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Abstract 

Background:  It has been reported that dietary fats and genetic factors in individuals are associated with the pattern 
of fat distribution. This study aimed to evaluate the interaction between dietary fats intake and Caveolin1 (CAV-1) rs 
3807s992 polymorphism with fat distribution in overweight and obese women.

Methods:  A total of 221 participants were included in the current cross-sectional study. Body composition, biochem-
ical parameters were evaluated by body composition analyzer and Pars Azmoon kits and genotypes determination 
was performed by PCR–RFLP, dietary fats were measured using a validated semi-quantitative food frequency ques-
tionnaire (FAQ).

Results:  The frequency of GG, AA and AG genotypes were 53.1, 24.6, and 22.3%, respectively, and the mean intake of 
total dietary fat intake was 97.47 ± 36.87 g. There was positive significant interaction between total fat intake and AA 
genotype on visceral fat level (p = 0.001), trunk fat (p = 0.01) and waist circumference (p = 0.05), positive significant 
interaction between total fat intake and AG genotype on the waist to hip ratio (WHR) (p = 0.02) and visceral fat level 
(p = 0.05), positive borderline significant interaction between saturated fatty acid and AA genotype on the trunk fat 
(p = 0.06), and between trans-fatty acids and AG genotype on WHR (p = 0.04), visceral fat level (p = 0.01), and between 
monounsaturated fatty acid and AG genotype on WHR (p = 0.04), and a borderline interaction between polyunsatu-
rated fatty acid and AA genotypes on visceral fat level (p = 0.06), negative significant interaction between AG geno-
types and linolenic acid on WHR (p = 0.04), borderline significant interaction between ALA and AG genotype on WHR 
(p = 0.06).

Conclusions:  Our findings showed that CAV-1 rs 3807992 polymorphism and dietary fats were associated with fat 
distributions in individuals.

Keywords:  Obesity, Dietary fats, Fat distribution, Body composition, Caveola, Caveolin 1, Polymorphism, Interaction

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Obesity is the biggest public health challenge of the cur-
rent century and for this reason in many countries obe-
sity and central obesity have become the main health 
issues [1, 2]. Prevalence of central obesity in developed 
countries was reported between 8.7% until 32.2% and 
in developing countries between 3.8% until 51.7%, and 
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also the frequency of central obesity in Iranian women 
34.4% [3, 4]. It is a multifactorial disease when the energy 
intake is more than the energy expenditure, excess energy 
store in fat tissue and causes obesity [5]. Various fac-
tors including genetic, metabolic, behavior, environ-
mental, cultural factors, economic or social status affect 
the prevalence of obesity [6]. It has been reported that 
fat distribution in the body relative to body mass index 
(BMI) an important role in disorders metabolic including 
hypertension, diabetes type 2, cardiovascular disorders 
[7–9]. The ascending trend prevalence of central obesity 
in countries like Iran has been attributed to increased 
environmental risk factors including diet [10]. A low-fat, 
low-glycemic index diet increases satiety, reduces insu-
lin secretion, improves insulin sensitivity, and increases 
weight control, thereby affecting the distribution of fat 
in the body [11, 12]. One of the most important diet fac-
tor effects on fat distribution is the dietary fat intake for 
instance omega 3 polyunsaturated fatty acids (PUFA), 
that with inhibition lipogenic enzyme and rise beta-oxi-
dation cause reduce fat content in fat tissue [13]. Omega 
3 PUFA from marine sources more than its plant sources 
like alpha-linolenic acid (ALA) cause decrease fat in tis-
sue [14]. Maybe the consumption of various oils has asso-
ciated with the fat distribution in the body, such olive oil, 
which is a rich source of oleic acid, and in individuals that 
consume olive oil, the prevalence of obesity is low than 
to individuals that consume sunflower oil [15]. Other die-
tary fat like linoleic acid may improve insulin sensitivity 
by reducing fat accumulation in muscle and pancreas [16, 
17]. Excessive consumption of PUFA is related to waist 
to hip ratio (WHR) [7, 18]. Despite the diet, obesity may 
arise from the interactions of multiple genes [19]. Apart 
from diet some of the genotype polymorphism have a 
key role in fat distribution meta-analysis studies about 
genome-wide association studies (GWAS) reported that 
97 and 49 genetic loci were related to BMI and WHR [20, 
21]. One of the genes that could possibly affect a person’s 
body weight is Caveolin1 (CAV-1), so that its expres-
sion in the adipose tissue is augmented in obese patients 
with or without type 2 diabetes mellitus that this could 
be due to the increased transport of fatty acids to the 
plasma membrane [22]. Caveolins are a family of integral 
membrane proteins that are the main membrane com-
ponents of Caveolae, and associated with various human 
diseases such as breast cancer, brain tumors, inflamma-
tion, and obesity [23–25], and CAV1 is a 22 kDa protein 
and located on chromosome 7q31.2, and also encoded 
by a 36.4  kb gene [26]. Has been reported that single 
nucleotide polymorphism (SNP) rs3807992 is located 
at the intronic region of the CAV1 gene and may alter 
the expression and function of the CAV-1 gene through 
mRNA regulation [27]. Studies have shown that CAV-1 

rs 926198 is associated with MetS in Caucasians and the 
Hispanic population and the rs 3807989 SNP with the 
risk of coronary heart disease in the Chinese Han pop-
ulation [28–30]. Changes in CAV-1 rs11773845 and rs 
926198 are related to high serum triglyceride (TG) levels, 
metabolic syndrome and WHR [31]. It has been reported 
that in the human population, genetic variations in CAV-
1 have been related to obesity and metabolic disorder, 
and also depletion of CAV-1 and reduction in the number 
of caveolae have been related to diseases including cancer 
and cardiovascular and pulmonary diseases [32–35].

There have been many studies on the relationship 
between diet patterns and types of obesity, but there are 
a few studies that have been done on the relationship 
between dietary intake especially fat intake and body fat 
distribution pattern, and also CAV-1 polymorphism. This 
study aimed to survey the the interactions between die-
tary fats intake and rs3807992 of the CAV-1 gene with fat 
distribution in overweight and obese women.

Materials and methods
Study population
This cross-sectional study was performed on 221 obese 
and overweight women 18–48  years old reared to the 
health-care centers were enrolled in the study by mul-
tistage random sampling, according to inclusion and 
exclusion criteria. Participants were enrolled in the study 
according to inclusion criteria included consent to par-
ticipate in the study, female gender, being healthy over-
weight and obese with body mass index (BMI) between 
≥ 25 and ≤ 40 (overweight: 25–29, obesity: 30–40), 
exclusion criteria included reluctance to cooperate in the 
study, pregnancy, lactation, and menopause, use of lipid 
and blood sugar lowering or weight loss pills, alcohol 
consumption, smoking, history of high blood pressure, 
diabetes mellitus, renal, liver, cardiovascular and cancer 
disease, adherence to weight loss diets and following an 
arbitrary special dietary regimen (such as diabetes, kid-
ney and cardiovascular diets), weight oscillation in recent 
months.

Participants whose reported daily energy intakes higher 
than 4200 kcal/day or lower than 800 kcal/day were also 
excluded [36]. The protocol of the study was approved 
by the ethics committee of Tehran University of Medical 
Sciences (Ethics number: IR.TUMS.VCR.REC.1398.142) 
and all methods were carried out in accordance with rel-
evant guidelines. All participants of study completed a 
written informed consent.

Dietary intake assessment
We used an FFQ for assessing the usual dietary intakes of 
the past year of participants. The FFQ was a semi-quan-
titative questionnaire with 147 food items listed that had 
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been validated by previous [37]. This questionnaire was 
completed by a trained dietitian. Participants reported 
their frequency of consumption of a given serving of each 
food item during the previous year on a daily, weekly, 
monthly, or yearly basis. Portion sizes of the consumed 
foods were converted to grams using household meas-
urements [38] and then individuals’ dietary intake data 
were analyzed using the Nutrition IV software.

Body composition
We used a body composition analyzer (model BC-418 
MA; Tanita, UK) to assess the body composition of all 
the participants. Body composition components, includ-
ing body fat mass (FM), body fat percentage, visceral fat 
mass, truncal fat mass, legs, and arms fat mass, BMI, and 
fat mass index (FMI) by assay using bioelectric imped-
ance analysis(BIA) [39].

Anthropometric measures
Anthropometric parameters such as height, WC, and hip 
circumference (HC) were measured for participants by 
trained dietitians. Weight was measured using BIA, and 
also height with an accuracy of 0.5  cm by a Seca scale 
without shoes with shoulders in a normal standing posi-
tion, in contact with the wall with their head, shoulders, 
heels, and hips, and their height. WC was measured in 
the narrowest area of the waist while individuals were at 
the end of a normal exhalation by a non-elastic tape with 
the accuracy of 0.5 cm and neck circumference (NC) was 
measured by tape with the accuracy of 1 mm. HC in the 
most prominent part was measured with an accuracy 
of 0.5 cm. To measure the arm circumference in a con-
tracted position, keep the arm in line with the body and 
bend the elbow 90° upwards and wrap the meter around 
its most prominent part by caliper. WHR calculated as 
WC (cm) divided by HC (cm).WHtR is calculated as WC 
(cm) divided by height (cm).

Assessment of physical activity and other covariates
Individuals’ physical activity was appraised using a reli-
able and validated International Physical Activity Ques-
tionnaire (IPAQ) [40]. It includes 7 questions that 
showed physical activity rate (vigorous, moderate, walk-
ing, and inactive), and also this questionnaire completed 
through interview. Each question consisted of two sec-
tors the frequency of repetition of each movement per 
week and duration. From multiplying these two numbers 
for each of the levels of severe, moderate, and walking 
are obtained numerically, which according to the valid 
instructions, we multiply the number as a coefficient for 
the previously obtained number in three levels of severe, 
moderate, and walking. In the end, specific numbers in 
each level are added for each individual, which is the 

equivalent index of metabolic activity (Metabolic Equiv-
alents: MET). Medical history and current use of medi-
cations and supplement history, smoking habits were 
obtained with questionnaires. Information about demo-
graphic characteristics (age, education, occupation, and 
marital status) was completed by the researcher using a 
demographic questionnaire.

Blood sampling
Participants in this study were referred to the Nutrition 
and Biochemistry Laboratory of the school of Nutritional 
and Dietetics at Tehran University of medical sciences 
laboratory. 12  cc of venous blood samples were taken 
who fasted for 10–12 h. Blood samples were collected in 
two tubes (one tube contained EDTA anticoagulant and 
the other tube lacked this substance). Centrifuged for 
15 min at 3000 rpm, and the remaining blood was washed 
three times with 0.9% NaCl solution. After serum separa-
tion, it was kept at − 80 °C for laboratory assessments.

Laboratory measurements and HOMA‑IR assessment
Fasting blood sugar was assayed by glucose oxidase phe-
nol 4-amino antipyrine peroxidase (GOD-PAP) method. 
Serum TG level was measured with triacylglycerol kits 
by using glycerol-3-phosphate oxidase phenol 4-amino 
antipyrine peroxidase (GPO-PAP) method. Total cho-
lesterol (CHOL) levels were assayed by the enzymatic 
endpoint method. Low-density lipoprotein-cholesterol 
(LDL-C) and high-density lipoprotein-cholesterol (HDL-
C) were assayed by direct enzymatic clearance. All evalu-
ations were performed using Pars Azmoon laboratory 
kits (test Pars Inc, Tehran, Iran). Insulin resistance (mIU/
ml) was calculated by the homeostatic model assessment 
(HOMA). HOMA-insulin resistance calculated accord-
ing to the following equation: [fasting plasma glucose 
(mmol/l) × fasting plasma insulin (µIU/l)]/22.5 [41].

Genetic examination
DNA extraction is a sensitive step in determining geno-
type. In this study DNA extraction from blood samples 
by DNA extraction kit with Brand Mini Columns, Type 
G This DNA molecule was investigated as a pattern for 
amplification of single nucleotide polymorphism cod-
ing sequences. The concentration of extracted DNA was 
measured using the NanoDrop (Thermo Scientific Com-
pany, USA). A Survey of rs3807992 CAV-1 polymorphism 
was conducted by PCR–RFLP. To ensure PCR perfor-
mance, electrophoresis of PCR products was performed 
on the agarose gel. Importantly, 10% of the samples were 
directly sequenced for confirmation of the PCR–RFLP 
results. The sequencing process performed using the ABI 
PRISM 3730 automated sequencer (Applied Biosystems, 
Foster City, Calif, USA) [42]. The sequence of primers 
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used is as follows: primers forward: 5-AGT​ATT​GAC​
CTG​ATT​TGC​CATG-3; reverse: 5-GTC​TTC​TGG​AAA​
AAG​CAC​ATA-3. For enzymatic digestion of PCR CAV-
1, we need to add 0.5 µl of Hin 1 II (NIaIII) enzyme, 2 µl 
of G buffer, 7 µl of PCR product, and 5 µl of mineral oil 
(at 37 °C for overnight) and placed the obtained product 
in Bain MarieAs a result to stop the enzymatic action, 
after removing the product from the Bain Marie, it must 
reach a temperature of 65° for 20 min. Pieces containing 
3 genotypes were distinguished: GG, AA, and AG (Addi-
tional file 1).

Statistical analyses
All statistical analysis was performed using the IBM SPSS 
software version 25.0 (SPSS, Chicago, IL, USA) and a p 
value < 0.05 was considered statistically significant. The 
Kolmogorov–Smirnov test was used to determine the 
normal distribution of the variables. A one-way analysis 
of variance (ANOVA) test was used to analyses variables 
among genotypes and types of dietary fats. Chi-square 
test was used to compare qualitative variables between 
groups. Also analysis of covariance (ANCOVA) was used 
to adjust the confounding variables (age, physical activity, 
energy intake, and BMI). For the survey, the interaction 
of genotypes and diet fats in quantitative variables from 
generalized linear models (GLMs) were used. Results 
were presented as Beta (B) and 95% confidence intervals 
(CIs). And the reference group was GG genotype. Bon-
ferroni post hoc analysis was obtained for detecting sig-
nificant mean difference of variables among tertiles.

Result
Study population characteristics
Our study was conducted on 221 obese and overweight 
Iranian women 18–48  years old. The overall prevalence 
of rs3807992 genotypes in participants for AA, AG, and 
GG was 24.6%, 22.3%, and 53.1%, respectively.The mean 
age, weight, BMI, and intake of total dietary fat intake 
were 35.58 ± 9.57 years, 79.62 ± 11.24 kg, 30.76 ± 3.92 kg/
m2, and 97.47 ± 36.87 g, respectively (Table 1).

Association between characteristics of study population 
across genotypes of CAV‑1
Table  1 showed an association between participant 
characteristics and CAV-1 genotypes. Participants were 
divided into 3 groups GG (n = 117), AG (n = 51) and AA 
(n = 53) based on CAV-1 rs 3807992 genotypes. There 
was significant mean difference for age (p = 0.03) and 
economic status (p = 0.03) among genotypes and border-
line significant difference in TG levels (p = 0.06), in the 
crude model. According to Post-Hoc analysis, the mean 
for age was higher in individuals with two risk alleles (A) 
than in individuals without risk alleles, GG genotypes. 

After adjustment for confounders (BMI, age, total energy 
intake and physical activity) there was significant mean 
difference for the weight (p = 0.03) and BMI (p = 0.04), 
borderline significant difference for economic status 
(p = 0.06) and HC (p = 0.06) which post-Hoc analysis 
showed that their means were lower in individuals with 
two (A) risk allele than in individuals with GG genotypes 
(Table 2).

Association between anthropometric measurements, 
body fat distribution, and biochemical parameters 
among tertiles of total fat
There were significant mean difference for age (p = 0.002), 
weight (p = 0.005), BMI (p = 0.01), FM (p = 0.01), percent 
body fat (p = 0.03), FMI (p = 0.01), WC (p = 0.02), HC 
(p = 0.008), WHtR (p = 0.03), visceral fat level (p = 0.02), 
serum HDL-C level (p = 0.03) in the tertiles of total fat 
in the crude model. In post-hoc analysis (Bonferroni), 
we found significant differences for means WC, WHtR, 
visceral fat level, FMI, percent body fat in tertile 2 and 
tertile 3 and also there was significant difference for the 
mean of HC in tertile 1 and 3, serum HDL-C in tertiles 1 
and 2, that their mean in tertile 3 was higher than tertile 
2 and tertile 1 and also there was significant difference for 
mean weight, BMI and body fat mass in between tertiles 

Table 1  Baseline characteristics of participants

All data are presented as mean and SD

BMI body mass index, FM fat mass, FMI fat mass index, WC waist circumference, 
WHR weight to hip ratio, WHtR weight to height ratio, SFA saturated fatty acid, 
TFA trans-fatty acid, PUFA polyunsaturated fatty acid, MUFA monounsaturated 
fatty acid, ALA alpha-linolenic acid, EPA-DHA eicosapentaenoic acid and 
docosahexaenoic acid

Variables Mean SD

Age (year) 35.58 9.57

Weight (kg) 79.62 11.24

BMI (kg/m2) 30.76 3.92

FM (kg) 34.45 8.78

FMI (kg/m) 13.29 3.31

WC (cm) 98.50 9.69

WHR (cm) 1.34 6.12

WHtR (cm) 0.61 0.05

Intake of dietary fat types

Intake of total dietary fat (g) 97.47 36.87

Intake of SFA (g) 28.89 11.67

Intake of TFA (g) 0.00 0.001

Intake of PUFA (g) 20.89 10.30

Intake of MUFA (g) 33.32 13.59

Intake of linoleic acid (g) 18.29 9.73

Intake of ALA (g) 1.20 0.69

Intake of EPA-DHA (g) 0.11 0.14
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3 and 1, tertiles 3 and 2, and their mean was higher in 
tertile 3 (Table 2).

Association between anthropometric measurements, 
body fat distribution, and biochemical parameters 
among tertiles of SFA
In the crude model, there were significant mean differ-
ences for age (p = 0.04), HC (p = 0.01), and borderline 
significant difference for FM (p = 0.06) across tertiles 
of SFA. No significant differences were found for other 
variables. Post-Hoc analysis (Bonferroni) showed that 
the mean HC in tertile 3 was higher than tertile 1. After 
adjusting for potential confounder (age, physical activ-
ity, energy intake and BMI), there were significant mean 
differences in physical activity (p = 0.02). Before adjust-
ing for confounders, no significant difference was found 
between SFA and biochemical parameters (p > 0.05). 
After adjusting for confounder, there were significant 
mean differences for insulin resistance (p = 0.04) across 
tertiles of SFA (Table 3).

Association between anthropometric measurements, body 
fat distribution, and biochemical parameters among tertile 
of TFA
There were significant difference for weight (p = 0.02), 
BMI (p = 0.03), FM (p = 0.01), FMI (p = 0.02), arm cir-
cumference (p = 0.02), WC (p = 0.01), WHtR (p = 0.02), 
visceral fat level (p = 0.01), right arm fat (p = 0.01) and 
its percentage (p = 0.02), left arm fat (p = 0.01) and its 
percentage (p = 0.02), trunk fat (p = 0.03), right leg fat 
(p = 0.007) and and its percentage (p = 0.01), left leg fat 
(p = 0.008) and and its percentage (p = 0.01) across ter-
tiles of TFA in crude model. According to Post-Hoc 
(Bonferroni) analysis, there was significant difference for 
means weight, BMI, body fat mass, arm circumference, 
WHtR, FMI, right arm fat, and its percentage, left arm fat 
and its percentage, trunk fat, right leg fat, and its percent-
age, left leg fat and its percentage in tertile 3 and tertile 2 
and also significant difference for mean visceral fat in ter-
tile 3 and 2 and tertile 3 and 1, and their mean was lower 
in tertile 3. After adjusting for confounder (age, physical 
activity, energy intake and BMI), there was significant dif-
ference for mean height (p = 0.02) which means lower in 
tertile 3 and no significant difference was found between 
TFA and fat distribution pattern indices (p > 0.05). Before 
and after adjusting for confounder, no significant differ-
ence was found between TFA and biochemical param-
eters (p > 0.05) (Table 3).

Association between anthropometric measurements, body 
fat distribution and biochemical parameters among tertile 
of MUFA intake
We found significant difference for weight (p = 0.02), 
BMI (p = 0.003), FM (p = 0.002), body fat percentage 
(p = 0.02), FMI (p = 0.002), arm circumference (p = 0.01), 
WC (p = 0.01), HC (p = 0.01), WHtR (p = 0.007), vis-
ceral fat level (p = 0.02), right arm fat (p = 0.03) and its 
percentage (p = 0.02), left arm fat (p = 0.02) and its per-
centage (p = 0.02), trunk fat (p = 0.02) and its percent-
age (p = 0.02), right leg fat (p = 0.03) and its percentage 
(p = 0.03) and left leg fat (p = 0.03) and its percentage, 
across tertiles of MUFA in the crude model. Post-Hoc 
analysis (Bonferroni) showed that the mean body weight, 
WC, visceral fat level, FMI, fat right arm and its percent-
age, fat left arm and its percentage, trunk fat and its per-
centage, fat right leg and its percentage, and fat left leg 
and its percentage in tertile 3 was higher than tertile 1 
and the mean FM in tertile 3 was higher than tertile 1and 
2. After adjusting for confounder (age, physical activity, 
energy intake and BMI), no significant difference was 
found between MUFA and fat distribution pattern indi-
ces (p > 0.05). Before and after adjusting for confounder, 
no significant diffrence was found between MUFA and 
biochemical parameters (p > 0.05) (Table 3).

Association between anthropometric measurements, body 
fat distribution, and biochemical parameters among tertile 
PUFA intake
In the crude model, there were significant difference 
for BMI (p = 0.02), FM (p = 0.03), FMI (p = 0.03), WC 
(p = 0.007), WHtR (p = 0.006), visceral fat level (p = 0.01) 
and borderline significant difference for fat in the trunk 
fat (p = 0.06) and its percentage (p = 0.06) across tertiles 
of PUFA.Post-Hoc analysis (Bonferroni) showed that the 
mean BMI, FMI, FM, trunk fat, and its percentage in ter-
tile 2 was lower than tertile 3, and the mean visceral fat 
level, WC, and WHtR in tertile 2 was lower than tertile 1 
and 3. After adjusting for confounder (age, physical activ-
ity, energy intake and BMI), no significant difference was 
found between PUFA and fat distribution pattern indices 
(p > 0.05). We found no significant difference between 
PUFA and biochemical parameters, before adjustment 
(p > 0.05). There was borderline significant difference 
for CHOL/HDL (p = 0.05) across tertiles of PUFA, after 
adjustment. Post-Hoc analysis (Bonferroni) showed that 
the mean CHOL/HDL in tertile 3 was higher than tertile 
1 (Table 3).
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Association between anthropometric measurements, body 
fat distribution, and biochemical parameters among tertile 
linoleic acid
There were significant differences for WC (p = 0.01) and 
WHtR (p = 0.02), there were borderline significant dif-
ferences for BMI (p = 0.05), FM (p = 0.05), visceral fat 
level (p = 0.06), across tertiles of linoleic acid in the crude 
model. No significant differences were observed for other 
variables. Post-Hoc analysis (Bonferroni) showed that 
the mean BMI. FM, WC, and WHtR and visceral fat lev-
els in tertile 3 were higher than tertile 2. After adjusting 
for confounder (age, physical activity, energy intake and 
BMI), no significant difference was found between lin-
oleic acid and fat distribution pattern indices (p > 0.05). 
We found no significant difference between linoleic 
acid and biochemical parameters, before adjustment 
(p > 0.05). There was a borderline significant difference 
for CHOL/HDL (p = 0.06) after adjustment post-hoc 
analysis (Bonferroni) showed that the mean CHOL/HDL 
in tertile 3 was higher than tertile 1 (Table 4).

Association between anthropometric measurements, body 
fat distribution, and biochemical parameters with tertile 
ALA
Before and after adjusting confounder variables (age, 
BMI, physical activity and energy intake), no significant 
difference was found between ALA and fat distribution 
pattern indices (p > 0.05).

In the crude model, no significant difference was found 
between ALA acid and biochemical parameters (p > 0.05). 
There was significant difference for CHOL/HDL 
(p = 0.03) across tertiles of ALA, after adjustment. No 
significant differences were observed for other variables. 
Post-Hoc analysis (Bonferroni) showed that the mean 
CHOL/HDL in tertile 3 was lower than tertile 1 (Table 4).

Association between anthropometric measurements, body 
fat distribution and biochemical parameters among tertile 
of EPA and DHA
Before and after adjustment with potential confounder 
variables (age, BMI, physical activity, energy intake), 
there was no significant difference for body fat distribu-
tion pattern indices (p > 0.05).

We found significant difference for TG (p = 0.02), in the 
crude model. Post-Hoc analysis (Bonferroni) showed that 
the mean TG in tertile 3 was lower than tertile 1 and 2. 
No significant differences were observed for other vari-
ables (Table 4).

Interaction between total fat intake with CAV‑1 genotypes 
on fat distribution variables
By use of the generalized linear model test, the inter-
action between rs 3807992 and total fat intake on fat 

distribution variables was examined. In the crude model, 
there was positive borderline significant interaction 
between total fat intake and AG genotype in compari-
son with the reference group (GG) on visceral fat level (β: 
0.17; CI − 0.05, 0.00; p value: 0.05) (Table 5).

After adjusting confounder variables (age, BMI, physi-
cal activity and energy intake), there was positive sig-
nificant interaction between total fat intake and AA 
genotype on visceral fat level (β: 14.78; CI 5.71, 23.78; 
p value: 0.001) and trunk fat (β: 8.53; CI 6.20, − 3.61; p 
value: 0.01), and there was positive borderline signifi-
cant interaction between total fat intake and AA geno-
type on WC (β: 0.00; CI − 0.06, 0.08; p value: 0.05), also 
there were positive significant interaction between total 
fat intake and AG genotype on WHR (β: 0.00; CI − 0.00, 
0.00; p value: 0.02) and positive borderline significant 
interaction on visceral fat level (β: 7.53; CI − 7.20, 21.90; 
p value: 0.05) (Table 5, Fig. 1a–d).

Interaction between SFA and CAV‑1 genotypes on fat 
distribution
In the crude model, there was positive significant interac-
tion between SFA and AA genotype in comparison with 
the reference group (GG) on WC (β: 0.17; CI − 0.02, 0.36; 
p value: 0.04), and there was negative borderline inter-
action between SFA and AG genotype with WHtR (β: 
− 0.00; CI 0.00, 3.00; p value: 0.06).

After adjusting confounder variables (age, BMI, physi-
cal activity and energy intake), there was positive bor-
derline significant interaction between SFA and AA 
genotype the trunk fat (β: 0.03; CI − 0.00, 0.07; p value: 
0.06) (Table 5, Fig. 1e).

Interaction between TFA and CAV‑1 genotypes on fat 
distribution
There was no significant interaction between rs 3807992 
genotypes and trans-fatty acids on the body fat distribu-
tion, in the crude model (p value > 0.05).

After adjusting confounder variables (age, BMI, physi-
cal activity and energy intake), there was positive sig-
nificant interaction between TFA and AG genotype in 
comparison with the reference group (GG) on WHR (β: 
4.84; CI − 0.88, 10.57; p value: 0.04), and visceral fat level 
(β: 168.84; CI − 632.04, 701.72; p value: 0.01). There was 
no significant interaction between rs 3807992 genotypes 
and TFA on other variables (p value > 0.05) (Table  5, 
Fig. 1f, g).

Interaction between MUFA and CAV‑1 genotypes on fat 
distribution
In the crude model, there was a negative borderline inter-
action between MUFA and AG genotype in comparison 
with the reference group (GG) on WHR (β: − 0.08; CI 
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Table 4  Study participant characteristics between tertiles of all type of fats with anthropometric indices, fat distribution and 
biochemical variables

Characteristics linoleic acid (g) p value p value* ALA (g)

T1 (n = 73) T2 (n = 64) T3 (n = 84) T1 (n = 81) T2 (n = 66)

Mean SD Mean SD Mean SD Mean SD Mean SD

Age (year) 37.01 10.62 35.73 8.97 34.22 8.95 0.18 0.40 36.88 9.99 35.59 9.12

Weight (kg) 79.87 11.65 77.07 10.65 81.39 11.09 0.07 0.36 80.01 11.73 78.76 10.18

Height (cm) 161.33 6.58 160.82 5.67 161.52 5.67 0.76 0.24 161.41 6.76 161.51 4.97

physical activity(METh/wk) 885.95 845.60 934.65 1427.46 1108.98 1000.2 0.63 0.69 721.67 735.89 1031.72 1267.96

BMI (kg/m2) 30.84 3.95 29.84 3.59 31.40 b 4.04 0.05 0.59 30.74 3.72 30.37 3.75

FM (kg) 34.41 8.61 32.50 8.29 35.97 b 9.09 0.05 0.80 34.26 8.45 33.42 7.76

body fat (%) 42.30 5.28 41.39 5.32 43.02 5.43 0.19 0.61 42.12 5.12 41.76 5.26

FMI (kg/m) 13.30 3.18 12.58 3.06 13.81 3.54 0.08 0.77 13.21 3.16 12.86 2.91

Arm circumference (cm) 33.91 2.66 33.62 3.27 34.78 3.47 0.33 0.53 33.86 3.09 33.71 2.56

Fat distribution

WC (cm) 99.14 9.49 95.67 9.05 100.10 b 9.96 0.01 0.34 99.03 9.60 97.87 9.37

HC (cm) 103.64 13.60 104.29 6.06 106.91 6.55 0.07 0.39 104.01 13.09 105.12 6.00

NC (cm) 36.60 2.62 36.37 2.48 38.95 3.53 0.29 0.55 36.83 2.32 36.41 2.35

WHR (cm) 2.18 10.65 0.91 0.05 0.93 0.05 0.35 0.33 2.06 10.11 0.92 0.05

WHtR (cm) 0.61 0.05 0.59 0.05 0.62 0.06 0.02 0.78 0.61 0.05 0.60 0.05

Visceral fat level (cm2) 16.13 3.28 15.03 3.46 16.21 b 3.16 0.06 0.75 15.92 3.19 15.66 3.29

Right arm fat (kg) 2.82 1.07 2.61 1.19 3.00 1.27 0.27 0.77 2.67 1.03 2.70 0.99

Right arm fat (%) 295.56 111.22 278.55 118.36 317.63 130.37 0.27 0.75 284.34 110.27 285.12 99.95

Left arm fat (kg) 2.85 1.09 2.64 1.18 3.03 1.27 0.27 0.83 2.70 1.04 2.72 0.97

Left arm fat (%) 298.57 112.94 282.04 118.55 320.57 130.32 0.29 0.78 287.55 111.78 287.03 98.85

Trunk fat (kg) 16.13 3.46 15.30 3.81 16.72 3.69 0.16 0.47 15.67 3.48 15.81 3.23

Trunk fat (%) 303.02 64.51 292.13 67.16 315.78 68.86 0.21 0.82 297.99 66.89 297.84 59.42

Right leg fat (kg) 5.08 1.25 4.88 1.37 5.27 1.34 0.35 0.94 4.89 1.23 5.01 1.19

Right leg fat (%) 209.79 51.05 205.40 56.25 219.47 55.42 0.41 0.79 204.69 52.56 207.54 48.12

Left leg fat (kg) 5.04 1.23 4.85 1.35 5.23 1.32 0.36 0.95 4.85 1.21 4.98 1.18

Left leg fat (%) 208.36 50.43 204.11 55.64 217.91 54.44 0.42 0.79 203.21 52.10 206.40 47.65

Biochemical parameters

FBS (mg/dl) 86.31 8.23 87.70 9.93 86.85 8.93 0.82 0.69 88.70 8.46 86.19 8.30

CHOL (mg/dl) 175.24 32.61 178.52 28.70 174.41 32.92 0.84 0.15 178.23 32.12 175.41 28.48

TG (mg/dl) 110.06 65.02 119.85 63.15 115.29 55.64 0.81 0.69 119.11 67.12 124.93 65.92

HDL-C (mg/dl) 47.24 10.28 47.50 9.33 47.07 8.95 0.98 0.77 47.58 10.64 45.93 7.27

LDL-C (mg/dl) 94.96 21.68 97.20 19.62 97.03 24.73 0.90 0.99 99.02 21.88 97.70 21.98

LDL/HDL 2.07 0.57 2.09 0.48 2.13 0.64 0.92 0.74 2.15 0.57 2.16 0.57

CHOL/HDL 3.81 0.86 3.83 0.71 3.81 a 0.92 0.99 0.06 3.87 0.76 3.72 0.83

Insulin (mIU/ml) 1.20 0.20 1.21 0.21 1.23 0.26 0.69 0.64 1.21 0.20 1.20 0.23

HOMA IR 3.06 1.09 3.10 1.29 2.95 0.94 0.84 0.58 3.26 1.14 2.90 1.17

Characteristics ALA (g) p value p value* EPA and DHA (g) p value p value*

T3 (n = 74) T1 (n = 78) T2 (n = 86) T3 (n = 57)

Mean SD Mean SD Mean SD Mean SD

Age (year) 34.14 9.40 0.20 0.60 36.05 9.53 36.30 10.31 33.85 8.32 0.28 0.94

Weight (kg) 79.97 11.71 0.76 0.99 78.76 10.75 79.56 11.36 80.89 11.79 0.56 0.43

Height (cm) 160.85 5.91 0.75 0.39 160.48 5.50 161.88 6.43 161.37 5.84 0.32 0.99

physical activity(METh/wk) 1197.83 1229.15 0.14 0.09 1016.05 1111.52 824.10 706.16 1157.59 1431.72 0.41 0.44

BMI (kg/m2) 31.14 4.29 0.51 0.60 30.73 3.88 30.46 3.75 31.24 4.22 0.51 0.63
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− 0.17, − 0.01; p value: 0.06). There was no significant 
interaction between rs 3807992 genotypes and MUFA on 
other variables (p value > 0.05).

After adjusting confounder variables (age, BMI, 
physical activity and energy intake), there was positive 

significant interaction between MUFA and AG geno-
type on WHR (β: 0.00; CI − 0.00, 0.00; p value: 0.04). 
There was no significant interaction between rs 
3807992 genotypes and MUFA on other variables(p 
value > 0.05) (Table 5, Fig. 1h).

All data are presented as mean and SD

p value obtained from the ANOVA test

p value * obtained from ANCOVA test adjusted for age, BMI, energy intake, and physicalactivity. P-value < 0.05 were bolded

ALA alpha-linolenic acid, EPA-DHA eicosapentaenoic acid and docosahexaenoic acid, BMI body mass index, FM fat mass, FMI fat mass index, WC waist circumference, 
HC hip circumference, NC neck circumference, WHR weight to hip ratio, WHtR weight to height ratio, FBS fasting blood sugar, CHOL cholesterol, TG triglyceride, HDL-C 
high-density lipoprotein-cholesterol, LDL-C low-density lipoprotein-cholesterol, HOMA IR homeostatic model assessment of insulin resistance
a Significant compared to tertile 1
b Significance compared to tertile 2

Table 4  (continued)

Characteristics ALA (g) p value p value* EPA and DHA (g) p value p value*

T3 (n = 74) T1 (n = 78) T2 (n = 86) T3 (n = 57)

Mean SD Mean SD Mean SD Mean SD

FM (kg) 35.59 9.91 0.33 0.34 34.52 8.26 34.06 9.10 34.95 9.12 0.83 0.95

body fat (%) 43.01 5.72 0.36 0.18 42.79 5.04 41.83 5.56 42.38 5.53 0.51 0.66

FMI (kg/m) 13.75 3.77 0.40 0.22 13.42 3.18 13.05 3.34 13.47 3.48 0.69 0.93

Arm circumference (cm) 34.78 3.68 0.22 0.23 33.86 3.07 34.21 3.39 34.42 3.18 0.74 0.51

Fat distribution

WC (cm) 98.48 10.16 0.77 0.55 98.16 9.61 98.77 10.06 98.55 9.35 0.92 0.40

HC (cm) 106.21 6.85 0.36 0.44 105.29 6.10 105.36 6.59 104.33 15.30 0.79 0.67

NC (cm) 38.87 14.16 0.37 0.39 38.86 16.10 36.92 2.51 36.90 2.22 0.52 0.61

WHR (cm) 0.92 0.06 0.41 0.35 0.93 0.06 0.93 0.05 2.52 12.06 0.24 0.29

WHtR (cm) 0.61 0.06 0.66 0.48 0.61 0.05 0.61 0.05 0.61 0.05 0.98 0.78

Visceral fat level (cm2) 15.91 3.50 0.87 0.25 16.05 3.05 15.62 3.51 15.89 3.40 0.71 0.94

Right arm fat (kg) 3.05 1.43 0.21 0.33 2.74 1.20 2.80 1.22 2.95 1.17 0.72 0.96

Right arm fat (%) 322.01 142.39 0.21 0.28 291.96 117.54 294.62 123.06 312.69 126.42 0.70 0.98

Left arm fat (kg) 3.08 1.43 0.20 0.29 2.76 1.20 2.83 1.22 2.97 1.19 0.72 0.98

Left arm fat (%) 325.91 142.59 0.19 0.25 294.81 116.90 297.64 123.26 316.27 128.08 0.68 0.95

Trunk fat (kg) 16.70 4.13 0.33 0.29 15.70 3.46 16.10 3.91 16.51 3.65 0.62 0.87

Trunk fat (%) 315.54 72.66 0.33 0.18 299.59 56.26 302.46 71.41 219.25 58.90 0.63 0.77

Right leg fat (kg) 5.33 1.48 0.23 0.34 5.09 1.28 4.98 1.34 5.26 1.37 0.59 0.80

Right leg fat (%) 222.51 59.50 0.21 0.24 214.55 49.83 205.92 54.68 219.25 58.90 0.47 0.85

Left leg fat (kg) 5.30 1.45 0.21 0.35 5.07 1.25 4.94 1.32 5.22 1.34 0.57 0.77

Left leg fat (%) 220.93 58.30 0.21 0.23 213.18 48.85 204.49 54.26 217.76 57.80 0.46 0.84

Biochemical parameters

FBS (mg/dl) 86.10 9.99 0.40 0.26 86.80 8.20 87.83 9.54 85.93 9.22 0.67 0.27

CHOL (mg/dl) 174.48 32.25 0.87 0.16 171.74 26.77 179.34 33.61 175.56 32.52 0.58 0.63

TG (mg/dl) 104.38 48.20 0.33 0.58 107.61 59.54 103.27 38.85 140.56 a, b 78.43 0.02 0.47

HDL-C (mg/dl) 48.02 9.78 0.63 0.32 46.61 10.11 49.04 9.74 45.36 7.72 0.23 0.99

LDL-C (mg/dl) 93.41 22.65 0.52 0.88 92.00 19.18 100.83 22.47 95.03 23.98 0.21 0.58

LDL/HDL 2.00 0.56 0.39 0.16 2.06 0.61 2.11 0.57 2.12 0.52 0.91 0.69

CHOL/HDL 3.82 0.83 0.67 0.03 3.83 0.94 3.74 0.82 3.92 0.74 0.64 0.74

Insulin (mIU/ml) 1.22 0.24 0.74 0.90 1.19 0.22 1.24 0.24 1.20 0.21 0.27 0.49

HOMA IR 2.92 0.98 0.34 0.25 2.92 0.96 3.00 1.10 3.19 1.24 0.63 0.74
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(See figure on next page.) 
Fig. 1  Interaction between rs 3807992 genotypes and dietary fats on the mean some of fat distribution variables. a–d With increasing total fat 
intake with two risk alleles (A), 0.11 cm2 vaisceral fat level (p-interaction: 0.86), 0.02 kg trunk fat (p-interaction: 0.76), 0.09 cm WC (p-interaction: 0.19) 
increased and that with increasing total fat intake with one risk alleles (A), 0.17 cm2 viseral fat level (p-interaction: 0.05) increased and 0.004 cm WHR 
decreased (p-interaction: 0.90). e With increasing SFA intake with having two risk alleles (A), 0.05 kg trunk fat increased (p-interaction: 0.23). f, g With 
increasing TFA intake with having one risk alleles (A), 5.12 cm WHR (p-interaction: 0.04) increased and 393.89 cm2 visceral fat level (p-interaction: 0.44) 
increased. h With increasing MUFA intake with having two risk alleles (A), 0.08 cm WHR (p-interaction: 0.28) decreased. i With increasing PUFA intake 
with having two risk alleles (AA), 0.06 cm2 visceral fat level (p-interaction: 0.19) increased. j With increasing linoleic acid intake with having one risk 
alleles (A), − 0.21 cm WHR (p-interaction: 0.03) decreased. k With increasing ALA intake with having one risk alleles (A), − 2.50 cm WHR (p-interaction: 
0.06) decreased

Interaction between PUFA and CAV‑1 genotypes on fat 
distribution
In the crude model, there was negative significant inter-
action between PUFA and AG genotype in comparison 
with the reference group (GG) on WHR (β: − 0.14; CI 
− 0.26, 0.01; p value: 0.02) and positive significant interac-
tion between PUFA and AA genotype on WHtR (β: 0.00; 
CI − 0.00, 0.00; p value: 0.01) and between PUFA and AG 
genotype on FM (β: 0.03; CI − 0.26, 0.19; p value: 0.04).

After adjusting confounder variables (age, BMI, physical 
activity and energy intake), there was a positive borderline 
interaction between PUFA and AA genotypes on visceral fat 
level (β: 0.06; CI − 0.00, 0.13; p value: 0.06) (Table 5, Fig. 1i).

Interaction between EPA‑DHA and CAV‑1 genotypes on fat 
distribution
Before and after adjusting confounder variables (age, 
BMI, physical activity, energy intake), there was no signif-
icant interaction between EPA and DHA and rs 3807992 
genotypes on the body fat distribution indicators (p 
value > 0.05) (Table 5).

Interaction between linoleic acid and CAV‑1 genotypes 
on fat distribution
In the crude model, there were negative significant inter-
action between linoleic acid and AG genotype in com-
pare with the reference group (GG) on FM (β: − 0.29; CI 
− 0.57, − 0.00; p value: 0.04), WHR (β: − 0.21; CI − 0.42, 
− 0.01; p value: 0.03) and WHtR (β: − 0.002; CI − 0.00, 
0.00; p value: 0.01) and borderline interaction between 
linoleic acid and AG genotype on WC (β: − 0.31; CI 
− 0.63, 0.01; p value: 0.05).

After adjusting for age, energy intake, physical activ-
ity and BMI, there was negative significant interaction 
between AG genotypes and linoleic acid on WHR (β: 
− 0.00; CI − 0.00, 0.00; p value: 0.04) (Table 4, Fig. 1j).

Interaction between ALA and CAV‑1 genotypes on fat 
distribution
In the crude model, there was negative borderline sig-
nificant interaction between ALA and AG genotype in 

comparison with the reference group (GG) on WHR (β: 
− 2.50; CI − 5.35, 0.34; p value: 0.06) and negative signifi-
cant interaction on WHtR (β: − 0.03; CI − 0.05, − 0.00; p 
value: 0.03).

After adjusting confounder variables(age, BMI, physical 
activity and energy intake), there was negative border-
line significant interaction between ALA and AG geno-
type on WHR (β: − 0.04; CI − 0.08, 0.00; p value: 0.06), 
so that with increasing ALA intake with having one risk 
alleles(A), 0.04 cm WHR decreased (Table 5, Fig. 1k).

Discussion
This study investigated for the first time the simultaneous 
interaction of SNP rs 3807992 of the CAV-1 genotypes 
and types of dietary fats intake in Iranian obese and over-
weight women.

There were an interaction between SFA and AA geno-
type with trunk fat, and between total fat intake and 
CAV-1 genotype with visceral fat level, and between total 
fat intake and AA genotype with trunk fat and WC, and 
between total fat, MUFA, linoleic acid and ALA with AG 
genotype on WHR, and between SFA and AA genotype 
with trunk fat, and between PUFA and AA genotype with 
visceral fat level, and also between TFA and AG genotype 
with WHR and visceral fat level.

Studies have shown the quality and quantity of fat 
were related to changes in weight [43]. The results of 
our study did not show a relationship between dietary 
fat and body weight and were consistent with Field and 
Melanson studies, so that only a weak relationship was 
seen between total fat intake and body weight, and also 
there is not sufficient evidence regarding the impact of 
MUFA on the body weight [44, 45]. Other studies have 
found the opposite relationship between body weight 
with total dietary fat and its subtypes so that prospective 
cohort studies have shown a positive relation between 
TFA intake with weight changes, and also in a study 
that examined the relationship between SFA and MUFA 
on the body composition, have shown that significantly 
higher weight after the SFA than the MUFA-rich diet [45, 
46]. A meta-analysis about the effect of reducing total 
fat intake on weight reported that lower energy intake in 
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Fig. 1  (See Legend on next page.)
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Fig. 1  continued

the low-fat group than in the control or usual fat groups 
suggested that a greater degree of energy reduction in 
the low-fat group was related to greater weight loss and 
weight reduction may be due to reduced energy intake in 
those on low-fat diets, rather than a specific effect of the 
macronutrient composition of the diet [47].

Our finding showed no relation between dietary fat 
and its subtypes with BMI and it is in agreement with Hu 
et al. so that there was no difference in BMI across ter-
tiles of MUFA intake at baseline in the study [48]. Other 
studies have found the opposite relationship between 

BMI with total dietary fat and its subtypes so that the 
changes in percent dietary energy in the form of fat were 
positively related to changes in BMI [43]. There was a 
modest relation between a higher level of percentage 
of calories from fat and the long-term increase in BMI 
between overweight women with at least one overweight 
parent [45].

Also, our results in this study revealed no relationship 
between dietary fat and its subtypes with HC and this is 
not in consistent with Lofley’s study so that there was a 
significantly relation between decrease change in HC 
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and total carbohydrates, total fat, and vegetable fat intake 
[49].

This study indicated no relation between dietary fat 
and its subtypes with WC and it is in consistent with pre-
vious studies, including the Halkjær and Riserus study, 
so that animal fat and conjugated linoleic acid(CLA) had 
no effect on WC and the effect of CLA on WC not sig-
nificantly different than the control group [50, 51]. This 
result is not in line with most previous studies and there 
was a relation between the increase in fat intake and 
vegetable fat and TFA with WC gain or an inverse rela-
tion between PUFA with WC, through changes in rate 

of oxidation and thermogenesis [51–53]. Hannon et  al. 
showed that there was significant relation between WC 
and decrease in the SFA situation but yet conclusions 
cannot be made from these findings [54].

Our results indicated no relation between dietary fat 
and its subtypes with FM and it is in no agreement with 
previous studies so that in Kahleova et al. study showed 
there was a relation between reduced intake of SFA, TFA, 
or total fat with reduced FM [43]. A meta-analysis study 
has shown which there is significant relationship between 
high MUFA diets and decreases FM [55]. Results of 
studies have shown which there was a relation between 

Fig. 1  continued
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changes in percent energy in the form of fat with percent 
of body fat remained significant even after adjustment for 
changes in BMI and changes in energy intake [43, 55].

Our study revealed no relation between dietary fats 
with visceral fat level and it is in consistent with Sum-
mers et  al. study, so that in this clinical trial study in 

Fig. 1  continued
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which individuals followed SFA and PUFA diets, total 
abdominal and visceral fat area were not affected by 
dietary change [56]. This result is not in agreement with 
most previous studies so that an intervention study in 

non-human primates indicates that high intake of TFA 
and without increasing total caloric intake caused visceral 
fat deposition and accumulation of fat in body, through 
increasing weight [57]. A systematic review study has 

Fig. 1  continued
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shown abdominal fat decrease following consumption of 
high amounts of oleic acid-containing meal [58].

Our results found no correlation between dietary fat 
and its subtypes with trunk fat and leg or arm fat that it 
is in no agreement with Piers et  al. study, so this study 
examined the relationship between SFA and MUFA on 
the body composition, the results showed trunk fat mass 
and limb fat mass were significantly greater after the 
SFA-rich diet [46].

That seems types of fat have different mechani-
cal effects so that SFA intake, particularly compared 
to MUFA can reduce total lipid oxidation and energy 
expenditure [46, 59].

Our study showed that there was significant associa-
tion between PUFA, linoleic acid, and ALA with CHOL/
HDL and also significant association between SFA and 
insulin resistance that it is in agreement with most stud-
ies, including Park, Danielle, and Mozaffarian study 
so that showed there was a positive relation between 
PUFA and HDL-C and increased dietary omega 3 PUFA 
showed decreasing CHOL/HDL and also each 1% energy 
replacement of TFA with PUFA decreased CHOL/HDL 
by 0.67 [60–62]. A meta-analysis study showed that 
increasing the intake of PUFA instead of SFAs, in the 
long run, improves insulin resistance and MUFA intake, 
compared with SFA improves insulin sensitivity [63, 64]. 
Unsaturated fats change serum CHOL levels by mecha-
nisms so that PUFA directly changes protein expression 
by upregulating mRNA levels and the number of cellular 
LDL receptors gains also reducing de novo lipogenesis 
and very-low-density lipoprotein secretion through fatty 
acid synthase suppression [65, 66].

There have been no studies on the relation of the rs 
3807992 CAV-1 gene on fat distribution, so we dis-
cuss related studies on the Cavolin gene and its poly-
morphisms. This study indicated a relation between rs 
3807992 CAV-1 gene with weight, BMI and HC that it is 
in agreement with Catalán et al. study so that there was a 
positive relation between CAV-1 expression levels in Vis-
ceral adipose tissue and subcutaneous adipose with BMI 
[22]. Also, the results of the Abaj et al. study showed that 
participants with minor allele carriers had higher BMI, 
FMI and visceral fat levels [67]. This result is not in agree-
ment with Mora-García et al. study so that there was no 
association between rs 926,198 and BMI [31].

Our results in this study showed an interaction 
between total fat intake and AA genotype with WC 
and also between total fat and AG genotype with 
WHR. There was an interaction between MUFA and 
AG genotype with WHR. There was an interaction 
between linoleic acid and ALA and AG genotype with 
WHR. No study has been performed on the interac-
tion of rs 3807992 CAV-1 and dietary fats with fat dis-
tribution. The results of the Yang et  al. study showed 
that the high-fat diet was involved in the regulation 
of CAV-1 [68]. The results of a study by Abaj et  al. 
Showed that the A allele carriers were more odds of 
metabolic syndrome and its components (including 
abdominal obesity or high blood pressure) in indi-
viduals, and also, there was significant interaction 
between CAV 1 rs3807992 and SFA or PUFA on meta-
bolic syndrome and its components [69]. The results of 
the Chung et  al. study showed that the mean body in 
group fed a normal diet was lower than in group fed a 

Fig. 1  continued
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high-fat diet, albeit in rats [70]. The study Mora-García 
et  al. showed shown there was significant association 
between rs 926,198 and WHR but there was no associa-
tion between rs 926198 and WC and WHtR [31]. The 
recessive allele of the rs3807998 variant increases the 
expression of the CAV-1 gene, and increased expression 
of the CAV-1 gene reduces the proliferation of endothe-
lial cells and reduces the production of nitric oxide, and 
thus can increase the risk of metabolic syndrome disor-
ders, and the expression of this recessive allele is higher 
in fat cells of obese people [71]. A cross sectional study 
showed that in people with recessive alleles, high intake 
of SFA or TFA increased the expression of the CAV-1 
gene [72].

Genetic differences, sample size, different confound-
ing variables and even study design are some of the 
factors that can make the results of this study different 
from some articles.

Findings and results of this study can indicate oppor-
tunities for further studies in the future. Prospective 
and interventional studies in different populations and 
ethnicities should be performed to elucidate the effects 
of CAV-1 and dietary fats onfat distribution and body 
composition. These findings need to be expanded to 
substantiate the results of this study clinically.

There are several strengths to this study. First, for the 
first time, it examines the interaction between dietary 
fats and genes and the pattern of body fat distribution. 
Second, used trained individuals to collect data and 
reduce bias. Third, the relationship between the sub-
types of fat and body fat distribution was investigated. 
It also has several limitations, First of all, fill the FFQ 
questionnaire depends on the memory. Second, we 
could not evaluate the causal relation between dietary 
fats and rs 3807992 CAV-1 with fat distribution due to 
the cross-sectional design. Third, this study was per-
formed only on women therefore no generalisability. 
Fourth, medium sample size, and due to the low sam-
ple size and various confounding variables that could 
not be controlled by inclusion criteria, the confounding 
variables were adjusted in the statistical analyzes and 
some of these significant association were lost. But in 
fact, we will have the residual confounding effect on the 
results.

Conclusion
The present study showed for the first time that the 
CAV-1 rs 3807992 polymorphism and dietary fats is an 
important factor in improving the body composition of 
obese and overweight women. large studies in different 
populations should be conducted to elucidate the effect 
of CAV-1 and dietary fat on fat distribution pattern.
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