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Abstract: Dietary approach is essential to obesity control, but the effectiveness of changes in meal
frequency (MF) as strategies for loss and maintenance of body mass remain unclear. This study
aimed to evaluate the influence of MF on a hypocaloric diet on weight loss, active ghrelin levels and
metabolic indicators of women with obesity. This is a randomized, parallel clinical trial, including
forty women, randomized in two groups, both following a hypocaloric diet, according to MF (G1 -
six meals/day; G2 — three meals/day). Dietary, laboratory, anthropometric and body composition
indicators were assessed, as well as energy expenditure (EE), before and after the 90 days of
intervention. After intervention, both groups decreased body weight, body mass index (BMI), waist
circumference, fat mass (FM), insulin and HOMA-IR. GI increased insulin sensitivity and G2
reduced triglyceride and FM and increased fat-free mass (FFM). MF increased ghrelin levels. There
were no differences in EE variables. Hypocaloric diet with different MF promoted a reduction in
total weight, BMI, WC and FM and an improvement in glycidic metabolism. However, the
accomplishment of the three meals/day increased the FFM and active ghrelin and reduced
triglyceride, while six meals/day was more beneficial in increasing insulin sensitivity.

Keywords: obesity; meal frequency; hypocaloric diet; energy expenditure; ghrelin; weight loss.

1. Introduction

Obesity is a chronic, multifactorial, complex and epidemic disease, of great importance to public
health, reason that it can increase the risk of comorbidities including diabetes, systemic arterial
hypertension, dyslipidemia, coronary heart diseases, gallstones, sleep apnea, other respiratory
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disorders and the incidence of certain types of cancer [1-3] According to the World Health
Organization [3] estimative, there are over 1,9 billion of people over 18 years old with excess of body
weight, including 650 million people with obesity in the world.

The obesity treatment must be multidisciplinary, consisting of reducing excessive body weight
and instituting other measures to control the associated risk factors [4,5]. With regard to dietary
treatment, the objective is to achieve a state of negative energy balance, by decreasing food
consumption, since weight loss of 3% to 5%, which is maintained, has the ability to produce clinically
relevant changes [4,6].

American Dietetic Association recognizes that respect for the influence of meal frequency (MF)
on the application of total weight is limited, however, it is recommended that a total energy intake
be distributed throughout the day, totalizing between five meals, including breakfast [7]. Currently,
study of interventions suggests on the contrary to epidemiological studies, that the highest number
of meals per day cannot improve more benefits for health and body weight control [8].

A relationship between different MF and body composition is pointed out in studies that showed
that an increase (more than three meals per day) does not promote greater weight loss in individuals
with obesity who consumed a hypocaloric diet [9-11]. It is questioned that eating more than three
times per day may result in lower weight by increasing the thermal effect of food (TEF) and the fat
oxidation [12].

Regarding the lipid profile, the outcomes suggest uncertainties in the literature about the ideal
MF. Reduced meals per day (less than three meals per day) may indicate more favorable lipid profiles
in individuals with obesity, however, it is seen in other studies that the profile of lipids and
glycoregulatory factors (fasting glucose, insulin and insulin sensitivity) are not affected by changes
in MF, suggesting that further investigations are needed [11,13]. Similarly, in the literature, the
association between MF and satiety hormones is less consistent in obesity, however, it is reported
that lower MF in a hypocaloric diet can have an effect on the best postprandial response of ghrelin
[14,15].

Developing a better understanding of the MF impact within obesity treatment, the purpose of this
study was to examine the effect between different MF on weight loss, body composition, blood
glucose, lipid profile, active ghrelin and energy expenditure (EE) outcomes among women with
obesity enrolled in a weight loss intervention.

2. Materials and Methods

2.1. Population

Women with class I and II obesity, aged 20-45 years, from Rio de Janeiro, Brazil participated in
this study. The eligible women were those of any ethnicity, not menopausal, without recent change
in body weight (+ 3 kg in the last 3 months) or on diets to lose weight in the last 3 months, as well as,
those who have not undergone bariatric surgery. Athletes, users of medication or supplements for
weight control, smokers, alcoholics, with cardiac and respiratory complications, clinical diagnosis of
diabetes, decompensated hypothyroidism, pregnant, lactating, illiterates and those with
inflammatory bowel disease, cancer, liver and severe kidney diseases were not eligible. In addition,
women who suggested severe food compulsion, assessed by the Scale of Periodic Alimentary
Compulsion (SPAC), were not selected.

Participants who did not comply with the proposed protocol during the intervention or who
presented complications that interfered in their participation during the study were excluded. The
recruitment was through the dissemination of the research on the page (online) at the Josué de Castro
Nutrition Institute, as well as, through posters posted on the UFR] campus.

This study was conducted in accordance with the Ethics and Research Committee of Hospital
Clementino Fraga Filho under protocol CAAE 97290918.2.0000.5257, number 3.015.648 and published
in the Brazilian Registry of Trials with the number RBR-7k6v3v. All volunteers signed an informed
consent form.
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2.2. Design

This is a randomized and parallel clinical trial. The sample was for convenience. The first
meeting aimed to check the eligibility criteria, apply SPAC, check body weight and calculate the body
mass index (BMI). At the time, the women were clarified about how to fill the three-day dietary
records (two typical and one atypical day) and the periodicals (in each re-consultation the
participants were supposed to deliver one periodical, totaling three). Individuals were also advised
regarding the preparation for blood collection, the evaluation of EE and body composition. Women
were instructed not to change physical activities.

Participants were randomized into two groups: group 1 (hypocaloric diet + standard
fractionation - six meals / day) (G1) and group 2 (hypocaloric diet + reduced fractionation - three
meals / day) (G2). Randomization was performed through the website random.org. In the second
meeting, the women went to collect blood sample, and then, variables anthropometrics, body
composition and EE were assessed. The participants received a hypocaloric diet to be followed for 90
days and, a questionnaire was applied to evaluate the practice of physical activity.

Three individual meetings were carried out, until they completed the 12-week period, checking
their body weight, waist circumference (WC), periodic food record, adherence to diet and clarifying
doubts. Weekly contacts were made through messages or phone calls to check compliance with the
food plan and clarify possible doubts during the research. After intervention, anthropometric,
biochemical e dietetic and EE indicators were evaluated one more time, and the International Physical
Activity Questionnaires (IPAQ) and the SPAC were filled out.

2.3. Dietary intervention

The dietary prescription was made by trained nutritionists and the diets using the software
DietProClinico®6.1. The calculation of the hypocaloric diet was balanced and individualized,
according to the resting metabolic rate (RMR) obtained by indirect calorimetry (IC), multiplying by
the corresponding activity factor to obtain the total energy expenditure (TEE) [16]. Subsequently, it
was diminished from the TEE 700 kcal / day, to obtain a body weight reduction of approximately 2-
4 Kg / month.

The hypocaloric diet was recommended according to the reference dietary intake for
carbohydrates (45 to 65% of TEE), lipids (20 to 35% of TEE) and proteins (15 to 35% of TEE) and
dietary fiber did the Institute of Medicine (IOM) recommend prescribed (25 grams / day) for adult
women [17]. The distribution of the lipid fractions were <10% of the TEE for saturated fatty acids
(SFA), 6 to 11% of the TEE of polyunsaturated fatty acids (PUFA), 15 to 20% of the TEE of
monounsaturated fatty acids (MUFA) and cholesterol < 300 mg / day [18,19]. The hypocaloric diet
was fractionated into six daily meals (breakfast, snack, lunch, snack, dinner and supper) for G1 and
three daily meals (breakfast, lunch and dinner) for G2.

2.4. Dietary assessment, habitual physical activities and eating behavior

All dietary registration forms were reviewed by dietitians in order to identify any omission
about number of meals, added sugar, spoon size, amount consumed and type of preparation [20].
The chemical composition analysis (energy, proteins, carbohydrates, lipids, MUFA, PUFA, SFA,
cholesterol and fibers) were performed in the DietProClinico®6.1 diet analysis program. Information
obtained in the dietary records were compared with the Dietary Reference Intake and the
consumption of total fibers and fatty acids were compared with the IOM recommendations [17-19].

Adherence to the proposed diet plans was questioned, so that the participants self-reported,
within a scale of 0 to 100%, how much they were managing to comply with the stipulated meals and
what obstacles they faced. IPAQ was used (short form), before and after the intervention, to
characterize the population and to verify the maintenance of physical activity throughout the
research [21]. SPAC was applied to observe the magnitude of eating behavior at the beginning and
at the end of the study to assess whether there was any change during the intervention [22,23].
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2.5. Anthropometric characteristics, body composition and energy expenditure

Body weight, WC and height were assessed in the morning while the participants were fasting,
wearing light clothing and without shoes, using the electronic platform scale, flat steel
anthropometric tape and a portable vertical anthropometer, respectively. WC was measured at the
midpoint between the last cost and the iliac crest. Afterwards, BMI was calculated using the formula
body mass (kg)/height (m2) and classified according to the recommendations by WHO [24].

Fat mass (FM) and fat-free mass (FFM) were estimated through bioelectrical impedance analysis
(BIA) by Biodynamics®450 and FFM was estimated using the predictive equation validated for
women with obesity [25]. First the RMR was measured while each subject was lying down for 20
minutes, using CI (Vmax 29®, ViasysHealthcare, EUA).

All participants provided the conditions necessary for BIA and CI: normohydrates; 12 hours fast;
no water intake for at least two hours; no alcohol, caffeine and excess of protein intake for 48-72 hours;
no strenuous physical activity for 24 hours and during the follicular phase [25-28]. The RMR was
calculated based on the results obtained in the CI assessment and estimated by equation of Weir [29].

2.6. Laboratory analysis

Blood samples were obtained from participants who were 12 hours overnight fasting for
biochemical analysis and ghrelin. Lipid profiles (total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-c), LDL-c and triglycerides (TG)), glucose and insulin levels, these were analyzed
for enzymatic UV test and insulin for chemiluminescence test [30-33]. LDL-C was estimated [34]. IR
was calculated using the method HOMA-IR: fasting serum insulin concentration (uU / mL) x fasting
blood glucose (mmol / L) / 22.5 and analyzed according to Stern et al. (2005) [35]. Insulin sensitivity
(IS) was estimated using the Quantitative Insulin Sensitivity Check Index (QUICKI), QUICKI =1 /
(LOG (fasting serum insulin) + LOG (fasting blood glucose) [36].

The blood sample for ghrelin analysis was collected in tubes containing ethylenediamine tetra-
acetic acid (EDTA) and Pefabloc® (specific protein inhibitor). The analysis of active ghrelin was
performed using the Enzyme Linked Immuno Sorbent Assay (Elisa) method using the commercial
kit E-EL-H2002® (Elabscience, Inc, Wuhan, China).

2.7. Statistical analysis

All values were reported as the mean and standard deviation (SD) for Gaussian (normal)
distribution and as median and quartile interval for non-Gaussian (non-normal) distribution. The
Kolmogorov-Smirnov test was used adopting significance when p <0.05. Normally distributed
indicators were assessed by the unpaired t test and comparisons of the baseline and after intervention
in the same group were verified by the paired t test. Mann Whitney test was applied for compare
groups for non-normal distribution and Wilcoxon to analyze before and after intra-group
intervention.

Spearman's correlation coefficient test was used to analyze the relationship between active
ghrelin secretion and anthropometric indicators, suggestive of binge eating and dietary indicators.
The statistical analysis program was SPSS (Statistical Package for Social Science, IBM Corporation,
NY) version 22.0. In addition, the outlier test was performed for the results of active ghrelin using the
Graphpad Prism 8.3 program.

3. Results

There were 283 women who showed interest in participating in the study, of these, 127 were not
eligible, 105 gave up participating and 4 did not attend the contact. 47 women were randomized (G1:
24; G2: 23). In G1, 6 participants dropped out for personal reasons. In G2, one participant gave up
and another was excluded because she got pregnant. Forty women with obesity participated in this
study (G1:19; G2:21). Recruitment was conducted for 6 months. The study was not harmful for all
participants. The groups showed similarities at baseline in the variables age, anthropometric
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indicators (weight, BMI and WC) and SPAC scores, however, insulin levels, HOMA-IR and TG were
higher in G2 (Table 1). There was no difference in the practice of physical activity before (p=0.16) and
after (p=0.21) intervention between the groups.

Table 1: Baseline Subjects Characteristics.

Gl (n=19) G2 (n=21) p -value
Age (years) 29.05+£9.18 30.33+6.72 0.61
Weight (Kg) 90.88 + 8.96 92.96 +11.09 0.51
IMC (kg/m?) 34.90 + 14.65 35.27 +3.96 0.76
WC (cm) 96.94 + 8.88 101.47 +8.87 0.11
M (kg) 41.99 + 6.45 43.90 +7.65 0.39
FM (%) 46.02 + 3.58 47.02 +3.74 0.39
RMR (kcal) 1467.10 £ 121.08 1479.31 +171.27 0.79
Glucose (mg /dL) 84.31+7.96 92.38 +18.24 0.07
Insulin (uU /mL) 17.63 +8.06 24.54 +12.39 0.04
HOMA-IR 3.69+1.72 5.55+272 0.01
QUICKI 1.53+0.16 1.51+0.29 0.78
TC (mg /dL) 169.52 + 35.49 178.38 +28.52 0.39
HDL-c (mg /dL) 51.21 +13.06 49.09 +10.58 0.58
LDL-c (mg /dL) 100.10 +29.85 106.38 +25.88 0.48
TG (mg /dL) 91.68 + 35.33 114.28 +27.9 0.03

G1: group of 6 meals per day; G2: group of 3 meals per day; BMI: body mass index; WC: waist circumference;
FM: fat mass; RMR: resting metabolic rate; HOMA-IR: Homeostasis Model Assessment; QUICKI: Quantitative
Insulin Sensitivity Check Index; TC: total cholesterol; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-
density lipoprotein cholesterol; TG: triglycerides; SPAC: Scale of Periodic Alimentary Compulsion. Values are
represented as mean =+ standard deviation and 95% confidence interval. Differences between groups analyzed
by the t-test with significance when p <0.05.

Table 2 details energy and macronutrient compositions of the weight loss diet programs. Table
3 shows the food intake habit and results related dietary intake during the intervention. Analyzing
the groups at baseline, dietary consumption was similar. After intervention, in G1, there were a
significant reduction in TEE (kcal) and total lipids (%), while, protein intake (%) increased. In G2, a
decrease in TEE (%) and carbohydrate (%) was noted, as well as an increase in protein intake (%).
Considering the variation before and during the intervention between groups, G2 showed a greater
reduction in carbohydrates consumption and a greater increase in protein consumption, compared
to G1.

Table 2: Chemical composition (energy, macronutrients, fatty acids, fibers and cholesterol) of the prescribed

diets (1400 to 2100 kcal/day) in G1 and G2.
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Gl (n=19) G2 (n=21) p- value
Energy (kcal) 1521.05 +118.2 1552.38 + 188.73 0.12
Carbohydrates (% 57.84+1.34 58.01 £1.39 0.66
TEE)
Proteins (% TEE) 20.33+0.73 20.01+0.87 0.82
Lipids (% TEE) 21.79+1.73 2191+1.83 0.75
SFA (% TEE) 6.07 £ 0.86 6.15+0.88 0.74
MUFA (% TEE) 7.86£2.79 7.81+£2.85 0.76
PUFA (% TEE) 5.85+0.76 5.85+0.80 0.77
Total fibers (g) 27.61+4.34 27.89 £5.05 0.71

G1: group of 6 meals per day; G2: group of 3 meals per day; SFA: saturated fatty acids; MUFA: monounsaturated
fatty acids; PUFA: polyunsaturated fatty acids; TEE: total energy expenditure. Data are means + standard
deviation Differences between groups analyzed by the t-test with significance when p <0.05.

Table 3: Comparison of dietary prescription and intake performed during the intervention between groups, and
analysis of variations by group.

G1 (n=19) A G2 (n=21) A p- value **
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Baseline TEE (kcal) 1952.40+571.36 1936.07+472.69 0.92
-517.54+554.35 -551.95+497.65
Final TEE (kcal) 1434.86+205.28 1384.11+218.51 0.45
p- value * 0.01 <0.001 0.837
Baseline CHO (%) 49.20 +6.49 52.59+5.64 0.08
-0.24+5.55 -5.89 +6.05
Final CHO (%) 48.95+5.18 46.70+5.63 0.19
p- value * 0.84 <0.001 <0.001*
Baseline PTN (%) 18.05+4.19 16.03+3.90 0.12
3.33+4.72 6.28+3.33
Final PTN (%) 21.38 +3.83 22.32+4.92 0.50
p- value * <0.001 <0.001 0.037
Baseline LIP (%) 33.41+6.28 32.50+4.38 0.60
-3.50+6.62 -1.30+6.23
Final LIP (%) 29.91+5.39 31.20+5.86 0.47
p- value * 0.03 0.34 0.287
Baseline SFA (%) 10.67+2.41 10.37+1.88 0.66
-0.85+3.40 -0.26%3.16
Final SFA (%) 9.82+2.20 10.11+2.81 0.72
p- value * 0.29 0.70 0.57¢
Baseline MUFA (%) 9.17+2.35 9.49+2.08 0.65
-0.00+2.72 -0.84+2.03
Final MUFA (%) 9.16+1.96 8.64+1.98 0.41
p- value * 0.99 0.07 0.287
Baseline PUFA (%) 7.22+3.31 6.47+1.74 0.38
-1.23+3.22 -0.21+1.91
Final PUFA (%) 5.99+1.37 6.26+2.03 0.62
p- value* 0.11 0.61 0.22¢
Baseline TC (%) 332.24+142.34 320.27+156.68 0.80
23.93+184.29 -30.76+171.02
Final TC (%) 356.17+119.55 289.51+93.03 0.05
p- value * 0.57 0.41 0.33*
Baseline fiber (g) 18.93+6.34 18.89+8.03 0.98
1.43+7.22 -2.06+9.36
Final fiber (g) 20.36+5.56 16.83+5.81 0.05
p- value * 0.39 0.32 0.19¢
Baseline number of
4.42+0.90 4.23+1.09 0.56
meals 1.31+0.82 -0.95+0.97
Final number of meals 5.73+0.45 3.28+0.56 <0.001
p- value * <0.001 <0.001 <0.0017

G1: group of 6 meals per day; G2: group of 3 meals per day; TEE: total energy expenditure; CHO:
carbohydrates; PTN: protein; LIP: lipids; SFA: saturated fatty acid; MUFA: monounsaturated fatty
acid; PUFA: polyunsaturated fatty acid; TC: total cholesterol. Data are means * standard deviation.
**Differences between groups assessed by the t-test. *Intragroup comparison (before and after
intervention) by paired t- test. # Comparison of the difference in variables ( A ) calculated with the
final and Baseline data.

At baseline, participants consumed an average of four meals a day in all groups (Figure 1).
After intervention, G1 and G2 started to eat an average of six and three meals a day, respectively,
statistically differing between groups (Figure 1). At baseline, G1 contained the highest percentage of
participants having five and four meals per day and during the intervention they started to eat six
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meals (Figure 1). G2 showed the majority of participants eating four meals a day at baseline and the
highest percentage changed to three daily meals after intervention (Figure 2).

80 73.68

70
2
= 60
O
k=3
Q 50
fu
©
2— 40 36.84 36.84
o
9
EP 30 26.31
c
S 20 15.78
g 10.52

10

B K
0
6 meals/day 5 meals/day 4 meals/day 3 meals/day

BTO mMTF

Figure 1. Food frequency at baseline and during intervention in G1.
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Figure 2. Food frequency at baseline and during intervention in G2.

Table 4 shows the self-reported acceptance by the participants. There was no significant
difference between groups and, in addition, the percentage remained similar throughout the
intervention period. No statistical difference was observed in eating behavior between groups in the
baseline (p=0.63) and final periods (p=0.95). After intervention, the score obtained was lower than at
the beginning of the research, differing statistically between groups and suggesting a reduction in
episodes of food compulsion (G1 p=0.04; G2 p<0,01).

Table 4: Comparison of the percentage of acceptance in the returns of both groups.

Gl (n=19) G2 (n=21) p- value
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Acceptance T15 (%) 78.36 +14.45 70.19+£15.76 0.09
Acceptance T45 (%) 75.00 £ 19.86 70.09 +19.60 0.43
Acceptance T65 (%) 77.05+16.56 72.14 +14.96 0.33

G1: group of 6 meals per day; G2: group of 3 meals per day; T15: 15-day time; T45: 45-day time; T65:
65-day time. Differences between groups analyzed by the t-test with significance when p <0.05.
Data are means + standard deviation.

After intervention, there were no significant differences between and within groups for the
variable RMR, substrate oxidation, respiratory coefficient (RC) (Table 5). The other laboratory and
anthropometric variables did not differ between groups at baseline. After intervention, in intra-group
comparison, it was observed that both groups significantly presented reduced body weight, BMI,
WC, FM (kg), insulin, HOMA-IR (Tables 5 and 6). G1 also showed an increase in QUICKI (Table 6)
and G2 showed a decrease in FM (%) (Table 5) and TG (Table 6) and an increase in FFM (%) (Table
5). There were no differences between the variations in anthropometric indicators between groups
(Tables 5). Insulin levels and HOMA-IR decreased in both groups, although, even after reduction,
these parameters remained higher in G2 (Table 6).

Table 5: Comparison of anthropometric indicators, body composition and EE between groups at baseline and

after the intervention, and variations by group (mean + SD).

G1 (n=19) A G2 (n=21) A p- value **
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Baseline weight (kg) 90.88 + 8.96 92.96 +11.09 0.51
-2.99 +3.35 -3.60 = 3.50
Final weight (kg) 87.88 +10.20 89.35 +10.60 0.65
p- value * <0.001 <0.001 0.57¢
Baseline BMI (kg/m?) 34.90 £3.82 35.25+3.96 0.76
-1.16 £1.32 -1.35+1.30
Final BMI (kg/m?) 33.73+4.10 33.92+3.95 0.88
p- value * <0.001 <0.001 0.66
Baseline WC (cm) 96.94 + 8.88 101.47 + 8.87 0.11
-4.27 + 3.64 -4.36 +4.00
Final WC (cm) 92.67 +7.98 97.11 £ 6.67 0.12
p- value * <0.001 <0.001 0.94%
Baseline FFM (kg) 48.88 £ 4.10 49.05+5.17 0.91
-0.39 +£1.93 -0.64 + 1.46
Final FFM (kg) 48.49 +5.02 48.40 £ 4.92 0.95
p- value * 0.38 0.05 0.65%
Baseline FFM (%) 53.97 +3.58 52.97 +3.74 0.39
-0.91 +10.26 144 +1.35
Final FFM (%) 53.05+11.72 54.41 +4.05 0.63
p-value * 0.70 <0.001 0.33¢
Baseline FM (kg) 41.99 + 6.45 43.90 £7.65 0.39
-2.59 +2.50 -2.96 +2.59
Final FM (kg) 39.40+7.19 40.94 +7.55 0.51
p- value * <0.001 <0.001 0.64%
Baseline FM (%) 46.02 + 3.58 47.02+3.74 0.39
0.91+10.26 -1.44+1.35
Final FM (%) 46.94 +11.72 45.58 +4.05 0.63
p-value * 0.70 <0.001 0.33¢
Baseline RMR (kcal) 1467.10 +121.08 1479.31 £171.27 0.79
-38.89 +102.17 13.57 +98.8
Final RMR (kcal) 1428.21 £ 139.77 1492.88 +172.08 0.19
p- value * 0.11 0.53 0.10*
Baseline RC 0.79 +£0.03 0.79 £0.02 0.86
-0.008 +0.05 -0.003 + 0.04
Final RC 0.78 £0.40 0.78 +£0.03 0.78
p- value * 0.47 0.71 0.72¢

G1: group of 6 meals per day; G2: group of 3 meals per day; BMI: body mass index; WC: waist circumference;

FFM: fat-free mass; FM: fat mass; RMR: resting metabolic rate; RC: respiratory coefficient. Data are means +

standard deviation. Differences between groups analyzed by the t-test with significance when p < 0.05. Values

are represented as mean + standard deviation **Differences between groups assessed by the t-test. * Intragroup
comparison (before and after intervention) by paired t- test. # Comparison of the difference in variables (A)

calculated with the final and baseline data.

Table 6: Comparison of laboratory variables between groups at baseline and after the intervention, and

variations by group (mean + SD).

G1 (n=19)

A G2 (n=21)

A

p- value **
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Baseline glucose (mg/ dL) 84.31+7.96 92.38 +18.24 0.07
-1.05 +5.88 -4.19 £ 10.46
Final glucose (mg / dL) 83.26 +7.63 88.19 +14.20 0.17
p- value * 0.44 0.08 0.24%
Baseline insulin (uU/mL) 17.63 + 8.06 24.54 +12.39 0.04
-3.91 +5.06 -6.09 £ 11.46
Final insulin (uU/mL) 13.72 +5.88 18.44 +7.00 0.02
p- value * <0.001 0.02 0.437
Baseline HOMA-IR 3.69+1.72 5.55+2.74 0.01
-0.84+1.22 -1.48 £2.58
Final HOMA-IR 2.84+1.31 4.06+1.79 0.01
p- value * <0.001 0.01 0.31%
Baseline QUICKI 1.53+£0.16 1.51+0.29 0.78
0.07 +0.09 -0.00+0.26
Final QUICKI 1.60 +0.16 1.50+0.11 0.05
p- value * <0.001 0.97 0.25%
Baseline TC (mg/dL) 169.52 + 35.49 689+ 2133 178.38 +28.52 -10.42 + 0.39
-6.0Y £ 21.
Final TC (mg/dL) 162.63 + 32.85 167.95 +24.08 29.47 0.56
p- value * 0.17 0.12 0.667
Baseline HDL-c (mg/dL) 51.21+13.06 49.09 +10.58 0.58
-2.84 +8.48 -1.71+8.90
Final HDL-c (mg/dL) 48.36 +10.58 47.38 +12.53 0.78
p- value * 0.16 0.38 0.68*
Baseline LDL-c (mg/dL) 100.10 £ 29.85 106.38 +25.88 0.48
-2.47 £14.70 -5.52£25.71
Final LDL-c (mg/dL) 97.63 +30.79 100.85 +27.05 0.72
p- value * 0.47 0.33 0.64
Baseline TG (mg/dL) 91.68 +35.33 114.28 +27.9 -15.57 + 0.03
-8.78 +31.20
Final TG (mg/dL) 82.89 +32.05 98.71+28.15 29.64 0.10
p- value * 0.23 0.02 0.487

G1: group of 6 meals per day; G2: group of 3 meals per day; BMI: body mass index; HOMA-IR: Homeostasis
Model Assessment; QUICKI: Quantitative Insulin Sensitivity Check Index; TC: total cholesterol; LDL-c: low-
density lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; TG: triglycerides. Data are means +
standard deviation. Differences between groups analyzed by the t-test with significance when p < 0.05. Values
are represented as mean * standard deviation ** Differences between groups assessed by the t-test. * Intragroup
comparison (before and after intervention) by paired t- test. # Comparison of the difference in variables (A)
calculated with the final and baseline data.

There were no differences in the concentrations of fasting active ghrelin between groups,
before and after the dietary intervention; however, the group with the lowest MF (G2) presented
increased active ghrelin levels after the intervention (Table 7). Results of the correlation test showed
no relationship in the baseline between concentration of active ghrelin levels with energy
consumption (r =-0.16, p = 0.32), protein (r = -0.07, p = 0.68), glycidic (r = 0.06, p = 0.71), lipidic (r = -
0.03 p = 0.85) and PUFA (r = -0.01 p = 0.94) and with SPAC (r = -0.09, p = 0.58). Furthermore, active
ghrelin levels after intervention were not related to loss of body weight (r =-0.09, p = 0.56), as well as
there was no relationship between the behavior of ghrelin levels and loss of body weight (r =-0.01, p
=0.93).

Table 7: Comparison of active ghrelin levels between groups at baseline and after intervention and variations

between groups, expressed as median (interquartile).
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G1 (n=16) A G2 (n=20) A p- value **
Baseline active ghrelin ~ 110.41(36.25;155.06) 93.99(45.29;151.88) 0.86
(pg/mL)
52.33 24.32
(-135.79;38.91) (-234.27;15.74)
Final Active ghrelin 116.26(69.49;264.08) 153.30(88.07;319.76) 0.51
(pg/mL)
p- value * 0.13 0.03 0.74¢

G1: group of 6 meals per day; G2: group of 3 meals per day. Data are in median (interquartile). Significant
differences when p <0.05. ** Differences between groups assessed by the Mann Whitney test. * Intra-group
comparison using the Wilcoxon test. # Comparison of the difference in variables (A) calculated with the final and

baseline data.

4. Discussion

Effects of MF in the population with obesity is still controversial and it seems that changing
frequency in calorie-restricted eating plans may not affect weight and body composition [8,11].

In the present study, data on dietary intake, including the number of daily meals and self-report
of acceptance, demonstrated that women with obesity had satisfactory adherence to the diet plan and
the proposed MF, with no difference between groups. A controlled and randomized research carried
out in women with obesity and glucose intolerance or type 2 diabetes mellitus, evaluated the result
of low-calorie diet with different MF (six and three meals a day), for 12 weeks, and suggested that
more MF may be useful for individuals who are not motivated to follow calorie restricted diets [37].

Authors should discuss the results and how they can be interpreted in perspective of previous
studies and of the working hypotheses. The findings and their implications should be discussed in
the broadest context possible. Future research directions may also be highlighted.

In our study, the different MF did not influence anthropometric indicators, since both groups
reduced body weight, WC and BMI, with no difference between them. Likewise, was observed in a
study conducted including 47 adult women with obesity, randomized into two groups (hypocaloric
diet, three or six meals per day), for three months. They showed no differences in weight, WC and
BMI between groups [38]. In another study, it was reported that in individuals with obesity, lower
MF (three meals per day versus five meals per day) provided greater reduction in body weight,
assessed over a three-week period, however, the authors suggested further investigations [39].

In the present study, the lower MF provided an increase in FFM (%), in addition to a reduction
in FM (kg). Our results differed from a clinical trial including women with obesity, randomized into
two groups (two and six meals a day - low calorie diet with controlled portions), for two weeks. They
verified that FFM (%) increased in the highest MF, suggesting that eating frequency can preserve the
FFM during weight loss [40]. In another study, 16 adults with obesity were randomized into two
groups (three and six meals per day) and subjected to the same energy restriction for eight weeks,
and the results showed similar weight reduction, FM (kg) and FFM (kg) between the groups, so
increasing the MF does not promote greater loss of body weight [9].

MF is cited as a factor that can interfere in EE in humans, since it can alter the TEF and
consequently the body weight [41]. Le Blanc et al. (1993) [42] showed that consuming four small
meals, at 40-minute intervals, compared to a large one, led to an increase in postprandial
thermogenesis, caused by lipid mobilization resulting from repeated stimulation of the sympathetic
nervous system by foods containing fats in six eutrophic adults. In the present study, consuming
more times during the day did not promote an increase in EE, therefore, despite changes in body
composition, RMR was sustained before and after dietary intervention in the groups analyzed, in
women with obesity.

It is reported that the smaller MF (three/day), in normal weight, decreases serum glucose
concentrations throughout the day, indicating improvement in the glycemic profile, as well as
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promoting peaks of postprandial insulin secretion [43]. In the present study, all groups had normal
blood glucose and IR values. MF did not promote alterations in fasting glucose in both groups. Insulin
and HOMA-IR were higher in G2 at the beginning of the study and remained the same, with no
differences between groups, although G1 improved insulin sensitivity. In both MF there was a
reduction in IR and insulinemia. A randomized, crossover study conducted for 24 weeks including
women with overweight and polycystic ovary syndrome showed that six, compared to three meals
for day, improved insulin sensitivity after the oral glucose tolerance test and did not differ in
glycaemia, lipemia and glycated hemoglobin [37]. A current study showed that TG was the only lipid
fraction that reduced with the lowest MF, likewise the consumption of carbohydrate (%) was lower
in the group in question, which may have favored this result, in addition, another hypothesis is the
possibility of higher volume of meals increase postprandial insulin and stimulating lipoprotein lipase
from adipose tissue to hydrolyze TG in non-esterified fatty acid and glycerol to be stored [44].

In the present study, no difference was observed in the plasma concentration of fasting active
ghrelin before and after the intervention with a low-calorie diet between the groups. In contrast, the
group with the lowest MF increased ghrelin secretion after dietary intervention. We emphasize that
in our study, both groups had similar weight loss and energy consumption and it seems that these
factors are more related to changes in ghrelin than the MF itself during the day.

A research analyzed the effect of the hypocaloric diet with different MF (two and six meals a
day), in 54 overweight and obese women, found that the lower MF led to a greater reduction in body
weight and increased the active ghrelin secretion [14]. The elevation of fasting active ghrelin can be
considered a beneficial factor for stimulating hunger in the morning, since omission of breakfast is
associated with an increased risk of glycemic dysregulation and visceral adiposity. In addition, this
increase may have occurred in the lower MF due to the longer fasting time between meals [14,45,46].
Still, the increase in active ghrelin in the long term can cause difficulty in adhering to dietary
treatment, since it is an orexigenic hormone [47].

It is known that the food composition is able to change the secretion of total ghrelin. In normal
weight individuals, observed after ingestion of three test meals composed of 80% of the analyzed
macronutrients, carbohydrates and proteins were more effective in suppressing active or total
orexigenic hormone [48]. In the present study, we found no relationship between lipid consumption
and ghrelin concentration at baseline, however, lipid consumption did not differ between groups,
which could explain the non-relationship with active hormone secretion. It should also be noted that
our prescription was of a hypocaloric and normolipidic diet and the study conducted by Foster-
Schubert et al (2008) used a test meal with a lipid load to assess ghrelin secretion. In eutrophic
patients, it is pointed out that the intake of a diet rich in PUFA for seven days led to a reduction in
total fasting ghrelin secretion [49].

Unlike the aforementioned study, our prescription maintained the normal distribution of lipid
fractions in the diet, not using a high PUFA diet. The higher consumption of carbohydrates and total
lipids cannot alter the secretion of ghrelin in overweight and obese men [50]. In the present study,
we did not observe a relationship between fasting active ghrelin and protein intake, carbohydrate
and PUFA. We emphasize that the nutrients evaluated showed similar consumption between groups,
without using loads, which may include in the absence of a relationship with ghrelin.

5. Conclusions

The consumption of hypocaloric diets with different frequencies for 12 weeks can reduce body
weight, BMI, WC, SPAC, FM (kg), insulin and HOMA-IR. Regardless of MF, the diet moderately
reduced in energy promoted a decrease in weight and an improvement in the body composition.

Smaller number of meals eaten per day seems to have better results in triglyceridemia and in the
increase of FFM (%) in women with obesity. However, it is suggestive that the greater number of
meals throughout the day may favor an increase in insulin sensitivity.

Decreased MF led to an elevation in active ghrelin levels, however, further studies are needed
to assess the influence of MF on the secretion of this hormone and its impact on food intake and body
composition and their effects on plasma lipids.
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Both groups showed changes in MF, followed the proposed dietary prescription and intervals
between meals, therefore, MF resulted in satisfactory adherence to the hypocaloric diet. G1 and G2
decreased energy intake and increased protein intake, however, G1 reduced the consumption of total
lipids (%) and increased the number of meals, while in G2 there was a lower carbohydrate intake (%)
and number of meals.

The different MF were not able to alter the EE and the oxidation of substrates, despite the
reduction in body mass in both groups and the increase in FFM (%) in G2, the RMR remained
constant. In addition, moderate hypocaloric diets were able to influence glucose metabolism,
reducing insulin and its resistance.

Considering there are few clinical trials evaluating the effect of MF on body composition, blood
glucose, lipemia, active ghrelin and EE in individuals with obesity and the heterogeneity of the results
indicated in the research, it is relevant that more controlled studies be conducted in order to point
out new possibilities that improve dietary treatment in obesity.

Limitations of the study

Among the limitations of the present study, the small sample size can be mentioned; In addition,
the intervention time was 12 weeks and cannot affirm the possible long-term effects of MF, however,
the sample was homogeneous, including participants of childbearing age, same sex, with similarity
in the BMI classification and without comorbidities, which minimizes the metabolic differences.
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