overweight” has recently been published [1]. With this in mind, the
following sections of this review will discuss the formulation of the
Figure 1. The soy-yoghurt-honey formula – from the source product to th
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described soy-yoghurt-honey product and how it can support a healthy
lifestyle in the context of a dietary therapeutic agent.

2. Food ingredients and properties of the soy-yoghurt-honey
product

The soy-yoghurt-honey formulation presents as a dried powder which
can be reconstituted with either water, skimmed cow's milk or a plant-
based milk to make a drink or “shake”. It is supplemented with micro-
nutrients and is designed to be used as a meal replacement product. Soy
protein isolate from a non-genetically modified source comprises by
weight the largest component of the soy-yoghurt-honey formulation. It
also represents the key nutritional and biological elements [13]. The
protein content of the whole product is 52.2% by weight (83%
soy-protein-isolate and 17% milk protein); in addition, the product is
characterized by a low glycemic index (GI ¼ 27) and a low glycemic load
(a reflection of the lactose and honey components, GL of 100 g dried
powder: 7.8); a low fat (1.8 g/100 g dried powder) and low energy
content (1505 kJ (360 kcal)/100 g dried powder). When reconstituted
e final product and its specific properties and nutritional information.
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according to the manufacturer's guidelines, a single serving provides 180
kcal, together with 27 g protein which provides 60% of the energy
content. Thus, the formula fulfils the condition of a high-protein, low--
glycemic supplement [Figure 1]. This feature is important for many in-
dividuals, not only for weight-loss, but also for older adults (e.g.,
postmenopausal women or those with sarcopenia) and for
healthy-weight subjects and athletes who may fail to achieve optimal
daily intakes of dietary protein [12, 14, 15, 16]. In this regard, it is
important to recognize that individuals who regularly consume the
protein-rich low-glycemic formula not only increase their daily protein
intake but also tend to prefer a protein-rich and low-glycemic diet in the
long term; this is especially the case for women (see below) [17].

2.1. Proteins

In typical adult daily energy intakes, protein contributes between 10-
15% of energy but in certain situations can contribute up to 20 and 30%.
Any concern for potential renal tolerance under increased protein intake
can be alleviated. Based on the recommendations of medical and dietetic
authorities, an upper limit of 0.8 g protein/kg body weight (BW) per day is
necessary only in the case of severely impaired renal function (glomerular
filtration rate GFR <30 mL/min/1.73 m2) [18]. To exclude any possible
negative effects on renal function in cases where an intake of the
protein-rich (soy-yoghurt-honey) meal replacement is recommended, GFR
has been clinically investigated. In a group of male patients [n ¼ 10, 46 �
13 y, 32.2 � 3.48 kg/m2] with metabolic syndrome (MetS), following an
acute consumption (a single meal) of 0.3 g protein per kg body weight, it
was shown that the usual dosage of the product used in the meal
replacement strategy did not have any clinically relevant effects on renal
function whereas when fed at the higher level of 1.0 g protein/kg body
weight, GFR was increased, being more pronounced in those with MetS.
Nevertheless, it could be concluded that the amount of protein typically
provided in the meal replacement therapy of the soy-yoghurt-honey
preparation does not negatively affect renal function [19].

In addition to total protein content and intake, it is also important to
acknowledge the protein quality; this allows for the comparability of
different dietary proteins, and relates to the (essential) amino acid
composition of the respective proteins and their digestibility. In nutrition
practice, the amino acid score (AAS) (defined from chemical protein
analysis, identifying the limiting essential amino acid), as well as the
Digestible Indispensable Amino Acid Score (DIAAS) are used to describe
the availability of essential and conditionally indispensable amino acids
of a food [20]. Based on the quantities of essential and conditionally
indispensable amino acids in the product as stated by the manufacturer
(Almased Vitalkost GmbH, Bienenbüttel, Germany), a single meal
(shake) reconstituted as recommended (1 g powder per kg normal body
weight per meal replacement) provides the essential and conditionally
indispensable amino acids in excess of the estimated adult requirements
[21, 22]. If the levels and ratios of the essential and conditionally
indispensable amino acids of the WHO/FAO/UNU “reference protein”
[21] and the composition the soy-yoghurt-honey formula protein [23] in
mg/g protein are compared, a relatively favorable composition in the
amino acid pattern and hence protein quality is observed for the formula
protein. If the estimated requirements [22, 23] are used, the AAS for the
Almased® formula are above 1.1, if, as the limiting amino acid for the
formula, the content of the sulphur-containing amino acids (methionine
and (or þ) cysteine is used. If the AAS for the formula protein is calcu-
lated with reference to the amino acid leucine, which is important for
muscle protein synthesis and oxidation, an AAS of 1.4 is obtained.
Furthermore, data presented by Bilsborough&Mann 2006 [24] indicates
that the true digestibility of the proteins intrinsic to the
soy-yoghurt-honey powder (in this case soy protein isolate and milk
protein), is almost 100% when compared against the lumen absorption
rates of equivalent loads of amino acids comprising the intrinsic proteins
[24]. A large part of the formula protein is already present as peptide
fragments as a result of the manufacturing process, and so it could be
3

suggested that a correction of the AAS value based on the DIASS defi-
nition would not appear necessary. This indicates that the
soy-yoghurt-honey formula contains a protein combination that is of
high-quality, with high biological availability and meeting protein and
amino acid requirements [25, 26, 27].

2.2. Biologically active peptides (BAPs)

Protein consumption is important not only for optimal protein
synthesis but also for the uptake of biologically active peptides (BAPs),
which may influence physiology, particularly in relation to obesity and
its related metabolic disorders [28, 29]. These peptides are produced
intra-lumenally through normal post-prandial protein digestion.
Whereas most are absorbed as di-and tripeptides, larger molecular
weight peptides may also be absorbed. These peptides may generate
metabolic effects at physiological (microgram) quantities [26, 30, 31,
32, 33, 34, 35]. Furthermore, an excess of 1500 bioactive peptides,
varying in their metabolic activity have been identified, suggesting
potential biological functionality [27]. As with many peptide hor-
mones, the chain length can range between two and twenty amino acids
and in the case of the soybean peptide Lunasin, can extend up to 43
amino acids in length [36]. Generally, it is not until these peptides are
cleaved from a precursor protein that they become potentially meta-
bolically functional. Furthermore, their potential metabolic properties
are dependent upon the digestibility, absorption and overall bioavail-
ability to target tissues [27]. Milk (casein, whey) and soy proteins are
considered to be sources of biologically active peptides, with other
foods including fish and shellfish, egg, royal jelly, and the plant foods
wheat, rice, barley and maize also being shown to be potential sources
of bioactive peptides [27]. Using high-performance liquid chromatog-
raphy coupled with mass spectroscopy, this soy-yoghurt-honey sup-
plement has been shown to contain around eighty bioactive peptides
[37], which may generate a variety of bioactivities with potential
health benefits including blood pressure lowering, cholesterol lowering
and triglyceride lowering properties, as well as anti-oxidative and even
anticancer activities. Indeed, these bio-active peptides may even have
anti-obesity properties [29]. Furthermore, the manufacturing process
of the soy-yoghurt-honey-product and the mixing of its components
may trigger proteolytic processes that not only increase the number of
peptides, but also improve the digestibility as well as the metabolic
activity of the final product [33, 34]. Following an exploratory
approach, it has emerged that the soy-yoghurt-honey formula may be
considered as having special characteristics which potentially could
allow it to be designated as a “natural health product” [2, 3].

2.3. Isoflavones

Currently in a typical “Western” diet, soy protein only makes a minor
dietary contribution. Nevertheless, soy-based foods have long been
known as an excellent source of protein of high quality [34], coupled
with a range of biologically active molecules. Some of the most studied
molecules are the isoflavones, particularly in relation to cardiovascular,
bone and menopausal health. The two main isoflavones are the phy-
toestrogens genistein and daidzein [38]. Similar in structure to the
human steroidal oestrogen, these phytoestrogens bind to the nuclear
oestrogen alpha and beta receptors, which in turn activate transcriptional
processes and gene expression [39, 40]. Based on their molecular activ-
ities, soy isoflavones have favorable effects on fatty acid and lipoprotein
metabolism and insulin sensitivity; Furthermore, conglycinin (a soy
storage protein), soy saponins, and soy phospholipids appear to play a
role in body weight regulation [41, 42].

As the soy-yoghurt-honey formula contains biologically available
isoflavonoids at a level of approximately 1.5 mg per g dried powder, a
typical serving of 50 g of the product can result in an intake of 75 mg
isoflavones [23]. This level of consumption could be sufficient to raise
plasma isoflavone levels (including daidzein, genistein, glycitein) to
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physiologically meaningful concentrations [43], detectable by Liquid
Chromatography-Mass Spectroscopy analysis. There has been some
concern around the association between consumption of phytoestrogens
from food supplements and potential harmful effects on breast, uterine
and thyroidal tissues in menopausal women. This issue has been evalu-
ated by the European Food Safety Authority Panel on Food Additives and
Nutrient Sources (EFSA ANS) [44]. They concluded that at intakes of
between 35-150 mg/day from food supplements, there was no evidence
for an increase in the risk of breast cancer when evaluated from
cross-sectional studies, based upon either mammographic density, or on
proliferation marker Ki-67 expression in interventional studies. In addi-
tion, no effect on endometrial thickness or histopathological changes in
the uterus was found in response to supplementation with 150 mg/day
soy isoflavones for up to 30 months. Thyroid hormone levels are also
unchanged following intake of isoflavones from food supplements. In
support of these conclusions, a recent systematic review was not able to
find any association between isoflavone intake from food supplements
and adverse effects on these target tissues. However, the Panel decided at
that time that it would not be possible to determine health-based
guidelines for isoflavone containing preparations, and to date, no
health claims on isoflavones in foods registered in the EU Register of
Nutrition and Health have been made (http://ec.europa.eu/nuhclaims/).
In a study on 14 euthyroid postmenopausal women (64.2� 6.3 y; 24.4�
3.2 kg/m2) [45], we demonstrated that a daily intake of between 25 and
125 g of a soy-honey-yoghurt formula led to significant increases in the
plasma concentrations of isoflavones but without concomitant changes in
either thyroid or sex hormone levels. No linear increase in plasma iso-
flavone levels in relation to dietary isoflavone intake was observed,
whereas blood isoflavone levels plateaued, particularly for genistein and
daidzein, at an intake of 100 g of the soy-yoghurt-honey formula per day.
If the results were interpreted as possible side effects, the formula intake
had no negative impact upon either thyroid function or sex hormone
levels in postmenopausal women. Furthermore, the effects on weight
regulation using the soy-honey-yoghurt formula do not appear to be
induced by a hyperthyroid state. However, when interpreting these
findings, the sample size could be considered a limitation of the study
leading to possible under powering of the statistical analyses.

In relation to cellular energy metabolism, evidence suggests that
fatty acid oxidation can be increased via the actions of soy protein
operating at the molecular level [46, 47]. Both insulin sensitivity and
plasma lipid levels also appear to be improved by the actions of soy
protein [48]. It has been proposed that these effects are brought about
via the activation of peroxisome proliferator activated receptors
(PPARs), affecting energy metabolism through the expression of genes
involved in glucose homeostasis, lipid metabolism and fatty acid
oxidation. Via this pathway, intake of isoflavone-rich soy protein in rats
improved the above metabolic parameters, particularly insulin sensi-
tivity and triglyceride concentrations. Additionally, in cell culture
studies, isoflavone-rich soy extracts upregulate PPAR gene expression,
suggesting a pathway by which the beneficial intake of soy protein on
glucose and lipid metabolism can be mediated [51, 52]. In support of
these in vitro studies, a rat feeding study of soy protein has demon-
strated the upregulation of the enzymes involved in fatty acid oxidation
at both mRNA and enzymatic protein levels within skeletal muscle fi-
bres. These include carnitine palmitoyltransferase (CPT1),
beta-hydroxyacyl-CoA dehydrogenase (HAD), Acyl-CoA oxidase, and
medium-chain Acyl-CoA dehydrogenase [53]; this evidence provides a
possible pathway by which soy protein ingestion can lead to a reduction
in body fat accumulation. In addition, recently published results in
human studies show that an acute intake of a soy-yoghurt-honey for-
mula stimulates fatty acid oxidation [54].

2.4. Honey

The honey component itself is a functional food with potentially
beneficial health properties, particularly in respect of its antimicrobial
4

and antioxidant activity [55, 56]. Indeed, honey has long been used
therapeutically in human diets [57]. At intakes of between 50 and 80 g
per serving [58], such health enhancing properties can be observed. Even
though honey is rich in sugars, its glycemic index can vary widely,
depending on the botanical source of nectar and the ratio of
glucose-fructose in it composition [57, 59]. A lesser-known nutritional
feature is that honey also comprises of various oligosaccharides [58] as
well as trace levels of proteins, enzymes, amino acids, vitamins, minerals
and trace elements, aromatic compounds, and polyphenols [58, 60]. In
particular, these oligosaccharide, polyphenol and flavonoid contents may
explain, in part, the possible anti-diabetic, anti-obesity and
anti-hyperlipidaemic properties [58, 61] and other health-related bene-
fits of honey [62, 63]. A suggested mechanism of action for these prop-
erties could be via inhibition of the gene expression of sterol regulatory
element-binding transcription Factor 1 and its target lipogenic enzyme
fatty acid synthase (FAS) [61]. In addition, the gut microbiome may also
be involved in the pathogenesis of insulin resistance and the dysregula-
tion of glucose homeostasis [64, 65]. In this context, oligosaccharides
(including those provided by honey) may contribute to the equilibrium of
the gut microbiome through a dietary approach [66, 67], and therefore
the routine substitution of sucrose with honey in the diet may benefi-
cially modify the gut microbiome [68]. Furthermore, honey oligosac-
charides may influence energy intake via specific appetite-regulating
hormones [64, 69]; this could potentially be a key benefit of honey
consumption in the prevention of excess weight gain [70]. As this
soy-yoghurt-honey formula contains 25% by weight natural honey, a
daily intake of between 50 to 75 g could be achieved when using the
formula in a meal replacement approach and may be sufficient to achieve
a nutritionally significant intake of oligosaccharides leading to potential
health benefits.

3. Therapeutic properties of the soy-yoghurt-honey formula

The ingredients of the soy-yoghurt-honey formula are most likely
responsible for the various metabolic and health effects documented
across all experimental and clinical studies where the product has been
evaluated. Positive effects from a regular intake can be expected on en-
ergy metabolism, (particularly fat oxidation), as well as on appetite.
Furthermore, positive outcomes can be observed on serological, hor-
monal, immunological and body compositional variables with respect to
risk of T2DM and the incidence of the MetS. In 2001, the Freiburg
research group commenced the first explorative studies to identify and
evaluate possible therapeutic effects following intake of the soy-yoghurt-
honey formula as a foundation for further confirmatory studies [71, 72].
Since then, findings have been published in 30 peer-reviewed studies –
mostly indexed in the PubMedNIH library - and available as full free texts
for the scientific readership interested in these health-related lifestyle
questions. These 30 studies are summarized in Table 1 and the following
sections discuss their results in relation to specific areas of physiology,
body composition, behavior, metabolic health and quality of life, high-
lighting the most important observations.

3.1. Appetite, satiety and energy metabolism

In Konig et al. 2021 [50], the postprandial responses in glycaemia and
insulinaemia, the levels of satiety hormones, and substrate utilization
were compared following two interventions of an isoenergetic stan-
dardized breakfast, differing in glycemic load and protein content. The
test was performed in 11 overweight men (56.4 � 4.9 y, 31.6 � 2.6
kg/m2) with MetS and insulin resistance. The glycemic and insulinaemic
responses were substantially greater following the standardized iso-
energetic and higher carbohydrate breakfast compared with the formula
intake. There was also a significantly less pronounced post-prandial
decrease in fat oxidation following consumption of the formula meal,
and this effect was also observed after consumption of a standardized
lunch, suggesting a second meal effect. Ghrelin concentration was

http://ec.europa.eu/nuhclaims/


Table 1. Summary of peer-reviewed publications to “Soy-yoghurt-honey Formula”.

Reference Study design Sample size Intervention Groups Length of
intervention

Outcomes Main results

Berg et al. Ern€ahrungs-
Umschau. 2003; 50,
386–392 [72].

Randomized
controlled trial.

n ¼ 83 with
overweight and
obesity.

Lifestyle education (LE-
G, n ¼ 28).
Almased with physical
activity (SD/PA-G, n ¼
27).
Almased without
physical activity (SD-G,
n ¼ 28).

6 months. Body weight, body
composition, waist and hip
circumferences, blood lipid
profile, glucose, insulin,
leptin, CRP, fibrinogen, and
IL-6.

BMI, body weight, and hip
circumference: ↓ more in
SD/PA-G and SD-G
compared with LE-G.
BMI, body weight, fat mass,
waist and hip
circumferences, total
cholesterol, HDL, LDL, and
leptin: ↓ in all groups (over
time).
Fat-free mass: ↔.
Insulin and CRP: ↓ only in
SD/PA-G and in SD-G over
time.
IL-6: ↓ only in SD-G over
time.

Deibert et al.
International Journal
of Obesity. 2004; 28,
1349–1352 [87].

Randomized
controlled trial.

n ¼ 83 with
overweight and
obesity.

Lifestyle education (LE-
G, n ¼ 28).
Almased with physical
activity (SD/PA-G, n ¼
27).
Almased without
physical activity (SD-G,
n ¼ 28).

24 weeks. Body weight, body
composition, metabolic and
hormonal parameters.

BMI: ↓ in all groups (over
time).
Body weight and fat mass: ↓
more in SD/PA-G and SD-G
compared with LE-G.
Fat-free mass: ↔.
Glycemic control and lipid
profile: Improved in all
groups (over tme).

Berg et al, Ern€ahrungs-
Umschau. 2005; 52,
310–314 [71].

Randomized
controlled trial.

n ¼ 83 with
overweight and
obesity.

Lifestyle education (LE-
G, n ¼ 28).
Almased with physical
activity (SD/PA-G, n ¼
27).
Almased without
physical activity (SD-G,
n ¼ 28).

1 year. Body weight, body
composition, waist and hip
circumferences, blood lipid
profile, glucose, insulin,
leptin, CRP, fibrinogen, and
IL-6.

Hip circumference: ↓ more
in SD/PA-G and SD-G
compared with LE-G.
BMI, body weight, fat mass,
waist circumference, total
cholesterol, LDL, glucose,
and leptin: ↓ in all groups
(over time).
Fat-free mass: ↔.
HDL: ↑ only in LE-G and SD/
PA-G over time.
Insulin and CRP: ↓ only in
SD/PA-G over time.
IL-6: ↓ only in SD-G over
time.

Z€anker et al. Deutsche
Zeitschrift für
Onkologie. 2005;
37:114–121 [114].

Prospective, open-
label field study.

n ¼ 51 with type 2
diabetes.

Almased: n ¼ 51. 26 weeks. Fasting blood glucose,
HbA1c, insulin, glucose
tolerance test, lipid panel,
and body weight.

Week 14, 20, and 26: ↓
fasting glucose and insulin
compared to baseline.
Week 14 and 26: ↓ HbA1c
compared to baseline.
Week 26: Improved insulin
levels during the glucose
tolerance test.
Week 26: ↓ triglyceride
compared to baseline.

Deibert et al. Nutrition
Journal. 2007; 6:31
[90].

Not specified. n ¼ 72 with
overweight and
obesity.

Premenopausal: n ¼ 22.
Postmenopausal: n ¼
50.
Intervention in both
groups (first 6 months):
Almased þ physical
activity.

12 months (6
months with
supervision þ6
months without
supervision).

Body weight, fat mass, fat
free mass, hip and waist
circumferences, blood
pressure, blood lipids,
glucose, insulin, leptin,
cortisol and C-reactive
protein.

Body weight: ↓ in all groups
(over time).
Fat mass: ↓ in all groups
(over time).
Fat-free mass: ↓ in
premenopasal women (over
time).
Waist and hip
circumferences: ↓ in all
groups (over time).
Blood pressure,
triglycerides, HDL-
cholesterol, and glucose:
Improved in
postmenopausal women.
Total and LDL-cholesterol: ↓
in both groups.

K€onig et al. Annals of
Nutrition and
Metabolism. 2008;
52:74–78 [95].

Randomized
controlled trial.

n ¼ 88 with
overweight and
obesity.

Fat restricted low-
calorie (LCD-G, n¼ 29).
Meal replacement
(MRD-G, n ¼ 59).

6 weeks. Body weight, fat mass, waist
circumference, blood lipids,
glucose, insulin, and leptin.

Body weight: ↓ more in
MRD-G.
Fat mass: ↓ more in MRD-G.
Waist circumference: ↓ more
in MRD-G.

(continued on next page)
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Table 1 (continued )

Reference Study design Sample size Intervention Groups Length of
intervention

Outcomes Main results

Triglycerides: ↓ more in
MRD-G.
Prevalence of metabolic
syndrome: ↓more inMRD-G.
Leptin and insulin: ↓ only in
MRD-G (over time).
LDL-cholesterol, HDL-
cholesterol, and glucose: ↓ in
all groups (over time).

Berg et al. Deutsches
€Arzteblatt
International. 2008;
105 (11):197–203
[49].

Not specified. n ¼ 454 with
obesity.

Physical activity þ
nutrition counselling.
Use of Almased was
optional.

12 months (7-
wks start phase
þ17-wks weight
reduction phase
þ6-month
stabilization
phase).

Body weight, BMI, and waist
cirumference.

Body weight, BMI, and waist
cirumference: ↓ over time.
Body weight: ↓ more with
Almased.

Deibert et al. The Aging
Male. 2011; 14
(4):273–279 [91].

Randomized
controlled trial.

n ¼ 35 with
overweight.

Resistance training þ
Almased (RTS-G, n ¼
13).
Resistance training (RT-
G, n ¼ 13).
Lifestyle education (LE-
G, n ¼ 9).

12 weeks. Body weight, waist
cirumference, body
composition, physical
performance, lipids, glucose,
fructosamines, insulin,
insulin-like growth factor-1,
Leptin, human growth
hormone, DHEA,
testosterone, CRP,
Il-6.

Body weight: ↔.
Fat mass, fat-free mass, and
waist circumference: ↓ in
RTS-G over time.
Strength: ↑ in RT-G and RTS-
G over time.
IGF-1 and HGH: ↑ more in
RT-G þ RTS-G than in LE-G.
Glucose, insulin, HOMA
index, and fructosamine: ↓
more in RT-G þ RTS-G than
in LE-G.
HDL-cholesterol: ↑ more in
RT-G þ RTS-G than in LE-G.

Deibert et al. Asia
Pacific Journal of
Clinical Nutrition.
2011; 20 (4):527–534
[19].

Not specified. n ¼ 20 (n ¼ 10 with
metabolic
syndrome/n ¼ 10
healthy controls).

Protein load of 1 g/kg
body weight and 0.3 g/
kg bw.

1 day. Glomerular filtration rate
(GFR) and renal plasma flow
(RPF).

GFR: ↑ more in patients
compared with controls with
1 g/kg bw.
GFR and RPF: ↑ in both
groups with 1 g/kg bw.
GFR and RPF: ↔ in patients
with 0.3 g/kg bw.

K€onig et al. Nutrition.
2012; 28 (1):35–39
[50].

Randomized
controlled trial.
Crossover?

n ¼ 11 with
overweight and
obesity þ metabolic
syndrome.

Almased (MR) versus
isocaloric breakfast
(SB).

1 day. Postprandial glucose, insulin,
ghrelin, PYY, and substrate
oxidation.

Glucose and insulin (2h after
breakfast): ↓ more with
Almased.
AUC for glucose (4h after
breakfast): ↓ more with
Almased.
Insulin (after lunch): ↓ more
with Almased.
Fat oxidation: ↑ more with
Almased.
Ghrelin (2h after breakfast):
↓ more with Almased.

Berg et al. Exercise
Immunology Review.
2012; 18:128–41 [74].

Randomized
controlled trial.

n ¼ 30 healthy
young adults with a
normal body
weight.

Endurance training þ
Almased (G1, n ¼ 15).
Endurance training (G0,
n ¼ 15).

6 weeks. Body composition, physical
performance, glucose,
lactate, urea, uric acid,
ammonia, cortisol, insulin,
IGF-1, CK, LDH, myoglobin,
hs-CRP, IL-6, IL-10, and blood
cell counts.

Body weight and density: ↔.
Physical performance: ↑ in
both groups (over time).
Lactate: ↓ in G1 (over time).
Urea during exercise: ↑more
in G1.
Trigliceryde and insulin 4h
after field test: ↓ in G1.
CK, LDH, myoglobin, blood
cell count, IL-6, IL-10, and
CRP: ↑ in both groups the
day after field test.

Kempf et al. Journal of
Human Nutrition and
Dietetics. 2013; 27
(suppl. 2):21–27 [139].

Proof of principle
study.

n ¼ 15 with obesity
and type 2 diabetes.

Almased (PRMR, n ¼
15).

1.5 year. Insulin, HbA1c, body weight,
lipid panel, creatinine, urea,
and uric acid.

12 weeks - Daily insulin
dosage, HbA1c, fasting
glucose, body weight, BMI,
waist and hip
circumferences, and
triglyceride: ↓ compared to
baseline. 12 weeks – HDL-Cl:
↑ compared to baseline.
1.5 year - Daily insulin
dosage and body weight: ↓
compared to baseline.

(continued on next page)
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Table 1 (continued )

Reference Study design Sample size Intervention Groups Length of
intervention

Outcomes Main results

Vitolins et al. Clinical
Medicine Insights:
Women's Health. 2014;
7:17–24 [94].

Pilot study. n ¼ 17 E R/PR-
negative breast
cancer survivors.

Almased þ multimodal
intervention (n ¼ 17).

12 weeks. Anthropometrics,
biomarkers, and health-
related quality of life.

Body weight, waist
circumference, fat mass,
total cholesterol, and
triglycerides: ↓ compared to
baseline.
Health-related quality of life:
Improved over time.

Koohkan et al. BMC
Women's Health. 2014;
14:45 [138].

Non-randomized
controlled trial.

n ¼ 380 women
with obesity.

Lifestyle intervention
(LS, n ¼ 190.
Lifestyle þ Almased
(LSMR, n ¼ 190).

12 months. Health-related quality of life,
anthropometry, clinical,
physical performance, and
self-reported leisure time
physical activity.

All parameters improved in
both groups over time.

K€onig et al. Nutrition.
2014; 30
(11–12):1306–9 [92].

Randomized
controlled trial.

n ¼ 42 with
overweight and
obesity.

Lifestyle (LS, n ¼ 14).
Meal replacement (MR,
n ¼ 28).

6 weeks. Body weight, BMI, glucose,
insulin, and HOMA-IR.

Body weight and BMI: ↓
more in MR.
Glucose: ↓ in both groups
(over time).
Insulin and HOMA-IR: ↓
more in MR.

Koohkan et al. Journal
of Nutritional Health &
Food Science. 2014; 2
(4):1–9 [73].

Randomized
controlled,
crossover trial.

n ¼ 10 healthy,
normal-weight
males.

Carbohydrate-rich
(CH): n ¼ 10.
Fat-rich (FAT): n ¼ 10.
Protein-rich/food þ
Almased (P): n ¼ 10.
Water/control (CON): n
¼ 10.

1 morning. Blood glucose and lactate,
resting oxygen consumption,
respiratory quotient, and
satiety.

Blood glucose: ↑ in CH and
FAT compared to CON.
Blood lactate: ↑ in CH and P
compared to CON.
Resting oxygen
consumption: ↑ in all
conditions compared to
CON.
Respiratory quotient: ↑ in
CH compared to CON.
Satiety: ↑ compared to
baseline and compared with
the CON group in all
conditions.

K€onig et al. Nutrients.
2015; 7
(12):9825–9833 [100].

Randomized trial. n ¼ 42 with
overweight and
obesity þ intra-
abdominal fat
stores.

Lifestyle (LS): n ¼ 22.
Almased (MR): n ¼ 20.

24 weeks. Body weight, body
composition, metabolic blood
markers, and adipokines.

Body weight: ↓ in all groups
(over time).
Intra-abdominal fat: ↓ in all
groups (over time).
Cardiometabolic risk and
adipokines ↓ in all groups
(over time).

Koohkan et al. Journal
of Nutritional Health &
Food Science. 2016; 4
(4):1–5 [93].

Randomized
controlled trial.

n ¼ 83 with
overweight and
obesity.

Lifestyle (LS): n ¼ 28.
Almased in isolation
and Almased þ physical
training (MR/MRPT): n
¼ 55.

24 weeks. Metabolic blood markers,
blood leptin, body weight,
and body composition.

Lipid panel, apo B, leptin,
insulin, and glucose: ↔
among groups.
Body weight: ↓ in MR/MRPT
group.
Fat mass: ↓ in MR/MRPT
group.
Apo B: ↓ in MR/MRPT
group.
Insulin: ↓ in MR/MRPT
group.
HOMA Index: ↓ in MR/
MRPT group.
Leptin: ↓ in MR/MRPT
group.

Kempf et al. Diabetes
Care. 2017; 40
(7):863–871 [140].

Randomized,
single-blind, active-
comparator
controlled,
intervention trial
with two parallel
groups.

Patients with type 2
diabetes þ
overweight or
obesity.
12 weeks: n ¼ 167.
26 weeks: n ¼ 148.
52 weeks: n ¼ 133.

Control: n ¼ 74 (12
weeks), n ¼ 66 (26
weeks), n ¼ 56 (52
weeks).
TeLiPro: n ¼ 93 (12
weeks), n ¼ 82 (26
weeks), n ¼ 77 (52
weeks).

52 weeks. HbA1c, body weight, body
composition, antidiabetes
medication, cardiovascular
risk factors, quality of life,
and eating behavior.

12 and 52 weeks - HbA1c: ↓
more in TeLiPro.
12 weeks - Body weight,
BMI, blood pressure, and 10-
y cardiovascular risk: ↓more
in TeLiPro.
12 weeks - Physical health:
Improved more in TeLiPro.
12 and 52 weeks - Quality of
life: Improved more in
TeLiPro.
12 and 52 weeks - Eating
behavior: Improved more in
TeLiPro.
12 and 52 weeks -
Antidiabetes medication and
insulin demand: ↓ more in
TeLiPro.

(continued on next page)
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Table 1 (continued )

Reference Study design Sample size Intervention Groups Length of
intervention

Outcomes Main results

Kempf et al. Nutrients.
2018; 10 (8):1022
[141].

Randomized
controlled trial.

n¼ 321 (12 weeks).
n¼ 259 (52 weeks).
Participants had
type 2 diabetes.

Stringent (S): n ¼ 122
(12 weeks), n¼ 111 (52
weeks).
Moderate (M): n ¼ 125
(12 weeks), n¼ 112 (52
weeks).
Control (C): n ¼ 74 (12
weeks), n ¼ 36 (52
weeks).

52 weeks. HbA1c, weight, and
cardiometabolic risk factors.

52 weeks - Triglyceride: ↓ in
the S group compared to M.
52 weeks - Eating
questionnaire (hunger): ↓ in
the S group compared to M.
52 weeks - HbA1c: ↓ in the S
group compared to C.
12 and 52 weeks -
Proportion of participants
who lost weight: ↑ in the S
and M groups compared to
C.

Deibert et al. World
Journal of
Gastroenterology.
2019; 25
(9):1116–1131 [106].

n ¼ 22 with non-
alcoholic
steatohepatitis þ
overweight and
obesity.

Lifestyle (LC): n ¼ 11.
Almased (MR): n ¼ 11.

24 weeks. Body weight, liver fat, liver
enzymes, glycemic control,
and lipid profile.

Max. performance (watt/
kg): ↑ in the LC.
Mean chain length of
intrahepatic lipids: ↓ in the
MR.

R€ohling et al.
Nutrients. 2020; 12 (7),
2022 [83].

Randomized
controlled trial -
ACOORH
(multicenter)

n ¼ 141 with
prediabetes and
overweight or
obesity.
n¼ 123 (12 weeks),
n¼ 105 (26 weeks),
n ¼ 93 (52 weeks).

Lifestyle (CON): n ¼ 35
(12 weeks), n ¼ 31 (26
weeks), n ¼ 28 (52
weeks).
Lifestyle þ Almased
(INT): n ¼ 88 (12
weeks), n ¼ 74 (26
weeks), n ¼ 65 (52
weeks).

12 months. Body weight, body
composition, waist
circumference, blood
pressure, glucose, insulin,
HbA1c, FBG, lipid panel.

26 and 52 weeks -
Conversion from prediabetes
to normoglycemic: ↑ in the
INT.
12 weeks - Body weight,
BMI, and fat mass: ↓ more in
the INT.
12 weeks - BMI, waist
circumference, fat mass, and
HbA1c: Improved in both
groups (over time).
12 weeks - BMI, waist
circumference, fat mass,
fasting glucose, HbA1c,
blood pressure, lipid panel:
Improved in INT (over time).
52 weeks - BMI, waist
circumference, and HbA1c:
Improved in both groups
(over time).
52 weeks - BMI, waist
circumference, fat mass,
HbA1c, total cholesterol,
LDL cholesterol: Improved in
INT (over time).

R€ohling et al.
Nutrients. 2021; 13
(2):376 [17].

Randomized
controlled trial -
ACOORH
(multicenter)

n ¼ 119 with
overweight or
obesity.

Lifestyle (CON, n ¼ 37).
Lifestyle þ Almased
(INT, n ¼ 82).

12 months. Dietary intake. 12 and 52 weeks - Protein: ↑
more in the INT.
12 weeks - Fat and
carbohydrate: ↓ more in the
INT.

Halle et al. European
Journal of Clinical
Nutrition. 2021;
75:661–669 [84].

Randomized
controlled trial -
ACOORH
(multicenter)

Individuals with
overweight or
obesity.
n ¼ 439 (4 weeks),
n¼ 396 (12 weeks),
n¼ 360 (26 weeks),
n¼ 317 (52 weeks).

Lifestyle (CON): n ¼
140 (4 weeks), n ¼ 126
(12 weeks), n¼ 116 (26
weeks), n ¼ 101 (52
weeks).
Lifestyle þ Almased
(INT): n ¼ 299 (4
weeks), n ¼ 270 (12
weeks), n ¼ 244 (26
weeks), n ¼ 216 (52
weeks).

12 months. Body weight, body
composition, and
cardiometabolic risk factors.

All time points - Body
weight: ↓ more in the INT.
12 weeks - Waist
circumference, fat mass, fat-
free mass, total cholesterol,
and LDL cholesterol: ↓ more
in the INT.
52 weeks - Fat mass and fat-
free mass: ↓more in the INT.
All time points - Systolic
blood pressure, waist
circumference, triglyceride,
and fat mass: ↓ in both
groups (over time).
All time points - Diastolic
blood pressure, LDL
cholesterol, and total
cholesterol: ↓ in the INT
(over time).
4 weeks - Diastolic blood
pressure, LDL cholesterol,
and total cholesterol: ↓ in the
CON (over time).
4, 12, and 26 weeks - Fasting

(continued on next page)
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Table 1 (continued )

Reference Study design Sample size Intervention Groups Length of
intervention

Outcomes Main results

glucose: ↓ in the INT (over
time).
12, 26, and 52 weeks -
Fasting glucose: ↓ in the
CON (over time).

Kempf et al. Nutrients.
2021; 13 (5):1433
[125].

Randomized
controlled trial -
ACOORH
(multicenter)

n ¼ 446 with
overweight or
obesity.

Lifestyle (CON, n ¼
145).
Lifestyle þ Almased
(INT, n ¼ 301).

12 months. Insulin and inflammatory
blood markers.

Insulin and body weight: ↓
more in the INT.
26 and 52 weeks - CRP and
IL-6: ↓ in the INT (over
time).
Participants with greater
insulin reduction achieved
the highest weight reduction
over the course of the study.

Oliveira et al. The
American Journal of
Clinical Nutrition.
2021; 113 (2):476–487
[81].

Randomized
controlled,
crossover trial.

n ¼ 43 healthy,
normal-weight
adults (n ¼ 19
females; n ¼ 23
males).

High-protein total diet
replacement (HP-TDR):
n ¼ 43.
Control (CON): n ¼ 43.

32 h. Energy metabolism and
metabolic blood markers.

Total energy expenditure: ↑
in the HP-TDR.
Protein and fat oxidation
rates: ↑ in the HP-TDR.
Carbohydrate oxidation rate:
↓ in the HP-TDR.
Energy, fat, and
carbohydrate balances: ↓ in
the HP-TDR.
Protein balance: ↑ in the HP-
TDR.
Fasting day 1 to fasting day 2
- Glycerol and triglyceride: ↓
more in the HP-TDR.
Fasting day 1 to fasting day 2
- Total, LDL, and HDL
cholesterol: ↑ more in the
HP-TDR.
Postprandial - Glucose,
insulin, and glycerol: ↓ in the
HP-TDR.
Postprandial - Total, LDL,
and HDL cholesterol: ↑ in the
HP-TDR.

Oliveira et al.
Nutrients. 2021;
13:155 [54].

Randomized
controlled,
crossover trial.

n ¼ 43 healthy,
normal-weight
adults (n ¼ 19
females; n ¼ 23
males).

High-protein meal
replacement (HP-MR):
n ¼ 43.
Control breakfast
(CON): n ¼ 43.

1 morning. Exercise energy metabolism,
appetite sensations, appetite-
related hormones, and
metabolic blood markers.

Exercise fat oxidation: ↑ in
the HP-MR.
Exercise carbohydrate
oxidation and RER: ↓ in the
HP-MR.
After exercise - Hunger: ↓ in
the HP-MR.
Fasting to post-exercise -
Insulin, LDL cholesterol,
PYY, and GLP-1: ↑ in the HP-
MR.
Fasting to post-exercise -
Triglyceride and glycerol: ↓
in the HP-MR.

R€ohling et al.
Nutrients. 2022; 14
(7):1443 [142].

Randomized
controlled trial -
ACOORH
(multicenter)

n ¼ 304 with
overweight or
obesity.

Lifestyle (CON, n ¼
101).
Lifestyle þ Almased
(INT, n ¼ 216).

12 months. Blood pressure, heart rate,
and pulse wave velocity.

26 weeks - Diastolic blood
pressure, heart rate, and
pulse wave velocity: ↓ more
in the INT.
52 weeks - Blood pressure: ↓
more in the INT.

Oliveira et al. European
Journal of Nutrition.
2022; 61:1849–1861
[82].

Randomized
controlled,
crossover trial.

n ¼ 43 healthy,
normal-weight
adults (n ¼ 19
females; n ¼ 23
males).

High-protein total diet
replacement (HP-TDR):
n ¼ 43.
Control (CON): n ¼ 43.

32 h. Appetite sensations and
appetite-related hormones.

In females only - 24-hour
AUC for PFC: ↓ in the HP-
TDR.
Fasting day 1 to fasting day 2
- PYY: ↓ in the HP-TDR.
Fasting day 1 to fasting day 2
- Leptin: ↑ in the HP-TDR.
Postprandial - GLP-1 and
PYY: ↑ in the HP-TDR.

Kempf et al. Nutrients.
2022; 14 (12):2537
[126].

Randomized
controlled trial -
ACOORH
(multicenter)

n ¼ 427 with
overweight or
obesity and
metabolic
syndrome.

Lifestyle (CON): n ¼
134.
Lifestyle þ Almased
(INT): n ¼ 293.

12 months. Body weight, BMI, fat mass,
fat free mass, leptin, fasting
insulin, interleukin-6, and C-
reactive protein.

Body weight and fat mass: ↓
compared to baseline in both
groups.
Leptin: ↓ in the INT group.
Participants with the
strongest leptin reduction

(continued on next page)
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Reference Study design Sample size Intervention Groups Length of
intervention

Outcomes Main results

achieved greatest weight
reduction in both groups.
Insulin: ↓ compared to
baseline in both groups.

Description of the abbreviations used.
ACOORH: The Almased Concept against Overweight and Obesity and Related Health Risk. AUC: Area under curve. BMI: Body mass index. BW (bw): Body weight. CRP:
C-reactive protein. CK: Creatine kinase activity. CH: Carbohydrate rich; CON: Control group. DHEA: Dehydroepiandrosterone. FBG: Fasting blood glucose; GFR:
Glomerular filtration rate. GLP-1: Glucagon-like peptide 1. HDL: High density lipoprotein cholesterol. HOMA-Index: Homeostasis model assessment index. hs: high
sensitive. IGF-1: Insulin-like growth factor 1: INT: Intervention group. IL-6: Interleukin 6; IL-10: Interleukin 10. LCD-G: Low-calorie diet group. LE-G: Lifestyle education
group. LDL: Low density lipoprotein cholesterol. LDH: Lactate dehydrogenase activity. LS: Lifestyle group. LSMR: Lifestyle meal replacement group. MR: Meal
replacement group. MRD-G: Meal replacement diet group. MRPT: Meal replacement physical training group. PFC: Prospective food consumption. P: Protein rich. PYY:
Peptide YY. RER: Respiratory exchange ratio. RPF: Renal plasma flow. RT-G: Resistance training group. RTS-G: Resistance training supplement group. SB: Standard
breakfast. SD-G: Supplement diet group. SD/PA-G: Supplement diet physical activity group. TeLiPro: Telemedical Lifestyle intervention Program.
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significantly lower post formula intake, and there was a trend towards
higher PYY levels compared with the standardized breakfast. These
post-prandial metabolic changes together with a favorable course of
appetite-regulating hormones may help to explain the beneficial sup-
plementation strategy with the high-protein, low-glycemic formula for
weight management.

In Koohkan et al. 2014 [73], the choice of breakfast and its food
components were examined for post-prandial energy supply and satiety.
Ten healthy men (26 � 4.4 y; 23.2 � 0.9 kg/m2) consumed isoenergetic
breakfasts but rich in either carbohydrate, fat or protein (68%, 64% and
35% of energy respectively) supplemented with a soy-yoghurt-honey
formula. Plasma glucose increased significantly following the
high-carbohydrate breakfast, whereas the high-protein supplemented
breakfast lead to only small rises in plasma glucose. A significant increase
in resting metabolic rate (VO2, up to 30%) without accompanying
changes in RQ was only observed following the protein-rich supple-
mented breakfast. Satiety was also greatest following the high-protein
breakfast. Taken together [50, 73], the results may help to explain suc-
cessful weight management.

In a further RCT, a bout of moderate endurance training with (n¼ 15)
or without (n ¼ 15) consumption of the soy-yoghurt-honey supplement
(2 � 50 g servings per day) [74] was performed to evaluate possible
impacts on aerobic capacity and changes in metabolic, endocrine, and
inflammatory markers induced by endurance exercise in healthy sports
science students (23.6 � 1.9 y, 22.1 � 2.18 kg/m2, 50.9 � 6.60
ml/kg/min VO2max). No significant changes in body composition were
observed post intervention, and only marginal improvements in exercise
performance and VO2max were observed across the whole group (2%, p
¼ 0.016). However, participants in the supplemented group showed
statistically significant improvement in aerobic capacity (p < 0.01) and
lower lactate values (p < 0.01) post intervention in a treadmill test. In
addition, the intervention group showed significantly lower differences
in the exercise-induced increase in metabolic parameters (triglycerides,
uric acid) and insulin in the post-exercise recovery period after an
11.5km field test. A reduction in both ammonia and uric acid production
was also observed after the 11.5 km run; this is of special interest because
higher levels of ammonia and uric acid are indicative of the breakdown of
adenine nucleotides and the utilization of the anaerobic purine nucleo-
tide cycle [75, 76]. In conclusion, the significant differences in triglyc-
eride and insulin metabolism post-exercise are suggestive of a greater
reliance on fatty acids for muscular energy metabolism [77, 78, 79].
These observations agree with studies which have investigated muscular
energy metabolism in rats following soy-protein intake and exercise
training [51].

Most recently, results of a confirmative RCT have been published by
the Department of Agricultural, Food and Nutritional Science, Univer-
sity of Alberta whose aim was to evaluate the effect of a high-protein
total diet replacement on appetite, satiety and fat oxidation [54, 80,
81, 82]. This trial compared a high-protein total diet replacement
10
(HP-TDR, soy-yoghurt-honey formula) with a control diet (CON, typical
North American) in 44 male and female healthy adults. Participants
resting metabolic rate, macronutrient oxidation, metabolic blood
markers and sensations of hunger and satiety were assessed inside a
whole-body calorimeter for a total of 32 h. Compared with the CON
diet, HP-TDR lead to a significantly higher total energy expenditure,
increased rates of protein and fat oxidation and a lower rate of carbo-
hydrate oxidation. No interaction between diet and sex was evident for
any of the variables assessed [81]. These findings suggest that HP-TDR
may better promote fat loss compared with a more typical isoenergetic
diet. In relation to appetite sensations and the metabolic profile after
breakfast and an exercise session, the HP-TR resulted in a significantly
higher degree of fat oxidation, coupled with lower carbohydrate
oxidation, reflected also in a significantly lower respiratory exchange
ratio during exercise. Post exercise, hunger ratings were lower during
the HP-TDR state. The findings confirmed that, compared to a typical
North American breakfast (CON), HP-TDR resulted in higher levels of
fat oxidation during the exercise session, lower levels of hunger
sensation and an improved metabolic profile post exercise. These
findings offer additional insights into the possible role of HP-TDR
strategies during weight management.

3.2. Eating behavior and protein intake

Despite the soy-yoghurt-honey formula being declared as a low-
calorie product, the energy content of a 50 g portion equates to 180
kcal. If a single portion is consumed twice a day, this may theoretically
lead to an increase in body weight of about 0.35 kg per week if the soy-
yoghurt-honey formula is provided as a supplement to support a healthy
lifestyle. This theoretical weight gain is based on the total extra calories
consumed over a week, with fat gain representing ~75% of extra weight
gain. However, this speculated weight gain is not typically observed in
practice. This could be explained by factors such as a compensatory
decrease in intake of other components of the diet. Also the higher pro-
tein intake from the protein-rich formula increases energy expenditure
associated with its digestion, metabolism and assimilation (diet-induced
thermogenesis). As an example, in an experimental RCT [33], when a
healthy person consumed 2 portions of the formula per day whilst un-
dertaking an endurance exercise training session over three months, the
evaluation of diet diaries, completed before and at the end of interven-
tion, showed that despite the supplement intake, the overall daily energy
intake did not increase.

Instead, a redistribution in the intake of macronutrients in the
intervention group was observed (Figure 2), with a significant increase
in protein intake from 15 to 23% (of total daily energy intake), whereas
the percentage of fat intake decreased significantly from 32 to 28% (p<

0.01). This observation may well be due to the already described effect
of the soy-yoghurt-honey formula on satiety and appetite (see 3.1.) and
that this effect also appears to occur with a normocaloric energy intake.



Figure 2. Protein, fat, and carbohydrate intake as % of total energy intake between study groups and time points. Significances given for intra- and intergroup
comparison; */?p < 0.05, **/?? p < 0.01); time point a: before intervention, time point b: after intervention [33].
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In addition, the results of a sub-analysis of the ACOORH (The
Almased Concept against Overweight and Obesity and Related Health
Risk) Study which evaluated weight loss in patients with excess weight
and accompanying cardiovascular disease (CVD) risk factors, [84] indi-
cated that the soy-yoghurt-honey formula used in a meal replacement
approach, combinedwith a lifestyle intervention improved dietary intake
by increasing the intake of protein while concurrently decreasing fat and
carbohydrate intake, thus supporting successful weight loss, especially in
women. This effect as a change in eating behavior was shown not only as
an acute effect of the intervention, but also after a period of 12 months
when the intake of the formula was no longer part of the intervention
Figure 3. Linear regression between weight loss after 6 weeks (x) and 24 weeks
(y) in a group of 83 participants of a weight management program [72]. Group
1: Lifestyle education, n ¼ 28; Group 2: Meal replacement, n ¼ 28; Group 3:
Meal replacement and physical training, n ¼ 27.
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[17]. Thus, it is important to recognize that individuals who regularly
consume the protein-rich low-glycemic formula not only increase their
daily protein intake but also tend to prefer a protein-rich and low--
glycemic diet in the long term; this is especially the case for women [12].
3.3. Body mass and body composition

Obesity, marked by an increased FM and BMI>30, has become the
major global health burden. This global trend underpins the dramatic rise
in the prevalence of T2DM and the incidence of the MetS, both of which
drive up the risk for CVD [85]. Thus, the management of excess weight
has become significant clinical and public health challenges. However,
successful achievement and maintenance of weight loss by lifestyle in-
terventions remain unsatisfactory to date [86]. As the main purpose of
the low energy, low fat, low GI soy-yoghurt-honey formula is to support
weight loss and weight management, almost all clinical studies con-
ducted with the formula to date, have focused on body mass and body
composition as target variables.

The first explorative study evaluating the mode of action of the soy-
yoghurt-honey formula, demonstrated the significant positive effect of
the formula on body mass and FM [72]. An additional finding was that
supporting the meal replacement with an exercise program did not lead
to any further significant weight loss (meta-analysis of two subgroups:
control group: n ¼ 28, meal replacement group: n ¼ 55), the participants
with the meal replacement showed significantly higher weight loss of 2.1
kg and a significantly higher decrease in FM of 2.9 kg compared with the
control group following an intervention lasting 24 weeks. In addition,
there was a statistically significant correlation between the weight loss
after 6 weeks and the weight change achieved after 24 weeks (n¼ 83, r¼
0.79; Figure 3). This suggests that in consultation with the patient, health
and weight management professionals should consider continuing the
programme even if it appears to have been unsuccessful over the initial 6
weeks of intervention.

In addition, in this study, the loss in body mass was significantly
correlated with the reduction in FM (n ¼ 83, r ¼ 0.883, p < 0.01), whilst
there were no significant changes in fat-free mass (FFM) in all groups.
This suggests that it may be possible to lose body mass without any
significant and undesired reduction in FFM or muscle mass [87]. It must
be emphasized that these findings were obtained using air displacement
plethysmography (ADP) (Bod Pod®) – a technology more reliable for
quantifying FFM changes [88] (but not skeletal muscle mass) compared
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with a more predictive technique such as bioelectrical impedance (BIA)
[89]. From a practical perspective, however, the use of ADP in studies
with high numbers of participants across different study centers is not
usually feasible.

Following these earlier studies, results of further clinical studies
(Table 1) have confirmed the proposal that the use of the of the soy-
yoghurt-honey formula supports weight loss and the reduction of FM,
while preventing or minimizing the simultaneous loss of muscle mass
[49, 71, 72, 90, 91, 92, 93, 94, 95].

With improvements in diagnostic imaging techniques, it has become
possible to quantify abdominal/visceral fat masses in individuals. This is
important for assessing changes in body composition and differentiating
between subcutaneous and intra-abdominal fat stores, as excess visceral
adipose tissue is associated with adverse metabolic outcomes and is
partly responsible for the synthesis of adipokines and their systemic ef-
fects regulating metabolic risk factors [96, 97, 98, 99]. Against this
background, the Freiburg research group investigated the effect of the
soy-yoghurt-honey meal replacement formula vs. a lifestyle modification
approach on intra-abdominal fat stores using magnetic resonance imag-
ing (MRI) in obese participants [100]. 42 overweight/obese individuals
(18 men, 24 women; 49 � 8 y, 96.3 � 12.1 kg, 32.7 � 2.3 kg/m2) were
randomly divided in a parallel-group design. The control group (LS-G; n
¼ 22) were provided with dietary counselling sessions and instructions
on how to increase levels of physical activity. In the meal replacement
group (MR-G; n ¼ 20), meals were substituted with the
soy-yoghurt-honey formula. After six months, participants in the LS-G
significantly lost 8.9 � 6.24 kg, whereas those in the MR-G lost 7.1 �
2.33 kg (p < 0.01 for changes, with no between group differences). FFM
was unchanged in either intervention group. When internal (visceral) fat
was examined, MRI showed significant and comparable reductions in
both groups. The greater abdominal fat loss in the LS-G was predomi-
nantly the result of a reduction in the subcutaneous site. In conclusion,
both arms of the intervention led to significant reductions in body mass,
total FM and abdominal fat while FFM was preserved. Nevertheless, the
positive effects observed in the MR-G occurred without any further
changes in lifestyle behavior, particularly leisure time physical activity
[100].

By employing a new algorithm in magnetic resonance imaging (MRI),
it has become possible to investigate hepatic morphology for clinical
diagnostics and intervention strategies. This is important because non-
alcoholic steatohepatitis (NASH) is a component of metabolic disease
and is becoming one of the major forms of liver disease. Estimates of
between 20 to 30% of adults in high-income countries have excess fat
accumulation in the liver. This figure rises to 50% among people with,
T2DM and to approximately 80% in morbidly obese individuals [101].
NASH is generally characterized by the presence of lipid in the hepato-
cytes together with markers of inflammation and/or liver damage. When
the latter characteristic is absent, the condition is referred to as
non-alcoholic fatty liver disease (NAFLD) [102]. NASH may ultimately
lead on to cirrhosis and portal hypertension and potentially
hepato-cellular carcinoma [103]. Weight loss via a dietary approach has
been shown to lead to a reduction in hepatic fat content as well as in
markers of NASH, including the enzyme alanine-amino-transferase (ALT)
[104]. However, the most optimal dietary approach is still being debated.
To examine this further, the Freiburg group compared a guided intensive
lifestyle intervention program with a meal replacement (soy-yoghur-
t-honey formula) therapy in patients with NASH [106]. In this study,
liver fat content, lipid composition, and markers of liver inflammation
(including ALT) were analyzed following a period of weight reduction. In
addition, body composition, intra-abdominal and subcutaneous adipose
tissue masses, and intrahepatic lipid were evaluated. A subgroup was
further evaluated to determine the proportion of saturated and unsatu-
rated fatty acids in intrahepatic fat in relation to serum adipokines.
Twenty-two participants (MR-G: n ¼ 11; C-G: n ¼ 11) completed the
study (9 women, 13 men; 56 � 15.0 y, 32.3 � 3.3 kg/m2). Significant
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weight loss was observed in both groups, reflected in statistically sig-
nificant reductions in BMI (MR-G: -2.3 � 1.5 kg/m2; C-G: -3.0 � 3.4
kg/m2). Intra-abdominal FM and hepatic lipid content were also sub-
stantially and comparably reduced in both groups. However, qualitative
changes in liver fatty acid composition differed between groups. Marked
reduction in mean fatty acid chain length was only observed in the MR-G.
Overall, these findings indicated that weight management interventions
may lead to reductions in both total liver fat and liver fat composition. As
both weight management approaches had comparable effects with
respect to weight reduction, body and liver fat content and indicators of
liver inflammation, meal replacement strategies, as shown for the
soy-yoghurt-honey formula, may be an option for NASH intervention,
considering patient characteristics, degree of motivation, and other
lifestyle factors [106, 107].
3.4. Insulin and the risk of type 2 diabetes (2TDM) and prediabetes

Numerous lifestyle interventions have demonstrated that weight loss,
particularly when coupled with increases in leisure time physical activity
leads to improvements in glucose metabolism, insulin sensitivity and the
risk factors for cardiometabolic disease [6, 7]. This has been exemplified
in two elaborate randomized controlled studies - the Diabetes Prevention
Project in Finland and the Diabetes Prevention Program (DPP) in the USA
[6,7]. Both interventions have demonstrated that the conversion rate of
prediabetes to T2DM are significantly reduced by 58% over a period of
four years of weight management. In addition, the risk of developing
T2DM is significantly lower in individuals whose plasma glucose levels
had returned to within the normal range than in those in whomaintained
a pre-diabetic state. Furthermore, the risk remained significantly
reduced, even if the reversion to normoglycemia was only transient
[108]. Maintaining normoglycemia and accompanying risk factors is
crucial for reducing the risk of progressing to CVD. Therefore, current
CVD prevention guidelines endorse weight reduction and increased
physical activity as lifestyle measures to reduce CVD risk [109, 110].
However, dietary change is an independent co-factor for successful
weight management. These dietary changes include a protein-rich, low
fat, low energy and low-glycemic diet. In this context, formula diets can
be both effective and feasible approaches to obesity management and its
associated risk factors [92, 111, 112, 113].

For the application of the soy-yoghurt-honey formula, several studies
have confirmed the specific effects of the formula on blood glucose
regulation in clinical trials after 6 and 24 weeks as well as after 26 and 52
weeks of intervention. Regular support for 26 weeks of the daily eating
habit with the soy-yoghurt-honey formulation down-regulates hormonal
(insulin, interleukin-6 (IL-6)) and biochemical (fasting glucose and tri-
glyceride levels) parameters which may contribute to improvements in
CVD risk, and possibly even carcinogenic risk [87, 90, 91, 92, 114].

Recently published results from the ACOORH study as a 1-year-multi-
center RCT for overweight and obese patients, [83, 84] in particular have
demonstrated the improvements in glucose regulation could be found not
only after 26 weeks, but were already present within the first weeks of
intervention [115]. Commencing with comparable baseline values for
glycated haemoglobin (HbA1c) in the subgroup with diagnosed predia-
betes (MR-group: n ¼ 96, HbA1c 5.90 � 0.22%; control group: n ¼ 45,
baseline HbA1c 5.89 � 0.21%), the results after 4 weeks of intervention
(Figure 4) revealed that HbA1c decreased significantly more in the meal
replacement group (MR-group -0.21 � 0.20%) than in the lifestyle group
(LS-group -0.13 � 0.18%). These findings persisted over 12 weeks of
intervention (MR-group: -0.19 � 0.0.24% vs. LS-group -0.12 � 0.22%).

These results demonstrate the significant benefits of the formula meal
replacement strategy on glucose regulation after as little as 4 weeks of
intervention, such that 50% of the pre-diabetic participants were able to
leave their baseline pre-diabetic state [105] and return to the normo-
glycemic state.



Figure 4. Scatterplot for HbA1c values per visit, by group and prediabetes at baseline and after 4 and 12 weeks after invention in the ACOORH study [115].
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3.5. Blood pressure and blood lipids

In addition to insulin resistance and an impaired glucose regulation,
excess weight (particularly in the abdominal region) is frequently
accompanied with a cluster of cardiometabolic risk factors in addition
to T2DM, including hypertension and atherogenic dyslipidaemia,
which in their entirety are described as the MetS. MetS is linked to an
increased risk of developing chronic conditions, particularly cardio-
vascular disease (CVD), with physical inactivity and unhealthy dietary
patterns playing fundamental roles in its development [116, 117]. Thus
far, treatments for hypertension and dyslipidaemia are current options
for the MetS.

Considering the positive effects of the soy-yoghurt-honey formula on
cardiovascular risk factors discussed already, it is understandable that
MetS can also be favorably influenced, to the extent that it may no longer
be detectable diagnostically in a high percentage of patients managed by
the formula diet [86, 87]. This approach and outcome needs to be
emphasized, because, to date, there is no contraindication against a
protein-rich supplementation, even in patients with diagnosed metabolic
disease [18, 19]. Together with the reductions in total bodymass and FM,
lifestyle intervention with additional use of the soy-yoghurt-honey for-
mula promotes favorable changes in metabolic status and regression of
systemically diagnosed components of MetS compared with more typical
lifestyle changes alone. In addition, overweight patients presenting with
components of MetS can also benefit substantially from the described
intervention, even with only mild weight reduction [95, 100]. This
reaffirms that not only a state of prediabetes, but also diagnosedMetS can
be reversed by a rigorously implemented lifestyle modification [8].

Regarding the totality of the isoflavones, the defined soy proteins and
biologically active peptides with likely anti-hypertensive, anti-hyper-
cholesterolemic and anti-hypertriglyceridemic properties (see above), it
is unsurprising that even after a short intervention period, e.g., 4–6
weeks, the soy-yoghurt-honey formula approach also leads to a signifi-
cant decrease in triglycerides, LDL cholesterol and serum apolipoprotein-
B levels. These effects could be confirmed by clinical trials using the
reviewed soy-yoghurt-honey formula as part of the intervention strategy
[13, 17, 80, 81, 84] and such trials should be considered, as metabolic
markers of risk including elevated serum triglycerides and LDL choles-
terol (such as apolipoprotein-B containing particles) should also be
reduced as a result of a successful dietary and lifestyle weight manage-
ment concept [118]. However, it must be recognized that changes in
blood pressure as well as in the lipid profile are related to elevated
baseline levels, and HDL cholesterol levels are not significantly influ-
enced by the properties of the soy-yoghurt-honey formula.
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3.6. Leptin and inflammatory mediators

Despite the adipokine leptin not being routinely measured in clinical
chemistry, it must be considered not only as a key regulator of energy
homeostasis and food intake but also as a risk factor for obesity and
diabetes if leptin deficiency or resistance occurs [119, 120]. When leptin
resistance arises in obesity (typically at the blood-brain barrier, BBB), it
subsequently fails as an adipostat. As triglycerides can inhibit the
transport of leptin across the BBB, it may be postulated that hyper-
triglyceridemia, as an obesity-related comorbidity, acts, in part to inhibit
leptin transport across the BBB and invoke a starvation response [121].
Serum leptin may impact upon weight loss and maintenance of this
weight loss through lifestyle changes [122, 123] and by modification of
enzymes important in triglyceride metabolism [124, 125] in overweight
adults. It has been shown in a retrospective study [93] that a weight loss
intervention with soy-yoghurt-honey formula resulted in significant
changes from baseline not only for FM but also for serum leptin levels.
Despite adjustment for variations in weight loss, the participants in the
formula meal-replacement group demonstrated a significantly p < 0.001
larger reduction in mean serum leptin levels post intervention (�13.9
ng/ml) than those in the control group (�9.8 ng/ml). This result may be
interpreted as a positive effect on leptin resistance.

The reduction in both FM and hepatic lipid accumulation lead not
only to reductions in serum leptin, but also to lower levels of inflam-
matory markers [106]; significant improvements have been found in
levels of IL-6 and C-reactive protein (CRP), following the
soy-yoghurt-honey formula intervention [125]. Obesity is known to be
associated with adipose tissue inflammation [127], activation of mac-
rophages [128], and with increased circulating plasma levels of
pro-inflammatory cytokines [129]. As previously demonstrated [126]
baseline levels of serum leptin were not only positively correlated with
body weight, BMI, and FM, but also with the inflammatory markers IL-6
and CRP themselves.

Our most recently published observation in this area [126] is sup-
ported by findings from other studies where dietary carbohydrate re-
striction coupled with intermittent fasting formed part of the
intervention [114]. These interventions lead not only to significant re-
ductions in body weight in overweight participants, but also to a simul-
taneous reduction in the circulating concentrations of markers of
inflammation [130, 131, 132, 133]. Thus, (a decreased) insulin con-
centration may be a regulator of immune function, as it is associated with
the release of pro-inflammatory cytokines, including IL-6, from adipo-
cytes [125, 134, 135]. In addition, these (anti-inflammatory) effects may
be enhanced by isoflavones and peptides, which also exhibit a range of
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metabolic and molecular activities [33]. Finally, in relation to this topic,
the sub-analysis of the ACOORH trial lifestyle intervention showed
[126], that commencing a weight management intervention with a
high-protein, low-glycemic meal replacement was more effective on
body weight and leptin reduction than lifestyle intervention alone.
Therefore, early, and strong leptin and insulin reduction is predictive of
better long-term weight loss.

3.7. Quality of life (health related quality of life, HRQOL)

Obesity not only increases the risk of diseases such as T2DM and
MetS, but it is also negatively related to HRQOL [136]. Therefore, any
aims of lifestyle interventions should not necessarily only be weight loss
and improvement of cardiometabolic risk factors, but also improvement
of quality of life [4, 5]. Indeed, if weight losers do not feel further benefit
for their HRQOL in addition to their weight reduction, it could be that the
lifestyle alteration might not be optimally integrated into everyday life in
the long term [137]. Meal replacement products are recommended as
one effective and therapeutic approach to weight loss, particularly when
introduced at the start of an intervention, a period in which the driving
motivation and mood improvement is beneficial. Hence, a trial con-
ducted by the Freiburg study group evaluated the effectiveness of a
12-month weight loss intervention strategy in obese women and in
particular, to assess potential changes in HRQOL [138]. This controlled
study evaluated two different approaches to a standardized 12-month
weight management intervention [49]: the lifestyle program without a
meal replacement (LS, n ¼ 190) and the lifestyle program with the in-
clusion of the soy-yoghurt-honey meal replacement regimen (LSMR, n ¼
190). All participants completed the SF-36 questionnaire pre- and
post-intervention – a validated tool to assess HRQOL. The LSMR sample
scored lower at baseline for the HRQOL than the LS sample in six out of
the eight HRQOL areas, most significant being vitality and health
perception (p < 0.01). Post intervention, reductions in body weight was
observed in both groups (LS: -6.6 � 6.6 vs. LSMR: -7.6 � 7.9 kg). How-
ever, weight loss and improvements in HRQOL scores were greater in the
LSMR group (LSMR: seven of eight, LS: four of eight areas). These find-
ings demonstrated that improvements in HRQOL can arise in
middle-aged obese women who follow a standard lifestyle weight man-
agement program, and that this positive outcome can be further
augmented by the inclusion of a soy protein-based meal replacement
formula. Further analyses of the ACOORH study [84] also found a sig-
nificant effect of meal replacement-based lifestyle interventions on scores
of health-related qualities of life, comparing physically related domains
against mental-emotional domains [143].

4. Critical evaluation

All research studies need to acknowledge their limitations and the
extent to which the findings are credible, reproducible and generalizable,
together with the quality of the study design and analyses. Overall the
studies summarised in Table 1 consisted of a range of study design
including explorative, retrospective as well as a number of randomized
controlled trials (RCT), the latter of which is regarded as meeting the
most stringent of requirements of a study design to determine whether a
cause-effect relationship exists between intervention and outcome. When
explorative studies were conducted, these were usually followed up with
a confirmatory trial.

The RCT made up by far the majority of the studies summarized in
Table 1. The ACOORH study was a multi-centred trial across Europe with
a large sample size and statistically powered. Other RCTs cited were
made up of varying sample sizes, some with low numbers but the ma-
jority with samples between 50-85 depending on the study design. This
should be considered when interpreting the findings and caution exer-
cised where appropriate. Nevertheless, many of the findings on weight
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loss, FM loss as well as changes in metabolic risk factors (such as plasma
glucose, insulin and HbA1c and blood lipids) were consistent and
reproducible across the individual studies and should therefore be
considered as an indication of the efficacy of the soy-yoghurt-honey
formula in this respect.

This is the only soy-yoghurt-honey product currently commercially
available and so it is impossible to make comparisons with other studies
using the same or a similar formula. However, a wide range of meal
replacement products are currently available, some of which have been
incorporated extensively into long term weight management in-
terventions and in studies where T2DM prevention of reversion have
been conducted. Such studies have not tended to specifically evaluate the
efficacy of the meal replacement product per se, but rather the overall
study design and intervention. Whilst the products used in those studies
differ in the main food ingredients, formulations and energy and nutrient
profiles, the interventions tend to result in similar degrees of weight loss
across a similar timeframe, compared with those discussed in this review
using the soy-yoghurt-honey formula. However, as has been discussed
throughout this review, evidence has been presented to raise the possi-
bility of whether specific components of the ingredients such as BAPs,
isoflavones and oligosaccharides may further enhance the weight loss
and metabolic outcomes of the interventions beyond the more funda-
mental high-protein, low energy, low GI properties of the meal replace-
ment. To the best of our knowledge, no RCTs using other meal
replacement products have undertaken a similar questioning approach.

To date the soy-yoghurt-honey formulation has been extensively
evaluated in a range of physiological, metabolic and health scenarios.
The product would still benefit from further rigorous testing but it can be
confidently concluded that this meal replacement formulation is a safe
and effective product for wider employment in weight management and
health related situations.

5. Conclusions

Given the broad range of nutritional, metabolic, and cardio-protective
properties of this functional food formulation, the described formula can
be considered to have specific dietary properties and functions. Protein-
rich formulations, especially based on plant and dairy sources could
prove to be important supplements as well as meal replacements at
various stages of adult life, in health and disease, for weight management
and for those adults who exercise and increase physical activity.

In their entirety, the results presented underscore the efficacy of the
soy-yoghurt-honey formula in weight management and the improvement
of obesity associated CVD and metabolic risk factors. In addition, the
regular intake of the protein-rich, low-glycemic supplement also leads to
significantly improvement in eating behavior by increasing daily protein
intake and also leads to improved HRQOL in physically related SF36
domains. When incorporated into a lifestyle intervention program, the
soy-yoghurt-honey regimen supports a targeted healthy lifestyle and
should be considered a valid therapeutic approach to successful weight
management in clinical, community and personal health care settings. It
can be inferred that as part of an integrated program, the observed
induced lifestyle changes may be integrated into everyday life, even in
the long term. The versatile soy-yoghurt-honey formula described here
should continue to be experimentally evaluated as well as being made
more widely available in clinical and consumer contexts for health
improvement and well-being.
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