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Introduction 
Diet and exercise remain the cornerstone of the management of 

obesity [1]. There has been by the past a lot of controversies about 
the best dietary approach [2]. Large recent studies have specified the 
effectiveness of the different diets that can be used in the long term: 
low in fats or sugars [3], Mediterranean [4], or moderately enriched in 
proteins (resulting in intakes of 1.2 to 1.6 g / kg / day) [5]. It is generally 
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Abstract
Background: An increasing body of literature emphasizes the interest of moderate enrichment in protein for treating obesity and its metabolic consequences. 
However, egg proteins that are known to have the highest biological value have not been studied in this context. We investigated in self-restricted obese individuals 
with low Protein Intake (PI) (< 0.7 g.kg-1.d-1) the effects of increasing PI up to 1.5 g.kg-1.d–1 on body weight, body composition, eating behavior, Resting Metabolic 
Rate (RMR) and kidney function. 

Randomized controlled trial over 2 months: Twelve subjects were given daily supplements of a formula of Purified high biological value Egg Protein (PEP) 
(Ovamine® Nutreven laboratories, Paris) to achieve this level of PI while ten matched controls were given a simple Low-Fat High Protein Diet (LFHPD). Subjects 
were tested before and after 2 months. PEP resulted in increased PI (1.39 ± 0.07 vs 0.65 ± 0.07 g.kg-1.d-1 p < 0.01), higher percentage of protein (+9.6%, p < 0.01) and 
lower percentage of lipids (-13,6%, p < 0.01) in diet, while these values were not significantly modified with LFHPD. Analogic-numeric scales indicated that appetite 
increased under LFHPD and decreased under PEP (p = 0.006) with a subjective feeling of eating less (p < 0.01), yet in both groups, total calculated energy intake was 
not decreased. Under PEP (but not LFHPD) there was a decrease in weight (-1.97 ± 0.5 kg p < 0.01) and body mass index (-0.74 ± 0,18%, p < 0.01) due to a decrease 
in fat mass only (-3.2 ± 1.3 kg p < 0,05). There was in both groups a nonsignificant tendency to reduce RMR with no change in RER. Creatinine clearance increased 
by 10% under PEP (before: 149 ± 19; after: 162 ± 22 ml.min-1, p = 0.05) but not under LFHPD. Microalbuminuria was unchanged. 

Controlled follow-up trial over 18 months: 337 subjects divided into three matched groups followed over 18 months: no change in diet or lifestyle (n = 69); LFD 
(n = 171), and PEP (n = 97) targeting 1.2 g.kg-1.d-1 protein with the same purified egg protein preparation of high biological value. In the group of control subjects 
(n = 58) there was a gradual weight increase up to +8.58 ± 0.56 % of initial weight on the 18th month, while subjects on low fat diet had lost -5.55 ± 1.31 and those 
receiving moderate enrichment in protein had lost -8.07 ± 1.58. The initial drop-out at 1 month is -19% with low fat diet and -15% with moderate enrichment in 
protein. After 6 months it is -57% with low fat diet and -47% with moderate enrichment in protein. During the first 6 months the curves of low-fat diet and protein 
supplementation are almost overlapped but after 8 months the difference becomes significant. At 18 months, subjects on low fat diet have lost -5.95 ± 1.82 and those 
receiving moderate enrichment in protein have lost -8.05 ± 1.87 (p = 0.023). On the whole moderate enrichment in protein induces a weight loss > 10% in 18% of 
the subjects and a weight loss > 5-10 in 22% of them. Visual analogic scales evidence in receiving egg protein a decrease in appetite (p < 0.01) and nibbling (p < 0.01) 
and an increase in satiety (p < 0.01).

Conclusion: This study is thus the first to demonstrate a fair efficacy of purified egg protein over the long term together with positive effects on body composition and 
eating behavior. PEP supplements are an easy means for increasing PI and reducing fat intake, while this goal remains difficult to achieve with simple diet. Despite no 
advice of caloric restriction and no increase in RMR, PEP induces a slight loss in body fat, with preservation of lean mass, and only marginal changes in glomerular 
filtration. Over 18 months it results in a significant weight loss, which is significantly more pronounced (+38%) and continues over a longer period under PEP 
compared to LFD (p = 0.003). In addition, we observe that the effect of this procedure on body weight is more pronounced in three categories of subjects: those with 
marked excess calorie intake, those with initial low protein intake, and those whose phase 2 insulin response is higher. Since egg proteins are the variety of proteins 
that possess the greatest biological value and have additional biological properties beneficial for cardiovascular and metabolic health, they are likely to represent a new 
promising tool for the management of obesity and metabolic syndrome. Further controlled studies are in progress to better assess this issue. 

observed that the latter allows a longer stabilization [6-7] although a 
recent study challenges this concept [8]. A meta-analysis concludes that 
it also induces a slightly greater weight loss [9].

*Correspondence to: Jean-Frédéric Brun, University of Montpellier, INSERM, 
CNRS, Montpellier, France, E-mail: j-brun@chu-montpellier.fr

Key words: protein diet, protein intake, egg protein, body composition, eating 
behavior, microalbuminuria, glomerular filtration, obesity, weight loss, resting 
energy expenditure, insulin secretion

Received: September 28, 2018; Accepted: October 12, 2018; Published: October 
18, 2018



Brun J (2018) Purified egg protein supplementation has beneficial effects on body composition, metabolism and eating behavior and results in a more sustained weight 
loss than low fat diet

Integr Obesity Diabetes, 2018        doi: 10.15761/IOD.1000215  Volume 4(4): 2-11

Furthermore, these protein-enriched diets improve various 
components of the "metabolic syndrome" that usually accompanies 
excess adipose tissue [10-12].

Whether it helps to maintain muscle size and strength is generally 
also observed but there is not a full agreement about this [13]. 

On the whole, undoubtedly, this approach that was considered with 
caution fifteen years ago [14-15] appears to be a powerful tool against 
obesity, even more if it is accompanied by metabolic complications. 

Actually, most of the research on diet-enriched proteins is 
based on studies using dietary protein enrichment, or milk protein 
supplementations [16]. However, among various sources of proteins 
available in human diet, egg proteins are classically presented as those 
with the highest biological value [17]. In fact, this source of proteins 
was long neglected due to the unfounded belief that egg content in 
cholesterol can increase the risk for cardiovascular diseases. 

Recent literature rehabilitates the nutritional value of eggs, which 
were once feared to increase blood cholesterol and thus cardiovascular 
risk. Actually, large epidemiological studies show that egg consumption 
is not related to coronary heart disease incidence or mortality [18]. 
On the opposite, recent studies show that higher egg consumption is 
associated with a reduction in the odds for metabolic syndrome [19]. 
This may be related to the fact that egg proteins generate bioactive 
peptides with multiple biological effects, exerting anti-diabetic and 
anti-obesity effects in experimental animals [20]. 

We are not aware, however, of studies on humans supplemented 
with egg protein. This paper presents a series of studies conducted over 
the last years in our laboratory in order to assess the specific interest of 
them in human obesity. The rationale of the studies was that most obese 
subjects in our clinical practice were found to drastically reduce their 
meals, and thus their protein content, while nibbling at other moments 
of the day, and had thus a protein intake quite low (< 0.6 g.kg-1.day-

1). On the other hand, the simple fact of restoring « normal regular 
meals » with a formula of a Purified high biological value Egg Protein 
(PEP) intake slightly above the recommended values; ie, approximately 
1.2 to 1.4 g.kg -1.day -1, and of course to reduce nibbling, seemed 
to restore the ability to lose weight. However, there was no scientific 
demonstration of this clinical observation. Given the fact that protein 
diets are supposed to both reduce appetite and increase energy wasting, 
we aimed at investigating the effects on resting energy expenditure 
and eating behaviour of a moderate enrichment in proteins in obese 
patients eating less than 0.7 g.kg -1.day 1  protein (in order to achieve 
1.2 to 1.4 g.kg -1.day -1 ) without any other diet advice, compared to 
a high protein low fat advice. This randomized controlled study was 
then followed by a longitudinal controlled study of follow-up over 18 
months to explain the unexpected finding of a spontaneous loss of fat 
mass over this short period. 

Subjects and Methods
Subjects 

All subjects included in the study were all overweight or 
obese (BMI > 25 kg/m²). They were attending for weight loss at the 
outpatient’s unit of the department of Endocrinology of the University 
Hospital of Montpellier. All were nonsmokers, and none had renal or 
hepatic disease, diabetes mellitus, heart disease, hypertension, or took 
prescription medications. Participants gave informed consent, and the 
study was conducted in accordance with the guidelines of the local 
ethics committee.

Study over 2 months

Subjects were stratified by age, gender, and BMI and randomly 
assigned to one of two experimental groups designated as a supplement 
of purified egg protein (PEP), and low-fat high protein diet (LFHPD). 
Subjects were tested before and after 2 months. Characteristics of the 
two groups are shown on Table 1. 

In the PEP group subjects were given daily supplements of an 
original preparation of highly purified egg protein powder (OVAMINE®, 
92 Bd Flandrin 75116, Paris, France) to achieve a level of protein intake 
of 1.2 to 1.4 g.kg -1.day -1. Control subjects were prescribed a LFHPD. 
This LFHPD routinely used in our unit consists of a detailed advice 
to eat a breakfast comprising one or more protein meats, to reduce 
drastically fat in all meals, and to increase their protein intake in each 
meal in order to reach 1.2 g.kg-1.day-1 to 1.4, and to eat vegetables 
ad libitum. In this case subjects had to write on a special diary their 
daily meals for the first weeks of the diet and were seen again for a 
dietary advice 15 days after beginning of the diet and then each month. 
The dietary assessment was performed with a home-made software 
using the information collected on a standardized self-administered 
questionnaire [21-22]. In this protocol subjects of each group were 
tested before and after 2 months of diet. 

Before and after the 2-months trial, the following measurements were 
performed: creatinine, serum insulin, plasma glucose, total cholesterol, 
LDL cholesterol, and triacylglycerols, HDL cholesterol. Total 24-h urine 
volumes were recorded, and an aliquot frozen (45°C) until analysis of 
urine urea and creatinine (for the calculation of creatinine clearance) 
and microalbuminuria (by immunonephelemetry).

Testing comprised first a complete 24-h urine sampling, defined as 
all urine excreted after the first morning void through the initial next 
morning void. The following morning, subjects reported to the test 
site in a rested, fasted state (no light to heavy activity for 24 h and no 
food or beverage with the exception of water for 12 h), and Resting 
Energy Expenditure (REE) was measured. Metabolic measurements 
were recorded using a respiratory mask and 2-way, nonrebreathing 
valve interfaced with analyzer CPX Medical Graphic Cardio 2, which 
includes a specific software for indirect calorimetry. Upon arrival at 
the laboratory, subjects were positioned in a bed and habituated to the 
open circuit spirometry metabolic analysis apparatus for 30 min in a 
temperature controlled (25-27°C), darkened, quiet room. 

The respiratory mask was then placed over the subject’s face and 
carefully checked and sealed to prevent air leakage. Subjects were 
instructed to remain awake and not to move, fidget, or talk once the 
mask was in place. Following the 30-min habituation period, REE 

 MEDP (n = 17) LFHPD diet (n 
= 12) comparison

Gender (M/F) 16-Jan 03-Dec ns
Age (years) 51.7 ± 2.8 48.7 ± 4.5 ns
Weight (kg) 92.3 ± 3.8 105 ± 9.1 ns
Height (m) 1.60 ± 0.02 1.65 ± 0.02 ns

Waist-to-hip ratio 086 ± 002 086 ± 002 ns
BMI (kg/m²) 34.9 ± 1.3 38.3 ± 2.9 ns

% of fat 46 ± 2 44 ± 2.9 ns
Ratio actual REE/ 

predicted REE 103.8 ± 0.043 111 ± 0.067 ns

Table 1. comparison of the two subgroups, showing their correct matching for age, sex 
ratio, waist-to-hip ratio, and fatness

MEDP: Formula of purified high biological value protein; LFHPD: Low Fat High Protein 
Diet; REE: Resting Energy Expenditure
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was estimated from a mean of 20 min of continuous gas sampling via 
indirect calorimetry. The CV for this procedure is 3%. Gas analyzers 
were calibrated before and after each test by nitrogen and two 
primary standard gases accurate to 0.01%. The pneumotachometer 
was calibrated using a 1-L syringe to deliver fixed volumes at variable 
flow rates. Immediately after REE testing, a baseline blood sample was 
collected.

At this time, subjects indicated on 7-point analogic-numeric 
-scale their perception of appetite (extremely hungry to extremely 
full), overall well-being, and of the volume of ingested food, how they 
generally had felt over the past week. Subjects were also asked to indicate 
how often they ate foods that were not provided as part of the study 
diet and how often they were unable to eat all of the foods provided 
as part of the study diet. At the completion of the 8-wk feeding trial, 
subjects repeated the same metabolic testing procedures as described 
above. Thus, REE measurements were performed exactly 8 weeks apart 
to control for possible confounding effects of the menstrual cycle on 
energy expenditure. 

Study over 18 months

The results of the first study over 2 months and the unexpected 
weight loss although no alimentary restriction was prescribed prompted 
us to study in conditions of real life the effects over 18 months of such 
a supplementation in a population similar to that of the first study. The 
endpoint was crude weight loss, so that patients’ weights were followed 
monthly. During the 3 first months of the study an analogic-numeric 
scale [23,24] for hunger and satiety was also given to the patients 
in order to follow their eating behavior. This follow-up study has 
been presented in 2 congresses [25,26]. Three cohorts of patients are 
presented (Table 2): controls (n = 69); middle: low fat diet (n = 171); 
lower curve: moderate enrichment in protein (n = 97). 

Measurements

Body composition, i.e., the measurement of fat mass and Fat Free 
Mass (FFM), was assessed with bioimpedance analysis with a six-terminal 
impedance plethysmograph BIACORPUS RX4000 BiacorpusRX4000, 
(Healthnesslink,79 8 avenue Jean-Jaurès 92130 Issy-les-Moulineaux, 
France) with data analysis with the software BodyComp8.4. This device 
measures total resistance of the body to an alternative electric current 
of 50kHz [27,28]. Body fat mass, fat-free mass was calculated in each 
segment of the body according to manufacturer’s database-derived 
disclosed equations, and total water with published equations using the 
classical cylindric model and Hanai’s mixture theory [29].

Breakfast test

In a subset of subjects of study N°2 a standardized breakfast 
test was employed. Subjects had been asked to fast for 12 h before 
commencement of the standardized breakfast that was composed of 
bread (80 g), butter (10 g), jam (20 g), skimmed concentrated milk (80 
ml) (Gloria SA, Paris, France), sugar (10 g), and powder coffee (2.5 

g). The breakfast thus comprised 2,070 kilojoules with 9.1% proteins, 
27.5% lipids, and 63.4% carbohydrates. The average time for consuming 
the meal was 6 min. Blood samples were taken twice before the meal 
and at 15, 30, 60, 90, 120, 150, 180, 210, 240 min following the start 
of the meal. This test, which has been designed to detect postprandial 
reactive hypoglycemia [30], elicits the same glycemic response as the 
conventional OGTT [30,31]. 

All samples were analyzed for plasma insulin by radioimmunoassay 
(kit Bi Insulin IRMA; Schering CIS bio international, Gif-sur Yvette, 
France) and for plasma glucose content with an Olympus 2700 
automate.

Insulin sensitivity was calculated with Caumo's "oral minimal 
model" [32] which is the application to OGTT or meal tests of the 
equations previously developed by R.N. Bergman for IVGTT [33]. 
It is based on the analysis of changes in plasma glucose and insulin 
concentration measured after the standardized breakfast. SI is given 
by the “oral minimal model” which is actually Bergman’s one with 
simply another term called Ra OGTT added to the first equation. Model 
equations are thus:

          (10)

Where G is plasma glucose concentration, I is plasma insulin 
concentration, suffix “b” denotes basal values, X is insulin action on 
glucose production and disposal, V is distribution volume, and SG, 
p2, and p3 are model parameters. Specially, SG is the fractional (i.e., 
per unit distribution volume) glucose effectiveness, which measures 
glucose ability per se to promote glucose disposal and inhibit glucose 
production; p2 is the rate constant describing the dynamics of insulin 
action; p3 is the parameter governing the magnitude of insulin action. 
Interestingly, these two equations can be simplified, allowing to 
calculate SI with a quite simple area under the curve formula:

Where G is plasma glucose concentration, ΔG and ΔI are glucose 
and insulin concentrations above basal, respectively, AUC denotes the 
area under the curve; GE is glucose effectiveness termed above p1 or SG 
(dl.kg-1.min-1); DOGTT is the dose of ingested glucose per unit of body 
weight (mg.kg-1); and f is the fraction of ingested glucose that actually 
appears in the systemic circulation. When glucose falls below basal, a 
slightly different formula needs to be used (we refer to Eq.7 in Caumo 
and al. [32]. Calculations of SI requires insertion of values for SG and f. 
Here we used the value of glucose effectiveness given by our previously 
validated formula SG =2.921 e -0.185(G

60
-G

0
). Besides, as in Caumo’s paper, 

the value for f is set as f=0.8. This “oral minimal model” has been 
validated against glucose clamp, sophisticated tracer experiments and 
the classical IVGTT-based minimal model [31]. More recently we also 
reported its accuracy in type 2 diabetics [34]. 

 Gender (F/M) AGE (yr) Weight (kg) Fat (%) Fat (free mass (kg) waist 
circumference (cm)

hip circumference 
(cm) BMI (kg/m²)

CONTROLS 64F/5M 42.58 92.57 40.79 54.24 103,68 117.69 34.64
(n = 69)  ± 1.85** ± 11.05 ±0.73 ± 1.16 ± 1.78 ± 1.57 ± 0.75

PROTEIN 87F/10M 47.48 92.85 40.66 54.43 105,19 116.46 34.25
(n = 97)  ± 1.85 ± 2.27 ± 0.50 ± 1.11 ± 1.55 ± 2.17 ± 0.86

LOW FAT 140F/31M 46.3 92.21 42.18 54.07 103,17 114.17 34.19
(n = 171)  ± 1.26 ± 1.50 ± 0.52 ± 0.86 ± 1.28 ± 1.33 ± 0.50

Table 2. Anthropometric and body composition parameters of study N°2 subjects (second study over years) (mean ± SEM)



Brun J (2018) Purified egg protein supplementation has beneficial effects on body composition, metabolism and eating behavior and results in a more sustained weight 
loss than low fat diet

Integr Obesity Diabetes, 2018        doi: 10.15761/IOD.1000215  Volume 4(4): 4-11

Calculation of insulin secretion with C-peptide model 

Insulin secretion was also quantified from C-peptide kinetics 
as described by the well-known two-compartment model originally 
proposed by Eaton et al. [35] and further improved by van Cauter et 
al. [36] so that the model parameters were individually adjusted to the 
subject’s anthropometric data.

where the overdot indicates time derivative; CP1 and CP2 (nmol/l) 
are C-peptide concentrations above basal in the accessible and 
peripheral compartments, respectively; kij (min−1) are C-peptide kinetic 
parameters, and insulin secretion rate (SR) (pmol ·l−1 ·min−1) is pancreatic 
secretion rate above basal, entering the accessible compartment, and 
normalized by the volume of distribution of compartment 1. 

This β-cell response obtained with this classical calculation was 
then quantified with several classical parameters defined by the two 
most widely accepted models available in the literature [37,38]. 

The most simplistic expression was maximal insulin secretion 
(pMol/min/m²) ie the highest value of ISR during the test, and total 
insulin release over 210 min (pMol/m²) which is calculated as the area 
under the curve. Another measurement of total insulin secretion global 
index of β-cell sensitivity to glucose, Φ (109 min−1), was calculated as 
follows, according to Breda [37] as the ratio between the AUC of total 
insulin secretion and the AUC of blood glucose concentration:

where T (min), is the time at which the system returns to steady-
state conditions after the perturbation, is in this study the duration of 
the glucose-tolerance test covered by blood sampling.

β-cell sensitivity to glucose [38] which is approximately equivalent 
to the static sensitivity index Φs (109 min−1) [37] measures the effect of 
glucose on β-cell secretion at steady state. It is calculated as the slope 
(pMol/min/mmol/m²) of the relationship between SR and glucose 
concentration. 

In a recent study we reported that these two indexes of second 
phase insulin response (Breda’s Φ and Mari’s β-cell sensitivity to 
glucose) are closely related to the magnitude of functional pancreatic 
islets mass [39].

Two indexes of first phase insulin secretion were measured. The 
derivative component, also called "rate sensitivity "or k1 (pMol.m-².
mmol-1) according to Mari [38] as the dynamic dependence of insulin 
secretion on the rate of change of glucose concentration. The dynamic 
sensitivity index Φd (109) is a measure of the stimulatory effect of the 
rate at which glucose increases upon the secretion of stored insulin. It 
is defined as the amount of insulin (per unit of C-peptide distribution 
volume) released in response to the maximum glucose concentration 
(Gmax) achieved during the experiment, normalized by the glucose 
increase Gmax - Gb. This parameter ΦD is calculated according to Breda [37]. 

Basal insulin secretion (pMol/min/m²) given by the C-peptide 
kinetics was also calculated, and also expressed as an index of basal 
β-cell sensitivity Φb (109 min−1) as follows: 

The potentiation factor ratio was also calculated according to Mari 
[38] as a time-varying factor, which is set to be a positive function 
of time and to average one during the experiment, encompassing all 
factors that may modulate insulin secretion (glucose and non-glucose 
substrates, gastro intestinal hormones, neuromodulation). It expresses 
a relative potentiation of the secretory response to glucose.

A disposition index was also calculated insulin secretion by insulin 
sensitivity, in analogy with Bergman et al. [40]. Actually, three different 
disposition indexes can be calculated after mixed-meal ingestion, by 
multiplying k1, β-cell sensitivity to glucose, and total insulin secretion 
Φ by SI.

Statistics

Data are reported as means  SEM, and statistical analysis was 
with the Sigmastat package (Jandel Scientific, Erkrath, Germany). 
Comparisons were performed with two ways analysis of variance 
(ANOVA). Correlations were calculated on Microsoft EXCEL. 
Differences were considered significant at p < 0.05.

Results 
Study 1, randomized trial over 2 months

There were 16 drop-outs: 5 in the PEP group (all female), i.e. 5/22 
or 22.7%, versus 11 in the group LFHPD (1-man et 10 women i.e. 11/23 
or 47.8 %). The tendency towards a higher percentage of drop-out in the 
group LFHPD did not reach significance (p = 0.11 Fisher’s exact test). 
Thus, from the total number of 45 subjects included in the study (22 
assigned to receive PEP and 23 to receive LFHPD), 29 completed the 
protocol: 17 received PEP and 12 received LFHPD. Characteristics of 
all these subjects are given on Table 1. It can be seen on this table that 
subjects are well matched for age, weight, height and percentage of fat.

While the dietary assessment did not evidence a reduction of 
food intake in either of the subgroups, Table 3 and Figure 1 show 
that the respective percentages of CHO, lipid and proteins in patients’ 
alimentation were not significantly changed on the average in the 
control group despite dietary prescription while in subjects that were 
given PEP the protein intake increased by 10.9 % (p < 0.01) with 
a parallel decrease of the lipid intake by 12.2% (p < 0.01). The mean 
increase in daily intake of proteins in the PEP group was 0.73 ± 0.09 
g.kg-1/d-1 (p < 0.01) (Figure 2). 

Analogic numeric scales rather show a decrease in appetite under 
PEP while appetite rather increases under dietary prescription (-2.8 ± 
0.9 arbitrary units vs +2.32 ± 1.6 p = 0.006). Patients that were given 

 before MEDP after MEDP before LFHPD after LFHPD

k Cal/24 h 1703.7 ± 129.24 1831.3 ± 91 1893.5 ± 175.9 1973.36 ± 
245.87

%P 14.21 ± 0.48 26.7 ± 2*** 13.38 ± 0.64 14.6 ± 0.7
%L 36.6 ± 3.7 26 ± 2.7*** 37.5 ± 4.13 36.2 ± 4.2
%G 47.6 ± 4 43 ± 5.3 43 ± 2.7 46 ± 5.4

daily protein (g/
kg/j) 0.65 ± 0.07 1.39 ± 0.07*** 0.67 ± 0.09 0.69 ± 0.11

Table 3. Effects of MEDP vs LFHPD diet on daily nutrient intake assessed by a standardized 
questionnaire before and after the two months of the protocol. Results show that there is no 
measurable change in quantifiable calorie intake, but that EPP increases by 100% protein 
intake, resulting in a higher percentage of protein and a lower percentage of fat. *** p < 
0.01 (difference before vs after)
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PEP mention the subjective feeling of eating less (-4.61 ± 0.75 arbitrary 
units p < 0.01). 

Weight loss was not the primary endpoint of the study since no 
calorie restriction was prescribed. However, both diets resulted in 
weight loss. This loss was significant in the group that was given PEP, 
since in this group 14 subjects in a total group of 17 lose weight (-1.87 ± 
0.6 kg; p < 0.01). In the group that was given diet alone this weight loss 

did not reach significance (-1.3 ± 1.4 kg) while 9 subjects (from a total 
number of 11) lose weight. The body mass index exhibited a significant 
decrease in the group that was given PEP: -0.67 ± 0.21 % (p <0.01). 
This decrease did not reach significance in the group that was given diet 
alone. ( -0.43 ± 0.5 %, NS).

Waist circumference significantly decreased (-3.05 ± 1.22 cm, p < 
0.05 in the group using PEP while that decrease was no longer found 
to be significant in the group that was given diet alone (-0.29 ± 1.8). 
Hip circumference did not change in any group. Waist-to-hip ratio was 
similar in both groups at the beginning and exhibited in both cases a 
non-significant trend to decrease. 

There was a loss of fat mass (-2.5 ± 1.03 kg, p < 0,05) in the group 
that was given PEP vs –0.39 ± 0.85 under diet only (non-significant). By 
contrast the lean mass remained stable (-0.11 ± 0.7 ns under PEP vs -1.8 
± 1 under LFHPD, ns).

Urinary urea excretion exhibited a twofold increase in the group 
that was given PEP (p < 0.01), demonstrating thus an increase in 
protein catabolism that was not found in the group that was prescribed 
diet alone. 

Resting energy expenditure (REE) exhibits in both groups a 
nonsignificant tendency to decrease (-147 ± 86 kcal/24h under PEP vs 
-143 ± 67 kcal/j under diet alone). While these tendencies do not reach 
significance, they indicate that none of the dietary procedures used here 
increases the basal metabolic rate as hypothesized at the beginning of 
the study. 

Creatinine clearance exhibits a very moderate increase with 
borderline significance (+8.4%, p = 0.05) in subjects that ware given PEP, 
since its values raise from 126 ± 19 up to 136 ± 10 ml/min). Creatinine 
clearance does not exhibit any change under diet alone. There is also a 
nonsignificant trend towards a rise in microalbuminuria (29.6 ± 17 up 
to 59.4 ± 38 µg/min under PEP) but this rise is not significant. Therefore, 
these data suggest a moderate increase in glomerular filtration but are 
on the edge of significance and cannot demonstrate it. If this rise were 
confirmed, it would be on the average of 10% and thus quite moderate. 

The main statistical parameter explaining weight loss is the change 
in fat mass (r = 0.440; p = 0.017). On the whole fat free mass does not 
change. 

This loss in fat mass is correlated to two modifications: the decrease 
in total daily calorie intake demonstrated by the dietary questionnaire 
(r = 0.392; p = 0.05) and the subjective feeling of a decrease in total food 
ingestion (r = 0.446 p < 0.05).

Correlations show that the increase in protein intake results in a 
decrease in lipid intake (r = 0.733; p = 0.0000209). This increase in 
protein intake decreases the perception of hunger (r = 0.564; p = 0.0184) 
(Figure 2). It is associated with a feeling of eating less (r = 0.515; p = 
0.0346). These two effects of the enrichment in proteins are correlated 
to each other: the decrease in appetite correlates with the feeling of 
eating less (r = 0.762; p = 0.0002). 

This feeling of eating less is weakly correlated to the decrease in fat 
mass (Figure 3) (r = 0.454; p = 0.05) and to total weight loss (r = 0.454; 
p=0.05). Weight loss is correlated to the change in hip circumference (r 
= 0.478; p = 0.0087).  

Over this short period (2 months) that induced only a moderate 
weight loss there was no significant improvement of the biological 
parameters associated with overweight. Tendencies to decrease in 
fasting blood glucose, fasting insulin, and insulin resistance indexes 

Figure 1. Negative correlation between change in appetite (analogic-numeric scale) and 
change in protein intake, showing that the feeling of hunger is decreased when protein 
intake increases

Figure 2. Effects of MEDP vs high CHO low fat diet (LFHPD) on modifications of appetite 
(left), well-being (middle) and food intake (right).  All changes under MEDP: p <0.001
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calculated at fast (Table 4) do not reach significance. However, the 
decrease in BMI was associated on the analogic-numeric scales with 
an increase in the feeling of well-being (r = 0.604; p = 0.0080). This 
increase in the feeling of well-being was correlated with the decrease in 
fat mass (r = -0.4693; p = 0.0494). 

Study 2, follow-up over 18 months of weight loss, compared 
to low fat diet 

The three cohorts of patients presented on Table 2 exhibited a very 
different profile of weight evolution, as evidenced by the significant 
differences detected by the ANOVA (Figure 4). In the group of control 
subjects there was a gradual weight increase up to +8.58 ± 0.56 % of 
initial weight on the 18th month, while subjects on low fat diet had 
lost -5.55 ± 1.31 and those receiving moderate enrichment in protein 
had lost -8.07 ± 1.58. Comparison of the three curves of weight change 
shows a highly significant difference (p = 0.003). However, during the 
first 6 months the curves of low-fat diet and protein supplementation 
are not significantly different and almost overlapped (ANOVA p = 0.117, 
NS). After 8 months the difference becomes significant: subjects on low 
fat diet have lost -5.95 ± 1.82 and those receiving moderate enrichment 
in protein have lost -8.05 ± 1.87 (p = 0.023). The difference between the 

two curves is significant at each point between 8 and 18 months. On the 
whole moderate enrichment in protein induces a weight loss >10% in 
18% of the subjects and a weight loss > 5-10 in 22% of them (differences 
with the low-fat diet are not significant) (Table 5). 

As usual in such studies there is a progressive decrease of the 
number of subjects remaining on diet. The initial drop-out at 1 month is 
-19% with low fat diet and -15% with moderate enrichment in protein. 
After 6 months it is -57% with low fat diet and -47% with moderate 
enrichment in protein.

As shown in Figure 4, questionnaires (visual analogic scales) 
evidence in the group receiving moderate enrichment in protein a 
decrease in appetite (p < 0.01) and nibbling (p < 0.01) and an increase 
in satiety (p < 0.01).

Factors of success or failure of the diet

In the whole sample of study 2 we can calculate the relationship 
between diet before the intervention and the effect of moderate 
enrichment in protein. Weight loss under EMP is correlated to initial 
fat stores (r = -0.550; p < 0.05), initial calorie intake (r = -0.584 p < 0.02) 
and initial protein intake (r = 0.310 p < 0.05). Subjects initially eating < 

 before MEDP after MEDP before LFHPD after LFHPD
Weight (kg) 92.32 ± 3.79 90.45 ± 3.78*** 105.00 ± 9.09 103.64 ± 8.84
BMI (kg/m2) 34.95 ± 1.35 34.28 ± 1.43*** 38.30 ± 2.86 37.86 ± 2.87
waist circumference 102.82 ± 3.17 99.76 ± 3.02* 110.04 ± 6.33 109.27± 6.01
hip circumference 119.65 ± 2.32 118.74 ± 2.84 126.96 ± 5.83 125.50 ± 6.21
waist to hip ratio 0.86 ± 0.02 0.84 ± 0.02 0.86 ± 0.03 0.86 ± 0.02
blood glucose (mmol/l) 5.23 ± 0.22 5.02 ± 0.22 4.65 ± 0.19 5.34 ± 0.28
serum insulin (µU/ml) 11.71 ± 4.29 9.45 ± 1.97 7.67 ± 1.80 8.00 ± 1.79
urinary urea (g/24 h) 16.24 ± 5.13 30.99 ± 4.04*** 33.37 ± 5.35 39.81 ± 7.12
Plasma creatinine (µMol) 72.92 ± 2.99 68.40 ± 3.00 69.77 ± 2.95 74.67 ± 3.97
créatinine clearance (ml/min) 126.91 ± 8.40 136.46 ± 10.65 166.78 ± 22.70 173.36 ± 25.17
microalbuminuria (µg/min) 18.86 ± 8.97 41.28 ± 19.69 7.96 ± 3.49 8.58 ± 1.98
REE (kCal/24h) 1496.88 ± 74.41 1349.38 ± 57.94 1777.38 ±154.12 1633.42 ±142.98
RER 0.82 ± 0.02 0.80 ± 0.01 0.87 ± 0.02 0.86 ± 0.02
lean body mass (kg) 49.58 ± 2.51 49.47 ± 2.56 56.87 ± 4.33 55.09 ± 4.34
fat mass (kg) 42.89 ± 3.23 40.38 ± 2.97* 48.20 ± 6.11 48.58 ± 6.34
total body water (l) 41.26 ± 2.18 41.01 ± 2.27 46.42 ± 3.91 46.91± 3.66
% extracellular water 39.88 ± 1.00 40.12 ± 0.77 42.09 ± 1.39 40.78 ± 2.12

RER: Respiratory Exchange Ratio; * p <0.05; *** p <0.01 (difference before vs after) 

Table 4. Comparison of the evolution in the two subgroups of the parameters studied

Figure 3. Correlation between change in food intake (analogic-numeric scale) and change in fat mass, showing that the feeling of eating less is associated with a decrease in fat mass
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0.83 g/kg/j lose more weight (-7.15 ± 1.27% vs -3.39 ± 0.76%; p < 0.04) 
under EMP (Figure 5).

We also calculated in a subgroup of 39 subjects of study 2 the 
influence of glucoregulatory status. Subjects were divided into 2 groups, 
one group of 18 taking a moderate enrichment in protein as explained 
above, and another one of 21 taking the low-fat diet. Both groups were 
matched for age (45.7 ± 2.7 vs 55.3 ± 3.89), gender (ratio M/F=0.20) 
and BMI (34.3 ± 0.89 vs 35.70 ± 2.12). In both groups a breakfast test 
was performed at the beginning of the study. At 10 months subjects 
taking proteins had lost significantly more weight than those taking a 
low-fat diet (-6,02 ± 0,92 vs -2.56 ± 0.76 kg, p < 0.01, ie, -5.92 ± 0.91% 
of initial body weight vs -2.66 ± 0.79%; p < 0.02). Patients exhibited 
at the beginning similar values of all parameters of insulin sensitivity 
and insulin secretion calculated with the models (data not shown). 
There was no correlation between insulin resistance, disposition index, 
or phase 1 insulin secretion and the extent of weight loss. By contrast 
(Figure 6) weight loss was correlated to pancreatic β-cell sensitivity in 
the subgroup of subjects taking proteins (r = -0.557; p <0.01), and this 
relationship is no longer found in subjects taking the low-fat diet (r = 
-0.254 ns). This finding indicates that an enhanced phase 2 of insulin 
secretion is a predictor of efficacy of a moderate enrichment in egg 
protein. 

Discussion 
This study shows that addition of PEP to the actual diet is an easy 

mean to achieve a " High-Protein, Low-Fat Diet", since it results in an 
increase in protein intake associated to a decrease in fat intake. It also 
evidences over a period of 2 months that this procedure is well tolerated, 
as evidenced by the increased feeling of well-being on the analogic-
numeric scale, does not increase resting energy expenditure, and has 
only marginal effects on the glomerular function. Without any advice 
of caloric restriction, it results in a significant weight loss, consisting of 

an average decrease in fat mass of 2,5 kg without any decrease in fat-free 
mass over 2 months. The follow-up over 18 months shows that weight 
loss is significantly higher (+38%) and continues over a longer period 
under PEP compared to LFD. In addition, we observe that the effect of 
this procedure on body weight is more pronounced in three categories 
of subjects: those with marked excess calorie intake, those with initial 
low protein intake, and those whose phase 2 insulin response is higher.  

When we started this series of studies in the late nineties protein 
addition to diet was actually considered with caution [14,15]. However, 
the idea to reequilibrate protein intake around 1.2 g.kg-1.day-1 gained 
little by little more audience and our finding of the fair efficiency of 
this approach is in accordance with some recent literature. MEPDs 
have been reported to produce greater weight loss, increase loss of fat 
mass, minimize loss of lean mass, and improve dyslipidaemia (lower 
TAG and increased HDL-C) compared with commonly recommended 
hypocaloric (low fat or low CHO) diets [12]. 

Even more, there is increasing evidence that the range of at least 
1.2 to 1.6 g.kg-1.day-1 of high-quality protein is a more ideal target 
for achieving optimal health outcomes in adults [41]. Higher protein 
intakes may help prevent age-related sarcopenia, the loss of muscle 
mass and strength that predisposes older adults to frailty, disability, and 
loss of autonomy. Higher protein diets also improve satiety and lead to 
greater reductions in body weight and fat mass compared with standard 

 kCal/day prot g/kg/j P% G% L%
CONTROLS 1890.02 0.73 16.27 56.22 27.42

(n = 69) ± 90.40 ± 0.04 ±0.72 ± 1.74 ± 1.49
PROTEIN 1992.04 0.74 17.19 56.6 26.23
(n = 97) ± 96.80 ± 0.03 ± 0.62 ± 1.53 ± 1.44

LOW FAT 2073.91 0.82 18.04 55.06 27.04
(n = 171) ± 61.05 ± 0.03 ± 0.47 ± 1.00 ± 0.84

Table 5. Dietary habits of the subjects of study N°2 (mean ± SEM)

Figure 4. Weight loss (percentage of initial weight) over 18 months in the three groups of 
the study N°2: upper curve: controls (n = 69); middle: low fat diet (n = 171); lower curve: 
moderate enrichment in protein (n = 97). The difference among the three curves is highly 
significant. Black stars show the differences between low fat and protein which become 
significant after 8 months.  On the right: scores of hunger, satiety and nibbling measured 
on the visual analogic scale

hunger

sa�ety

nibbling
*

*

** p<0.01   * p<0.05

* * *
* * *

* *

** **

Figure 5. Weight loss (percentage of initial weight) over 12 months, showing better results 
in subjects initially restrained in protein intake (< 0.83 g.kg-1.d-1 eg the lower boundary of 
recommended intake)

Figure 6. Correlations between β-cell sensitivity and weight loss in subjects taking 
moderate egg protein supplements (left) or low-fat diet (right). Weight loss was correlated 
to pancreatic β-cell sensitivity in the subgroup of subjects taking proteins (r = -0.557 p < 
0.01). This relationship is no longer found in subjects taking the low-fat diet (r = -0.254 ns). 
This finding indicates that an enhanced phase 2 of insulin secretion is a predictor of efficacy 
of a moderate enrichment in egg protein but not a low-fat diet
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protein diets and may therefore serve as a successful strategy to help 
prevent and/or treat obesity. Therefore, our approach is in line with 
current literature. 

The main originality of our study is to employ egg protein rather 
than a preparation derived from milk. The fair efficacy of the preparation 
of egg proteins used in this series of studies is obvious. On the opposite, 
there has been some controversy as to whether purified protein 
supplements are more efficient for weight control than increasing the 
part of food containing protein in diet remains controversial [42,43] 
but protein supplements in those studies are most of the time derived 
from dairy products. 

It is beyond doubt than dairy products are an important component 
of a well-balanced diet and a healthy lifestyle for metabolic health [44]. 
Even more, a recent study shows that increased dairy intake as part of 
energy restricted diets resulted in greater loss in body weight and fat 
mass while attenuating lean mass loss in 18–50-year-old adults and are 
thus a nutritional tool against obesity [45]. However, whether whey-
derived protein supplements are a good tool for losing weight over the 
long term remains controversial. 

Since egg protein has a higher biological value than dairy protein 
[17], an enhanced efficacy can theoretically be expected. Our study 
was not designed for detecting such a difference but at least it clearly 
demonstrates that adding a purified egg protein preparation with the 
goal to reach the upper range of physiological requirements is more 
efficient than a diet restricted in fat for losing weight and maintaining it 
over more than 18 months. 

There are other interests of egg protein in such a context. In 
complete disagreement with the classical status that eggs can be 
deleterious for health because of their content in cholesterol, current 
large epidemiological studies show that egg consumption is not related 
to coronary heart disease incidence or mortality [18]. Even more, 
recent studies show that higher egg consumption is associated with a 
reduction in the odds for metabolic syndrome [19]. This may be related 
to the fact that egg proteins generate bioactive peptides with multiple 
biological effects, exerting anti-diabetic and anti-obesity effects in 
experimental animals [20]. 

Egg white mainly consists of water (88%) and protein (11%) and is 
lacking in lipids. Among these proteins, Ovalbumin and Ovomucin are 
good sources of amino acids. Ovotransferrin is also a fair source of iron. 
Hydrolysis products of several egg proteins such as Ovotransferrin, 
Ovomucin and Lysozyme have also remarkable immune-regulatory 
properties that are studied in animal models of cancer or inflammatory 
diseases [46] and can thus be expected to have beneficial effects on the 
low grade inflammation that is found in most cases of obesity [47] and 
whose pathogenetic role in  insulin resistance is a matter of debate [48]. 

Therefore, our paper provides a good evidence that egg protein is 
an interesting tool in obesity, with a weight-lowering efficacy which is 
at least not inferior to other protein supplements. The specific beneficial 
properties of egg proteins reminded above suggest that purified egg 
protein can be expected to be a useful aid for treating obesity and 
metabolic syndrome. A multicentric randomized study to better 
demonstrate this is planned for the next years. 

In this study, over people still under diet à 6 mo grossly there are 
45% responders (> 5% weight loss) and 55% nonresponders. Two 
categories of “responders” are identified: (1) self-restricted low protein 
eaters; (2) ‘overeater’ ‘patients with initially high caloric intake. A good 
response is also favourited by increased insulin second phase response 
to glucose, i.e. hyperinsulinism. 

The effect on self-restricted low protein eaters is consistent with 
Bosse and Dixon’s “theory of protein spread” which assumes that 
providing a sufficient deviation from habitual protein intake is a key 
factor in determining the success of protein supplements in weight 
management interventions [49].  

The effect on ‘overeater’ ‘patients with initially high caloric intake 
is logic, if one keeps in mind the effects of proteins on the feeling of 
satiation, which may help to decrease the orexigenic drive, as clearly 
evidenced in our two studies. In addition, it is in line with Simpson 
and Raubenheimer’s “protein leverage theory” [50] which predicts 
that humans adjust their food intake to maintain a relatively constant 
dietary protein intake, so that diets with low protein density will have 
higher energy intakes, while diets with higher protein density will have 
lower energy intakes. 

The effect on patients whose phase 2 of insulin secretion is increased 
is also logic, since insulin increases hunger and fat storage. Presumably, 
adding more protein will reduce hypersecretion of insulin and thus 
decrease an obesogenic factor. 

These three profiles of “good responders to moderate protein 
increase” may explain the overall powerful effect on a general non-
selected population of obese subjects, since all three put together 
represent a significant proportion of an obese population. 

In study number 1 we show that PEP does not increase resting 
metabolic rate. However other studies show that it increases diet 
induced thermogenesis [12,51]. Clearly PEP has a regulatory effect on 
eating behaviour (decrease in appetite and nibbling) which is likely 
to explain most of its efficiency in overeaters. On the other hand, it 
seems that restoring a protein intake > 0.83 g.kg-1.day-1 in self-restricted 
patients unlocks the slimming process. The most likely explanations are 
an increased diet induced thermogenesis and a correction of nibbling 
that is usually found in situations of self-calorie and protein restriction. 

Whether this simple increase in protein may induce alterations 
in energy balance sufficient for a weight loss is a usual statement of 
promotors of commercial protein diets but remains poorly documented 
in scientific literature. 

This study, which was not designed to analyse the effects of this 
dietary procedure on lipid and carbohydrate metabolism, is unable to 
evidence a statistically significant improvement in these parameters as 
evidenced by Johnston [51] after a high-protein diet low in fat. However, 
there is a tendency suggesting that on a higher sample and/or on a 
longer duration these improvements would probably be observed. By 
contrast, we evidence a good tolerance of this procedure (as shown by 
the analogic-numeric scale of well-being) and a weight-reducing effect. 

This weight-reducing effect is found despite no advice to restrain 
food intake. The calculation of daily food intake is unable to evidence 
a significant decrease in quantifiable nutriments. However, on the 
analogic-numeric scale subjects quote a decrease in food intake, which 
seems thus to mostly affect non-quantified food (ie, nibbling). Thus, 
one of the probable mechanisms of this weight reduction was a decrease 
in food intake outside of the main meals. 

However, we addressed in this study another hypothesis, which 
frequently appears in the commercial documents on high protein diet: 
a possible effect of increased protein intake on energy expenditure. 
Actually, it is clear that neither of the two diets studied here increases 
resting energy expenditure. On the other way about, there seems to be, 
as usual in all weight-reduction procedures, a decrease in resting energy 
expenditure, which is not significant in this study but could perhaps be 
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evidenced on a larger sample. Thus, the addition of protein powder to 
the diet does not increase resting energy expenditure. 

Another kind of thermic effect of protein powder could be that it 
increases postprandial thermogenesis, which usually represents 10 % 
of the total energy expenditure [52] but can be increased by 100% after 
protein addition to the meal [51]. This part of thermogenesis which is 
difficult to adequately quantify was not assessed here. It does not seem 
to play a great part in the regulation of body weight and its possible 
involvement in the pathogenesis of obesity remains undemonstrated 
[53]. It could be reasonably hypothesized that PEP addition to the 
daily food increases this thermogenesis to some extent [51], but this 
mechanism is likely to be of minor importance for explaining the 
decrease in body weight observed in our study. 

On the whole, the main mechanism of the weight loss seems to be 
a reduction in food intake, since the classically described anorexigenic 
effect of protein intake [54] has been largely confirmed during recent 
studies [55]. Since raw calculations of the 24-h food intake are unable to 
evidence a decrease in total calorie ingestion, it seems logic to assume 
that this decrease (described on the analogic-numeric scale) mostly 
affects food taken outside of the meals. 

Another interesting effect of this protein supply is that it increases 
the percentage of protein with a parallel decrease in the percentage 
of ingested fat. Since in usual alimentation protein is most often 
accompanied by fat, this specific effect of pure protein supplements 
needs to be emphasized. It is likely that the weight loss induced by 
this protein supplement is mostly a result of these two effects: reduced 
nibbling and decreased fat intake. The mechanisms of this change in 
eating behaviour has not been addressed in this study but is likely to 
be related to PEP-related alterations in amino-acid balance resulting in 
modifications in central nervous system neurotransmitter release. 

Obviously, it is impossible to extrapolate from such a study the long-
term effects of such a diet. It should be reminded that in children excess 
protein intake has been suggested to result in further obesity [56,57]. 
Long term studies are needed to rule out such an effect in adults. 
Other expected side-effects of high protein diets need to be carefully 
investigated. Among them, the deleterious effects of high protein diet 
on kidney and liver functions remain the most serious concern. In rats, 
such diets have been reported to increase the size of these two organs 
[58-61]. In our study, the total quantities of protein were not very far 
from the usual range and are even below those found in large parts 
of the western populations. While a very slight increase in glomerular 
clearance can be evidenced, we remain very far from pathologic levels. 
In addition, urinary albumin excretion is not significantly increased. 

Other potential effects of excess protein intake have been described: 
insulin resistance [58,59], impaired cortisol secretion [62], higher 
calcium urinary loss [63,64], increased oxidative stress [65], alterations 
in detoxification enzymes [66]. These issues have not been addressed in 
this study, but current literature seems to minimize their importance 
even with markedly higher protein quantities [12]. Our data on insulin 
and glucose do not significantly evidence over a so short period any 
change in glucoregulation but the tendency seems to be rather to 
improvement than to worsening. We think that results close from those 
observed by Johnston [51] could be expected if such a diet is prolonged 
over a longer period, since the overall effect of this protein adjunction 
is to induce a low-fat high protein diet. 

Our study has limitations and strengths. While the first part of 
the paper presents a randomized controlled study designed to include 
the appropriate number of subjects to avoid type-2 errors, the second 

part is a controlled non-randomized study presenting matched cohorts 
separately assigned to a group. The control group with no diet and 
which exhibits a gradual weight gain is actually a sample of subjects that 
still wanted to be followed but were unable to start a weight reducing 
procedure, expecting to do so in a next future. The evolution of weight 
in this control group is similar to that reported by Slentz and coworkers 
in the STRRIDE study [67], which is +1.0 ± 2.7% of initial body 
weight. In our series it is at 8 months 1.85 ± 0.61%. Interestingly, in 
this group weight gain increases after time: 8,58 ± 0,56 % at 18 months. 
This finding clearly shows that continued physical inactivity results in 
progressive weight gain, as pointed out by the authors of STRRIDE 
[67]. The low-fat diet group in study 2 is a cohort of obese subjects 
routinely treated by diet only in our unit. This low-fat, restricted-calorie 
diet closely fits with the guidelines of the American Heart Association 
[68]. The weight-reducing effect of this procedure at 18 months (-5.55 
± 1,31) is close to that reported for low fat diet in the controlled trial of 
Shai [4] (3.3 kg, grossly 4%). Therefore, the two matched comparison 
groups provide a very realistic picture of the effects of no action or low-
fat diet in obese individuals in conditions of true life, consistent with 
the findings of the literature. Comparison of these two groups with our 
egg protein supplemented group is thus fully relevant. 

However, there is another concern which is the issue of attrtion. 
Obviously, a significant number of patients were lost of view during 
this period. Over the first-year subjects enrolled in the two programs 
(protein or low fat) had the same rate of drop outs, e.g. almost 75%, 
which was also the number of control patients (adhering to none of 
the programs) that were lost of view. In obesity trials, attrition rates 
can be evaluated on the average at 50% [69]. Actually, a wide range 
of percentages (from 10 to 80%) can be found in the literature [70]. 
Clearly, attrition should be considered as a major cause of treatment 
failure in the field of obesity. In the DIRECT study [4], the reported 
attrition rate is much lower, since adherence to diet was 95.4% at 1 year 
and 84.6% at 2 years, but the conditions of this important trial are not 
those of usual obesity managing, and the follow-up of subjects is much 
closer.

The strengths of the paper are the randomized design of study 1 and, 
for study 2, the fact that it represents a sample of subjects in conditions 
of ‘true life’, continuing their training over 18 months or more with 
on the average persisting weight-reducing effects. A multicentric 
randomized control trial is currently being planned to confirm this 
finding with a more controlled design. Another strength of study 2 is 
the use of a sophisticated analysis of glucoregulation which allows us to 
analyze the two phases of insulin release in response to glucose. 

Conclusions 
Therefore, on the whole, our study shows that a moderate 

enrichment in purified egg protein of daily alimentation in obese 
subjects eating low protein levels induces a weight loss which is well 
tolerated and does not decrease the lean body mass. Effects on kidney 
function seem quite moderate. This weight loss is likely to be mostly 
explained by a reduction in nibbling and a decrease in fat intake. It 
continues over at least 18 months and has a significantly stronger and 
more prolonged effect than a low-fat diet. The best effects are found 
in subjects initially restricted in proteins, in subjects ingesting a high 
amount of calories, and in hyperinsulinemic subjects. Therefore, 
adding PEP to an individual's diet is an easy means to induce a low 
fat, moderately hypocaloric diet; and to prevent nibbling. This very 
simple procedure results in a prolonged weight loss over 18 months 
and is more efficient than a conventional low-fat diet. Furthermore, 
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taking into account the higher biological value of egg proteins and the 
recent literature suggesting that egg proteins have additional beneficial 
effects on metabolism and inflammation, this study leads to think 
that such a preparation of highly purified egg protein is a promising 
tool for treating obesity and metabolic syndrome. For this reason, a 
multicentric randomized study to further assess this finding is planned 
over the next years. 
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