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ABSTRACT
Background: Polyunsaturated fatty acids (PUFAs) are associated
with a lower risk of multiple diseases. Fatty acid desaturase 1 gene
(FADS1) polymorphisms and dietary PUFA intake are both estab-
lished determinants of circulating PUFA proportions.
Objective: We explored the joint effects of FADS1 polymorphisms
and dietary PUFA intake on circulating PUFA proportions.
Design: We studied 2288 participants from a nested case-control
study of coronary artery disease among participants who provided
blood samples in the Nurses’ Health Study and the Health Profes-
sionals Follow-Up Study. Dietary PUFA intake was obtained from
semiquantitative food-frequency questionnaires. FADS1 rs174546
was genotyped by using the Affymetrix 6.0 platform, and circulat-
ing PUFA proportions were measured with gas-liquid chromatogra-
phy. Linear regression models were used to examine the associations
between rs174546 and circulating proportions of each fatty acid.
Gene-diet interactions were tested by including a cross-product term
of dietary intake of each PUFA by rs174546 genotype in the linear
regression models.
Results: After adjustment for sex and ancestry, each copy of the
C allele of rs174546 was associated with higher circulating pro-
portions of arachidonic acid, eicosapentaenoic acid (EPA), and do-
cosahexaenoic acid (DHA) and lower proportions of linoleic acid
and α-linolenic acid. The magnitude of positive association between
higher consumption of dietary EPA or DHA and circulating pro-
portions of EPA increased with each copy of the rs174546_T allele
(P-interaction= 0.01 and 0.007, respectively). Each 1-SD increment
in EPA intake was associated with an average 3.7% increase in cir-
culating EPA proportions among participants with the rs174546_CC
genotype and an average 7.8% increase among participants with the
TT genotype.
Conclusions: Carriers of the T allele at FADS1 rs174546 may need
higher doses of dietary EPA andDHA to achieve the same circulating
proportions of EPA as carriers of the C allele. The implications of
these findings on disease risk and dietary guidelines require further
study. Am J Clin Nutr 2018;107:826–833.

Keywords: gene-diet interaction, FADS1, dietary PUFA intake,
EPA, DHA

INTRODUCTION

PUFAs are associated with the risk of multiple diseases, in-
cluding cardiovascular disease (CVD) (1–5), neurodegenerative
disease (6–8), and cancer (9, 10).

Longer-chain PUFAs can be synthesized endogenously from
18-carbon PUFAs. Long-chain n–3 PUFAs, such as EPA (20:5n–
3), can be derived from α-linolenic acid (ALA; 18:3n–3) by elon-
gation and desaturation, regulated by the �5 desaturase enzyme
(D5D) (11, 12). The fatty acid desaturase 1 gene (FADS1), lo-
cated on chromosome 11(11q12–13.1), encodes D5D (13). Re-
cent genomewide association studies have identified associa-
tions between single nucleotide polymorphisms (SNPs) inFADS1
and PUFA biosynthesis and circulating fatty acid proportions
(14–16). These genetic variants of FADS1 may play an
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important role in determining the efficiency of D5D in convert-
ing 18-carbon PUFAs to longer-chain fatty acids (13, 17–25). The
SNP rs174546 in FADS1 is highly associated with plasma fatty
acid concentrations at the genomewide significance level and in
high linkage disequilibrium (LD) (r2 > 0.8) with other variants
within FADS1; thus, this lead SNP can tag previously reported
SNPs in FADS1 with genomewide significant associations with
circulating fatty acids (15, 22–24).

Circulating fatty acid proportions are determined not only by
genetics and metabolism but also by dietary fatty acid intake
amounts (26, 27). Circulating PUFA proportions are influenced
directly by the consumption of a marine diet or foods rich in
PUFAs (18, 28–30). PlasmaEPA andDHA (22:6n–3) proportions
have been used as reliable biomarkers of fatty acid intake from
marine products such as fish and fish-oil supplements in many
studies (31, 32).

SNPs in FADS1 and dietary PUFA intakes are both estab-
lished determinants of circulating PUFA proportions (14, 18, 30).
However, little is known about how FADS1 rs174546 and di-
etary EPA or DHA intake jointly influence circulating PUFA pro-
portions in plasma. Understanding the FADS1–dietary PUFA in-
teraction may help promote diet modifications based on genetic
makeup.

Therefore, in the current study, we aimed to explore the joint
effects of FADS1 polymorphisms and dietary PUFA intake on
circulating fatty acid proportions in a case-control study nested
within 2 population-based cohorts: the Nurses’ Health Study
(NHS) and the Health Professionals Follow-Up Study (HPFS).
Evaluation of these effect modifiers provides important implica-
tions for individuals with genetic susceptibility and promotes per-
sonalized recommendations for the consumption of a marine diet
(33).

METHODS

Study population

A nested case-control study of coronary artery disease (CAD)
was conducted in participants who provided blood samples in
the HPFS and the NHS (34). Details of the study design were
described elsewhere (35). Briefly, the NHS is a prospective co-
hort study in 121,700 female registered nurses from 11 US states
who were aged 30–55 y at study initiation in 1976. The HPFS
cohort consists of 51,529 male health professionals from all US
states who were aged 40–75 y at baseline in 1986. A subset of
32,826 NHS participants provided blood samples between 1989
and 1990, and a subset of 18,225 HPFS participants provided
blood samples between 1993 and 1995. Among individuals who
were free of CVD and cancer at the time of blood draw in both the
HPFS and NHS, we prospectively identified incident CAD cases
and selected 1–2 controls for each case with the use of the risk-
set sampling from those who remained free of CAD events when
the case was diagnosed. Cases and controls were matched on age
(±2 y), smoking status (never smoker; past smoker; or current
smoker: 1–14 or ≥15 cigarettes/d), fasting status at blood draw
(fasting for 10 h or not fasting), and time of blood draw. A total of
2288 participants (720 CAD cases and 1568 CAD-free controls)
were included in our study. The participant flow chart is shown
in Supplemental Figure 1.

The study was approved by the Institutional Review Board
of Brigham and Women’s Hospital and the Human Subjects
Committee Review Board of Harvard TH Chan School of Public
Health, Boston, Massachusetts. Informed consent was obtained
from all participants.

Assessment of circulating fatty acid proportions

The blood sample collection and measurement of fatty acids
were described elsewhere (36, 37). Briefly, fatty acids, including
linoleic acid (LA; 18:2n–6), ALA, arachidonic acid (AA; 20:4n–
6), EPA, and DHA, were extracted from plasma with the use of
a hexane-isopropanol mixture and esterified with methanol and
acetyl chloride. After esterification, the methanol and acetyl chlo-
ride were evaporated, and the fatty acid methyl esters were re-
dissolved in isooctane. The concentrations of methyl ester were
analyzed by gas-liquid chromatography. Peak retention times and
area percentages of total fatty acids were identified by inject-
ing known standards. The proportions of these fatty acids were
expressed as percentages of total fatty acid content (Nu-Chek-
Prep). Both technicians and laboratory personnel were blinded to
case-control status of the samples. Blinded quality-control sam-
ples were analyzed along with case-control samples. CVs were
generally <10% for these assays.

Assessment of dietary fatty acid intake

The intakes of total fat and 5 specific dietary fatty acids,
including EPA, DHA, LA, ALA, and AA, were obtained and
estimated from semiquantitative food-frequency questionnaires
(sFFQs) every 4 y in the NHS and HPFS. In our study, the di-
etary intake amounts of fatty acids around the time at which blood
samples provided were used to avoid recall bias (NHS: 1986,
1990; HPFS: 1990, 1994). The detailed description, validity,
and reproducibility of the sFFQs have been published elsewhere
(38–40). For each food item, a standard portion size was spec-
ified, and the participants were asked how often, on average,
they consumed foods of that specified amount during the previ-
ous year. There were 9 possible responses listed in the sFFQs:
never or <1 time/mo, 1–3 times/mo, 1 time/wk, 2–4 times/wk,
5–6 times/wk, 1 time/d, 2–3 times/d, 4–5 times/d, or ≥6 times/d.
The intake of fatty acids was calculated by multiplying the fre-
quency of consumption of each food by the fatty acid composition
in the specified amount of that food. The food composition was
primarily based on USDA food data. Dietary fatty acid intake was
energy-adjusted by using the nutrient residual method (41). The
validity and reproducibility of the sFFQs showed that the cor-
relation coefficients between intakes assessed by the sFFQs and
dietary records were 0.57 for total fat and 0.48 for total PUFAs
(39, 40, 42). Total energy intake was calculated by summing up
energy intake from all foods. An alternative Healthy Eating In-
dex (aHEI) score was calculated by summarizing the consump-
tion of 11 foods and nutrients associated with chronic disease
risk, including fruit, vegetables, nuts and legumes, red and pro-
cessed meat, whole grains, sugar-sweetened beverages and fruit
juice, alcohol, sodium, trans fat, long-chain n–3 fatty acids, and
polyunsaturated fat as an indicator of adherence to healthy eating
behavior (43).
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Genotyping

Genotyping was performed among the individuals with the use
of the Affymetrix 6.0 platform. Quality control was conducted
on the basis of minor allele frequency, call rate, and departure
from Hardy-Weinberg equilibrium (44). Additional SNPs were
imputed with the use of MACH and the 1000 Genomes Project
Phase 3 v5 reference panel. We selected rs174546 in FADS1,
which is highly associated with plasma fatty acid proportions at
the genomewide significance level and in high LD (r2 > 0.8) with
other variants in or near the FADS1 gene; thus, this lead SNP
tagged SNPs in FADS1 with previouslyreported genomewidesig-
nificant associations with circulating fatty acids (15, 22–24).

Statistical analysis

The proportions of plasma fatty acids and intakes of di-
etary PUFAs were summarized with the use of means and
SDs. Nonnormally distributed plasma fatty acids with D > 0.05
in a goodness-of-fit test (Kolmogorov-Smirnov test) were log-
transformed to improve normality before further analysis (vari-
ables that were log-transformedwere ALA, EPA, and DHA). Dif-
ferences between cases and controls were compared with the use
of t tests or Wilcoxon’s Signed Rank tests. To minimize the ef-
fects of the scale of dietary factors in the interaction analyses,
we rescaled dietary exposures by using mean-centered and stan-
dardized dietary variables, which were used as continuous vari-
ables. For FADS1 SNP rs174546, an additive genetic model was
used (0 copy, 1 copy, or 2 copies of the C allele). Linear regres-
sion models were used to examine the marginal association be-
tween rs174546 and circulating proportions of each fatty acid.
Gene-diet interactions were tested via likelihood ratio tests by
including a cross-product term of dietary intake of each fatty
acid by rs174546 genotype. We adjusted for sex, the top 4 princi-
pal components (PCs) of ancestry, and total energy intake in the
multivariable models. [Details of the PCs of ancestry have been

described by Price et al. (45).] Briefly, PCs are calculated by us-
ing ∼10,000 representative SNPs with the use of EIGENSTRAT
via PC analysis to control for population stratification. The top
4 PCs that captured the majority of heterogeneity were used
(44, 45). We further adjusted for aHEI in our sensitivity analysis.
All of the statistical analyses were conducted using SAS statisti-
cal package, version 9.4 (SAS Institute). A 2-sided P value<0.05
indicated significance.

RESULTS

The intakes of dietary fatty acids and plasma fatty acid pro-
portions among NHS and HPFS participants, according to CAD
status, are shown inTable 1. Compared with controls, CAD cases
had lower plasma proportions of AA (P< 0.05). The plasma LA
and EPA proportions and all dietary fatty acids were comparable
between cases and controls for both men and women (P> 0.05).

Marginal association between FADS1 rs174546 and plasma
fatty acid proportions

Each copy of the C allele of rs174546 was associated
with higher circulating proportions of AA (P < 0.0001), EPA
(P < 0.0001), and DHA (P = 0.0001) and lower proportions of
LA (P < 0.0001) and ALA (P < 0.0001) (Table 2). The asso-
ciations remained after adjustment for sex and the top 4 PCs of
ancestry (P< 0.0001 for LA, ALA, AA, and EPA and P= 0.001
for DHA).

Interactions between FADS1 rs174546_C and dietary PUFA
intake for circulating fatty acid proportions

We found that dietary EPA and DHA intakes might modify the
association between FADS1 rs174546 and circulating EPA pro-
portions in plasma (P-interaction = 0.01 for dietary EPA and
0.007 for dietary DHA). After adjustment for sex and the top

TABLE 1
Intakes of dietary fatty acids and plasma fatty acid proportions among NHS and HPFS participants, according to CAD status1

NHS (n = 1142) HPFS (n = 1146)

CAD cases (n = 340) Controls (n = 802) CAD cases (n = 380) Controls (n = 766)

Dietary fatty acids
intake, mg/d
LA 10,812.4 ± 4247.4 10,772.1 ± 3912.5 11,302.2 ± 4451.2 11,029.8 ± 4175.8
ALA 987.1 ± 402.6 966.2 ± 384.0 1084.3 ± 424.6 1062.9 ± 397.7
DHA 152.5 ± 109.6 154.5 ± 115.3 166.1 ± 136.9 168.1 ± 145.3
EPA 76.0 ± 63.3 79.8 ± 102.8 99.0 ± 140.7 101.6 ± 138.5
AA 74.1 ± 29.3 74.9 ± 29.5 81.4 ± 33.0 79.5 ± 33.8
Total fat 65,695.3 ± 21,810.8 64,502.2 ± 20,300.3 71,567.3 ± 25,406.4 69,568.5 ± 25,282.6

Plasma fatty acid proportions,
% of total fatty acids
LA 29.93 ± 4.79 30.28 ± 4.64 30.18 ± 4.59 30.58 ± 4.46
ALA 0.50 ± 0.17 0.47 ± 0.15 0.64 ± 0.25** 0.60 ± 0.24
AA 6.95 ± 1.60*** 7.53 ± 1.72 7.05 ± 1.73* 7.27 ± 1.71
EPA 0.46 ± 0.28 0.47 ± 0.22 0.60 ± 0.37 0.64 ± 0.46
DHA 1.35 ± 0.57** 1.49 ± 0.62 1.67 ± 0.76 1.75 ± 0.74

1Values are means± SDs. Differences between cases and controls were compared by using t tests orWilcoxon’s Signed Rank tests. *P< 0.05; **P< 0.01;
***P< 0.0001. AA, arachidonic acid; ALA, α-linolenic acid; CAD, coronary artery disease; HPFS, Health Professionals Follow-Up Study; LA, linoleic acid;
NHS, Nurses’ Health Study.
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TABLE 2
Associations of FADS1 SNP rs174546_C with plasma fatty acid proportions1

Model 1 Model 2

Plasma fatty acid biomarkers β (95% CI) P β (95% CI) P

LA −0.85 (−1.17, −0.54) <0.0001 −0.84 (−1.15, −0.52) <0.0001
ALA (log-transformed) −0.03 (−0.04, −0.01) <0.0001 −0.03 (−0.04, −0.02) <0.0001
AA 1.26 (1.16, 1.36) <0.0001 1.27 (1.17, 1.37) <0.0001
EPA (log-transformed) 0.09 (0.08, 0.11) <0.0001 0.09 (0.07, 0.10) <0.0001
DHA (log-transformed) 0.02 (0.01, 0.04) 0.0001 0.02 (0.01, 0.03) 0.001

1Linear regressionmodels were used to examine the association between rs174546_Cand plasma fatty acid proportions.Model 1was the unadjustedmodel;
model 2 was adjusted for sex and the top 4 principal components of ancestry. AA, arachidonic acid; ALA, α-linolenic acid; FADS1, fatty acid desaturase 1;
LA, linoleic acid; SNP, single nucleotide polymorphism.

4 PCs of ancestry, the interactions were slightly attenuated but
remainedsignificant (P-interaction = 0.02 for dietary EPA and
0.01 for dietary DHA). Further adjustment for total energy intake
did not change the interactions substantially, and the interactions
were still significant (P-interaction = 0.04 for dietary EPA and
0.02 for dietary DHA) (Table 3). We plotted the associations be-
tween dietary EPA or DHA intake and circulating EPA propor-
tions according to rs174546 genotype inFigure 1. Themagnitude
of the positive association between higher consumption of dietary
EPA or DHA and circulating proportions of EPA increased with
each copy of the rs174546_T allele. Each 1-SD increment in EPA
intake was associated with an average 3.7% increase in circulat-
ing EPA proportions among participants with the rs174546_CC
genotype and an average 7.8% increase among participants with
the TT genotype. Each 1-SD increment in DHA intake was as-
sociated with an average 4.6% increase in circulating EPA pro-
portions among participants with the rs174546_CC genotype and
an average 9.0% increase among participants with the TT geno-
type. In our sensitivity analyses, we further adjusted for aHEI
and found no substantial change in the results (data not shown).
We did not find any nominally significant interactions between
FADS1 polymorphisms and other dietary PUFA intakes on circu-
lating fatty acid proportions (Supplemental Table 1).

DISCUSSION

In our study conducted in US male health professionals
and female nurses, we observed that FADS1 was related to

circulating PUFA proportions. Furthermore, the consumption of
EPA and DHA might modulate the relation between FADS1
rs174546 and circulating proportions of EPA. In particular, indi-
viduals who carry the T allele at the FADS1 SNP rs174546 may
need higher doses of dietary EPA and DHA to achieve the same
circulating proportions of EPA as carriers of the C allele.

In our study, we found a lower baseline plasma proportion
of AA among CAD cases than controls. A study conducted in
a Dutch population also reported that a high ratio of baseline
C20:4n–6 (AA) to C20:3n–6 dihomo-γ -linolenic acid (reflecting
D5D activity) was associated with a reduced CAD risk, which
was in line with our study (46). The associations between FADS1
and circulating fatty acid proportions have been well established
in previous studies (47–49). With the use of both candidate gene
study and the genomewide association study approach, numer-
ous studies have reported that the minor alleles in FADS1 were
associated with higher ALA and LA and lower AA and EPA pro-
portions (14, 15, 21, 50). In line with our marginal association
results, Bokor et al. (21) also found that the minor allele (T allele)
of rs174546 in FADS1 was associated with higher proportions of
ALA and lower proportions of EPA. These findings support previ-
ous evidence that FADS1 variation may influence the conversion
of ALA to EPA and the flow through the biosynthetic pathway
from ALA to DHA (Figure 2).

Few studies, to our knowledge, have evaluated the joint effects
ofFADS1 polymorphisms and dietary PUFA intake on circulating
fatty acid proportions. A recent cross-sectional study conducted
by Takkunen et al. (51) found an interaction between the intake of
marine PUFAs and FADS1 variant rs174550 (r2 = 1, in complete

TABLE 3
Interactions between FADS1 SNP rs174546_C and dietary EPA and DHA intakes on plasma EPA proportions1

Model 1 Model 2 Model 3

Plasma EPA proportions β (95% CI) P β (95% CI) P β (95% CI) P

Dietary EPA intake
rs174546_C 0.09 (0.07, 0.11) <0.0001 0.09 (0.07, 0.10) <0.0001 0.08 (0.07, 0.10) <0.0001
Dietary EPA intake 0.09 (0.06, 0.12) <0.0001 0.08 (0.05, 0.10) <0.0001 0.07 (0.05, 0.10) <0.0001
rs174546_C × dietary EPA intake −0.02 (−0.04, −0.004) 0.01 −0.02 (−0.04, −0.003) 0.02 −0.02 (−0.03, −0.009) 0.04

Dietary DHA intake
rs174546_C 0.09 (0.07, 0.10) <0.0001 0.08 (0.07, 0.10) <0.0001 0.08 (0.07, 0.10) <0.0001
Dietary DHA intake 0.10 (0.07, 0.13) <0.0001 0.09 (0.06, 0.11) <0.0001 0.09 (0.06, 0.11) <0.0001
rs174546_C × dietary DHA intake −0.02 (−0.04, −0.006) 0.007 −0.02 (−0.04, −0.005) 0.01 −0.02 (−0.03, −0.003) 0.02

1Gene-diet interactions were tested via likelihood ratio tests by including a cross-product term of dietary EPA and DHA intake by rs174546_C allele
numbers in the linear regression models. Model 1 was unadjusted; model 2 was adjusted for sex and the top 4 principal components of ancestry; and model 3
was further adjusted for total energy intake (kilocalories per day). FADS1, fatty acid desaturase 1 gene; SNP, single nucleotide polymorphism.
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FIGURE 1 Interactions between FADS1 SNP rs174546_C and dietary EPA (A) and DHA (B) intakes on circulating EPA proportions were tested via
likelihood ratio tests by including a cross-product term of dietary EPA and DHA intake by rs174546_C allele numbers in the linear regression models. The top
lines represent those who are homozygous for the C allele (C/C), the middle lines represent those who are heterozygous (C/T), and the bottom lines represent
those who are homozygous for the T allele (T/T). The y axis shows the log-transformed plasma EPA proportions. The x axis shows the mean-centered and
standardized intake amounts of EPA and DHA. FADS1, fatty acid desaturase 1; SNP, single nucleotide polymorphism.

linkage disequilibriumwith FADS1 rs174546 in our study) on cir-
culating proportions of EPA, which was in agreement with our re-
sults. However, the study was restricted to 962 men and the statis-
tical power might be limited. We extended the analysis greatly by
including both male and female participants and augmented the
sample size further to 2288 to validate this gene-diet interaction.
Our results are also similar to what has been presented before
(52). A meta-analysis of 9 studies (n = 11,668) conducted in the
Cohorts for Heart and Aging Research in Genomic Epidemiol-
ogy (CHARGE) consortium found no significant interaction be-
tween FADS1 SNPs and dietary fatty acid intake, after adjustment
for multiple comparisons (P > 0.002) (53). They highlighted
interactions between FADS1 SNPs (rs174548 and rs174538, in
strong LD with rs174546 in our study: r2 = 0.81 and 0.91, re-
spectively) and ALA and LA intakes affecting plasma EPA and
DHA. Interactions between rs174538 and both ALA and LA for
plasma DHA were nominally significant (P = 0.03 and 0.02, re-
spectively). In our independent data set, none of the interactions
between rs174546 and dietary ALA or LA were significant (see
Supplemental Table 1). (We note that the NHS and HPFS sam-
ples only contributed data on erythrocyte fatty acid proportions
to the previous CHARGE meta-analysis. The analyses of plasma
fatty acids have not been presented before.)

Our results showed that the magnitude of the positive asso-
ciation between higher consumption of dietary EPA or DHA
and circulating proportions of EPA increased with each copy of
the rs174546_T allele, implying that people with TT and TC

genotypes may benefit more from higher EPA and DHA con-
sumption. Mechanisms for our observed interactions remain un-
clear. However, our findings are biologically plausible. Dietary
EPA and DHA may influence n–3 fatty acid biosynthesis, as
shown in a previous study conducted in the European Investiga-
tion into Cancer and Nutrition (EPIC)–Norfolk cohort in which
the conversion of ALA to longer-chain n–3 PUFAs was differ-
ent in fish consumers and nonconsumers (54). When the con-
sumption of EPA is low, the D5D enzyme (encoded by FADS1)
is needed to convert ALA into EPA to elevate the circulating
proportions of EPA (15). Those with relatively inefficient D5D
enzymes (carriers of the T allele) will consequently have lower
EPA proportions in the context of an EPA-poor diet. When the
EPA intake is increased, the plasma EPA proportions are ele-
vated and the genetic association of rs174546 with circulating
EPA proportions is gradually attenuated (Figure 2). Our findings
are consistent with the hypothesis of “differential susceptibility”
(55, 56), which supposes that vulnerability genes might function
like plasticity genes, whose risk can be attenuated by a favor-
able environment or amplified by an adverse environment. Our
results support the point of view that higher EPA and DHA con-
sumption may confer a greater benefit for TT genotype carri-
ers. Such information could contribute to the targeting of EPA
and DHA recommendations, whereby additional long-chain n–3
PUFA intakes could be recommended for those carrying the T
allele of FADS1 rs174546. However, to our knowledge, further
downstream functional investigations on potential mechanisms
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FIGURE 2 Biological synthesis pathway of n–3 and n–6 PUFAs. AA, arachidonic acid; ADA, adrenic acid; ALA, α-linolenic acid; DGLA, dihomo-
γ -linolenic acid; DPA, docosapentaenoic acid; ETA, eicosatetraenoic acid; FADS, fatty acid desaturase gene; GLA, γ -linolenic acid; LA, linoleic acid; SA,
stearidonic acid.

are warranted and the ultimate effect on CAD risk remains to be
studied. In addition, because the effects shown in our study are
modest and most individuals in North America do not consume
nearly enough EPA and DHA in their diet, greater consumption
of EPA and DHA is still recommended for all people.

Several limitations of the current study should be considered.
First, our results might be potentially confounded by unmeasured
or unknown factors. However, in our study, the cases and controls
were matched on age, smoking status, fasting status, and time of
blood draw and the plasma proportions of EPA were comparable
among cases and controls. We also carefully adjusted for sex, the
top 4 PCs of ancestry, total energy intake, and aHEI in the re-
gression models. In principle, case-control ascertainment might
cause the relations between diet, FADS1 SNPs, and circulating
fatty acids to differ from those in the general population. In prac-
tice, however, assuming the effects of diet and FADS1 are medi-
ated through circulating fatty acid proportions, and considering
the modest associations between circulating fatty acids and CAD,
ascertainment is unlikely to create an interaction of themagnitude
we observed between diet and FADS1 on circulating fatty acid
proportions. In particular, there was no significant association be-
tween CAD and circulating EPA (5), suggesting that case-control
ascertainment is unlikely to account for the interactions we ob-
served. In addition, we conducted several sensitivity analyses.
When we stratified by CAD case and control status and combined
the results of case-only and control-only samples using an inverse
variance–weighted fixed-effects meta-analysis, the pooled results
were similar to our main results (data not shown). We also con-
ducted inverse-probability-of-sampling-weighted (IPW) regres-
sion to account for case-control ascertainment from the underly-
ing NHS and HPFS blood subcohorts. Point estimates from the

IPW analyses did not differ appreciably from those in Table 3;
P values for the SNP-EPA interactions were slightly larger (as
expected from the robust variance estimate used in the IPW
analysis) but smaller for the SNP-DHA analyses (due to the
larger interaction effect estimates; Supplemental Table 2). Sec-
ond, measurement errors in the assessment of dietary fatty acid
intake are inevitable; however, our sFFQs have been well vali-
dated and reproduced by several previous studies (40, 42). Third,
our study was restricted to FADS1 SNP rs174546. As indicated
above, the SNP used in the current study shows a strong associ-
ation with plasma PUFA proportions and tags a cluster of SNPs
associated with fatty acid proportions. In addition, rs174546 is
in high linkage disequilibrium (r2 > 0.8) in the HapMap CEU
population (Utah residents with Northern and Western European
ancestry from the CEPH collection) with several SNPs used in
previous gene-diet interaction studies (e.g., rs174550, rs174538,
rs174548, rs174556, and rs1535) (51, 53). Hence, this SNP is a
logical choice for examining FADS1–dietary PUFA interactions.
Fourth, we did not adjust for multiple comparisons, and some
dietary fatty acids that showed nonsignificant interactions with
rs174546 may due to the limited power to detect the relatively
small interaction effects conferred by the locus. However, statisti-
cal power calculation (conducted by using Quanto, version 1.2.4)
showed that we had high (>80%) power at the significance level
of 0.05 (2-sided) to detect interaction effects of≥2% from current
sample size.

In summary, carriers of the T allele at the FADS1 SNP
rs174546 may need higher doses of dietary EPA and DHA to
achieve the same circulating proportions of EPA as carriers of
the C allele. The implications of these findings on disease risk
and dietary guidelines require further study.
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