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Effect of different diet methods on body composition and insulin, leptin, and
ghrelin levels in overweight women

Abstract

Introduction. This study aims to compare the effects of similar calorie-restricted intermittent overnight
fasting diet (OFD) and frequent-meal diet (FMD) on body composition and insulin, leptin, and ghrelin levels
in overweight women. Materials and Methods: While the FMD was administered as six mealtimes, the
OFD was administered as five mealtimes and at least 12 hours overnight fasting for four weeks. Some
parameters regarding the metabolic rate and fat metabo-lism (glucose, insulin, HOMA-IR, leptin, ghrelin
levels), body composition, resting metabolic rate, and physical activity level were measured before and
after the diet. Results: There was no sig-nificant difference in the resting metabolic rate (kcal) and fat-
carbohydrate oxidation (g/min), while diet programs showed a similar significant improvement in body
composition in both groups (p < 0.05). The glucose and insulin levels in OFD and the insulin level and the
insulin re-sistance index in FMD significantly decreased (p < 0.05). There were significant differences in
the leptin (-37%) and ghrelin (5.8%) levels in FMD, but only a significant decrease in the leptin level (-49%)
was observed in OFD. Conclusions: After a 4-week same calorie-restricted FMD with six meals and OFD
with a 12 hour-overnight fasting, similar improvements in the body composition and the insulin, leptin, and
ghrelin levels have been achieved.
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Abstract: Introduction. This study aims to compare the effects of similar calorie-restricted intermittent
overnight fasting diet (OFD) and frequent-meal diet (FMD) on body composition and insulin, leptin,
and ghrelin levels in overweight women. Materials and Methods: While the FMD was administered
as six mealtimes, the OFD was administered as five mealtimes and at least 12 hours overnight fasting
for four weeks. Some parameters regarding the metabolic rate and fat metabolism (glucose, insulin,
HOMA-IR, leptin, ghrelin levels), body composition, resting metabolic rate, and physical activity level
were measured before and after the diet. Results: There was no significant difference in the resting
metabolic rate (kcal) and fat-carbohydrate oxidation (g/min), while diet programs showed a similar
significant improvement in body composition in both groups (p < 0.05). The glucose and insulin levels
in OFD and the insulin level and the insulin resistance index in FMD significantly decreased (p <0.05).
There were significant differences in the leptin (-37%) and ghrelin (5.8%) levels in FMD, but only a sig-
nificant decrease in the leptin level (-49%) was observed in OFD. Conclusions: After a 4-week same
calorie-restricted FMD with six meals and OFD with a 12 hour-overnight fasting, similar improve-
ments in the body composition and the insulin, leptin, and ghrelin levels have been achieved.

Keywords: fat tissue, frequent meals, intermittent feeding, obesity, overnight fasting.

1. Introduction

Overfeeding leads to excessive fatness and obesity, and an increase in the body mass
index (BMI) used as an indicator of obesity is associated with cardiovascular diseases,
diabetes, and many types of cancer. Observational evidence indicates that weight loss
with energy restriction reduces a risks of a disease [1]. It is claimed that the development
of obesity, a universal problem, can be reduced by changes in lifestyle and dietary habits.
While the amount and frequency of the meal are considered as the primary nutritional
approach to energy restriction [2], intermittent energy restriction or intermittent fasting
methods is an alternative approach that has recently attracted more attention.

The general opinion is that there is an inverse relationship between the number of
consumed meals and the body weight, thus a smaller but frequent feeding can help pre-
vent obesity [3]. It is assumed that this inverse relationship is related to eating frequency,
which increases appetite control and digestive tract peptides. However, previous studies
that compared the frequent (three meals and three snacks) and the intermittent (only three
meals) diet methods revealed that participants have similar improvements in the body
mass, both fat and lean body mass [4]. Beside food type and amount, frequent feeding has
been shown to play a decisive role in fasting serum lipid levels and insulin secretion
change [5].
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In contrast, hypotheses argued that decreasing the frequency of eating with intermit-
tent fasting favorably regulates gene expression that allows cells to cope with severe stress
[6]. Intermittent fasting with energy restriction has been reported to have positive effects
on growth factors with signal transmission, the release of neurotransmitters and gene ex-
pression, and it may help increase insulin sensitivity, reduce blood pressure and oxidative
stress, and improve fat metabolism [2]. Intermittent fasting practice may occur during the
day every other day, as well as it can be provided as 12-14 hour fasting at night [7].

Appetite and energy intake are physiologically regulated by the neuroendocrine sys-
tem, which involves complex interactions between central and peripheral mediated path-
ways. Appetite regulating hormones contain episodic bowel signals that are sensitive to
short-term stimulation in nutritional behavior, control hunger and saturation relative to
eating (for example, acylated ghrelin), and tonic hormonal signals regulate energy balance
and long-term changes in body fat (for example, insulin and leptin). An increased insulin
level with increased body weight causes adipose cell hypertrophy, and, despite the in-
crease in insulin requirement, the decrease in the number of receptors leads to insulin
resistance [8]. Leptin and ghrelin work together as antagonists in the organism, and there
is a negative correlation between the serum leptin level and the ghrelin level [9].

Due to a limited number of scholarly works, it is not precisely known if a frequent-
meal or intermittent overnight fasting diet, both with similar calorie restrictions (-20%), is
more effective in fighting obesity. The purpose of this study is to compare the effects of
similar calorie-restricted intermittent overnight fasting diet with the frequent-meal diet to
understand their influence on the body composition and the insulin, leptin and ghrelin
levels in overweight women.

2. Materials and Methods

2.1. Participants

The research has an experimental, semi-controlled study design that includes quanti-
tative and repeated measurements. The inclusion criteria of the participants were as follows:
female, aged between 35-55, BMI >25 kg/m? not having any health problems that would
prevent the application of the diet methods, having healthy ranges of hormone levels, espe-
cially the ones that are known to affect the metabolic rate [thyroid stimulating hormone
(TSH), free thyroxine (T4) and free triiodothyronine (T3)], being sedentary or lightly active
for three months before the start date of the study (i.e., <3 h/week), not using alcohol, having
a stable weight for three months before the start date of the study (i.e., <5 kg weight loss or
gain), having a regular menstrual cycle, and having follicle-stimulating hormone (FSH), lu-
teinizing hormone (LH), estradiol and progesterone within the reference ranges.

The exclusion criteria for the study were failure to adapt to the protocol included in
tests and measurements, and the presence of special conditions (e.g., drug use, breaking
the diet) that would prevent participation in the study and challenges from complying
with the diet (e.g., severe injury/disease). Initially, 49 people who meet the sought criteria
were willing to participate in the study after hearing about it from an advertisement. 46
of them accepted to participate in the study after completing the preliminary question-
naire. Consequently, the study was completed with 30 people due to exclusion criteria.
The groups were determined based on the participants’ ability to maintain the diet.

This study was approved by a local medical research ethics committee (no: 70198063-
050.06.04) and was undertaken in compliance with the Helsinki Declaration.

2.2. Study Design

Before and after the 4-week diet period, participants” height, body weight, body com-
position and basal metabolic rate were measured. Additionally, their daily energy ex-
penditure and the substrate oxidation rate were calculated. Markers associated with the
criteria and aims of the study were evaluated from the venous blood samples. The content
of the diet was private.
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2.3. Anthropometric and body composition measurements

Height and body weight were measured with minimal clothing (Seca 767, Hamburg,
Germany) using standard methods. Body composition was measured on a body analysis
device (Tanita MC 780MA, USA) which operates with the bioelectric impedance method.
Body fat amount (kg and %), right-left arm and leg fat amount (%), lean body mass (kg
and %), and body fluid amount (kg and %) was measured. Each measurement was re-
peated twice consecutively; the intra-class correlation coefficient was calculated as 98%.
For these measurements, participants were asked to come to the laboratory in the morning
right after night fasting and to avoid physical activity and caffeine consumption the day
before.

2.3.1. Blood Analysis

Venous blood samples were drawn in the morning (between 09.00 and10.00 a.m.) by
a nurse, while the participant was sitting. One sample was collected with a 4 mL purple
cap with EDTA and the other one with a 9 mL red cap flat tube. Following a 20-min rest
period, at room temperature, tubes were centrifuged at 2000 g for 15-min (Niive NF 200,
Ankara, Turkey), and the serum was separated. Serum sample analyses were conducted
on the same day.

To get information about the individuals' general health and metabolic status, before
starting the diet program serum hemogram (WBC, RBC, PLT), ferritin, iron, hemoglobin,
blood lipids (triglyceride, total cholesterol, HDL-K), serum TSH, T4 and T3, vitamin B12,
serum 25 (OH) vitamin D were evaluated. LDL-K levels were calculated according to the
Friedewald formula (LDL-K = total cholesterol — triglyceride / 5 - HDL-K).

The markers in the research hypothesis were investigated twice. Fasting blood glu-
cose, serum leptin, ghrelin (using the commercial kit with enzyme-linked immunosorbent
assay (ELISA) method) and plasma insulin (microparticle enzyme immunoassay method
(Axsym Abbott Diagnostics Division)) levels were analyzed at the beginning and end of
the diet program. Insulin resistance (HOMA-IR = fasting glucose (mmol / 1) x fasting in-
sulin (mU /1) / 22.5) was calculated.

2.3.2. Resting Metabolic Rate Measurement, Daily Energy Requirement, and Metabolic
Measurement Calculations

The resting metabolic rate was measured with the help of a gas analyzer (Innocor
Inno500, Odense, Denmark) after the participants rested for 15-min in the supine position.
VO:z and VCO: respiratory values were recorded from the inhaled air by employing the
breath-by-breath method, and RER was calculated accordingly. The rate of carbohydrate
(CHO) and fat oxidation were determined with formulas along with the average of the
last 5-min data [10]. In addition to the measured basal metabolic rate (kcal) value of the
participants, daily energy requirements were calculated individually using the physical
activity factor.

2.3.3. Diet applications

In diets created with 20% restriction of daily energy need, 50-60% of the energy is
formed from CHO, 10-15% from proteins, 25-30% from fats, and the content was arranged
to take into account the participants' wishes. The overnight fasting diet group (OFD) did
at least 12 hours of night fasting (dinner at 7 p.m. and not eating anything until breakfast)
and had three meals and two snacks a day, while the frequent meal diet group (FMD) had
three meals and three snacks a day, and were allowed to have dinner at the desired time
and then have a snack.

A social network was established with the participants over the phone, and continu-
ous communication was carried out for a month. The necessary motivation was provided,
and their compliance with diets was checked precisely.
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2.3.4. Determination of physical activity levels

International Physical Activity Inventory (IPAQ), which was adapted to Turkish, was
applied to the participants twice, at the beginning and at the end of the diet program, and
they were warned not to change their physical activity habits during the study [11].

2.4. Statistical analysis

Statistical analyses were performed using IBM Statistical Package for Social Science
(SPSS) for Windows, Version 25.0. (IBM Corp., Armonk, NY, USA). Descriptive statistics
were reported as the mean + SD. After the normality test (Shapiro-Wilk), the pre- and post-
test comparison of the groups was done with the Paired Sample t-Test or the Wilcoxon
Signed Ranks Test. Inter-group differences of the data were analyzed by the Independent
Samples T-Test or the Mann Whitney U Test. Data not showing normal distribution are
marked in tables with the ¥ sign. The Spearman Rho Correlation Coefficient test was used
for correlation analysis between parameters. The effect size of the difference in the data
with normal distribution was evaluated using the classification of Cohen d (< 0.2 trivial,
0.2<d<0.5small, 0.5<d<0.8 moderate, 4 > 0.8 large effect size). p < 0.05 was accepted as
the level of statistical significance..

3. Results

When the groups were compared in terms of body composition parameters before
(1) and after (2) the diet period, statistical improvement was found in all parameters ex-
cept lean mass (kg) and body water (kg) in both groups, and fat amount (%), right and left
arm fat (%) and left leg fat (%) results only in FMD (Table 1). When the two groups were
compared within themselves, there was no significant difference between the groups
(p > 0.05).

Table 1. Pre- (1) and post- (2) test results regarding the body composition.

Body composition OFD % diffr FMD % diffr % diffr dvalue
(n=15) p value (n=15) pvalue  pvalue*

Body mass (kg) 1 84.0+13.6 -%2.3 90.7 +14.1¥ -%2.5 0.198

2 82.1+13.3 0.000 88.5+13.8 0.003 0.205 -0.472

1 32.6+5.43 -%2.2 349+5.17 -%2.7 0.256 -0.433
BMI (kg/m2) —_—

2 31.9+5.29 0.000 34.0+5.13 0.000 0.266 -0.403
Fat mass (kg) 1 33.8+8.46 -%4.0 36.9+11.1% -%7.0 0.476

2 32.5+7.97 0.000 345+10.3% 0.005 0.696
Fatratio (%) ; 3388.95i 53'2131¥ :Aolég i:g . gig ?1362 3'Z§i 0.092

St3. . 915, . . -0.
Right arm fat ratio 1 45.5+5.94 -%1.8 47.5+6.84 -%1.9 0.415 -0.312
(%) 2 44,7 £5.93 0.001 46.6 £6.15 0.369 0.418 -0.314
Left arm fat ratio 1 46.5+5.90 -%2.4 45.5+7.43 %2.4 0.705 0.149
(%) 2 45.4 +5.81 0.000 46.6 £6.57 0.659 0.630 -0.193
Right leg fat ratio 1 44.7 + 4.46 -%1.1 45.6 £4.19 -%1.6 0.572 -0.207
(%) 2 44.2 +3.75 0.000 449 +4.22 0.049 0.664 -0.175
Left leg fat ratio 1 44.7 + 4.46 -%0.9 454 +4.24 -%1.8 0.658 -0.160
(%) 2 443 +3.77 0.000 44.6 +4.39 0.072 0.823 -0.073
Fat f K 1 48.2 +5.29 %0.4 50.8 + 4.02 -%1.4 0.156 -0.553
atfreemasske) s 4v540 0766 50.1£366 0587 0307 -0.368

Fat free mass (%) 1 57.4+3.27 %1.7 56.9+5.11 %1.7 0.734 0.116

2 58.4 +2.95 0.000 57.9 +4.99 0.032 0.725 0.121
e
Body fluid (%)Body 1 42.8+2.86 %2.7 42.8+3.84 %1.1 0.987 0.000
mass (kg) 2 44.0+2.27 0.019 43.7 £3.67 0.030 0.830 0.098

BMI, body mass index; OFD, overnight fasting diet group; FMD, frequent meal diet group; ¥, shows not normally
distributed data; p value, shows 1.-2. measurement differences within each group; *p value, shows the measure-
ment difference between groups.
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The measured Oz consumption and CO2 production (It), calculated CHO and fat ox-
idation rate (g/min), and energy amount (kcal) as variables of the basal metabolic rate are
presented in Table 2. While there was no significant difference in the pre- and post-test
results in OFD, a significant increase in the resting fat oxidation rate (g/min) and the rest-
ing heart rate (pulse/min) were observed in FMD (p < 0.05). There was no statistical dif-
ference between the groups for all data (p > 0.05).

Table 2. Pre- (1) and post- (2) test results regarding the resting metabolic rate.

Resting metabolism OFD % diffr FMD % diffr % diffr dvalue
(n=15) p value (n=15) pvalue pvalue*
oo | BUBOT gy IUIOB o, 015
e ] OUS00 oy B0 g, o7 O
veos (1 2T ozso0 °7 “oisiom °"® o3 oss
R o e e —
RER (VCO2/V0O3y) ; 8;:zggii 0.733 7877;1_:%23;; 0.256 8;2673
i) R o DA o 02
Rpdseimin) g W “gerss °™ osn os

CHO, carbohydrate; VCO, the amount of carbon dioxide produced; VO, the amount of oxygen consumed; RER,
respiratory exchange ratio; RMR, resting metabolic rate; HR, heart rate; OFD, overnight fasting diet group; FMD,
frequent meal diet group; ¥, shows not normally distributed data; p value, shows 1.-2. measurement differences
within each group; *p value, shows the measurement difference between groups.

Evaluation of some parameters affecting fat metabolism is shown in Table 3. It was
found that glucose and insulin levels in OFD and insulin levels and insulin resistance in-
dex in FMD significantly decreased with diet (p < 0.05). While there was a significant de-
crease in the leptin level and a significant increase in the ghrelin level in FMD, only a sig-
nificant decrease in the leptin level was detected in OFD (p < 0.05).

Table 3. Pre- (1) and post- (2) test results regarding fat metabolism.

. Reference OFD % diffr FMD % diffr % diffr
Fat metabolism d value
range (n=15) p value (n=15) p value pvalue*
Glucose 1] 74-106 90.9 +6.81 -%6.6 95.7+17.3 -%4.4 0.325 -0.365
(mg/dL) 2 85.3+6.92 0.002 91.7 +13.9 0.114 0.122 -0.582
Insulin 1] 1.9-23 12.2+5.94¥ -%72 12.9+5.44 -%47 0.443
(uU/mL) 2 ) 7.10£2.80 0.002 8.78 £ 4.47 0.002 0.227 -0.450
1 2.24+1.59 -%30 297+1.47 -%47 0.204 -0.477
HOMA-IR | 014 1724055 0224 2.02+1.12%¥ 0.005  0.820
Leptin 1] 13.9+4.92 -%49 14.8 +7.67 -%37 0.715 0.574
(ng/mL) 2 9.33+4.77 0.000 10.8 +4.82 0.002 0.424 0.425
Ghrelin 1] 8.75+3.35*¥ %1.5 8.49+3.64% %5.8 0.632
(ng/mL) 2 8.88+2.80¥ 0.754 9.01+3.18*¥ 0.044 0.868

HOMA-IR: homeostatic model assessment- insulin resistance, OFD, overnight fasting diet group; FMD, frequent
meal diet group; ¥, shows not normally distributed data; p value, shows 1.-2. measurement differences within
each group; *p value, shows the measurement difference between groups.

Significant positive correlations were found between body weight (1) and leptin lev-
els (1, p = 0.005) (2, p = 0.040), between body weight (2) and leptin levels (1, p = 0.001) (2,
p=0.005), insulin (2, p = 0.034), HOMA-IR (2, p = 0.037), between fat mass (1) and insulin
(1, p=0.039), leptin level (1, p = 0.008), HOMA-IR (1, p = 0.012), between fat mass (2) and
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insulin (1, p = 0.045), insulin (2, p = 0.049), leptin (1, p <0.001), leptin (2, p < 0.001), HOMA-
IR (1, p = 0.015), HOMA-IR (2, p = 0.043), between leptin (1) and HOMA-IR (2, p = 0.024),
between leptin (2) and HOMA-IR (2, p =0.006), between insulin (2) and leptin (1, p=0.011),
leptin (2, p = 0.003), ghrelin (1, p = 0.049), HOMA-IR (2, p <0.001), between ghrelin (1) and
HOMA-IR (2, p =0.037) in both diet groups.

4. Discussion

Similar improvements in body composition were observed in both groups after the
4-week diet administration. A significant increase in the fat oxidation rate and a significant
decrease in the heart rate solely in FMD is observed. There was a significant decrease in
insulin, leptin levels in both groups. A significant decrease in the glucose level in OFD
and a significant improvement in HOMA-IR and ghrelin levels in FMD were noted. Fur-
thermore, significant positive correlations were found between body weight, fat mass and
leptin levels, between insulin and leptin levels, leptin and ghrelin levels, and HOMA-IR
in both diet groups.

Although there has been an ongoing discussion over the subject matter for many
years, the relationship between feeding frequency and body mass/composition cannot be
clearly determined. Beside those who say that there is a significant negative relationship
between body mass and feeding frequency [12, 13], there are also results arguing that
there is no such relationship [5, 14, 15]. Supporting our study methodology and the re-
sults, a study that examines the effects of snack consumption after dinner found no sig-
nificant difference in body composition between the two diets [16].

The intermittent fasting model has often been tested on experimental animals. In one
study, there was no difference in body weight or energy intake in rats that ate at 12-hour
intervals; however, positive effects on glucose and insulin regulation were observed re-
gardless of calorie intake [7]. In one of the few studies on humans, the participants' body
weight decreased by an average of 9% in the 20-week intermittent diet model which was
administered by taking very low calories once a week [17]. In this current study, when
comparing OFD and FMD in terms of body composition, similar significant decreases
were observed in both group” BMI and body fat amount (kg) after only four weeks. This
result reveals that the main change in body composition occurs by not the cutting the
nightly food consumption, but limiting the daily energy intake (-20%). In our study, the
increase in lean body mass (%) obtained in both diet groups suggests that frequent feeding
effect to regulate the release of blood sugar and insulin. The achieved increase in body
fluid (%) may be owing to the fact that the participants started to drink water regularly
during the month of dieting.

Obesity is characterized by high fasting plasma insulin and exaggerated insulin re-
sponse to oral glucose uptake. A positive correlation is observed between increased cen-
tral obesity and insulin resistance measurements [18]. Previous research investigating the
very low-calorie diet effect in obese women for three months showed that leptin, insulin,
BMI, and HOMA-IR levels significantly decreased compared to baseline values [19]. In
our study, while it was observed that in both diet groups fasting insulin, leptin levels, and
BMI decreased, there was also a significant decrease in HOMA-IR only in FMD. From this
point of view, it can be suggested that eating frequency in the form of three meals and
three snacks a day will have a more positive effect in the treatment of insulin resistance
and can be investigated in more detail.

The mean fasting blood glucose and insulin levels measured in FMD and OFD at the
beginning of our study decreased with 4-week diet and the values were within the ex-
pected reference ranges in healthy individuals. Moreover, a reduction in insulin resistance
was observed after the diets, although it was within the reference values in both diet
groups, and this reduction in FMD is statistically significant to suggest that calorie re-
striction positively affects fasting glucose. However, in terms of its positive effect on in-
sulin resistance, it is proposed that frequent meals with energy restrictions are more ef-
fective than an intermittent diet with overnight fasting.
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When two groups fed regular and irregular meals were compared within themselves
and between groups, no significant difference was found in the glucose and insulin re-
sponse [20], and irregular meal frequency has been reported to impair energy metabolism.
Meal frequency is not effective in individuals' total energy intake throughout the day [21].
There are other studies showing that differences in meal frequency do not significantly
affect glucose and insulin responses [13, 22]. In a study investigating the relationship be-
tween the resting metabolic rate and feeding frequency, no significant relationship was
found, but the frequency of meal was shown to increase satiety [6].

Leptin acts as a sensor that actively regulates energy balance changes by creating
signals of hunger and satiety. It can be said that it decreases in nutrition with negative
energy and in plasma with weight loss, increases in positive energy nutrition and regu-
lates the amount of body fat and the person's required weight [23]. It is also a hormone
proportional to the BMI and the waist circumference [24]. Most obese individuals have a
high level of leptin concentrations in their serum and plasma but show leptin resistance
due to reduced leptin transport to the central nervous system or leptin receptors. A higher
leptin level is required to overcome leptin resistance. For this, more leptin is released from
the adipose tissue, which leads to an increase in the fat tissue that produces it [25]. In a
study performed in two lean and obese groups of adults who fasted for 53-96 hours, it
was observed that their body weight decreased by less than 4%, while leptin concentra-
tions decreased by 54-72%. Studies with short-term fasting indicate that the leptin con-
centration reflects triacylglycerol synthesis or glucose uptake rather than the existing ad-
ipocyte stores since the fat mass gained in short-term fasting still exists. It is associated
with factors that reflect reduced glucose availability and increased lipolysis, such as a de-
crease in leptin during fasting, an independent decrease in glucose, and an increase in
beta-hydroxybutyrate [24].

Previous studies reported that no significant correlation was found between in-
creased meal frequency and the leptin level [5]. On the other hand, a positive correlation
was found between leptin and BMI [26] in a low-calorie diet, where most of the CHO was
taken at dinner, balanced leptin and ghrelin levels throughout the day, and it supported
weight loss better than other diet methods [27]. According to a study supporting the ef-
fects of meal frequency on energy balance regulation, individuals who consumed three
meals and four meals (three meals + one snack) had increased body fat mass, leptin con-
centration, and respiratory capacity with meal skipping [28]. In adult individuals who lost
weight with a calorie-restricted diet program, leptin levels significantly decreased, and
the ghrelin level decreased compared to the level before the diet program. On the other
hand, no change in the leptin level was found, while the serum ghrelin level significantly
decreased in the group who could not lose weight [29]. Our study results support the
results of the study mentioned above both with positive correlations determined between
the leptin level, body weight and body fat amount, and a decrease in the serum leptin
level in parallel with decreasing the body weight as a result of the diet programs.

Participating directly in short-term regulation of energy balance, ghrelin, after being
produced in the stomach, reaches its receptors in the anterior pituitary and hypothalamic
region, where it stimulates the release of the growth hormone and regulates energy ho-
meostasis, nutrient uptake and fatty tissue-increasing information to the brain [30]. The
ghrelin level decreases with obesity and calorie intake and increases in hunger. It has been
reported to have an inverse proportion to the BMI and the waist circumference [24]. In
our study, serum ghrelin levels increased in both groups, and this increase was statisti-
cally significant in FMD (%6.3, p = 0.044). Besides, significant positive correlations between
insulin (2) and ghrelin (1) and between HOMA-IR (2) and ghrelin (1) in OFD as well as
between glucose (2) and ghrelin (1) and ghrelin (2) in FMD are thought to reflect the effects
of ghrelin on energy balance despite similar body weight losses. Also, it was found that
the level of ghrelin in only FMD showed a significant increase in parallel with the signifi-
cant increase in fat oxidation, which requires further investigation of the possible relation-
ship between the ghrelin level and the body fat oxidation rate.
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Although the short-term findings obtained in our study are positive, testing the long-
term effects of these dietary strategies in a large-scale group, evaluating the physical ac-
tivity factor, due to the positive effects on weight control and insulin levels, and control-
ling the stress and sleep levels, due to the effects on diet periods, may warrant further
investigation.

5. Conclusions

After a 4-week same calorie-restricted frequent meal diet with six meals and an over-
night fasting diet with a 12 hour-overnight fasting, similar improvements in body compo-
sition and insulin, leptin, and ghrelin levels have been achieved.

References

1.  Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence
of cancer: a systematic review and meta-analysis of prospective observational studies. Lan-
cet. 2008 Feb 16;371(9612):569-78. doi: 10.1016/S0140-6736(08)60269-X.

2. Mattson MP. Energy intake, meal frequency, and health: a neurobiological perspective.
Annu Rev Nutr. 2005;25:237-60. doi: 10.1146/annurev.nutr.25.050304.092526

3.  Bellisle F, McDevitt R, Prentice AM. Meal frequency and energy balance. Br ] Nutr. 1997
Apr;77 Suppl 1:557-70. doi: 10.1079/bjn19970104

4. Jenkins DJ, Wolever TM, Vuksan V, Brighenti F, Cunnane SC, Rao AV, et al. Nibbling ver-
sus gorging: metabolic advantages of increased meal frequency. N Engl ] Med. 1989 Oct
5;321(14):929-34. doi: 10.1056/NEJM198910053211403

5. Cameron JD, Cyr MJ, Doucet E. Increased meal frequency does not promote greater weight
loss in subjects who were prescribed an 8-week equi-energetic energy-restricted diet. Br J
Nutr. 2010 Apr;103(8):1098-101. doi: 10.1017/S0007114509992984

6. Stote KS, Baer DJ, Spears K, Paul DR, Harris GK, Rumpler WV, et al. A controlled trial of
reduced meal frequency without caloric restriction in healthy, normal-weight, middle-aged
adults. Am J Clin Nutr. 2007 Apr;85(4):981-8. doi: 10.1093/ajcn/85.4.981

7. Anson RM, Guo Z, de Cabo R, Iyun T, Rios M, Hagepanos A, et al. Intermittent fasting
dissociates beneficial effects of dietary restriction on glucose metabolism and neuronal re-
sistance to injury from calorie intake. Proc Natl Acad Sci U S A. 2003 May 13;100(10):6216-
20. doi: 10.1073/pnas.1035720100

8.  Babaoglu K, Hatun S. Cocukluk Caginda Obezite. Sted. 2002;11(1): 8-10. Turkish.

9. Aydin S, Ozkan Y, Caylak E, Aydin S. Ghrelin ve Biyokimyasal Fonksiyonlari. Turkiye
Klinikleri ] Med Sci. 2006;26(3):272-83. Turkish.

10. Chan HH, Burns SF. Oxygen consumption, substrate oxidation, and blood pressure follow-
ing sprint interval exercise. Appl Physiol Nutr Metab. 2013 Feb;38(2):182-7. doi:
10.1139/apnm-2012-0136

11. Saglam M, Arikan H, Savci S, Inal-Ince D, Bosnak-Guclu M, Karabulut E, et al. International
Physical Activity Questionnaire: reliability and validity of the Turkish version. Percept Mot
Skills. 2010 Aug;111(1):278-84. doi: 10.2466/06.08.PMS.111.4.278-284

12.  Fabry P, Hejl Z, Fodor ], Braun T, Zvolankova K. The frequency of meals. Its relation to
overweight, hypercholesterolaemia, and decreased glucose-tolerance. Lancet. 1964 Sep
19;2(7360):614-5. doi: 10.1016/s0140-6736(64)90510-0

13. Duval K, Strychar I, Cyr MJ, Prud’homme D, Rabasa-Lhoret R, Doucet E. Physical activity
is a confounding factor of the relation between eating frequency and body composition.
Am ] Clin Nutr. 2008 Nov;88(5):1200-5. doi: 10.3945/ajcn.2008.26220

14. Drummond SE, Crombie NE, Cursiter MC, Kirk TR. Evidence that eating frequency is inversely
related to body weight status in male, but not female, non-obese adults reporting valid dietary
intakes. Int ] Obes Relat Metab Disord. 1998 Feb;22(2):105-12. doi: 10.1038/sj.ijo.0800552

15. Yannakoulia M, Melistas L, Solomou E, Yiannakouris N. Association of eating frequency
with body fatness in pre- and postmenopausal women. Obesity (Silver Spring). 2007
Jan;15(1):100-6. doi: 10.1038/0by.2007.503

16. Vander Wal JS, Waller SM, Klurfeld DM, McBurney MI, Cho S, Kapila M, et al. Effect of a
post-dinner snack and partial meal replacement program on weight loss. Int ] Food Sci
Nutr. 2006 Feb-Mar;57(1-2):97-106. doi: 10.1080/09637480600658369


https://doi.org/10.1016/S0140-6736(08)60269-X
https://doi.org/10.1146/annurev.nutr.25.050304.092526
https://doi.org/10.1079/bjn19970104
https://doi.org/10.1056/NEJM198910053211403
https://doi.org/10.1017/S0007114509992984
https://doi.org/10.1093/ajcn/85.4.981
https://doi.org/10.1073/pnas.1035720100
https://doi.org/10.1139/apnm-2012-0136
https://doi.org/10.2466/06.08.PMS.111.4.278-284
https://doi.org/10.1016/s0140-6736(64)90510-0
https://doi.org/10.3945/ajcn.2008.26220
https://doi.org/10.1038/sj.ijo.0800552
https://doi.org/10.1038/sj.ijo.0800552
https://doi.org/10.1080/09637480600658369

Balt ] Health Phys Act. 2022;14(1):Article6.

9 of 10

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Williams KV, Mullen ML, Kelley DE, Wing RR. The effect of short periods of caloric re-
striction on weight loss and glycemic control in type 2 diabetes. Diabetes Care. 1998
Jan;21(1):2-8. doi: 10.2337/diacare.21.1.2

Kopelman P. Health risks associated with overweight and obesity. Obes Rev. 2007 Mar;8
Suppl 1:13-7. doi: 10.1111/j.1467-789X.2007.00311.x

Anderlova K, Kremen J, Dolezalova R, Housova J, Haluzikova D, Kunesova M, et al. The
influence of very-low-calorie-diet on serum leptin, soluble leptin receptor, adiponectin and
resistin levels in obese women. Physiol Res. 2006;55(3):277-283. doi: 10.33549/phys-
iolres.930779

Farshchi HR, Taylor MA, Macdonald IA. Beneficial metabolic effects of regular meal fre-
quency on dietary thermogenesis, insulin sensitivity, and fasting lipid profiles in healthy
obese women. Am J Clin Nutr. 2005 Jan;81(1):16-24. doi: 10.1093/ajcn/81.1.16

Farshchi HR, Taylor MA, Macdonald IA. Decreased thermic effect of food after an irregular
compared with a regular meal pattern in healthy lean women. Int ] Obes Relat Metab Dis-
ord. 2004 May;28(5):653-60. doi: 10.1038/sj.ijo.0802616

Edelstein SL, Barrett-Connor EL, Wingard DL, Cohn BA. Increased meal frequency associ-
ated with decreased cholesterol concentrations; Rancho Bernardo, CA, 1984-1987. Am J Clin
Nutr. 1992 Mar;55(3):664-9. doi: 10.1093/ajcn/55.3.664

Grinspoon SK, Askari H, Landt ML, Nathan DM, Schoenfeld DA, Hayden DL, et al. Effects
of fasting and glucose infusion on basal and overnight leptin concentrations in normal-
weight women. Am J Clin Nutr. 1997 Dec;66(6):1352-6. doi: 10.1093/ajen/66.6.1352.
Coleman RA, Herrmann TS. Nutritional regulation of leptin in humans. 1999 Jun;42(6):639-
46. doi: 10.1007/s001250051210

Caro JF, Sinha MK, Kolaczynski JW, Zhang PL, Considine RV. Leptin: the tale of an obesity
gene. Diabetes. 1996 Nov;45(11):1455-62. doi: 10.2337/diab.45.11.1455

Dietlein M, Kahaly G, Kobe C, Schmidt M, Derwahl KM, Schicha H. Ist der grenzwertig
hohe TSH-Spiegel Ursache oder Sekundadrphdnomen der Adipositas?. Nuklearmedizin.
2008;47(5):181-7. German.

Sofer S, Eliraz A, Kaplan S, Voet H, Fink G, Kima T, et al. Changes in daily leptin, ghrelin
and adiponectin profiles following a diet with carbohydrates eaten at dinner in obese sub-
jects. Nutr Metab Cardiovasc Dis. 2013 Aug;23(8):744-50. doi: 10.1016/j.numecd.2012.04.008
Chapelot D, Marmonier C, Aubert R, Allegre C, Gausseres N, Fantino M, et al. Consequence
of omitting or adding a meal in man on body composition, food intake, and metabolism.
Obesity (Silver Spring). 2006 Feb;14(2):215-27. doi: 10.1038/0by.2006.28

Kara H. The relationship between leptin, ghrelin, nesfatinl and obestatin biochemical pa-
rameters and weight loss in dieting obese individuals. Master's thesis. Balikesir: Balikesir
University; 2004. Turkish.

Leidy HJ, Gardner JK, Frye BR, Snook ML, Schuchert MK, Richard EL, et al. Circulating
ghrelin is sensitive to changes in body weight during a diet and exercise program in nor-
mal-weight young women. ] Clin Endocrinol Metab. 2004 Jun;89(6):2659-64. doi:
10.1210/jc.2003-031471


https://doi.org/10.2337/diacare.21.1.2
https://doi.org/10.1111/j.1467-789X.2007.00311.x
https://doi.org/10.33549/physiolres.930779
https://doi.org/10.33549/physiolres.930779
https://doi.org/10.1093/ajcn/81.1.16
https://doi.org/10.1038/sj.ijo.0802616
https://doi.org/10.1093/ajcn/55.3.664
https://doi.org/10.1007/s001250051210
https://doi.org/10.2337/diab.45.11.1455
https://doi.org/10.1016/j.numecd.2012.04.008
https://doi.org/10.1038/oby.2006.28
https://doi.org/10.1210/jc.2003-031471

Balt ] Health Phys Act. 2022;14(1):Article6. 10 of 10

Author Contributions: Study Design, BS, GRN, EO; Data Collection, BS, GRN, EO; Statistical Analysis, BS, GRN, EO; Data
Interpretation, BS, GRN, EO; Manuscript Preparation, GRN; Literature Search, GRN, EO. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Institutional Review Board Statement: This study was approved by a local medical research ethics committee and (no:
70198063-050.06.04) was undertaken in compliance with the Helsinki Declaration.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: This study was supported by the Ege University Scientific Research Projects Directorate (EGEBAP-2017-
BESYO-005).

Conflicts of Interest: The authors declare no conflict of interest.



	Effect of different diet methods on body composition and insulin, leptin, and ghrelin levels in overweight women
	Recommended Citation

	Effect of different diet methods on body composition and insulin, leptin, and ghrelin levels in overweight women
	Abstract
	Keywords
	Creative Commons License

	1. Introduction
	2. Materials and Methods
	2.1. Participants
	2.2. Study Design
	2.3. Anthropometric and body composition measurements
	2.3.1. Blood Analysis
	2.3.2. Resting Metabolic Rate Measurement, Daily Energy Requirement, and Metabolic Measurement Calculations
	2.3.3. Diet applications
	2.3.4. Determination of physical activity levels

	2.4. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	References

