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ARTICLE INFO ABSTRACT

Background: A significant proportion of the variability in carotid artery lumen diameter is attributable to genetic
factors.

Methods: Carotid ultrasonography and genotyping were performed in the 3300 American Indian participants in the
Strong Heart Family Study (SHFS) to identify chromosomal regions harboring novel genes associated with
inter-individual variation in carotid artery lumen diameter. Genome-wide linkage analysis was conducted using
standard variance component linkage methods, implemented in SOLAR, based on multipoint identity-by-descent
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Carotid artery Results: Genome-wide linkage analysis revealed a significant evidence for linkage for a locus for left carotid artery
Ultrasonography diastolic and systolic lumen diameters in Arizona SHFS participants on chromosome 7 at 120 cM (lod = 4.85 and

3.77, respectively, after sex and age adjustment, and lod = 3.12 and 2.72, respectively, after adjustment for sex,
age, height, weight, systolic and diastolic blood pressure, diabetes mellitus and current smoking). Other regions
with suggestive evidence of linkage for left carotid artery diastolic and systolic lumen diameter were found on
chromosome 12 at 153 cM (lod = 2.20 and 2.60, respectively, after sex and age adjustment, and lod = 2.44
and 2.16, respectively, after full covariate adjustment) in Oklahoma SHFS participants; suggestive linkage for
right carotid artery diastolic and systolic lumen diameter was found on chromosome 9 at 154 cM (lod = 2.72
and 3.19, respectively after sex and age adjustment, and lod = 2.36 and 2.21, respectively, after full covariate ad-
justment) in Oklahoma SHFS participants.

Conclusion: We found significant evidence for loci influencing carotid artery lumen diameter on chromosome 7q
and suggestive linkage on chromosomes 12q and 9q.

Linkage analysis
Variance components

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Studies have shown that carotid artery structure and function are
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not only influenced by cardiovascular disease (CVD) risk factors but
also may represent phenotypic measures of vascular disease beyond
those conferred by conventional CVD risk factors [1-4]. Furthermore,
recent studies have provided evidence of an association between ca-
rotid artery lumen diameter and risk of aortic aneurysm formation
in population-based samples [5,6]. In the Tromsg Study, investigators
found that common carotid artery lumen diameter was independent-
ly associated with risk of abdominal aortic aneurysm in men (odds
ratio, OR = 1.9 [95% confidence interval, CI: 1.2-2.9]) and women
(OR = 4.1 [95% CI: 1.5-10.8]), suggesting an association between
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carotid artery dilatation and a general arterial dilating diathesis [5].
Carotid artery lumen diameter is strongly influenced by age, blood
pressure (BP) and body size [7], and a significant proportion of the
variability in carotid artery lumen diameter is attributable to genetic
factors [8-10]. Among American Indian participants in the Strong
Heart Family Study (SHES), we previously found that the heritability
(h?) of carotid artery lumen diameter after adjusting for covariates
is approximately 0.44 (with a standard error of £ 0.07), suggesting
that a substantial proportion of the inter-individual variability in ca-
rotid artery size is due to additive effects of genes [8]. In this study,
we conducted genome-wide linkage analysis of carotid artery lumen
diameter to identify chromosomal regions harboring genetic variants
associated with inter-individual variation in carotid artery lumen di-
ameter in the American Indian participants in the SHEFS.

2. Methods
2.1. Study sample

The SHS is a population-based cohort survey of cardiovascular risk factors and
prevalent and incident cardiovascular disease in American Indians. As previously de-
scribed [11,12], the population included adult members of 13 tribes: 3 in North and
South Dakota, 7 in southwestern Oklahoma and 3 in central Arizona. In 1998, the
SHFS was initiated for genetic studies and participants aged 14 years and older were
recruited without regard to disease status [13]. Families were selected through
sibships of two to eight siblings who had participated in the original epidemiological
study. The parents, spouses, offspring, spouses of offspring, and grandchildren of the
original participants were then recruited to construct extended, multi-generational
pedigrees. Approval for the SHS and SHFS was granted by the institutional review
boards of the Indian Health Service and the participating institutions as well as by
the 13 American Indian tribes participating in these studies and all participants signed
informed consent.

2.2. Carotid ultrasound measurements

Carotid ultrasound measurements were made using previously described methods
[1,7,8,14,15]. Briefly, the extracranial segments of the right and left carotid arteries were
extensively scanned by using a high-frequency 2D ultrasound probe. Carotid artery struc-
ture was quantified from M-mode tracings of the distal common carotid artery obtained 1
to 2 cm from the carotid bulb; M-mode tracings were never obtained at the level of a dis-
crete plaque. M-mode tracings were acquired by videotape with use of a frame-grabber
and measurements were performed on digitized images with custom software (ARTSS,
Cornell University). Minimum (end-diastolic) and maximum (end-systolic) carotid
lumen diameters were obtained by continuous tracing of the lumen-intima interfaces of
the near- and far-walls. In the families genotyped for the genome-wide linkage screen,
left carotid artery lumen measurements were available for 1164 participants in Arizona,
1141 in North and South Dakota, and 1133 in Oklahoma; right carotid artery lumen mea-
surements were available for 1159 participants in Arizona, 1130 participants in North and
South Dakota and 1134 participants in Oklahoma. Carotid measurements were made by a
highly experienced reader (MJR) with high intraobserver (r = 0.98, SEE = 0.04 mm) and
interobserver (r = 0.97, SEE = 0.05 mm) reproducibility [1].

2.3. Marker genotyping

Blood was drawn by venipuncture from fasting individuals. Buffy coats were isolated
by centrifugation at the SHS regional clinics and then shipped on dry ice to the Southwest
Foundation for Biomedical Research for DNA extraction using organic solvents. Each partic-
ipant was genotyped using the ABI PRISM Linkage Mapping Set-MD10 Version 2.5 (Applied
Biosystems, Foster City, CA), which is designed to amplify dinucleotide repeat markers se-
lected from the Genethon human linkage map [16,17], covering the genome with markers
spaced 10 cM apart on average. Nearly 400 markers were genotyped at satisfactory quality
(381 in AZ, 380 in DK, and 393 in OK). The True Allele PCR Premix (Applied Biosystems,
Foster City, CA) was used for PCR amplification in Applied Biosystems 9700 thermocyclers,
according to manufacturer's specifications. Separate tubes were used for PCR amplification
of each marker in each individual. The PCR products from different markers, from one indi-
vidual, were subsequently pooled, together with a size standard, and loaded into an ABI
PRISM 377 or 3100 Genetic Analyzer for laser-based automated genotyping using the
Genescan and Genotyper software packages (Applied Biosystems, Foster City, CA). CEPH
DNA genotypes were used to confirm consistent allele naming between the gel-based
and capillary-based instruments. Overall, 2076 individuals have been genotyped (707 in
AZ,698 in DK, 671 in OK).

3. Statistical methods

The stated pedigree relationships were verified with the software
package PREST [18,19], based on the observed genotypes. The program

SimWalk2 [20] was used to estimate error probabilities for the geno-
type at each marker in each individual [21], using the genotype data
at all markers jointly, based on the genetic map by deCODE genetics
[22] and marker allele frequencies estimated by maximum likelihood
[23]. This procedure can highlight genotypes that are inconsistent as
well as those that are unlikely given the recombination fractions and al-
lele frequencies used as input. We used an iterative process to eliminate
genotypes likely to be erroneous until no more inconsistencies or likely
erroneous genotypes remained.

The probabilities of identity-by-descent (IBD) allele sharing among
pairs of related individuals were computed by the Monte Carlo Markov
Chain approach implemented in software package Loki [24], in order to
allow computation of IBD probabilities based on the genotypes at all
linked markers jointly.

Heritability and genome-wide linkage analyses were conducted using
the variance component approach implemented in software package
SOLAR [25]. The effects of factors likely to influence the phenotypes of in-
terest (such as sex and age) were accounted for using a linear regression
model, allowing for separate parameter values in the three different geo-
graphic cohorts. In order to ensure that the phenotypic distribution is ap-
propriate for variance components analysis, the phenotypic residuals
from the linear covariate adjustment were rank-normalized prior to anal-
ysis, i.e. the observations within each center were ranked and replaced
with the expected values from a standard normal distribution for the
given ranks. Joint analysis of all three centers was performed in two
ways: In one model, the polygenic and quantitative trait locus (QTL) ef-
fects were constrained to be equal, which would be appropriate if one as-
sumes that the three centers are genetically homogeneous and that
shared common variants exist at QTLs to be mapped. In the other
model, these parameters were allowed to vary by center, which would
be appropriate if there are genetic differences between the tribes from
the three regions, including the possibility that uncommon variants not
shared between the different centers are responsible for some QTLs.
While this latter model has three linkage parameters and associated de-
grees of freedom (and an assumed mixture distribution of a 0.125 point
mass at zero, 0.375 chi(1), 0.375 chi(2), and 0.125 chi(3)), the likelihood
ratios were converted into a regular logarithm of odds (LOD) score for
convention and ease of comparison. In both models, all nuisance param-
eters (including allele frequencies and covariate regression coefficients)
were allowed to vary between the three sites.

Based on the theory by Feingold et al. [26] which takes into account
pedigree structures and the number of markers and genetic map, a LOD
score of approximately 2.88 correspond to a genome-wide p-value of
0.05. This is essentially invariant among all three centers, since the
same marker set was genotyped and the pedigree structures (regarding
size, depth, width, average kinship size, and phenotype availability for
pedigree members) are fairly similar.

4. Results
4.1. Clinical characteristics of SHFS participants by field center

The study sample consisted of 3300 phenotyped individuals, with
roughly equal number of participants from the three centers in
Arizona, North/South Dakota, and Oklahoma. As seen in Table 1, SHFS
participants were mostly female (~60%) and frequently overweight
and diabetic, but with fairly well-controlled blood pressure. SHFS partic-
ipants in North/South Dakota had slightly lower prevalent hypertension
and type 2 diabetes mellitus but higher prevalence of current smoking
compared to SHFS participants in Arizona and Oklahoma. An overview
of the carotid arterial measurements is given in Table 2. In general,
male SHFS participants had slightly but statistically significantly larger
carotid artery diastolic and systolic lumen diameters compared to fe-
male SHFS participants (all p < 0.05). There were no differences in
male or female carotid artery lumen diameter between centers.
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Table 1
Clinical characteristics of the Strong Heart Family Study participants by field center.
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Field center Sex Mean age Mean BMI Diabetes® Mean SBP Mean DBP Hypertension” Hypertension treatment Currently smoking
(% female) (Years) (kg/m?) (%) (mm Hg) (mm Hg) (%) (%) (%)

AZ 62.3 37.2 354 333 121.0 76.6 342 22.5 22.6

DK 58.5 39.0 30.2 14.4 120.1 753 235 15.1 42.8

OK 58.5 43.6 311 20.5 126.7 76.8 373 22.9 331

All 59.9 399 323 22.8 122.6 76.2 31.7 20.2 33.8

2 : by American Diabetes Association (ADA) definition.
b : by US hypertension definition.

4.2. Heritability and genetic linkage of carotid artery lumen diameter in
SHES participants

As seen in Table 3, carotid artery lumen diameters were highly
heritable across field centers in both sex and age-adjusted (ranging
from 0.28 to 0.56) and fully-adjusted models (ranging from 0.29 to
0.45), consistent with our previous report [8]. The heritability esti-
mates were consistently slightly higher in North/South Dakota than
in the other two centers.

Genome-wide linkage scan results are summarized in Table 4. In
this dataset, LOD scores of approximately 2.88 correspond to a
genome-wide significance level of 0.05. A significant linkage peak
[27] was obtained with left carotid artery diastolic and systolic
lumen diameter in Arizona SHFS participants on chromosome 7 at
120 cM (4.85 and 3.77 for the left diastolic and systolic diameter, re-
spectively, using the sex and age-adjusted model and 3.12 and 2.72
for the left diastolic and systolic diameter, respectively, using the
fully-adjusted model; Figs. 1 and 2). In addition, another significant
linkage peak was obtained in the Oklahoma sample for the right sys-
tolic diameter on chromosome 9 at 154 cM (lod = 3.19), with nearly
significant linkage evidence also for the right diastolic diameter at the
same location (lod = 2.72), after adjusting for age and sex; the lod
scores were attenuated to 2.31 and 2.36, respectively, after full covar-
iate adjustment. Suggestive evidence of linkage for left carotid artery
diastolic and systolic lumen diameter was also found in chromosome
12 at 153 cM (lod = 2.20 and 2.60, respectively, after sex and age ad-
justment, and lod = 2.44 and 2.16, respectively, after full covariate
adjustment); suggestive linkage for left carotid artery systolic lumen

diameter but not diastolic lumen diameter was found in chromosome
13 at 103 cM (lod = 2.16, after full covariate adjustment) in Oklaho-
ma SHFS participants (Table 4).

5. Discussion

Previous studies have shown that a significant proportion of the var-
iability in carotid artery lumen diameter is attributable to genetic factors
[8-10]. We have identified, for the first time, several novel chromosomal
regions that may harbor genes and gene variants influencing carotid
artery size in American Indian SHFS participants. We found significant
genetic linkage of left carotid artery diastolic and systolic lumen diame-
ters in chromosome 7q (lod = 4.85 and 3.77, respectively, after sex and
age adjustment, and lod = 3.12 and 2.72, respectively, after full covari-
ate adjustment) in Arizona SHFS participants; when left and right carot-
id diastolic and systolic lumen diameters were averaged, as is common
in epidemiologic studies, the linkage signal was attenuated but
remained significant (lod = 3.26 and 3.13, respectively, after sex and
age adjustment, and lod = 2.25 and 2.73, respectively, after full covari-
ate adjustment). Another region with suggestive evidence of linkage for
left carotid artery diastolic and systolic lumen diameter was found in
chromosome 12q (lod = 2.20 and 2.60, respectively, after sex and age
adjustment, and lod = 2.44 and 2.16, respectively, after full covariate
adjustment); suggestive linkage for right carotid artery diastolic and sys-
tolic lumen diameter was also found in chromosome 9q (lod = 2.72 and
3.19, respectively, after sex and age adjustment, and lod = 2.36 and
2.31, respectively, after full covariate adjustment) and suggestive link-
age for left carotid artery systolic lumen diameter but not diastolic

Table 2
Overview of carotid arterial measurements (mean and range) by field center and sex.
Field center Sex Sample size (range for different traits) LeftDD (mm) LeftSD (mm) RightDD (mm) RightSD (mm) AvDD (mm) AvSD (mm)
AZ Both 1121-1164 5.77 6.54 5.90 6.67 5.83 6.60
(3.07-10.90) (4.77-9.60) (4.20-9.70) (4.75-9.97) (4.37-9.30) (4.99-9.14)
Female 699-724 5.54 6.27 5.69 6.43 5.61 6.34
(3.07-8.00) (4.77-8.39) (4.20-8.38) (4.75-9.30) (4.37-8.19) (4.99-8.85)
Male 422-441 6.15* 6.98* 6.26* 7.09* 6.19* 7.02*
(4.30-10.90) (4.80-9.60) (4.70-9.70)* (5.30-9.97) (4.89-9.30) (5.45-9.14)
DK Both 1101-1141 5.77 6.55 591 6.66 5.82 6.59
(4.27-9.10) (4.75-9.70) (4.00-9.60) (4.60-10.85) (4.19-9.30) (4.72-10.05)
Female 644-671 5.57 6.31 5.73 6.44 5.64 6.37
(4.30-7.95) (4.75-8.40) (4.00-9.25) (4.60-9.20) (4.19-8.60) (4.72-8.27)
Male 457-470 6.04* 6.89* 6.16* 6.96* 6.09* 6.92*
(4.27-9.10) (5.15-9.70) (4.20-9.60) (4.60-10.85) (4.61-9.30) (5.61-10.05)
OK Both 1092-1134 5.72 6.40 5.77 6.46 5.74 6.43
(2.90-8.60) (3.00-9.50) (3.87-8.80) (4.30-9.57) (4.10-8.45) (4.50-9.34)
Female 641-667 5.49 6.12 5.55 6.21 5.52 6.16
(2.90-8.10) (3.00-8.70) (3.87-8.80) (4.30-9.57) (4.10-8.45) (4.50-9.10)
Male 451-469 6.05* 6.81* 6.07* 6.82* 6.05* 6.81*
(4.30-8.60) (5.00-9.50) (4.00-8.45) (4.40-9.25) (4.25-8.00) (4.72-9.34)
All Both 3314-3438 5.75 6.50 5.86 6.60 5.80 6.54
(2.90-10.90) (3.00-9.70) (3.87-9.70) (4.30-10.85) (4.10-9.30) (4.50-10.05)
Female 1984-2061 5.54 6.23 5.66 6.36 5.59 6.29
(2.90-8.10) (3.00-8.70) (3.87-9.25) (4.30-9.57) (4.10-8.60) (4.50-9.10)
Male 1330-1377 6.08* 6.89* 6.16* 6.95* 6.11* 6.91*
(4.27-10.90) (4.80-9.70) (4.00-9.70) (4.40-10.85) (4.25-9.30) (4.72-10.05)

Abbreviations: LeftDD: left diastolic diameter; RightDD: right diastolic diameter; AvDD: average diastolic diameter (average of left and right side); LeftSD: left systolic diameter;
RightSD: right systolic diameter; AvSD: average systolic diameter (average of left and right side); *—p < 0.05 compared to female SHS participants.
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Table 3
Heritability estimates of carotid arterial measurements (mean and range) by field center.
Trait Field center No. of pedigrees Sex and age-adjusted model® Fully-adjusted model®
No. of individuals with Heritability® No. of individuals with Heritability®
complete phenotypic data complete phenotypic data

LeftDD AZ 27 1164 0.36 1132 0.31
DK 22 1141 0.46 1126 0.35
OK 11 1133 0.36 1128 0.37

LeftSD AZ 27 1164 0.41 1132 0.35
DK 22 1141 0.46 1126 033
OK 11 1133 0.35 1128 0.36

RightDD AZ 26 1159 0.33 1128 0.30
DK 22 1130 0.51 1117 0.40
OK 11 1134 0.28 1127 0.29

RightSD AZ 26 1159 0.38 1128 0.34
DK 22 1130 0.49 1117 0.38
OK 11 1134 0.30 1127 0.32

AvDD AZ 26 1121 041 1092 0.38
DK 22 1101 0.56 1088 045
OK 11 1092 0.38 1087 0.39

AvSD AZ 26 1121 047 1092 043
DK 22 1101 0.55 1088 043
OK 11 1092 0.37 1087 0.39

a
b

: Phenotypes were adjusted for sex, age, sex x age, age?, and sex x age?.
: Phenotypes were adjusted for sex, age, sex x age, age?, sex x age?, weight, height, SBP, DBP, DM status (ADA definition) and current smoking status.
€ : All heritability estimates are highly significant (p <E — 8).

lumen diameter was found in chromosome 13 at 103 cM (lod = 2.16, candidate genes in the region, including KCND2 or Kv4.2 [28,29].
after full covariate adjustment) in Oklahoma SHFS participants. KCND or Kv4 proteins form voltage-activated A-type potassium (K*)

We found the highest lod scores for carotid artery diastolic and sys- ion channels found in smooth muscle cells of the carotid and
tolic lumen diameters in chromosome 7q. There are several excellent neuroepithelial bodies and pulmonary arteries and are prominent in

Table 4
Logarithm of odds (lod) score peaks for carotid arterial measurements by field center.

Field center Trait lod at chr. 7 at 120 cM lod at chr. 9 at 154 cM Suggestive® lod scores elsewhere in
genome (chr., location, lod)

Sex and age-adjusted Fully-adjusted Sex and age-adjusted Fully-adjusted Sex and age-adjusted Fully-adjusted

model” model® model® model® model? model®
AZ LeftbDD  4.85 3.12 0.00 0.04 - -
LeftSD 3.77 2.72 0.00 0.00 chr. 14,35 cM, 2.28  chr. 9, 3 cM, 2.06-
RightDD 0.52 0.40 0.17 0.01 - -
RightSD 0.64 0.60 0.00 0.00 chr. 15,32 cM, 2.75 -
AvDD 3.26 2.25 0.00 0.00 - -
AvSD 3.13 2.73 0.00 0.00 - -
DK LeftbD  0.00 0.01 0.00 0.02 - -
LeftSD 0.00 0.00 0.00 0.00 - -
RightDD 0.00 0.00 0.00 0.13 - -
RightSD  0.00 0.00 0.00 0.01 - -
AvDD 0.00 0.00 0.00 0.08 - chr. 1, 109 cM, 2.06
AvSD 0.00 0.00 0.00 0.00 - -
OK LeftbD  0.00 0.00 0.02 0.00 chr. 12,153 cM, 2.20 chr. 12,153 cM, 2.44
LeftSD 0.00 0.00 0.01 0.00 chr 12,153 ¢cM, 2.60 chr. 12,153 cM, 2.16
chr. 13,103 cM, 2.16
RightDD 0.00 0.00 2.72 2.36 - -
RightSD 0.00 0.00 3.19 231 - -
AvDD 0.00 0.00 1.03 0.96 - -
AvSD 0.00 0.00 0.88 0.56 - chr. 13,96 cM, 2.34
Allf LeftDD  0.82 1.14 0.00 0.07 - -
LeftSD 0.46 0.72 0.00 0.00 - -
RightDD 0.00 0.03 1.42 1.40 - -
RightSD 0.00 0.00 0.87 0.60 - -
AvDD 0.24 0.36 0.38 0.72 - -
AvSD 0.10 0.13 0.01 0.03 - -
All, with inter-center hetero-geneity! LeftDD  3.84 2.26 0.00 0.00 - -
LeftSD 2.84 1.89 0.00 0.00 - -
RightDD 0.13 0.07 2.04 1.69 - -
RightSD  0.20 0.17 2.32 1.54 chr. 15,33 cM, 2.27 -
AvDD 2.37 147 047 048 - -
AvSD 2.26 2.01 0.36 0.15 - -

Bold values indicate level of significance (p<0.05).
¢ : LOD score >1.96 [25].
: Phenotypes were adjusted for sex, age, sex x age, age?, and sex x age’.
¢ : Phenotypes were adjusted for sex, age, sex x age, age?, sex x age?, weight, height, SBP, DBP, DM status (ADA definition), and current smoking status.
d . See text for details on the differences between both types of analysis on total sample.

b
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leftdd4, sex and age adjusted; AZ: blue, DK: red, OK: green; all: black; all.lodSum: grey
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Fig. 1. Genome-wide linkage results for LeftDD in different field centers. Chromosomes are oriented vertically and identified by the number on top. Hatch marks indicate the po-
sitions of genotyped marker loci. The scale of the genetic map is given on the left. The lod score scale is indicated below the chromosomes giving the highest genome-wide lod
scores. Blue: AZ; red: OK; green: DK; black: all; gray: all, allowing for inter-center heterogeneity (see text for details on the two different analyses on the entire sample).

the repolarization phase of the action potential [30,31]. Hypoxia leads to
activation of Kv channels which then increases K™ efflux, resulting in
membrane hyperpolarization, leading to closing of voltage-dependent
calcium (Ca®?™) channels and a decrease in Ca? ™ influx ensuing arterial
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Fig. 2. Linkage results on different carotid artery diameter measures for chromosome 7
in AZ. The positions of genotyped marker loci are indicated on top. Blue: LeftDD, red:
LeftSD, green: RightDD; black: RightSD; gray: AvDD; yellow: AvSD.

vasodilation [31]. No other studies have shown a relation between this
genetic locus and carotid artery lumen diameter. While the Framingham
Heart Study found evidence of linkage with carotid intimal medial thick-
ness in their Caucasian population on chromosome 7 [32,33], the loca-
tion is different (at 161 cM); we did not find evidence of linkage with
carotid intimal medial thickness in that chromosomal region (data not
shown). We found no evidence of linkage for the carotid stiffness
index () in chromosomes 7 or 9 (data not shown). The genetic locus
we found to be linked to carotid artery size in this study has also been
shown to be associated with systolic and diastolic blood pressure in Ni-
gerian families [34] and with body mass index in the NHLBI Family
Heart Study [35]. While it is possible that the attenuation of the linkage
signal we observed after full covariate adjustment that included blood
pressure and body size could be attributed to the association of this
locus to blood pressure and body size, we did not find any linkage
evidence at this locus with blood pressure or body mass index in the
American Indian SHFS participants [36-38].

Our findings of chromosomal regions linked to the left but not the
right carotid arterial lumen diameter and vice versa suggest lateraliza-
tion in gene and variants influencing carotid arterial lumen diameter.
Denarié et al. have shown that carotid arterial lumen diameter tended
to be smaller on the left side than on the right side in both men and
women [39]. Among SHFS participants, we found left carotid arterial
lumen diameters were, on average, slightly but statistically significantly
smaller than the right in both sexes and across all centers. Recent studies
have also indicated differing effects of shear stress and modifiable car-
diovascular risk factors on left and right carotid arterial structure
suggesting lateralization of specific environment-gene interactions on
carotid arterial structure [40-42]. Of particular relevance to our findings
of significant linkage of left carotid artery diastolic and systolic lumen di-
ameters to chromosome 7q, studies suggest that functional asymmetry
exists between left and right carotid baroreceptor cardiac reflexes, with
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greater blood flow acceleration response to carotid baroreceptor
activation/inactivation in the left than the right carotid artery [43,44].
Further studies are needed to determine whether genetic factors influ-
ence functional asymmetry between left and right carotid baroreceptor
cardiac reflexes.

Recent studies have provided evidence of a correlation between
carotid artery lumen diameter and risk of aortic aneurysm formation
in population-based samples [5,6]. In the Tromsg Study, investigators
found that common carotid artery lumen diameter was independent-
ly associated with an almost 2-fold risk of abdominal aortic aneurysm
in men and 4-fold risk of abdominal aortic aneurysm in women,
suggesting an association between carotid artery dilatation and a
general arterial dilating diathesis [5]. It remains unclear whether sim-
ilar genes and variants influence carotid artery, thoracic aortic or ab-
dominal aortic size. Among American Indian SHFS participants,
carotid artery lumen diameter was moderately genetically correlated
with aortic root diameter (p = 0.52 to 0.58). We found no evidence
of linkage for aortic root diameter in chromosome 7 among American
Indian SHFS participants; abdominal aortic diameter was not evaluat-
ed in the SHFS.

6. Study limitations

This study was conducted in the American Indian participants of the
SHES and thus, may not be applicable to other ethnicities. However, a
recent study of multi-generational Afro-Caribbean families reported ge-
netic linkage of carotid artery lumen diameter in chromosome 11 at
133 cM (lod = 4.09) and suggestive linkage in chromosome 14 at
54 cM (lod = 2.5) [45]. We found no linkage of carotid artery lumen di-
ameter in chromosome 11; we found suggestive linkage of left carotid
artery lumen diameter in a different location in chromosome 14
(35 cM, lod = 2.28). These findings suggest that there may be ethnic
heterogeneity in genes or gene variants influencing carotid artery
lumen diameter. Further studies are needed to identify genetic loci
influencing carotid artery lumen diameters in other ethnicities.

7. Conclusion

We found significant linkage evidence for carotid artery lumen diam-
eter on chromosome 7q and suggestive linkage peaks on chromosomes
12q and 9q. Further studies are needed to determine the genes and var-
iants contained in these chromosomal regions that are responsible for
the observed linkage results. Identification of and gene variants influenc-
ing carotid artery size in these novel chromosomal regions may provide
insight into mechanisms involved in aortic aneurysm formation.
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