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Abstract: Objective: The genetic variants near the melanocortin-4 receptor gene (MC4R), a key protein regulating energy balance and
adiposity, have been related to obesity and cardiovascular risk factors. However, qualitative and quantitative aspects of diet may modulate the
association of this polymorphism with obesity and cardiovascular diseases (CVDs). The aim of this study was to evaluate interactions among
MC4R rs17782313, the Dietary Approaches to Stop Hypertension (DASH) diet and risk factors for CVDs.Method: This cross-sectional study was
conducted on 266 Iranian women categorized by body mass index (BMI) range of 25–40 kg/m2 as overweight or obese. CVD risk factors
included waist circumference (WC), lipid profile, blood pressure, insulin circulation and fasting blood sugar (FBS). Insulin and FBS were used to
calculate homeostatic model assessment insulin resistance (HOMA-IR) Body composition was assessed by a multi-frequency bioelectrical
impedance analyzer, InBody 770 scanner. Results: The findings of this study show that high adherence to the DASH diet in the CC groups were
associated with decreased SBP and DBP compared to the TT group. In addition, a significant difference between women with high adherence
to the DASH diet compared to low adherence was observed for body weight (p < 0.001), fat free mass (FFM) (p = 0.01) and BMI (p = 0.02).
Women with the CC genotype had higher insulin (mg/dl) (mean and SD, for TT: 14.6 ± 4.6, TC: 17.3 ± 9.2, CC: 15.3 ± 4.8, p = 0.04) and HOMA-IR
(mean for and SD, TT: 3.1 ± 1.07, TC: 3.9 ± 2.4, CC: 3.2 ± 1.1, p = 0.01) than TT group. Inclusion of potential confounding variables (age, physical
activity, BMI and daily caloric intake) did not attenuate the difference. Conclusion: Among overweight/obese Iranian women with the CC
genotype, incorporating the DASH diet may serve as a dietary prescription to decrease CVD risk. A dietary intervention trial is warranted.
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Introduction

Cardiovascular diseases (CVDs) represent a leading cause
of mortality globally, accounting for about one-third of
deaths [1]. The significant interaction between genetic
factors and lifestyle factors and their collective contribution
toward risk of or protection of CVDs is becoming increas-
ingly more clear [2, 3]. While the multi-factorial nature of
CVD precludes the link of a single gene with increased
risk, molecular and experimental genetic studies have
identified the rs17782313 polymorphism of the melanocor-
tin 4 receptor (MC4R) as a significant variant increasing
susceptibility for metabolic factors that are directly related

to CVD risk. Specifically, some (but not all) studies have
reported the C allele of rs17782313 as a significant contrib-
utor to greater energy intake as well as specific nutrient
preference (e.g. higher fat, lower protein, higher salt)
[4, 5, 6, 7]. As such, it is plausible that synergistic interac-
tions between genetic predisposition and environmental
factors maybe play an important role in the pathogenesis
ofCVDs [8].Overall, food intake pattern as amajor lifestyle
factor, has profound substantial impact onCVD. Regarding
to the fact that nutrients, food, and food groups are not sin-
gly consumed, and based on synergistic and interactive
impact of many components of diet, studying dietary pat-
terns, is the best for the opportunity to evaluate the actual
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influence of diet on several health factors. Among to
priori dietary pattern, the Dietary Approaches to Stop
Hypertension (DASH) diet pattern, which recommends
high intake of fruits, vegetables, whole grains, poultry, fish,
and nuts, while restricting saturated fat, red meat, sweet
beverages, and refined grains, has been shown to be rela-
tively effective in reducing CVD risk in prospective cohort
studies. TheDASH diet also is associated with a decreasing
bloodpressureand improving lipidprofile [9, 10].However,
the results of studies regarding the relationshipbetween the
abovementioned diet and related diseases are inconsistent
[37].Moreover, most of studies in this areawere conducted
in western countries and there is not enough study that has
investigated the interaction of MC4 and DASH diet in
Middle Eastern [38]. Studies that have identified an
association provide support for potential epigenetic
mechanisms (i.e., DNA methylation) [11]. On the other
hand,Evidencealso showed,however, that regarding todif-
ferent genetic structure in every person, general healthy
dietary recommendationsmay not be proper for all popula-
tion [39]. However, exploration of a potential modulating
effect has not been thoroughly explored. Based on all of
the abovementioned, gene-diet interactions have signifi-
cant role in cardiovascular diseases. Therefore, the investi-
gation of overall diet in the form of DASH diet can
contribute to better identification of gene-diet interaction
and also produces personalized dietary recommendations
inorder topreventCVD.Besides that givenprevious studies
report a dietary intake pattern nearly opposite of that
provided by the DASH diet, a nutrition as medicine
approach may provide a viable strategy to attenuate geno-
typic expression via epigenetic mechanisms [12]. In partic-
ular, the association of MC4R and DASH diet in relation
with CVDs and blood pressure was investigated separately,
yet to date there is no study that has investigated the inter-
action ofMC4 andDASHdietwithCVDrisk factors. There-
fore, current study was conducted to gain more insight
regarding the extent towhich a tailored dietary prescription
based on genotype, and evaluate the interaction between
MC4R rs17782313with DASH diet as a potential mitigation
of the risk of CVDs.

Method

Study population

This cross-sectional study included Iranian women aged
18–50 years categorized as overweight or obese (BMI range
25–40 kg/m2). Women were excluded if they were; 1) cur-
rently enrolled in a weight loss program and/or taking of
weight loss supplements, 2) pregnant or lactating, 3) any
current and previously diagnosed with diabetes mellitus

type 2, CVDs, polycystic ovary syndrome (PCOS), non-
alcoholic fatty liver disease (NAFLD), inflammatory
disease, cancer, thyroid diseases and 4) were receiving
hormone therapy or 5) taking any medication that could
affect plasma lipoproteins, blood pressure and carbohy-
drate metabolism (including herbal medicine). Women
with incomplete (i.e., <51%FFQcompletion)or implausible
(i.e. outside the range of 800 to 4200 kcal (3344–17556 kJ))
dietary datawere also excluded [27]. All patients completed
written informed consent. The study was approved by the
ethics committee of Tehran University ofMedical Sciences
(TUMS) with the following identifier IR.TUMS.VCR.
REC.1395.1597.

Anthropometric measurement
and physical activity

All of measurements were conducted after a 12 hours fast.
Height was measured by a wall-mounted stadiometer to
the nearest 0.5 cm without shoes, heels together touching
the wall and looking straight forward. Body weight was
measured using a Hamilton scale to the nearest 100 g in
minimal clothing without shoes. Waist circumference was
measured at a point midway between the iliac crest and
lower rib margin with a non-elastic tape to the nearest
0.5 cm. All anthropometricmeasurements were performed
by a one trained expert. Body mass index (BMI) was calcu-
lated by body weight (kg) divided by height squared (m2).
Body fat percentage (BFP), fatmass (FM), and fat-freemass
(FFM) were estimated by a multi-frequency bioelectrical
impedance analyzer, InBody 770 scanner (Inbody Co.,
Seoul, Korea). Measures were performed in the morning
in a fasting state and after urinating.

The short form of the International Physical Activity
Questionnaire (IPAQ) was used to measure participants’
physical activity at the baseline and end of the study. The
reliability and validity of this questionnaire were assessed
in Iran and other countries [13, 14].

Dietary assessment

The semi-quantitative 147-item Food Frequency
Questionnaire (FFQ) was used to measure usual dietary
intake during the past year [15]. Standard serving size
usually consumed by Iranians and categories “daily/
weekly/monthly/ were queried for estimation of daily
dietary intake of each food item. Subsequently, Nutritionist
4 software was used to compute energy and nutrient con-
tent of foodswhichwas based onUnited StatesDepartment
of Agriculture (USDA) food composition table modified for
Iranian foods. Validity and reliability of the FFQ have been
assessed previously [15].
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DASH diet score

A DASH score for each FFQ was calculated. For each of
the FFQ components, foods were compartmentalized into
decals, according to their intake ranking. For example, food
group demarcated by the FFQ was evaluated and based on
the data collected, items were ranked to create deciles
(0 low intake, 10 high intake) for fruits, vegetables, nuts,
and legumes, low-fat dairy products, and whole grains,
while sodium, red and processed meats, and sweetened
beverages were reversed scored (10 low intake 0 high
intake). The deciles were then summed up the component
scores to obtain an overall DASH score ranging from 0 to
80 [16].

Blood sampling and biochemical assay

Blood was collected after an overnight fasting (�12 hours).
The serum was separated by centrifuged and stored at a
temperature of �80 �C until analysis. All measurements
were taken at the Endocrinology & Metabolism Research
Institute (EMRI) Bio nanotechnology laboratory of Tehran
University of Medical Science. Lipid profile and glucose
were measured by using commercial kits (Pars Azmoon,
Iran). Serum insulin concentration was analyzed by
enzyme-linked immunosorbent assay (ELISA) method
(Human insulin ELISA kit, DRG Pharmaceuticals, GmbH,
USA). Serum hypersensitive C-reactive protein (hs-CRP)
was measured by an immunoturbidimetric assay. Homeo-
static Model Assessment insulin resistance (HOMA-IR)
was calculated as: HOMA-IR = [fasting plasma glucose
(mmol/l) � fasting plasma insulin (IU/l)]/22.5 (F).

DNA extraction and genotyping

The previous study was used to select The MC4R gene pri-
mer [17]. Based on the manufacturer’s protocol, the Mini
Columns, Type G kit (GeneALL, Exgene) was used to
extract genomic DNA from blood samples. In addition,
the Nano Drop spectrophotometer (Thermo Scientific
Company, USA) was used to measure the concentration
and purity of extracted DNA. Before sequencing was
performed, the extracted DNAwas stored at 4C. The poly-
merase chain reaction (PCR) used the following primers:
forward primer 5-AAGTTCTACCTACCATGTTCTTGG-3
and reverse primer 5-TTCCCCCTGAAGCTTTTCTTGT-
CATTTTGAT-3. PCR reactions were performed in a final
volume of 20 μl contains 1 μl extractedDNA,0.5 μl primers
F,0.5 μl primers R, 10 μl Permix (Amplicon,Germany), and
8 μl Distilled water with the following conditions in a DNA
thermocycler: primary denaturation at 95 �C for 2 min;
35 cycles of denaturation at95 �C for 30 seconds, annealing

at 58 �C for 30 seconds, extension at 72 �C for 30 seconds;
with a final extension at 72 �C for 5min;4- final step at4 �C.
Amplified DNA (7 μl) was digested with 0.5 μl of BCII
restriction enzyme (Fermentase, Germany) at 56 �C
overnight. The agarose gel electrophoresis was used to
visualize all product. Fragments containing three possible
genotypes were then distinguished: CC, CT, and TT.

Statistical analysis

Data were analyzed by IBM SPSS version 22.0 (SPSS,
Chicago, IL, USA). P < 0.05 was considered statistically
significant but for interactions, P < 0.1 was considered sig-
nificant. The Kolmogorov Smirnov test was used to assess
the normality of sample distribution and all of the variables
were normally distributed. The results were adjusted for
multiple comparisons using Fisher’s Least Significant
Difference (LSD) (in Table 4) and Tukey test (in Table 2)
post hoc test. Comparing the quantitative variable between
DASH diet and genotype was performed by one-way
ANOVA. The interaction between DASH diet category
and genotypes on quantitative variables was assessed by
linear regression model analysis.

Table 1. Characteristics, biochemical, and anthropometric parame-
ters of the target population

Variable Mean (SD) Minimum Maximum

Age (years) 36.5 (8.3) 18 50

Body weight (kg) 78.7 (11.5) 57.75 119.5

BMI (kg/m2) 30.3(3.6) 25 40.7

Blood parameters and Blood pressure

Total Cholesterol (mg/dl) 185.6 (38.4) 104 433

TG (g/dl) 185.6(38.4) 37 512

LDL-C (mg/dl) 96.9 (26.8) 34 282

HDL-C (mg/dl) 47.7 (10.8) 18 84

Insulin (mg/dl) 15.5 (6.02) 6.6 65

FBS (mmol) 4.9 (0.6) 3.7 11.2

HOMA index 3.3 (1.5) 0.39 16.5

SBP (mmHg) 140.5 (113.1) 76 173

DBP (mmHg) 78.1 (9.3) 51 111

Hs-CRP (mg/L) 4.5 (4) 0 22.7

Body composition

BFM (kg) 33.4 (7.6) 19.4 53.2

FFM (kg) 46.6 (5.4) 35.3 67.7

WC (cm) 98.4 (9.2) 80.1 123.2

BF (%) 41.2 (5.2) 15 53.1

WHR 0.93 (0.05) 0.81 1.08

Abbreviations: SD: Standard deviation; BMI: Body mass index; TG: Triglyc-
eride; LDL-C: Low density lipoprotein; HDL-C: High density lipoprotein; FBS:
Fast blood sugar: SBP; Systolic blood pressure; DBP: diastolic blood
pressure; Hs-CRP: high sensitivity C-reactive protein; BFM: Body fat mass;
FFM: fat free mass WC: Waist circumference; BF: Body fat; WHR: waist-hip
ratio.
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Table 3. Food group and nutrient intakes according to DASH Adherence Score

Q1 Q2 Q3 Q4

Variable Mean ± SD Mean ± SD Mean ± SD Mean ± SD P-value

Fruits (g/day) 262.58 ± 188.07 335.70 ± 210.57 555.25 ± 325.22 761.03 ± 372.94 0.000

Vegetables (g/day) 194.21 ± 95.16 287.15 ± 105.66 427.46 ± 174.72 676.82 ± 279.66 0.000

Nuts and legumes (g/day) 32.33 ± 15.68 50.75 ± 30.34 77.05 ± 53.02 77.05 ± 53.02 0.000

Low-fat dairy products (g/day) 151.92 ± 113.40 238.57 ± 135.95 291.99 ± 210.17 417.56 ± 277.15 0.000

Whole grains (g/day) 28.91 ± 24.92 35.83 ± 42.10 57.26 ± 56.51 106.81 ± 103.18 0.000

Sodium (g/day) 4.18 ± 2.94 4.39 ± 2.32 4.39 ± 2.51 3.65 ± 2.22 0.26

Red and processed meats (g/day) 33.53 ± 22.95 20.42 ± 17.19 24.81 ± 23.50 17.75 ± 13.84 0.000

Sweetened beverages (g/day) 59.08 ± 45.01 86.99 ± 233.07 51.73 ± 44.19 45.69 ± 33.57 0.20

Carbohydrates (g/day) 343.99 ± 79.68 356.99 ± 88.95 381.02 ± 103.43 385.10 ± 107.45 0.07

Total fat (g/day) 105.11 ± 30.81 93.03 ± 30.90 85.55 ± 31.06 73.39 ± 29.99 0.000

Saturated fat (g/day) 32.55 ± 12.19 27.05 ± 10.58 25.01 ± 9.18 23.38 ± 10.93 0.000

Protein (g/day) 113.41 ± 26.23 90.49 ± 17.90 78.31 ± 21.11 63.92 ± 17.42 0.000

Fiber (g/day) 34.72 ± 14.23 36.99 ± 14.51 48.17 ± 18.37 56.34 ± 15.96 0.000

Calcium (mg/day) 838.52 ± 314.65 973.34 ± 282.34 1222.82 ± 388.08 1483.94 ± 378.70 0.000

Magnesium (mg/day) 321.00 ± 106.24 398.21 ± 108.97 479.69 ± 109.52 593.15 ± 112.64 0.000

Phosphate (mg/day) 1184.00 ± 368.13 1420.82 ± 367.09 1693.98 ± 400.56 2084.43 ± 441.04 0.000

P-value result from one-way ANOVA. Abbreviations: SD: Standard deviation.

Table 4. Mean and SD of anthropometric body composition, blood parameters and blood pressure across to rs17782313 genotypes

TT TC CC P_value P_value P_value

Variable Mean (SD) Mean (SD) Mean (SD) CC vs TC CC vs TT TT vs TC P_valueα P_valueβ

Age (years) 36.9 (7.5) 37.2 (9.6) 35.6 (8.06) 0.25 0.27 0.86 0.36 0.39

Weight (kg) 80.1 (10.2) 79.1 (14.9) 79.9 (11.05) 0.65 0.90 0.61 0.84 0.79

BMI (kg/m2) 30.7 (3.8) 30.7 (3.8) 30.6 (3.4) 0.87 0.89 0.97 0.96 0.94

Blood parameters and Blood pressure

Total Cholesterol (mg/dl) 181.4 (33.5) 187.4 (35.2) 183.8 (38.9) 0.56 0.68 0.37 0.66 0.71

TG (g/dl) 122 (79.1) 131 (68.1) 113.9 (65.5) 0.15 0.46 0.48 0.32 0.29

LDL-C (mg/dl) 91.5 (22.4) 100.2 (24.3) 92.2 (25.1) 0.05 0.36 0.28 0.08 0.07

HDL-C (mg/dl) 46 (9.7) 47.2 (10.3) 4 6.6 (11.8) 0.92 0.92 0.62 0.85 0.85

Insulin (mg/dl) 14.6 (4.6) 17.3 (9.2) 15.3 (4.8) 0.05 0.47 0.01 0.04 0.03

FBS (mmol) 4.7 (0.4) 4.9 (0.6) 4.7 (0.4) 0.02 0.82 0.05 0.06 0.06

HOMA index 3.1 (1.07) 3.9 (2.4) 3.2 (1.1) 0.02 0.50 0.00 0.01 0.01

Hs.CRP (mg/L) 3.9 (4.5) 4.5 (4.6) 4.5 (4.7) 0.91 0.37 0.50 0.63 0.69

SBP (mmHg) 110.2 (13.5) 113.9 (13.9) 110.3 (13.6) 0.10 0.95 0.12 0.20 0.19

DBP (mmHg) 77.5 (9.8) 79 (9.1) 76.9 (9.8) 0.20 0.91 0.23 0.39 0.40

Body composition

BFM (kg) 33.4 (7.8) 33.1 (7.6) 33.4 (7.2) 0.83 0.97 0.87 0.92 0.96

FFM (kg) 47.4 (5.3) 47.1 (5.3) 46 (5.3) 0.21 0.08 0.74 0.12 0.18

WC (cm) 98.5 (9.5) 98.6 (9.4) 98.4 (8.9) 0.88 0.91 0.97 0.91 0.93

BF (%) 40.9 (5.6) 41 (4.7) 41.3 (5.3) 0.69 0.56 0.89 0.85 0.84

WHR 0.92 (0.05) 0.93 (0.04) 0.93 (0.04) 0.87 0.54 0.70 0.86 0.83

P-value_α: p-value result from one way ANOVA; P-value_β P: P-value result from Generalized Linear model (General linear model for adjusting age, BMI,
physical activity and total energy intake). Abbreviations: SD: Standard deviation; BMI: Body mass index; TG: Triglyceride; LDL-C: Low density lipoprotein;
HDL-C: High density lipoprotein; FBS: Fast blood sugar; SBP: Systolic blood pressure; DBP: diastolic blood pressure; Hs-CRP: high sensitivity C-reactive
protein; BFM: Body fat mass; FFM: fat free mass; WC: Waist circumference; BF: Body fat; WHR: waist-hip ratio.
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Results

Table 1 shows the characteristics of the study popula-
tion. The mean (±SD) age, BMI, and body weight were
34.32 ± 7.8 years, 30.3 ± 3.6 kg=m2, and 78.7 ± 11.5 kg,
respectively.

The characteristics of the study population across of
DASH diet score are shown in Table 2. There were
significant differences in body weight (p < 0.001), BMI
(p =0.02) and FFM (p = 0.01). Also, there was amarginally
significant difference between groups for cholesterol
(p = 0.06).

The food group and nutrient intakes according to DASH
Adherence Score are shown in Table 3. Significant differ-
ences were observed in all of the food groups and nutrients
intakes across the quartile of DASH except sodium,
sweetened beverages, and carbohydrates.

Table 4 shows the association between anthropometric
body composition, Blood parameters and Blood pressure
and rs17782313 genotypes.Womenwere categorized based
on rs17782313 genotypes: TT genotype (n = 80), TC
genotype (n = 66) and CC genotype (n = 120). There were
significant associations between genotypes with insulin
(p=0.04) andHOMAindex (p=0.01),which remain signif-
icant after adjustment for covariates (age, BMI, physical
activity and total energy intake).

The Interaction between DASH diet and MC4R gene
variants on risk factors well established for CVDs is shown
inFigure 1. TTgenotypewasdefinedas referencegroupand
there was interaction for CC genotype. The results showed
that high adherence to the DASH diet in the CC groups
were associated with decreased systolic blood pressure
(SBP) (p = 0.03) and diastolic blood pressure (DBP)
(p = 0.02) compared to the TT group.

Figure 1. The interaction between MC4R rs17782313 and DASH diet on Systolic blood pressure (SBP) and Systolic blood pressure (DBP). The level
of SBP (mmHg) and DBP (mmHg) are presented as bars in the figures. * Significantly different from the reference group (TT).
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Discussion

MC4R, expressed in adipose tissue, muscle, brain, and the
hypothalamus. Its role in appetite regulation and energy
expenditure, represent significant contribution to body
weight regulation [28]. Although as the most common
single genetic cause of monogenetic obesity accounting
for early-onset obesity in 2.25% to 4% of the population,
establishing causation in polygenetic obesity is much
more problematic [29]. However, due to its relatively
well-established effect on eating behavior and the co-
occurrence of obesity and CVD [30], we sought to identify
potential modulation of dietary intake in the association
between rs17782313 and variables increasing CVD risk.
The DASH diet is a common dietary prescription for indi-
viduals with CVD. Evaluation of the interaction between
the DASH diet and MC4R gene variants on markers of
CVDs in overweight and obese women, revealed, an inter-
action with blood pressure such that, womenmore compli-
ant to aDASHpattern also had lower bodyweight, FFMand
BMI compared to women consuming a diet outside DASH
recommendation. In addition, glucoregulatory control, as
reflected by HOMA-IR and fasting insulin, appeared
greater among women with the TT genotype TT compared
to those with the CC genotype. Furthermore, the main
finding and novelty of our study is that there was a signifi-
cant interaction between DASH score and rs17782313
polymorphism on SBP and DBP. The significant dietary
changes and concurrent increased risk for obesity and co-
morbidities among the Iranian population necessitate a
morecomprehensiveunderstandingofdietary contribution
within the confluenceof genetic andenvironmental factors.
The substantial data to date have been obtained from
populations of European ancestry with none investigating
the interaction between the DASH diet and MC4R gene
variants on markers of CVDs.

We identified a prevalence of the “risk allele” 57%of the
population included. Previous studies have reported a
greater fat intake in individuals with the C allele [31]. Vega
et al. observed greater overall dietary intake related to
eating in the absence of hunger in obese women [31]. Plau-
sibly, this intake pattern, which is opposing the DASH diet-
ary patternmay have an additive effect on CVD risk among
individuals with the risk allele. We observed a relationship
between adherence to the DASH pattern similar to the
beneficial effects in subjectswith an increased cardiometa-
bolic risk previously reported [9]. However, the interaction
betweengeneanddiet didnot investigate in these studies.A
low-calorie intervention did not demonstrate differential
affect in women with and without the risk allele [32],
however, Azorin et al. who found that following to the
Mediterranean diet (as a model of healthy pattern) was

effective in reducing the risk of type 2 diabetes risk in
carriers of the variant alleles for MC4R rs17782313 [18].
Koochakpor et al. found a significant interaction between
MC4R polymorphism and western dietary pattern, fat and
vegetable intakes on the risk of metabolic syndrome or its
components [19]. In the large cohort study by Zohreh
Mousavizadeh et al., the interaction between dietary
patterns and MC4R polymorphisms in relation to obesity
phenotypes was assessed. The results were suggested that
the healthy dietary pattern may interact with rs17782313
in relation to incidence of general obesity [35]. In similarity
to our results, Mahdieh Khodarahmi et al. illustrated that
the interaction of MC4R rs17782313 with some healthy
dietary patterns including DASH score andMDSmay have
effect on the cardio-metabolic risk factors among obese
subjects [36]. In addition, recent research was suggested
that MC4R rs17782313 interacts with following to dietary
quality incidences such as Healthy Eating Index-2015
(HEI-2015) and Diet Quality Index-International (DQI-I)
to affect some cardiovascular risk factors in obese individu-
als [34]. A review on 2016 also reported that the MC4R
genes interacts with dietary factors that have substantial
role in the development of obesity or DM2 [33]. Based on
a result of a systematic review, early detection ofMC4Rrisk
alleles in individuals andmodification of their diet could be
an efficient strategy to improve metabolic factors and
thereby CVD risk [12].

The mechanism by which rs17782313 polymorphism
may be associated with obesity and CVDs risk factor is
unknown but some studies have been suggested that it
regulates energy intake with neuropeptide effectors
such as pro-opiomelanocortin (POMC), α–melanocyte-
stimulating hormone (α-MSH), and agouti-related peptide
(AGRP). The decrease in α-MSH and increase in AGRP,
and subsequent sustained repression of MC4R result in
increased food intake, which may cause obesity and its
related diseases such as CVDs [20]. Dietary behaviors,
including preference for fat and salty flavors, modify the
effect of the MC4R gene variant rs17782313 on obesity.
It seems thatdietary componentsofDASHdiet suchasolive
oil, fruits, vegetables and fiber play a role in lowering insulin
resistance, obesity and its related disease by reducing the
risk of diseases arising fromMC4R rs17782313 [12].

CVDs are often comorbid with obesity eliciting concor-
dant parts of the overall identical pathophysiological risk
profile, include hypertension, impaired glucose and lipid
metabolism, and inflammation. The co-occurrence of
suggests aneed for consideration that eacharepartly bedri-
ven by shared genetic factors as well as epigenetic mecha-
nisms. In this study, overweight and obese women with
the CC genotype had higher insulin and HOMA index,
providing a genetic explanation for a possible increased risk
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of co-morbidities in this group. Tschritter et al, suggested
that rs17782313 directly gives rise to an impaired insulin
response in theta activity in the brain, through expression
of MC4R in the hypothalamus. Further, a reduction
response of theta activity to insulin among women with
the CC genotype may also display differences in food
preference and energy expenditure [5], through epigenetic
mechanisms.

Comparison of risk factors body weight, FFM and BMI
revealed direct relationship with a DASH diet pattern
includingWC suggest utility of nutrition prescription based
on genetic predisposition to CVDs [21]. A previous study
also showed that higher following to the DASH diet was
related to lower incidence of metabolic syndrome and its
components, including hypertension, WC, and abdominal
obesity [22]. Folsomet al. found that increased following
to the DASH diet was associated with reduction in WC
and BMI among women [23]. The protective association
of diets with low glycemic index as well as low energy den-
sity on obesity has been previously explored [24] inwhich it
hasbeensuggested that lowglycemic indexdietas stimulate
satiety and in turn decrease in food intake [25]. The fiber
content of the DASH diet might also provide an additional
explanation for its beneficial effects on obesity [26].

While our study demonstrates a need for advancements
in metabolic disorder research in Iranian women which
considers the distinct but overlapping effects of CVDs and
genetic and potentially epigenetic mechanisms, it is not
without limitations. For example, evaluation by menopau-
sal status may elucidate a more comprehensive aspect of
dietary modulation. Although we controlled several poten-
tial confounders, the effects of remaining confounders
cannot be ignored. Our study population was women obese
limiting generalizability among the Iranian population.
A careful and extensive genotyping and phenotyping in
relation to chronic disease risks across Middle Eastern
populations is also warranted.

Conclusion

This study provides preliminary evidence for a potential
moderation for the relationship between risk allele and
CVDs risk factorswith greater adherence to aDASHdietary
pattern. While this study is cross-sectional, the support for
an intervention is warranted.

Continuing elevated obesity and CVD represent a signif-
icant concern in Iran. Identification of a cost-effect method
for delaying onset and/or preventing chronic diseases is
imperative. Plausibly, the DASH diet and the observed
potentialmitigation of risk among carriers of theMC4R risk
allele might be a major key to solve this deteriorative issue
and control incidence of cardiovascular diseases and
hypertension.
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