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Abstract: Background: The best way to lose body weight, without using drugs and/or suffering hun-
ger and stress, has not yet been defined. The present study tested a low carbohydrate diet, enriched
with proteins, in subjects with overweight and obesity.

Methods: The study enrolled 22 uncomplicated overweight and obese subjects. Several parameters
were examined before and after 6 weeks of a low-carbohydrate diet, enriched with 18 g of whey pro-
teins. Anthropometric (body mass index, waist circumference) variables, fasting hormones (insulin,
TSH, FT3, FT4), and metabolic (glucose, prealbumin, and lipid levels) parameters were measured. 25-
OH-vitamin D (25 (OH) D), parathyroid hormone (PTH) and osteocalcin, were also quantified. Body
composition parameters (fat mass, fat-free mass, body cell mass, total body water) were measured by
electrical bioimpedance analysis. As cardiovascular parameters, blood pressure, endothelium flow-
mediated dilation (FMD), and common carotid artery intima-media thickness were also measured.

Results: The low-carbohydrate diet integrated with proteins induced a significant decrease in body
weight (P < 0.001), waist circumference (P < 0.001), fat mass (P < 0.001), diastolic blood pressure (P <
0.01), triglycerides (P < 0.001), total cholesterol (P < 0.001), pre-albumin (P < 0.001), insulin (P <
0.001), HOMAIR (P < 0.001), FT3 (P < 0.05), and c-IMT (P < 0.001), and a significant increase in
FMD (P <0.001) and 25 (OH) D (P < 0.001) was also observed.

Conclusion: All these results suggest that a short-term non-prescriptive low carbohydrate diet, en-

riched with whey proteins, may be a good way to start losing fat mass and increase health.

Keywords: Low carbohydrate diet, whey proteins, endothelium, intima-media thickness, obesity, overweight.

1. INTRODUCTION

Obesity and abdominal obesity, in particular, are respon-
sible for higher cardiovascular morbidity and mortality, pos-
ing a major health problem worldwide [1-3]. In fact, ab-
dominal obesity is associated with a higher prevalence of
insulin resistance, unfavorable lipid changes, hyperuricemia,
a higher thrombotic and lower fibrinolytic activity, as well as
greater risks of hypertension, diabetes, obstructive apnea
syndrome, and cardiovascular disease [4-11].
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Long-term control of body weight is fundamental to
combat the high prevalence of overweight and obesity in
both advanced and emerging countries, and the related health
risks.

Modern management of obesity includes changes in life-
style, physical activity, behavior, sleep quality, environment,
etc., but diet is still the mainstay of obesity treatment [12]. In
general terms, the optimal diet to treat obesity should pro-
vide adequate nutrition, should be safe, healthy, effective,
economically sustainable, culturally acceptable, as well as
ensuring the maintenance of long-term weight loss. Several
different dietary approaches have been used, proposed for
adult and young obese people, with different calorie intakes,
macronutrient composition, duration of diet, and so on, but
the best dietary strategy has not yet been established. Taking

© 2020 Bentham Science Publishers


http://crossmark.crossref.org/dialog/?doi=10.2174/1871530320666200610143724&domain=pdf

1720 Endocrine, Metabolic & Immune Disorders - Drug Targets, 2020, Vol. 20, No. 10

for granted that a diet inducing weight loss must be
hypocaloric, best studied models include a) diets with a low
lipid content, b) low carbohydrate (low carb) ketogenic or
non-ketogenic diets, c) diets with a higher percentage of pro-
teins, d) diets including meal replacements, ¢) Mediterranean
diet, and, more recently, f) diets characterized by intermittent
fasting, proposing that dieters should eat during 8 hours, and
avoid food for the remaining 16 hours every day [13].

Low carb diets induce a 2-3-fold greater weight loss than
low-fat standard diets, these are very effective for short-term
programs, and have shown to increase energy expenditure
during weight loss maintenance, thus improving the effective-
ness of obesity treatment [14]. Low carb diets are also safe
since they reduce some risk factors as well as being apparently
devoid of negative side effects [15]. By contrast, recent studies
have suggested that a high carbohydrate intake may increase
CVD (cardiovascular disease) and mortality risks [16].

A higher dietary percentage or an absolute increase of
proteins with or without lowering carbohydrates intake is a
valid tool to reduce body weight [17-19]. The higher protein
intake is responsible for body fat loss thanks to inhibiting
hunger and stimulating satiety [20-22], thus decreasing calo-
rie intake [19], increasing energy expenditure and fat oxida-
tion [22-24], while maintaining FFM (fat free mass) and
muscle mass [25, 26]. As compared to other kinds of pro-
teins, whey proteins increase muscle growth [27], decrease
blood pressure [28, 29], and reduce general oxidation and
inflammation [27, 29, 30]. More information about ideal
food composition is needed to obtain the best possible short
and long term results, taking into account weight loss, insu-
lin sensitivity, glycaemic control, and all other cardiovascu-
lar risk factors.

It is believed that a low carb diet enriched with whey
proteins may be a very good dietary model to obtain weight
loss while maintaining good health. However, to the best of
our knowledge, no previous study has examined this possi-
bility. Therefore, the aim of this study was to investigate
whether six consecutive weeks of a protocol based on a low
carbohydrate diet, enriched with whey proteins, without
needing to weigh food and limit intake to a given number of
kcal per day, together with moderate exercise, may be effec-
tive in inducing weight loss in subjects with overweight and
obesity. It was also examined whether this protocol was as-
sociated with favorable changes of anthropometric, meta-
bolic, hormonal, body composition, and cardiovascular pa-
rameters.

2. MATERIALS AND METHODS
2.1. Study Population

The study subjects were enrolled at the Outpatients
Clinic of Clinical Nutrition, Medical Oncology, Department
of Biomedical Science and Human Oncology, University of
Bari School of Medicine. They had come to the Outpatients
Clinic aiming to lose weight and receive advice on diet and
lifestyle. The subjects were consecutively recruited from
January 2018 to November 2018.

Inclusion criteria were a BMI (body mass index) over
25.0 kg/m’, age over 18 years, and no drug prescriptions
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(including hormone replacement therapy for post-
menopausal and oral contraception for pre-menopausal
women).

Exclusion criteria were pregnancy, cancer, endocrine
diseases, chronic inflammatory diseases, diabetes mellitus,
stable hypertension, angina pectoris, stroke, transient
ischemic attack, heart infarction, and congenital heart dis-
ease. All subjects had fasting blood glucose concentrations
<126 mg/dl and HbAlc levels <6.5%. In total, 22 subjects,
14 women and 8 men, aged 19-70 years, were enrolled.
Since patients were consecutively enrolled based on inclu-
sion and exclusion criteria, strict study population selection
was not performed.

Informed consent was obtained from all study partici-
pants prior to inclusion. The procedures followed were in
accordance with the ethical standards for human experimen-
tation (institutional and national), 1964 Helsinki declaration,
and later amendments. Study approval was obtained from the
local Ethics Committee, and all subjects gave informed con-
sent to take part.

Based on routine blood tests, urinalysis, electrocardio-
gram, physical examination, and medical history, all subjects
were apparently in good health. No participant was on a lim-
ited calorie diet nor had had done any intense physical activ-
ity before enrollment.

2.2. Diet Protocol

For six consecutive weeks, subjects were instructed to
completely avoid all foods containing carbohydrates except
for two portions of fruit, one at lunch, one at dinner, but sub-
jects were not required to weigh food and count calories.
Subjects were informed that one portion of fruit corresponds
to 150 grams; all kinds of fruit were permitted, except for
banana, persimmon, figs, and grapes. At breakfast, patients
could eat nuts or dark chocolate, not more than 30 grams
each, in addition to one glass of semi-skimmed milk or one
jar of half-fat yogurt. Before starting the protocol, subjects
had a meeting with the dieticians, who explained how to
choose food based on the quality of fats and quantity and
quality of proteins. No processed foods, processed meat,
very fatty foods (meat or cheese or dairy products), fried
foods, fatty sauces, and condiments, beverages with added
sugar, were allowed. Extra-virgin olive oil, nuts, fish (any
kind regardless of the quantity of fat) were permitted. Al-
though patients were not obliged to weigh food, they were
strongly encouraged to eat only when they were hungry, thus
respecting physiological needs and limiting any superfluous
food intake. In line with this concept, a regime was proposed
of three meals per day, and snacks could be taken only if
they consisted of fresh vegetables. Coffee and tea were not
limited, whereas subjects could not drink alcohol. Weekly
visits were made with the dietitians to monitor the food in-
take. Based on their investigations, it was shown that most
patients had a mean daily energy intake of 1600 kcal, rang-
ing between 1400 and 1800 kcal per day, which was actually
an unconsciously hypocaloric diet. As to the percentage of
macronutrients, lipids accounted for 50-55%, proteins for
25%, and carbohydrates for 15-20% of total calories.
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At breakfast, all subjects took one sachet of a nutritional
product called Myopenta (New Penta, Castelletto Stura, It-
aly). One sachet of Myopenta contains 18 g of whey proteins
(4 g of L-leucine), 4 g of carbohydrates (with 1.9 g of fibers,
fructose, and lactose), 1.4 g of lipids, 331 mg of cocoa poly-
phenols and several vitamins (with 5 mcg of vitamin D3).
The product was dissolved in 200 ml of water at room tem-
perature and drunk just before breakfast.

2.3. Physical Activity Protocol

Moderate exercise was encouraged, but no formal pro-
gram was developed; this is an apparent limitation of the
study. It was explained that the main goal was to expend
more calories than before and subjects were encouraged to
make simple changes, such as climbing stairs rather using an
elevator, reducing the amount of time they spent driving, etc,
in particular, doing at least 210 min per week of brisk walk-
ing, with a mean of 30 min per day.

2.4. General data and Anthropometric Measurements

BMI was calculated as the weight (kg rounded to nearest
kg) divided by the square height (m rounded to nearest cen-
timeter). Waist circumference (WC) was measured at the
anatomic waistline, in the narrowest part of the abdomen, at
the natural indentation between the iliac crest and the 10th
rib (minimum waist). Blood pressure was recorded on at
least three different occasions using a mercury manometer
with the appropriate cuff size.

2.5. Metabolic and Hormonal Parameters

Blood samples were taken between 8 and 9 am after fast-
ing overnight. Serum insulin concentrations were determined
by radioimmunoassay (Behring, Scoppitto, Italy). Serum
FT3, FT4, and TSH were measured using a competitive pho-
tometric method based on the solid phase antigen-linked
technique (LIASON FT3, LIASON FT4, LIASON TSH,
Dia-Sorin, Saluggia, Italy). Intact PTH determination was
done by immune-chemiluminescence assay (Test LIAISON
1-84 PTH Dia-Sorin, Saluggia, Italy). Plasma glucose levels
were determined by the glucose-oxidase method (Sclavo,
Siena, Italy). Insulin resistance was calculated by the homeo-
stasis model assessment (HOMAIR) [31]. Serum 25(OH)D
was quantified by chemiluminescence method (Diasorin Inc,
Stillwater, USA). The total (uncarboxylated and carboxy-
lated) serum osteocalcin (OC) levels were determined by
electrochemiluminescence using the Elecsys N-MID Osteo-
calcin kit (Roche Diagnostics, Mannheim, Germany), Modu-
lar Analytics E170 (Roche Diagnostics). Plasma lipids
(triglycerides, total cholesterol and HDL-cholesterol) were
determined by an automatic colorimetric method (Hitachi;
Boehringer Mannheim, Mannheim, Germany). LDL choles-
terol was calculated using the Friedewald equation. Preal-
bumin was measured by common laboratory methods. All
samples were analyzed in duplicate.

2.6. Body Composition Parameters

Subjects underwent body composition evaluation. Body
composition parameters (total body water [TBW], body cell
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mass [BCM], fat-free mass [FFM], fat mass [FM]) were
measured by electrical bioimpedance analysis (BIA). In
practice, a 50 kHz, tetra-polar phase-sensitive BIA (BIA-101
ASE; AKERN-Srl, Florence, Italy), injecting a sinusoidal
alternating current of 400 pA, was used to measure resis-
tance to nearest 1.0 Q (R), reactance to nearest 0.1 Q (Xc),
and phase angle to nearest 0.1° (PA) [32].

2.7. Ultrasound Measurement of the Carotid Intima-
Media Thickness (c-IMT)

All subjects underwent high-definition vascular echogra-
phy according to the following protocols to measure c-IMT, a
useful tool to evaluate early atherosclerosis. Ultrasonographic
echo-color Doppler studies of left and right common carotid
arteries were performed by the same physician with an Esaote
MyLab™ Seven using a 7.5-MHz high-resolution probe. The
patients were placed in a supine position, neck extended and
rotated contralaterally by 45 °C, and the common carotid ar-
teries were examined on the sagittal axis in lateral view.
Pignoli et al. method was used to define c-IMT, as described
in previous studies [33]: by focusing and freezing images on
the distal common carotid artery wall, lengthwise axis during
end-diastole, c- IMT was calculated as the distance between
the leading borders of the first hyperechoic and second hy-
perechoic lines, separated by a hypoechoic space (“double-
track pattern”). The measurements were performed bilaterally
1 cm proximally to the carotid bulb, three times, then the c-
IMT value was calculated as the arithmetic means of each
side. The c-IMT value considered for statistical analyses was
the mean right and left measurements.For IMT detection, arte-
rial segments with atherosclerotic plaques were excluded. All
echo-color Doppler investigations were performed at the Car-
diovascular Department of Bari Polyclinic.

2.8. Measurement of Flow-Mediated Dilation (FMD) of
the Brachial Artery to Assess Endothelial Function

FMD was measured as previously described in a study
[34]. Briefly, the probe was positioned 4-5 cm above the
patient's elbow, in a supine position, to obtain a long-axis
view projection of the brachial artery. After a 60-s resting
period, the sphygmomanometer cuff was placed distally to
the imaging transducer at the forearm level and inflated to
250 mmHg for 300 s. Rapid deflation of the blood pressure
cuff was then performed to induce a brief increase in blood
flow (reactive hyperemia), resulting in increased shear stress
for brachial artery dilatation. Acquisitions of diameter and
flow velocity were continued for 180 s. Normal maximum
speeds were 50-70 cm/s and reactive hyperemia was calcu-
lated as the maximal velocity ratio during reactive hyperemia
to the maximal velocity at baseline [34]. The maximum
FMD recovery value was calculated as the ratio of diameter
change to baseline value. FMD studies were performed using
high-resolution ultrasonography (Esaote MyLab™ Seven).
All ultrasound examinations were performed by the same
physician to reduce variability. It was assumed that a re-
duced flow mediated dilation value was associated with a
decreased endothelial function. This assessment was per-
formed with subjects fasting for at least 8-12 hours, early in
the morning, in a quiet, air-conditioned room (22-24°C).
Subjects were asked not to do exercise or take exciting sub-
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stances like chocolate or coffee/tea, which could affect endo-
thelial function, for at least 4-6 hours before the examination.

2.9. Statistical Analysis

Continuous data were expressed as mean + standard de-
viation (SD) for normally distributed parameters or the me-
dian + interquartile range (IQR) in the case of skewed data
distributions. Kolmogorov—Smirnov test was used to deter-
mine normal distribution. Comparison between before and
after the six weeks of diet was made with Student’s paired t-
test or its non-parametric counterpart (Wilcoxon signed rank
test). All tests of statistical significance were two-sided; the
level of significance was set at oo = 0.05. Statistical analysis
was performed with SAS software (version 9.4 for PC).
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3. RESULTS

The results are shown in Table 1. Patients mean age was
45 years (+13.9) and mean BMI before starting the protocol
was 31.3 6.2 kg/m”. The study population general, anthro-
pometric, metabolic, hormone, and cardiovascular parame-
ters, before and after the diet period, are shown in Table 1.
Body weight, waist circumference (WC), diastolic blood
pressure (DBP), insulin, HOMAIR, triglycerides, total cho-
lesterol, LDL-cholesterol, FT3, pre-albumin, fat mass and c-
IMT showed a significant decrease after dietary intervention,
whereas FMD and vitamin D showed a significant increase.
Systolic blood pressure (SBP), TSH, FT4, blood glucose,
HDL-cholesterol, osteocalcin, PTH, FFM, BCM, and TBW
did not show significant changes after the diet.

Table 1. Comparison of all parameters evaluated between Pre- and Post- dietary treatment.
Parameter Pre-Treatment Post-Treatment P-value
Body weight (kg)' 84.8+18.5 80.5+16.3 <.0001*
WC (cm) ' 102.6 +14.5 96.2+14.5 <.0001°
SBP (mmHg)' 129.6 +15.6 125+8.9 0.0756"
DBP(mmHg)' 83.5+8.7 76.6+8.4 0.0029"
Tot. cholesterol(mg/dl)’ 199.4+39.8 182.3+36.8 0.0021°
HDL (mg/dl)’ 58.5+16.8 60.4+21.8 0.4013"
LDL (mg/dl)’ 121.5+35.9 112.7435.6 0.0515"
TSH (uU/ml)’ 1.840.8 1.6+0.7 0.2908"
FT3 (pg/ml)' 3+0.3 2.8+0.4 0.0196°
FT4 (pg/ml)’ 10.4+1.3 10.8+1.3 0.1434°
PTH (pg/ml)’ 30.3+12.1 28.3+16.5 0.4595"
FM (kg)' 28.8+12.6 25.4£11.7 <.0001°
FFM (kg)' 56.6+12.3 55.9+11.2 0.1536"
BCM (kg)' 31.7+7.9 31.3+8.9 0.5745"
FMD (%) 8.843.4 12.144.7 0.0002°
25 (OH) D (ng/ml)* 22.5[12-26] 26[22-35] <.0001°
Insulin(uUT/ml) > 8.7[5.4-10.9] 4.9[4.1-7.7] <.0001°
Blood glucose(mg/dl)® 86.5[80-100] 85.5[79-90] 0.0728°
HOMAIR® 1.8[1.2-2.7] 1.1[0.8-1.6] <.0001°
Triglycerides(mg/dl)* 99[66-148] 70.5[51-93] <.0001°
Prealbumin(ng/ml)® 0.3[0.2-0.3] 0.2[0.2-0.3] 0.0004°
Osteocalcin (ng/ml)* 11.2[7.4-16.8] 10.2[5.4-14.2] 0.3097°
TBW(Lt)* 38.1[35.4-47.2] 38.3[34.4-46.6] 0.7497°
¢-IMT(mm)* 0.7[0.6-0.8] 0.6[0.5-0.7] 0.0003°

Data are presented as mean + SD' or median (IQR)2. Paired Student's t-test; b Wilcoxon signed rank test.

Bold entries denote p<0.05.
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4. DISCUSSION

This study, performed in overweight healthy subjects and
with obesity, shows that a very low carbohydrate diet, featur-
ing foods with rich proteins and healthy lipids content, inte-
grated with 18 g of whey proteins per day, induces weight
loss and favorable changes in anthropometric, metabolic,
hormonal, and cardiovascular variables.

These results were obtained without requiring subjects to
weigh food and/or count calories, demonstrating that pre-
scribing a set number of calories is not an obligatory step
when prescribing a diet with the goal of obtaining weight
loss. Subjects did not report hunger or stress, as commonly
complained of by patients undergoing a hypocaloric diet and,
therefore, the six weeks protocol seems to be well accepted
by patients. It was believed that lack of hunger was possibly
due to free intake of proteins and instructions were to prefer
vegetables that are rich in fibers. In fact, both dietary pro-
teins and fibers stimulate satiety [35-37]. Subjects were in-
vited to increase their baseline physical activity, but no for-
mal program was developed. Therefore, the success of this
protocol cannot be mainly imputed to exercise. In our opin-
ion, a very interesting result is that the diet, integrated with
whey proteins, increased FMD, corresponding to a clear im-
provement of endothelium function. This is an important
aspect since endothelial cells have a key role in the
maintenance of functional capillaries and the endothelium
is directly involved in peripheral vascular disease, heart
disease, stroke, insulin resistance, diabetes mellitus, venous
thrombosis, chronic kidney failure, tumor growth, and
metastasis  [38].  Therefore, vascular endothelium
dysfunction is a disease hallmark. Moreover, the protocol
decreased c-IMT, demonstrating that even a short period, as
little as six weeks, may reduce the arterial thickness and
change wall content. All these favorable modifications may
be partly due to decreasing several cardiovascular risk fac-
tors, such as diastolic blood pressure, insulinemia, insulin
resistance, total and LDL-cholesterol, and triglycerides. An-
other apparent, very interesting result is that this diet induced
weight loss and a decrease of fat mass, without changing
FFM and BCM, strongly suggesting that integration with 18
g of whey proteins per day has the capacity to save the pro-
tein content of FFM and BCM and, possibly, energy expen-
diture. In fact, it is well known that proteins may change
body composition and promote energy expenditure in favor
of a more fat-free body mass [35]. This is an important point
if we consider that a lower energy expenditure is a typical
effect and a weak point of traditional hypocaloric diets [39,
40]. A particular finding was that the dietary intervention
was followed by a decrease of FT3 levels, without changes
of TSH and FT4, suggesting a decreased conversion from
FT4 to FT3. It was previously shown that FT3 serum levels
and the FT3/FT4 ratio are directly associated with waist cir-
cumference, independent of insulin resistance, metabolic
parameters and blood pressure levels in overweight and
obese women, and suggested that this may be an adaptation
mechanism to the thermogenic defect in obesity [41]. There-
fore, the decrease of FT3 after dietary intervention might
indicate the disappearance of this compensatory mechanism.

A significant decrease in pre-albumin levels was ob-
served after dietary intervention. Since pre-albumin has a
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short half-life (2-3 days) and its levels express new synthesis
in liver, prealbumin reduction would suggest a lower hepatic
protein synthesis. Possibly, this phenomenon could balance a
higher protein intake through spontaneous dieting and the
addition of whey proteins.

An increase of 25 (OH) D levels was also obtained after
dietary intervention, and this result may be due either to the
presence of vitamin D3 in Myopenta or the common sponta-
neous increase of vitamin D that appears after the lowering
of body fat mass following weight loss. Even though 25
(OH) D levels were higher after dietary intervention, osteo-
calcin and PTH levels were not different, suggesting that the
protocol does not induce significant changes in bone metabo-
lism and factors involved in bone metabolism.

The apparent weak point of this study is the lack of a
control group not taking Myopenta but in actual fact, a con-
trol group could have reinforced the relevance of the find-
ings. Moreover, the limited number of subjects enrolled in
the study meant including both men and women, making it
impossible to examine the effect of possible confounding
factors such as physical activity, gender, and BMI.

Lastly, although this study is concentrated on the role of
some specific aspects of dietary intervention in helping pa-
tients to lose weight, we should not forget that this needs to
be integrated by overall changes in lifestyle and physical
activity to treat obesity in the best way.

CONCLUSION

In conclusion, the present study, performed in healthy
subjects with obesity and overweight but with no apparent
clinical diseases, shows that 6 weeks of a non-prescriptive
low carbohydrate diet, enriched with 18 g of whey proteins,
induces several favorable effects such as a decrease in body
weight, central fat accumulation, fat mass, diastolic blood pres-
sure, triglycerides, total cholesterol, insulin, insulin resistance
and c¢-IMT, and an increase in FMD and vitamin D. These re-
sults suggest that this kind of dietetic approach may be a good
way to start the treatment of obesity.
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