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Background & Aims: Overweight and obesity in children are a
public health problem worldwide. There are few studies about
nutritional interventions with different diet macronutrient distri-
bution and their potential application in regulating food con-
sumption in this age group. This study aimed to assess the impact
of a high protein diet over satiety, energy intake, and body
composition in children diagnosed with overweight (Ov) or
obesity (Ob).
Methods: School-age children (6e10 years) diagnosed Ov or Ob
were randomized to receive three different dietary interventions
for two months: standard diet (SD), high protein (HP) diet, and HP
diet with calcium caseinate (HPC); BMI (Z-score and percentiles),
body composition, indirect calorimetry (REEIC), energy intake (24-
h recall questionnaire) and satiety (visual analog scale) were
evaluated before and two-months after intervention.
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Results: Sixty-four children diagnosed with overweight (12.5%)
and obesity (87.5%) were evaluated. There were no changes in the
perception of satiety between groups (p>0.05). There was a ten-
dency for a reduction in waist circumference in the HPC group
after treatment (p¼0.05). There were no significant differences in
body composition, and children's growth was homogeneous be-
tween groups. However, intragroup Z-score values for BMI were
significantly reduced in all groups (p<0.05).
Conclusions: Calcium caseinate as a part of a high protein diet is
secure in a short time, but children's perception of satiety did not
change between groups. All interventions showed to have a
reduction in BMI z-core. More clinical studies evaluating protein
consumption and molecular indicators of satiety are needed.

© 2023 The Authors. Published by Elsevier Ltd on behalf of
European Society for Clinical Nutrition and Metabolism. This is an
open access article under the CC BY-NC-ND license (http://creative

commons.org/licenses/by-nc-nd/4.0/).
Introduction

Overweight and obesity continue to be health problems worldwide in the pediatric population. In
Mexico, the national combined prevalence of overweight and obesity in children between 5 and 11 was
reported as 34.4% in 2012. However, there has been an increase of up to 37.4% for 2021 [1], and it is
estimated that around 80% of children with obesity will have this condition during adulthood. [2] Due
to this, there is a growing concern in the development of effective and safe nutritional treatments in
this age group. [3].

Obesity refers to an abnormal or excessive fat accumulation that has been linked to metabolic
complications such as diabetes, hypertension, dyslipidemia, metabolic syndrome, and cardiovascular
disease from childhood to adulthood. [4e6]. There is a positive relation between these metabolic
conditions and anthropometric parameters such as high body mass index (BMI), waist circumference
(WC), and waist-to-height ratio (WtHR) in childhood. [7,8].

Dietary interventions focused on macronutrient diet distribution represent a key area to treat
obesity, modifying metabolic response and satiety perception combined with exercise. Studies on
children and adolescents have proposed that increasing protein intake percentage in daily diet is a safe
and effective treatment for children diagnosed with obesity and overweight to improve fat-free mass
and metabolic expenditure [9e11]. Additionally, the evidence in this population suggests an
improvement in insulin resistance, C-reactive protein, lipid profile, and waist circumference related to
higher protein diets [12,13]. Despite this, there is a lack of studies developed in children evaluating this
topic.

According to the Food and Nutrition Board of the US Institute of Medicine, protein intake represents
10e15% of the total energy intake recommendations or 19e34 g/day. Considering 10e30 % is an
acceptable range for 4- to 18-year-old patients [14]. Diets rich in protein provide between 20 and 30% of
the total energy requirement, in contrast to international recommendations that consider a protein
intake of 0.7e1 g/kg of body weight in this population [14].

Dairy protein-rich foods or supplements have also been studied for their biological importance in
the growth and development of children [15,16]. Casein or Calcium caseinate is the main protein in
milk. It has shown improved satiety perception due to prolonged gastric emptying compared with
whey protein in children [17]. Milk consumption and its components are related to linear growth
stimulation in children's height, which can be mediated by insulin-like growth factor-I synthesis and
insulin secretion [18]. Also, dairy products are considered a good protein source for the adult
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population, with potential application in obesity nutritional treatment and satiety, and it has been
associated that whey protein intake promotes thermogenesis [19,20].

According to the strategies for treating obesity in children, the aim of this study was to assess the
effect of three dietary interventions (high-protein diet (HP), calcium caseinate supplementation as a
part of a high-protein diet (HPC), and standard macronutrient distribution diet (SD)) on satiety, caloric
intake, and anthropometric variables and body composition (BC).

Material and methods

Sample characteristics

A randomized clinical trial was conducted in children from the pediatric obesity clinic in a tertiary
referral hospital. Patients included in the study were boys and girls between 6 and 10 years with the
diagnosis of overweight (Ov) or obesity (Ob) according to CDC (Centers for Disease Control and Pre-
vention) criteria (BMI-for-age �85th percentile for Ov and BMI-for-age �95th percentile for Ob) in the
absence of pharmacological treatment, and the agreement to participate in the studywith the approval
of their parents using an informed consent form according to the guidelines of international good
clinical practice standards.

All children and their families received physical activity, diet, and other behavioral workshops during
the study as a part of standard care. This study was approved by the local ethics and clinical research
committees of the “Hospital General de M�exico Dr. Eduardo Liceaga,” with the number ID/13/111/4/18.

Diet intervention

The patients were randomized into three groups: High protein diet (HP), High protein diet with
Calcium caseinate supplementation (HPC), and Standard diet distribution (SD), and were followed
every two weeks for two months. A stratified randomized recruitment in blocks for sex was used to
have the same proportion of boys and girls due to the age-related changes in growth. The macronu-
trient energy distribution of protein (Pr), carbohydrates (CRB), and lipids (Lp) percentages of each diet
was Pr-25%, CRB-25%, Lp-50% for HP group and HPC groups and Pr-15%, CRB-30%, Lp-55% for SD group.
The HPC group replaced part of the food with a daily sachet of a supplement containing calcium
caseinate as a part of the macronutrient distribution diet for this group. Each sachet of calcium
caseinate dried powder with vanilla flavor contained 60 kcal, 14 g of protein, 0.22 g of fat, and 1.5 g of
carbohydrates (The supplement used was provided by Evolution Nutraceutical Company®). For
compliance with supplementation, each responsible parent received 14 sachets each two weeks for
two months, and all of them returned each empty envelope of calcium caseinate supplement.

Energy prescription for all populations was according to theWHO formula that considered age, sex,
and weight. [21] The full-day meal planwas distributed in five meals (breakfast, morning snack, lunch,
afternoon snack, and dinner). To reduce methodological bias, the same dietitian evaluated each patient
and gave nutritional counseling about healthy food.

Measurements

Indirect calorimetry
Resting energy expenditure was assessed before and after diet interventions with a KORR® REEVUE

Model 94690 calorimeter, considering an 8-hour period of fasting previously. For the test, all subjects
used a facemask for ten minutes in a sitting position in the same roomwith the calorimeter calibrated
to the temperature and humidity conditions for 15 minutes before the test. This data was used to
analyze metabolic changes (REEIC) according to intervention groups.

Anthropometry
Anthropometric data included weight (SECA 750 scale), height (SECA 203 stadiometer), BMI, waist,

and hip and abdominal circumferences. Measurements were taken standing with feet together; for the
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waist circumference, the mid-point between the lower edge of the last rib and the upper edge of the iliac
crest was considered; for abdominal circumference, the metric tape was placed at the level of the navel
after the child is completing an unforced expiration; hip circumference was measured at the level of the
gluteal prominence. All measurements were registered before interventions and after two months.

BMI z-scores and BMI percentiles were estimated according to the CDC Growth Charts and Ped-
iTools calculator with age entered in months, respectively [21]. Cardiometabolic risk was determined
by the waist-to-height ratio, defined as the waist circumference divided by the height in cm, with a
cutoff point �0.5 as an indicator of central adiposity [5,22].

Body composition was assessed by Bioimpedance Analysis using the Quantum IV RJL systems®,
after IC, with the participant laid down over a non-conductive examination table in a supine position.
All data was analyzed with BC® software as a part of the equipment using the pediatric equation as the
manual equipment indicated. [22].

Satiety perception and adherence to the diet interventions
Visual analog scales (VAS) are frequently used to assess satiety [10,23]. This study used a VAS,

following the methodology of Krebs et al. [10]. This scale has ten levels, ranging from the number zero
or “1” as “hungry, feelingweak, dizzy, or presenting other extremely uncomfortable hunger symptoms”
to the number ten or “10” as “uncomfortably full or sick, full as in Thanksgiving or Christmas cele-
brations, completely satiated” (See complementary material). Satiety was evaluated before interven-
tion and at an 8-week follow-up visit.

Adherence to the dietary plan was assessed through the 24-hour recall (R24H) method in order to
register the food and beverages that were consumed in the 24 hours before every follow-up visit.
Energy and macronutrient intake were estimated, and the diet was considered “adequate” if the cal-
ories and macronutrient intake were between 90e110% of the intake recommended according to the
study groups; an intake below 90% or superior to 110% was considered “deficient” or “excessive”,
respectively.

Statistical analysis

Statistical analyses were performed using SPSS Version 25 (IBM SPSS Statistics for Windows, 2017,
Armonk, NY: IBM Corporation). The Kolmogorov-Smirnov test was used to determine the normality
of variables (P>0.05). Variables without normality were expressed in median and interquartile
ranges. The participants' baseline characteristics were tested using a one-way ANOVA and Pos Hoc
using the Bonferroni test to compare the mean among groups. However, those variables without
normality and homoscedasticity (Levene-Test) were analyzed using the Kruskal-Wallis test. For
intragroup differences, the ANOVA test was calculated, and Wilcoxon signed the rank-test for
nonparametric analysis. Furthermore, for all tests, p-values <0.05 were considered statistically
significant.
Results

Study group characteristics

A total of Sixty-four school-age children were included and grouped according to the intervention
treatment in this proportion: HP 34.4% (n¼22), HPC 34.4% (n¼22), SD 31.3% (n¼20). Sixty-six patients
were selected, but two patients in the SD group abandoned the follow-up because of the time to stay at
the clinic. The proportion of patients with overweight and obesity was 12.5% (n¼8) and 87.5% (n¼56),
respectively. Baseline characteristics of the total population and study group are shown in Table 1.

Energy expenditure in the total population at first nutritional assessment patients showed a REEIC

mean of 1722.3±256 kcal and 42±6.6 kcal adjusted per kilogram of weight (kcal/kg). After treatment,
REEIC was statistically reduced to 1560 kcal (p<0.0001), but this was not observed when adjusted by
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Table 1
Descriptive data of all participants before dietetic interventions

Characteristics All groups HP HPC SD p-Values

Age in months 102±15 102 ±18 99±13 102±15 0.418
Age in years 8.5±1.2 8.5±1.5 8.2±1.1 8.8±1.1 0.418
Weight (kg) 41.7±7.4 42.8±8.3 38.8±6.1 43.6±7 0.077
Height (m) 1.3±0.1 1.33±0.1 1.31±0.1 1.36±0.1 0.074
BMI (kg/m2) 23.2±2.3 23.8±2.5 22.6±2.2 23.3±2.2 0.257
BMI Percentile 98 (88e100) 98.5 (89e99) 97 (88e100) 9700 (91e99) 0.182
BMI Z-score 1.98 ±0.37 2.06 ±0.4 1.95±0.35 1.94 ± 0.35 0.525
Waist Circumference (cm) 76.1±6.8 75.8±5.4 74.8±6.4 77.4±8.4 0.359
Abdominal circumference (cm) 80.2±7.1 81.4±7.8 77.6±6.4 81.7±6.7 0.116
Hip Circumference (cm) 79.1±6.6 80.1±7.1 77.2±6.7 80±5.8 0.283
Waist/Height 0.57 (0.43e0.75) 0.57 (0.5e0.68) 0.56 (0.45e0.71) 0.57 (0.43e0.75) 0.996a

HP: High protein group, HPC: High protein plus caseinate group, SD: Standard diet group.
p-values using One-way ANOVA test.

a p-values using Kruskal-Wallis for non-normal variables expressed in medians.
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kg: 39 kcal (p¼0.68). Figure 1 showed that REEIC at the first visit, SD group had a lower REEIC compared
to HP and HPC (p¼0.003). After the intervention, the means of REEIC were homogenous (p¼0.249): HP
1620±406 kcal, HPC 1613.1±364 kcal, SD 1436±417 kcal.

Satiety

VAS of satiety expressed in the median of the total population at the baseline assessment was 7
points (min 4; max 10) with no statistical change at the final measurement and all groups (Figure 2).
Figure 1. Distribution of REE means (kcal) by treatment group at baseline. HP: High protein group, HPC: High protein plus caseinate
group, SD: Standard diet group. *p-values for ANOVA and Post Hoc analysis using the Bonferroni test among groups. The means
description for REEIC were HP:1770±278 kcal, HPC 1787±243 kcal, SD 1599±209 kcal.
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Satiety was not different among groups before and after interventions (p¼0.177). SD group showed to
have a hungry-satiety scale stable from the beginning, and calcium caseinate did not influence the HPC
group to modify the VAS of satiety (p¼0.614).

According to the total sample, just one patient with an Ob diagnosis changed to an Ov diagnosis
during the intervention (HPC group); however, there were no statistical differences after treatment.
Cardiometabolic risk were presented in 89.1% after the study.

Anthropometry and body composition

Changes in anthropometry measurements among groups are shown in Table 2. All patients grew up
approximately 1 cm during the intervention. Results showed that the waist circumference was sta-
tistically different between groups at the end of the intervention (p¼0.05), finding that the HPC group
had a lower waist circumference. However, Post Hoc analysis showed no differences between groups
but a tendency for a lower circumference in the HPC group (p¼0.075). Abdominal circumference had a
critical reduction in the HPC and SD groups with no statistical difference between groups (p<0.05).
Even though groups of interventions had no statistical differences between groups, intergroup results
showed a significative reduction of BMI z-score units (P<0.05).

Considering body composition data, significant differences were observed between groups in Body
Fat Percentage (BFP) and Lean Body Mass (LBM) after the intervention. However, in the pre-post
analysis, only the SD group showed a significant BFP reduction (p<0.05); HPC and HP groups did not
show improvement in these parameters (Table 2).

Dietetic adherence

The analysis of diet showed that energy intake adequacy (%) compared with recommendations for
each group were HP: 87.2% (deficient), HPC: 82.66% (low), and SD: 109.12% (adequate) before inter-
vention. All groups showed similar energy intake adequacy (%) reported by 24-hour recall after
intervention but still below the defined requirements for each group (Table 3).

Protein intake was high compared to the standard requirement (~1g/kg weight per day) at baseline
and final measures. Poor adherence to the dietetic prescription was observed in the SD and HP groups
regarding protein intake. The SD group consumed excessive protein amounts, the HP group did not reach
the prescribed quantity, and the HPC group showed a higher protein consumption than the baseline.
Nevertheless, protein ingestion did not improve weight loss or reported satiety in any groups (p<0.05).

Discussion

Satiety

It is known that the best practices for weight maintenance and loss in the pediatric population are
based on a multicomponent intervention [24,25]. Despite this fact, lower satiety is a remarkable
limitation to achieving a negative energy balance. One of our aims was to determine changes in satiety
perception after three dietetic treatments in a pediatric population suffering from Ov or Ob. Our results
showed that satiety perception had no change after diet intervention in our population. Furthermore,
our results showed that VAS reported stable levels (4e10) of satiety throughout the treatment,
including in the group of patients with calcium caseinate. We expected this supplement would
improve satiety perception in the HPC group due to its digestibility, even though the SD group showed
fewer variations in satiety perception from the beginning.

Considering milk or milk derivatives as a part of dairy products for a healthy diet in children,
Mehrabani et al. demonstrated the effect of reduced-fat milk consumption as a part of breakfast on
short-term satiety, limiting the total intake of an ad libitum buffet in children with obesity [26].
However, differences with our study, such as implementing a high-protein diet with calcium caseinate
as part of breakfast or the need for measurement of food ingestion in this meal, lead to inconclusive
results. Another study evaluated the effect of a high-proteinelow carbohydrate diet versus a low-fat
165



Figure 2. Frequency (%) of the visual analog scales of Hunger/Satiety for intervention groups. HP: High protein group, HPC: High
protein plus caseinate group, SD: Standard diet group.
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diet for weight loss in adolescents. The authors found that satiety showed no changes in the pre-and
postprandial analysis [10].

Some behavioral studies explain that satiety is more than a decision; it is an adaptation of central
satiety and peripheral control hormone response. Children with excess body weight feel more
rewarded for eating than lean children [27]. It has been reported that child appetite self-regulation is
often linked to cognitive, emotional, biological, and behavioral factors. [28] A study developed on 45
boys and girls between 9-11 years old showed that after family-based behavioral treatment, children
166



Table 2
Anthropometric changes in participants after diet interventions

Characteristics
HP group HPC group SD group P -values

Post-diet D bp-values D Post-diet D bp-values D Post-diet D bp-values D

Weight (kg) 42.13± 8.01 -0.69 0.028 38.44± 6.04 -0.41 0.191 42.96± 7.11 -0.68 0.112 0.094
Height (m) 1.34± 0.09 0.01 0.000 1.31± 0.06 0.01 0.000 1.37± 0.07 0.01 0.000 0.057
BMI (kg/m2) 23.10± 213 -0.76 0.002 22.10± 2.25 -0.57 0.001 22.53± 2.25 -0.77 0.002 0.333
BMI Percentile 97.5 (87e99) 0.207 97 (79e99) 0.694 97 (85e99) 0.263 0.358a

BMI z-score 1.96±0.39 -0.10 <0.0001 1.84 ±0.4 -0.12 0.001 1.80±0.4 -0.14 <0.0001 0.415
Waist Circumference (cm) 74.62± 6.4 -1.13 0.506 70.97± 5.13 -3.85 0.072 75.82± 6.49 -2 0.332 0.050
Abdominal circumference (cm) 79.63± 6.96 -1.73 0.089 75.26± 6.19 -2.35 0.000 79.60± 6.76 -2.26 0.001 0.052
Hip Circumference (cm) 79.19± 6.52 -0.97 0.272 75.55± 6.26 -1.72 0.007 79.47± 7.35 -0.44 0.643 0.111
Waist/Heigh ratio 0.55± 0.03 -0.02 0.281 0.539± 0.03 -0.036 0.038 0.547± 0.03 -0.023 0.208 0.316
Lean Body Mass (LBM, kg) 27.18±4.23 0.15 0.479 25.65±2.96 0.75 0.151 29.3±4.19 0.9 0.295 .012
Body Fat Percentage (BFP, %) 34.99±3.34 0.22 0.767 32.75±4.82 -0.8 0.094 30.1±4.74 -2.57 0.011 .003

HP: High protein group, HPC: High protein plus caseinate group, SD: Standard diet group.
p-values, One-way ANOVA test.

a p-values using Kruskal-Wallis for non-normal variables expressed in medians.
b Intragroup p-values, student-t test for paired samples/Wilcoxon rank signed test for variables with non-normal distribution and expressed in medians.
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Table 3
Energy and protein intake adequacy analysis after treatment

Adequacy
HP group HPC group SD group P- values

Final P- value Effect size Final P- value Effect size Final P- value Effect size

Energy intake
(% adequacy)

94.15 ±7.69 0.130 0.354 86.98 ±6.27 0.976 0.006 82.18 ±5.4 0.948 0.14 0.258

Protein intake
(g/kg weight)

1.67 ±0.12 0.260 -0.26 1.69 ±0.1 0.786 -0.59 1.96 ±.13 0.042 -0.46 0.087

HP: High protein group, HPC: High protein plus caseinate group, SD: Standard diet group.
p-values, One-way ANOVA test.
Intragroup p-values, Wilcoxon rank, signed test.
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with obesity who experienced weight loss had a poor reduction in ghrelin and increased peptide YY
and glucagon-like peptide-1 levels associated with meal-induced stimulation [29]. In our study, one of
the main limitations resides in the lack of measurement of these parameters, as well as other intestinal
hormones related to satiety-hunger signals.

Anthropometry and body composition

In terms of anthropometric parameters, all interventions showed a general trend toward reduction of
measurements. Even though no statistical differences among groups were found for weight or BMI
change. However, waist circumference showed a significantly higher reduction in the HPC group (-3.85
cm). This might be explained by the addition of calcium through calcium caseinate supplementation as
part of a similar amount of protein intake compared to other groups. The anti-obesity effects of dietary
calcium have been previously reported and seem to be related to the modification of fat metabolism and
adipogenesis modulation [30]. It has been demonstrated in a human mesenchymal stem cell model that
an increment in intracellular calcium levels [Ca2þ] inhibits adaptogenic differentiation of preadipocytes
associated withWnt5a/b e catenin signaling. Also, it has been reported that with a 300 mg increment of
calcium intake in the diet, children might lose up to 1 kg of body fat. [31] Within the anthropometric
findings, all three groups exhibited a trend in abdominal circumference reduction; however, only the HPC
group showed a significant decrease, which could be associatedwith a higher calcium intake (164mg per
day) from the supplement. However, we have no records of the total calcium intake of participants to test
this hypothesis [32]. Additionally, there were no significant changes in BFP and LBM in the HPC group to
support this. Similar results were observed in the study of Veldhorst et al. regarding BFP, where a high-
protein diet with a proteinmilkshake supplementation during four weeks as part of regular diets showed
no significant benefit in the short term for fat loss. Although there was no BFP improvement, an increase
in LBMwas observed [9]. This loss of fat mass does not become significant evenwhen high-protein, low-
carbohydrate diets are prescribed to this age group [10]. Considering the positive changes in BFP in the SD
group, nutritional guidance on a healthy diet and adequate physical activity promotion might be suffi-
cient to improve body composition in these patients.

Despite the waist circumference reduction and the weight loss trend, children's growth was not
different among groups (þ1 cm), showing that the proposed intervention is secure to maintain the
growth rate in this population.

Regarding the cardiometabolic risk measured through WtHR, we did not observe a significant
reduction after two months of intervention, even considering the homogenous height increase in all
participants and the homogenous prescription of physical activity as a part of standard care in all
groups. In this case, our study found a difference in REEIC among groups at the first visit but not after
intervention, which could be explained because physical activity was implemented in all groups.
However, there was no record of the physical activity to correlate with the REE of the participants.

Dietetic intake

In our study, the highest adequacy percentage of energy intake was observed in the HP group,
followed by the HPC and SD groups; however, energy intake was not statistically different between
168
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groups (p<0.05). The mechanisms involved in promoting a negative energy balance induced by protein
consumption have been previously discussed. Thermogenic effect and satiety-inducing properties are
commonly attributed to this nutrient, which might be explained through a synergistic effect on the
secretion of Glucagon-Like Peptide 1 and Peptide YY hormones in the small intestine. This may also be
related to the production of peptides derived from dairy protein during gastric hydrolysis, inducing
satiety through the 5-H22C receptor. This receptor is involved in the central regulation of food intake;
however, these effects were observed in animal models [20,33,34]. The induction of the thermogenic
effect by high protein diets is not clear since it has been observed that even protein restriction might
induce this effect. [35] Horner et al. showed that even though the hydrolysis of casein protein did not
affect gastric emptying, it did affect the glycemic response, improving metabolic response when this
supplement was consumed as a part of a dietary intervention [36]. Moreover, high-protein casein-
based diets may contribute to better adiposity and glucose homeostasis compared to other protein
sources, as observed in pork-based diets [37].

Additionally, there is a concern about increased protein consumption in early life and certain foods,
such as dairy products, with a potential obesity-promoting effect. However, studies are not conclusive
about this possible association [38,39]. Adequate protein intake early in life is of major importance to
guarantee insufficient growth and development. Nevertheless, excessive protein intake may have
adverse effects when protein intake exceeds metabolic requirements through stimulation of insulin
secretion and insulin-like growth factor 1, thereby enhancing weight gain. This phenomenon is known
as the early protein hypothesis: a high protein intake during childhood is related tomodified endocrine
responses and an increased risk of obesity [40].

Previous studies have demonstrated that standard-protein diets comprising approximately 15% of
total energy expenditure (TEE) may not achieve the dietary intake recommendation of 1 g/kg/day for
children and adolescents from 2- to 16-year-old. There is evidence that protein intake is quickly
replaced by carbohydrates or fats in the diet of subjects with obesity at this age [12,40]. The results
observed in the present study showed that the amount of protein (25% of TEE) prescribed in the HP
and HPC groups did not induce a significant difference in the BMI; however, the increase in protein
consumption also showed by the SD group in the present study should be considered. However,
protein is a crucial nutrient during this stage of development, and its adequate consumption should
be a key consideration when devising dietary strategies for children. The evidence regarding the role
of macronutrient distribution is convincing in the treatment of obesity in adulthood [41]; however, it
is still unclear in pediatric populations, where there is no optimal macronutrient distribution for
obesity treatment and long-term outcomes have been observed to be better with interventions
focused on behavioral modification, physical activity or addressed to environmental factors
[24,42,43].

Although we did not observe significant differences between the three dietary groups, we consider
that a healthy diet-focused intervention could benefit overeating management in this population.
There is not enough evidence considering a high protein diet as beneficial for appetite control, energy
intake, or energy expenditure, as reported in other studies. In conclusion, the use of calcium caseinate
as a part of a high protein diet is secure in a short time, although it has no apparent impact on satiety or
anthropometric parameters in childrenwith obesity. Improvements in metabolic risk parameters, such
as abdominal fat or insulin sensitivity, could potentially occur due to calcium consumption, though.
Further clinical studies to assess protein effects on satiety and metabolic status for the treatment of
obesity are needed, considering gut hormone levels, physical activity, and other behavioral strategies in
the long term.
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