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Abstract
Background Evidence shows the role of polymorphisms in rs17782313 MC4R gene with increased risk of obesity in Asians 
adult. In the current report, we investigated the interaction between rs17782313 MC4R gene and major dietary patterns on 
α-melanocyte stimulating hormone (α-MSH), Agouti-related peptide (AgRP), serum lipids and blood pressure among obese 
individuals.
Methods This cross-sectional study was performed in 288 obese adults between 20 and 50 years of age. Anthropometric 
measurements and biochemical assays were conducted with standard methods. To evaluate appetite, the Visual Analogue 
Scale (VAS) was used. Dietary patterns were obtained by principal component analysis (PCA). Genotyping of rs17782313 
was assessed by restriction fragment length polymorphism (PCR–RFLP) method.
Results Three major dietary patterns were extracted: Prudent Dietary Pattern (PDP), Legume Dietary Pattern (LDP) and 
Mixed Dietary Pattern (MDP). Higher PDP score was associated with reduced SBP and insulin concentration while highest 
MDP score was associated with lower TG concentration (P < 0.05). Significant interactions were observed between higher 
adherence to PDP and rs17782313 CC genotype on increased SBP (PInteraction = 0.04), serum insulin (PInteraction = 0.05) and 
AgRP (PInteraction = 0.03) and also between higher adherence to MDP and CC genotype of rs17782313 on reduced serum 
TG (P = 0.03).
Conclusions The findings of the current study showed that being on CC genotype of rs17782313 polymorphism made obese 
individuals more prone to have higher SBP, insulin and AgRP even in highest adherence to PDP. However, adherence to MDP 
could attenuate the risky effects of being on CC genotype of rs17782313 by reducing serum TG concentrations.
Level of evidence Level V, cross-sectional descriptive study.

Keywords Dietary patterns · Gene–diet interaction · MC4R · Chromosome 18 · rs17782313 Polymorphism · Lipid profile · 
AGRP · α-MSH

Introduction

Obesity, defined as body mass index (BMI) greater than 
30 kg/m2, occurs when energy intake is more than what body 
requires [1]. Obesity has a growing prevalent worldwide and 
is considered as a major global health problem and an indis-
pensable risk factor for chronic metabolic diseases [2]. It has 
been estimated that more than 50% of the Iranian adult are 
obese or overweight, with a higher proportion of women [3].
Obesity is a result of interaction between changeable (e.g. 
life-style and dietary factors) and unchangeable risk factors 
(e.g. genotype) [4].

Numerous genes are involved in the energy balance, 
thermogenesis, hormonal signaling and obesity state [5]. 
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Genome wide association studies (GWASs) have demon-
strated several genes associated with obesity including 
fat mass and obesity associated (FTO), G protein beta 3 
(GNB3) [6], melanocortin 4 receptor (MC4R) [7], adi-
ponectin, C1Q [8], leptin [9] and SH2B1 [10] genes. 
MC4R gene is mainly expressed in the brain regions 
including areas related to the striatum; modulating mel-
anocortin and dopamine-rich signaling, and also in hypo-
thalamus; the main regulation center of satiety [11, 12]. 
Moreover, it is also expressed in other metabolically 
active tissues including pancreas [13] and adipose tis-
sue [14]. MC4R activity is modulated by the effects of 
agonist α-melanocyte stimulating hormone (α-MSH) and 
antagonist Agouti-related peptide (AgRP) [14]. MC4R 
mutations are considered as one of the most common 
causes of monogenic obesity [15]. Several researches have 
demonstrated that some single-nucleotide polymorphisms 
(SNPs) near MC4R (rs17782313, rs17700144, rs571312, 
and rs2331841) are strongly associated with obesity in 
different age groups; individuals carrying the minor allele 
of these variants had a higher risk of being obese [16–19].

The two well-known MC4R gene SNPs, rs17782313 
and rs17700633, have been associated with increased 
risk of obesity and insulin resistance [20]. Polymorphism 
of rs17782313 located on chromosome 18q 21.32 at 188-
kb downstream of the MC4R gene, has been shown to be 
strongly correlated with weight adjustment and has a modu-
lating role in MC4R function [21]. According to the previous 
reports, heterozygous or homozygous carriers of C allele 
for rs17782313 variant are in greater risk of increased BMI 
[22–25], greater preference for the high fat intake, raised 
snacking behavior [21] and reduced satiety responsiveness 
[12, 26].

Recently, dietary patterns have attracted a particular 
attention because of their associations with health and dis-
ease. Dietary patterns representing the food preferences 
of individuals, are influenced by genetic, environmental, 
cultural, economic and lifestyle factors [27]. Since nutri-
ents in a usual human diet are consumed in combination 
of each other and not isolate, dietary patterns comprises a 
real image of usual dietary intake while studies about sin-
gle nutrients will not have enough information regarding 
the factual dietary habits of an individual [28]. Numer-
ous studies have been performed regarding the association 
between obesity-susceptible variants and dietary factors 
[29–32]. Both dietary patterns and the genetic map of 
human is highly influenced by the geographical area and 
the race of individuals [33]. Since, there was no study 
evaluating the interaction of rs17782313 gene polymor-
phism with dietary patterns on metabolic risk factors 
among Iranian obese individuals; therefore in the current 
study we aimed to evaluate the interactions of rs17782313 
polymorphism with dietary patterns extracted by principal 

component analysis (PCA) on AgRP, α-MSH, lipid profile 
and markers of glucose homeostasis among Iranian obese 
individuals.

Materials and methods

Study population

In the current cross-sectional study, 288 obese adults, ages 
between 20 and 50 years were enrolled. Participants were 
apparently healthy volunteers invited by announcements or 
posters. Obesity was defined as BMI between 30 and 40 kg/
m2 and exclusion criteria were: having cardiovascular dis-
ease, kidney failure and diabetes, pregnancy, lactation or 
menopause, being on weight loss regimens or weight reduc-
tion more than two kilograms at least 3 months prior to par-
ticipation in the study, any use of multi-vitamin or mineral 
supplements, laxative (more than twice a week), medica-
tions effective for weight loss (hormonal drugs, antidepres-
sants), diuretics, antibiotic glucocorticoids and any physi-
cal or mental disabilities possibly affect the basal metabolic 
rate. The participants were enrolled after signing written 
informed consent. The data of the current research has been 
extracted from two registered protocols of the Tabriz Uni-
versity of Medical Sciences and their protocol have been 
approved by research undersecretary of Tabriz University of 
Medical Sciences (identifier: IR.TBZMED.REC.1397.237 
and IR.TBZMED.REC.1398.460). The work is obtained 
from M.S. thesis of Mohaddeseh Mohammadi.

Anthropometric and physical activity measurements

Anthropometric measurements included height, weight, 
BMI, waist circumference (WC), hip circumference (HC) 
and waist-to-hip ratio (WHR). Height was measured to the 
nearest 0.1 cm, by using a stadiometer, while the subjects 
were in a relaxed position and not wearing shoes. Weight 
was measured to the nearest 100 g by using digital scale 
(SECA, Hamburg, Germany) while participants were wear-
ing light clothing and barefoot. BMI was calculated as 
weight (kg)/height (m)2. The WC was measured by a flex-
ible non-elastic measuring tape in the standing position with 
a precision of 0.1, midway between the last rib and the ileac 
crest. Measurement of the HC was also carried out at the 
widest part of the hips by an un-stretchable meter with an 
accuracy of 0.1 cm. WHR was calculated as waist circum-
ference divided by hip circumference. Body composition 
measurements (fat mass and fat free mass) were performed 
by bioelectrical impedance analysis technology (Tanita, 
BC-418 MA, Tokyo, Japan).
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Biochemical assessment

Systolic and diastolic blood pressure (SBP, DBP) was 
evaluated in a sitting position using the mercury sphyg-
momanometer and then average of the two measurements 
was considered as the blood pressure.

Between 7.30 and 9.00 A.M. blood samples were col-
lected from individuals who had been fasting 12 h. Using 
a centrifuge, the plasma and serum samples were isolated 
(4500 rpm, for 10 min at 4 °C) and then frozen at 80 °C 
until assay. The blood was collected into tubes with eth-
ylene diamine tetra acetic acitable 2d (anticoagulant) for 
genetic evaluations. Fasting serum glucose (FSG), total 
cholesterol (TC), triglyceride (TG), and high–density lipo-
protein (HDL) were determined by a kit (Pars Azmoon, 
Tehran, Iran). LDL concentration was calculated accord-
ing to the Friedewald equation. According to the manu-
facturer’s instructions, α- MSH and AgRP concentrations 
were evaluated using the Enzyme-Linked Immuno-Sorbent 
Assay (ELISA) kits (Bioassay Technology Laboratory, 
Shanghai Korean Biotech, Shanghai City, China). The 
minimum levels of detection of α- MSH and AgRP were 
5.07 ng/l and 1.03 pg/ml, respectively. Serum insulin level 
was measured with similar ELIZA kit. Homeostatic model 
assessment for insulin resistance (HOMA-IR) was calcu-
lated according to the formula: fasting insulin (μ IU/ml) 
× fasting glucose (mmol/l) /22.5.

Appetite and dietary intakes assessments

The Visual Analogue Scale (VAS) was used for appetite 
assessments, and completed by the experienced expert. 
VAS score was calculated by placing a vertical mark on a 
line of 100 mm with opposite phrases (like “I’m not hun-
gry at all” and “I have not been so hungry”) at each end of 
this line. This questionnaire includes questions about hun-
ger, satiety, fullness, desire to eat sweet/salty/fatty foods 
and prospective food consumption [34]. Quantification of 
appetite assessment was performed by measuring the dis-
tance from the left side of the line to the mark.

Dietary data was collected using a 132-item semi-quan-
titative food-frequency questionnaire (FFQ) that was vali-
dated and adopted for use in the Iranian population [35]. 
A trained interviewer asked to participants to report the 
portion sizes of the consumed foods on a daily, weekly, or 
monthly basis during the last year. The reported portion 
sizes were converted to grams by using household meas-
ures. Nutrient intake was analyzed using the Iranian Food 
Composition Table (FCT). To identify dietary patterns, we 
classified food items into 25 predefined food groups based 
on the similarity of nutrients (Table 1).

Physical activity assessment

To measure physical activity (PA), a self-administered short 
form of the International Physical Activity Questionnaire 
(IPAQ) was used and data were expressed as metabolic 
equivalent-hours per week [36]. This questionnaire consists 
of 7 questions to estimate time spent sitting, walking and 
performing physical activities (moderate to vigorous) over 
the last week.

Genotyping

Genomic DNA extraction was performed using standard 
salting-out method [37]. The rs17782313 polymorphism was 
genotyped by using Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism (PCR–RFLP) (Fig. 1). The 
PCR amplification of DNA fragment containing rs17782313 

Table 1  Factor loadings for three identified food patterns

Values are factor loadings of food patterns measured by factor analy-
sis (n = 188). Factor loadings below ± 0.1 are not shown
PDP prudent dietary pattern, LDP legume dietary pattern, MDP 
mixed dietary pattern

Food groups Dietary patterns

PDP LDP MDP

Vegetables 0.711 0.168
Mayonnaise 0.675
Beverage 0.643 0.122
Sweet and dessert 0.639 − 0.137 0.306
Red or processed meat 0.457 − 0.199
Pizza 0.436 0.238
Snacks 0.415
Low-fat dairy 0.368 0.363
High-fat dairy 0.333 − 0.149
Poultry 0.325
Legumes 0.681 0.138
Fruits 0.580
Spices 0.390
Vegetable oils 0.333 − 0.236
Nuts 0.327 − 0.189
Fish 0.302 − 0.236
Whole grains 0.268
Refined grains − 0.230 0.626
Tea and coffee 0.560
Hydrogenated fats 0.548
French fries − 0.185 0.462
Egg 0.430
Baked potato − 0.127 0.359
Salt and pickles 0.294
Organ meats 0.151
Variance explained (%) 9.450 9.143 8.426
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polymorphism was carried out by a pair of primers: 5′ AAG 
TTC TAC CTA CCA TGT TCT TGG 3′ as forward primer 
and 5′ TTC CCC CTG AAG CTT TTC TTG TCA  TTT TGA 
T 3′ as reverse primer (Macro-gene, Korea). PCR reaction 
was performed in a mixed solution of 200 ng of DNA, 1 μl of 
each primer, 8.5 μl of distilled water, 15μ of 1 × PCR master-
mix (Amplicon; Germany) with a final volume of 25 μl. The 
amplification protocol contained: primary denaturation stage 
at 95 °C for 2 min, followed by 35 cycles of denaturation at 
95 °C for 30 s, anealing at 58 °C for 30 s, 30 s of extension 
at 72 °C, and a final extension at 72 °C for 5 min. Digestion 
was carreid out with 5 μl of each PCR product, 0.5 μl of BclI 
10 U/μl (Fermentas, Germany) and 1.5 μl of 10 × restriction 
G-buffer. The over-night incubation was performed at 58 °C 
and finally, the reaction was stopped at 0 °C for 5 min. Then 
electrophoresis was performed on a gel containing 2% aga-
rose (Boehringer Manheim GmbH, Mannheim, Germany) 
and was visualized on a Gel Doc-system (U.V.P Company, 
Cambridge, UK), to help safe stain (Pars Tous, Iran). For 
rs7782313 polymorphism, the uncut fragment was 137 bp 
(C allele) and digestion products were 30 bp and 107 bp (G 
allele).

Statistical analysis

To generate major dietary patterns in the present study, prin-
cipal component analysis with orthogonal rotation procedure 
was used. Factors were retained for further analysis based on 
their natural interpretation, eigenvalues more than 1.0, and 
Scree test [38]. Accordingly after the third factor, the eigen-
values of the factors declined and remained similar to each 
other. So, these derived factors were considered as major 
dietary patterns and were labeled according to our interpre-
tation of the data and also previous literature. A factor score 
for each pattern was obtained by summing of food intakes 
weighed by their factor loading and each subject then was 
given a factor score for each identified pattern [39]. We cat-
egorized subjects based on tertile of dietary pattern scores. 
All of the statistical analyses were carried out by statistical 
package for social science (SPSS) version 23. Normality of 

data distribution was examined by the Kolmogorov–Smirnov 
test. Between-group comparison of continuous variables was 
performed by one-way ANOVA following Tukey’s post hoc 
analysis. The analysis of co-variance (ANCOVA) was used 
for adjustment of confounders including age, gender, basal 
metabolic rate (BMR), and physical activity. The interaction 
between rs17782313 polymorphism genotypes and tertiles 
of dietary patterns on biochemical risk factors was assessed 
by General Linear Model (GLM). The sample size was cal-
culated by using G-power software based on a power of 80%, 
α-error = 0.05 and correlation coefficient (r) of 0.25. Totally, 
the final sample size of 288 was considered for the current 
project.

Results

The participants in this study were 288 adults including 
51.1% men and 48.9% women. Mean of age was 37.88 
(7.83) and the mean of BMI was 34.72 (3.88). The minor 
C allele frequency of rs17782313 was 37%. Three main 
dietary patterns were extracted: Prudent Dietary Pattern 
(high in vegetables, mayonnaise, beverages, sweets and 
desserts, red or processed meat, pizza, snacks and low 
in high-fat dairy and poultry), Legume Dietary Pattern 
(high in legumes, fruits, spices, vegetable oils, nuts, fish 
and whole grains and low in sweets and desserts, red or 
processed meat, French fries, baked potato and refined 
grains) and Mixed Dietary Patterns (high in refined 
grains, tea and coffee, hydrogenated fats, French fries, 
egg, baked potato, salt and pickles and low in high fat 
dairy, beverages, organ meats, fish, nuts and vegetable 
oils), which together explained 27% of total variance 
in dietary intakes. The factor-loading matrixes for the 
major dietary patterns are presented in Table 1. General 
characteristics of study participants according to dietary 
patterns tertiels are shown in Table 2. Participants in the 
lowest tertile of the Legume Dietary Pattern (LDP) were 
significantly older (P = 0.02) and had significantly lower 
appetite (P < 0.001) than those in the highest category. On 
the other hand, compared with those in the bottom tertile, 
those in the top tertile of Mixed Dietary Patterns (MDP) 
were significantly less physically active (P = 0.04), and 
significantly had higher VAS score and percent of fat mass 
(P < 0.001). Conversely, higher scores of Prudent Dietary 
Pattern (PDP) were also in association with reduced waist 
circumference and increased physical activity levels. No 
significant difference was found in other general charac-
teristics of participants across tertiles of dietary patterns. 
Table 3 presents metabolic parameters of participants 
by different dietary patterns tertiles. Higher PDP score 
were accompanied with lower SBP (P < 0.001), insulin 
(P = 0.04) and AgRP (P = 0.02) concentrations and also 

Fig. 1  PCR–RFLP analysis for rs17782313 Polymorphism. Lane 1. 
TT genotype, Lane 2. CC genotype, Lane 3. CT genotype
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lower HOMA-IR values (P = 0.04). Even after adjusting 
for potential confounding variables, these associations 
remained statistically significant (P < 0.05 for all of the 
mentioned parameters). Moreover, higher MDP score was 
associated with lower TG concentration (P = 0.03). This 
significant result remained unchanged after adjustment for 
potential confounders (P = 0.03). There was no statisti-
cal significant difference regarding metabolic parameters 
across rs17782313 genotypes (Table 4).  

The significant interaction effects between rs17782313 
genotypes and dietary patterns on metabolic parameters 
using GLM method are shown in Fig. 2. There were sig-
nificant interactions between PDP and rs17782313 SNP on 
SBP (pInteraction = 0.04), insulin (pInteraction = 0.05) and AgRP 
(pInteraction = 0.03) concentrations. Furthermore, rs17782313 
genotypes and MDP interacted in changing in the serum TG 
levels (pInteraction = 0.03). In other word, those in CC genotype 
of rs17782313 were more likely to have higher SBP, insulin 
and AgRP concentrations compared with other genotype 

groups (i.e. TT and TC) when their adherence to PDP was 
high. As well as, when adherence to the MDP was low, those 
with CC genotype of rs17782313 were more likely to have 
higher TG concentrations than other genotypes.

Discussion

In this present cross-sectional study, three major dietary 
patterns were identified using principal components fac-
tor analysis: prudent, legume and mixed dietary patterns. 
Numerous studies in Iran have identified several dietary 
patterns including western, healthy and traditional Iranian 
dietary patterns in different populations [4, 38, 40]. These 
researches have indicated adverse effects of western and 
unhealthy dietary patterns on obesity, metabolic syndrome, 
inflammation and other cardiovascular risk factors [38, 
41]. In current study, adherence to PDP (characterized by 
high intake of vegetables, mayonnaise, beverages, sweets 

Table 2  General characteristics 
of study participants according 
to dietary patterns tertiels

All variables data are presented based on mean (SD)
PDP prudent dietary pattern, LDP legume dietary pattern, MDP mixed dietary pattern, BMR basal meta-
bolic rate, WC waist circumference, PA physical activity, VAS visual analogue scale
P value based on One-Way ANOVA; follow up by Tukey’s post hoc test; bold values provide the signifi-
cance treshold

1st Tertile 2nd Tertile 3rd Tertile P*
n = 96 n = 96 n = 96

Age (years)
 PDP 38.01 (1.02) 37.52 (0.83) 38.28 (1.12) 0.86
 LDP 39.78 (7.63) 27.23 (7.96) 36.82 (9.07) 0.02
 MDP 38.08 (6.74) 36.82 (9.07) 37.59 (7.40) 0.22

BMR (kcal)
 PDP 1971.32 (363.77) 1877.36 (326.38) 1779.18 (318.08) 0.13
 LDP 1879.73 (336.16) 1928.14 (336.36) 1872.25 (371.34) 0.63
 MDP 1942.56 (345.40) 1900.93 (371.34) 1808.98 (328.95) 0.11

Fat present (%)
 PDP 34.48 (8.57) 35.36 (9.21) 36.06 (8.37) 0.62
 LDP 35.39 (8.08) 34.29 (9.08) 35.80 (9.27) 0.62
 MDP 33.76 (7.46) 34.00 (8.81) 38.82 (9.52) < 0.001

WC (cm)
 PDP 111.09 (11.57) 108.53 (7.52) 105.17 (9.38) < 0.001
 LDP 108.83 (9.24) 109.73 (9.53) 107.79 (11.20) 0.57
 MDP 109.10 (8.98) 107.85 (8.16) 109.57 (13.11) 0.59

PA (min/week)
 PDP 2186.02 (2191.24) 1546.93 (2307.70) 3158.11 (4514.56) 0.03
 LDP 2018.16 (2761.16) 2229.28 (3471.48) 2208.56 (3513.94) 0.86
 MDP 1956.02 (2780.93) 2891.61 (3742.73) 1466.38 (2897.79) 0.04

VAS
 PDP 34.56 (8.98) 33.74 (8.90) 31.57 (8.79) 0.21
 LDP 30.29 (8.22) 34.51 (8.26) 36.70 (9.25) < 0.001
 MDP 31.98 (8.99) 32.62 (8.15) 37.38 (8.93) < 0.001
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Table 3  Metabolic parameters 
of participants by tertiles of 
dietary patterns

All variables data are presented based on mean (SD)
SBP systolic blood pressure, DBP diastolic blood pressure, QUICKI quantitative insulin sensitivity check 
index, HOMA-IR homeostatic model assessment, TG triglyceride, HDL high density cholesterol, LDL low 
density cholesterol, TC total cholesterol, Alpha-MSH alpha-melanocyte stimulating hormone, AgRP agouti 
related peptide
*P value obtained by ANOVA test
**PTrend after adjustment for sex, age, BMR and physical activity based on ANCOVA test; bold values pro-
vide the significance treshold

1st Tertile 2nd Tertile 3rd Tertile P* PTrend**

SBP (mmHg) n = 96 n = 96 n = 96
 PDP 119.26 (15.32) 116.60 (13.99) 109.73 (12.28) < 0.001 0.04
 LDP 116.81 (16.23) 115.10 (13.18) 116.36 (13.99) 0.79 0.61
 MDP 116.11 (13.75) 115.05 (14.80) 117.63 (15.60) 0.64 0.98

DBP (mmHg)
 PDP 78.22 (11.34) 76.59 (12.10) 74.28 (9.46) 0.19 0.45
 LDP 77.47 (12.23) 75.53 (10.72) 77.05 (10.76) 0.60 0.60
 MDP 76.80 (10.45) 74.83 (10.76) 79.20 (12.85) 0.12 0.38

Glucose (mg/dl)
 PDP 94.09 (18.66) 96.23 (29.05) 94.58 (15.61) 0.84 0.56
 LDP 96.77 (21.37) 96.35 (30.62) 91.35 (10.82) 0.35 0.58
 MDP 97.90 (32.39) 94.35 (13.71) 91.60 (11.93) 0.31 0.43

Insulin (μIU/ml)
 PDP 15.76 (8.30) 17.56 (10.37) 13.00 (8.18) 0.04 0.05
 LDP 15.85 (9.13) 15.96 (7.94) 15.69 (10.69) 0.98 0.92
 MDP 16.56 (10.14) 15.08 (9.12) 15.82 (7.96) 0.64 0.56

QUICKI
 PDP 0.31 (0.02) 0.32 (0.02) 0.33 (0.03) 0.06 0.14
 LDP 0.32 (0.02) 0.32 (0.03) 0.32 (0.02) 0.91 0.67
 MDP 0.32 (0.29) 0.32 (0.33) 0.32 (0.36) 0.70 0.77

HOMA-IR
 PDP 4.30 (3.06) 3.56 (2.03) 3.15 (1.98) 0.04 0.14
 LDP 3.74 (2.66) 3.64 (2.08) 3.91 (2.76) 0.81 0.53
 MDP 3.99 (2.71) 3.76 (2.73) 3.44 (1.81) 0.50 0.97

TG (mg/dl)
 PDP 125.26 (58.18) 117.46 (58.94) 114.60 (58.81) 0.58 0.89
 LDP 115.32 (49.66) 129.56 (68.49) 115.57 (56.91) 0.30 0.38
 MDP 120.22 (49.76) 131.58 (76.27) 103.27 (33.81) 0.03 0.03

HDL (mg/dl)
 PDP 44.53 (8.14) 45.04 (9.68) 45.63 (8.76) 0.81 0.98
 LDP 45.22 (8.56) 43.75 (9.07) 45.94 (9.08) 0.39 0.44
 MDP 45.25 (8.54) 43.74 (9.08) 46.25 (8.85) 0.31 0.28

LDL (mg/dl)
 PDP 115.54 (25.26) 123.97 (35.94) 118.83 (30.58) 0.25 0.27
 LDP 123.14 (35.16) 117.22 (28.60) 117.20 (27.40) 0.44 0.79
 MDP 118.31 (33.13) 118.54 (29.7) 122.47 (29.51) 0.73 0.51

TC (mg/dl)
 PDP 185.13 (27.46) 192.50 (39.69) 187.39 (32.94) 0.41 0.16
 LDP 191.43 (36.61) 186.88 (32.89) 188.26 (30.99) 0.63 0.93
 MDP 187.61 (34.20) 188.61 (34.71) 189.39 (32.24) 0.95 0.69

Alpha-MSH (ng/l)
 PDP 2.28 (0.24) 2.24 (0.21) 2.23 (0.22) 0.36 0.40
 LDP 2.27 (0.23) 2.26 (0.25) 2.23 (0.20) 0.56 0.54
 MDP 2.24 (0.22) 2.30 (0.26) 2.22 (0.19) 0.12 0.12

AgRP (Pg/ml)
 PDP 1.48 (0.22) 1.39 (0.19) 1.41 (0.17) 0.02 0.03
 LDP 1.44 (0.20) 1.42 (0.21) 1.42 (0.19) 0.74 0.64
 MDP 1.43 (0.19) 1.46 (0.23) 1.40 (0.16) 0.30 0.42



1453Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2020) 25:1447–1459 

1 3

and desserts, red or processed meat, pizza, snacks and low 
intake of high-fat dairy and poultry) was associated with 
low SBP, insulin, HOMA-IR and AgRP. The associations 
observed in this regard are similar to previous findings 
in relation to PDP and cardio-metabolic risk. In a cross-
sectional study in an Iranian population [42], prudent PDP 
characterized by high consumption of peas, honey, nuts, 
juice, dry fruits, vegetable oil and liver and organic meat 
was positively associated with increased HDL-C and lower 
glucose levels. These observed desirable associations 
might be due to high loading factors of healthy foods such 
as vegetables in this dietary pattern. A similar association 
was reported by Yu et al. and Nkondjock et al. and they 
found an inverse association between the healthy dietary 
pattern (high in vegetables, fruits, fish, eggs, milk and 
nuts) and the risk of hypertension [43, 44]. On the other 
hand, since Iranian people traditionally consume more 
full-fat dairy than low fat dairy products, low-loading fac-
tors of dairy products in PDP might neutralize the adverse 
effects of harmful foods such as sweets and desserts, red 
or processed meat and pizza were loaded in this pattern. 
In this regard, lack of protective effects of high fat dairy 
products intake in relation to metabolic syndrome have 
shown in several investigations [45]. As well as, vegetar-
ian dietary pattern was reported to be related to lower 
insulin resistance in a population of Asian Indians [46]. 
The high fiber, phytochemicals and antioxidant content of 
fruits and vegetables may mediate beneficial effects of this 

dietary pattern on the cardiovascular risk factors [47–49]. 
Moreover, we observed an inverse relation between MDP 
and serum concentrations of TG. It seems that beneficial 
effects of MDP on TG could be due to its high content of 
tea and coffee and lower consumption of harmful food 
like organ meats and high fat dairy products. Growing evi-
dence from observational studies has reported the benefi-
cial effects of tea and coffee consumption on human health 
[50, 51]. Previous meta-analysis of observational studies 
showed that intake of ≥ 3 cups of green or black tea a day 
has protective effects on CVD and myocardial infarction 
[52]. In an another study by Fujita et al. black tea users 
had significantly lower serum TG concentrations [53]. 
Caffeine and other bioactive compounds like polyphenols 
are commonly found in tea and coffee may mediate ben-
eficial effects of these drinks on the risk markers through 
anti-inflammatory, anti-oxidant [54] or anti-thrombotic 
properties [55]. Furthermore, it is suggested that these 
phytochemicals exert their protective effects on CVD by 
improving endothelial function and glucose metabolism 
and also oxidative stress inhibition [55, 56]. Accordingly, 
low-loading factor of high cholesterol and saturated and 
trans fatty acids foods (organ meats and high fat dairy 
products) in MDP might attenuate the adverse effects of 
the high-loaded items like refined grain and French fries. 
There is considerable evidence that saturated fat and cho-
lesterol are frequently related to unfavorable health out-
comes [57, 58]. For instance, saturated fatty acids, which 

Table 4  Means of measured 
variables according to 
rs17782313 genotypes

All variables data are presented based on mean (SD)
HOMA-IR homeostatic model assessment, QUICKI Quantitative Insulin Sensitivity Check Index, TG tri-
glyceride, HDL high density cholesterol, LDL low density cholesterol, TC total cholesterol, Alpha-MSH 
alpha-melanocyte stimulating hormone, AGRP agouti related peptide, SBP systolic blood pressure, DBP 
diastolic blood pressure
*P value obtained by ANOVA test
**PTrend after adjustment for sex, age, BMR and physical activity based on ANCOVA test

rs17782313 genotypes

TT CC TC P* Ptrend**

n = 114 n = 78 n = 96

Glucose (mg/dl) 93.70 (13.42) 100.53 (46.03) 91.56 (11.33) 0.26 0.32
Insulin (μIU/ml) 16.78 (8.81) 18.12 (12.05) 14.72 (8.36) 0.21 0.11
HOMA-IR 3.53 (2.01) 4.24 (3.33) 4.01 (2.89) 0.52 0.53
QUICKI 0.32 (0.27) 0.32 (0.03) 0.32 (0.03) 0.86 0.96
TG (mg/dl) 117.78 (56.47) 114.69 (63.37) 124.14 (46.59) 0.83 0.66
HDL (mg/dl) 44.75 (9.44) 45.92 (10.29) 45.42 (8.25) 0.84 0.61
LDL (mg/dl) 114.89 (27.23) 121.63 (36.26) 125.99 (34.55) 0.17 0.25
TC (mg/dl) 183.20 (30.91) 190.50 (36.09) 195.4 (36.54) 0.14 0.21
Alpha-MSH (ng/ml) 2.25 (0.22) 2.22 (0.19) 2.25 (0.23) 0.84 0.71
AgRP (Pg/ml) 1.42 (0.20) 1.41 (0.17) 1.43 (0.21) 0.90 0.66
SBP (mmHg) 116.42 (14.40) 116.11 (12.53) 113.58 (15.81) 0.55 0.39
DBP (mmHg) 76.75 (10.76) 75.76 (9.36) 77.54 (13.47) 0.81 0.90
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are associated with higher total cholesterol and low density 
lipoprotein levels, are known as independent predictor of 
CVDs [59]. Moreover, experimental investigations using 
high fat meals have suggested that high fat content of diet 
might change expression and function of MC4R gene 
through effect on DNA methylation status [60]. So, low 
intake of unhealthy constitutes beside high coffee and tea 
consumption in this pattern may contribute to this find-
ings. Although we did not detect any association between 
metabolic parameters and rs17782313 genotypes, several 
evidences have reported higher risk of obesity and its-
related metabolic factors in carriers of MC4R rs17782313 
minor allele (C) [10, 18, 60]. For instance, Yang et al. and 
Qi et al. demonstrated that rs17782313 polymorphism is 
associated with a higher risk of metabolic syndrome and 
type 2 diabetes, respectively [61, 62].

Noticeably, we found interaction effects between 
rs17782313 genotypes and dietary patterns in changing 
metabolic parameters. We detected significant interactions 

between PDP and rs17782313 SNP on SBP, insulin and 
AgRP levels. Moreover, adherence to MDP interacts with 
the MC4R rs17782313 variant to influence on TG levels. In 
other word, those in CC genotype of rs17782313 were more 
likely to have higher TG concentrations compared with other 
genotype groups (i.e. TT and TC) when their adherence to 
MDP was low. Since experimental studies in mice and rats 
have indicated that a high-fat diet could enhance MC4R gene 
expression and lead to weight gain [63], reported interactions 
between MC4R gene and dietary pattern is not surprising. 
Despite the reports about the interactions between this SNP 
and lifestyle factors such as dietary patterns are scarce; Azo-
rín et al. reported that adherence to Mediterranean diet might 
reduce the risk of diabetes in carriers of the minor allele of 
MC4R rs17782313 [64]. Similar interactions between die-
tary intake and MC4R SNPs were found in another study, 
in which higher intakes of saturated fatty acid and western 
dietary pattern were associated with higher risk of meta-
bolic syndrome among A allele carriers of the rs12970134 

Fig. 2  The interaction between chromosome 18q21.32 rs17782313 and dietary patterns on metabolic risk factors
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MC4R gene [32]. The Precise and underlying mechanisms 
behind these interactions remain unclear and further studies 
are needed to explain these observed interactions. However, 
some of the studies have suggested an association between 
rs17782313 variant and dietary intakes. According to report 
of Park et al., C allele carriers of rs17782313 compared to 
TT genotype, had a higher intake of processed foods and a 
lower intake of fruits [32, 65].

Other finding of our study was that we found a positive 
association between LDP and appetite; those in upper tertile 
of this pattern had higher mean of VAS score. Even though 
previous investigations have shown beneficial effect of leg-
ume-based diets on short-term satiety and energy intake, 
there was evidence that suggested legume intake might not 
reduce appetite when meals were controlled for available 
carbohydrate [66]. In present study, high loading factor 
of fruits in LDP without any energy restriction, which is 
commonly observed in obese subjects, might attenuate sati-
ety effects of legumes in this pattern. Despite the growing 
evidence supports main role common variants near MC4R 
in relation to obesity and its-related metabolic traits, exact 
mechanisms behind this action are still not clear. Functional 
studies have shown that MC4R may contribute to glucose 
production and utilization, insulin sensitivity [13, 14, 67] 
and secretion and also lipid metabolism [68]. Thus, altera-
tions in MC4R could lead to insulin resistance and type2 
diabetes independent of hyperphagia and obesity. There 

is evidence that suggest that the effects of rs17782313 on 
MC4R gene function may be mediated by interference in 
expression and translation regulation [69–72]. So, it’s not 
surprising that MC4R rs17782313 variant may through 
effect on appetite regulation and energy homeostasis be 
associated with weight change and obesity-related diseases 
[21, 60, 61, 73–75]. Figure 3 presents the mechanistic path-
ways of these associations.

To the best of our knowledge, this is the first study to inves-
tigate the specific interaction of rs17782313 MC4R gene with 
dietary pattern in changing metabolic risk factors and hypotha-
lamic hormones. However, there are several potential limitations 
that should be taken into account. The cross-sectional design of 
our study makes causal inferences impossible and further stud-
ies with longitudinal designs are required to confirm and better 
understanding of the findings. Moreover, since we just included 
participants from Tabriz, a city in North-west of Iran, our finding 
cannot be extrapolated to all Iranian population.

In conclusion, our results indicated significant interac-
tions between dietary patterns and rs17782313 MC4R gene 
in relation to cardio-metabolic risk factors and hypotha-
lamic-pituitary axis hormones; higher adherence to MDP 
by CC homozygote carriers was associated with lower TG 
concentrations. On the other hand, we observed significant 
gene-PDP interactions in relation to SBP, insulin, HOMA-IR 
and AgRP. Further studies are warranted to confirm these 
results.

Fig. 3  Graphical presentation of the interaction between variations in 18q21.23 rs17782313 locus, diet and metabolic risk factors of obesity
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What is already known on this subject?

Previous studies revealed the role of polymorphisms in 
rs17782313 MC4R gene with increased risk of obesity and 
insulin resistance. It has been shown that the polymorphisms 
in this gene has been is strongly correlated with weight 
adjustment. While, no study is available evaluating the asso-
ciation between rs17782313 MC4R genotypes with dietary 
patterns or eating behaviors in obese individuals.

What does this study add?

The current study, for the first time, evaluated the 
rs17782313 MC4R gene polymorphisms with the dietary 
patterns and the interaction of its genotype with dietary 
patterns to affect metabolic risk factors and hypothalamus-
pituitary axis hormones in obesity. This is the novelty of the 
current study.
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