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COMMENTARY: THE INVENTION OF
ABORIGINAL DIABETES: THE ROLE OF
THE THRIFTY GENE HYPOTHESIS IN
CANADIAN HEALTH CARE PROVISION

The purpose of this study was to analyze the
extent to which the ‘thrifty gene hypoth-
esis’ remains embedded within regimes

of Canadian health care. The thrifty gene
hypothesis, formulated by the American
geneticist and travelling scientist James V.
Neel in 1962, proposed that Indigenous
peoples were genetically predisposed to
Type 2 diabetes due to the foodways of
their ancestors. The hypothesis was func-
tionally racist and based on what biologi-
cal anthropologists now call ‘the myth of
forager food insecurity.” Importantly, Neel
reconsidered his own hypothesis in 1982
before he ultimately rejected it in 1999;
nonetheless, in the mid-1990s, a team of
Canadian scientists led by the endocrinolo-
gist Robert Hegele of Western University
conducted a genetic study on the QjiCree
community of Sandy Lake First Nation in
northern Ontario. Thereafter, Hegele told
the academic world and news media that
he had discovered a thrifty gene in Sandy
Lake. Like Neel, Hegele later came to reject
his own study in 2011. Nonetheless, the
‘thrifty gene hypothesis’ and Hegele’s Sandy
Lake study continue to be cited, referenced,
and reproduced in the current Clinical
Guidelines of the Canadian Diabetes Asso-
ciation, as well as across state-related health
literature more broadly. The purpose of this
study, then, will be to apply the PHCRP to
the thrifty gene hypothesis in a Canadian
context. Ethn Dis.2018;28(Suppl 1):247-
252; doi:10.18865/ed.28.51.247.
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INTRODUCTION

The thrifty gene hypothesis is
a failed evolutionary explanation
for high rates of type 2 diabetes
in Indigenous populations.' It was
formulated in 1962 by the Ameri-
can geneticist James V. Neel, who
proposed that the food procure-
ment strategies of what he termed
primitive left
them chronically underfed.” Within
Neel’s fanciful narrative framework,

hunter-gatherers

the constant selection pressure of
food shortages shaped Indigenous
bodies all over the world to be
metabolically thrifty in terms of
fat storage, glucose tolerance, and
insulin regulation; however, under
conditions of colonial modernity,
Neel hypothesized, these thrifty
genes became maladaptive and be-
gan contributing in a foundational
way to high rates of type 2 diabe-
tes in Indigenous communities.
Put more bluntly, “Neel imagined
Indigenous Peoples as camel-like
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beasts with an inherited ability to
over-eat during times of plenty.”

Following his development of
the thrifty gene hypothesis in 1962,
Neel spent the rest of the decade
travelling through Brazil, Venezu-
ela, Costa Rica, and Panama col-
lecting Indigenous blood, bone
marrow, breast milk, saliva, urine,
feces, and other biological materi-
als in an effort to find evidence for
the thrifty gene. Though he found
some supporting evidence for dif-
ferential metabolism on these re-
search trips, Neel was ultimately
not prepared to stand behind the
hypothesis. In 1989, he wrote that
“the data on which that (rather
soft) hypothesis was based has
now largely collapsed.”® Ten years
later, shortly before he died, Neel
insisted that there was “no sup-
port to the notion that high fre-
quency of non-insulin dependent
diabetes (NIDDM) in

reservation Amerindians might be

mellitus

due simply to an ethnic predispo-
sition.” And yet, the thrifty gene
hypothesis outlived its inventor.

In 1999, a team of Canadian
scientists conducted a research proj-
ect in Sandy Lake First Nation — an
Indigenous community located in
northern Ontario. In their pub-
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lished report,® the researchers did
not explicitly cite the thrifty gene
hypothesis or its creator, Neel; in-
stead, it was one member of this
team, the endocrinologist Robert
Hegele, who appears to have popu-
larized this study as a thrifty gene
discovery. For example, on March
9, 1999, Hegele and his team held
a press conference in London, On-
tario to announce the findings of

the Sandy Lake study.” At the time,

One would therefore
assume that the thrifty
gene hypothesis no longer
meaningfully informs
Canadian health care
administration, state
literature, or clinical
guidelines given its critical
treatment by genetic as
well as social scientists.
Unfortunately, this is not

the case.

Hegele told 7he Globe and Mail that
“the finding certainly has all the ear-
marks of what a thrifty gene would
be.”” Hegele also expressed that he
felt “very gratified because there
was a lot of doubt that this could
be done, that a mutation could be
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found.”” The finding was a news-
worthy one for scientists around
the world. The Canadian Medical
Association Journal ran an article
announcing, “Gene Defect Driving
Diabetes Epidemic on Ontario Re-
serve.”® Whereas, the British Medi-
cal Journal reported that “a study
conducted in a reservation in north-
ern Ontario has identified a genetic
mutation that seems to have allowed
the Indians there to survive famines
in the past but to have triggered di-
abetes when food became plentiful
and their lives became sedentary.”
A Chinese news agency also found
the study newsworthy, reporting in
March of that year: “Canadian re-
searchers have found that a thrifty
gene, or genes, may account for the
world’s third highest rate of diabetes
in the Ojibway-Cree native reserve
at Sandy Lake in Northern On-

tario.”!?

In short, Hegele’s thrifty
gene study put Canadian genomic
science on the map, at a time when
the human genome project was
investing new life, enthusiasm,
and funding dollars into the field.

Like Neel before him, Hegele
eventually developed doubts about
his findings. In 2008, he wrote that
“the modern revolution in molecu-
lar genetics and biology has focused
our attention on the genetic com-
ponent of disease, at the expense of

the environmental component.”"!

In 2011, Hegele told the Globe and
Mail that “newer genetic data sug-
gest it’s incorrect to pin the blame
for type 2 diabetes on a single gene
in any population” and that “the
whole thrifty-gene idea seems to
me not to capture the subtlety and
complexity... of type 2 diabetes in
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First Nations communities.”"* Else-
where, Hegele has explained that
while “the thrifty gene hypothesis
might have seemed like a good idea
many years ago...current research
suggests that in most cases a single
mutation in a single gene is un-
likely to predispose an entire group
of people to a complex outcome
like type 2 diabetes.””” To review,
then, both Neel and Hegele have
been clear that the thrifty gene hy-
pothesis is a misrepresentative and
problematic way to think about
and approach the biosocial reality
of nutrition-related diseases in In-
digenous communities. The thrifty
gene hypothesis has also been chal-
lenged by a series of other scientists
for its lack of empirical evidence as
well as problems with what has been
called its ‘assumption of forager
food insecurity.”'*'® Notably, in his
2011 Making the Mexican Diabetic,
Michael Montoya took the thrifty
gene hypothesis to task for its role
in geneticizing and racializing type
2 diabetes in Mexican Americans."”
One would therefore assume that
the thrifty gene hypothesis no lon-
ger meaningfully informs Cana-
dian health care administration,
state literature, or clinical guide-
lines given its critical treatment by
genetic as well as social scientists.
Unfortunately, this is not the case.

THE PERSISTENCE OF

THE THRIFTY GENE
HyroTHESIS IN CANADIAN
HEearLtH CARE

In 1999, the same year as Hegele’s
claims on a thrifty gene discovery,



the Canadian government institut-
ed the Aboriginal Diabetes Initia-
tive (ADI), which had an original
funding of $58 million."® Further,
Hegele and colleagues began work
based on the thrifty gene data to
develop an intervention strategy to
prevent diabetes in younger Sandy
Lake Oji-Cree.”"” Thus, it is accu-
rate to claim that anti-Indigenous
scientific racism, embedded in the
thrifty gene hypothesis, was present
at the very inceptions of Aboriginal
diabetes as an interventionist public
health framework in Canada. More
troublingly, the Canadian Pediatric
Society’s (CPS) Position Statement
on Risk Reduction for Type 2 Diabe-
tes in Aboriginal Children in Canada
(affirmed on February 28th, 2018)
cites the 1999 study of Hegele et
al’>?! Hegele’s study is also cited in
the 2018 Clinical Practical Guide-
lines of the Canadian Diabetes Asso-
ciation, as well as in state literature
more broadly.”” For example, in
2011 (long after Hegele had already
rejected his findings), Health Cana-
da issued a report entitled Diabetes
in Canada, in which the discussion
on genetic risk factors suggests that
the thrifty gene effect is associated
with the increased rates of obe-
sity and diabetes in the Aboriginal
population.”” In 2014, moreover,
Eatright Ontario released a report
on risk reduction for type 2 diabe-
tes in Aboriginal people; this report
contained the following passage:

“Traditionally, Aboriginal peo-
ple lived off the land, which meant
sometimes they had little food and
at other times there was more than
enough. This meant that the Ab-
original people had the genetics to
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store fat easily to help provide en-
ergy when there was little food. To-
day Aboriginal people still have the
genes to store fat easily but because
of easy access to high calorie food
and less active lifestyles, this is lead-
ing to overweight and obesity.”*

Suffice it to say, then, that the
thrifty gene hypothesis persists as
a viable and state-sanctioned ex-
planation for differential
of type 2 diabetes in First Na-
Inuit

rates

tions and communities.

CriticAL RAce THEORY
(CRT) AnD THE PuUBLIC
HearLtH CriTICAL RACE
Praxis (PHCRP)

The history of the thrifty gene
hypothesis and its curious afterlife
in Canadian regimes of health care
are powerful examples of the pro-
found need to apply CRT and the
PHCRP to public health research on
Indigenous communities located in
Canada. In discussing their PHCR
praxis, Ford and Airhihenbuwa sug-
gested a four-step schematic to help
assist in isolating the problems and
possibilities associated with doing
anti-racist public health research.”
The first step is to study racism’s ef-
fect on health and, in order to do
so, scholars “must conceptualize
racism based on how it operates in
the period of interest to the study.””
In terms of scientific research on the
genetic determinants of diabetes in
Indigenous communities in Can-
ada, this step requires White and
other travelling scientists to com-
mit to understanding the multiple
ways in which structural violence
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overdetermines public health in In-
digenous communities. Indigenous
scholar Pam Palmater has offered
the concept of “death by poverty in
First Nations” as a way to concep-
tualize the multiple ways in which
lack of access to affordable food,
clean water, safe shelter, and health-
care in some Indigenous communi-
ties has led to alarming yet predict-
able disparities in chronic disease
morbidity and mortality on and off
reservations.”® By engaging with In-
digenous scholarship, activism, and
agitation against structural forms
of racism and colonialism, public
health researchers can seek to trans-
gress disciplinary quarantines that
have thus far prevented science-
based studies on aboriginal dia-
betes from understanding or even
commenting upon the structural
determinism of community health
in Indigenous communities. These
structural determinisms result from
the existence of grocery store mo-
nopolies and defunct federal food
subsidy programs that ensure fresh
and healthy food is largely unafford-
able.”””* Simply put, understand-
ing the prohibitively high cost of
fresh food in northern Indigenous
communities is a necessary step in
judging the genetic components of
nutrition-related diseases in those
communities. If this step is not
taken, the trauma of present-day
structural violence and colonialism
can be geneticized by researchers
and unscientifically rendered a con-
sequence of Indigenous biologies.

The second step of the PHCRP,
which asks researchers to focus on
the politics of knowledge produc-
tion, is particularly important in
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this Canadian story of the thrifty
gene hypothesis that unveils the
racialized and gendered politics of
knowledge production with respect
to aboriginal diabetes. The history
of the thrifty gene hypothesis dem-
onstrates that when White male
scholars such as myself, as well as
those who adopt their scholarship
uncritically, theorize complex and
multi-factorial diseases in Indig-
enous communities, our hypotheses

1t is clear that both the
veracity and integrity of
scientific research, as well
as the quality of health
care provision, would
be greatly improved in
Canada if more respect
was shown for local and
Indigenous knowledges of
diabetes in public health

research.

are often privileged over and against
community voices in the formula-
tion of public health policy. Sig-
nificantly, on January 18, 1988, five
members of the Sandy Lake Band
began a hunger strike at the Sioux
Lookout Zone Hospital in northern
Ontario as a way to press the federal
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and provincial governments to ad-
dress health care inequities in their
community.”’ That the 1999 thrifty
gene study of Hegele et al’' is much
more widely recognized and cited in
state literature and clinical guide-
lines than the story of the Sandy
Lake Hunger Strike speaks volumes
about the need for all scientists to
cultivate what Ford and Airhihen-
buwa describe as a “deep awareness
of one’s racial position.”” This is
particularly important for White
male scientists because of the privi-
lege and power positions we occupy
vis-a-vis the production of public
health knowledge. As White male
researchers, our mistakes can be lon-
ger-lasting and much more influen-
tial in shaping public health inter-
ventions than the rightful political
actions of Indigenous communities.

In keeping with the suggestions
of the third step of the PHCRP
(that is, Conceptualization and
Measurement), it seems prudent
to point out that the thrifty gene
study in Sandy Lake used “fixed ra-
cial categories to examine social de-
terminants of health across diverse
geographic regions” and thereby
contributed to overestimating racial
effects and underestimating regional
ones.” For that reason, immediate
action needs to be taken concerning
the reproduction of the thrifty gene
hypothesis in state literature, clini-
cal guidelines, and scientific text-
books, as well as all scientific studies
on Indigenous diabetes and meta-
bolic diseases more generally.'*'®3!

Action toward resolving these is-
sues, which is the fourth step of the
PHCRP, must include proactively
challenging similar and ongoing ge-
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netic studies into metabolic disease,
death, and morbidity in Indigenous
communities in Canada. For exam-
ple, in January 2016, the Canadian
Broadcasting Corporation reported
on an ongoing study wherein high
rates of infant mortality in northern
Indigenous communities were be-
ing studied as the consequence of a
gene-variant.” Thus, given the his-
tory of the thrifty gene hypothesis
and the ongoing nature of these is-
sues within a Canadian context, it
is prudent to draw upon and deploy
CRT and the PHCRP to aboriginal
diabetes historically as well as mov-
ing forward. This would involve
a recognition by non-Indigenous
researchers that there are mate-
rial realties and forms of structural
analysis central to the understand-
ing of chronic disease on the reser-
vation that are simply not accessible
to those outside of the reservation.
Indeed, even Indigenous scientists
who do not live on-reserve in the
provincial or territorial norths of
Canada may have a hard time un-
derstanding local realities of disease,
health care, and what Palmater calls
‘death by poverty on First Nations.’

CONCLUSION

It is clear that both the veracity
and integrity of scientific research,
as well as the quality of health care
provision, would be greatly im-
proved in Canada if more respect
was shown for local and Indig-
enous knowledges of diabetes in
public health research. Thus, de-
spite the tendency for Canadian re-
searchers to think overtly in terms



of race, the example of the thrifty

gene hypothesis makes it clear that

race and racialization both operate

within Canadian research. There-

fore, race and racialization need to

be explicitly named and examined

in research projects seeking to un-

derstand health disparities in Can-

ada, and especially in the context

of nutrition-related illness in First

Nations and Inuit communities.

CONFLICT OF INTEREST

No conflicts of interest to report.

AuTHOR CONTRIBUTIONS

Research concept and design: Hay;

Acquisition of data: Hay; Data analysis and
interpretation: Hay; Manuscript draft: Hay;
Administrative: Hay

REFERENCES

1.

9.

Poudrier J. The Geneticization of aborigi-
nal diabetes: adding another scene to the
story of the thrifty gene. Can Rev Sociol
Anthropol. 2007;44(2):123-132.

Neel JV. Diabetes mellitus: a “thrifty” geno-
type rendered detrimental by “progress”?
Am ] Hum Genet. 1962;14(4):353-362.
PMID:13937884

Ferrerira MF, Lang GC. Introduction:
deconstructing diabetes. In Stewart P,
Strathern A, eds. Diabetes and Indigenous
People. Durham, NC: Carolina Academic
Press; 2006.

Neel J. Update to The Study of Natural
Selection in Primitive and Civilized Human
Populations.” Hum Biol. 1989;61:811-823.
Neel JV. The “thrifty genotype” in

1998. Nutr Rev. 1999;57(5 Pt 2):52-89.
PMID:10391020

Hegele RA, Cao H, Harris SB, Hanley AJ,
Zinman B. The hepatic nuclear factor-1al-
pha G319S variant is associated with early-
onset type 2 diabetes in Canadian Oji-Cree.
J Clin Endocrinol Metab. 1999;84(3):1077-
1082. PMID:10084598

Abraham C. Genetic trait for diabetes
uncovered: researchers to reveal link today
between disease and high incidence for
northern Ontario reserve. The Globe and
Mail, March 9, 1999; A10-A11.

Basky G. Gene defect driving diabetes
epidemic on Ontario reserve. CMAJ.
1999;160(12):1692. PMID:1230392.
Stergeon D. “Thrifty gene’ identified in
Manitoba Indians. BMJ. 1999;318:828.

10. Canadian Researchers Uncover Genetic

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Aboriginal Diabetes and Thrifty Gene Hypothesis - Hay

Link for Diabetes. Xinhua News Agency,
March 9, 1999.

Hegele R, Pollex R. Genetic susceptibility.
In: Young TK, Bjerregaard P, eds. Health
Transitions in Arctic Populations. Toronto:
University of Toronto Press; 2008:243.
Abraham C. The Life and Death of a Seduc-
tive Theory. The Globe and Mail, February
26,2011; F1.

Kuhnlein HV, Erasmus B, Spigelski D,
Burlingame B, eds. Indigenous Peoples’ Food
Systems and Well-Being: Interventions and
Policies for Healthy Communities. Rome:
Food and Agricultural Organization of

the United Nations Centre for Indigenous
Peoples’ Nutrition and Environment;
2013:14.

Speakman JR. Thrifty genes for obesity and
the metabolic syndrome--time to call off the
search? Diab Vasc Dis Res. 2006;3(1):7-11.
https://doi.org/10.3132/dvdr.2006.010
PMID:16784175

Benyshek DC, Watson JT. Exploring the
thrifty genotype’s food-shortage assump-
tions: a cross-cultural comparison of
ethnographic accounts of food security
among foraging and agricultural societies.
Am ] Phys Anthropol. 2006;131(1):120-
126. https://doi.org/10.1002/ajpa.20334
PMID:16485298

Southam L, Soranzo N, Montgomery SB,
et al. Is the thrifty genotype hypothesis
supported by evidence based on confirmed
type 2 diabetes- and obesity-susceptibility
variants? Diabetologia. 2009;52(9):1846-
1851. https://doi.org/10.1007/s00125-009-
1419-3 PMID:19526209

Montoya M. Making the Mexican Diabetic:
Race, Science, and the Genetics of Inequal-
ity. Berkley: University of California Press;
2011. hteps://doi.org/10.1525/califor-
nia/9780520267305.001.0001

Health Canada. Aboriginal Diabetes Initia-
tive; September 30, 2013. Last accessed
May 16, 2018 from https://www.canada.
ca/en/indigenous-services-canada/services/
first-nations-inuit-health/diseases-health-
conditions/diabetes.html.

Hegele RA. Genetic prediction of
atherosclerosis: lessons from studies in
native Canadian populations. Clin Chim
Acta. 1999;286(1-2):47-61. hteps://doi.
org/10.1016/50009-8981(99)00093-5
PMID:10511284

Saylor K. Risk reduction for type 2 dia-
betes in Aboriginal children in Canada.
Paediatr Child Health. 2005;10(1):49-52.
https://doi.org/10.1093/pch/10.1.49
PMID:19657447

Saylor K. Canadian Paediatric Society. Risk
Reduction for Type-2 Diabetes in Aboriginal
Children in Canada. January 1, 2005; reaf-
firmed February 28", 2018. Last accessed
May 16, 2018 from hteps://www.cps.ca/en/

Ethnicity & Disease, Volume 28, Supplement 1, 2018

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

documents/position/risk-reduction-type-
two-diabetes-aboriginal-children.
Crowshoe L, Dannenbaum D, Green

M, Henderson R, Hayward MN, Toth

E; Diabetes Canada Clinical Practice
Guidelines Expert Committee. Type 2
Diabetes and Indigenous Peoples. Can J
Diabetes. 2018;42(suppl 1):5296-S306.
https://doi.org/10.1016/j.jcjd.2017.10.022
PMID:29650108

Canavan ], Dunbar P, Dupuis J, et al.
Diabetes in Canada: Facts and Figures from
a Public Health Perspective. 2011: Public
Health Agency of Canada, Ottawa; 93

and 96. Last accessed May 16. 2018 from
https://www.canada.ca/content/dam/
phac-aspc/migration/phac-aspc/cd-mc/
publications/diabetes-diabete/facts-figures-
faits-chiffres-2011/pdf/facts-figures-faits-
chiffres-eng.pdf.

EatRight Ontario, Aboriginal People Can
Reduce Their Risk for Developing Type 2
Diabetes, 2014. Last accessed July 7, 2014
from http://www.eatrightontario.ca/en/
Articles/Aboriginal-Health/Aboriginal-peo-
ple-can-reduce-their-risk-for-develo.aspx#.
U7rdjI1dVAs

Ford CL, Airhihenbuwa CO. The public
health critical race methodology: praxis

for antiracism research. Soc Sci Med.
2010;71(8):1390-1398. https://doi.
org/10.1016/j.socscimed.2010.07.030
PMID:20822840

Palmater P. Stretched beyond human limits:
death by poverty in First Nations. Can Rev
Soc Policy. 2011;65(66):112-127.

Burnett K, Skinner K, Hay T, LeBlanc ],
Chambers L. Retail food environments,
shopping experiences, First Nations and the
provincial Norths. Health Promot Chronic
Dis Prev Can. 2017;37(10):333-341.
https://doi.org/10.24095/hpcdp.37.10.03
PMID:29043760

Burnett K, Chambers B, Hay T. Settling
the table: northern food subsidy programs
and the (re)colonisation of Indigenous
bodies. Critical Race and Whiteness Studies.
2015;11(1):1-18.

Burnett K, Hay T, Chambers L. Settler
colonialism, Indigenous peoples, and food:
federal Indian policies and nutrition pro-
grams in the Canadian North since 1945. /
Colon Colon Hist. 2016;17(2). https://doi.
0rg/10.1353/cch.2016.0030

Scott McKay Bane Health Panel. From Here
to There: Steps Along the Way, Achieving
Health for All in the Sioux Lookout Zone.
1988; University of Toronto Archives and
Managements Services (UTARMS), A97-
0012, Box 2, Folder No. 25.

Poudrier J. Racial Categories and Health
Risks: Epidemiological Surveillance among
Canadian First Nations. In: Lyon D, ed.
Surveillance as Social Sorting: Privacy, Risk,

251


https://www.ncbi.nlm.nih.gov/pubmed/13937884
https://www.ncbi.nlm.nih.gov/pubmed/10391020
https://www.ncbi.nlm.nih.gov/pubmed/10084598
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1230392/
https://doi.org/10.3132/dvdr.2006.010
https://www.ncbi.nlm.nih.gov/pubmed/16784175
https://doi.org/10.1002/ajpa.20334
https://www.ncbi.nlm.nih.gov/pubmed/16485298
https://doi.org/10.1007/s00125-009-1419-3
https://doi.org/10.1007/s00125-009-1419-3
https://www.ncbi.nlm.nih.gov/pubmed/19526209
https://doi.org/10.1525/california/9780520267305.001.0001
https://doi.org/10.1525/california/9780520267305.001.0001
https://www.canada.ca/en/indigenous-services-canada/services/first-nations-inuit-health/diseases-health-conditions/diabetes.html
https://www.canada.ca/en/indigenous-services-canada/services/first-nations-inuit-health/diseases-health-conditions/diabetes.html
https://www.canada.ca/en/indigenous-services-canada/services/first-nations-inuit-health/diseases-health-conditions/diabetes.html
https://www.canada.ca/en/indigenous-services-canada/services/first-nations-inuit-health/diseases-health-conditions/diabetes.html
https://doi.org/10.1016/S0009-8981(99)00093-5
https://doi.org/10.1016/S0009-8981(99)00093-5
https://www.ncbi.nlm.nih.gov/pubmed/10511284
https://doi.org/10.1093/pch/10.1.49
https://www.ncbi.nlm.nih.gov/pubmed/19657447
https://www.cps.ca/en/documents/position/risk-reduction-type-two-diabetes-aboriginal-children
https://www.cps.ca/en/documents/position/risk-reduction-type-two-diabetes-aboriginal-children
https://www.cps.ca/en/documents/position/risk-reduction-type-two-diabetes-aboriginal-children
https://doi.org/10.1016/j.jcjd.2017.10.022
https://www.ncbi.nlm.nih.gov/pubmed/29650108
https://www.canada.ca/content/dam/phac-aspc/migration/phac-aspc/cd-mc/publications/diabetes-diabete/facts-figures-faits-chiffres-2011/pdf/facts-figures-faits-chiffres-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/migration/phac-aspc/cd-mc/publications/diabetes-diabete/facts-figures-faits-chiffres-2011/pdf/facts-figures-faits-chiffres-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/migration/phac-aspc/cd-mc/publications/diabetes-diabete/facts-figures-faits-chiffres-2011/pdf/facts-figures-faits-chiffres-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/migration/phac-aspc/cd-mc/publications/diabetes-diabete/facts-figures-faits-chiffres-2011/pdf/facts-figures-faits-chiffres-eng.pdf
https://www.canada.ca/content/dam/phac-aspc/migration/phac-aspc/cd-mc/publications/diabetes-diabete/facts-figures-faits-chiffres-2011/pdf/facts-figures-faits-chiffres-eng.pdf
http://www.eatrightontario.ca/en/Articles/Aboriginal-Health/Aboriginal-people-can-reduce-their-risk-for-develo.aspx#.U7rdjI1dVAs
http://www.eatrightontario.ca/en/Articles/Aboriginal-Health/Aboriginal-people-can-reduce-their-risk-for-develo.aspx#.U7rdjI1dVAs
http://www.eatrightontario.ca/en/Articles/Aboriginal-Health/Aboriginal-people-can-reduce-their-risk-for-develo.aspx#.U7rdjI1dVAs
http://www.eatrightontario.ca/en/Articles/Aboriginal-Health/Aboriginal-people-can-reduce-their-risk-for-develo.aspx#.U7rdjI1dVAs
https://doi.org/10.1016/j.socscimed.2010.07.030
https://doi.org/10.1016/j.socscimed.2010.07.030
https://www.ncbi.nlm.nih.gov/pubmed/20822840
https://doi.org/10.24095/hpcdp.37.10.03
https://www.ncbi.nlm.nih.gov/pubmed/29043760
https://doi.org/10.1353/cch.2016.0030
https://doi.org/10.1353/cch.2016.0030

Aboriginal Diabetes and Thrifty Gene Hypothesis - Hay

and Digital Discrimination. New York:
Routledge Publishing; 2003:111-134.

32. Stassen J. High Infant Mortality Rate May
Be Related to Fat-Burning Gene Varia-
tion. CBC News, November 12, 2016. Last
accessed May 16, 2018 from http://www.
cbc.ca/news/canada/north/inuit-infant-
mortality-alaska-gene-research-1.3844052.

252 Ethnicity & Disease, Volume 28, Supplement 1, 2018


http://www.cbc.ca/news/canada/north/inuit-infant-mortality-alaska-gene-research-1.3844052
http://www.cbc.ca/news/canada/north/inuit-infant-mortality-alaska-gene-research-1.3844052
http://www.cbc.ca/news/canada/north/inuit-infant-mortality-alaska-gene-research-1.3844052

