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ABSTRACT

This article is a report of the design and methods of the Genetics of Coronary Artery Disease
in Alaska Natives (GOCADAN) Study. This longitudinal, population-based study was initiated
to investigate the genetic determinants of cardiovascular disease and its risk factors. Between
October 2000 and April 2004, this family study enrolled 1,214 Eskimos from several coastal
villages in the Norton Sound region of Western Alaska. Examinations included a physical, labo-
ratory determinations, and measures of subclinical disease. This study will generate a genome-
wide scan for loci influencing cardiovascular disease-related traits. Relations between subclinical
atherosclerosis and markers of inflammation will be examined using historic and newly drawn
samples. The study will provide data on CVD prevalence, risk factors and the relative contribu-
tion of genetic and environmental determinants in Alaska Native peoples. Data from this study
will contribute to the delivery of health-care and prevention of CVD in Alaska Eskimos and other
populations. (Int J Circumpolar Health 2005,;64(3):206-221.)

Keywords: Hypertension, epidemiology, heart disease, vascular disease, diabetes, genetics, Inuit
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INTRODUCTION

It is commonly believed that rates of mortality
from coronary heart disease (CHD) are low
among Eskimos (1), an idea reinforced by
findings that fish oils are associated with
reduced rates of coronary artery disease
(CAD) (1). Between 1955 and 1965, coronary
heart disease (CHD) mortality rates were 12-
23% lower in Eskimos than in non-Native
persons living in Alaska, and lower than those
of Whites throughout the United States (2).
Since this 1955-1965 survey, relative increases
in CHD mortality have been observed in
Eskimos. A comparison of disease trends
suggests that, from 1979-1998, CHD mortality
rates were stable, or increased among Eskimos,
while rates declined among U.S. Whites (3).
Younger Eskimos have more westernized diets
and lower rates of physical activity than their
elders did at the same age. The influence of life-
style, especially the traditional fish-based diet,
on CVD may be complex, because marine oils
may reduce thromboses, but may not influence
the atherosclerotic process. Moreover, regional
differences in CVD mortality and incidence
have been observed in Alaskan Eskimos (2-4);
rates in the Norton Sound region are two-fold
higher than in neighboring areas. Studies have
suggested higher than expected prevalences
of diabetes, hypertension, obesity and dyslip-
idemia (5-13). Studies in closely related Inuit
populations in Greenland and Canada have
proposed a similar evolution of risk factors
and CVD (14-21). Changes in risk factors and
lifestyle probably contribute to increasing
CVD among Eskimos (9,22,23).

Although the pathogenesis of CVD probably
involves interactions among environmental,

behavioral and genetic factors, evidence
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for susceptibility genes and gene-environ-
ment interactions remain inconclusive. One
approach to understanding the genetics of heart
disease is to develop genome-wide screens of
well-characterized families. This approach
treats CVD risk factors as phenotypes related
to specific chromosomal regions. The avail-
ability of a relatively homogenous population,
that has limited geographic mobility and large,
reliably described pedigrees, is a significant
asset in this type of study. In this article, we
describe the objectives, design and methods
of the Genetics of Coronary Artery Disease
in Alaska Natives (GOCADAN) study, which
has been undertaken to elucidate genetic and
environmental factors contributing to CVD.
The goal of the GOCADAN Study is to
identify cardiovascular disease risk factor
phenotypes showing the strongest evidence for
underlying genetic susceptibility in Eskimos.
The following phenotypes were assessed:
subclinical atherosclerosis (defined by ECG
and carotid ultrasonography); diabetes, glyc-
emic control, insulin concentrations; amount
and distribution of body fat; blood pressure;
lipids, apolipoproteins, HDL protein particle
size concentration, and other measures of
dyslipidemia; and inflammatory markers,
including CRP, fibrinogen and homocysteine.
Additional questions to be addressed
include: (a) what are the levels of CVD risk
factors in the population; (b) are there differ-
ences in lifestyle and risk factors between older
and younger persons; (c) do genes exist that
influence both body fat and diabetes suscepti-
bility; (d) is carotid atherosclerosis related to
prior or persistent infection with Chlamydia
pneumoniae (C. pneumoniae), cytomegalo-
virus (CMYV), Helicobacter pylori (H. pylori),
hepatitis A and hepatitis C viruses, and herpes
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simplex types 1 and 2; and (e) do genetic vari-
ants in mannose-binding lectin, or apoE genes
contribute to the relationships of infection and
inflammation with coronary disease?

METHODS

Study population

The GOCADAN study population includes
residents of several villages in the Norton Sound
region, a largely roadless area of 23,000 square
miles on the Northwest coast of Alaska. The
region extends from the village of Shishmaref
on the northern shore of the Seward Penin-
sula, to Stebbins on the southern coast of the
Norton Sound, and includes 13 villages on the

mainland, two communities on St. Lawrence
Island, and one community on Little Diomede.
The area contains 570 miles of coastline and
includes all of the Norton Sound and portions
of the Bering Sea and Arctic Ocean, extending
to latitude 66°, 30’south of the Arctic Circle. A
map of the region (Figure 1) gives an overview
of the area. The Norton Sound Health Corpo-
ration (NSHC) is an Alaska Native-oper-
ated organization that serves as the primary
health-care delivery system for the region. We
recruited families from the villages of Brevig
Mission, Teller, Golovin, White Mountain,
Elim, Koyuk, Shaktoolik and Unalakleet,
and the town of Nome. The population of the
region is about 9,050, including approximately
7,700 Alaskan Eskimos. The villages are more
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than 90 percent Eskimo, compared with 51
percent in Nome.

Family members of 18 years old, or more,
were recruited, with the goal of recruiting
1,200 residents of the villages, most of whom
are members of large extended pedigrees.
The population is predominately Inupiat in
ethnicity. In keeping with the preference
of study participants, we will refer to study
participants as Alaskan Eskimos of Norton
Sound, rather than Alaskan Natives, to distin-
guish the GOCADAN participants from other
Alaskan Natives.

Study organization

Lab work is conducted at MedStar Research
Institute (Washington, DC), genetic analyses
at the Southwest Foundation for Biomed-
ical Research (SFBR) (San Antonio), and
cardiovascular evaluation at Cornell Univer-
sity Medical Center (New York). To ensure
community input and appropriate implemen-
tation of the field exams, the study contracted
with the NSHC to conduct field activities.
The Institutional Review Board (IRB) for
GOCADAN (MedStar Research Institute)
reviews protocols and ancillary proposals. The
NSHC formed a Scientific Advisory Board
primarily comprised of local representatives
to monitor study progress and review study
publications. Personnel hired by the NSHC
work closely with investigators in the field.
Regularly scheduled Steering Committee
meetings, teleconferences and site visits unite
the institutions to manage the study.

Participant selection and recruitment

Each village is visited by two experienced
GOCADAN investigators, and field workers
familiar with the villages. In each village, a
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local resident is hired to assist with recruiting
and translation. An attempt is made to recruit
all families in the villages chosen for study.
Investigators first meet with the Village
Council, where the rationale for a family
study and the operations of the field clinic
are explained, and a resolution of approval
from the council is requested. If approval is
given, investigators visit each household to
explain the study. Written informed consent
is requested and obtained for all study partic-
ipants. Consenting household members = 18
years old complete an interview, including
the name, gender, date and place of birth
of all household members; relationships
among household members; and the parents
and grandparents of each. Efforts are made
to validate family relationships during the
interview. These household survey data are
transmitted to the SFBR, where they are
computerized and cross-checked to further
validate parent-offspring relationships. This
is done for all identified family members,
including those who are deceased and those
not participating in GOCADAN. Extended
pedigrees, which generally span multiple
villages, are then constructed from reported
relationships.

Pedigrees. Due to the relative isolation of the
villages, populations of each locale approxi-
mate a single large extended family, with
relations to other villages. Using the prelimi-
nary family trees sent to the Field Centers for
verification, family members to be targeted
in future recruitment efforts are identified.
Attention is paid to relatives, whose data would
complete, or link, large pedigrees, including
parents of each descendant of participants,
regardless of Alaskan Eskimo heritage.
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Cohort examination. Participant examinations
involve a physical and diagnosis of clinical
events. Examination team members carry out
these tasks in each village.

Clinical examination. In addition to a phys-
ical examination, the clinical survey collects
demographic information, data on health
habits, dietary intake, quality-of-life, physical
activity, and medical and reproductive histo-
ries. Trained staff perform the clinical exami-
nations. Procedures for the distribution and
disposal of collected blood and urine samples
are determined by NSHC.
Anthropometric measurements. Anthropo-
metric measurements performed with the
participant fasting and with an empty bladder,
include height, waist and hip circumferences,
measured to the nearest quarter inch, and
weight, measured to the nearest tenth pound.
Measurements have been converted to SI
units. On the right side of the body, skin folds
are measured to the nearest mm at two sites,
triceps and subscapular (24). Body composi-
tion and fat-free mass are measured using the
Impedance Meter # B1A101 (RJL Equipment
Company).

Blood pressure measurements. Sitting blood
pressure is measured on the right brachial
artery using peak three measurements with
a Baum mercury sphygmomanometer (W.A.
Baum, Copiague, NY). Means of the second
and third measurements are used as the
figures for blood pressure. Systolic pressure is
measured in the right brachial artery and both
ankles by the Imex Mascot Doppler (Imex
Medical Systems, Inc., Golden, CO). Ankle
systolic blood pressure is measured in the

supine position. Right arm pressure is used to
calculate ankle/brachial index for both legs.

Glucose tolerance test. Initially, participants
are screened for diabetes by self-report and
a measure of fasting glucose (Accu-Chek
Advantage). Hemoglobin is also measured
(HemoCue Hemoglobin Test). A random
urine sample is collected and blood is taken
by venipuncture at fasting and two hours
after consuming a 75-g glucose load (Glutol,
Paddock Laboratory, Inc., Minneapolis, MN).
Participants are excluded from the glucose
tolerance test if they

a)  Are insulin-requiring diabetics.

b)  Use oral agents, with records indi-
cating two random blood glucose
values > 250 mg/dl.

c¢)  Have fasting glucose of = 225 mg/dl.

Expired air CO determination. Exhaled CO
level, a biochemical validation of self-reported
non-smoking status, is measured using a
Vitalograph EC50 CO Monitor. A false nega-
tive result may occur if the participant has not
smoked during the previous 24 hours. A false
positive result occurs if the participant was

recently exposed to excessively high levels of
CO.

Assessment of daily activity (pedometer). The
Digiwalker pedometer counts the number of
steps taken and is worn for seven days. Each
night, participants record the number of steps
taken and amount of time the pedometer was

worn.

Chemistry lab procedures
Samples of whole blood, plasma, serum and
urine are stored at -70°C. Measurements
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using these samples include a lipid panel by
a conventional enzymatic chemistry analyzer
(total cholesterol, total triglyceride, high-
density lipoprotein [HDL] cholesterol, low-
density lipoprotein [LDL] cholesterol), and
detailed lipoprotein subclassification (type,
size and concentration) by nuclear magnetic
resonance (NMR) spectroscopy (25). Addi-
tional measures include apolipoprotein Al
(apoAl), apolipoprotein B (apoB), glucose,
urine (micro) albumin, urine creatinine,
hemoglobin Al1C, fibrinogen, high-sensi-
tivity C-reactive protein (CRP), homocys-
teine, lipoprotein(a) (Lp(a)), and apolipopro-
tein E (apoE) genotype. Fasting insulin and
thyroid-stimulating hormone levels (TSH)
are measured using chemiluminesence (26).
Plasma samples and buffy coats are stored at
-70°C and then sent to SFBR for DNA isola-

tion, genotyping and analysis.

Cardiovascular examination

Atherosclerosis of the carotid artery system
is assessed by ultrasound, using an estab-
lished protocol (27,28). Combining ultra-
sound evidence of discrete atherosclerotic
plaques with the intimal-medial thickness
(IMT) of the common carotid incorporates
measures of both atherosclerosis and arterio-
sclerosis (27,28). Two-dimensional (B-Mode)
and 2-D guided M-mode images and Doppler
recordings identify and grade the severity of
stenotic lesions. Standard electrocardiograms
using computerized electrocardiography (GE
Medical Systems) are processed and reviewed
for evidence of myocardial infarction, isch-
emia and left ventricular hypertrophy (LVH),
using the GE Marquette Electronics MUSE
system and a program to derive Minnesota
Codes from digital ECG tracings (29). Carotid
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ultrasound results and ECGs are transmitted
to Cornell Medical Center for review.

Markers of infectious disease

Based on evidence for an association between
CVD and multiple infectious agents, the
following measures are made.

Infectious serology. 1gG, IgA and IgM antibody
to C. pneumoniae are determined by microim-
munofluorescence, using formalin-fixed whole
elementary bodies of C. pneumoniae strain AR-
39 as an antigen (30). Serum IgG antibodies to
other pathogens are determined using commer-
cially available enzyme-linked immunosorbent
assay (ELISA) kits from Wampol (CMV and
H. pylori), Focus (HSV1 and HSV2), DiaSorin
Inc. (HAV) and Ortho (HCV).
Mannose-binding protein (MBP). Geno-
typing is used to assess four functional coding
sequence polymorphisms of the MBP gene,
associated with variation in circulating levels
of mannose-binding lectin and susceptibility
to infection. These sequence variants are (a)
G to A transition in exon 1, causing replace-
ment of glycine by aspartic acid at amino acid
54; (b) G to A transition, causing replacement
of glycine by glutamic acid at amino acid 57,
(c) C to T transition, causing replacement of
arginine by cysteine at amino acid 52, and (d)
a potentially functional G to C transition at
nucleotide position -550 of the MBP promoter,
previously correlated with CVD in a small
sample of Native Alaskans (31).

Participant referral

Individuals participating in the clinical and
laboratory examinations receive assistance in
securing medical care for significant medical
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conditions uncovered during the exams, as
well as education about a healthier lifestyle
aimed at preventing cardiovascular disease.
GOCADAN uses established guidelines for

Table 1. Clinical referral guidelines for GOCADAN participants, 2001-2004.

medical referrals, based on findings from
clinical and laboratory examinations, which
are summarized in Table I. The liaison NSHC
physician for clinical evaluation receives a

Type of Referral

M.D. visit

scheduled within:

Indications

Actions

Emergency

Immediate

Urgent

Routine

Immediately

| day

| week

| month or

first convenient

Systolic BP > 260 mm

Diastolic BP > 130 mm

Abnormal ECG w/ acute cardiac

symptoms

Symptom suggesting life-threatening

angina or edema

Fasting glucose > 400 mg/dI
Systolic BP 200-259 mm

Diastolic BP 105-129 mm
Diabetic foot ulcer
Angina in last day

Neurologic symptoms in past week
Carbon monoxide reading >125

Suspected heart failure

Inappropriate medication use

One Touch glucose > 200 mg/dl

(absent diabetes)
Active TB symptoms

Carbon Monoxide reading 20-124
(non-smoker) or 50-124 (smoker)
Untreated neurological symptoms |

week to 6 months ago

Systolic BP 140-199 mm

Diastolic BP 90-104 mm
Old MI (Rose Questionnaire)

Previously unrecognized neurological

problem (i.e. stroke)

Previously unrecognized claudication
Both pedal pulses missing in one

extremity

Refer to village paramedic
personnel

Phone/radio consult Nome
NSHC physician

Air evacuation if needed

Notify participant’s physician
or NSHC

Arrange for appointment and
transport

Provide NSHC referral

Arrange for appointment and
transport
Provide NSHC referral

Arrange for appointment and
transport
Provide NSHC referral

Doppler ankle/arm pressure ratio < 0.8
Hemoglobin <10 (women) or <12 (men)

BP, blood pressure; ECG, electrocardiogram; TB, tuberculosis; MI, myocardial infarction; NSHC, Norton Sound Health

Corporation
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summary of laboratory findings as soon as
they are available.

Surveillance and follow-up

As part of the baseline survey, we have char-
acterized prevalent disease by reviewing and
adjudicating events reported by participants.
Cohort surveillance will define incidence
rates for fatal and non-fatal CVD outcomes
by reviewing deaths as they are discovered
and reported events after participants are re-
examined. Review procedures and criteria for
the definition of events have followed recent
AHA/NHLBI guidelines (32).

Logistics of field exam implementation
Conductingresearchinremote Alaskanvillages
offers unique logistic challenges. Before any
research activity begins in a study village, a
project investigator meets with village leaders
to describe the research, answer questions and
obtain their permission to proceed with the
study. Next, the household survey is conducted
and the research team rents a home to be used
for processing blood and urine specimens,
conducting physical exams, and administering
questionnaires. Once a clinic site is secured,
the team sets up local and long-distance phone
services, assures the site has proper electrical
wiring, hires a fuel delivery person, and sets
up an account in the native store for supplies.
A recruiter and field technician (usually a
retired health aide) are hired from the village
based on suggestions from local leaders and
health clinic staff.

A Norton Sound air cargo carrier is hired
to transport project equipment between study
villages. The equipment is the seated snow
mobile, or a four-wheeler, because, for seven
months of the year, roads are rarely cleared to
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permit vehicle use in the villages. The project
has a four-wheeler used for participant trans-
portation. Staff transport on passenger bush
planes must be arranged separately from the
cargo flights.

Once the equipment reaches the new village,
staff from the previous study village help to
establish the new clinic and train incoming
village team members hired to help with the
study. Once field examinations begin, weekly
flights to Nome assure the transport of speci-
mens and equipment needing repair. Staff
residing outside of the study villages live at
the village GOCADAN clinic during the work
week.

Alaskan climate and culture dictate that
recruitment and exams be scheduled around
seasonal activities. After the spring ice break-
up, most villagers are engaged in subsis-
tence fishing, while hunting activities take
precedence during the fall and winter. Long
summer days mean late sleep schedules,
limiting morning exams, and presenting a
challenge for individuals fasting for evening
clinics. The most critical determinant of air
transport in Alaska is “weather permitting”
— all study shipments and travel depend on this
condition.

Staff training

Clinic staff are certified in data collection
according to the standards described in the
GOCADAN Operations Manual (33). Staff
members are certified for each component of
the examination, using checklists contained in
the manual. This ensures uniform training and
methodology across villages. A detailed set of
quality assurance checks is covered for each
examination item. The manual details proto-
cols for measurements, including blood pres-
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sures, impedances and electrocardiograms,
personal interview techniques, and recruit-
ment.

An experienced, certified research project
coordinator initially traveled to the field site
in Alaska to conduct training before the
GOCADAN field examinations. The training
included lectures, interactive discussions,
demonstrations and return demonstrations. In
addition to the manual, other visual aids were
used, including videotapes and handouts. All
equipment and supplies for the examination
were used during training. The entire field
staff, the principal investigator and selected co-
investigators attended the week-long training.

In addition to formal skills training, time
was allotted to address such issues as recruit-
ment, clinic flow, assignment of participant
ID numbers, quality control and data manage-
ment. To ensure quality control, site visits are
conducted and duplicate measurements and
laboratory specimens are processed.

Genotyping methods

Sample collection and DNA isolation. Buffy
coats isolated from fasting blood samples are
stored in a -20°C freezer in the village clinic,
transported to Nome within a week for storage
at-80°C at the NSHC Hospital, and transported
regularly from Nome to the Penn Medical
Laboratories, where buffy coats are forwarded
to the Genetics Core Laboratory at SFBR for
DNA extraction. One buffy coat sample from
each GOCADAN participant remains stored
at the NSHC Hospital.

Each
GOCADAN participant is genotyped using
the ABI PRISM Linkage Mapping Set-MD10
Version 2.5 (Applied Biosystems), which

Genotyping short tandem repeats.

consists of PCR primers for microsatellite loci
(34-36) spaced an average of 10-centiMorgans
(cM) apart (range 2.4 to 24.1 cM). Markers
are amplified in separate PCR reactions to
avoid preferential amplification, using True
Allele PCR Premix (Applied Biosystems),
and Applied Biosystems 9700 thermocyclers,
according to the manufacturer’s specifica-
tions. Each individual’s PCR reaction prod-
ucts are pooled, fluorescently labeled, and
loaded into an ABI PRISM 3100 Genetic
Analyzer for automated genotyping. Geno-
types are assigned using the Genotyper soft-
ware package (Applied Biosystems).

High-resolution mapping and positional
candidate gene analysis

For chromosomal regions in which we iden-
tify quantitative trait loci (QTLs) influencing
variation in disease risk factors, we will type
additional loci to obtain a higher resolution
genetic map of that region. Candidate genes in
such regions are genotyped for any previously
identified single nucleotide polymorphisms
(SNPs) in our study population, and linkage/
disequilibrium analysis for association with
the phenotype is performed.

Genotype and pedigree data cleaning. To
clean the genotypic data for linkage analysis,
we must eliminate pedigree errors (pedi-
gree optimization), eliminate Mendelian and
double recombinant errors, estimate marker
allele frequencies, construct a genetic map,
and calculate multipoint identity-by-descent
(IBD) matrices. PEDSYS (37), the genetic
analysis package SOLAR (38), PREST (39,40),
SimWalk2 (41), CRIMAP (42), and LOKI are
all used to this end (43). For some tasks, we
use the computer ranch at the Southwest Foun-
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dation in San Antonio, which includes 1500
processors operating in parallel.

Validating the accuracy of the pedigrees
is an ongoing process that continues even
after recruitment has been completed. Using
the PEDSYS (37) program, family data were
then translated into pedigree drawings and
returned to field staff for verification by partic-
ipants wherever reported relationships were
unclear, or inconsistent. During the second
stage of verification, pedigree structures and
genetic marker data are used to check one
another based on the markers’ consistency
with Mendelian laws of segregation. Pedigree
errors are corrected by changing, or deleting
problematic parent-offspring links, when-
ever an individual link can be unambiguously
identified as discrepant. When more than one
individual may be the source of the discrep-
ancy, the SimWalk2 (41) program is used
to make decisions about any genotypes to
exclude. Questions about family relationships
must be asked with sensitivity to each family
member’s background, particularly when a
family member is known to be adopted, or
where questions exist about the identity of a
person’s biological mother, or father. Caution
was used in any case where the interviewer
might have information of which the family
member might be unaware. All parental rela-
tionships indicated by marker data that were
undisclosed, or unknown by family members
are not verified in the community, in order to
protect the privacy of individuals.

Data handling and methods of analysis.
Phenotypic and family history data are trans-
ferred to the PEDSYS program (37). To eval-
uate the genetic and environmental contribu-
tions to CVD risk factors, we use a variance
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component approach implemented in SOLAR
(38). The quantitative phenotype for an indi-
vidual (y) is modeled as (44,45):

y=u+Ypv,+g+e [1]
where u is the mean of the trait in males, /)’j
is the regression coefficient for the covariate
Js v, is the value of covariate j in individual
i, and g and e, represent the deviations from
u for the individual i that are attributable to
additive genetic effects and unmeasured envi-
ronmental effects, respectively. g and e, are
assumed to be uncorrelated with one another
and normally distributed with mean O and
variances 07 and 0 ;.

Analyses of CVDrisk factors uses combined
data from all villages. Analysis of each pheno-
type is restricted to individuals for whom all
relevant covariate data are complete. Any indi-
vidual with a phenotypic value greater than four
standard deviations from the mean is excluded.
Individuals currently taking lipid-lowering
medications are excluded from analyses of
lipoprotein phenotypes. Similar exclusions are
made for individuals taking anti-hypertensive
medications in blood pressure analyses and for
those taking anti-diabetic medications in the
analysis of glucose and insulin phenotypes.

RESULTS

Table II shows means and ranges for selected
CVD risk factors among the 1,214 participants,
and compares men and women with respect to
these factors, adjusting for age and village.
Women had higher HDL levels and lower blood
pressure than men; however, women had higher
indices of glycemia and were more obese. In
the initial heritability analysis, we include
the following covariates: gender, age, age by
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Table Il. Distribution of phenotypes among initial 1,214 participants in GOCADAN, 2001-2004.

Males (n = 537)

Females (n = 677)

Phenotype Mean (range) Mean (range) p-value
Obesity

Height (m) 1.70 (1.45-1.91) 1.57 (1.30-1.73) <.0001
Weight (kg) 76.6 (50.9-143.0) 71.0 (40.9-133.7) <.0001
BMI (kg/m?) 26.6 (17.46-51.83) 28.6 (17.13-54.88) <.0001
Waist-hip ratio 0.86 (0.70-1.24) 0.84 (0.51-1.27) <.0001
Triceps (mm) 12.9 (3-34) 21.3 (5.5-51) <.0001
Subscapular (mm) 14.6 (3-49) 20.4 (4-53) <.0001
Lipids'

LDL-C (mg/dL) 117 (40-249) 115 (34-275) 0.24
HDL-C (mg/dL) 55 (13-170) 63 (29-126) <.0001
Total cholesterol (mg/dL) 196 (118-339) 203 (118-389) 0.002
Triglyceride (mg/dL) 126 (39-561) 129 (27-1296) 0.8l
ApoA-1 (mg/dL) 147 (41-263) 164 (59-258) <.0001
ApoB (mg/dL) 99 (30-196) 98 (30-193) 0.48
Lp(a) (mg/dL) 4.99(0.06-42.21) 5.36 (0.05-51.36) 0.29
Blood pressuret

SBP (mmHg) 121 (84-163) 118 (84-168) <.0001
DBP (mmHg) 78 (56-105) 74 (47-114) <.0001
% who are hypertensive 22.7% 20.2% 0.29
Diabetes?

Fasting glucose (mg/dL) 101 (47-400) 101 (48-281) 0.56
2-hour glucose (mg/dL) 90 (36-248) 101 (24-341) <.0001
Fasting insulin® (uU/mL) 9.44 (1.90-88.5) I1.15 (1.90-64.6) 0.001
2-hour insulin* (uU/mL) 26.20 (1.90-255) 41.80 (4.8-294) <.0001
ACR* (mg/g) 42.7 (1.7-3825) 41.1 (2.1-7530) 0.97
Hemoglobin Alc (%) 5.5 (4.6-11.9) 5.4 (4.6-9.0) 0.14
Inflammatory markers

Fibrinogen (mg/dL) 328 (110-895) 334 (109-813) 0.42
Homocysteine (umol/L) 8.0 (1.9-31.1) 6.9 (1.9-30.7) <.0001
CRPtt (mg/dL) 0.31 (0.019-5.04) 0.35 (0.019-29.9) 0.68
Carotid U/S

Left DD (mm) 6.02 (3.7-8.9) 5.57 (3.9-8.0) <.0001
Left SD (mm) 6.66 (4.1-9.7) 6.16 (4.2-8.4) <.0001
Left IMT (mm) 0.62 (0.3-1.4) 0.59 (0.3-1.2) <.0001
Right DD (mm) 6.04 (4-8.9) 5.60 (3.75-7.9) <.0001
Right SD (mm) 6.69 (4.5-9.7) 6.21 (44-8.5) <.0001
Right IMT (mm) 0.62 (0.3-1.2) 0.60 (0.3-1.4) 0.17

BMI, body mass index; WHR, waist/hip ratio; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein
cholesterol; ApoA- I, apolipoprotein A-1; ApoB, apolipoprotein B; Lp(a), lipoprotein a, SBP, systolic blood pressure; DBP,
diastolic blood pressure; ACR, albumin/creatinine ratio; CRP, C-reactive protein; DD, diastolic diameter; SD, systolic
diameter; IMT, intimal medial thickness. P-values are adjusted for age and village.

T Individuals taking cholesterol-lowering medications were not included in lipid analyses.

¥ Individuals taking antihypertensive medications were not included in blood pressure analyses.

$ Individuals taking diabetes-related medications were not included in diabetes analyses.

# Insulin — used 1.99 in calculations for results reported as < 2.

* ACR — used 5.7 in calculations for results reported as <5.7

tt CRP — used 0.019 in calculations for results reported as < 0.02
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gender interaction, diabetes status, percent
Inupiat heritage, village, education, estrogen
use, alcohol consumption, smoking status,
and temperature and hours of daylight on the
day of the exam. Covariates whose effects are
significant at the p < 0.10 level in the initial
analysis are retained in subsequent analyses.
Table II1 lists covariates retained in each heri-
tability analysis. Some potentially important
covariates are excluded, because they may
also be genetically mediated. Including such
variables could substantially reduce the heri-
tabilities if pleiotropic genes affecting both
covariates and risk factors are present. Further
analyses to detect and characterize such plei-
otropy are planned. Table IV lists heritabili-
ties of selected phenotypes for the initial 954
persons examined, measured as the proportion
of residual phenotypic variance due to the addi-
tive effect of genes. The proportion of pheno-
typic variance due to genes should be viewed
as the minimum genetic contribution to the
phenotype, because it only represents the addi-
tive genetic component. The residual variance
almost certainly contains additional, non-addi-
tive genetic effects, meaning that the estimate
of heritability of each trait (the proportion of
variance in the trait due to genes) is likely
to be a conservative one. With the exception
of fat-free mass, fat mass, percent body fat,
and homocysteine phenotypes, covariates
accounted for at most 31% of the variance in
the CVD risk factors. With the exception of
insulin, all heritabilities were significant at p <
0.05. Obesity-related traits showed consistent
substantial effects of genes. Heritabilities for
lipid phenotypes were between 16% and 42%,
with the exception of Lp(a), which had a heri-
tability of 77%. Diabetes-related phenotypes
showed relatively small genetic effects.

ORIGINAL RESEARCH

These data demonstrate that genetic effects
explain a significant proportion of variability
for several CVD risk factors in the GOCADAN
population, suggesting that linkage analysis
to search for the source of these signals is
warranted.

DISCUSSION

GOCADAN provides a unique opportunity
to characterize prevalence of cardiovascular
disease and its associated risk factors, and to
quantify the genetic contributions to CVD in
the genetically isolated Alaskan Eskimo popu-
lation, which is subject to increasing transition
from a traditional to a Western lifestyle. With
this lifestyle change has come increased preva-
lence of obesity and other CVD risk factors. In
most U.S. populations, widespread dispersal of
relatives makes identification and recruitment
of extended families difficult. However, the
GOCADAN participants make up a few very
large families. For genetic analysis of common
complex traits, the extended family sampling
strategy is a powerful approach for the local-
ization of susceptibility genes (e.g., 35-37,46-
48). The relative homogeneity of the Norton
Sound Eskimo communities also increases
the likelihood of identifying genetic determi-
nants of disease risk. Genes that interact with
lifestyle factors to bring about disease may
exist in high frequency in this small isolated
population, which is highly susceptible to both
founder effects and genetic drift. Enhance-
ment of risk allele frequency by such forces
would make these genes easier to detect.
Through the partnership established to
conduct this study, important goals will be
achieved. Community input will provide the
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Table Ill. Non-genetic covariates retained in heritability analyses of cardiovascular disease phenotypes, initial 952
GOCADAN participants, 2000-2004.

Sex Age Age Estrogen Center Drinking Smoking Diabetes % Inupiat Education

Phenotype X sex status  heritage
Obesity

Weight X X X X X X

Body mass index X X X X

Waist circumference X X X

Waist / hip ratio X X X X X X
Subscapular skin fold x X X X X X

Triceps skin fold X X X X X X
Fat free mass X X X X X X

Fat mass X X X X

% body fat X X X X

Lipids

ApoAl X X X X X X

ApoB X X X X

Lp(a) X X

Total cholesterol X X X X X X

HDL X X X X X

LDL X X X X

Triglycerides ? X X X

small LDL X X X X X X

medium LDL X X

large LDL X X X

LDL size X X X X X X

small HDL X X X X

intermediate HDL X X X X X

large HDL X X X X X

HDL size X X X X

Blood pressures

Systolic X X X X X X X
Diastolic X X X X X

Diabetes

Fasting glucose X X X

Fasting insulin 2 X X X X X

AIC X X X X X

Clotting factors

Fibrina X X X

Homocysteine X X X X X X
Iron parameters

Ferritin X X X X X X

Hb X X X X X X X X

? log transformed
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol;ApoA-1, apolipoprotein A-I;
ApoB, apolipoprotein B; Lp(a), lipoprotein a; Hb, hemoglobin; A1 C, hemoglobin Al c
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Table IV. Proportion of variance of CVD phenotypes due to genes and other covariates, initial 952
GOCADAN participants, 2000-2004.

Proportion of variance Proportion of variance due to genes
Phenotype due to covariates (%) (%) SE
Obesity
Weight I 58 0.08
Body mass index I 55 0.08
Waist circumference 1.3 49 0.08
Waist / hip ratio 20.7 35 0.08
Subscapular skin fold 19.8 49 0.08
Tricep skin fold 33 45 0.08
Fat free mass 744 47 0.09
Fat mass 39.1 55 0.08
% body fat 734 44 0.08
Lipids"
ApoAl 23 42 0.08
ApoB 12.5 24 0.07
Lp(a) 5 77 0.12
Total cholesterol 19.4 31 0.07
HDL-C 20.2 44 0.08
LDL-C I 26 0.07
Total trigylcerides 6.4 31 0.08
small LDL 10.1 16 0.09
medium LDL 2.8 32 0.11
large LDL 16.2 30 0.11
LDL size 15.2 23 0.11
small HDL 9.8 40 0.1
intermediate HDL 15.1 30 0.13
large HDL 18.9 41 0.11
HDL size 18.5 33 0.1
Blood pressurest
Systolic 27 25 0.09
Diastolic 8.9 35 0.08
Diabetes*
Fasting glucose 24 16 0.07
Fasting insulin’ 8 9 0.08
AIC 274 36 0.09
Clotting factors
Fibrin 18.1 24 0.07
Homocysteine 399 28 0.09
Iron parameters
Ferritin 249 21 0.08
Hb 31.6 15 0.07

* after exclusion of subjects with cholesterol lowering medications

1 after exclusion of subjects with anti-hypertensive medications

+ after exclusion of subjects with anti-diabetic medications

$: not significant at 0.05; all other heritabilities are significant

LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; ApoA-I,
apolipoprotein A-1; ApoB, apolipoprotein B; Lp(a), lipoprotein a; Hb, hemoglobin; A1 C, hemoglobin Alc
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guidance needed to collect the villages’ data
properly and interpret them wisely. Inclu-
sion of the communities is intended to create
direct involvement of the people of Norton
Sound, treating them as true participants in
GOCADAN. Incorporating the NSHC, which
provides expertise for local participant refer-
rals, clinical confirmation of research findings,
and access to historical and incident medical
records, assures that research findings will be
translated directly into the institution providing
medical care to study participants. Finally, the
academic institutions provide the research
expertise, analytic capability, and access to
funding. We anticipate that this partnership
will contribute to the greater understanding of
cardiovascular problems and to better ways of
addressing those problems among both Norton
Sound Eskimos and the larger population.
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