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Abstract

Background: Recent studies have shown that obesity is largely influenced by heredity and created by the interac-
tions between several genes and environmental and behavioral factors. This study aimed to examine association
between variant rs17782313 near melanocortin-4 receptor (MC4R) gene and behavioral and hormonal factors then
evaluated interactions between variant MC4R rs17782313 with behavioral and hormonal factors on obesity.

Methods: This cross-sectional study included 403 subjects, overweight and/or obesity, aged 20-50 years from Iran.
The MC4R rs17782313 data were measured by the PCR-RFLP method. Dietary intake, physical activity, stress, anxiety,
depression, appetite and emotional eating were assessed by using validated questionnaires. Ghrelin, glucagon-like
peptide-1 and cortisol were measured by radioimmunoassay in plasma samples. Participants were also divided into
three groups based on rs17782313 genotype and BMI.

Results: After adjustment for age, gender, energy intake and PA, significant associations were observed between
food intake, appetite, emotional eating, stress and physical activity with MC4R rs17782313 (p “0.05). Also, significant
interactions were observed between fat intake (p-interaction =0.002), protein intake (p-interaction=0.01), energy
intake (p-interaction=0.01), emotional eating (p-interaction =0.02), appetite (p-interaction =0.04), stress (p-interac-
tion=0.04), ghrelin (p-interaction = 0.03), cortisol (p-interaction =0.04) and physical activity (p-interaction =0.04) and
MC4R rs17782313 in terms of BMI.

Conclusion: Interactions between the CC genotype and high intakes of fat and energy, emotional eating, high appe-
tite, and too much stress with high levels of cortisol and ghrelin probably can have an effect on BMI in overweight/
obese subjects.
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Introduction

Obesity has become a worldwide epidemic and still ris-
ing at an alarming rate. It can dramatically affect the
quality of life and increase the risk of metabolic disor-
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neurological factors regulate normal body weight. These
factors are encoded by genes [2]. Minor variations in
gene expression or interactions of these variations with
environmental factors may result in obesity. Abnormali-
ties in the circuits regulating energy homeostasis play
a crucial role in weight gain. Variations in energy bal-
ance determine body composition and weight. Central
nervous system (CNS) including central melanocortin
pathway regulates energy balance [3]. Melanocortin-4
receptor (MC4R) is a critical regulator of energy home-
ostasis and appetite [4, 5]. Mutations in the MC4R gene
is the most prevalent monogenic cause of obesity [6, 7],
with a prevalence of 1.7-3.0% among obese people [8].
In this sense, the variant rs17782313 near the MC4R
gene has been strongly linked with obesity [9, 10] and
showed a significant association with dietary intake
[11-13], total energy intake [14], increased snacking, as
well as hunger [15].

Evidence suggested that brain melanocortinergic sys-
tem especially MC4R has a well-established role in
stress-induced changes, behavioral responses to stress
and stress-related psychological disorders [16]. Gluco-
corticoids regulate body fat accumulation and storage.
Glucocorticoids can also increase appetite, food intake
and weight gain. Acute and chronic exposure to stress
with increased cortisol can alter both the quantity and
quality of calories consumed by humans. Stress-induced
alterations in food intake and energy balance can interact
with emotional state and appetite [17-19].

The glucagon-like peptide-1 (GLP-1) is a gut-brain hor-
mone that coordinates several prandial and postprandial
metabolic functions, including gastric emptying, incre-
tin effect and satiation [20, 21]. The peripheral peptide
hormone ghrelin is a powerful stimulator of food intake,
which leads to body weight gain and adiposity. The hor-
mone, thus, increases the vulnerability to obesity and
binge eating behavior [22, 23]. Association of emotional
eating with dietary habits and body weight is currently a
widespread topic of discussion in studies related to obe-
sity [24]. Studies have shown that emotionally sensitive
people eat more food when they are dealing with nega-
tive emotions such as anger, irritability, fear, sadness or
boredom. Therefore, emotional eating has a significant
association with weight gain and increased intake of
high-calorie foods with low nutritional value [25].

A limited number of studies have examined the asso-
ciation between MC4R rs17782313 polymorphism
and obesity-related behaviors as well as the interac-
tion of these factors with MC4R rs17782313 on obe-
sity. Therefore, we decided to investigate the association
of MC4R rs17782313 polymorphism with food intake,
emotional eating, appetite, appetite hormones, physi-
cal activity, stress, and stress hormone. Furthermore,
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potential interactions between above factors and MC4R
rs17782313 for obesity have been also tested. Consider-
ing that previous studies have identified this polymor-
phism as the most significant MC4R polymorphism
associated with obesity, the research focused only on
obese and overweight individuals.

Materials and methods

Participants

Two hundred twelve men and 191 women healthy over-
weight or obese (25 kg/m? “ BMI * 40 kg/m?) within the
age range of 20-50 years were included in this cross-
sectional study. The study population was collected from
all regions of Zahedan, using community-based sampling
and cluster sampling. Patients receiving thermogenic or
lipogenic drugs, or those diagnosed with diabetes melli-
tus, chronic renal failure, hepatic diseases, hyperthyroid-
ism, hypothyroidism or cancer were excluded from the
study. All subjects were genotyped for the near MC4R
rs17782313, using a Polymerase Chain Reaction-Restric-
tion Fragment Length Polymorphism (PCR-RFLP) of
their MC4R genotypes. The data were collected from
June to October 2019. The study was approved by Eth-
ics Committee of Tehran University of Medical Sciences
(NO: IR.TUMS.VCR.REC.1398.260). All participants
were informed of the study nature and gave written con-
sents. The study was conducted at the Department of
Cellular-Molecular Nutrition, TUMS.

Sample collection, DNA extraction, and genotyping

At the beginning of this study, 10 cc blood was collected
from each patient. Blood samples were collected after
12 h of overnight fasting in tubes with the anticoagu-
lant, Ethylenediaminetetraacetic acid (EDTA). Genomic
DNA was extracted from whole blood using the GeneAl,
Exgene Cell SV kit (Gene All, Korea) based on the con-
structor’s protocol. DNA fragment containing a thymine-
to-cytosine (T ~ C) substitution in 188 kb downstream
of MC4R gene was genotyped by PCR-RFLP as follows.
The PCR amplification of the genomic DNA fragment
for MC4R was performed by the forward primer 5 AAG
TTC TAC CTA CCA TGT TCT TGG 3’ and reverse
primer 5 TTC CCC CTG AAG CTT TTC TTG TCA
TTT TGA T 3’ (ATCG company, Denmark) [26, 27]. The
PCR was performed in a total 20 pl containing 0.3 pmol
of each primer, 2 pg of DNA, 10 pl of Tag DNA Polymer-
ase 2 x MasterMix (Ampliqon, Germany). The amplifica-
tion protocol considered of an initial denaturation step at
95 °C for 2 min, followed by 35 cycles of denaturation at
95 °C for 30 s, annealing at 58 °C for 30 s, and extension
at 72 °C for 30 s, and final extension at 72 °C for 5 min.
Digestion was performed with 10.5 pl of each PCR prod-
uct, incubated with 0.15 ul of Bcll (10 U/pl, Fermentas,
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USA) and 1.5 ul of 10 x restriction G-buffer (in total
21.15 yl reaction) over-night at 56 °C and then the reac-
tion was stopped at 0 °C for 5 min. The digested product
was then subjected to electrophoresis on 2% agarose gel
(Boehringer Manheim GmbH, Mannheim, Germany),
stained with green viewer (Pars Tous, Iran) and visual-
ized on a Gel Doc-system (UV.P Company, Cambridge,
UK). A 50 bp Ladder (Fermentas, Germany) was used to
determine the Length of the digested products. The C
allele appeared as a 137 bp fragment after electrophore-
sis, whereas the T allele was cleaved by the registration
enzyme and appeared as 30 bp and 107 bp fragments.
Finally, 10% of the samples were randomly selected and
regenotyped to confirm the results.

Ghrelin, GLP-1 and Cortisol

Blood samples were collected from all subjects in the
morning, after 10 to 12 h of fasting and were centri-
fuged at 4 °C, and the plasma was stored at -80 °C for
subsequent analysis. Plasma GLP-1 [28], ghrelin [29]
and cortisol [30] were measured by radioimmunoassay
(Linco Research, St. Charles, MO). All samples for GLP-
1, ghrelin and cortisol were run in duplicate.

General, anthropometric and physical activity assessments
We collected general information, such as age, educa-
tional level, marital status, and history of weight loss
in recent years using standard questionnaires. Weight
and height were measured using the Seca scale (GMbH,
Hamburg, Germany) with light clothing and no shoes
on. BMI was calculated as the weight in kilograms
divided by the square of height in meters. Waist cir-
cumference (WC) was measured midway between the
iliac crest and the lower costal margin along with hip
circumference (HC) and waist-to-hip ratio (WHR) was
calculated as WC/HC. All anthropometric measure-
ments were taken in accordance with World Health
Organization standards [31]. The official Persian short
form of International Physical Activity Questionnaire
(IPAQ-SF) was administered for evaluation of the phys-
ical activity level. This questionnaire was previously
translated into Persian and validated in Iranian adult
population [32]. The IPAQ was categorized as follows:
low <600, moderate (600-3500), and high (>3500)
Metabolic Equivalent of Task (MET)-h/wk [33].

Dietary intake assessment

Dietary intakes were assessed by expert dietitians using
a validated, 3-day food record [26]. The participants
were trained by expert dietitians in how to complete the
3-day food record Questionnaire. The participants were
also asked to record every detail and quantities of their
consumer foods in six meals (breakfast, lunch, dinner,
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and three snacks) for three days (two weekdays and one
weekend) in the questionnaire. After recording three days
of their diets, they were supposed to visit the laboratory
at the end of the week. The questionnaires were deliv-
ered and analyzed. Moreover, the participants providing
insufficient or excessive reports were excluded from the
study in the data analysis phase. Total energy and dietary
nutrients were assessed by the Iranian Food Composition
Table (FCT) and N4 software.

Assessments of appetite

Visual analogue scales (VAS) of 100 mm in length were
fill out for assessment of self-reported appetite sensa-
tions while fasting (satiety, fullness, hunger, and prospec-
tive foods consumption). An overall appetite suppression
score was calculated based on four appetite parameters
using the following formula (satiety+ fullness+[100 —
hunger] + [100 — prospective food consumption])/4, with
0 indicating higher appetite/less satiety and 100 indicat-
ing lower appetite/more satiety (primary assessment of
the self-reported appetite sensations) [34].

Emotional eating

The self-report Emotional Eating Questionnaire (EEQ)
was used at the beginning of the program to assess emo-
tional eating behavior. This tool has been directly devel-
oped and validated in a Spanish population consisting
of overweight and obese people [35]. This 10-itme scale
investigates the effects of emotions on eating behavior,
and categorizes people into four groups based on their
overall EEQ scores [25]. The validity and reliability of the
questionnaire has been established prior to the present
study. Cronbach ‘s a and ICC were 0.73 and 0.65-0.87,
respectively.

Stress assessment

Depression, anxiety, stress scale-21 (DASS-21) which
is a validated questionnaire [36] was utilized to get the
related scores on the amount of depression, anxiety
and stress. Validation of the Persian model of this tool
showed acceptable internal steadiness [37]. The short
version has 21 items that are divided into 7 items each
evaluating the signs of depression, anxiety and stress
respectively.

Statistical analysis

Statistical analysis was carried out by using SPSS software
for Windows (version 26) (Chicago, IL, USA). The nor-
mality of variable distribution was tested by the Kolmog-
orov—Smirnov test. A chi-square test was used to assess
Hardy—Weinberg equilibrium. Association between vari-
ables and MC4R rs17782313 genotypes was analyzed in
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different groups. One-way ANOVA and kruskal-wallis
were used to compare continuous variables among dif-
ferent genotypes with normal and abnormal distribution,
respectively.

The difference between distribution of macronutri-
ents (adjust energy by residual method) and energy
in study groups was calculated with regard to age and
sex using analysis of covariance (ANCOVA) method
according to 3 genotypic groups of MC4R rs17782313
after adjustment. The categorical variables were ana-
lyzed by using chi-square test. Any significance rela-
tionship between variables was further investigated
with regression analysis.

Relationship between appetite factors, cortisol, food
intakes and physical activity with different MC4R
genotypes in study groups was determined using mul-
tivariate linear regression. The results of linear regres-
sion were presented as () coefficients and confidence
intervals (95% CI). Also, the relationship between emo-
tional eating, stress, anxiety and depression with differ-
ent MC4R genotypes in study groups was performed
using logistic regression. The results of logistic regres-
sion were presented as odds ratio (OR) and 95% CI. In
regression analysis, in the crude model, the raw rela-
tionship (without adjust) of variables with genotypes
was examined and in the first model, this relationship
was adjusted for age, sex, and energy intake. In the sec-
ond model, this relationship was adjusted for age, sex,
energy intake, marital status, smoking status, occupa-
tion, education, and physical activity. To examine the
interaction between the MC4R rs17782313 variants
and behavioral and hormonal factors on obesity, logis-
tic regression models were used for interaction terms
in addition to the potential confounders. P-value * 0.05
was considered statistically significant.

The present study examined research variables in
three groups: overweight, obese, and the entire popu-
lation (total overweight and obese) based on three
genotypic groups: TT, CT, and CC. The goal of this
grouping was to examine the separate relationships
between overweight, obese, and the entire population
and study variables.

Results

The frequency of minor allele of MC4R is 44%. The distri-
bution of MC4R rs17782313 genotypes (TT, TC, and CC) is
not in Hardy—Weinberg equilibrium (p “0.001). The means
and standard deviation (SD) of age, weight, BMI, and WC
of total, overweight and obese subjects were (36.5+8.7,
359+9.3, 373+7.8 years), (858+10.6, 80.2+7.38,
92.3+9.2 kg), (30.2+3.1, 28+1.1, 32.8+2.6 kg/m2), and
(99.01£8.8,94.5+7.1,104.24+7.6 cm), respectively.
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Baseline characteristics of overweight, obese and total
papulation

The baseline characteristic of subjects according to
MC4R 1s17782313 genotypes is given in Table 1.
Anthropometric variables and outcomes of study were
compared in different MC4R rs17782313 genotypes.
Analysis of variance was used to compare the means
of these variables in MC4R rs17782313 genotypes. Sig-
nificant differences were found in weight of all partici-
pants (p “0.001) and obese subjects (p=0.008), waist
circumference of individuals with obesity (p=0.03)
and all subjects (p=0.001) and WHR of all partici-
pants (p=0.02) between different genotypes of MC4R.
However, no significant differences were found in other
anthropometric variables between different genotypes
of MC4R rs17782313. A statistically significant differ-
ence was found in physical activity of different geno-
types of MC4R rs17782313 in individuals with obesity
(»<0.001) and all subjects (p <0.001) (Table 1).

Behavioral and hormonal parameters according to MC4R
genotypes

Table 2 shows a comparison between behavioral and
hormonal variables in different genotypes of MC4R
rs17782313. A statistically significant difference was
found in mean score of emotional eating between differ-
ent genotypes of MC4R rs17782313 in individuals with
obesity and all study participants (p “0.001).

No statistically significant difference was found
between anxiety and different genotypes of MC4R
rs17782313. However, there was a significant difference
between depression and stress and MC4R rs17782313
genotypes in all study groups (p “0.05). TT genotype
experienced lower level of stress and depression than
C-allele carriers (Table 2).

Appetite of TT carriers was significantly lower than CT
and CC carriers and C-allele carriers acquired the lowest
score in visual analogue scale indicating increased appe-
tite of these people (p “0.001) (Table 2).

A statistically significant difference was found in the
level of ghrelin in all groups (p “0.05). There was also a sta-
tistically significant difference between GLP-1 (p=0.03)
and cortisol levels (p=0.002) in different genotypes of
MC4R rs17782313 in individuals with obesity (Table 2).

A statistically significant difference was found between
mean intake of energy and different genotypes of MC4R
rs17782313 in individuals with obesity (»p=0.01) and
all participants (p=0.007). CC genotype carriers had
higher intake of energy than TT carriers. A statistically
significant difference was also found between mean
intake of carbohydrate and different genotypes of MC4R
rs17782313 in all subjects (p=0.01) (Table 2).
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A statistically significant difference was found between
mean intake of protein and different genotypes of MC4R
rs17782313 in total subjects (p =0.04). There was a statis-
tically significant difference between mean intake of fat
and different genotypes of MC4R rs17782313 in all study
groups (p “0.001). TT genotype carriers had lower intake
of fat than CC and CT genotype carriers (Table 2).

Association between MC4R rs17782313 and food intake,
Behavioral and hormonal parameters

Table 3 shows multivariate linear regression model
of energy intake in different genotypes of MC4R
rs17782313. Energy intake was found to be associated
with the C allele in the total sample population. However,
after stratification of the population into overweight and
obese the results remained significant in the obese indi-
vidual (p “0.05). A significant difference was also found
in carbohydrate intake of CC carriers compared to TT
carriers in all study groups according to Model 2. Car-
bohydrate intake in CC carriers in overweight people,
CC carriers in individuals with obesity, and CC and CT
carriers in all participants was less than TT genotype
carriers by (-18.69), (-27.3), (-21.13), and (-9.54) units
respectively.
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According to Model 2, CC genotype carriers had a
lower intake of protein than TT genotype carriers in
the total sample population (f=-7.65; 95%CI: -13.51,
-1.79; p: 0.01). However, according to Model 1, both CC
and CT carriers showed a lower intake of protein than
TT genotype carriers in the total sample population
(Table 3).

The results of linear regression analysis showed direct
and significant relationship of fat consumption with C
allele carriers compared to TT carriers in all study groups
in Model 2 (Table 3).

Linear regression model also showed the minor allele
(C) carriers scored lower in visual analogue scale and had
higher appetite than TT genotype carriers in all study
groups (p “0.05) (Supplementary Table 1). After adjust-
ment for confounders in Model 2, the multivariate linear
regression model showed ghrelin hormone was found
to be associated with the genotype CC in the total sam-
ple population (p=0.002). However, after stratification
of the population into overweight and obese the results
remained significant in the obese individuals (p =0.04).
(Supplementary Table 1). The results of linear regres-
sion analysis showed a significant inverse relationship
between GLP-1 hormone and CC carriers in the obese

Table 3 Association of MC4R variant rs17782313 with macronutrient intakes and energy intake in general linear models

Group Group Genotype Crude Model 1 Model 2
B(CN P B(Ch P B(Ch P
Energy (kcal/d) Overweight ~ CT/TT 2447 (-47.799675(  0.50 6.80 (-72.31,85.92) 0.86" 7536 (-5.73,156.4)  0.06"
T -46.71 (-167.8,7440) 044 -3247(-162.8,97.89) 062" 60.60 (-704,1916) 036
Obese cT/TT 7009 (-18384364) 022 -3450(-184.7,115.7) 065" -29.53(-190.7,131.6) 0717
T 382.91(215.2,547.1)  <0.001 379.2(217.4,540.1) <0001" 3115(2119,539.8) 0002
Total cT/TT 5488(-3597,1457) 023 138.1 (34.76, 241.4) 0009" 1468 (35.15,2586) 001"
T 127.56 (-4.35,259.48) 0058 2186 (68.49, 368.8) 00047 242.9(83.31,4025)  0.003"
Carbohydrate (g/d) ~ Overweight ~ CT/TT -1.19(-1042, 8.02) 0.79 -5.69 (-15.83, 4.44) 027 -7.28(-184,3.83) 0.19
CC/TT -12.94(-2831,242)  0.09 -16.19(-32.91,052) 005 1869 (-36.55,-0.83)  0.04
Obese CT/TT -2.12(-1639,12.14) 076 -16 (-34.66, 2.65) 0.09 -17.20(-37.30,2.88)  0.09
CC/TT -1405(-31.95,384) 012 -26.88 (-50.86,-2.90)  0.02 -27.30(-52.67,-1.94) 003
Total CT/TT -1.71(-9.74,6.32) 0.67 847 (-17.7,0.82) 007 -9.54(-19.6,-1.57) 0.04
CC/TT -13.78 (-254,-2.16) 0.02 -19.98 (-33.5,-6.44) 0004  -21.13(-35.64,-6.63) 0.004
Protein (g/d) Overweight ~ CT/TT -2.68 (-6.09,0.72) 0.12 -3.18 (-6.65,0.28) 007 -2.99 (-6.95, 0.96) 0.13
CcC/TT 3.25 (-2.48,8.99) 0.26 363 (-2.11,937) 0.21 2.11 (-4.24,847) 0.51
Obese cT/TT 21(-5.37,7.81) 0.71 173(-4.82,831) 060 341 (-3.16,10) 030
cc/IT 936 (-17.57,-1.14) 0.02 -9.51(-17.85,-1.17) 0.03 -8.17 (-1642,-003)  0.05
Total cT/TT -1.37 (-4.83,2.08) 043 -4.03 (-8.04,-0.02) 0.04 -4.83 (-8.84,-0.82) 0.05
cc/T 4.20(-9.22,0.82) 0.10 -7.14(-12.98,-1.30) 001 765 (-1351,-1.79) 0.1
Fat (g/d) Overweight ~ CT/TT 2.33(-1.76,6.43) 0.26 565 (1.31,9.98) 001 502 (0.30,9.74) 0.03
cC/TT 9.96 (3.20,16.72) 0004  14.16(7.01,21.32) <0001  14.25(666,21.84)  <0.001
Obese cT/TT 2.07 (3. 52 7.67) 046 10.56 (3.57, 17.55) 0.003 11.36(3.83,1888)  0.003
cc/TT 8.75(1.79,15.72) 001 1541 (6.43, 24.40) 0.001 16.18 (6.68,2568)  0.001
Total CT/TT 241 (-092,5.75) 0.15 6.63(2.92,10.35) 0.001 7.05 (3.02,11.08) 0.001
cC/TT 9.26 (448, 14.05) <0001 13.12(7.70,18.53) <0001 1392(8.15,1969)  <0.001

Model 1: adjusted for sex, age and energy intake. Model 2: adjusted for sex, age, energy intake, marital status, education, occupation, PA and smoking status. tModel
adjusted for sex, age (model 1) and sex, age, marital status, education, occupation, PA and smoking status (model 2)
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group in Model 2 (p=0.04). A significant and positive
relationship was found between CC carriers and cortisol
level in individuals with obesity in Model 2 after adjust-
ment for confounders (p=0.04) (Supplementary Table 1).

The emotional eating behavior was found to be asso-
ciated with the C allele in the total sample population
(p “0.05). However, after stratification of the popula-
tion into overweight and obese the results remained
significant in the CC genotype obese individuals (OR:
1.07; 95%CI: 1.01, 1.34; p: 0.001) (Table 4).

In Table 4, after adjustment for confounding factors
in model 2, there was a significant relationship between
depression and CC genotype in obese subjects (OR:
0.39; 95%CI: 0.14, 1.07; p: 0.01). The results of logistic
regression analysis showed no statistically significant
relationship between anxiety and MC4R rs17782313
genotypes in all study groups. There was also a statis-
tically significant difference between CC genotype and
stress in individuals with obesity according to Model 2.
Stress level of CC carriers was 23% higher than TT car-
riers in individuals with obesity (Table 4).

There was a significant and inverse relationship
between CC and CT genotype and physical activity in
all study groups (p “ 0.05) (Supplementary Table 2).
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Interaction between MC4R rs17782313 and behavioral

and hormonal parameters to determine the risk of obesity
There was interaction between high energy intake and
MCA4R polymorphism in determining the risk of obesity
after adjusting for confounders such as age, gender and
physical activity (OR=1.39, p=0.01) (Table 5).

There was a significant interaction between high fat
intake and CC genotype. The interaction increased the
risk of obesity by 23.43 in CC genotype (p=0.002). How-
ever, high carbohydrate intake and MC4R rs17782313
were not risk factor for obesity (p ~ 0.05). Interaction of
high protein intake and CT genotype was a significant
risk factor for obesity (p=0.01). High protein intake
reduced obesity risk by 17% in CT heterozygotes. Physi-
cal activity reduced obesity risk by 14% in CT heterozy-
gotes (p=0.04) (Table 5).

There was a significant interaction between emotional
eating and MC4R rs17782313 (p=0.02). CC genotypes
were more likely to show emotional eating behavior,
which increased obesity risk by 8.82 times. The interac-
tion of depression and anxiety with MC4R rs17782313
was not significant (p ~ 0.05) (Table 5). However, there
was a significant interaction between stress and MC4R
rs17782313 (p=0.04). The risk of obesity was 4.31 times

Table 4 Association of MC4R variant rs17782313 with behavioral parameters

Variable Group Genotype Crude Model 1 Model 2
OR 95%ClI p-value OR 95%Cl p-value OR 95%Cl P-value
Emotional eating  Overweight ~ CT/TT 063  (0.24,1.60) 0.33 044  (0.16,1.25) 012 0.77  (0.25,2.33) 0.65
carT 046  (0.11,1.23) 0.12 065 (0.24,1.73) 039 071  (0.26,1.91) 0.50
Obese CT/TT 040  (0.13,1.25) (OA N 038 (0. 12 1.20) 0.09 030 (0. 08 1.04) 0.05
CC/TT 1.09  (1.02,1.34) 0.02 1.07  (1.01,1.28) 0.01 1.07  (1.01,1.34) 0.001
Total CT/TT 1.21 (1 09, 1.44) 0.001 1.21 (1.09,1.46) 0.001 1.31 (1.13,1.71) 0.001
ca/IT 148  (1.24,1.95) 0.03 148  (1.24,1.97) 0.04 147 (1.23,1.98) 0.04
Depression Overweight  CT/TT 041 (0.06, 2.69) 0.36 038 (0.05,253) 0.34 045  (0.06,3.37) 035
cc/IT 167  (0.36,7.76) 0.51 162  (0.34,7.63) 0.50 1.63  (0.33,8071) 0.51
Obese cT/T 026  (0.06,1.12) 0.07 025  (0.05,1.09( 0.07 039  (0.08,1.86) 0.08
cc/IT 034  (0.13, 088) 0.02 034  (0.12, 089) 0.02 039 (0.14,1.07) 0.01
Total cT/1T 023 (0.08,0. 67) 0.007 025  (0.08,0. 73) 0.01 036 (0.1 1 1.31) 0.08
cc/1T 058 (0.27,1.25) 0.16 060  (0.28,1.29) 0.19 068 (031,149 033
Anxiety Overweight  CT/TT 088  (0.08,8. 95) 091 082 (0.07,8. 55) 0.86 048  (0.03,6.66) 0.58
cc/1T 099 (0.11,867) 0.99 1.06  (0.11,9.67) 0.95 052  (0.04,5.74) 0.59
Obese CT/TT 334 (0.32,34.19 030 313 (0.28,3459) 035 419  (0.25,6865) 031
cc/1T 096 (0.10,897) 097 089  (0.09,852) 0.92 0.61 (0.05,7.12) 0.69
Total CT/TT 156  (0.30,8.03) 0.59 154  (0.29,8.20) 0.60 117 (0.19,7.21) 0.85
carT 1.01  (0.21,4.76) 0.98 1.07  (0.22,5.09) 093 079  (0.15,3.98) 0.77
Stress Overweight  CT/TT 0.08 (0. 008 07) 007 0.07  (0.007,1.03) 0.06 0.06  (0.004,1.01)  0.05
caTT 080  (0.21,3. 05) 0.74 074 (0.19, 2. 93) 067 066  (0.15,2.94) 0.59
Obese CT/TT 032 (0.03,3.28) 033 020 (0.01,234) 0.20 025 (0. 01 3 42) 0.30
caTT 087  (0.22,335) 0.84 075 (0.17,332) 0.70 123 (1.07,1.95) 0.04
Total CT/TT 0.15  (0.03,1.78) 0.07 0.14  (0.02,1.18) 0.07 020 (0.03,1.14) 0.08
caTT 086 (0.33,221) 0.75 083 (0.31,2.17) 0.70 096  (0.35,2.64) 095

Model 1: adjusted for sex, age and energy intake. Model 2: adjusted for sex, age, energy intake, marital status, education, occupation, smoking status and physical

activity
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Table 5 Interaction between MC4R polymorphism and behavior and hormonal parameters on risk of obesity

Variable TT? cT Plnteraction cc Plnteraction
High energy intake 1 062(0.1,3.73)° 0.60 139(1.08,12.3)P 0.01
High fat intake 1 3.25(0.24,43.6) 037 2343 (3.27,167.9) 0.002
High carbohydrate intake 1 0.96(0.12,7.21) 097 6.85(0.29,191.8) 0.23
High protein intake 1 0.17(0.02,0.53) 0.01 1.59(0.13,19.32) 0.71
High physical activity 1 0.14 (0.02, 0.45) 0.04 0.15(0.01,2.13)° 0.16
High emotional eating 1 17.99 (0.96, 336.5) 0.053 8.82(1.35,57. 2) 0.02
High appetite 1 0.59 (0.02, 14.97) 0.75 155(1.17,11.19) 0.04
High anxiety 1 0.86 (0.01,61.9) 0.94 0.66 (0.2, 78.1 ) 0.51
High depression 1 6.07 (0.17,20.9) 0.31 38.8(0.64,1324) 0.08
High stress 1 1.98 (0.73,5.3) 0.17 4.31(1.06,174) 0.04
High ghrelin 1 0.05 (0.001, 5.1) 0.2 1.26 (1.04,7.1) 0.03
High GLP-1 1 17.72 (048, 649.2) 0.11 0.89 (0.02, 40.06) 0.95
High cortisol 1 0.19 (0.005, 7.1) 037 1.09(1,8.87) 0.04

Data are presented as Odds ratio and 95% confidence intervals after adjusted for age, gender, energy intake, PA

@ Reference group
b adjusted for age, gender, PA

¢ adjusted for age, gender, energy intake

higher in CC genotype carriers who experienced high
level stress. The interaction of CC genotype and appetite
increased obesity risk by 55% (p=0.04). Ghrelin and cor-
tisol levels were significantly higher in different MC4R
rs17782313 genotypes. High ghrelin level increased obe-
sity risk in CC genotype by 26% (p=0.03). In turn, high
cortisol level increased obesity risk in CC genotype by 9%
(p=0.04). There was no significant interaction between
low levels of GLP-1 and MC4R polymorphism (p ~ 0.05)
(Table 5).

Discussion
Obesity is mainly a complex disorder resulting from the
interplay of environmental and genetic factors. Evidence
suggests that MC4R polymorphism (rs17782313) is an
important genetic factor in obesity that disrupts energy
homeostasis [26]. This study aimed to assess the relation-
ship of obesity-related biochemical and behavioral fac-
tors with rs17782313 variant in overweight and obese
people and then assess the risk of obesity regarding inter-
action biochemical and behavioral factors with MC4R
rs17782313 genotypes. The study’s primary finding is
that the MC4R SNP has the ability to alter the connection
between food intake, behavior, hormonal markers, and
body weight. Subjects with a high energy and fat intake,
an increased appetite, stress, emotional eating, ghrelin,
cortisol, and a low protein and physical activity intake, as
well as the C allele of MC4R rs17782313, had a greater
body weight (Fig. 1).

Minor allele frequency (MAF) of MC4R polymor-
phism (rs17782313) varied from 25% to 31.6% in some

populations [12, 38—40]. However, findings of this study
showed MAF was 44% of the Iranian population.
Khalilitehrani et al. [26] showed a higher intake of
energy in CC genotype carriers, but a lower intake of
protein and carbohydrates in CC genotype carriers than
TT genotype carriers. These results were consistent
with the results of this study. Khalilitehrani et al., on the
other hand, discovered no link between fat intake and
the MC4R rs17782313. These findings were not in line
with the findings of this research. A large-scale cohort
study showed that rs17782313 increased intake of fat
and energy. The results of the former study showed that
MCA4R polymorphism is associated with a higher intake
of protein [41]. These results were not consistent with the
results of this study. Park et al. [42]. showed no signifi-
cant difference between MC4R minor allele and energy
intake. However, they showed higher fat intake in C-allele
carriers than carriers of the major allele in this variant
of MC4R gene. Different dietary assessment tools used
in these studies might be the cause of these confound-
ing results. Some studies showed that three-day food
records showed greater agreement between observed
and reported food intake than other standard dietary
assessment methods, including 24- hour dietary recalls
[43]. Recent studies suggested that the hypothalamic
melanocortin system is responsible for the regulation
of food intake and weight gain in case of the availabil-
ity of different sources of macronutrients. Experimental
study showed the upregulation of MC3R that compen-
sate for the loss of MC4R function and allow the intake
of other nutrients to maintain normal body weight [44].
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Fig. 1 Callele of MC4R rs17782313 can modify the association between dietary intake, behavior and hormonal parameters and body weight

Although experimental evidence suggests the associa-
tion of rs17782313 with obesity in terms of higher intake
of food, human studies showed conflicting relation-
ships between rs17782313 variant and dietary intake
and energy intake [45]. Nevertheless, many confounding
variables, such as diverse populations with varied envi-
ronmental and genetic characteristics, different dietary
assessment methodologies, and inaccurate self-reporting
of food consumption, might be the origin of these contra-
dictory findings [46].

Experimental studies showed that loss of MC4R function
is associated with overeating, hyperinsulinemia, and obe-
sity. Despite similar food intake, these studies have shown
that C-allele carriers gain more weight than homozygous
dominant in mice. It was suggested that C-allele carri-
ers had lower energy expenditure than energy intake and
gained more weight [47]. These results were consistent with
the results of this study. The results showed that defects in
the melanocortin pathways decreased sympathetic stimula-
tion and induction of lipolysis by sympathetic nerve activity
[48]. Regular physical exercise seems to promote neuro-
transmitter activity, which in turn increases the release of
monoamines like dopamine and norepinephrine. As a

result, physical exercise may be able to compensate for
anomalies in energy-regulating melanocortin pathways
[14]. It was suggested that although two normal copies of
MCA4R gene were necessary for normal weight regulation,
but single normal copy of this gene is needed for weight
loss effects in case that gastric bypass surgery intervention
was used to reduce weight gain [49]. Khalilitehrani et al.
also found out that both intensity and length of physical
activity were significantly correlated with BMI in heterozy-
gotes in comparison with other genotypes [14]. Although
some studies, including this study showed a significant
relationship between physical activity and different MC4R
rs17782313 genotypes [50], others showed no statistically
significant relationship between these two factors [10, 39].
The necessity for MCA4R signaling to impart the impact of
physical activity on BMI might be one explanation for the
association between physical activity and BMI in heterozy-
gous people and the lack of this correlation in recessive
homozygotes in our research. Nevertheless, the relation-
ship observed in this study might be completely random
because of scant literature on the subject and contradictory
findings reported by previous studies. Hence, it is necessary
to design further studies to reach a definite answer.



Rahati et al. BMC Endocrine Disorders (2022) 22:234

Many studies have reported the association between
MCA4R variants and obesity, especially rs17782313 [1, 51].
Appetite is the key to the interpretation of this association.
Ghrelin and GLP-1 are both involved in the regulation of
obesity [20, 22], which justifies different levels of these
hormones in CC genotypes. Ghrelin has a well-established
role in the hypothalamic regulation of appetite. This hor-
mone reduces appetite by decreasing Pro-opiomelano-
cortin (POMC) neuronal activity and increasing AgRP
neuronal activity [1]. GLP-1 suppresses hunger by acti-
vating the glucagon-like peptide 1 receptor (GLP-1R) in
the peripheral and central nervous systems, resulting in
weight loss [52]. MC4R in L cells stimulates the release of
GLP-1 and Peptide YY (PYY) in the presence of melano-
cortin peptides [53]. Thus, mutations in MC4R can alter
the secretion of GLP-1. The results of this study showed
an association of high levels of ghrelin and low levels of
GLP-1 with high levels of appetite in carriers of the minor
allele, especially in obese people. High levels of appetite
in carriers of CC genotype as well as high levels of ghre-
lin in carriers of CC genotype increased the risk of obesity.
However, the results of some studies were consistent and
some were not consistent with the results of this study.
The results of a cohort study showed higher ghrelin lev-
els in carriers of C-allele compared to T-allele carriers [1].
Magno et al. found out that carriers of C-allele in MC4R
polymorphism had high plasma levels of ghrelin, but they
found no difference in the appetite of their study groups
[54]. Arizablaga et al. did not find any significant differ-
ence in ghrelin levels between C-allele and T-allele carriers
in MC4R gene [55]. Different types of studies and popula-
tions might cause these confounding results.

There is not adequate information on the mechanism
of MC4R rs17782313 and high BMIL Few studies have
assessed the role of eating behavior in the association of
MCA4R rs17782313 with BML This study showed an asso-
ciation among minor allele carriers in all participants and
CC genotype in obese people with emotional eating. The
results showed that emotional eating behavior in CC geno-
type is a risk factor for obesity. This is an interesting find-
ing. An imaging study offered preliminary evidence for
the involvement of MC4R in emotional eating [56]. Yilmaz
et al. showed that C-allele in rs17782313 variant was asso-
ciated with increased emotional eating behaviors and food
craving [57]. The association of MC4R with emotional eat-
ing in this study clarify MC4R-dopamine interaction [58].
Dopamine is overexpressed in reward pathways of the
brain. Many studies reported the involvement of dopamin-
ergic genes in binge eating [59, 60]. Many studies reported
the association between dopamine receptor D2 (DRD2)
markers and emotional eating [61].

Many studies showed that MC4R expression in the
hypothalamus leads to excessive energy intake. Stress
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activates hypothalamic—pituitary—adrenal (HPA) axis
that regulates energy balance [26]. This was the first study
that assessed the interaction between MC4R rs17782313
variant and stress, anxiety, depression, and stress hor-
mone (cortisol) affects obesity risk. A positive interaction
was found between CC genotype of MC4R rs17782313
variant and stress and cortisol levels. Park et al. found out
that the interaction of C-allele in MC4R gene with high
stress was a risk factor for obesity [42]. There was no link
found between depression, anxiety, or the CC genotype.
Although the combination of depression and anxiety
with the CC genotype was not a substantial risk fac-
tor for obesity, Yilmaz discovered a strong link between
rs17782313 and depression [57]. Nevertheless, accumu-
lating evidence in the last ten years showed that MC4R
is involved in the regulation of anxiety and the neuro-
biology of depression. Some evidence emphasized the
importance of melanocortin system (especially MC4R)
in stress-induced changes, behavioral responses to stress,
and stress-related disorders [62].

Acute stress activates POMC, which releases
a-Melanocyte-stimulating hormone (a-MSH) that conse-
quently increases MC4R levels. MC4R activates the HPA
axis and adrenocorticotropic hormones (ACTH) which
increase the release of cortisol in response to stress [63].
Various studies have shown that high-stress levels alter
eating behaviors, which lead to increased intake of high-
calorie junk food which increases the risk of overweight
and obesity [64].

Several limitations of the current study should also be
considered. First, Similar to Jeffery’s study on interleukin-18
polymorphism, genotypes were not in Hardy—Weinberg
equilibrium. This may have been due to the small sample
size resulting from time and financial constraints. Therefore,
future studies are recommended to work with larger sample
sizes [65]. Second, this was a cross-sectional research that
was unable to demonstrate a causal association between the
variables evaluated. It just proposed a notion that will be
tested in future investigations. The exclusion of individuals
with normal BMI was another research limitation. Future
studies can investigate the normal BMI individuals and their
results can be compared with those of the present study.
Underreporting of food intakes, which are typically seen in
obese people, may contribute to bias and null findings [66].
However, subjects with extreme dietary intake values were
not included in the analysis. On the other hand, current
study as the same as other observational studies is prone to
residual confounding in terms of unknown or unmeasured
confounders [67]. Despite the limitations discussed above,
this is the first attempt to study the association between
MC4R rs17782313 polymorphisms and behavioral and
hormonal factors in obese and overweight individuals and
interaction among MC4R rs17782313 polymorphisms and
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food intake, stress, anxiety, depression, physical activity,
emotional eating and appetite on obesity, according to our
knowledge. Identifying these gene-behavioral factor interac-
tions could be crucial in planning appropriate personalized
nutritional advice for the prevention and management of
obesity and its related consequences.

Conclusion

In conclusion, this study for the first time produced initial
evidence that there may be an interactive effect between
food intake, behavioral and hormonal factors and the
MC4R rs17782313 genotypes on BMI. We found that
adherence to a high-energy and fat diet and low protein
diet in subjects with the C allele of MC4R rs17782313 is
related to a higher BMI. These data also emphasize that
individuals with the C allele of rs17782313 in MC4R with
a high-emotional eating, appetite, stress, cortisol, ghrelin
and low physical activity had higher BMI; in fact, these
subjects are more susceptible to being overweight/obese.
Additional studies are needed by including the clinical
level to clear up the biology of MC4R rs17782313 and its
impact on the relationship between behavioral and hor-
monal factors and degree of obesity.
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