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Evidence for an association between infant mortality
and homozygosity for the arctic variant of carnitine
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Purpose: Infant mortality in Alaska is highest among Alaska Native
people from western/northern Alaska, a population with a high prev-
alence of a genetic variant (c.1436C>T; the arctic variant) of carnitine
palmitoyltransferase 1A (CPT1A).

Methods: We performed an unmatched case-control study to deter-
mine the relationship between the arctic variant and infant mortality.
The cases were 110 Alaska Native infant deaths from 2006 to 2010
and the controls were 395 Alaska Native births from the same time
period. In addition to the overall analysis, we conducted two subanal-
yses, one limited to subjects from western/northern Alaska and one
limited to infants heterozygous or homozygous for the arctic variant.

Results: Among western/northern Alaska residents, 66% of cases
and 61% of controls were homozygous (adjusted odds ratio (aOR):
2.5; 95% confidence interval (CI): 1.3, 5.0). Among homozygous

INTRODUCTION

The severe form of carnitine palmitoyltransferase 1A (CPT1A)
deficiency is a rare autosomal recessive disorder of fatty acid
oxidation that results from nearly complete loss of enzyme
activity, which impairs fasting ketogenesis and gluconeogen-
esis. Symptoms include hypoketotic hypoglycemia and liver
failure. We and others have described a nonsynonymous DNA
sequence variant of CPT1A (rs80356779; c.1436C>T; p. P479L)
that is highly prevalent among indigenous Arctic peoples of
Alaska, Canada, Greenland, and northeast Siberia.'” Within
these populations, the variant allele is the most common, with
an allele frequency ranging from 0.68 to 0.85. We have named
this variant the arctic variant, consistent with its primary distri-
bution within indigenous arctic populations of Alaska, Canada,
Greenland, and Siberia."** However, it is also common among
indigenous inhabitants of coastal British Columbia.® The arctic
variant results in only a partial loss of CPT1A activity; none-
theless, fasting ketogenesis is significantly impaired in young
children homozygous for the variant.”

Fatty acid oxidation disorders, including CPT1A deficiency, are
known to increase the risk of sudden unexpected infant death.

or heterozygous infants, 58% of cases and 44% of controls were
homozygous (aOR: 2.3; 95% CI: 1.3, 4.0). Deaths associated with
infection were more likely to be homozygous (OR: 2.9; 95% CI: 1.0-
8.0). Homozygosity was strongly associated with a premorbid history
of pneumonia, sepsis, or meningitis.

Conclusion: Homozygosity for the arctic variant is associated with
increased risk of infant mortality, which may be mediated in part
by an increase in infectious disease risk. Further studies are needed
to determine whether the association we report represents a causal
association between the CPT1A arctic variant and infectious disease—
specific mortality.
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In Alaska, infant mortality rates are higher in Alaska Native peo-
ples. The highest rates are among the Yupik and Inupiat people
residing in western and northern Alaska, where the highest
prevalence of the arctic variant in Alaska has been observed.***
The current study was undertaken to more definitively evaluate
our preliminary observation of an association between the arctic
variant and infant mortality risk among Alaska Native people.”

MATERIALS AND METHODS

Study design

To test the hypothesis that homozygosity for the arctic variant
is a risk factor for infant death, we performed an unmatched
case—control study that included all infant deaths among Alaska
Native children born from 2006 to 2010. This time period was
chosen based on the availability of newborn screening cards.
We limited the study population to Alaska Native infants based
on previous studies in which we demonstrated that the arctic
variant occurs almost exclusively among Alaska Native people.’
Alaska Native status was defined as having either the mother
or the father self-identify as Alaska Native race on the infant’s
birth certificate.
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We utilized an unmatched case-control design with a 1:3
case-to-control ratio. Using a linked birth and death certificate
file from the Alaska Bureau of Vital Statistics, we included as
cases 150 Alaska Native infants who died before 1 year of age
from the beginning of 2006 to the end of 2010. We selected
controls by ordering all Alaska Native births during the study
period and using a random number generator to select 450
infants. The random number generator did not select any cases
as controls.

We were able to locate newborn screening cards for 110
(73%) of the 150 cases and 395 (88%) of the 450 controls.
Newborn screening cards were unavailable if death occurred
before screening was performed or if high-risk mothers and
critically ill newborns were transferred to hospitals outside of
Alaska; these factors may have differentially affected our ability
to identify newborn screening cards from infants who died ver-
sus control infants. In addition, names may have changed after
birth, making it difficult to link a birth certificate to the screen-
ing card, and cards may have been misplaced. Our sample size
gave us 80% power to detect an odds ratio of approximately 2.0
at the 95% confidence level.

Genotype analysis

Genotyping was performed by the Molecular Diagnostic
Center at Oregon Health & Science University using DNA iso-
lated from newborn screening cards via an allelic discrimina-
tion assay originally developed for clinical testing.> Samples
were coded with a unique identifier and tested anonymously,
including masking of the case or control status of the samples.
We defined the wild-type allele (c.1436C) as that corresponding
to the National Center for Biotechnology Information reference
sequence for CPT1A (NM_001876.3), recognizing that within
some Alaska Native populations the variant allele (c.1436T) is
the wild type.

Data analysis

Our initial analysis included study infants of all genotypes from
all regions of Alaska. To account for geographic differences in the
prevalence of the arctic variant and potential geographic variabil-
ity of known risk factors for infant mortality, we performed two
additional analyses. The first included infants from all regions of
Alaska but was limited to those who were either homozygous or
heterozygous for the arctic variant. The second was limited to
study infants residing in western and northern Alaska, regardless
of genotype, based on previous results indicating that the preva-
lence of the CPT1A arctic variant was highest in these regions.’
For each analysis, we created logistic regression models that
included mortality as the dependent variable and CPT1A geno-
type (for the first, either homozygous or heterozygous; for the
second, homozygous or nonhomozygous) as the primary inde-
pendent variable of interest. Adjustments were made for three
potentially confounding variables that we previously identified
to be associated with risk of infant mortality: maternal prenatal
alcohol or tobacco use, maternal education, and a composite
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variable reflecting the involvement of a father figure.”* The latter
was created using birth certificate variables for marital status and
father’s name, with the following three categories: married, not
married and father’s name present, and not married and father’s
name absent. Birth weight and preterm birth were not included
as independent variables because they are potentially intermedi-
ate outcomes related to the final outcome measure (i.e., death)
and controlling for them could bias our results.”®"” Nevertheless,
we conducted a separate set of analyses limited to infants with
normal birth weight (2,500 or greater).

Data regarding each case were collected from medi-
cal records housed at the Alaska Division of Public Health
(AKDPH) as part of the Maternal-Infant Mortality Review and
included maternal and infant medical records, birth and death
certificates, autopsy reports, first-responder reports, and child
protective services reports. Data were abstracted using a stan-
dardized form by experienced abstracters who were blinded to
the genotype of the infant.

Study oversight

The newborn screening panel used in Alaska includes all of the
core conditions and secondary targets recommended by the
American College of Medical Genetics and Genomics,'® includ-
ing CPT1A deficiency. In collaboration with the AKDPH,
we have shown that the current method of newborn screen-
ing used to identify infants homozygous for the arctic variant
has low sensitivity.’ The current evaluation was performed, in
part, to collect data on the clinical consequences of the arctic
variant to inform the Alaska Newborn Metabolic Screening
Program regarding whether increased ascertainment of infants
homozygous for the CPT1A arctic variant by newborn screen-
ing could potentially lead to improved health outcomes. The
use of newborn blood spots for this evaluation was approved
by the AKDPH Newborn Metabolic Screening Advisory
Committee. The study was approved by expedited review and
granted a waiver of informed consent for use of the dried blood
spots by the Institutional Review Board of Oregon Health &
Science University. This article was reviewed and approved by
the Alaska Native Tribal Health Consortium Health Research
Review Committee prior to submission for publication.

RESULTS
Characteristics of study population
There were significant differences between cases and controls
in several variables known to be associated with risk of infant
mortality, including involvement of a father figure (P < 0.001),
maternal prenatal alcohol or tobacco use (P = 0.001), preterm
birth (<32 weeks) (P < 0.001), and low birth weight (<1,500g)
(P <0.001) (Table 1). Maternal education differed between the
two groups but did not reach statistical significance (P = 0.08).
The overall distribution of genotypes was not significantly dif-
ferent between cases and controls (P = 0.06), but infants who
died were more likely to be homozygous for the arctic variant
(42 vs. 30%).
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Associations between the CPT1A arctic variant and infant
mortality
Homozygosity for the arctic variant was associated with
infant mortality in all analyses (Table 2). When infants of all
birth weights were included, the association was strongest
among residents of western and northern Alaska. Exclusion of
low-birth-weight infants led to similar results. Of the 46 deaths
in infants homozygous for the arctic variant, the mean gesta-
tion was 37 weeks (median: 38 weeks; range: 21-42 weeks)
and the mean birth weight was 3,146 g (median: 3,317; range:
566-5,361).

Within the overall study population, both birth weight and
gestation were significantly lower among infants who died than

Table 1 Characteristics of the study population
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in control infants (Table 1). The average age at death was 96
days (median: 82 days; range: 0-306 days); two deaths (4%)
occurred at less than 1 week of age and 10 (22%) occurred dur-
ing the neonatal period (age <28 days). Eighteen deaths (39%)
occurred at home, 16 (35%) occurred in the hospital, 7 (15%)
occurred in the emergency room or as an outpatient, and the
remaining 5 (11%) occurred in a variety of other settings.

Association between the CPT1A arctic variant and cause of
death

Allowing for multiple causes of deaths, the contributing or
underlying cause was categorized as sudden infant death syn-
drome (SIDS) or asphyxia of unknown etiology for 44 of the

Cases Controls Chi-square
Characteristic (N =110) (N =395) (P value)
Genotype Homozygous variant 46 (42%) 119 (30%) 5.5(0.06)
Heterozygous 33 (30%) 150 (38%)
Homozygous wild type 31(28%) 126 (32%)
Residence in western/northern Alaska 58 (53%) 185 (47 %) 1.2(0.27)
Involvement of father Married 24 (22%) 135 (34%) 26 (<0.001)
Unmarried: father's name on 48 (44%) 206 (52%)
birth certificate
Unmarried: father’s name not on 38 (35%) 54 (14%)
birth certificate
Maternal prenatal alcohol/tobacco use 63 (57%) 156 (40%) 12(0.001)
Maternal education <12 years 37 (35%) 96 (25%) 5.0 (0.08)
12 years 55(52%) 225 (58%)
>12 years 13(12%) 67 (17%)
Female 53 (48%) 207 (52%) 0.6(0.43)
Gestational age <32 weeks 11(10%) 3(0.8%) 31(<0.001)
32-36 weeks 17 (16%) 39 (10%)
37+ weeks 81 (74%) 350 (89%)
Birth weight <1,500g 8(7%) 2(0.5%) 23(<0.001)
1,500-2,499 g 8(7%) 15 (4%)
2,500+ g 94 (86%) 377 (96%)
Table 2 Association between homozygosity for the arctic variant of CPT1A and infant mortality
or the arcic variant Adjusted:
Odds ratio odds ratio
Analytic subgroup Cases Controls (95% ClI) (95% ClI)
All birth weights All subjects® 46 of 110 (42%) 119 of 395 (30%) 1.7(1.1,2.6) 1.8(1.1,2.9)
Homozygous or heterozygous variante 46 of 79 (58%) 119 of 269 (44%) 1.8(1.1,2.9) 2.3(1.3,4.0)
Residents of western and Northern Alaska® 38 of 58 (66%) 112 of 185 (61%) 1.8(0.98, 3.3) 2.5(1.3,5.0)
Birth weight =2,500 g All subjects® 39 0f 94 (41%) 112 0of 377 (30%) 1.7(1.1,2.7) 1.8(1.1,2.9)
Homozygous or heterozygous variante 39 0f 69 (57%) 112 of 258 (43%) 1.7(0.99,2.9) 2.2(1.2,3.9)
Residents of western and Northern Alaska® 33 0f 48 (69%) 88 of 154 (57%) 2.2(1.1,4.2) 3.0(1.4,6.3)

2Adjusted for maternal education, maternal prenatal alcohol and tobacco use, and a composite variable combining marital status and presence of the father's name on
the birth certificate. °For these analyses, cases and controls were classified as either homozygous or nonhomozygous variant. For these analyses, cases and controls were

classified as either homozygous or heterozygous variant.
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110 deaths (40%), congenital anomalies were the cause of 20
(18%), infection was the cause of 19 (17%), and trauma or
injury was the cause of 11 (10%) (Table 3). Less frequent causes
included perinatal events (1 = 4), drug exposure (n = 4), abuse
or neglect (n = 3), preterm birth (n = 1), and other or unknown
(n = 10). Of the 46 deaths among infants homozygous for the
arctic variant, 14 (30%) were associated with SIDS/asphyxia of
unknown etiology; 12 (26%) with infection; 8 (17%) with con-
genital anomalies; 5 (11%) with injuries; 3 (7%) with perina-
tal events; 1 each (2%) with preterm birth, abuse, or neglect;
and 2 each (4%) with other causes or unknown cause. These
data demonstrate an association between homozygosity for
the arctic variant and death associated with infectious diseases
(OR:2.9; 95% CI: 1.0, 8.0). By contrast, infants homozygous for
the arctic variant were underrepresented among deaths attrib-
uted to SIDS/asphyxia of unknown etiology (OR: 0.5; 95% CI:
0.22, 1.1).

Association between the CPT1A arctic variant and health
history

Using records in the Alaska Maternal-Infant Mortality Review
Program we used a standardized form to abstract data from
pediatric medical records regarding health history before the
illness or event(s) leading to death for infants who died. We
identified pediatric medical records for 107 of the 110 infant
deaths, and these children formed the study cohort for this
analysis. Among infants who died, those who had experienced
any previous hospitalization, pneumonia, or episode of sep-
sis or meningitis were substantially more likely to be homo-
zygous than nonhomozygous for the arctic variant (Table 4).
Homozygosity for the arctic variant was not associated with
medical record history of any other clinical outcomes that were
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evaluated, which included maternal complications (chorioam-
nionitis), problems during the newborn period (meconium
aspiration, necrotizing enterocolitis, hypoglycemia, respiratory
distress syndrome, anemia, and jaundice), and postnewborn
maladies (gastroenteritis, anemia, and dehydration). Lack of
an association between prior outcomes and CPTIA genotype
does not imply that these events were not present at the time
of death. For example, hypoglycemia may have been present at
death even though we found no increase in risk of hypoglyce-
mia before the events leading to death.

DISCUSSION

Previous work in Alaska has identified three variables that
account for most of the differences in postneonatal infant mor-
tality rates between Alaska Native and non-Native persons:
maternal education, maternal prenatal substance use, and a
proxy measure for involvement of a father figure.* However,
after adjusting for the presence of these factors, the likelihood
of infant mortality among Alaska Native infants is still higher
(OR: 1.3; 95% CI: 1.1-1.6), indicating the presence of addi-
tional unidentified risk factors. Within our study population,
which was limited to Alaska Native infants, we observed the
expected association of these previously identified risk factors
and infant death (Table 1). In addition, we identified another
risk factor, namely, homozygosity for the CPT1A arctic variant.

The Yup'ik and Inupiat people are the primary Alaska Native
residents of the northern and western regions of Alaska, where
the prevalence of the arctic variant and infant mortality rates
are highest’ Among Alaska Native children born during
2006-2010, the infant mortality rate in the western and north-
ern regions was 13.9 per 1,000 live births compared with 8.7
for the remainder of the state (rate ratio: 1.6; 95% CI: 1.2-2.1)

Table 3 Association between the arctic variant of CPT1A and cause of death

Genotype

Homozygous variant

Heterozygous or homozygous

Cause of death (n =46) wild type (n = 64) Odds ratio (95% Cl)
Sudden infant death syndrome or asphyxia of 14 (30%) 30 (47%) 0.50(0.22, 1.1)
unknown etiology (n = 44, 40%)

Congenital anomaly (n = 20, 18%) 8(17%) 12 (19%) 0.91(0.34, 2.4)
Infectious disease (n =19, 17%) 12 (26%) 7 (11%) 2.9(1.0, 8.0)
Trauma/injury (n =11, 10%) 5(11%) 6(9%) 1.2(0.34,4.1)
Other/unknown? (n = 22, 20%) 9(20%) 13 (20%)

aIncludes perinatal events (n = 4), drug exposure (n = 4), abuse or neglect (n = 3), preterm birth (n = 1), and other/unknown (n = 10).

Table 4 Association between the arctic variant of CPT1A and health history

Genotype

Clinical outcome (number with outcome,
% of all evaluated infants)

Homozygous variant (n = 45)
(% with outcome)

Heterozygous or homozygous wild

type (n = 62) (% with outcome) OR (95% ClI)

Any hospitalization (n =19, 18%) 14 (31%)
Pneumonia®(n =10, 9%) 9(20%)
Sepsis or meningitis® (n = 14, 13%) 9(20%)

5 (8%) 5.1(1.7,16)
1(2%) 15(1.9,125)
5 (8%) 2.9(0.88,9.2)

“Five of the 10 pneumonias and 12 of the 14 sepsis/meningitis episodes occurred during the newborn period.
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(unpublished analysis of Alaska Bureau of Vital Statistics data,
B.D.G.). Our data indicate that, after controlling for other
known risk factors, the higher prevalence of the arctic variant
in western and northern Alaska is probably contributing to this
increased rate of infant mortality. The previously identified risk
factors for mortality controlled for in our analysis may be con-
founders because they could be associated with CPT1A geno-
type if certain populations were both more likely to have these
characteristics and more likely to be homozygous. However, all
of these factors could also act as effect modifiers for CPT1A
genotype. For example, substance-using mothers or mothers
without sufficient support from the infant’s father may be less
likely than other mothers to seek medical care in a timely way
during episodes of illness, increasing the risk for hypoketotic
hypoglycemia and death in infants with reduced CPT1A activ-
ity due to homozygosity for the arctic variant.” These results
confirm our previous report, which was based on a much
smaller data set”® and is also consistent with the known asso-
ciation of fatty acid oxidation disorders with infant mortality.®

The mechanism for the increased risk of infant mortal-
ity remains unknown. Based on evidence of an association
between fatty acid oxidation disorders and sudden death, we
expected unrecognized hypoglycemia and presentation similar
to SIDS to be likely. However, homozygosity for the arctic vari-
ant was underrepresented among SIDS cases compared to other
causes of death. By contrast, deaths associated with infectious
disease were more likely in cases homozygous for the arctic
variant, a finding we have reported previously.”® Historically,
and for unknown reasons, Alaska Native infants, particularly
residents of western and northern Alaska, have had among
the highest incidences ever documented of severe illness due
to respiratory syncytial virus,"*** Haemophilus influenzae type
b,2 Streptococcus pneumoniae,” and hepatitis B.2** We recently
reported an association between these high rates of infection
and homozygosity for the arctic variant.”® Consistent with
that observation, in this study we found that children with a
premorbid history of a severe infectious disease (pneumonia,
sepsis, meningitis) were more likely to be homozygous for the
arctic variant than children who lacked such history. A pos-
sible mechanism for this association is the dependence of CD8*
memory T cells on fatty acid oxidation.® Impaired function
of these critical immune cells as a result of reduced CPT1A
activity may increase the risk of progression or the rate of pro-
gression to severe disease once infected. Independent of such
a mechanism, the stress of infection in infants with reduced
CPT1A activity increases the risk of hypoglycemia and other
consequences, including death.?

The CPT1A arctic variant was first identified in Alaska Native
infants in 2003 following the implementation of expanded
newborn screening by tandem mass spectrometry. Subsequent
evaluations demonstrated that the number of infants being
identified by newborn screening as homozygous for the arc-
tic variant was far lower than predicted based on its gene fre-
quency, indicating a low rate of ascertainment.’ This led to
the question of whether changes in the approach to newborn

GENETICS in MEDICINE | Volume 18 | Number 9 | September 2016

ORIGINAL RESEARCH ARTICLE

screening should be made to improve ascertainment. Opinions
varied, but many felt that such a common genetic variant (allele
frequency = 0.7) that is in Hardy-Weinberg equilibrium within
the Alaska Native population of western and northern Alaska’
was unlikely to be associated with any deleterious health effects.
If this were true, then identifying and potentially stigmatizing
infants homozygous for the arctic variant would be inappro-
priate. Similar concerns were being raised among the newborn
screening communities in British Columbia and other regions
of Canada, where a high prevalence of the arctic variant in the
Inuit and some First Nations populations has been observed.*®
This prompted the Maternal and Child Health Bureau of the US
Health Resources and Services Administration, the American
College of Medical Genetics and Genomics, and other groups to
sponsor a satellite meeting (Screening for Carnitine-Palmitoyl
Transferase, Type 1A (CPT1A) in First Nations Populations:
A Community Conversation) at the 2011 American College of
Medical Genetics and Genomics Clinical Genetics Conference
in Vancouver, British Columbia, to discuss the merits of new-
born screening for the arctic variant. Participants included
researchers (including D.M.K. and T.W), representatives from
native organizations, and parents.

Based on reports of frequent episodes of hypoglycemia and
seizures from physicians caring for Alaska Native infants, and
on similar symptoms among Canadian Inuit infants,* we elected
to seek further data regarding potential health effects of the
arctic variant to inform decisions regarding newborn screen-
ing for the arctic variant in Alaska. Formal fasting studies of
homozygous children unequivocally demonstrated a reduced
ability to generate ketones via fatty acid oxidation, which in
some children was also associated with symptomatic hypogly-
cemia.” In subsequent studies, including the present evaluation,
we have shown an association between homozygosity for the
arctic variant and infectious disease-related outcomes, as well
as infant mortality.'** Identification of infants with disorders of
fatty acid oxidation via newborn screening allows for education
of parents regarding the need for avoidance of prolonged fast-
ing and has been shown to reduce morbidity and mortality.”
With an estimated 700 or more Alaska Native infants homo-
zygous for the arctic variant born each year, any intervention
that reduced the associated health risks could have a significant
impact.’ The current consensus within the AKDPH leadership
and representatives from Alaska Native Tribal Health organi-
zations is that increased ascertainment of infants homozygous
for the arctic variant by newborn screening is desirable. Plans
are now being made to implement changes to achieve this
goal. Due to concerns with issues such as the accuracy of race
coding, mixed-race parentage, and racial stigmatization, any
changes in newborn screening for the CPT1A arctic variant
will be implemented universally, rather than targeted at Alaska
Native infants.

It is clear that homozygosity for the arctic variant can be
associated with negative health outcomes, and yet, paradoxi-
cally, the arctic variant is the wild type, or “normal,” form of the
CPT1A gene in the affected populations, suggesting positive
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selection.” Evidence for strong genetic selection of the CPT1A
arctic variant was recently reported in a study looking for genes
associated with survival in the arctic environment.! Based on
whole-genome sequence data from indigenous northeastern
Siberian people, the CPT1A arctic variant was identified as the
strongest candidate for positive selection, explaining its high
prevalence among northeastern Siberian, Canadian, Greenland
Inuit, and Yupik and Inupiat Alaska Native people. The basis
for this positive selection is believed to be the high fat content
of the traditional diet, a cold environment, or a combination of
both.

The amino acid change associated with the arctic variant
(P479L) results in reduced CPT1A catalytic activity and a sig-
nificant decrease in sensitivity to inhibition by malonyl-CoA,
which is one of the primary mechanisms by which fatty acid
oxidation is suppressed when suflicient carbohydrate (glucose)
is available for energy production. The expression of CPT1A
and many other genes that function in fatty acid oxidation
in the liver is regulated by peroxisome proliferator-activated
receptor-o. (PPAR-0t), a transcriptional regulator that is acti-
vated by a variety of drugs and metabolites, including n-3
polyunsaturated fatty acids (n-3 PUFAs).?® The traditional diet
of the populations in which the arctic variant is found is heav-
ily based on marine mammals and contains high levels of n-3
PUFAs. Consuming such a diet would be predicted to increase
expression of CPT1A, reducing the impact of decreased cata-
Iytic activity associated with the arctic variant. Consequently,
the primary physiologic effect of the arctic variant would be the
reduction of malonyl-CoA sensitivity, resulting in an increase
in the basal rate of fatty acid oxidation. Although direct evi-
dence for such an effect is lacking, it has been proposed that an
interaction between a diet high in n-3 PUFA and homozygosity
for the arctic variant is the basis for the “healthy obesity” phe-
notype in the Yup’ik and Inuit populations, which includes low
triglyceride levels, reduced C-reactive protein, and high circu-
lating HDL cholesterol.*-*' Homozygosity for the arctic variant
has also been associated with reduced body fat and central adi-
posity, as well as increased HDL cholesterol and apolipoprotein
A-1, independent of body mass index (kg/m?).>*

Our study had several limitations. Because this was a case-
control study, we could not calculate disease rates. Therefore,
for example, SIDS or other cause-specific disease rates may have
been higher among infants homozygous for the arctic variant
even though the relative proportion measured in our study was
lower. Our sample size was relatively small, which reduced the
precision of our results; nevertheless, all analyses were consis-
tent in identifying homozygosity for the CPT1A arctic variant
as an important risk factor for mortality. A small sample size
also precluded evaluation of questions such as whether homo-
zygosity for the arctic variant affected mortality preferentially
at different ages.

In conclusion, we report that homozygosity for the CPT1A
arctic variant is an additional risk factor for infant mortality
among Alaska Native people, particularly those from northern
and western Alaska. Evidence is also mounting that the high
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prevalence of the arctic variant in these regions is related to a
selective advantage, possibly associated with consumption of a
traditional diet high in n-3 PUFA. We are currently designing
a study to evaluate the possible relationship between n-3 PUFA
intake by mothers both prenatally and during breastfeeding, and
by infants and children, as possible modifiers of the health risks
associated with homozygosity for the arctic variant. We believe
that increased expression of CPT1A mediated by n-3 PUFA
could mitigate the unfavorable effects of the arctic variant on
infant health, and that the apparent paradox of the high preva-
lence of the CPT1A arctic variant despite unfavorable health
effects is the result of recent changes in lifestyles, particularly
decreased consumption of a traditional diet. Consequently, we
believe it may be possible to reduce the increased rates of infant
mortality and infectious diseases associated with the arctic vari-
ant by simple dietary interventions.
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