
ABSTRACT

Polymorphisms in the melanocortin 4 receptor (MC4R) gene with occurrence and 
progression of chronic diseases such as obesity and cardiovascular disease (CVD) have long 
been addressed but there is a lack of evidence for complex interrelationships, including 
direct and indirect effects of these variables. This review specifically focuses on studying 
the effects of healthy diet interaction and MC4R polymorphisms on the development of 
CVD. The quantity and quality of carbohydrates and proteins consumed are related to 
obesity susceptibility and cardiometabolic risk factors. A healthy dietary pattern such as 
a Mediterranean dietary can modulate the association between MC4R polymorphisms 
(rs17782313) and the risk of CVDs. Also, the Nordic diet can reduce lipid profiles such as 
low-density lipoprotein cholesterol (LDL-C) and total cholesterol levels. On the other hand, 
MC4R interaction with the dietary inflammatory index decreases high-density lipoprotein 
cholesterol levels and increases LDL-C and triglyceride (TG) levels. Additionally, the 
DASH diet decreases TG, atherogenic index of plasma, systolic blood pressure, diastolic 
blood pressure, and serum glucose. The interaction between MC4R genes and diets plays 
an important role in the development of CVD. Adherence to healthy diets such as the 
Mediterranean, Nordic, Anti-inflammatory, and Dash diets might be an efficient strategy 
to prevent CVD. The potential for personalized diets to be developed for the treatment and 
prevention of CVD and its related comorbidities is expected to expand as this field develops.
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INTRODUCTION

Cardiovascular disease (CVD) is a considerable cause of death worldwide. By 2030, CVD 
incidence is assumed to reach more than 23 million people around the world [1]. Blood 
pressure, dyslipidemia, obesity, and type 2 diabetes are CVD risk factors that have been 
affected by genetic and environmental factors [2]. The melanocortin 4 receptor (MC4R) is a 
plasma G protein-coupled receptor that expresses in the hypothalamus and plays an essential 
function in controlling food intake through the two neuropeptide α-melanocyte stimulating 
hormone (α-MSH) and agouti-related protein (AgRP) that secreted by two different neuronal 
cells (Figure 1) [3]. These neuropeptides control food consumption and energy intake by 
stimulation and inhibition of the MC4R. MC4R is stimulated by α-MSH, which decreases 
appetite and food consumption. In contrast, AgRP inhibits MC4R and increases food intake 
(Figure 1). Leptin, insulin, PYY3-36, and ghrelin control appetite by MC4R stimulators and 
inhibitors. Leptin is a hormone released from lipocytes that suppresses hunger by acting 
on anorectic pro-opiomelanocortin neurons and stimulating α-MSH in the hypothalamus 
(Figure 1). Insulin is another stimulator released from the pancreas (beta cells) and stimulates 
α-MSH secretion through a pathway similar to leptin. In another way, the PYY that is secreted 
from the small intestine and colon inhibits AgRP neurons, so satiety is promoted [4]. In 
contrast, Ghrelin sends signals to AgRP neurons and stimulates the secretion of AgRP. 
Ghrelin is secreted during hunger from the stomach and increases appetite [5]. Therefore, 
various factors, including hormonal and genetic, can affect the melanocortin receptor and 
food intake. The MC4R gene is located in chromosome 18q.21.3 with 996 base pairs which 
express in the hypothalamus and control appetite [6]. Mutation in the MC4R gene may alter 
the ligand-binding ability between α-MSH or AgRP and MC4R and influence food intake. 
The number of identified mutations in the human MC4R gene is more than 130 mutations. 
Among these mutations, the most common single nucleotide polymorphism is rs17782313, 
which has the most impact on the melanocortin system. MC4R rs17782313 is associated with 
increased energy consumption and overeating and also increased CVD risk factors [7]. The 
relationship between the MC4R rs17782313 risk allele (minor C allele) and CVD risk factors 
has been shown in several studies. Therefore, finding effective methods to modulate the 
MC4R rs17782313 is useful in managing CVD and its risk factors.

There is a close relationship between genes and environmental factors that affect CVD. 
Genome-wide association studies have emphasized the importance of considering gene-
environment interactions in discovering new genetic variants. Environmental factors, such 
as diet, can affect the genetic risk of obesity and CVDs, and gene-diet interactions have 
been identified in several studies [8]. Dietary patterns may modulate the association of gene 
polymorphisms with CVD [9,10].

The effect of the MC4R gene-diet interactions on CVD has been concentrated in several 
studies. However, there has not been a review on the impact of a healthy diet on MC4R single 
nucleotide polymorphisms. Our aim of this narrative review study is to express and discuss 
the interactions between MC4R rs17782313 polymorphism and dietary patterns and also, we 
want to investigate whether these diets can modulate MC4R mutations associated with CVD 
risk factors.
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MATERIALS AND METHODS

This narrative review aimed to investigate the association between the MC4R rs17782313 
polymorphism and dietary patterns on the risk of CVD. The search strategy for this review 
was entirely internet-based. Scopus, PubMed, WOS, and Google Scholar were searched from 
February 18, 2024 until March 25, 2024 using the combination of the following keywords: 
Melanocortin 4 Receptor [title/abstract], MC4R [title/abstract], diet*[title/abstract], 
nutr*[title/abstract] and cardiovascular disease [title/abstract]. To identify additional studies, 
the reference list of articles has been reviewed manually.
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Figure 1. α-MSH and AgRP control food consumption and energy intake by stimulation and inhibition of the melanocortin 4 receptor. MC4R is stimulated by 
α-MSH, which reduces appetite and food intake. In contrast, AgRP inhibits MC4R and increases food intake. Leptin secreted by adipocytes that decreases food 
intake by acting on anorectic POMC neurons and stimulating α-MSH in the hypothalamus. Insulin secreted by beta cells in the pancreas and stimulates α-MSH 
secretion through a pathway similar to leptin. In contrast, Ghrelin sends signals to AgRP neurons and stimulates the secretion of AgRP. Ghrelin is released during 
hunger from the gastrointestinal tract and increases appetite. 
AgRP, agouti-related protein; α-MSH, α-melanocyte stimulating hormone; ACTH, adrenocorticotropic hormone MC4R, melanocortin 4 receptor; NF, nuclear 
factor; POMC, pro-opiomelanocortin.
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DIETARY PATTERNS INTERACTED WITH MC4R 
RS117782313
High carbohydrate dietary pattern
There is no exact global definition for a carbohydrate diet and its carbohydrate content. 
Different studies have expressed different standards. On average, a high-carbohydrate diet 
contains 55% or more carbohydrates in their diet [11]. The glycemic index (GI) and glycemic 
load (GL) are used to measure the contribution of carbohydrate quality and quantity. Low GI 
and GL diets, induce glucose and insulin to release slowly after intake, reduce intake, prolonged 
satiety stimulation, reduce lipogenesis, and also decrease fat storage by high fat oxidation [12]. 
It limits the basal metabolic rate (BMR) reduction in the body when you are fast. Therefore, it 
may increase obesity risks. In contrast, diets with a high GL or GI induce a rapid rise in blood 
glucose because of quick digestion and absorption. It also causes fluctuations in glucose and 
insulin, leading to the early return of hunger and calorie intake is excessive.

Khodarahmi et al. [13] in a cross-sectional study of 147 men and 140 women showed that 
higher dietary GI and GL consumption was significantly related to lower high-density 
lipoprotein cholesterol (HDL-C) (p = 0.029) and higher low-density lipoprotein cholesterol 
(LDL-C) (p = 0.042) levels (Table 1). Alizadeh et al. [14] in another cross-sectional study of 
282 women with MC4R rs17782313, reported that high intake of carbohydrates significantly 
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Table 1. A review of studies that examined the effect of interaction between MC4R rs17782313 and diets
Authors Article title Type of 

study
Genetic 

polymorphism 
type

Population, 
gender, disease

Age, body mass 
index

Association Main outcome

Khodarahmi et al. 
[13] (2022)

The Role of Dietary Glycemic Index 
and Glycemic Load in Mediating 
Genetic Susceptibility via MC4R 
s17782313 Genotypes to Affect 
Cardiometabolic Risk Factors 
among Apparently Healthy Obese 
Individuals

Cross-
sectional

rs17782313 (CC) 287 males and 
females, healthy

20–50 ≥ 30 kg/m2 Negative ↓Basal metabolic 
rate and high-density 
lipoprotein cholesterol
↑Low-density lipoprotein 
cholesterol

Alizadeh et al. [14] 
(2022)

Interaction of MC4R rs17782313 
Variants and Dietary Carbohydrate 
Quantity and Quality on Basal 
Metabolic Rate and General and 
Central Obesity in Overweight/
Obese Women: A Cross-Sectional 
Study

Cross-
sectional

rs17782313 (CC 
& TC)

282 females, 
healthy

18–56 ≥ 25 kg/m2 Negative ↑Waist circumference 
and body mass index

Adamska-Patruno et 
al. [15] (2021)

An Association Between Diet and 
MC4R Genetic Polymorphism, in 
Relation to Obesity and Metabolic 
Parameters-A Cross Sectional 
Population-Based Study

Cross-
sectional

rs17782313 (CC) 1,549, males 
and females, 

type 2 diabetes

18–79 > 25 kg/m2 Negative ↓Subcutaneous fat 
content (SAT)
↑Body mass index, body 
fat content, visceral fat 
content (VAT), and VAT/
SAT ratios

Mohammadi et al. 
[16] (2020)

The Interaction Between Dietary 
Non-Enzymatic Antioxidant 
Capacity (NEAC) With Variants of 
Melanocortin-4 Receptor (MC4R) 
18q21.23-rs17782313 Locus 
on Hypothalamic Hormones and 
Cardio-Metabolic Risk Factors in 
Obese Individuals From Iran

Cross-
sectional

rs17782313 (CC) 287 males and 
females, healthy

20–50 ≥ 30 kg/m2 Positive & 
negative

↓High-density 
lipoprotein cholesterol, 
quantitative insulin 
sensitivity check 
index, insulin, serum 
glucose, α-melanocyte 
stimulating hormone, 
and triglyceride

ElhamKia et al. [17] 
(2022)

The Interaction Between Dietary 
Total Antioxidant Capacity and MC4R 
Gene and HOMA-IR in Metabolically 
Healthy and Unhealthy Overweight 
and Obese Women

Cross-
sectional

rs17782313 (CC 
& TC)

237 females, 
healthy

18–50, 25–40 
kg/m2

Not 
significant

No significant 
associations were found 
with lipid profile and 
metabolic parameters.

(continued to the next page)
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Authors Article title Type of 
study

Genetic 
polymorphism 

type

Population, 
gender, disease

Age, body mass 
index

Association Main outcome

Khodarahmi et al. 
[18] (2020)

Dietary Quality Indices Modifies the 
Effects of Melanocortin-4 Receptor 
(MC4R) rs17782313 Polymorphism 
on Cardiometabolic Risk Factors and 
Hypothalamic Hormones in Obese 
Adults

Cross-
sectional

rs17782313 (CC 
& TC)

188 males and 
females, healthy

20–50 ≥ 30 kg/m2 Positive ↓Low-density lipoprotein 
cholesterol, systolic 
blood pressure, diastolic 
blood pressure, and 
serum glucose levels

Zarei et al. [19] 
(2022)

The Interaction Between Alternative 
Healthy Eating Index and MC4R 
rs17782313 Gene Variants on 
Central and General Obesity Indices 
in Women: A Cross-Sectional Study

Cross-
sectional

rs17782313 (CC) 291 females, 
healthy

18–48 ≥ 25 kg/m2 Positive ↓Visceral fat area, fat 
mass, body mass index, 
and hip circumference

Khodarahmi et al. 
[20] (2020)

Melanocortin-4 Receptor (MC4R) 
rs17782313 Polymorphism 
Interacts With Dietary Approach 
to Stop Hypertension (DASH) and 
Mediterranean Dietary Score (MDS) 
to Affect Hypothalamic Hormones 
and Cardio-Metabolic risk Factors 
Among Obese Individuals

Cross-
sectional

rs17782313 (CC) 288 males and 
females, healthy

20–50 ≥ 30 kg/m2 Positive ↓Systolic blood pressure, 
atherogenic index of 
plasma, serum glucose, 
and triglyceride levels

Ortega-Azorín et al. 
[21] (2012)

Associations of the FTO rs9939609 
and the MC4R rs17782313 
Polymorphisms With Type 2 
Diabetes Are Modulated by Diet, 
Being Higher When Adherence to the 
Mediterranean Diet Pattern Is Low

Case-
control

rs17782313 (CC) 7,052, male and 
female mean 

BMI 29.9 kg/m2

Mean age 70, 
type 2 diabetes

Positive The MC4R rs17782313 
interacted with the 
Mediterranean diet in 
its relation to type 2 
diabetes.

Koochakpoor et al. 
[22] (2016)

Effect of Interactions of 
Polymorphisms in the 
Melanocortin‐4 Receptor Gene 
With Dietary Factors on the Risk of 
Obesity and Type 2 Diabetes

Systematic 
review

rs17782313 (CC) Not clear, male 
and female

Not clear, type 2 
diabetes

Positive Mediterranean diet 
interacted with MC4R 
rs17782313 on the risk 
of type 2 diabetes.

Rasaei et al. [23] 
(2023)

Investigation the Interaction of 
Dietary Fat Quality Indices and the 
MC4R Gene in Metabolically Healthy 
and Unhealthy Overweight and 
Obese Women

Cross-
sectional

rs17782313 (CC) 279 females, 
healthy

18–68, 25–40 
kg/m2

Negative ↑Homeostatic model 
assessment for insulin 
resistance index

Aoun et al. [24] 
(2022)

The Interaction Between Genetic 
Polymorphisms in FTO, MC4R and 
MTHFR Genes and Adherence to the 
Mediterranean Diet in Relation to 
Obesity

Cross-
sectional

rs17782313 (CC 
& TC)

392 males and 
females, healthy

Not clear No 
significant

No significant association 
with waist circumference, 
waist-hip ratio, and body 
mass index

Mohammadi et al. 
[25] (2020)

Dietary Patterns Interact With the 
Variations of 18q21. 23 rs17782313 
Locus on the Regulation of 
Hypothalamic-Pituitary Axis 
Hormones and Cardio-Metabolic 
Risk Factors in Obesity

Cross-
sectional

rs17782313 (CC) 288 males and 
females, healthy

20–50 ≥ 30 kg/m2 Negative ↑Systolic blood pressure 
and agouti-related 
protein levels

Hosseininasab et al. 
[9] (2022)

Are There Any Interactions Between 
Modified Nordic-Style Diet Score 
and MC4R Polymorphism on 
Cardiovascular Risk Factors Among 
Overweight and Obese Women?

Cross-
sectional

rs17782313 (CC 
& TC)

282 females, 
healthy

18–48 ≥ 25 kg/m2 Positive ↓Visceral fat level, 
total cholesterol, and 
low-density lipoprotein 
cholesterol levels

Yarizadeh et al. [10] 
(2021)

The Interaction Between the Dietary 
Inflammatory Index and MC4R Gene 
Variants on Cardiovascular Risk 
Factors

Cross-
sectional

rs17782313 (CC) 266 females, 
healthy

18–56, 25–45 
kg/m2

Positive ↑Higher high-density 
lipoprotein cholesterol 
levels
↓Low-density lipoprotein 
cholesterol and 
triglyceride levels

Yarizadeh et al. [26] 
(2020)

The Interaction Between Dietary 
Approaches to Stop Hypertension 
and MC4R Gene Variant in Predicting 
Cardiovascular Risk Factors

Cross-
sectional

rs17782313 (CC) 266 females, 
healthy

18–50, 25–40 
kg/m2

Positive ↓Systolic blood pressure 
and diastolic blood 
pressure

Table 1. (Continued) A review of studies that examined the effect of interaction between MC4R rs17782313 and diets
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increased waist circumference)WC(and body mass index (BMI) among C allele carriers. 
Lower HDL-C and higher LDL-C are associated with increased risk of CVD [15]. Inadequate 
levels of HDL-C cause plaques forming in the blood. They may block arteries flowing to the 
heart and cause heart attack [16]. In contrast, high LDL-C levels increase plaque forming 
by transporting cholesterol to the arteries [17]. Moreover, increased carbohydrate intake 
reduces BMR due to the interaction of MC4R polymorphism [14]. Decreased BMR leads 
to obesity and its comorbidities including CVD [18]. This obesity-susceptibility gene may 
influence obesity and its related cardiovascular risk factors through the quality and quantity 
of ingested carbohydrates, suggesting that these factors should be targeted in the treatment 
of obesity and other chronic diseases [13]. WC is a good indicator of fat accumulation 
around the middle of the body. This index is related to high blood pressure and high blood 
fat levels. These are risk factors for developing CVD [19]. Therefore, a diet with a high intake 
of carbohydrates may be related to a higher risk of CVD in individuals by modulating MC4R 
rs17782313 polymorphism.

High protein dietary pattern
Proteins are a favorable source of energy and amino acids that constitute a part of our daily 
energy intake [20]. A normal protein diet includes 10%–15% of total daily energy intake. 
However, a high protein diet (HPD) contains more than 18%. Even some high-protein diets 
provide 47% of daily energy intake from protein [20]. The proteins of the diet are produced 
from both animal and plant sources. Animal sources of proteins include dairy, eggs, meat, 
and fish, and also, plant sources include soya products, grains, legumes, seeds, and nuts [21]. 
Some types of HPDs may be adhered to by people around the world such as low carbohydrate 
high protein ketogenic diet [22], Zone diet [23], etc.

Some studies investigated gene-protein interactions. In a cross-sectional study with 1,549 
subjects, the association between dietary protein consumption and MC4R rs17782313 was 
assessed. For participants with CC genotypes who had higher protein consumption (more 
than 18% of daily energy intake), subcutaneous fat content (SAT) (P < 0.001) was lower. 
On the other hand, they had higher BMI (p = 0.03), body fat content (p = 0.001), visceral 
fat content (VAT) (p < 0.001), and VAT/SAT ratios (p < 0.001) [24]. Studies have shown that 
BMI, body fat content, and VAT lead to cardiovascular events [25,26]. VAT may cause insulin 
resistance and metabolic disturbances that increase the risk of type 2 diabetes and CVD [27]. 
Also, higher VAT/SAT ratios are associated with the risk factors of CVD, independently [28]. 
Therefore, high protein consumption may increase the risk of CVD in CC genotype carriers of 
MC4R rs17782313 polymorphism.

High antioxidant dietary pattern
The dietary non-enzymatic antioxidant capacity (NEAC) includes the intake of special foods 
classified as nuts, legumes, vegetables, fruits, tea, and olive oil. These ingredients are full 
of antioxidants in this dietary pattern. High intake of foods that are rich in antioxidants 
including seafood, vegetables, nuts, fruits, and olive oil are significantly correlated with 
high HDL-C and low LDL-C. Dietary total antioxidant capacity (DTAC) is another index to 
estimate the cumulative effect of antioxidants and provide information about the synergistic 
effect between different antioxidants in the diet [28]. Some studies conducted that a diet with 
high consumption of antioxidants can modulate carbohydrate and lipid metabolism due to 
the regulation of appetite, high thermogenesis, and reduction of insulin resistance [29].
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Mohammadi et al. [16] in their cross-sectional study evaluated the association between 
MC4R rs17782313 and dietary NEAC. There was a significant relationship between HDL-C (p 
= 0.03), quantitative insulin sensitivity check index (QUICKI) (p = 0.04), insulin (p = 0.04), 
serum glucose (p = 0.01), α-MSH (p = 0.04), and TG. More adherence to dietary NEAC is 
related to decreased HDL-C levels. It is a harmful result because inadequate HDL-C levels 
increase the risk of heart attack as explained earlier [16]. On the other hand, more adherence 
to NEAC, decreased QUICKI, insulin, serum glucose, α- MSH, and TG. Insulin resistance and 
higher insulin levels in the blood cause endothelial dysfunction and lead to cardiovascular 
events including coronary heart disease and atherosclerosis. Also, High glucose levels in 
serum after some time, damage blood vessels and increase the risk of cardiovascular events 
[30]. Increased fat tissue and hyperleptinemia cause hypothalamus resistance to α-MSH 
in obese individuals. Therefore, α-MSH levels increase in blood circulation and can lead 
to metabolic disorders and obesity. High TG levels increase the risk of CVD and mortality 
caused by cardiovascular events. TG and its metabolites increase the formation of foam cells 
and promote atherosclerosis. Furthermore, ElhamKia et al. [17] in their cross-sectional study 
of 237 women with BMI ≥ 25 reported that the HOMA-IR (homeostatic model assessment 
for insulin resistance) index, LDL-C, and TG were inversely related to DTAC values but not 
significant [31].

Healthy Eating Index and Diet Quality Index-international
Dietary indices are appropriate tools that indicate the association between healthy lifestyle 
patterns and show overall diet quality [32]. One of the indicators for assessing the quality 
of diet is Diet Quality Index-International (DQI-I). This index is used in countries that 
experience different stages of nutrition transition. Another diet quality index is the Healthy 
Eating Index (HEI) which the United States Department of Agriculture constructed it to 
assess the quality of diet [33]. In both indexes, high scores show high nutrient-dense food 
consumption and also, lower micronutrient inadequacy intake [34]. Alternative Healthy 
Eating Index (AHEI) is known as a reliable predictor of health and staving off chronic diseases 
and inflammation by emphasizing plant-based protein, healthy oils, whole grains, and 
limiting processed meats [35].

In a cross-sectional study of 92 female and 96 male participants who were healthy and obese, 
Khodarahmi et al. [18] constructed HEI and DQI-I by taking a validated food frequency 
questionnaire (FFQ). They showed that there was a significant gene-diet correlation between 
HEI and MC4R rs17782313 (p < 0.05) in modulating LDL-C levels through a female group. 
They also found that low adherence to HEI in participants with heterozygotes allele of MC4R 
rs17782313 caused an increased level of LDL-C. Moreover, in males, there was a significant 
correlation between HEI, DQI-I, and rs17782313 on SBP, DBP, and serum glucose levels (p 
< 0.05). They showed that low adherence to HEI and DQI-I had a significant association with 
increased SBP, DBP, and serum glucose levels. Analyzing 291 overweight and obese women 
with MC4R rs17782313, Zarei et al. [19] reported that there was a significant relationship 
between higher AHEI and lower visceral fat area, fat mass, BMI, and hip circumference. 
Elevated SBP and DBP independently increase the risk of adverse cardiovascular events such 
as coronary heart disease and also, a higher risk of mortality. However, high serum glucose 
levels over time, damage blood vessels and increase the risk of heart failure, heart attack, 
and stroke [35]. So, the interaction between MC4R rs17782313 and dietary quality indices 
decreases the risk of CVD.
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Mediterranean diet
The Mediterranean diet (MD) is a well-known healthy eating pattern worldwide. MD is a 
plant-based diet rich in vegetables, fruits, nuts, legumes, extra-virgin olive oil, whole grains, 
dairy products, and fish. It is rich in a variety of nutrients including vitamin E, ascorbic acid, 
beta carotene, fiber, polyphenols, and minerals which protect the cardiovascular system 
by reducing blood cholesterol due to the lack of saturated lipids [36]. More adherence to 
MD increases total antioxidant capacity levels which have a beneficial role in CVD. MD also 
improves the quality of life [37].

In a cross-sectional study of 288 healthy obese adults (BMI ≥ 30 kg/m2), the MD score 
was assessed by a 147-item FFQ, and interaction between MD and MC4R rs17782313 was 
evaluated. Lower adherence to MD was related to high levels of α-MSH in the male group 
with the CT genotype [20]. It increased fat tissue and hyperleptinemia cause hypothalamus 
resistance to α-MSH. So, α-MSH increases in the blood circulation of obese people. 
Several studies have investigated the interaction between the MD and MC4R rs17782313 on 
cardiovascular risk factors. A well-known risk factor for CVD is type 2 diabetes mellitus which 
increases mortality and morbidity of CVD [38]. Ortega-Azorin et al. [21] in their case-control 
study on 7,052 subjects with a high risk of CVD (the number of type 2 diabetes cases is 3,430 
and non-diabetic cases is 3,622), found that lower adherence to MD increased the risk of type 
2 diabetes in carriers of MC4R rs17782313. MD components (vegetables, fiber, fruits, and 
olive oil) appear to reduce insulin resistance [39,40]. Also, a systematic review concluded that 
adherence to MD interacts with MC4R rs17782313 and decreases the risk of type 2 diabetes 
[22]. Furthermore, high dietary fat quality in MD is an important parameter that prevents 
CVD. On the other hand, MD is rich in omega-3 fatty acids [41]. Analyzing 279 overweight 
and obese women, Rasaei et al. [23] reported that dietary fat quality is associated with insulin 
resistance. A higher omega-6/omega-3 ratio increases the HOMA-IR index (p = 0.009) among 
participants with CC genotype. This study had an opposite effect with MD, and this diet 
can reverse this process towards improving insulin resistance. Insulin resistance with the 
production of abnormal cytokines plays an essential role in cardiac fibrosis, hypertrophy, 
and dysfunction in diabetic cardiomyopathy patients. Another study assessed the diet quality 
of 288 obese adults and found that the opposite diet to MD, including mayonnaise, pizza, 
snacks, high-fat dairy products, red or processed meat, sweets and desserts, and sweet 
beverages interacts with MC4R rs17782313. This study concluded that this dietary pattern 
increased SBP (p = 0.04) and AgRP (p = 0.03) levels by interacting with MC4R rs17782313 
[42]. Therefore, the MD can decrease the risk of CVD by modulating the rs17782313 variant 
of MC4R, but more studies are needed to understand its mechanism. In contrast, Aoun et al. 
[24] found no significant association between MD and MC4R rs17782313 on WC, waist-hip 
ratio, and BMI. There were some limitations in anthropometric measurements, which may 
have affected the results of this study.

Nordic diet (ND)
The ND is a health-promoting diet consumed in Nordic countries and includes fish, 
lean meat, low-fat dairy products, vegetables, fruits, and whole grains. ND is similar 
to the Mediterranean diet but differs in the consumption of canola oil instead of olive 
oil. Consuming n-6, n-3 polyunsaturated fatty acids and polyphenols in ND modulates 
inflammatory-related genes in metabolically active tissues.

Having a healthy plant-based diet like ND can reduce the risk of obesity and CVD in people 
with genetic risk factors. Hosseininasab et al. [9] in their cross-sectional study on 282 
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women, calculated a modified Nordic-style diet score (MND) by an FFQ containing 147 
food items. This study indicated a significant interaction between MND score and MC4R 
rs17782313 with the C allele on cardiovascular risk factors. There was negative interaction 
between rs17782313 genotypes and moderate MND score on LDL-C (p = 0.01) and total 
cholesterol levels (p = 0.01) in the crude and adjusted model. Also, in the high MND 
score group, VAT (p = 0.03) was decreased significantly. The mechanism of this gene-diet 
interaction is still unclear, and more studies are needed, but according to previous studies, 
the ND significantly reduced LDL-C and total cholesterol levels [43]. Environmental factors 
interact with genes. So, the ND can hold beneficial effects on the MC4R gene.

Anti-inflammatory diet
MC4R gene polymorphisms are risk factors for obesity and inflammation. Data have shown a 
synergistic effect between genes and dietary factors that have an important function in CVD. 
An anti-inflammatory diet means avoiding pro-inflammatory ingredients like sugary drinks, 
and processed meat, and consuming anti-inflammatory foods like green leafy vegetables and 
fruits [44].

An anti-inflammatory diet plays an essential role in reducing CVD risk factors and related 
mortality [10]. A comparative cross-sectional study on 266 overweight or obese women, 
calculated the dietary inflammatory index (DII) score by an FFQ with 147 items and assessed 
the interaction between DII and MC4R rs17782313 on the risk of CVD. There was a significant 
relationship between higher DII scores and lower HDL-C (p < 0.001) levels in the crude 
model. Also, after adjusting, there was a significant interaction between the higher DII score 
and MC4R rs17782313 on low HDL-C (p = 0.01) and high TG (p = 0.04) levels. Furthermore, 
a positive significant interaction between the high DII score and CT genotypes of rs17782313 
on total cholesterol levels (p = 0.04) was observed [10]. MC4R mRNAs up-regulation, along 
with interleukin-6 in the hypothalamic arcuate, promotes lipid intake and fat collection in 
white adipose [45]. Therefore, along with inflammation, dyslipidemia can also occur. Several 
studies have shown the association between DII score and CVD and its risk factors [46,47]. 
An important risk factor for CVD is inflammation. Therefore, an anti-inflammatory diet may 
have an essential role in decreasing the risk of CVD.

DASH diet
Dietary approaches to stop hypertension (DASH) is recommended to reduce blood pressure 
and is considered an important nutritional device. The DASH diet consists of vegetables, 
fruits, nuts, low-fat dairy products, whole grains, and reduced intake of red meat, processed 
meats, sodium, and sweets. Also, this healthy diet is rich in fiber, calcium, magnesium, and 
potassium through consuming fruits and vegetables that have cardio-protector effects.

Studies revealed a significant interaction between adherence to the DASH diet and MC4R 
rs17782313 polymorphism [20,26]. Yarizadeh et al. [26] in their cross-sectional study assessed 
the dietary patterns of 266 overweight and obese individuals. They calculated the DASH 
diet score by a semi-quantitative 147-item FFQ and interaction between the DASH diet and 
MC4R rs17782313 polymorphism. The results indicated that high adherence to the DASH diet 
reduced SBP (p = 0.03) and DBP (p = 0.02) in the CC group. Another cross-sectional study 
on the interaction between the DASH diet and MC4R rs17782313 evaluated this gene-diet 
interaction on cardiometabolic risk factors. This study which has 288 healthy subjects with 
obesity, showed a significant association between adherence to the DASH diet and MC4R 
rs17782313. The DASH diet reduced TG (p = 0.02), serum glucose (p = 0.021), AIP (p = 0.045), 
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and SBP (p = 0.023) levels among females. Also, serum glucose levels were lower in men (p = 
0.037) [20]. AIP is composed of HDL-C and TG. It is a marker for evaluating the risk of CVD. 
However, for males with the CC genotype, more adherence to the DASH diet was significantly 
associated with serum glucose (P < 0.05). Further, the lowest adherence to the DASH diet 
among females with the CC genotype was significantly related to a higher AgRP plasma level 
(p < 0.05) [20]. There is not any reported mechanism for this interaction [20]. Suppression 
of MC4R due to high AgRP plasma levels leads to increased food intake and higher CVD risk 
factors. However, it seems that the healthy food groups of the Dash diet may have favorable 
modulating effects on the rs17782313 genotype. Several studies considered the positive effect 
of the Dash diet on gene variants [48]. Despite these studies, it can be concluded that the 
DASH diet reduces the risk of CVD in risk allele carriers by modulating genes.

CONCLUSION

Gene-environment interaction has an important function in the development of obesity and 
CVD. Dietary patterns as an environmental factor can modulate MC4R gene polymorphisms. 
Healthy dietary patterns such as MD, ND, anti-inflammatory diet, and DASH diet have 
cardioprotective effects by MC4R rs17782313 interaction. Adherence to the MD, ND, anti-
inflammatory, and DASH diet may decrease the risk of CVD by affecting the MC4R gene. 
However, more nutrigenetic, nutrigenomic, and epigenetic studies are required to identify 
the association between dietary patterns and genes.
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