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Abstract

Background:  The hepatic carnitine palmitoyltransferase I (CPT1A) p.P479L variant is common in 
Aboriginal populations across coastal British Columbia, Alaska, the Canadian North, and Greenland. 
While the high frequency of this variant suggests positive selection, other studies have shown an asso-
ciation with sudden unexpected death in infancy and infection. We utilized administrative health data 
to evaluate hospitalizations for a single year cohort of children of First Nations descent genotyped 
for the variant and, matched for location of birth. Seven years of data were reviewed for 150 children 
split evenly between CPT1A  genotypes (homozyous, heterozygous, and noncarrier of the p.P479L 
variant).
Results:  Children homozygous for the p.P479L allele had a higher rate of hospital admissions at 2.6 
per individual as compared to noncarriers at 0.86. Heterozygous children also showed a significant 
increase at 1.9 per person. Length of stay per admission was increased for both p.P479L homozygotes 
and heterozygotes. The odds ratio (OR) for at least one hospitalization for any reason was increased for 
p.P479L homozygotes relative to noncarriers (OR=10.2, confidence interval [CI] 3.5 to 30.0) as were 
admissions for dental caries (OR=3.4, CI 1.5 to 7.8), acute lower respiratory tract infections (OR=6.0, 
CI 1.6 to 22.4), and otitis media (OR=13.5, CI 1.7 to 109.4).
Conclusions:  The CPT1A  p.P479L variant is associated with an increased rate of hospitalization 
for those homozygous, primarily for infectious disease causes. Heterozygotes also showed a small but 
significant increase in hospitalization rates suggesting some dosage effect. Functional studies will be 
required to identify the underlying pathological mechanism.
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Carnitine palmitoyltransferase I  (CPTI) is critical for 
importing long-chain fatty acids into the mitochondrion for 
beta-oxidation and is the rate limiting step in the utilization 
of fats as an energy source (1). CPTI activity is modulated 
through inhibition by malonyl-CoA, downregulating fatty 
acid oxidation and promoting fatty acid synthesis when the 
cell is in an energy replete state. Conversely, during periods of 
low glucose and/or high energy demand, malonyl-CoA levels 

drop and fatty acid oxidation is promoted for ketogenesis and 
ATP production.

A variant in the hepatic CPTI gene (CPT1A), widely described 
as the ‘Arctic variant’ (c.1436C>T, p.P479L), is common in 
coastal British Columbia First Nations, Native Alaskans, and 
across Inuit populations in the Canadian North and Greenland 
(2–5). While the estimated homozygosity rate in coastal BC First 
Nations is ~25%, in some Nunavut Inuit populations, more than 
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70% of community members are homozygous, and the T allele is 
essentially fixed in some populations in Greenland (3,4,6). This 
variant continues to present a paradox with respect to its clinical 
significance in these communities (7). A  high allele frequency, 
evidence for positive genetic selection, and association with 
favourable measures of cardiovascular health all suggest that this 
variant is beneficial, perhaps as an adaptation to a traditional diet 
high in marine polyunsaturated fatty acids (5,8,9). Conversely, 
several studies in BC, Alaska, and Nunavut have shown an asso-
ciation of p.P479L homozygosity with increased rates of sudden 
unexpected death in infancy, possibly related to infectious dis-
ease, as well as reduced stature in adults (3,4,10–13).

Biochemical evidence supports significant impairment in 
CPTI activity (~50% reduction) with the p.P479L variant 
(7,14). Most homozygotes have an atypical acylcarnitine pro-
file with elevated free carnitine and reduced long chain acyl-
carnitines, consistent with reduced long-chain fatty acid flux 
into the mitochondrion for oxidation (4,11). This pattern is, 
however, moderated relative to classical complete deficiency 
in CPTI. Importantly, functional studies also showed that this 
variant has reduced inhibition from malonyl-CoA suggesting 
that it may be able to support higher levels of fatty acid oxida-
tion in the fed state (14).

To date, clinical studies into the potential risks associated 
with p.P479L homozygosity have focused on its association 
with unexpected death in infancy and infectious disease in new-
borns, but little information is available on other clinical risks in 
childhood (13,15).

In our previous study of the association of the p.P479L variant 
with sudden unexpected death in infancy in BC First Nations, we 
performed CPT1A genotyping on a cohort of deidentified new-
born screening samples for infants born in 2004 (4). Following 
consultation with some of the affected coastal BC First Nations, 
we proposed a linked administrative health study to evaluate 
clinical outcomes in a subset of the infants genotyped in the 
original study. Given that the previous work had been completed 
in a deidentified fashion, this presented a unique opportunity to 
evaluate the natural history of the variant over time in a cohort 
of individuals from the same First Nation, not identified clini-
cally to have the p.P479L allele. This avoided concerns of bias 
due to population stratification, common to previous epidemi-
ological studies of this variant. With consent from one coastal 
BC First Nation, we were able to link administrative health data 
over 7 years for a cohort of 150 children (50 homozygotes, 50 
heterozygotes, and 50 noncarriers) from the same First Nation 
to evaluate rates of hospitalization and the primary diagnostic 
codes compared across all three CPT1A genotypes.

MATERIAL AND METHODS
Data sources
CPT1A p.P479L genotyping results were obtained from our 
previous study of all First Nations births in British Columbia 

in 2004 (4). The data set was subsequently limited to 150 
First Nations children within a set of forward sortation areas 
(first 3 digits of the postal code). This data set included 50 
p.P479L homozygotes, 50 heterozygotes, and 50 noncarri-
ers of the variant randomly selected from the original cohort. 
All 150 individuals included in the study were born in 2004, 
had a mother’s residence within one of 3 postal forward sor-
tation areas encompassing the participating First Nation, and 
had a ‘Status Indian’ flag for the mother on the child’s birth 
record. Linkage to administrative health data was performed 
by Population Data BC as an independent third party to main-
tain the blinding of the research team to individual identity. 
Using a specimen ID number linkable to demographic data in 
the BC Newborn Screening Program database, the personal 
health number (PHN) for each individual was extracted and 
provided to Population Data BC. That PHN was used to link 
administrative data from the BC Ministry of Health (hospital 
discharge abstracts) (16) and BC Vital Statistics (deaths) (17). 
The hospital discharge abstracts included all admissions to an 
acute care hospital in BC including day surgery, but excluding 
emergency room visits. Community encounters with primary 
care providers are not captured by this data set. Fields used for 
analysis included diagnosis code (ICD-10-CA), total length of 
stay, gestational age, and birth weight. Administrative data was 
inclusive of January 1, 2004 to December 31, 2011 providing 
7 years of follow-up data.

Ethics
This study was designed as a deidentified, linked administra-
tive health data protocol with written community support. 
The protocol was reviewed by the BC First Nations’ Health 
Council and the Health Advisory Committee of the partici-
pating community, with written support for the deidentified 
population provided by the committee chair. The protocol was 
also approved, and a waiver of individual consent granted given 
the deidentified nature of the project, by the BC Newborn 
Screening Program Research Review Committee, data stewards 
at the British Columbia Ministry of Health and the BC Vital 
Statistics Agency, and the C&W UBC Research Ethics Board 
(H11-03494). Population Data BC, a nonprofit academic body 
associated with the University of British Columbia, acted as the 
third-party for all data linkage and facilitated the completion of 
data sharing agreements between the research team and provin-
cial data stewards. All deidentified and linked data was main-
tained in the Population Data BC secure research environment 
with controlled access by the investigators.

Analysis
A two-tailed, unpaired T-test was used to compare mean hospi-
tal admissions per individual and average days of stay per admis-
sion between genotype groups. Data from the initial newborn 
admission was omitted for all individuals. Primary reasons for 
hospital admission were extracted from the ICD-10-CA codes 
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in the hospital discharge abstracts. All admissions for any rea-
son were evaluated, but comparisons were limited to primary 
admission groups with greater than 10 total admission counts 
across all genotypes. An individual was counted if they had 
one or more admissions for that primary admission reason 
(i.e., an individual with multiple admissions for the same rea-
son was counted only once). Individual codes were grouped 
as follows: Dental Caries (K02), Otitis Media (H65-H66), 
Acute Lower Respiratory Tract infection ( J12-J22), and acute 
Upper Respiratory Tract infection ( J00- J06). OR and 95% 
confidence intervals were calculated for each code group with 
p.P479L homozygotes and heterozygotes compared to noncar-
riers separately.

RESULTS
Population characteristics
There were no significant differences in birth weight or gesta-
tional age at birth between the three genotype groups, although 
there was a slight under-representation of females in the non-
carrier group (Table  1). The proportion of premature births 
did not differ between genotypes, although the overall rate of 
10.7% was higher than that reported for the province as a whole 
in 2004 (9.2%) (18). Such an increased rate of prematurity has, 
however, been previously reported for First Nations births in 
BC (19,20). Matching of genotype and administrative data 

records was unsuccessful for one noncarrier and the final data 
set for analysis was 149 individuals.

Primary outcome
The a priori primary outcome for this study was the number 
of hospital admissions (excluding the initial newborn birthing 
admission) per individual over the 7 years data set. As shown 
in Table 1, p.479L homozygotes had a statistically higher rate 
of admission at 2.6 hospitalizations per individual over the first 
7  years of life as compared to noncarriers at 0.86 (P<0.0001, 
two-tailed T-test). Interestingly, p.P479L heterozygotes also 
showed a significant increase in admissions at 1.9 per individual 
(P=0.009, two-tailed T-test) as compared to noncarriers. A sim-
ilar trend is evident from the average days of stay per admission 
with an increased length of stay for both p.P479L homozygotes 
and heterozygotes (Table 1). There were no deaths recorded for 
any individual in any genotype group.

Secondary outcomes
Given the small sample sizes available, only limited evaluation 
of the reasons for hospitalization is possible. Evaluations were 
limited to primary admission groupings with greater than 10 
total events to ensure a favourable case to variable ratio (>5:1). 
Overall, the OR for at least one hospitalization for any reason 
was increased for p.P479L homozygotes relative to noncarri-
ers (OR=10.2, CI 3.4 to 30.0). Although all admission reasons 

Table 1.  Hospital admissions and primary admission reasons for 7 years of administrative data

Homozygotes Heterozygotes Noncarrier OR (Hom vs. NC) 
(95% CI)

OR (Het vs. NC) 
(95% CI)

Total Individuals 50 50 49
  Female (%) 24 (48) 23 (46) 21 (43)
  Mean birth weight ± 

SD (g)
3,371 ± 637 3,266 ± 767 3,412 ± 597

  Premature (<37 weeks) 6 5 5
Non-newborn Hospital Admissions (per person)
  Mean (Median) 2.6 (2) 1.9 (1) 0.8 (0)
  Range (0–12) (0–13) (0–6)
  T-Test (vs. Noncarrier)a P<0.001 P=0.009
Days of Stay (per admission)
  Mean (Median) 3.6 (3) 2.9 (2) 1.8 (1)
  Range 1–14 1–14 1–7
  T-test (vs. Noncarrier)a P=0.001 P=0.001
Individuals with at least one hospital admission
  Any reason 45 33 23 10.2 (3.4–30.0) 2.2 (1.0–4.9)
  Dental Carries 30 25 15 3.4 (1.5–7.8) 2.3 (1.0–5.2)
  Acute Lower Resp. Inf. 14 9 3 6.0 (1.6–22.4) 3.4 (0.9–13.3)
  Otitis Media 11 1 1 13.5 (1.5–7.8) 1.0 (0.06–16.1)

CI Confidence interval; NC Noncarrier; OR Odds ratio.
aTwo-tailed unpaired T-test.
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were reviewed, the only diagnoses to meet the 10 event thresh-
old were those related to an infectious origin. OR for at least 
one hospital admission due to dental caries (OR=3.4, CI 1.4–
7.8), acute lower respiratory tract infections (OR=6.0, CI 1.6 
to 22.4), and otitis media (OR=13.5, CI 1.5 to 109.4) were all 
elevated for p.P479L homozygotes as compared to noncarriers 
(Table 1). A similar trend was observed for p.P479L heterozy-
gotes but the results were not statistically significant. Of note, 
there were few or no admissions for hypoglycemia or seizures.

DISCUSSION
The CPTI p.P479L variant presents substantial uncertainty 
for families and clinicians providing care in communities with 
high allele frequencies given the unclear clinical risks. While 
previous studies have shown a small but statistically significant 
association with sudden death in infancy, we report here an 
additional association between homozygosity for the variant 
and increased rates of hospitalization in childhood for a number 
of infectious disease-related causes. There is mounting evidence 
suggesting that this variant is both conditionally beneficial and 
conditionally detrimental, likely dependent upon a variety of 
environmental and/or genetic modifiers yet to be determined.

A number of genetic studies have confirmed a high fre-
quency for the variant in coastal northern Indigenous popu-
lations (2–5). The variant has not been identified in any other 
ethnic groups outside of these regions (21). There is good 
evidence from previous epidemiological studies to support 
positive genetic selection for the p.P479L variant, arguing 
for a fitness benefit (6,12,21–23). These arguments have cen-
tered on an adaptation towards a diet high in fat, particularly 
enriched with marine polyunsaturated (omega-3) fatty acids 
(5,6,8,22). It is compelling to speculate that the observed 
reduced inhibition by malonyl-CoA could lead to persistent 
fatty acid oxidation and ketogenesis even in the event of 
opportunistic carbohydrate consumption (4). Alternatively, 
it has been suggested that the variant may alter the substrate 
specificity of the CPTI enzyme, increasing flux for unsaturated 
fatty acids, reflecting the dietary intake (5,8,15). Evidence 
from Alaska and Greenland studies have confirmed favourable 
alterations in plasma lipid profiles and waist circumference in 
association with the p.P479L variant, particularly for those 
with high marine fat intake (5,8,12).

These potential benefits are important but don’t negate 
growing evidence for clinical risks associated with the variant. 
Studies on sudden unexpected death in infancy in BC, Alaska, 
and Nunavut have provided evidence supporting an associ-
ation between p.P479L homozygosity and infant mortality 
(3,10,11,24). While this suggests an increased proportional risk 
for homozygotes, the absolute risk remains small in comparison 
to the frequency of the genotype in the affected communities. 

It was hypothesized that the sudden death risk was likely the 
result of hypoketotic hypoglycemia due to an inability of 
homozygotes to increase fatty acid flux in response to fasting. 
In addition, work by Collins et al. (13) and Gesner et al. (15) 
has provided evidence suggesting that infectious disease was a 
contributor to the increased deaths in homozygous infants.

The work presented here provides further evidence to sup-
port an association between infectious disease and the p.P479L 
variant. This study utilized administrative health data from a sin-
gle First Nation with individuals not identified clinically to have 
the p.P479L allele. This avoided bias due to population strat-
ification, common to previous epidemiological studies of this 
variant but limited our ability to evaluate potential confounders 
such as infection risks in the home, environmental exposures, 
sleep practices, and socioeconomic variables. Based on 7 years 
of hospital admission data and a cohort of First Nations chil-
dren matched for age and location of birth, p.P479L homozy-
gotes had, on average, three times as many hospital admissions 
per person as those who did not carry the variant and remained 
in hospital twice as long per admission. This suggests both an 
increase in significant adverse health events and an increase in 
the severity of those events. Although low total case numbers 
limit the parsing of these events based on primary reasons for 
admission, a trend of increased admissions related to infectious 
disease is seen. It is important to note that our study was not 
targeted specifically to infectious disease; all admission reasons 
were evaluated but the only diagnoses with sufficient frequency 
for analysis were related to infectious causes. Increased odds 
for lower respiratory tract infection and otitis media mirror the 
data reported by groups investigating sudden deaths in infancy 
(13,15). The finding of increased odds of admission for dental 
caries, also an infectious disease, is unique to this study but pre-
vious studies were limited to infant mortality. Of note, admis-
sions for hypoglycemia were not observed and other clinical 
markers of an energy deficit (seizures, failure to thrive) had an 
insufficient numbers for analysis. However, primary health care 
encounters for hypoglycemia and related causes have not been 
captured in this data set and may be under-represented.

It has been suggested that this apparent association with 
infectious disease may reflect either an increase in severity of 
response to common pathogens due to an inability to upregulate 
fatty acid oxidation during intercurrent illness, or an increased 
susceptibility to those pathogens due to direct impairment of 
the immune system (15). A  number of studies have outlined 
the reliance of memory T-cells on fatty acid oxidation for 
long-term viability, which would support the hypothesis of an 
increased risk for repeated infections in p.P479L homozygotes. 
While activated effector T-cells are highly anabolic and rely 
primarily on glycolysis for energy production, memory T-cells 
display a more catabolic metabolism with a switch to fatty acid 
oxidation to support long-term quiescence (25). It is argued 
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that this metabolic switch helps to maintain excess respiratory 
capacity allowing for rapid expansion of memory T-cells with 
subsequent pathogen challenge. An inability to upregulate fatty 
acid oxidation in p.P479L homozygous T-cells could limit the 
survival of memory T-cells, increasing susceptibility to repeated 
infections. Prospective cohort studies to evaluate response to 
infection and external stressors, along with functional studies to 
evaluate the metabolic profiles of p.P479L homozygous T-cells 
will be required to investigate this hypothesis.

CONCLUSIONS
Our results support the growing literature on the potential 
effect of the CPTI p.P479L variant on infection risk in infants 
and children. Given small sample numbers, all of these findings 
must be interpreted with caution; however, there does appear 
to be a clear trend towards increased hospital admissions and 
longer days of stay related to infectious disease in the p.P479L 
homozygotes. Unexpectedly, an intermediate phenotype is 
suggested in the p.P479L heterozygotes. Although there is 
evidence for a historical selective advantage to the CPT1A 
p.P479L variant, the association of the variant with increased 
rates of hospitalization, sudden death, and infectious disease 
suggests a clinical risk that warrants further investigation.
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