
Original Article

Association Between Genetic Variants in
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Population
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Abstract
The aim of this study was to determine whether genetic variants in FADS1/FADS2 and ELOVL2 are associated with overweight–
obesity and body mass index (BMI) and to assess the association between these genetic variants and lipid profile and fatty acid
levels. A total of 259 overweight–obese patients were compared to 369 healthy controls. FADS1, FADS2, and ELOVL2 genes were
associated with BMI and overweight–obesity (P � .001). In an additive model, the C allele in each of these variants was associated
with a lower BMI: �1.18, �0.90, and �1.23 units, respectively. Higher amounts of total cholesterol, low-density lipoprotein
cholesterol, total saturated fatty acids (lauric [12:0], myristic [C14:0], palmitic [C16:0], stearic [C18:0], arachidic [20:0], lignoceric
[24:0]), monounsaturated fatty acids (myristoleic [C14:1], erucic [C22:1 n-9]), and polyunsaturated fatty acids (a-linolenic [ALA,
18:3 n-3], docosahexaenoic [DHA, C22:6 n-3], eicosapentaenoic acid [EPA, C20:5n-3], arachidonic acid [AA, 20:4n-6], and
conjugated linolenic acids [CLA1 and CLA2]) were shown in patients. A significant increase in D6D activities presented by
20:4n-6/18:2n-6 and 18:3n-6/18:2n-6, D9 desaturase (D9D) activity, estimated by the ratio 18:1n-9/18:0 and elongase activities
(AE), and estimated by the ratio of docosatetraenoic/AA and DPA/EPA in patients. The C minor allele of FADS1 had significantly
lower DHA. A significant decrease in stearic acid, EPA, and AE activity (docosatetraenoic/AA) was revealed in patients with the
minor allele carriers of FADS2. The C minor allele of ELOVL2 had significantly lower ALA, EPA, DPA, and D6D activity (C20:4 n-
6/C18:2n-6). These data suggest that variations in FADS1, FADS2, and ELOVL2 affect the risk of overweight–obesity and the level
of circulating fatty acids and could point to a key molecular pathway of metabolic syndrome and its related comorbidities.
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Introduction

Obesity is a chronic metabolic disease defined as abnormal fat

accumulation.1 It has been considered the 21st-century epi-

demic in both developed and developing countries.2,3 Its pre-

valence is rapidly increasing to alarming rates. The worldwide

prevalence of overweight–obesity had nearly tripled between

1975 and 2014.4 By 2030, 38% of the world’s adult population

could be overweight and 20% obese.5 As a serious and complex

condition, obesity has multifactorial origin stemming from

environmental factors and genetic background.6 The funda-

mental cause of overweight and obesity is an energy imbalance

between energy intake (an increase in energy intake that is high

in fat) and energy expended because of a lack of regular phys-

ical activity due to an inappropriate lifestyle characterized by

changing modes of transportation, increasing urbanization, and
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a rapidly changing modern sedentary environment (nature of

many forms of work).6 Moreover, genetic factors also play a

relevant role in obesity which heritability has been estimated to

be around 40% to 70%.6,7 To date, the characterization of genes

that increase the susceptibility to develop overweight and obe-

sity has become a priority question for health, allowing the

identification of persons who are at risk and may lead to new

strategies and approaches for prevention and/or treatment to

curb rising obesity rates. Recent genome-wide association

studies have discovered several loci associated with obesity-

related traits.8 Most of these studies have been performed in

European, Asian, or African American populations.8,9 How-

ever, information about the genetic background of obesity in

North-African populations is scanty.

It is widely recognized that polyunsaturated fatty acids

(PUFAs) have a major impact on human health.10 Epidemio-

logical studies have demonstrated that PUFAs are associated

with numerous clinical outcomes, including obesity,11,12

cardiovascular complications, and metabolic syndrome.13-15

Candidate gene studies have focused on the contribution of

genetic variants in fatty acid desaturases 1 (FADS1) and

FADS2 to circulating and cellular levels of PUFAs.16-18 The

FADS1 and FADS2 genes, localized on the human chromo-

some 11 (11q12-q13.1),19 encoded delata-5-desaturase (D5D

or D5) and delta-6-desaturase (D6D or D6), respectively, ser-

ving as key enzymes in PUFA metabolism.10 In fact, ELOVL2

is located on the human chromosome 6 (6q24.2) and known as

another essential enzyme in the homeostasis of long-chain fatty

acids.20 The FADS1, FADS2, and ELOVL2 genes are essential

in the homeostasis of PUFA21 and have been associated with

lipid profile.10 Our main aim was to determine the association

between genetic variants in FADS1, FADS2, and ELOVL2 and

obesity and body mass index (BMI) in a Tunisian population.

We also assessed the association between these genetic variants

and lipid profile and fatty acid profile in this population.

Patients and Methods

Design and Patients

An age- and sex-matched case–control study was designed,

with 259 obese patients and 369 nonobese patients. Cases were

individuals with overweight or obesity recruited from the

Department of Endocrinology from Fattouma Bourguiba

University Hospital (Monastir, Tunisia). All these patients

were prospectively invited to participate in this study. Controls

were normoweight individuals and were also prospectively

selected and invited to participate among those attending a

routine checkup as part of annual physical examination. Con-

trols were living in the same geographic area as cases. Inclu-

sion criteria were male and female patients, being Tunisian

national, above 18 years old, with a BMI �30 kg/m2 for obese

patients and <25 kg/m2 for control individuals, able to give

consent, no use of any medication affecting body weight,

lipid/fatty acid profiles, and energy expenditure, and patients

who had essential hypertension and were treated with selective

antihypertensive medication (diuretics, beta blockers, and cal-

cium channel blockers) for about 3 years or more than that in

monotherapy or combination therapy, with fasting plasma glu-

cose�7.0 mmol/L and no treatment used for diabetes (diet and/

or oral antidiabetic drugs [biguanidine and/or sulfamide or

metformin] and/or insulin to achieve glycemic control) in

patients and controls. The exclusion criteria were pregnancy,

patients undergoing dialysis or with hematological, hepatic, or

thyroid diseases, malignancy, or other liver diseases, including

chronic viral hepatitis, autoimmune hepatitis, primary biliary

cirrhosis, and drug-induced liver disease.

The study was approved by the local ethics committee, and all

the participants gave informed consent before their enrollment.

An interview was conducted with each participant to collect infor-

mation about age, family history of previous cardiovascular dis-

eases, cigarette smoking, and medications. Moreover, a trained

nurse measured blood pressure following a standardized protocol.

The presence of cardiovascular risk factors was defined based on

standardized criteria. Diabetes was diagnosed according to the

World Health Organization criteria. Hypertension was defined

as a systolic blood pressure �140 mm Hg or diastolic �90 mm

Hg or use of antihypertensive drugs. Dyslipidemia was defined

according to the new European Guidelines by low-density lipo-

protein (LDL) level >3.1 mmol/L.22

Genotyping

Genomic DNA was extracted from blood samples using a salt-

ing out procedure.23 Allelic discrimination between variants

was performed by standard polymerase chain reaction (PCR)

followed by restriction fragment length polymorphism analy-

sis. rs174556 at FADS1, rs174617 at FADS2, and rs3756963 at

ELOVL2 were selected as genetic markers. They were all

intronic with a C/T base change. One hundred nanograms of

DNA were used for polymorphism analysis by PCR. The

reverse primer was used in combination with forward primer

(http://www.ncbi.nlm.nih.gov/SNP/): at rs174556 of F50AA

GCAGGGACCTCAAGAC30; R50AGCCCACCAAGAAT

GTAA30; at rs174617 of F50GAACTGTCAGAGGCAACG30;
R50CTGGGCAATAAAGCAAGA30; and that at rs3756963 at

F50CCTTTGTGCGAGAACCT30; R50ATCCCAAGCGACA

GACCC30.
Reaction conditions were as follows: predenaturation at

94�C for 5 minutes, 35 cycles of 95�C for 40 seconds, 57�C
to 60�C for 1 minute, and an elongation step at 72�C for 1

minute. A final step of extension at 72�C for 10 minutes hap-

pened. PCR product of 5 mL was analyzed by 2% agarose gel

electrophoresis. Then, an endonuclease digestion took place.

Restriction enzymes MboI, MspI, and HhaI were used for

digestion. The different genotypes (TT, CT, and CC) were

determined after electrophoresis on 3% agarose gel.

Anthropometric Variables

Weight (kg), height (cm), and waist circumference (WC, cm)

were determined according to a standard protocol in the
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Nutrition Center by trained nurses. Body mass index was cal-

culated: weight (kg)/height (m2). According to BMI, 3 groups

were defined: normoweight (BMI ¼ 18.5-24.9 kg/m2),

overweight (BMI ¼ 25.0-29.9 kg/m2), and obesity (BMI �
30 kg/m2; National Heart, Lung, and Blood Institute in coop-

eration with the National Institute of Diabetes and Digestive

and Kidney Diseases, 1998).

Biochemical Measurements

Venous blood samples were drawn into tubes containing EDTA,

from each patient after at least 12 hours (overnight) fasting, for

genomic DNA extraction and biochemical analysis. The tubes

were immediately placed on ice until they arrived at the labora-

tory. Then plasma and red blood cells were separated by centri-

fugation. All samples were stored at �80�C until analysis.

Biochemical measurements were carried out according to

validated methods. Plasma glucose concentration was evalu-

ated using an enzymatic assay (glucose oxidase; Randox,

Antrim, United Kingdom), total cholesterol, and triglycerides

by enzymatic methods using Randox reagents, and LDL and

high-density lipoprotein cholesterol (HDL-C) were determined

as described by Smaoui et al.24

Fatty Acid Extraction and Determination

Fatty acids were analyzed using gas chromatography (GC;

Hewlett Packard, Palo Alto, California) equipped with a flame

ionization detector, on a 30 m� 0.25 mm internal diameter and

0.25 mm polar fused silica capillary column [HP-INNOWax, is

a polyethylene glycol (PEG) stationary phase that features high

polarity and high upper temperature limits]. Total fat from

plasma was extracted, according to the method of Folch et al.25

Briefly, lipid extraction was performed with chloroform–

methanol (2:1, vol/vol) mixture, containing 0.01% butylated

hydroxytoluene (as the antioxidant). The fatty acid C17:0 was

added to the samples as an internal standard. The chloroform

phase containing lipids was collected and subjected to methy-

lation (total lipids were converted into methyl esters) using

14% methanol–boron trifluoride (BF3) at 50�C for 30 minutes.

One microliter of each sample was injected into the GC system.

The oven temperature was programmed to increase from 180�C
to 250�C at a rate of 10�C/min, and the injector and detector

temperatures were 220�C and 280�C, respectively. Fatty acid

methyl esters were identified by comparison with fatty acid

standard, and area and its percentage for each resolved peak

were analyzed using an HP Chemstation integrator.

Desaturase and elongase activities (AEs) were calculated

using relevant fatty acid product–precursor ratios as described

previously.10 The D6 desaturase (D6D) activities were estimated

by dividing the percentage composition of C18:3n-6/C18:2n-6

and C20:4n-6/C18:2n-6, and the D5D activity was estimated by

dividing the percentage composition of C20:4n-6/C20:3 n-6.

The D9D activity was estimated by dividing the percentage

composition of C18:1 n-9/C18:0. The ratios C22:4n-6/

C20:4n-6 and C22:5n-3/ C20:5n-3 for elongase were used.

Statistical Analysis

Continuous variables are presented as mean (standard devia-

tion) and categorical as frequency (percentage). We used anal-

ysis of variance and chi-square to compare distribution of

continuous and categorical variables between groups, respec-

tively. Those variables associated with the genetic variants of

interest and with BMI or overweight–obesity were considered

as potential confounders. We used multivariate logistic regres-

sion analysis and multivariate linear regression analysis to

evaluate the association between genetic variants and over-

weight–obesity and BMI, respectively. These multivariate

models were adjusted for all the confounder variables. A multi-

locus genetic risk score (GRS) was computed for each individ-

ual as the sum of the number of risk alleles across the variants

that were associated with overweight–obesity or BMI. The

statistical analyses were carried out using SPSS 22.0 (SPSS,

Chicago, Illinois).

Results

The characteristics of the participants in this study are shown in

Table 1. There was no significant difference in either the age or

the gender distribution between the 2 groups included. Hyper-

tension and dyslipidemia were significantly higher in over-

weight–obese patients compared to controls. Smoking,

diabetes, and triglycerides level were similar in the 2 groups.

Higher BMI, WC, total cholesterol, LDL-C, and fasting glu-

cose were also shown in overweight–obese patients group. A

significantly high level of HDL-C was found in the control

group than patients.

Genotype frequencies of FADS1, FADS2, and ELOVL2

polymorphisms are shown in Table 2. The genotype distribu-

tions of FADS1, FADS2, and ELOVL2 polymorphisms were in

Table 1. Demographic and Biochemical Characteristics of the Parti-
cipants in the Study Stratified by the Presence of Overweight–Obesity.

Cases (n ¼ 259)
Controls
(n ¼ 369)

P
Value

Age, years 48.85 + 14.70 48.08 + 14.11 .506
Sex, M/F 154/105 202/167 .240
Smoking, n (%) 174 (67.2) 231 (62.6) .238
Hypertension, n (%) 139 (53.7) 152 (41.2) .002
Dyslipidemia, n (%) 155 (59.8) 49 (13.3) <.001
Diabetes, n (%) 108 (41.7) 132 (35.8) .132
Fasting glucose, mmol/L 6.01 + 1.31 6.37 + 2.62 .043
Triglycerides, mmol/L 1.49 + 0.83 1.40 + 0.67 .154
Total cholesterol, mmol/L 5.43 + 1.77 4.66 + 1.28 <.001
HDL-C, mmol/ L 1.23 + 0.54 1.40 + 0.53 <.001
LDL-C, mmol/ L 3.04 + 1.38 2.65 + 0.91 <.001
BMI, kg/m2 30.72 + 3.78 21.71 + 2.22 <.001
Waist circumference, cm 117.83 + 12.95 98.22 + 11.04 <.001
Normal weight, n (%) - 369
Overweight, n (%) 103 (39.77) -
Obesity, n (%) 156 (60.23) -

Abbreviations: BMI, body mass index; F, female; HDL-C, high-density lipopro-
tein cholesterol; LDL-C, low-density lipoprotein cholesterol; M, male.
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agreement with Hardy-Weinberg equilibrium. The frequencies

of the FADS1, FADS2, and ELOVL2 genotypes were signifi-

cantly different between the 259 patients and the 369 controls

included in the analyses, respectively (FADS1, P ¼ .001;

FADS2, P ¼ .014; and ELOVL2, P < .001; Table 2).

The univariate and multivariate effect size on BMI per each

C allele is carried by an individual across genetic variants and

in the multilocus GRS. The results of the univariate and multi-

variate logistic regression analyses are shown in Table 3. The

presence of the C allele was also associated with lower odds of

being overweight–obese. In an additive model, the C allele in

each of these variants was associated with a lower BMI:�1.18,

�0.90, and �1.23 units, respectively.

The characteristics of the participants with regard to the

FADS1, FADS2, and ELOVL2 genotypes are summarized in

Table 4. The results showed that the triglycerides and total

cholesterol were significantly lower in overweight–obese

patients with the minor allele of FADS1. Lower triglycerides,

total cholesterol, and LDL-C were related to C minor allele of

FADS2 in overweight–obese patients. Smoking, hypertension,

dyslipidemia, and diabetes were significantly different between

Table 2. The Distribution of the FADS1, FADS2, and ELOVL2 Poly-
morphisms in Cases and Controls.

Cases (n ¼ 259)
Controls
(n ¼ 369) P Value

FADS1 polymorphism
TT, n (%) 101 (38.99) 89 (24.12) <.001
CT, n (%) 110 (42.47) 172 46.61)
CC, n (%) 48 (18.53) 108 (29.27)

FADS2 polymorphism .014
TT, n (%) 78 (30.11) 86 (23.31)
CT, n (%) 125 (48.26) 164 (44.44)
CC, n (%) 56 (21.62) 119 (32.25)

ELOVL2 polymorphism
TT, n (%) 81 (31.27) 58 (15.72) <.001
CT, n (%) 117 (45.17) 158 (42.82)
CC, n (%) 61 (23.55) 153 (41.46)

Table 3. Univariate and Multivariate Linear Regression Analysis
Between the Analyzed Genotypes and BMI and Between the Summary
Genetic Risk Score (GRS) and BMI.a

b SE P Value

FADS1 (C allele) Univariate �1.24 0.28 <.001
Multivariate �1.18 0.28 <.001

FADS2 (C allele) Univariate �1.06 0.29 <.001
Multivariate �0.90 0.28 .001

ELOVL2 (C allele) Univariate �1.40 0.28 <.001
Multivariate �1.23 0.28 <.001

GRS (C allele) Univariate �1.34 0.17 <.001
Multivariate �1.19 0.16 <.001

Abbreviations: BMI, body mass index; SE, Error standard.
aMultivariate analysis adjusted for age, sex, fasting glucose, diabetes, hyperten-
sion, dyslipidemia, total cholesterol, triglycerides, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol.
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ELOVL2 genotypes in overweight–obese patients. The C

minor allele of ELOVL2 was related to lower BMI, fasting

glucose, triglycerides, total cholesterol, and LDL-C in over-

weight–obese patients.

To establish a fatty acid profile, analyses by gas chroma-

tography were conducted on the plasma of overweight–

obese patients and controls. The fatty acid profile is shown

in Table 5.

The overweight–obese patients showed higher amounts of

total saturated fatty acids (SFAs), lauric acid (12:0), myristic

acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0), ara-

chidic acid (20:0), lignoceric (24:0) monounsaturated fatty

acids (MUFAs), myristoleic (C14:1), and erucic (C22:1 n-9)

than the controls group (P < .001).

For the n-3 polyunsaturated fatty acids (n-3 PUFAs), a sig-

nificant increase in ALA (18:3 n-3), docosahexaenoic acid

(DHA, C22:6 n-3), and eicosapentaenoic acid (EPA, C20:5

n-3) was observed in patients compared to controls.

For the n-6 PUFAs, a significant increase in the levels of

arachidonic acid (AA; 20:4 n-6) and conjugated linolenic acids

(CLA1; C18:2 cis 9, trans 11 and CLA 2, C18:2 trans 10, cis

12) was found in patients compared to the controls.

As a consequence, a significant increase in D6D activities,

presented by 20:4n-6/ 18:2n-6 and 18:3n-6/18:2n-6, was

observed in the patients compared to controls (P ¼ .027 and

P < .001). The D9D activity, estimated by the ratio 18:1n-9/

18:0, was significantly higher in the group of patients than

controls (P < .001). Significant increase in AE, estimated by

the ratio docosatetraenoic/AA and DPA/EPA, was found in

patients compared to the controls group (P < .001).

Fatty acid profile of the patients’ group with regard to the

FADS1, FADS2, and ELOVL2 genotypes is summarized in

Table 6. The overweight–obese patients with the minor allele

carriers of rs174556 FADS1 had significantly lower DHA. A

significant decrease in stearic acid, EPA, and AE activity (doc-

osatetraenoic/AA) was revealed in patients with the minor

allele carriers of rs2236212 FADS2. Patients with minor allele

carriers of rs3756963 ELOVL2 had significantly lower ALA,

EPA, DPA, and D6D activity (C20:4 n-6/C18:2n-6).

Discussion

We report an association between rs174556, rs174617, and

rs3756963 of the FADS1, FADS2, and ELOVL2 genes and

obesity. The presence of the C allele was also associated with

lower odds of being overweight–obese. Despite a lack of stud-

ies analyzing the association between obesity risk and FADS1,

FADS2, and ELOVL2 polymorphisms, some studies have

found that minor alleles of FADS confer a higher risk of obesity

related to increased triglyceride levels and decreased HDL-C

concentrations.26,27 Our results showed that the minor allele of

FADS1 related to decreased triglycerides and total cholesterol.

Lower triglycerides, total cholesterol, and LDL-C levels were

associated with the C minor allele of FADS2. Lower BMI,

fasting glucose, triglycerides, total cholesterol, and LDL-C

were related to the minor allele of ELOVL2. Several

genome-wide association studies have reported a consistent

association between FADS1 and FADS2 loci and serum lipid

traits in European,28 East Asian,9 Afro-American,8 and Hispa-

nic populations.29

We analyzed the fatty acids involved in enzymatic reactions

encoded by the FADS and ELOVL genes (substrates, products,

or indexes [product/substrates]). In our study, the amount of

total SFAs in plasma was significantly higher in the over-

weight–obese patients; these SFAs include lauric acid (12:0),

myristic acid (C14:0), palmitic acid (C16:0), stearic acid

(C18:0), arachidic acid (20:0), and lignoceric (24:0), which are

related to the incidence of obesity.30 Additionally, total SFAs

may increase cardiovascular disease risk by increasing levels of

LDL-C and total cholesterol.30 Indeed, the overweight–obese

group of our study showed higher total cholesterol and LDL-C.

Similarly, the level of total MUFAs, myristoleic (C14:1) and

erucic (C22:1 n-9) acids, increased in the overweight–obese

patients. Our study showed only slight differences in the levels

Table 5. Fatty Acids Profile in Total Population.

Fatty Acids Cases (n ¼ 259)
Controls
(n ¼ 369) P Value

Lauric C12:0 6.70 + 11.50 3.26 + 3.15 <.001
Myristic C14:0 7.88 + 7.94 0.95 + 2.60 <.001
Palmitic C16:0 9.10 + 3.54 2.58 + 4.64 <.001
Stearic C18:0 6.04 + 2.80 1.72 + 0.92 <.001
Arachidic C20:0 1.10 + 1.18 0.55 + 0.78 <.001
Behenic C22:0 1.29 + 0.40 1.36 + 0.44 .059
Lignoceric C24:0 3.76 + 1.99 1.47 + 0.48 <.001
Myristoleic C14:1 8.18 + 3.99 4.39 + 0.44 <.001
Heptadecenoic C17:1 3.93 + 2.03 3.69 + 1.95 .132
Oleic C18:1 n-9 5.79 + 2.18 5.82 + 2.19 .898
Cis-vaccenic C18:1 n-7 87.85 + 27.22 88.36 + 29.72 .838
Paulinic C20:1 n-9 6.24 + 2.42 6.11 + 2.34 .494
Erucic C22:1 n-9 5.90 + 2.34 2.10 + 2.01 <.001
Elaidic C18:1 trans 9 8.35 + 4.21 8.32 + 4.30 .944
Vaccenic C18:1 trans 11 7.23 + 2.63 7.28 + 2.71 .805
Linoleic C18:2 n-6 298.06 + 203.55 263.74 + 243.45 .069
Eicosadienoic C20:2 n-6 5.40 + 3.85 2.37 + 2.09 <.001
Docosadienoic C22:2 n-6 3.18 + 1.65 3.44 + 1.84 .079
CLA1 C18:2 cis 9, trans 11 2.76 + 0.98 2.58 + 0.83 .002
CLA2 C18:2 trans 10, cis 12 5.32 + 2.10 5.02 + 1.90 .007
a-linolenic C18:3 n-3 2.37 + 2.85 1.55 + 1.51 <.001
Eicosatrienoic C20:3 n-3 3.21 + 3.04 2.81 + 2.55 .089
EPA C20:5 n-3 3.54 + 3.90 2.29 + 2.93 <.001
DPA C22:5 n-3 4.08 + 3.20 4.38 + 5.01 .405
DHA C22:6 n-3 4.74 + 3.68 3.66 + 3.20 <.001
Glinoleic C18:3 n-6 3.64 + 3.20 4.03 + 6.04 .348
DGLA C20:3 n-6 2.57 + 2.49 2.30 + 2.26 .169
AA C20:4 n-6 7.51 + 7.89 6.16 + 4.61 .007
Docosatetraenoic C22:4 n-6 5.33 + 5.96 4.55 + 5.33 .092
C20:4 n-6/C20:3 n-6 (D5D) 3.39 + 3.59 3.77 + 3.15 .278
C18:3 n-6/C18:2 n-6 (D6D) 6.25 + 4.12 5.10 + 3.37 .027
C20:4 n-6/C18:2 n-6 (D6D) 5.66 + 2.17 1.82 + 0.91 <.001
C18:1 n-9/C18:0 (D9D) 4.12 + 2.52 1.23 + 0.89 <.001
Docosatetraenoic/AA (AE) 3.71 + 2.81 1.19 + 1.71 <.001
DPA/EPA (AE) 6.45 + 4.77 2.15 + 2.05 <.001

Abbreviations: AA, arachidonic acid; AE, elongase activity; ALA, a-linolenic
Acid; CLA, conjugated linolenic acid; D5D, D5desaturase activity; D6D, D6
desaturase activity; D9D, D9desaturase activity; DGLA, dihomo-g-linolenic
acid; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosa-
pentaenoic acid.
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of n-3 PUFAs, specifically ALA (18:3 n-3), DHA, and EPA,

which were higher in the overweight–obese patients. The levels

of total n-6 PUFAs, CLAs (CLA1 and 2), and AA (C20:4, n-6)

were higher in the overweight–obese patients.

The n-6 PUFAs are thought to promote adipogenesis and

increase the expression of lipogenic genes.31,32 We also found

that there were significant differences in desaturases and AE

between the patients and control groups. Then, we found a

significant increase in D6 and D9desaturases activities in the

overweight–obese patients. These findings are in agreement

with some previous studies.33,34 The differences observed in

desaturases activities may be responsible for the disturbance of

long-chain PUFA metabolism in overweight/obesity.11 The

overweight–obese patients had increased AE, estimated by the

ratio docosatetraenoic/AA and DPA/EPA in our population.

Regarding the overweight–obese group, minor allele carriers

of rs174556 (FADS1) were associated with a lower DHA. Sev-

eral studies have observed that the DHA status, or that of the n-

3 series, is less influenced by genetic variants in the FADS

genes.10,35,36 FADS1 was reported to be associated with

D9desaturase activity (AA/LA) in Caucasians and Asians,33

but the findings were inconsistent in Chinese population.17,34

The minor allele carriers of rs2236212 (FADS2) was asso-

ciated with a lower stearic acid and EPA. Additionally, among

the minor allele carriers of FADS2, overweight–obese patients

showed significantly lower AE activity (docosatetraenoic/AA).

Several studies have also found an association between FADS2

and lower levels of AA and D6D activity (AA/LA).
10,35 We

also observed that ELOVL2 genetic variant affected fatty acid

concentrations. Overweight–obese patients with minor allele

carriers of ELOVL2 had significantly lower levels of ALA,

EPA, and DPA. Furthermore, among minor homozygotes,

overweight–obese patients also showed lower D6D activity

(C20:4n-6/C18:2n-6). Several genome-wide association stud-

ies have also reported a consistent association between FADS1,

FADS2, and ELOVL2 loci and plasmatic fatty acids in Eur-

opean,16 East Asian,17 Afro-American, and Hispanic popula-

tions.18 Our results suggest that the FADS1/FADS2 locus could

be an important metabolic pathway regulating fatty acid meta-

bolism and the clustering of some metabolic disorders, such as

obesity and dyslipidemia, which are important components of

metabolic syndrome and could increase the risk of cardiovas-

cular diseases. These results support the role of desaturase

activities in the regulation of the metabolism of long-chain

PUFAs that seem to be altered in obesity11 or may contribute

to obesity risk.36 High D9-desaturase activity has been associ-

ated with obesity, hypertriglyceridemia, metabolic syndrome,

and increased risk of insulin resistance.37 Additionally, hepatic

lipid composition changes caused by obesity are related to

desaturase expression.38 Obesity is in turn associated with sev-

eral metabolic disorders, such as insulin resistance and dysli-

pidemia. On the other hand, some studies have shown that

changes in the composition of dietary fatty acids could be

efficacious to improve lipid profile.39 Adipose tissue dysfunc-

tion, which is involved in atherosclerotic vascular diseases and

type 2 diabetes development, is a state of hypersecretion of

proatherogenic, pro-inflammatory, and prodiabetic adipocyto-

kines.40 Therefore, overweight and/or obese status, fatty acid

composition, and desaturase activity are related to each other.

A major strength of these preliminary results indicates that

our study is the first to demonstrate the impact of this FA-

related single-nucleotide polymorphism (SNP) on obesity in

a Tunisian population. The present study has several limita-

tions. Among the limitations, we have to mention the limited

number of SNPs analyzed in this study. However, they could be

considered as tag-SNPs of the loci previously reported to be

associated with the phenotypes of interest and therefore are

good candidates to capture most of the common genetic varia-

bility existing in those loci. On the other hand, the sample size

of our study population is modest hampering our statistical

power. However, we did observe and replicate some associa-

tions previously reported in other ethnic groups. Body structure

and habitual diets can differ substantially between races and

countries. Diet and regular physical activity as behavior habits

are associated with strong beliefs that influence one’s own

health, too. Diet is of paramount importance in the manage-

ment of weight and obesity-dependent complications. It is

accepted that a composition of dietary changes (diet with less

calories and fat) and increased regular physical activities is the

proficiency method to promote weight loss and to maintain the

weight loss. Numerous studies41,42 were undertaken to analyze

the association between fatty acid intake and obesity, which

warrants further investigation. Our results require personalized

nutrition to show if metabolism is affected by nutritional status

or genes.

Conclusion

In conclusion, this case–control study preliminary indicates

that variations in FADS1, FADS2, and ELOVL2 affect the risk

of obesity and the level of circulating fatty acids and could

indicate a key molecular pathway of metabolic syndrome. Fur-

ther biological investigation including measurement of

FADS1, FADS2, and ELOVL2 levels and activity would be

necessary to understand the influences of these genes on the

development of this cluster of events.
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