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Abstract

Two rate-limiting enzymes in PUFA biosynthesis, D5- and D6-desaturases, are encoded by the FADS1 and FADS2 genes,

respectively. Genetic variants in the FADS1-FADS2 gene cluster are associated with changes in plasma concentrations of

PUFA, HDL- and LDL-cholesterol, and TG. However, little is known about whether dietary PUFA intake modulates these

associations, especially in adolescents. We assessed whether dietary linoleic acid (LA) or a-linolenic acid (ALA) modulate the

association between the FADS1 rs174546 polymorphism and concentrations of PUFA, other lipids, and lipoproteins in

adolescents. Dietary intakes of LA and ALA, FADS1 rs174546 genotypes, PUFA levels in serum phospholipids, and serum

concentrations of TG, cholesterol, and lipoproteins were determined in 573 European adolescents from the HELENA study.

The sample was stratified according to the median dietary LA (#9.4 and.9.4 g/d) and ALA (#1.4 and.1.4 g/d) intakes. The

associations between FADS1 rs174546 and concentrations of PUFA, TG, cholesterol, and lipoproteins were not affected by

dietary LA intake (all P-interaction. 0.05). Similarly, the association between the FADS1 rs174546 polymorphism and serum

phospholipid concentrations of ALA or EPA was not modified by dietary ALA intake (all P-interaction . 0.05). In contrast, the

rs174546 minor allele was associated with lower total cholesterol concentrations (P = 0.01 under the dominant model) and

non-HDL–cholesterol concentrations (P = 0.02 under the dominant model) in the high-ALA–intake group but not in the low-

ALA–intake group (P-interaction = 0.01). These results suggest that dietary ALA intake modulates the association between

FADS1 rs174546 and serum total and non-HDL–cholesterol concentrations at a young age. J. Nutr. 141: 1247–1253, 2011.

Introduction

PUFA concentrations are determined by dietary intake and
endogenous synthesis via the successive elongation and desatu-

ration of the dietary precursors linoleic-acid [LA;18 18:2(n-6)]
and a-linolenic acid [ALA; 18:3(n-3)]. D5-Desaturase (D5D)
and D6-desaturase are required for the synthesis of long-chain
PUFA (LC-PUFA) in mammals (1) and are encoded by the
FADS1 and FADS2 genes, respectively (located in a cluster on
chromosome 11q12–13.1). Several studies have reported strong
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associations between single nucleotide polymorphisms (SNPs) in
the FADS1-FADS2 gene cluster and PUFA concentrations in
adipose tissue, plasma, or erythrocytes in both adults (2–8) and
adolescents (HELENA study) (9).

Other studies have reported relationships between several
FADS1-FADS2 variants and plasma lipid concentrations (2,3,10–
13). In a recent meta-analysis, the minor allele of the FADS1
rs174546 polymorphism was associated with lower concentra-
tions of HDL- and LDL-cholesterol and higher TG concentra-
tions in men and women of European ancestry (14). In contrast,
in the HELENA study, the rs174546 polymorphism was not
associated with serum lipid and lipoprotein concentrations in
European adolescents (9). There are several explanations for the
divergent results in adults and adolescents. First, the discrepancy
might be due to a lack of statistical power in the HELENA study.
Indeed, based on the effect sizes reported by Teslovich et al. (14)
and with a minor allele frequency of 0.32 (such as for rs174546),
the statistical power values to detect an association (P , 0.05)
with total cholesterol, HDL-cholesterol, LDL-cholesterol, and
TG were 30, 9, 34, and 72%, respectively. Second, the changes
in plasma lipid/lipoprotein profile that occur during the transi-
tion from childhood to adolescence (15) may mask the associ-
ation between FADS1 polymorphism and lipid concentrations
in the young. Alternatively, dietary habits, which may differ be-
tween adults and adolescents, could confound the association
between FADS1-FADS2 genetic variants and lipid concentra-
tions. In agreement with this hypothesis, Lu et al. (16) recently
reported that the association between rs174546 and cholesterol
concentrations is modulated by the dietary intake of (n-3) and
(n-6) PUFA in adults. Therefore, the goal of the present study

was to determine whether the dietary intakes of LA and/or ALA
influenced the association between FADS1 rs174546 and serum
lipid and lipoprotein concentrations in European adolescents.

Methods

The HELENA study. The recruitment and phenotyping of the adoles-

cents participating in the HELENA cross-sectional study have been
described previously (17). Briefly, a total of 3865 adolescents (age range:

12.5–17.5 y) were recruited between 2006 and 2007. Data were

collected in a total of 10 centers in 9 European countries. Participants

were randomly selected from schools by using a proportional cluster
sampling methodology and taking age into account. One-third of the

classes were randomly selected for blood collection; this resulted in a

total of 1155 blood samples.

Medical history, medications used, and any information related to
medical examinations were recorded in a specific case report form for

each participant in accordance with standardized procedures (18). In

each center, trained researchers carried out complete physical examina-
tions, including weight, height, and blood pressure measurements. The

protocol was approved by the appropriate investigational review board

for each investigating center. The study was conducted in accordance

with the Helsinki Declaration and was approved by independent ethical
committees (19). Written, informed consent was obtained from each

adolescent and both of his/her parents or legal representatives. Partic-

ipation was voluntary.

From the initial sample (n = 1144), the HELENA data management
group excluded a priori 2 participating centers with missing data on

dietary intake [Crete (n = 110) and Hungary (n = 137)], 175 adolescents

with incomplete dietary recalls, and 149 under-reporters (for methodol-

ogy, see the “Dietary intake assessment” section). This resulted in a
sample of 573 adolescents with fully available genetic, biochemical, and

dietary data (2 valid 24-h dietary recalls) (20). Main characteristics of

included and excluded participants are presented in Supplemental Table 1.

Biochemical measurements. Venous blood samples were drawn after

a 10-h overnight fast and sent to a central laboratory (the Analytical

Laboratory at the University of Bonn’s Institut für Ernährungs- und
Lebensmittelwissenschaften). Serum TG and HDL- and LDL-cholesterol

concentrations were enzymatically assayed on the Dimension RxL

clinical chemistry system (Dade Behring).

After Folch extraction of serum samples, the phospholipid fraction
was separated using TLC. The phospholipid band was scraped off and

the fatty acids (FA) were converted into their methyl esters by tran-

sesterification with methanol/hydrochloric acid. The phospholipid
fraction’s FAME were analyzed using GC (Model 3900, Varian) on a

30-m 3 0.25-mm 3 0.25-mm polyethylene glycol column (Zebron ZB-

WAXplus, Phenomenex). Peaks of interest were identified by comparison

with authentic FAME standards (Sigma-Aldrich). FAwere expressed as a
percentage area by integrating the area under the peak and dividing it by

the total area for all FA. The CV were ,4.4% for all FA analyses.

SNP selection and genotyping. Blood for DNA extraction was
collected in EDTA K3 tubes, stored at the Institut für Ernährungs- und

Lebensmittelwissenschaften, and then sent to the Genomic Analysis

Laboratory at the Institut Pasteur de Lille. DNA was extracted from

white blood cells with the Puregene kit (QIAGEN) and stored at2208C.
To test the interaction between PUFA intake and FADS gene cluster

polymorphisms and serum lipid concentrations, the FADS1 rs174546

polymorphism was selected on the basis of the following criteria: 1) the
strongest associations with serum phospholipid LC-PUFA have been

observed for this polymorphism in the HELENA study (9); 2) it is a tag-

SNP for the cluster of polymorphisms found to be associated with

plasma lipid concentrations in a recent meta-analysis of genome-wide
association studies (14); and 3) the rs174546 polymorphism is the only

one known to interact with dietary PUFA intake to affect plasma

cholesterol concentrations in adults (16). Adolescents were genotyped

for FADS1 rs174546 on an Illumina system using GoldenGate technol-
ogy. The genotyping success rate was 99.8%.
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Ernährungs- und Lebensmittelwissenschaften – Ernährungphysiologie. Rheinische
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Dietary intake assessment. Following the recommendations of the

European Food Consumption Survey Method project (21), the adoles-

cents completed 2 nonconsecutive, self-reported, 24-h recalls by using
the computer-based HELENA Dietary Assessment Tool (HELENA-

DIAT). This tool is based on recalling 6 meal occasions from the day

before the interview. The adolescents completed the questionnaire

during school time after dieticians and researchers had instructed them
on how to perform 24-h recalls as accurately as possible. The

participants were allowed to ask questions and request assistance. After

completion, the recall was checked for completeness. Each participant

was asked to fill out the HELENA-DIAT on 2 arbitrary days within a
2-wk period. Because the questionnaire was completed during school

time (Monday to Friday), data on dietary intake on Fridays and Saturdays

could not be collected. A validation study by Vereecken et al. (20) has
demonstrated that the self-reported YANA-C (a previous version of the

HELENA-DIAT) agreed well with an interviewer-administered version of

the YANA-C. The HELENA-DIAT tool has been described as a good

method for collecting detailed dietary information from adolescents and
was well received by the study participants (22).

To calculate energy and nutrient intakes, data from the HELENA-

DIAT was linked to the German Food Code and Nutrient Database

(Bundeslebensmittelschlüssel, version II.3.1, 2005). The usual dietary
intake of nutrients and foods (including episodically consumed foods) was

estimated by applying the Multiple Source Method (MSM) (23). The

MSM calculates dietary intake for individuals first and then constructs a
population distribution based on the individual data. In the present study,

the MSMwas used to correct dietary data for between- and within-person

variability. Under-reporters were excluded from all analyses. The basal

metabolic rate was calculated from age-specific FAO/WHO/UNU equa-
tions (24). Under-reporting was considered when the ratio of energy

intake:estimated basal metabolic rate was ,0.96, as proposed by Black

(25).

Statistical methods. Statistical analyses were performed with SAS

software (SAS Institute). Departure from Hardy-Weinberg equilibrium

within the study groups was evaluated using a x2 test. Dietary LA and
ALA intakes were classified a priori into 2 groups according to the study

population median intake: #9.4 and .9.4 g/d for LA and #1.4 and

.1.4 g/d for ALA. Prior to analysis, intake values were normalized by

log-transformation. The strength of association between dietary LA and
ALA intakes and their corresponding serum phospholipids concentra-

tions was evaluated by estimating the Pearson correlation coefficient (r).
Due to the limited sample size, especially after stratification for dietary

LA and ALA intakes, the number of participants homozygous for the
minor allele in each subgroup was low (29# n# 36), resulting in a high

variability of the relevant traits and an inequality of variance between

genotypes. For this reason, analyses were performed using a dominant
model. Sensitivity analyses were carried out using an additive model. To

analyze the association between FADS1 genotypes and PUFA, lipid or

lipoprotein concentrations, we relied on a multilevel random regression

analysis using a mixed linear model. This multilevel analysis allows to
take the variability associated with the school within center sampling

strategy into account. The interactions between dichotomized LA and

ALA intakes and genotypes on quantitative variables were explored by

including additional interaction terms in the mixed linear model. All
tests were adjusted for age, gender, BMI, and total energy intake. P ,
0.05 was considered significant. Power calculations were performed

using Quanto v1.2.4 (26). The statistical power to detect an association
(P , 0.05) was estimated on the basis of the effect sizes reported in a

recent meta-analysis of genome-wide association studies (14) and with a

minor allele frequency of 32%.

Results

The FADS1 rs174546 genotype distribution fulfilled Hardy-
Weinberg equilibrium (x2 = 1.34; P = 0.24). In the present
sample, allele frequency for the minor allele of the rs174546
SNP was 0.32. Consistent with our previous work in a larger
sample from the HELENA study (9) and whatever the genetic
model tested (i.e. additive or dominant), the minor allele of
rs174546 was associated with higher serum phospholipid
concentrations of LA (P , 0.0001) and ALA (P # 0.0002)
and lower serum phospholipid levels of arachidonic acid (ARA)
(P, 0.0001) and EPA (P# 0.003) (Table 1). The dietary intakes
of LA and ALA did not differ significantly between FADS1
genotype groups. There were no significant associations between
the FADS1 rs174546 polymorphism and HDL-, non-HDL–,
LDL–cholesterol, or TG concentrations (Table 1).

Participants were classified into 2 groups (low and high)
according to the median dietary LA and ALA intakes for the
study population as a whole (with cutoffs at 9.4 and 1.4 g/d,
respectively). The median LA and ALA intakes were 7.5 and 1.1
g/d in the low-intake group and 12.0 and 1.8 g/d in the high-
intake group, respectively. Serum phospholipid levels of LAwere
higher in the high-intake group (22.3 6 0.2%) than in the low-
intake group (21.6 6 0.2%) (P = 0.01). In contrast, ALA intake
was not related to serum phospholipid levels of ALA. No
significant associations between dietary LA or ALA intake and
any of the lipid or lipoprotein variables were observed (data not
shown).

Whatever the genetic model tested, there was no significant
interaction between dietary LA intake and the FADS1 rs174546
polymorphism on serum phospholipid levels of LA or ARA
(Table 2; Supplemental Table 2). In both the low- and high-LA-
intake groups, the rs174546 T allele was associated with higher
LA concentrations and lower ARA concentrations. Similarly,
there was no interaction between LA intake and FADS1
rs174546 on the concentrations of lipids and lipoproteins. After
stratification by LA intake, there was still no association
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between the rs174546 genotype and lipid or lipoprotein varia-
bles in either group.

Likewise, there was no interaction between dietary ALA
intake and rs174546 SNP on serum phospholipid levels of ALA,
EPA, and DHA (Table 3; Supplemental Table 3). In both the
low- and high-ALA–intake groups, the rs174546 T allele was
associated with higher concentrations of ALA. The rs174546 T
allele was significantly associated with lower serum phospho-
lipid EPA levels in the high-ALA–intake group and a similar
trend was observed in the low-ALA–intake group. In contrast,
no association between the FADS1 rs174546 polymorphism and
DHA concentrations was observed in either group.

There was an interaction between ALA intake and the
rs174546 polymorphism on total (P = 0.006) and non-HDL–
cholesterol concentrations (P = 0.01) under the dominant model

(Table 3). The rs174546 T allele was associated with lower
serum total cholesterol (P = 0.01) and non-HDL–cholesterol (P =
0.02) concentrations in the high-ALA–intake group only. This
associationwas only partially explained by lower LDL-cholesterol
concentrations (P = 0.11). Under the additive model, similar
results were obtained, although P-values for interaction were at
borderline significance (P-interaction = 0.06 and 0.08 for total
and HDL-cholesterol, respectively) (Supplemental Table 3). In
contrast and whatever the genetic model tested, there was no
association between FADS1 rs174546 and lipid or lipoprotein
concentrations in the low-ALA–intake group.

The LA and ALA intakes were correlated (r = 0.81; P ,
0.0001). Adjustment for LA intake did not alter the significance
of the associations between FADS1 polymorphism and total or
non-HDL–cholesterol concentrations in the high-ALA–intake

TABLE 1 Characteristics of the HELENA sample, as a function of the FADS1
rs174546 genotypes1

FADS1 rs174546 genotypes

P2 P3CC CT TT CT + TT

n = 271 n = 237 n = 65 n = 302
Boys/girls, n 134/137 121/116 26/39 147/155

Age, y 14.8 6 0.2 14.8 6 0.2 14.7 6 0.2 14.7 6 0.2 0.52 0.77

BMI, kg/m2 20.7 6 0.3 20.3 6 0.3 20.4 6 0.4 20.3 6 0.3 0.17 0.12

Serum phospholipid (n-6) FA

LA, % total FA 21.4 6 0.2 22.3 6 0.2 23.3 6 0.3 22.5 6 0.2 ,0.0001 ,0.0001

ARA, % total FA 9.9 6 0.1 8.9 6 0.1 7.8 6 0.2 8.7 6 0.1 ,0.0001 ,0.0001

Serum phospholipid (n-3) FA

ALA, % total FA 0.14 6 0.01 0.16 6 0.01 0.20 6 0.01 0.17 6 0.01 ,0.0001 0.0002

EPA, % total FA 0.58 6 0.03 0.54 6 0.03 0.47 6 0.04 0.52 6 0.03 0.0002 0.003

DHA, % total FA 3.10 6 0.09 3.00 6 0.09 2.97 6 0.13 2.99 6 0.09 0.14 0.15

Serum lipids and lipoproteins

Total cholesterol, mmol/L 4.15 6 0.05 4.11 6 0.05 4.04 6 0.09 4.09 6 0.05 0.23 0.35

HDL-cholesterol, mmol/L 1.45 6 0.02 1.46 6 0.02 1.42 6 0.03 1.45 6 0.02 0.54 0.87

Non-HDL–cholesterol, mmol/L 2.70 6 0.04 2.66 6 0.04 2.61 6 0.08 2.65 6 0.04 0.3 0.36

LDL cholesterol, mmol/L 2.40 6 0.04 2.39 6 0.04 2.38 6 0.08 2.39 6 0.04 0.77 0.76

TG, mmol/L 0.76 6 0.02 0.75 6 0.02 0.79 6 0.04 0.76 6 0.02 0.80 0.90

Usual dietary intake

LA, g/d 10.2 6 0.3 10.3 6 0.3 10.3 6 0.5 10.3 6 0.3 0.69 0.69

ALA, g/d 1.59 6 0.06 1.54 6 0.07 1.49 6 0.09 1.53 6 0.06 0.18 0.24

1 Values are means 6 SEM adjusted for age, sex, and BMI.
2 P-value under the additive model.
3 P-value under the dominant model.

TABLE 2 Serum concentrations of (n-6) PUFA, lipids, and lipoproteins according to dietary LA intake and FADS1 rs174546 genotypes
under the dominant model1

LA intake #9.4 g/d LA intake .9.4 g/d

P-interactionCC CT + TT P CC CT + TT P

n 140 150 131 152
LA intake, g/d 7.4 (6.6; 8.3) 7.7 (6.5; 8.6) 2 12.1 (10.4; 13.9) 11.9 (10.5; 15.1) 2 2

Serum phospholipid LA, % total FA 21.1 6 0.3 22.1 6 0.3 0.0004 21.7 6 0.2 22.9 6 0.2 0.0002 0.72

Serum phospholipid ARA, % total FA 10.0 6 0.2 8.7 6 0.2 ,0.0001 9.8 6 0.1 8.6 6 0.1 ,0.0001 0.48

Serum total cholesterol, mmol/L 4.17 6 0.06 4.17 6 0.06 0.96 4.12 6 0.07 4.00 6 0.06 0.12 0.29

Serum HDL-cholesterol, mmol/L 1.45 6 0.02 1.44 6 0.02 0.80 1.45 6 0.02 1.45 6 0.02 0.95 0.91

Serum non-HDL–cholesterol, mmol/L 2.72 6 0.06 2.73 6 0.06 0.86 2.68 6 0.06 2.56 6 0.06 0.13 0.26

Serum LDL–cholesterol, mmol/L 2.43 6 0.06 2.47 6 0.06 0.53 2.35 6 0.06 2.30 6 0.06 0.27 0.28

Serum TG, mmol/L 0.76 6 0.03 0.75 6 0.03 0.83 0.76 6 0.03 0.76 6 0.03 0.94 0.97

1 Values are median and the IQR (Q1; Q3) or means 6 SEM, adjusted for age, sex, BMI, and total energy intake.
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group. Further adjustment for physical activity level did not sub-
stantially change the results (data not shown). Lastly, we ex-
amined the interaction with ALA intake as a continuous variable
to avoid the arbitrary selection of cutoff points (i.e. the me-
dians). In agreement with the previous data, the interaction be-
tween ALA intake as a continuous variable and the FADS1
rs174546 polymorphism (under the dominant model) remained
significant for total cholesterol (P = 0.03) and was borderline
significant for non-HDL–cholesterol (P = 0.07).

Discussion

In this study, we report a significant interaction between dietary
ALA intake and the FADS1 rs174546 polymorphism on serum
total and non-HDL–cholesterol concentrations in European
adolescents. High ALA intakes were associated with lower
concentrations of total and non-HDL–cholesterol in carriers of
rs174546 minor allele only (Fig. 1). Hence, our results replicate,
in an independent sample, the recently reported interaction
between (n-3) PUFA intake and rs174546 on serum total and
non-HDL–cholesterol concentrations in 3575 Dutch adults (16)
and extend these observations to adolescents. Taken as a whole,
our data suggest that ALA intake modulates the impact of
FADS1 genetic variants on serum lipid concentrations and that
this occurs at a young age.

Tissue or serum levels of LA and ALA and of their bio-
logically active LC-PUFA derivatives are influenced not only by
diet but to a larger extent also by genetic variants in the FADS1-
FADS2 gene cluster. Numerous studies (including genome-wide
association studies) consistently showed an association between
polymorphisms in the FADS1-FADS2 gene cluster and the FA
composition of adipose tissue (2), erythrocyte membranes (3,4,
6–8), and plasma or serum phospholipids (2–9). Carriers of
minor alleles of these SNPs (including rs174546) had higher
levels of desaturation substrates (such as LA, eicosadienoic acid,
and ALA) and lower levels of desaturation products (such as
ARA, EPA, and docosapentaenoic acid). It appears from these
studies that minor alleles of these SNPs lead to a reduced
efficiency of the endogenous synthesis of LC-PUFA from their
precursors (LA and ALA). This hypothesis is further supported
by Gieger et al. (27) who showed significant associations be-
tween the FADS1 rs174548 polymorphism (which is in high
linkage disequilibrium with rs174546) and a number of plasma
glycerophospholipid concentrations (expressed in absolute

values, mmol/L), suggesting a reduced efficiency of the D5D
reaction. In addition, the rs174546 polymorphism tags (r2 $
0.8) several other FADS cluster SNPs that have been associated
with plasma lipid and lipoprotein concentrations in adults (14).
Its minor allele is located within a microRNA target site and is
associated with lower FADS1mRNA levels in human liver (14),
suggesting that the rs174546 SNP is either functional or in
linkage disequilibrium with a functional SNP affecting D5D
activity.

We showed that the FADS1 rs174546 T allele was associated
with both higher serum phospholipid ALA concentrations and
lower total and non-HDL–cholesterol concentrations in adoles-
cents reporting a high dietary ALA intake (median 1.8 g/d) but

TABLE 3 Serum concentrations of (n-3) PUFA, lipids, and lipoproteins according to dietary ALA intake
and FADS1 rs174546 genotypes under the dominant model1

ALA intake #1.4 g/d ALA intake . 1.4 g/d

P-interactionCC CT + TT P CC CT + TT P

n 135 159 136 143

ALA intake, g/d 1.1 (1.0; 1.3) 1.1 (1.0; 1.3) — 1.8 (1.6; 2.2) 1.8 (1.6; 2.3) — —

Serum phospholipid ALA, % total FA 0.14 6 0.01 0.17 6 0.01 0.0008 0.15 6 0.01 0.17 6 0.01 0.05 0.29

Serum phospholipid EPA, % total FA 0.57 6 0.04 0.53 6 0.04 0.14 0.59 6 0.03 0.51 6 0.03 0.007 0.15

Serum phospholipid DHA, % total FA 3.09 6 0.12 3.01 6 0.11 0.58 3.02 6 0.10 2.89 6 0.10 0.17 0.38

Serum total cholesterol, mmol/L 4.10 6 0.07 4.20 6 0.06 0.23 4.18 6 0.06 3.98 6 0.06 0.01 0.006

Serum HDL-cholesterol, mmol/L 1.43 6 0.02 1.45 6 0.02 0.52 1.46 6 0.02 1.44 6 0.02 0.51 0.34

Serum non-HDL–cholesterol, mmol/L 2.67 6 0.06 2.75 6 0.06 0.31 2.71 6 0.05 2.54 6 0.05 0.02 0.01

Serum LDL–cholesterol, mmol/L 2.39 6 0.06 2.48 6 0.06 0.26 2.41 6 0.06 2.29 6 0.06 0.11 0.06

Serum TG, mmol/L 0.74 6 0.03 0.78 6 0.03 0.45 0.79 6 0.03 0.74 6 0.03 0.25 0.12

1 Values are median and the IQR (Q1; Q3) or means 6 SEM, adjusted for age, sex, BMI, and total energy intake.

FIGURE 1 Association of the FADS1 rs174546 polymorphism with

total and non-HDL–cholesterol in European adolescents by dietary

ALA intake. Data are means 6 SEM, n = 135–159 adjusted for age,

sex, BMI, and total energy intake. ns, P . 0.05.
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not in those with a low intake (median 1.1 g/d). The mechanisms
underlying this association remain to be elucidated. However,
this observation might explain the results of earlier trials
assessing the effects of moderate ALA supplementation on
blood lipid concentrations [for review, see (28)]. In these trials,
moderate ALA supplementation (1.2–3.6 g/d) had no effect or
inconsistent effects on plasma lipid and lipoprotein concentra-
tions. In contrast, supplementation with high doses of ALA (8.8
g/d) lowers total and LDL-cholesterol concentrations (by 0.20
and 0.13 mmol/L, respectively) (29). In the present study, the
combination of a modest ALA intake (median 1.8 g/d) and the
raising effect of rs174546 T allele on ALA concentrations was
sufficient to lower non-HDL–cholesterol concentrations.

The present study extends to adolescents the observation of an
interaction between (n-3) PUFA intake and the FADS1 rs174546
polymorphism on serum total and non-HDL–cholesterol that
was recently reported in adults by Lu et al. (16). In contrast, the
interaction between (n-6) PUFA intake and rs174546 on HDL-
cholesterol concentrations (16) was not replicated here. The
reasons for this apparent discrepancy are not clear. However, the
significant changes in the plasma lipid/lipoprotein profile that
occur during the transition from late childhood to adolescence
(15) may have masked the interaction in our sample. We checked
whether Tanner status modified this interaction and did not find
a significant association (data not shown), suggesting that this is
not a likely explanation. Alternatively, it cannot be excluded that
dietary (n-3) and (n-6) PUFA intake differ between adults and
adolescents. However, such differences are difficult to evaluate
due to the lack of international standardization in both the
dietary recall methods and the food composition tables used to
determine the food content in PUFA. In addition, studies that
compare the mean dietary intake of (n-3) and (n-6) PUFA be-
tween adults and adolescents are still scarce. Nevertheless, a
comparison of the mean Australian intake of (n-3) and (n-6)
PUFA between adults and children or adolescents aged 18 y and
younger has shown that adults consume nearly twice as much
LC-PUFA than children and adolescents, probably due to a
higher consumption of fish and seafood products (30). In con-
trast, the mean intake of LA and ALA was relatively similar
between adults (10.8 and 1.17 g/d, respectively) and adolescents
aged from 12 to 15 y (10.7 and 1.22 g/d, respectively). Lastly,
the discrepancy might be due to a lack of statistical power in
the present study. With a minor allele frequency of 0.32, the
statistical power to detect a significant association (P , 0.05)
with HDL-cholesterol (b = 20.019 mmol/L) (14) in the high-
LA–intake group was only 13%. Therefore, very large genetic
association studies or meta-analyses are required to fully explore
the interaction between dietary PUFA intake and FADS1 poly-
morphism on lipid/lipoprotein metabolism in the young.

This study had several strengths and, conversely, a number of
limitations. First, our analyses were restricted to the FADS1
rs174546 polymorphism. However, as indicated above, this SNP
shows the strongest associations with serum phospholipid levels
of LC-PUFA in the HELENA study (9) and tags a cluster of SNPs
associated with plasma lipid concentrations (14). Hence, this
SNP was a logical choice for examining gene-diet interactions.
Second, given that the serum phospholipid LC-PUFA concen-
trations were measured in the HELENA study, we were able to
assess the relationship between dietary LA and ALA intakes and
their corresponding serum phospholipid levels. The dietary
intake of LA was weakly but significantly correlated with the
serum phospholipid LA level as a percentage of total FA (r =
0.15; P = 0.0004), whereas no such correlation was found for
ALA (r = 0.03; P = 0.51). This may possibly be explained by the

lag (,1 wk) between the two 24-h recalls and the blood sample
collection and by the fact that PUFA were measured in serum
phospholipid fraction rather than in adipose tissue. However,
although adipose tissue is a preferred medium for the measure-
ment of FA as a reflection of long-term dietary intakes, it was
shown that at least for several PUFA, including LA, PUFA
concentrations in serum phospholipids may reflect intake of FA
over the past few days or more (31–33). In addition, our results
are consistent with those of other studies having compared
PUFA intake with biomarker concentrations in adults (33,34).
Third, the 24-h dietary recall method used in the present study
has some limitations. The accuracy of collected data relies on the
individual’s ability to remember the composition of previous
meals, including mixed dishes. Accordingly, there is a risk of
misreporting. In addition, adolescents do not usually know
which food preparation methods have been applied (e.g. the
choice of cooking fat). However, use of the computer-assisted
HELENA-DIAT tool standardized the 24-h dietary recalls as
much as possible. Nutrient intakes were corrected for within-
and between-person variability by applying the MSM method
and average values for cooking fat use were estimated according
to each country’s usual preparation methods. Nevertheless, our
results would benefit from replication with an independent
sample of adolescents.

In conclusion, this study confirmed the gene-nutrient inter-
action between ALA intake and the FADS1 rs174546 polymor-
phism on non-HDL–cholesterol concentrations recently shown
in adults and has extended the findings to European adolescents.
This interaction may help to explain the interindividual differ-
ences in plasma cholesterol concentrations observed in response
to (n-3) PUFA dietary content. However, this point requires
further investigation with appropriate interventional studies.
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