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Abstract
Objective—Gene × diet interaction plays an important role in atherosclerosis, an inflammatory
disorder. Leukotrienes are the most potent inflammatory mediators, and genetic variants encoding
leukotriene genes have been implicated in atherosclerosis. This study tests nutrigenetic interaction
of a previously defined leukotriene haplotype on carotid artery hypertrophy and atherosclerosis in
American Indians.

Methods—This study included 3,402 American Indians participating in the Strong Heart Family
Study (SHFS). Carotid artery measurements, including intima-media thickness (IMT), vascular
mass, and plaque, were assessed using ultrasound. Eleven tagSNPs in the leukotriene A4
hydrolase (LTA4H) gene were genotyped in all subjects. Main haplotype effect and haplotype ×
diet interaction were examined by generalized estimating equation, adjusting for known risk
factors.

Results—There was no significant main effect of haplotype or diet on any of the carotid artery
measures. However, a previously defined LTA4H haplotype, called HapE, significantly interacted
with dietary intake of n-3 and n-6 fatty acids on both IMT (P HapE x n3 = 0.018, P HapE x n6 =
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0.040) and vascular mass (P HapE x n3 = 0.012, P HapE x n6 = 0.018), but not plaque. The direction
of this nutrigenetic interaction on IMT was consistent with that reported in a recent study of
Caucasian twins.

Conclusion—Dietary intake of polyunsaturated fatty acids significantly modifies the effect of a
leukotriene haplotype on carotid artery hypertrophy but not atherosclerosis in American Indians,
independent of established cardiovascular risk factors. Replication of nutrigenetic interaction in
two distinct ethnic groups suggests the robustness and generalizability of our findings to diverse
populations.
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Introduction
Atherosclerosis is an inflammatory disease resulting from the complex interaction between
gene and environment. Leukotrienes are the most potent inflammatory mediators that have
been implicated in atherosclerotic cardiovascular disease (ACVD).1 Metabolism and
biosynthesis of leukotrienes are regulated by several rate-limiting enzymes, such as
arachidonate 5-lipoxygenase (ALOX5), arachidonate 5-lipoxygenase activating protein
(ALOX5AP) and leukotriene A4 hydrolase (LTA4H).2 Genetic polymorphisms in genes
encoding leukotriene enzymes have been associated with ACVD. For example, two
haplotypes in the ALOX5AP gene3, 4 and one haplotype in the LTA4H gene (designated
HapK)5 have been associated with myocardial infarction (MI) or stroke, probably through
increasing leukotriene production and resulting vascular inflammation. These associations
were replicated in some3, 6–9 but not all studies.10 The lack of replication for genetic
associations could be attributed to the different genetic background of study participants
across different studies. However, failure to account for gene × environment interaction may
also explain at least part of the discrepancies.11, 12 In support of this, dietary intake of
omega-3 (n-3) and omega-6 (n-6) fatty acids significantly modified the association between
a ALOX5 promoter variant and carotid intima-media thickness (IMT) in a population of
predominantly non-Hispanic Whites and Hispanics.13 Nutrigenetic interaction was also
observed in another study, in which ALOX5 variants increased the risk of MI in presence of
high arachidonic acid (AA) intake but decreased MI risk in low AA intake.14 However, little
research has been done to examine whether dietary factors similarly interact with genetic
variants in other key leukotriene enzymes (e.g., LTA4H) on subclinical atherosclerosis. In
addition, few studies have investigated gene × diet interaction on carotid artery measures
other than IMT.

Omega-3 (n-3) and omega-6 (n-6) fatty acids are the two major classes of polyunsaturated
fatty acids (PUFA) in habitual dietary intake, and both are required for normal cell
function.15 Eicosapentaenoic acid (EPA; C20: 5, n-3) and docosahexaenoic acid (DHA;
C22:6, n-3) are two primary n-3 fatty acids, whereas linoleic acid (LA, C18: 2, n-6) and
arachidonic acid (AA; C20:4, n-6) belong to the class of n-6 fatty acids. Dietary intake of
n-3 or n-6 fatty acids was found to reduce CVD risk in some populations,16, 17 probably by
mediating vascular inflammation18, 19 through leukotriene enzymatic pathways.20

In a recent study of Caucasian twins, we identified a significant gene × diet interaction
between a LTA4H haplotype (named HapE) and dietary intake of n-3 and n-6 fatty acids on
carotid IMT.21 The current analysis evaluates nutrigenetic interaction of HapE on carotid
artery hypertrophy (common carotid IMT and arterial mass) and atherosclerosis (plaque
presence and plaque score) in American Indians participating in the Strong Heart Family
Study (SHFS), a population that might have distinct genetic and/or habitual dietary intake
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compared to other ethnic groups. Previous research has shown that these vascular measures
are heritable in this population,22 thus investigation of gene × diet interactions for these
quantitative traits is particularly useful.

Subjects and Methods
Study population

The SHFS is a family-based prospective study of genetic factors for CVD and its risk factors
in American Indians. Detailed descriptions of the SHFS protocols have been described
previously.22, 23 In brief, a total of 3,665 tribal members from 94 families residing in
Arizona (AZ), North and South Dakota (DK) and Oklahoma (OK) were examined in 2001–
2003. Each participant received a standardized personal interview and physical examination.
Personal interview used a standard questionnaire and was administered by trained study
personnel to collect data on demographic characteristics, medical history and lifestyle risk
factors including smoking, alcohol consumption, diet and physical activity. The physical
examination included anthropometric and blood pressure measurements and an examination
of the heart and lungs. The SHFS protocol was approved by the Institutional Review Boards
from the Indian Health Service and the participating centers. All participants have given
informed consent for genetic study of CVD, diabetes and associated risk factors.

Carotid ultrasound measurements
All study participants underwent carotid ultrasonography using Acuson Sequoia machines
equipped with 7 MHz vascular probes on the day of the study visit. Detailed protocol of
ultrasound scanning has been described previously.24–26 Briefly, the extracranial segments
of the left and right carotid arteries were extensively scanned using a high-frequency two-
dimensional ultrasound probe. The simultaneous ECG was used to time carotid artery
measurements at end diastole. IMT of the far wall of the distal common carotid artery was
measured at end diastole on multiple cycles of M-mode images. Minimum (end-diastolic)
and maximum (peak-systolic) diameters were measured by continuous tracing of the lumen-
intima interfaces of the near and far walls. Wall thickness and diameter measurements of the
left and right common carotid arteries were averaged, and the averaged values were used in
statistical analyses. Wall thickness and diameter measurements were never measured at the
level of a plaque. Carotid arteries were also scanned to identify atherosclerotic plaque,
defined as the presence of wall thickness >50% of the surrounding wall. Plaque score, a
measure of the extent of atherosclerosis, was calculated by the number of left and right
segments (common carotid, bulb, internal carotid, external carotid) containing plaque, thus
plaque score ranged from 0 to 8. Carotid cross-sectional area, a measure of vascular volume
or mass, was calculated as previously described.25 All ultrasound measurements were
performed by trained research sonographers and interpreted by a single highly experienced
cardiologist (MJR) who was blinded to clinical data.

Dietary assessments
Dietary intakes were assessed using a Block Food Frequency Questionnaire (FFQ).27–30

This interviewer-administered Block FFQ ascertained consumptions of 119 food items,
including major traditional foods and foods commonly available in SHS communities. It
measures habitual dietary intake over the past 12 months. The Block FFQ is one of the most
widely used food questionnaires, and its reliability and validity had been extensively
evaluated.27, 29, 31 Average daily energy and macronutrient intakes were calculated using the
Nutrition Data System for Research Database (Block Dietary Systems Version 4.06,
Berkley, CA).
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Risk factor measurements
Weight and height were used to calculate body mass index (BMI) as weight in kilograms
divided by height in meters squared. Cigarette smoking was classified into current smoker
(any number of cigarettes) versus never or former smoker. Participants were categorized into
current drinkers, former drinkers and never drinkers based on their history of alcohol
consumption. Hypertension was defined as blood pressure levels of 140/90 mm Hg or higher
or use of antihypertensive medications. Diabetes was defined as a fasting glucose ≥126 mg/
dL, or current treatment with hypoglycemic agents. Fasting plasma glucose, insulin, and
lipids were measured by standard laboratory methods as reported elsewhere.32, 33

Tagging SNPs selection and genotyping
Eleven tagSNPs in the LTA4H gene were genotyped in all SHFS participants. TagSNPs
were chosen using the computer program Haploview 4.2 34 with an r2 threshold of 0.80 for
linkage disequilibrium. Due to lack of information for American Indians in publicly
available genetic databases, we used Asians as the reference group in tagSNPs selection.
This choice was based on previous studies demonstrating the similarity of genetic
background between Native Americans and Asians.35–37 The following criteria were also
considered: minor allele frequency (MAF>5%), SNP location (i.e., coding region) and
Illumina design scores (quantifying how likely a SNP can be genotyped). SNPs that could
not be tagged (i.e., singletons) were included as long as their design score was greater than
0.15. All genotyping was done at the Texas Biomedical Research Institute using the Illumina
VeraCode technology (Illumina, Inc., San Diego, CA). The average genotyping call rates
were over 98% for all SNPs and sample success rate was over 96%. Information for the
studied SNPs is shown in Table 1. For the current investigation, we excluded participants
with missing genotype (n=52) or dietary data (n = 211). Subjects who were excluded did not
differ from those included in terms of baseline characteristics. A total of 3,402 individuals
comprised the study population of the current analysis.

Statistical analyses
Hardy-Weinberg equilibrium (HWE) was tested by a chi-square test with one degree of
freedom (df). Log-transformed IMT and vascular mass were used in the statistical analyses.
In a recent study, we defined a 6-SNP haplotype (called HapE) that significantly modifies
the effect of dietary intake of n-3 and n-6 fatty acids on carotid IMT in a Caucasian twin
sample.21 This haplotype spans rs61937881 (C), rs1978331 (G), rs17677715 (T), rs2660899
(G), rs2540482 (T) and rs2660845 (A). Here we employed the same algorithm38 to infer
HapE using LTA4H genotype data in all study participants. Subjects carrying at least one
copy of HapE were defined as HapE carriers, and those not carrying this haplotype were
defined as noncarriers. A binary variable for carrier status of HapE was used in statistical
analyses.

To examine whether dietary intake modifies the association between HapE and subclinical
measures of atherosclerosis, we constructed multivariate generalized estimating equation
(GEE) models to test for the interaction of HapE (carrier vs. noncarrier) with dietary intake
of n-3 or n-6 fatty acids (in grams as a continuous variable) by assessing the statistical
significance of the interaction term in a GEE model that also included the main effects. GEE
was used here to account for the correlation between family members. The following
coronary risk factors were adjusted in the model: age, sex, study center, BMI, systolic blood
pressure, diabetes, smoking, alcohol consumption, total cholesterol, triglyceride, estimated
glomerular filtration rate (eGFR), saturated fat and total daily energy intake (Kcal). Given
the significant correlation between EPA and DHA (γ= 0.40, p<0.0001), and between LA and
AA (γ= 0.83, p<0.0001), we summed dietary EPA and DHA as the total intake of n-3 fatty
acids and summed dietary LA and AA as the total intake of n-6 fatty acids in the statistical
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analyses. Additionally, because the relationship between dietary intake of n-3 fatty acids and
inflammation may depend on the intake of n-6 fatty acids or vice versa,39 the interactions for
n-3 or n-6 fatty acids with genetic haplotypes were adjusted for one another. Multiple testing
was controlled using the Benjamin-Hochberg false discovery rate (FDR) method,40 and an
FDR-adjusted p value (q value) threshold of 0.10 was used to determine statistical
significance.

Subgroup analysis
Given the high prevalence of diabetes in American Indians, we conducted secondary
analysis by excluding diabetic participants to examine its potential impact on our results.
Similarly, we conducted subgroup analysis to examine the potential influence of obesity on
our results by either excluding participants with obesity or by comparing participants of the
lowest quartile with that of the highest quartile of BMI. As participants may have changed
their diet after a diagnosis of disease, we performed additional analyses to test for interaction
between diet and disease status, such as diabetes and hypertension. Although EPA and DHA
are highly correlated, they might have differential effect on inflammation or
atherosclerosis.41, 42 Similarly, LA and AA may also affect carotid IMT differently. We
therefore conducted sensitivity analyses to examine whether HapE × diet interaction was
primarily driven by a specific nutrient. This was done by testing the interaction of HapE
with each individual nutrient in n-3 fatty acids (i.e., EPA or DHA) or n-6 fatty acids (i.e.,
LA or AA), separately, adjusting for the same covariates listed above. Additional adjustment
for physical activity level did not change the results.

Results
All SNPs were in Hardy-Weinberg equilibrium. The prevalence of HapE was 24.3% in
American Indians participating in the SHFS. The distribution of major cardiovascular risk
factors by HapE carrier status is shown in Table 2. There was no significant difference in all
of the listed risk factors between HapE carriers and non-carriers.

Multivariate GEE analysis indicated that, after adjusting for traditional risk factors, we did
not detect a significant main effect of either haplotype or diet on any of the four vascular
measures. However, we identified significant gene × diet interactions of HapE with dietary
intake of both n-3 (P HapE × n3 = 0.018) and n-6 fatty acids (P HapE × n6 =0.040) on carotid
IMT (Table 3). The direction of this nutrigenetic interaction is consistent with that identified
previously in the Caucasian twins.21 Specifically, with increased consumption of dietary
intake for n-3 or n-6 fatty acids, IMT decreases among both HapE carries and non-carriers,
but the degree of this decrease differs according to HapE carrier status. This finding did not
change after normalization of n-3 and n-6 PUFAs to the total caloric intake (g/Kcal).
Significant HapE × diet interactions were also observed for vascular mass (P HapE × n3 =
0.012, P HapE × n6 = 0.018, Table 4). However, no significant interaction was observed for
presence of atherosclerosis (plaque: P HapE × n3 = 0.312, P HapE × n6 = 0.350) or extent of
atherosclerosis (plaque score: P HapE × n3 = 0.649, P HapE × n6 = 0.196). Figures 1 and 2 plot
the nutrigenetic interactions for IMT and vascular mass, respectively. Sensitivity analyses
demonstrated that, excluding participants with diabetes or obesity did not change our results
(online supplementary Tables 1 and 2). There was no interaction of dietary intake of n-3 or
n-6 fatty acids with diabetes or hypertension or obesity on any of the vascular measures.
Both EPA and DHA significantly modified the effect of HapE on IMT (P HapE × EPA =
0.033, P HapE × DHA = 0.026) and vascular mass (P HapE × EPA =0.052, P HapE × DHA =0.018),
suggesting that the observed gene × diet interactions on arterial hypertrophy are unlikely to
be driven by a specific component in n-3 fatty acids. In contrast, only LA significantly
interacted with HapE on IMT (P HapE × LA =0.042) and vascular mass (P HapE × LA =0.026),
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but not AA (P HapE x AA = 0.115 for IMT, P HapE x AA = 0.068 for vascular mass), indicating
that the interaction of HapE with n-6 fatty acids could possibly be driven by LA. However,
due to the results obtained by using the sum of EPA and DHA, or the sum of LA and AA,
are similar to that by using a specific fatty acid, we chose to report results from the sum of
fatty acids.

Discussion
In a large population of American Indians, this study investigates the interaction of a
leukotriene haplotype, designated HapE, with dietary intake of n-3 and n-6 fatty acids on
four vascular measures (IMT, arterial mass, plaque and plaque score), independent of
established cardiovascular risk factors. We observed significant evidence of nutrigenetic
interaction on arterial hypertrophy (IMT and arterial mass), but not atherosclerosis (presence
or extent of atherosclerosis). In a recent study, we reported interaction of this haplotype with
dietary n-3 and n-6 fatty acids on carotid IMT in a sample of Caucasian twins.21 The current
analysis not only confirms this nutrigenetic interaction on IMT with same direction, but also
identifies interaction of this leukotriene haplotype with diet on arterial mass. These findings
suggest a potential important role of diet in mediating the effect of leukotriene variants on
carotid arterial hypertrophy. Gene × diet interaction is notoriously known for being difficult
to replicate. American Indians may have different genetic makeup and dietary habits from
other ethnic groups. Validation of nutrigenetic interaction in two distinct populations with
consistent direction suggests the robustness of this interaction on atherosclerosis
susceptibility. The observed haplotype × diet interaction persisted after adjusting for known
cardiovascular risk factors, indicating that the interactive effects may affect arterial
hypertrophy through pathways beyond established risk factors.

Although carotid IMT, arterial mass and plaque are highly correlated with each other, they
may represent different manifestations of carotid artery morphology or pathological
processes with distinctive biological determinants. For example, previous studies
demonstrated that carotid IMT and plaque exhibited different patterns of association with
risk factors43, 44 including genetic factors.22, 45, 46 In agreement with this, among American
Indians participating in the SHFS, different measures of carotid artery structure exhibited
different heritability estimates22 and prognostic value in predicting cardiovascular events,24

supporting the potential different biological pathways that might be implicated in these
quantitative traits. It is thus plausible that HapE × diet interaction could affect some traits
(e.g., IMT and vascular mass) but not others (e.g., atherosclerosis). The differential
nutrigenetic interactions on carotid artery hypertrophy but not plaque formation further
highlights the necessity in analyzing these quantitative and qualitative measures separately
in future research.

Omega-3 and omega-6 are two polyunsaturated fatty acids essential for normal cell function.
They are precursors of potent lipid mediator signaling molecules that have important roles in
arterial wall inflammation and coronary atherosclerosis.19, 47 However, subjects with similar
dietary habits or sharing a similar dietary pattern may have different risk of ACVD. The
interindividual variability in response to diet could likely attribute to the different genetic
background between individuals. In the current analysis of American Indians and a previous
study of Caucasian twins, we demonstrated that habitual dietary consumption of n-3 and n-6
fatty acids significantly modifies the effect of HapE on carotid IMT and/or vascular mass.
Our results reveal a novel biological pathway through which dietary n-3 and n-6 PUFAs
affect leukotriene genetic variants, which have been implicated in vascular inflammation
and atherosclerotic CVD.3–5, 13 Given that LTA4H and ALOX5 are involved in the same
leukotriene pathway, our findings corroborate previous studies13, 14 demonstrating a role of
gene × diet interaction in carotid atherosclerosis. The observation that a higher dietary intake
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of n-3 fatty acids is associated with smaller carotid IMT regardless of HapE carrier status
supports the beneficial effect of n-3 fatty acids on human health,17, 39 though the
cardioprotective effect of n-6 fatty acids remains controversial.48

LTA4H is a key enzyme involved in leukotriene A4 metabolism. Genetic variants in LTA4H
may influence leukotriene production through regulating LTA4H expression, thereby
contributing to arterial inflammation and atherosclerosis. A risk haplotype in LTA4H (called
HapK) was previously associated with myocardial infarction in European Caucasians,5 but
HapE defined in our study has distinct SNP configurations in comparison with HapK.21 For
example, among the four SNPs shared by these two haplotypes (rs1978331, rs17677715,
rs2540482 and rs2660845), susceptible alleles in three of four shared by them (rs1978331,
rs2540482 and rs2660845) are different (i.e., alternative alleles). In addition, none of the
haplotypes constructed using these three shared SNPs significantly interact with diet on
either IMT or vascular mass. Thus, HapE identified in our study should represent a novel
haplotype related to leukotriene production and resulting arterial inflammation. The
differences between HapE and HapK have been reported elsewhere.21, 49

In an earlier study of Caucasian twins, we reported that HapE significantly protects against
early atherosclerosis as measured by carotid IMT.21 However, such a beneficial main
haplotypic effect was not observed in the current analysis of American Indians. This
discrepancy is biologically plausible due to one or more of the following reasons. First,
carotid IMT was measured differently in two populations. In the Strong Heart Family Study
(SHFS), we measured carotid IMT in regions free of plaque, whereas in our previous twin
study, carotid artery wall thickness was measured regardless of the absence or presence of
plaque. This phenotypic heterogeneity could possibly contribute to the differential effect of
HapE in two studies; Second, it is well appreciated that the effect of a genetic variant on
phenotypic expression of a trait could be influenced by many factors, such as neighborhood
genes (e.g., linkage disequilibrium, gene x gene interaction, etc) and/or environmental
factors (e.g., gene x environment interaction, epigenetics). American Indians may be
genetically and behaviorally distinct from Caucasians, and thus it is reasonable that HapE
may affect IMT differently in two different populations. This further highlights the
importance of investigating population-specific biological mechanisms, including gene x
gene and gene x environmental interactions, in dissecting the genetic etiology of human
complex traits.

Our findings should be interpreted in light of several limitations. First, we used FFQ to
assess habitual intake of fatty acids, which may result in measurement errors. Second, the
observed haplotype × diet interactions on IMT and vascular mass are statistical but not
necessarily biological interactions. Third, due to lack of functional analysis, we cannot
determine whether dietary intake of n-3 and n-6 fatty acids influences disease risk through
changing leukotriene production or other biological pathways. Fourth, although we were
able to control many known coronary risk factors, we cannot completely exclude the
possibility of confounding by other unknown or unmeasured factors. In addition, though we
cannot preclude recall bias as an explanation for our findings, recall bias seems unlikely
because we used subclinical vascular measures of CVD. Finally, though our results are
derived from a sample of American Indians with high rates of obesity and diabetes, and
generalization to other ethnic groups with different risk profiles awaits further investigation,
replication of the nutrigenetic on IMT in Caucasian twins suggests the robustness of this
haplotype × diet interaction on carotid artery hypertrophy.

In summary, in a large well-characterized population of American Indians, we identified
significant evidence for interactions of a leukotriene haplotype with diet on carotid IMT and
vascular mass, but not discrete atherosclerotic plaque, independent of traditional coronary
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risk factors. The nutrigenetic interaction on IMT is in the same direction as that identified in
a Caucasian population. Confirmation of gene ×diet interactions in two populations with
distinct genetic background and lifestyle factors suggests that our findings are quite robust
and may be generalizable to other ethnic groups. Our results provide useful information for
CVD prevention and lifestyle intervention tailored to each individual patient.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Genetic variants in genes encoding leukotrienes have been associated with
atherosclerosis, but it is unclear whether this association is modified by dietary
intake of competing leukotriene substrates.

• A recent study reported significant interaction of a leukotriene haplotype (i.e.
HapE) with diet on carotid IMT in Caucasian twins.

• Dietary intake of PUFAs significantly modifies the association of HapE with
carotid artery hypertrophy in American Indians who may have distinct genetic
background and dietary habits.
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Figure 1.
Interaction between HapE and dietary intake of n-3 (Fig. 1A) and n-6 (Fig. 1B) fatty acids
on IMT. All interactions adjusted for age, sex, study center, BMI, systolic blood pressure,
smoking, alcohol consumption, total cholesterol, triglyceride, eGFR, saturated fat and total
daily energy intake. The interactions shown in Fig1 and 1B were adjusted for each other.
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Figure 2.
Interaction between HapE and dietary intake of n-3 (Fig. 2A) and n-6 (Fig. 2B) fatty acids
on vascular mass. All interactions adjusted for age, sex, study center, BMI, systolic blood
pressure, smoking, alcohol consumption, total cholesterol, triglyceride, eGFR, saturated fat
and total daily energy intake. The interactions shown in Fig2 and 2B were adjusted for each
other.
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Table 1

Genotyped tagSNPs in LTA4H gene

SNP Variation MAF

rs2247570 A/G 0.10

rs2540475 C/T 0.11

rs2540482 A/G 0.48

rs2660845 A/G 0.47

rs2660880 A/G 0.01

rs2660898 A/C 0.25

rs2660899 C/A 0.41

rs6538697 A/G 0.12

rs1978331 A/G 0.23

rs17677715 A/G 0.07

rs61937881 C/T 0.09
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Table 2

Distribution of major cardiovascular risk factors by HapE status in American Indians

Variables

HapE (−) HapE (+) P*

Mean ± SD or % Mean ± SD or %

Age (years) 39.7±16.9 40.7±17.2 0.23

Female sex (%) 59.9 60.9 0.60

Current smoker (%) 33.6 33.5 0.10

Current drinker (%) 57.8 57.6 0.86

Type 2 diabetes (%) 22.6 23.8 0.66

Hypertension (%) 33.6 33.5 0.94

Dietary intake of n-3 fatty acids (g/d) 0.26±0.47 0.21±0.27 0.05

Dietary intake of n-6 fatty acids (g/d) 23.1±19.5 21.5±16.4 0.10

Dietary intake of saturated fat (g/d) 37.3±30.9 34.5±26.6 0.16

Total daily energy intake (Kcal) 2731.8±2125.0 2554.1±1804.6 0.15

Total cholesterol(mg/dL) 181.0±37.9 179.6±35.1 0.41

Total triglyceride (mg/dL) 169.6±182.5 162.9±128.2 0.13

HDL (mg/dL) 50.8±14.6 50.7±14.5 0.84

LDL (mg/dL) 98.2±29.6 97.8±28.9 0.90

SBP (mmHg) 122.7±17.0 122.5±17.6 0.08

DBP(mmHg) 76.3±11.1 75.8±11.3 0.07

BMI (kg/m2)) 32.2±7.9 32.4±7.9 0.29

eGFR (ml/min/1.73 m2) 100.2±27.8 100.0±30.8 0.53

Carotid IMT (μm) 661.86±160.08 671.05±161.90 0.97

Vascular mass (mm2) 13.51±4.35 13.65±4.55 0.71

Plaque (%) 29.12 30.44 0.46

Plaque score 0.24±0.40 0.25±0.41 0.89

*
Adjusted for age, sex, study center and family relatedness whenever appropriate by GEE
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Table 3

HapE × diet interaction on carotid IMT by multivariate GEE analysis in American Indians (total N=3402)

Variables

HapE × n-3 PUFA HapE × n-6 PUFA

Coefficient Multivariate-P* Coefficient Multivariate-P*

HapE 0.99 0.54 0.99 0.40

n-3 fatty acids 1.05 0.02 1.00 0.62

n-6 fatty acids 1.00 0.59 1.00 0.96

n-3 × HapE 1.05 0.018 - -

n-6 × HapE - - 1.01 0.04

Age 1.01 <0.0001 1.01 <0.0001

Female sex 0.95 <0.0001 0.95 <0.0001

Study center 1.01 0.17 1.01 0.17

BMI 1.00 0.0005 1.00 <0.0001

SBP 1.00 <0.0001 1.00 <0.0001

Smoking 1.02 0.02 1.02 0.02

Alcohol use 0.98 0.02 0.97 0.01

Total cholesterol 1.00 0.15 1.00 0.18

Triglyceride 1.00 0.08 1.00 0.07

eGFR 1.00 0.29 1.01 0.25

Daily energy intake 1.00 0.59 1.00 0.50

Diabetes 1.06 <0.0001 1.06 <0.0001

*
Adjusted for age, sex, study center, BMI, systolic blood pressure, diabetes, smoking, alcohol consumption, total cholesterol, triglyceride, eGFR,

saturated fat and total daily energy intake. The interactions of HapE with n-3 or n-6 fatty acids were adjusted for one another.
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Table 4

HapE × diet interaction on vascular mass by multivariate GEE analysis in American Indians (total N=3402)

Variables

HapE × n-3 PUFA HapE × n-6 PUFA

Coefficient Multivariate-P* Coefficient Multivariate-P*

HapE 0.99 0.41 0.98 0.22

n-3 fatty acids 1.07 0.007 1.01 0.45

n-6 fatty acids 1.00 0.08 1.00 0.26

n-3 × HapE 1.07 0.013 - -

n-6 × HapE - - 1.00 0.02

Age 1.01 <0.0001 1.01 <0.0001

Female sex 0.87 <0.0001 0.87 <0.0001

Study center 1.00 0.84 1.00 0.85

BMI 1.01 <0.0001 1.01 <0.0001

SBP 1.00 <0.0001 1.00 <0.0001

Smoking 1.03 0.009 1.03 0.01

Alcohol use -0.021 0.29 0.99 0.28

Total cholesterol 1.00 0.59 1.00 0.62

Triglyceride 1.00 0.30 1.00 0.29

eGFR 1.02 0.05 1.02 0.05

Daily energy intake 1.00 0.05 1.00 0.04

Diabetes 1.08 <0.0001 1.08 <0.0001

*
Adjusted for age, sex, study center, BMI, systolic blood pressure, diabetes, smoking, alcohol consumption, total cholesterol, triglyceride, eGFR,

saturated fat and total daily energy intake. The interactions of HapE with n-3 or n-6 fatty acids were adjusted for one another.
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