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Abstract

Background Uncontrolled eating (UE) showed important relationships with the development of obesity. Homeostatic regulations
of feeding and energy balance, as well as hedonic eating, are regulated by leptin.

Aims The aims of this study were (1) to assess eating behaviors of Algerian adults as measured by the 51-item eating inventory;
we also evaluate changes in the Three-Factor Eating Questionnaire (TFEQ) scores according to the body mass index (BMI)
category; (2) to examine the association between the scores of the three TFEQ factors and the BMI values of the participants; and
(3) to examine whether leptin concentrations are associated with eating behavior. Our hypothesis is that participants with obesity
and high concentrations of leptin might display uncontrolled eating behavior.

Methods The subjects were 190 participants (60 obese, 60 overweight, and 70 lean subjects). The eating behavior was measured
by using the 51-item eating inventory. Serum insulin concentrations were assessed by radioimmunoassay and were used to
calculate homeostasis model assessment (HOMA). Serum leptin was quantified by the enzyme-linked immunosorbent assay
(ELISA).

Results Obese and overweight subjects showed hyperphagic behavior, i.e., uncontrolled eating. The logistic regression analysis
showed an effect of leptin, HOMA, uncontrolled eating, and emotional eating on BMI. Leptin levels were associated with the
uncontrolled eating and influenced by insulin sensitivity.

Conclusions The uncontrolled eating reflects hyperphagic eating behavior in obese and overweight subjects. Coexistence of
uncontrolled eating and high level of leptin demonstrates a state of leptin resistance resulting in an inability to detect satiety. High
circulating leptin can be considered a potential biomarker of uncontrolled eating.
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Introduction reached epidemic proportions [4]. Obesity is associated with

dysregulated secretion of adipokines and a chronic low-grade

Obesity and overweight are associated with the risk of devel-
oping type 2 diabetes and cardiovascular and metabolic dis-
cases [1-3]. The number of overweight and obese people has

<] Hassiba Benbaibeche
benbaibecheh @yahoo.fr; h.benbaibeche @univ-alger.dz

Département des Sciences de la Nature et de la Vie, Faculté des
Sciences, Université D’ Alger, Algiers, Algeria

Bioenergetics and Intermediary Metabolism team, Biology and
Organisms Physiology laboratory, Biological Sciences Faculty,
University of Sciences and Technology Houari Boumediene
(USTHB), El Alia, Bab Ezzouar, 16123 Algiers, Algeria

Department of Second Cycle, Ecole Supérieure des Sciences de
I’ Aliment et des Industries Agroalimentaires, Algiers, Algeria

inflammation [5], overexpression of leptin and hyposecretion
of adiponectin [6], and excessive recruitment and infiltration
of immune cells specifically macrophages [7].

Leptin is mainly produced by adipocytes in proportion to
the amount of body fat [8]. It has a critical role in body weight
homeostasis [9]; it improves insulin sensitivity [10], increases
energy expenditure [11], and reduces appetite [12].
Homeostatic regulations of feeding and energy balance, as
well as hedonic eating, are regulated by leptin signaling along
the lateral hypothalamus to ventral tegmental area axis [13].

Leptin exerts its homeostatic action mainly in the hypothal-
amus, where it stimulates anorexigenic neurons expressing
proopiomelanocortin [14], and inhibits orexigenic pathways
expressing neuropeptide Y and the melanocortin antagonist
Agouti-related peptide [15]. It regulates body energy state
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via suppression of excitatory synaptic drive upon orexin and
melanin-concentrating hormone neurons projecting from the
lateral hypothalamus to ventral tegmental area neural pathway
[16]. Moreover, leptin reduces the activity of dopaminergic
neurons involved in the rewarding properties of food [13].

The interaction of multiple genetic, environmental, meta-
bolic factors and eating behaviors lead to the development of
overweight and obesity [17]. Eating behaviors showed impor-
tant relationships with weight gain and obesity [18]. In fact,
palatable foods lead to an increasing proportion of human
food consumption [19]. The homeostatic and brain reward
system interactions expose individuals to obesogenicity of
the environment [20]. The activation of food reward centers
can override controls from homeostatic systems [21].

The hedonic proprieties of palatable food can influence
feeding independent to energy status; even if individuals are
satiated, palatable food can be consumed just for pleasure [22,
23].

The aims of this study were (1) to assess eating behaviors
of Algerian adults as measured by the 51-item eating inven-
tory; we also evaluate changes in three-factor eating question-
naire (TFEQ) scores according to the body mass index (BMI)
category; (2) to examine the association between the scores of
the three TFEQ factors and the BMI values of the participants;
and (3) to examine whether leptin concentrations are associ-
ated with eating behavior. Our hypothesis is that participants
with obesity and high concentrations of leptin might display
uncontrolled eating behavior.

Participants and methods

The present study included 190 Algerian participants aged
from 36 to 43 years, divided into three groups, i.e., 60 obese
(age, 40.11 £3.09 years), 60 overweight (age, 39.62 +
3.02 years), and 70 lean participants (age, 37+ 1.13 years).

Procedures

The study was followed in the Diabetology Department,
Mohamed Seghir Nekkache Hospital, Algiers, Algeria. The
exclusion criteria were cardiovascular disease, diabetes,
smoking habits, or any other treatment. The clinical protocol
was approved by the Ethical committee of the Algerian
Ministry of Public Health according to the Declaration of
Helsinki. All participants provided written informed consent.

The study was conducted between January and August
2019; during their first visit, the participants were familiarized
with the procedures of the study; before assessment, they re-
ceived explanations about the eating inventory and they were
interrogated for any family history of obesity and diabetes.
Personal (gender, age, weight, height) and clinical data were
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also recorded for all participants. During the second visit,
venous blood samples were collected for tests.

Eating behavior assessment

Eating behavior was measured by using the 51-item eating
inventory also called the Three-Factor Eating Questionnaire
(TFEQ) [24]. The eating inventory consists three distinct con-
structs: cognitive restraint, uncontrolled eating or disinhibi-
tion, and “susceptibility” to hunger or emotional eating.
Cognitive restraint describes the intention to restrict food in-
take in order to control body weight (contrary to physiological
control, such as hunger and satiety); uncontrolled eating orig-
inally defined as “disinhibition of cognitive control of eating,”
describes a tendency to overeating accompanied by subjective
loss of control in response to environmental triggers, such as
the sight and smell of palatable food, social or emotional eat-
ing; and emotional eating indicates a tendency to overeat in
response to dysphoric emotions, which reflects a person’s sta-
ble underlying sensitivity to hunger feelings and predisposi-
tion to eat [24-26]. The results are presented as a mean and
standard deviations.

Anthropometry

Body weight was measured with an electronic scale
(Lanaform) to the nearest 0.1 kg, while height was measured
using a stadiometer to the nearest 0.1 cm. Waist circumference
was measured at the midpoint between the iliac crest and the
rib cage on the mid-axillary line at the end of a gentle exhala-
tion. BMI was calculated as weight (kg)/height (m?).

Serum biochemistry

Venous blood samples were collected after an overnight fast
(12 h). Serum glucose, TG, total cholesterol, HDL, and LDL
levels were quantified by enzymatic spectrophotometric
methods using an automatic biochemical analyzer (COBAS,
Roche Diagnostics). Insulin was measured and quantified by
radioimmunoassay (Cis bio, Biomérieux). The state of insulin
resistance was determined by homeostasis model assessment
(HOMA), determined by the following formula: insulin (mU/
1) x glucose (mmol/l) / 22.5 [27].

Serum leptin was quantified using commercially available
enzyme-linked immunosorbent assay (ELISA) kits (DRG) ac-
cording to the manufacturer’s instructions. All samples were
analyzed in duplicate.
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Statistical analyses

The Statistica 10-0 software was used for statistical calcula-
tions. The analysis of variance (ANOVA) test was used for
comparisons between all groups. The results are presented as
means and standard deviations, with a significance level,
P <0.05. For the study of eating behavior, the data were proc-
essed by the multivariate analysis to assess the contribution of
the three factors of the eating inventory. A logistic regression
analysis was performed to analyze the link between BMI and
the three TFEQ scores, leptin, and HOMA.

A one-way ANOVA was performed to evaluate whether
uncontrolled eating, cognitive restraint, and emotional eating
scores were different between the groups of patients classified
as having low, normal, or high serum leptin concentrations
(Table 4). To determine if the association between leptin
levels and eating inventory is influenced by insulin sensitivity,
the analysis of covariance (ANCOVA) was used; the HOMA
was added to the model as a covariate (Table 4).

Results

Our cohort has an average BMI of 27.66 + 4.72 kg/m? with a
mean age of 38.5+2.7 years. Concerning eating inventory
assessment, the average scores were 4.55 + 1.64 for cognitive
restraint scores, 3.43 +1.39 for emotional eating, and 7.26 +
3.46 for uncontrolled eating (Table 1). As illustrated in Fig. 1,
obese and overweight subjects show a higher uncontrolled
eating and a slight no significant increase in cognitive restraint
and emotional eating score compared with lean participants.

The evolution of uncontrolled eating scores according to
the BMI category shows a significant BMI effect (p < 0.001).
Uncontrolled eating scores were significantly higher for obese
and overweight subjects than for lean (Table 1).
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Fig. 1 Scores of cating behaviors. The Three-Factor Eating
Questionnaire was used to measure the three domains of eating behaviors

An increase was observed in BMI (Fig. 2a), waist circum-
ference, total cholesterol, and triglycerides across the two
groups compared with the lean group; however, HDL was
decreased (Table 2). Waist circumference shows an abdomi-
nal adiposity and state of insulin resistance in obese and over-
weight participants. The HOMA values confirm this state
(Fig. 2b). Hyperinsulinemia was observed in overweight and
obese participants (Table 2).

As illustrated in Fig. 2c¢, leptin concentration was higher in
obese and overweight subjects as compared with the healthy
participants. Individuals with obesity express the highest
values of serum leptin. The overweight participants show an
important increase versus the lean group (Table 1). Women
show higher levels than men in all groups.

Table 3 represents the results of the logistic regression
analysis including subscales, leptin, and HOMA, with BMI.
Considering the overall cohort, the logistic regression analysis
showed an effect of leptin, HOMA, uncontrolled eating, and

Table 1 Variations in TFEQ,

leptin and HOMA by BMI and Overall Lean (n=70) Overweight (n = 60) Obese(n = 60)
BMI category participants (@) (®) ©
BMI (kg/m?) 27.66 = 4.72 22.8 +0.29 27.95 + 0317 32.65 £ 0.51%¢¢
Eating inventory
Cognitive restraint 455+ 1.64 4+043 5.05 = 0.89™ 471 £0.64 ™
Emotional eating 343 +1.39 3.1 4021 3.5+0.22™ 411 £021™
Uncontrolled 7.26 + 3.46 336 £ 0.57 9+ 043" 10.2 + 0.39%¢
eating
Leptin (ng/mL)
Women 14.98 + 10.53 495+ 031 12.31 + 1.09" 29.18 + 1.22%*
Men 6.99 + 4.65 3.01 = 0.58 6.12 + 0.88" 12.55 + 3.21%%¢
HOMA 475 +2.65 2+0.15 552 +0.58" 7.36 + 0.805%

“bvsa, " p<0.001, “P<0.05; ¢ vs a, £££p< 0.001; ns not significant. All results are compared with lean

participants
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Fig. 2 The body mass index (a) homeostasis model assessment (b) and serum leptin (c) variations in lean, overweight, and obese participants

emotional eating on BMI. Cognitive restraint was not signif-
icantly correlated with BML.

A one-way ANOVA was performed to evaluate whether
uncontrolled eating, cognitive restraint, and emotional eating
scores were different between the groups of participants clas-
sified as having low, normal, or high serum leptin concentra-
tions. Regardless of gender, uncontrolled eating scores were

higher in low leptin and high leptin participants compared
with normal leptin participants (Table 4). This group effect
was statistically significant when comparing low leptin and
high leptin with normal leptin participants. Using the
ANCOVA, this group effect remained when the HOMA was
added to the model as covariate (Table 4). In women, the
cognitive restraint score did not differ significantly between

Table 2 General and clinical

variables in the study groups Parameters Lean (n=70) Overweight (n = 60) Obese (n = 60)
(a) (b) (©)

Age (years) 37+1.13 39.62+3.02" 40.11 £3.09™

WC (cm)
Women 7734122 99.05+1.56"" 107.65+1.94%*
Men 86.3+1.52 101.1£1.02" 109.4 + 1245
Glycemia (mg/dL) 86+2 91£1"™ 94 2"
Insulinemia (LUI/L) 8.95+0.64 24284229 31.43+3.13%**
Triglycerides (mg/dL) 564 166+23"" 176 + 25
Total cholesterol (mg/dL) 1646 1837 196 + 6*

HDL cholesterol (mg/dL)
Women 61+3 43+3" 41+0.02%
Men 48+2 36+0.02 37+0.02%*
LDL cholesterol (mg/dL) 112+0.06 1.19+0.07™ 1.31+0.05™

"bvsa, " p<0.001, " P<0.05 “cvsa, £ p<0.001, Fp<0.01, “p<0.05; ns not significant. All results are

compared with lean participants
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Table 3 Regression analysis for
the association between variables Tested variable: BMI in overall cohort Odds ratio 95% Confidence interval p Value
including TFEQ and BMI
Leptin 1.595 [1.204-1.987] 0.000
HOMA 0.577 [0.455-0.699] 0.000
Uncontrolled eating 0.481 [0.391-0.572] 0.000
Emotional eating 0.143 [0.074-0.212] 0.000
Cognitive restraint - 0.058 [-0.167--0.05] NS

ns not significant

low leptin, normal leptin, and high leptin participants, but
reached significance when the HOMA was added to the model
as covariate (Table 4).

Discussion

This study aimed first to assess eating behaviors of Algerian
adults as measured by the 51-item eating inventory and eval-
uated changes in TFEQ scores according to the BMI category.
Algerian adults have low levels of cognitive restraint, uncon-
trolled eating, and hunger scores.

We compare our results to other studies, on a population of
233 working adults (BMI = 29.8 + 6.4 kg/m” and age =42.6 +
11.2 years). The average TFEQ scores were 6 +3.5 for cogni-
tive restraint, 8.2 +4.4 for uncontrolled eating, and 4.6 + 3.3 for
emotional eating [25]. In another study, on French young peo-
ple aged between 20 and 39 yrs with a mean BMI of 23.7 kg/
m?. The average TFEQ scores were 6.3 +0.1 for dietary re-
straint, 6.0 0.1 for uncontrolled eating, and 5.0 + 0.1 for emo-
tional eating [28]. Both studies found higher restraint and emo-
tional eating scores than our population. The first one found a
higher level of uncontrolled eating and the second one lower
level. This might be due to the differences in age and BMI in the
characteristics of the population.

Uncontrolled eating scores were significantly higher in
obese and overweight subjects versus lean. We examined
the association between the scores in the three TFEQ factors
and the BMI values of the participants. The results of the
logistic regression analysis showed that higher scores on un-
controlled eating and emotional eating are significantly asso-
ciated with higher BMI values. The strongest positive associ-
ation was found for uncontrolled eating and BMI. The present
study corroborates the results of several reports [25, 29-32].
Disinhibited eating is a robust predictor of long-term weight
gain [33].

Cognitive restraint was not associated with BMI, in accor-
dance with other studies [29, 30, 34]. Two types of cognitive
restraint have been differentiated: a rigid and a flexible one;
they are oppositely associated with obesity (high BMI and low
BMI respectively) and together they may show no association
with BMI [29, 34].

The leptin profile in obese and overweight subjects shows an
inflammatory state, with high concentration of leptin. Similar
findings have been reported in other studies [35, 36]. Women
shows higher serum leptin levels than men in all groups, which
can be due to fat metabolism and distribution. Sex differences in
fat size and distribution, testosterone, and estrogens play a role in
the sex differences of circulating leptin [37].

Coexistence of a high level of leptin with an uncontrolled
eating in obese and overweight subjects reflects a state of

Table 4 Results of one-way

ANCOVA of eating inventory Variables One-way ANOVA followed by Bonferroni’s test One-way ANCOVA

scores in participants classified as
having low, normal, or high plas- P
ma leptin concentrations

P P P P
LL vs. NL LL vs. HL NL vs. HL Covariate Covariate

Men
Uncontrolled eating 0.0001
Cognitive restraint 0.135
Emotional eating 0.06
Women
Uncontrolled eating 0.0001
Cognitive restraint 0.059
Emotional eating 0.142

0.0001 1 0.0001 HOMA 0.0001
0.149 0.267 1 0.140
1 0.162 0.137 0.454
0.486 0.475 0.0001 HOMA 0.0001
0.295 1 0.119 0.028
1 0.997 0.175 0.736

LL low leptin, NL normal leptin, HL high leptin
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leptin resistance, resulting in an inability to detect satiety. In
obesity, leptin resistance is reflected by hyperleptinemia due
to impaired leptin signaling or action [38].

In obese and overweight individuals, elevated insulinemia is
noticed in spite of the increasing leptin; a value of HOMA ex-
presses an insulin resistance state. Study shows positive associa-
tions between high level of leptin and insulin resistance [39].

Our third objective was to examine whether leptin concen-
trations are associated with eating behavior. The results of
one-way ANCOVA of eating inventory scores showed that
leptin levels were associated with the uncontrolled eating
and influenced by insulin sensitivity. The plasma soluble lep-
tin receptor is positively correlated with insulin sensitivity
[40] and inversely correlated with insulin resistance measured
by the HOMA [41].

Leptin inhibits insulin secretion in pancreatic 3 cells [42];
however, leptin resistance induces pancreatic 3 cells to secrete
insulin continuously, thus promoting hyperinsulinemia which
leads to insulin resistance [43].

Conclusion

Our study shows that the TFEQ scores of Algerian adults are
in the low range. Uncontrolled eating is the major factor
influencing weight gain; this factor reflects hyperphagic eat-
ing behavior in obese and overweight subjects. The coexis-
tence of an uncontrolled eating and high level of leptin dem-
onstrates a state of leptin resistance, resulting in an inability to
detect satiety. Leptin resistance may play a pivotal role in the
pathophysiology of uncontrolled eating by providing a possi-
ble link between motivated behaviors, reward processes, cog-
nitive functions, and energy balance. Fasting on serum leptin
might be a biomarker of eating behavior pattern, and the cog-
nitive control of eating behavior should be considered key
tools in controlling obesity.
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