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This paper offers a historical perspective of the evolution of
type 2 diabetes mellitus in Oji-Cree youth in Manitoba and
Northwestern Ontario over the past 15 years. It describes
the epidemiology of the disease and the current state of
knowledge regarding risk factors, genetics, diagnostic crite-
ria, treatment and long-term follow-up. The demographics
of the youth with type 2 diabetes population have changed
over this period. The incidence of type 2 diabetes continues
to increase and the gender distribution has changed from a
female predominance of 8:1 to a more even representation
of females and males.There has been no change in the mean
age at diagnosis or the percentage of affected youth who
reside in remote communities. Careful clinical observations
are vital to gaining an increased understanding of this disease.

Ce compte rendu donne un aperçu de l’évolution du diabète
sucré de type 2 chez les jeunes Oji-cri du Manitoba et du
nord-ouest de l’Ontario au cours des 15 dernières années. Il
décrit l’épidémiologie du diabète et les connaissances
actuelles sur les facteurs de risque, les facteurs génétiques,
les critères diagnostiques, le traitement et le suivi à long
terme. Les données démographiques de la population oji-cri
ont énormément changé au cours de cette période.
L’incidence du diabète de type 2 continue d’augmenter et la
répartition entre les sexes a changé d’une prédominance
féminine de 8:1 à une représentation plus égale du sexe
féminin et du sexe masculin. Ce qui n’a pas changé est l’âge
moyen au moment du diagnostic et le pourcentage de jeunes
atteints de diabète qui habitent dans des communautés
isolées. Pour mieux comprendre cette maladie, il est essen-
tiel de faire des observations cliniques minutieuses.
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INTRODUCTION
After the recognition of type 2 diabetes mellitus in First
Nations children in Manitoba, Canada, in 1983, the authors
predicted that the number of affected children would
increase in every First Nations community (1,2). This pre-
diction has been realized in Manitoba and Northwestern
Ontario, Canada. It has not happened across Canada. Only a
few cases of type 2 diabetes in children have been reported
in First Nations communities other than in the Plains Cree in
Central Canada, despite a dramatic increase in public aware-
ness of the problem. This disease is not only a problem in
First Nations children. The prevalence of type 2 diabetes in
children in Canada reflects the mix of First Nations, Asian,
African and Hispanic children in urban centres (3). Type 2
diabetes in children is a new disease in all of these ethnic
groups, mirroring the epidemic of obesity in all children and
the rates of diabetes in these adult populations (4).

This paper summarizes the rapid evolution of type 2 dia-
betes in First Nations children in Manitoba from 1986 to
2002.These data were derived from the longitudinal survey
at the Manitoba Diabetes Education Resource for Children
and Adolescents (DER-CA), the only tertiary care pediatric
Diabetes Education Centre in Manitoba and Northwestern
Ontario (5). Based on previous studies, the ascertainment
rate of type 1 diabetes in children 0 to 14 years of age at the
Manitoba DER-CA is 95% (6). The authors believe that
ascertainment is similar for children 5 to 14 years of age with
type 2 diabetes, based on chart reviews in biannual outreach
programs across Manitoba and Northwestern Ontario. The
effect of increased awareness of elders, community mem-
bers, family members and healthcare professionals on the
reported incidence of the disease cannot be ruled out.

One of the theories to explain the appearance of type 2 dia-
betes in children is that it is a direct consequence of the rapid
increase in obesity in children in developed countries. Obesity
in children is now a global problem. In First Nations commu-
nities in Central Canada in 1996 to 1997, the rate of obesity
(body mass index [BMI] >95th percentile) was 40% in school-
aged females and 34% in school-aged males (7,8). In 2 com-
munities evaluated by the Cree Board of Health and Social
Services of James Bay, Quebec, Canada, in 2000, 28% of 256
youth 10 to 19 years of age had a BMI >95th percentile (9).

EPIDEMIOLOGY
One of the vital components of the description of type 2 dia-
betes in children is an estimation of the point prevalence of the
disease in the relevant adult population. In Manitoba, the
prevalence of type 2 diabetes in registered First Nations adults
ages 20 to 79 years in 1994/1995 through 1998/1999 was
189/1000 (10). In Manitoba, in 1998, the point prevalence of
type 2 diabetes in First Nations women age ≥20 years was
248/1000, and for First Nations men was 170/1000 (11).

The number of new cases of type 2 diabetes per year in
First Nations children referred to the DER-CA increased from

4 in 1986 to 35 in 2001 (Figure 1). For First Nations youth in
Manitoba, the crude incidence of type 2 diabetes in 2001 was
23/17900, or 1.3/1000 registered First Nations youth 10 to
19 years of age (0.55/1000 for age 0 to 19 years and
0.78/1000 for age 5 to 19 years). The children with type 2
diabetes represented 35% of the children with new-onset
diabetes referred to the DER-CA in 2001.

As of December 31, 2001, the DER-CA was following 92
First Nations children with type 2 diabetes. The minimum
crude age-specific point prevalence of type 2 diabetes for 10-
to 14-year-old youth was 26/9500, or 0.27% of registered
First Nations youth age 10 to 14 years in Manitoba in 2001.
In the group of youth 10 to 19 years of age, the minimum
crude age-specific point prevalence of type 2 diabetes in First
Nations youth living in Manitoba increased from 0.10% in
1986 to 0.22% in 1998 to 0.40% (72/17900) in 2001.

One of the major challenges to descriptive epidemiology
in this group is availability of meaningful population data and
standardized reporting of age groups. The accepted age
groups for type 1 diabetes are in 5-year blocks: 0 to 4, 5 to 9
and 10 to 14 years.The epidemiologic studies of type 1 dia-
betes report only children age 0 to 14 years.The situation is
complicated in type 2 diabetes by the rarity of incident cases
<10 years of age, the referral of pregnant adolescents with
diabetes to adult services, and the increased confidence of
primary care physicians in caring for older adolescents with
type 2 diabetes. Thus, the assessment of crude prevalence
based on this referred case series is likely most accurate in
the group of those age 10 to 14 years. Provincial health
administrative databases do not differentiate type 1 vs. type 2
vs. gestational diabetes, so they cannot be used in this analy-
sis. Recent health data on First Nations populations in
Manitoba used 20-year blocks (0 to 19, 20 to 39 years, etc.)
to report population data, and reported the diabetes treat-
ment rates for those age 20 to 79 years (10). Most adult stud-
ies of diabetes using administrative databases report diabetes
prevalence rates for adults age ≥25 years.Thus, the age group
15 to 24 years is lost in most epidemiologic studies of dia-
betes. To solve this dilemma, there must be agreement on
standardized age groups, mandatory coding of type of dia-
betes and mandatory inclusion of children in population-
based epidemiologic reports on diabetes.

There are 7 published population-based screening studies
in Canada in First Nations youth.The first study, in 1993, in 2
Cree communities in Western Quebec found no cases of dia-
betes in youth 15 to 19 years of age (12).The second popula-
tion study was conducted in the northern, remote Oji-Cree
community of Sandy Lake in Northwestern Ontario, and
included youth age 10 to 19 years.The prevalence of diabetes
in adolescent females 10 to 19 years of age was 4% (13).The
third screening study took place in Ste. Theresa Point,
Manitoba, another northern, remote Oji-Cree community 
at the same latitude and 100 km west of Sandy Lake (14).
The study included school-aged youth (7 to 19 years). The
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prevalence of type 2 diabetes in youth age 7 to 19 years was
1.1% (11/1000). For the adolescent females age 10 to 19 years,
the prevalence was 3.6%. In 1997, the 70 school-aged Cree
children (5 to 14 years) in York Factory in Northern
Manitoba were screened, and 2 new cases of type 2 diabetes
were confirmed (5). The fifth population screening study in
Cree children took place in 2 communities in Northern
Quebec in 2000 (9,15). No cases of diabetes were diagnosed
in 400 youth age 10 to 19 years (9).As well, in 2000, no cases
of diabetes were found in 115 school-aged (5 to 19 years)
Ojibway youth in Christian Island First Nation in Southern
Ontario (16). In 2000, 1579 youth age 7 to 19 years in 
4 remote Oji-Cree communities of the Island Lake Tribal
Council and 7 rural Ojibway communities of the Interlake
Reserves Tribal Council were screened for diabetes in
schools. The crude prevalence rates were 6.7/1000 and
9.1/1000, respectively (17).

In the early years of the longitudinal survey of type 2 dia-
betes in Manitoba, most cases of youth with type 2 diabetes
were adolescent females (18). The gender distribution has
changed from the original 8:1 in 1990 to close to 1:1 in 2000
and 2001 (Figure 1,Table 1).

The average age at diagnosis of type 2 diabetes has not
changed since 1986 (Table 1).The younger mean age at diag-
nosis during the first few years of the survey was based on
only a few cases.

Since 1983, >50% of youth with type 2 diabetes have
resided in remote or rural First Nations communities in
Manitoba (Table 1). In general, 55.6% of all First Nations
youth live on reserve. The greater prevalence of type 2 dia-
betes in children in northern and rural communities may
reflect the increased public awareness of diabetes by families
living in these communities, a single health centre providing
diabetes screening, and comprehensive community-based

diabetes awareness programs. It may also reflect different
gene-environment interactions, such as the prenatal environ-
ment, different rates of breastfeeding, and different rates of
obesity. In 2001, all 62 First Nations communities in
Manitoba had a diabetes prevention business plan.The youth
diagnosed with type 2 diabetes before the age of 19 years in
Manitoba have come from 48 of the 62 (77%) First Nations
communities in Manitoba. This observation supports the
existence of a ubiquitous environmental factor in addition to
genetic factors in First Nations people. A case-controlled
study of 46 youth and their families followed at the DER-CA
identified maternal diabetes, both pre-existing (odds ratio
[OR]=19.8) and gestational (OR=7.05), as the strongest
risk factor for onset of diabetes in childhood (19). Prolonged
breastfeeding was a strong protective factor: a child who was
breastfed for ≥12 months had a lower risk of diabetes com-
pared to a bottle-fed baby (OR=0.27) (19).

GENETICS 
Maturity-onset diabetes of the young (MODY) is a group of
autosomal dominant, single gene disorders that cause dia-
betes in young adults or children (20). One of the types of
MODY is caused by mutations in the hepatocyte nuclear fac-
tor (HNF) -1alpha gene on chromosome 12q24. Such
patients develop progressive beta cell failure, usually starting
in adolescence, and severe microvascular complications are
common (20). There have been many different mutations
reported in this gene that are associated with an insulin
secretion defect rather than insulin resistance (21).

A unique private mutation in the HNF-1alpha gene was
identified in the Aboriginal people of Sandy Lake, Ontario.
The mutation accounts for approximately 40% of the dia-
betes in this community (22,23).The allele frequency is 21%
in the population, but 34% in youth 10 to 25 years of age (23).

type 2 diabetes in youth

Figure 1. Incidence of type 2 diabetes in youth by calendar year and gender
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Many people with this mutation, a G319S substitution, have
early-onset diabetes. In a series of 51 youth at the DER-CA,
41.2% had 1 or 2 copies of this mutation (24).The homozygous
state in adolescents is associated with hallmarks of diabetes
without insulin resistance, including a low BMI, low stimulated
serum insulin levels and no acanthosis nigricans.The heterozy-
gous state is characterized by a phenotype intermediate
between the homozygous and wild type states.The youth with-
out the mutation have clinical characteristics associated with
classical insulin resistance: obesity and acanthosis nigricans.The
presence of the G319S HNF-1alpha mutation in Oji-Cree chil-
dren may help to guide customized treatment, since adults with
HNF-1alpha mutations are sensitive to sulfonylurea drugs (25).

DIAGNOSIS
The diagnosis of type 2 diabetes in youth is made based on
clinical criteria, including high-risk ethnic group, strong fam-
ily history of type 2 diabetes, obesity (BMI ≥95th percentile)
and age >10 years (18). Most youth experience no classical
symptoms of hyperglycemia. Many have acanthosis nigricans
of the neck and axilla. Diabetic ketoacidosis (DKA) occurs in
5% of youth at presentation and up to 10% at any time dur-
ing follow-up (26). In some cases, differentiation between
type 1 and type 2 diabetes can be difficult. A First Nations
adolescent with a strong family history of type 2 diabetes but
with symptoms of hyperglycemia, including weight loss and
ketonuria, may require insulin at diagnosis. However, it is
vital to appropriately classify a patient’s diabetes to provide
accurate family counselling and education regarding etiology,
treatment options, associated medical conditions, and acute
and long-term complications. In these situations, the meas-
urement of islet-specific antibodies may be helpful (27).

TREATMENT
The mainstay of treatment of type 2 diabetes in children is
lifestyle modification. The first strategy is to limit (or ban)
sugar-containing drinks and television watching (28). Some
youth will require insulin at diagnosis if they present with
DKA or classical symptoms with unintentional weight loss.
In these situations, the insulin therapy will be short term,
and conventional twice-daily insulin regimens have 
demonstrated success. Other youth may benefit from short-

term insulin for 1 to 3 months if lifestyle modification in the
first 3 to 6 months is clearly not achieving therapeutic goals
(29).The goal of therapy is to achieve and maintain glycosy-
lated hemoglobin (A1C) <7.0%.

The oral antihyperglycemic agents approved for use in
type 2 diabetes in adults are not approved for use in children
in Canada. The only published randomized, controlled trial
of an oral antihyperglycemic agent in pediatric patients with
type 2 diabetes evaluated the efficacy and safety of up to 
16 weeks of treatment with metformin in subjects 10 to 
16 years of age. The metformin-treated group experienced a
mean reduction in fasting blood glucose (FBG) of 2.4 mmol/L
from baseline compared to an increase in FBG of 1.2 mmol/L
in the placebo-treated group (p<0.001) (30). At study end,
mean A1C was significantly lower in the metformin group
than in the control group (7.5 vs. 8.6%, respectively,
p<0.001). Similar outcomes were not observed in a second
randomized, controlled trial with metformin in pediatric
patients with type 2 diabetes (31). One barrier to the use of
oral antihyperglycemic agents is the risk of nonalcoholic fatty
liver disease in children with type 2 diabetes (32).

The greatest treatment challenges in First Nations youth
with type 2 diabetes are the lack of acute symptoms, lack of
role models with diabetes in the community, presence of
high-risk lifestyle habits in family members, lack of immedi-
ate risk to life, presence of mood disorders and a sense of
despondency about diabetes.

The care, education and support of youth with type 2 dia-
betes in Manitoba is delivered by the DER-CA team in a struc-
tured, culture- and age-sensitive program designed specifically
for First Nations youth with type 2 diabetes, in collaboration
with the family, the community and the local healthcare
providers (usually community health representatives or on-
reserve staff from the First Nations and Inuit Health Branch).
This program is delivered in the community when possible.

PROGNOSIS
Outcome data for youth with type 2 diabetes are limited
because the history of this disease is <25 years. The largest
outcome data to date are from the administrative data of the
Indian Health Service that maintains a registry of affected
Native Americans and Native Alaskans. Of a sample of 2595

CANADIAN JOURNAL OF DIABETES

Table 1. Demographics of type 2 diabetes in First Nations youth in Manitoba 

Year N Females 
(%)

Reside in remote 
or rural community

(%)

Mean age at diagnosis 
(95% CI) 
(years)

Pre-1986 6 100 83 11.50 (9.62, 13.38)

1986–1990 20 75 50 13.00 (11.79, 14.21)

1991–1995 47 74 75 13.17 (12.55, 13.79)

1996–2000 95 60 80 13.48 (13.02, 13.94)

CI = confidence interval
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young adults <45 years of age (mean age: 35.4 years), in
1998, 73% were obese, 51% had an A1C ≥9.0%, 47% had
hypertension (blood pressure ≥130/85 mm Hg), 48% 
had hypercholesterolemia, 37% smoked and 26% had pro-
teinuria (33).These data indicate the high rates of risk fac-
tors, but not of overt end-stage diabetes complications.
Preliminary follow-up data from the Manitoba cohort indi-
cate high morbidity and mortality from end-stage diabetes
complications (34). The total disease burden from early-
onset complications includes family dislocation, emotional
distress, pregnancy loss and congenital abnormalities.

CONCLUSION 
Type 2 diabetes in youth was first described in Canada in Oji-
Cree children in Manitoba. During the past 15 years, the dis-
ease has increased in frequency and the gender distribution
has changed. A monogenic disorder of an HNF has been dis-
covered that may form the basis for specific treatment and
may also provide a means for early detection and modifica-
tion of disease outcome. Treatment strategies have become
clearer, and the first randomized, controlled studies with
oral antihyperglycemic agents have been completed. It has
been recognized that most of the youth with this disease dif-
fer from those with type 1 diabetes, since they have compo-
nents of the insulin resistance syndrome with the associated
independent cardiovascular risk factors of hypertension and
dyslipidemia. Specialized outreach community-based pro-
grams for education, support and treatment have been devel-
oped for these youth. There is recognition that the young
adults who transfer to adult services need coordinated serv-
ices in the vulnerable young adult period. Surveillance pro-
grams for the next generation, the offspring of these young
adults, must be developed. Maintenance of the regional reg-
istry and long-term follow-up of this cohort of children with
type 2 diabetes is essential, because the provincial adminis-
trative database cannot provide the vital information needed
to understand this evolving disease and to develop appropri-
ate services for these vulnerable, high-risk young adults.

ACKNOWLEDGEMENTS
Bertha Flett has been the research nurse involved in all of the
field studies for type 2 diabetes in youth in Manitoba since
1996. Her compassion and deep understanding of the com-
munities is an integral component of the authors’ work.The
projects would not progress without her unfaltering commit-
ment.The authors share the concern and admire the motiva-
tion of families and Aboriginal communities to understand this
disease and to improve the present and future quality of life for
these young people.The community partnerships and courage
of these families are vital components of this work. The
authors are also grateful for the dedication, creativity and pas-
sion of the staff of the Manitoba DER-CA.

This work is supported by the Children’s Hospital
Foundation of Manitoba, and an Interdisciplinary Health

Research Teams grant to T. Kue Young from the Canadian
Institutes of Health Research.

REFERENCES
1. Dean H, Moffatt ME. Prevalence of diabetes mellitus among

Indian children in Manitoba. Arctic Med Res. 1988;47(suppl 1):
532-534.

2. Dean HJ, Mundy RL, Moffatt M. Non-insulin-dependent dia-
betes mellitus in Indian children in Manitoba. CMAJ. 1992;
147:52-57.

3. Zdravkovic V, Daneman D, Hamilton J. Presentation and
course of type 2 diabetes (T2DM) in childhood [abstract].
Diabetes. 2003;52(suppl 1):A405. Abstract 1759-P.

4. Fagot-Campagna A, Pettitt DJ, Engelgau MM, et al.Type 2 dia-
betes among North American children and adolescents: an epi-
demiologic review and a public health perspective. J Pediatr.
2000;136:664-672.

5. Dean H. NIDDM-Y in First Nation children in Canada. Clin
Pediatr (Phila). 1998;37:89-96.

6. Blanchard JF, Dean H,Anderson K, et al. Incidence and preva-
lence of diabetes in children aged 0–14 years in Manitoba,
Canada, 1985–1993. Diabetes Care. 1997;20:512-515.

7. Young TK, Dean HJ, Flett B, et al. Childhood obesity in a 
population at high risk for type 2 diabetes. J Pediatr. 2000;
136:365-369.

8. Hanley AJG, Harris SB, Gittelsohn J, et al. Overweight among
children and adolescents in a Native Canadian community:
prevalence and associated factors. Am J Clin Nutr. 2000;
71:693-700.

9. Dannenbaum D. Diabetes Special Screening Project: Eastmain and
Waswanipi. Chisasibi, QC: Cree Board of Health and Social
Services of James Bay; 2001.

10. Martens P, Bond R, Jebamani L, et al. The Health and Health
Care Use of Registered First Nations People Living in Manitoba: A
Population-based Study. Winnipeg, MB: Manitoba Centre for
Health Policy; 2002.

11. Green C, Blanchard JF,Young TK, et al. The epidemiology of
diabetes in the Manitoba-registered First Nation population:
current patterns and comparative trends. Diabetes Care.
2003;26:1993-1998.

12. Delisle HF, Ékoé J-M. Prevalence of non-insulin-dependent
diabetes mellitus and impaired glucose tolerance in two
Algonquin communities in Quebec. CMAJ. 1993;148:41-47.

13. Harris SB, Perkins BA, Whalen-Brough E. Non-insulin-
dependent diabetes mellitus among First Nations children.
New entity among First Nations people of northwestern
Ontario. Can Fam Physician. 1996;42:869-876.

14. Dean HJ, Young TK, Flett B, et al. Screening for type-2 dia-
betes in aboriginal children in northern Canada [letter]. Lancet.
1998;352:1523-1524.

15. Dannenbaum D,Verronneau M,Torrie J, et al. Comprehensive
computerized diabetes registry. Serving the Cree of Eeyou
Istchee (eastern James Bay). Can Fam Physician. 1999;45:364-370.

16. Smith WG, Gowanlock W, Babcock K.Type 2 diabetes in First

type 2 diabetes in youth



454

Nation children: a collaborative effort to assess and prevent
disease. Paediatr Child Health. 2001;6:755-759.

17. Dean H, Flett B,Wood-Steiman P, et al. Capillary fasting blood
glucose (cFBG) screening in schools in Manitoba [abstract].
Can J Diabetes Care. 2001;25(suppl 1):214. Abstract 86.

18. Dean H. Diagnostic criteria for non-insulin dependent dia-
betes in youth (NIDDM-Y). Clin Pediatr (Phila). 1998;37:67-71.

19. Young TK, Martens PJ,Taback SP, et al.Type 2 diabetes melli-
tus in children: prenatal and early infancy risk factors among
Native Canadians. Arch Pediatr Adolesc Med. 2002;156:651-655.

20. Stride A, Hattersley AT. Different genes, different diabetes:
lessons from maturity-onset diabetes of the young. Ann Med.
2002;34:207-216.

21. Triggs-Raine BL, Kirkpatrick RD, Kelly SL, et al. HNF-1α
G319S, a transactivation-deficient mutant, is associated with
altered dynamics of diabetes onset in an Oji-Cree community.
Proc Natl Acad Sci U S A. 2002;99:4614-4619.

22. Hegele RA, Cao H, Harris SB, et al. The hepatic nuclear fac-
tor-1α G319S variant is associated with early-onset type 2 
diabetes in Canadian Oji-Cree. J Clin Endocrinol Metab.
1999;84:1077-1082.

23. Hegele RA, Hanley AJG, Zinman B, et al.Youth-onset type 2
diabetes (Y2DM) associated with HNF1A S319 in Aboriginal
Canadians [letter]. Diabetes Care. 1999;22:2095-2096.

24. Sellers EAC,Triggs-Raine B, Rockman-Greenberg C, et al.The
prevalence of the HNF-1α G319S mutation in Canadian abo-
riginal youth with type 2 diabetes. Diabetes Care. 2002;
25:2202-2206.

25. Pearson ER, Liddell WG, Shepherd M, et al. Sensitivity to
sulphonylureas in patients with hepatocyte nuclear factor-1α
gene mutations: evidence for pharmacogenetics in diabetes.
Diabet Med. 2000;17:543-545.

26. Sellers EAC, Dean HJ. Diabetic ketoacidosis: a complication of
type 2 diabetes in Canadian aboriginal youth [letter]. Diabetes
Care. 2000;23:1202-1204.

27. Sellers E, Eisenbarth G,Young TK, et al. Diabetes-associated
autoantibodies in aboriginal children [letter]. Lancet. 2000;
355:1156.

28. Kriska AM, Hanley AJG, Harris SB, et al. Physical activity,
physical fitness, and insulin and glucose concentrations in an
isolated Native Canadian population experiencing rapid
lifestyle change. Diabetes Care. 2001;24:1787-1792.

29. Sellers E, Dean H. Short term insulin therapy in youth with
type 2 diabetes [abstract]. Can J Diabetes Care. 2001;25(suppl 1):
215. Abstract 93.

30. Jones KL, Arslanian S, Peterokova VA, et al. Effect of met-
formin in pediatric patients with type 2 diabetes: a randomized
controlled trial. Diabetes Care. 2002;25:89-94.

31. Sellers E, Dean H. A randomized blinded placebo controlled
trial of metformin in a pediatric type 2 population [abstract].
Diabetes. 2002;51(suppl 2):A430. Abstract 1765-P.

32. Dean H, Sellers E. Steatohepatitis in children with type 2 dia-
betes mellitus [abstract]. Diabetes. 2001;50(suppl):A378.
Abstract 1581-P.

33. Rith-Najarian SJ, Gohdes DM, Shields R, et al. Regional vari-
ation in cardiovascular disease risk factors among American
Indians and Alaska Natives with diabetes. Diabetes Care.
2002;25:279-283.

34. Dean H, Flett B. Natural history of type 2 diabetes diagnosed
in childhood: long term follow-up in young adult years
[abstract]. Diabetes. 2002;51(suppl 2):A24. Abstract 99-OR.

CANADIAN JOURNAL OF DIABETES


