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ABSTRACT

Background: Risk factors for type 2 diabetes remain poorly
characterized among Aboriginal Canadians. We aimed to
determine the incidence of type 2 diabetes in an Aborigi-
nal community and to evaluate prospective associations
with metabolic syndrome and its components.

Methods: Of 606 participants in the Sandy Lake Health
and Diabetes Project from 1993 to 1995 who were free of
diabetes at baseline, 540 (89.1%) participated in 10-year
follow-up assessments. Baseline anthropometry, blood
pressure, fasting insulin and serum lipid levels were meas-
ured. Fasting and 2-hour postload glucose levels were ob-
tained at follow-up to determine incident cases of type 2
diabetes.

Results: The 10-year cumulative incidence of diabetes was
17.5%. High adiposity, dyslipidemia, hyperglycemia, hy-
perinsulinemia and hypertension at baseline were associ-
ated with an increased risk of diabetes after adjustment
for age and sex (all p < 0.03). Metabolic syndrome had
high specificity (75%-88%) and high negative predictive
value (85%-87%) to correctly detect diabetes-free individ-
uals at follow-up. It had low sensitivity (26%-48%) and
low positive predictive value (29%-32%) to detect future
diabetes. Metabolic syndrome at baseline was associated
with incident diabetes after adjustment for age and sex,
regardless of whether the syndrome was defined using the
National Cholesterol Education Program criteria (odds ra-
tio [OR] 2.03, 95% confidence interval [CI] 1.10-3.75) or
the International Diabetes Federation criteria (OR 2.14,
95% Cl 1.29-3.55). The association was to the same degree
as that for impaired glucose tolerance assessed using the
oral glucose tolerance test (OR 2.87, 95% Cl 1.52-5.40; p >
0.05 for comparison of C statistics).

Interpretation: Metabolic syndrome and its components
can be identified with readily available clinical measures.
As such, the syndrome may be useful for identifying in-
dividuals at risk of type 2 diabetes in remote Aboriginal
communities.

Une version francaise de ce résumé est disponible a 1’adresse
www.cmaj.ca/cgi/content/full/180/6/617/DC1
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ticularly among Aboriginal Canadians, who have a

prevalence of the disease 3—5 times higher than non-
Aboriginal Canadians.' Although no cure exists for diabetes,
the disease and its complications can be prevented, delayed
and managed by identifying risk factors and detecting the con-
dition at an early stage. Traditional risk factors for diabetes in-
clude obesity, dyslipidemia, hyperglycemia and hypertension.>
The clustering of these metabolic abnormalities has long been
recognized and is now commonly termed metabolic syn-
drome.™ Although the clinical application and practicality of
the syndrome continue to be debated,*” a number of studies
have associated the syndrome with increased risk of dia-
betes*'® and cardiovascular disease.®’

Previous cross-sectional studies have indicated a high
prevalence of risk factors for diabetes, including obesity, im-
paired glucose tolerance and metabolic syndrome, among
Aboriginal Canadians.""'""* Recent studies have reported on
diabetes incidence in this population using data from an ad-
ministrative database' and a hospital registry.”” No study to
date has determined the incidence of diabetes using detailed
individual assessments, nor has there been any prospective
population-based study of metabolic risk factors for diabetes
onset among Aboriginal Canadians.

The identification of impaired glucose tolerance, at which
stage intervention strategies are often initiated, requires a 2-
hour oral glucose tolerance test. Because such a test may not
be easily applied in community settings, especially in remote
Aboriginal communities, the use of routinely measured clini-
cal variables to detect individuals at high risk of diabetes

T ype 2 diabetes mellitus has become an epidemic, par-
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would offer a practical alternative. Metabolic syndrome has
been identified to offer this potential in other populations.®"
However, its role has not been assessed in Aboriginal Canadi-
ans, who have experienced a rapid epidemiologic transition in
conjunction with a unique genetic susceptibility to diabetes."'®

We conducted this study to determine the incidence of
type 2 diabetes in an Aboriginal community and to evaluate
prospective associations between readily available clinical
variables and diabetes.

Methods

Study design

The Sandy Lake Health and Diabetes Project is a population-
based cohort study designed to determine the incidence of di-
abetes and its associated risk factors in an Aboriginal Can-
adian population. The project has been described in detail
previously.'"” Between 1993 and 1995, baseline data were
obtained from 728 (71.5%) of 1018 eligible residents of
Sandy Lake First Nation aged 10-79 years. Informed consent
was obtained from all participants. The study was approved
by the Sandy Lake First Nation Band Council and the Univer-
sity of Toronto Ethics Review Committee.

Between 2003 and 2005, 540 (89.1%) of 606 participants
who were free of diabetes at baseline participated in 10-year
follow-up assessments. They were slightly older than the 66
who did not return for follow-up but otherwise were similar
in terms of sex and body mass index. During follow-up, 27
(5.0%) of the 540 participants died because of cancer (n = 6),

Participated in baseline
data collection
n =728

— Excluded n=122
e Diabetes mellitus at baseline

Y

No diabetes mellitus
n =606

v

Contacted at 10-year
follow-up assessment
n =540

Excluded n =48

e Diabetes at baseline, as defined by
revised 1999 World Health
Organization criteria

e Death during follow-up

e Missing baseline levels for fasting
and 2-hour postload glucose tests

Y

Included in analysis
n =492

Figure 1: Eligibility and participation in the Sandy Lake Health
and Diabetes Project follow-up study.
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pneumonia (n = 5), cirrhosis of the liver (n = 3), cardiovascu-
lar disease (n = 2), brain tumour or aneurysm (n = 2), suicide
(n = 2) and other causes (n = 7). In the present analysis, we
excluded participants who died during follow-up, who had
missing results of baseline fasting and 2-hour postload glu-
cose tests, or who had diabetes at baseline as defined by the
revised diagnostic criteria of the World Health Organization.'®
This left 492 men and women for inclusion in our study
(Figure 1).

Baseline data collection and laboratory procedures
At baseline, blood samples were collected after an 8- to 12-
hour overnight fast to determine each participant’s glucose,
insulin and lipid profile. A 75-g oral glucose tolerance test
was administered, after which a second blood sample was
drawn for glucose measurement.

Details of the baseline biochemical analyses have been de-
scribed previously." In brief, the glucose level was deter-
mined by means of the glucose oxidase method. The fasting
plasma insulin level was analyzed by means of a radioim-
munoassay (Pharmacia, Piscataway, USA). Levels of triglyc-
erides, high-density lipoprotein (HDL) cholesterol and low-
density lipoprotein (LDL) cholesterol were determined using
standard methods described in the Lipid Research Clinics
manual of operations."

Each anthropometric measurement and blood pressure
reading was taken twice; we used the average in the analy-
ses.'” Height was measured with an Accustat wall-mounted
stadiometer (Genentech Inc., San Francisco, USA) and
weight with a hospital beam scale (Health-o-Meter Inc.,
Bridgeview, USA). Waist circumference was measured at the
iliac crest using an inelastic tape. Percent body fat was esti-
mated by means of bioelectrical impedance analysis (Tanita
TBF-201 Body Fat Analyzer, Tanita Corp., Tokyo, Japan).
Blood pressure was recorded with the participant seated.

The participants’ medical history and their family history
of diabetes were obtained by means of an interviewer-
administered questionnaire. Participants were considered to
have a family history of diabetes if one or both biological par-
ents had diabetes."”

Definition of incident type 2 diabetes

Incident diabetes was defined as the presence of any of the
following at follow-up assessments: (a) a fasting plasma glu-
cose level of 7.0 mmol/L or greater, or a 2-hour postload
plasma glucose level of 11.1 mmol/L or greater on an oral
glucose tolerance test; (b) current use of insulin or oral hypo-
glycemic agents; or (c) a positive response to the question
Have you ever been diagnosed with diabetes by a nurse (prac-
titioner) or a doctor? Among the 492 participants, follow-up
blood samples were collected from 383 (77.8%). The diabetes
status of the remaining 109 (22.2%) participants was ascer-
tained on the basis of a self-reported clinical diagnosis of dia-
betes through a phone interview.

Definitions of metabolic syndrome
We determined whether participants had metabolic syndrome
according to 2 definitions of the syndrome: that of the Na-
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tional Cholesterol Education Program® and that of the Interna-

tional Diabetes Federation.**

According to the National Cholesterol Education Program
definition,® we considered participants to have metabolic syn-

drome if they met 3 or more of the follow-
ing criteria: abdominal obesity (waist
circumference > 102 cm in men and
> 88 cm in women); high triglyceride
level (= 1.7 mmol/L); low HDL choles-
terol level (< 1.03 mmol/L in men and
< 1.29 mmol/L in women); hypertension
(systolic pressure = 130 mm Hg, diastolic
pressure > 85 mm Hg, or use of antihyper-
tensive drug therapy); or high fasting
plasma glucose level (= 6.1 mmol/L).

The International Diabetes Federation
defines metabolic syndrome using age-
specific criteria.** According to this defi-
nition, participants aged 16 years or
more were considered to have metabolic
syndrome if they had central obesity
(waist circumference = 94 cm in men
and > 80 cm in women [we used Euro-
pean cut-off points given the absence of
cut-off points for Aboriginal popula-
tions]) in addition to any 2 of the follow-
ing criteria: high triglyceride level
(=2 1.7 mmol/L); low HDL cholesterol
level (< 1.03 mmol/L in men and
< 1.29 mmol/L in women); hypertension
(systolic blood pressure > 130 mm Hg,
diastolic blood pressure = 85 mm Hg or
use of antihypertensive drug therapy); or
high fasting plasma glucose level
(= 5.6 mmol/L).* For participants aged
10-15 years, the International Diabetes
Federation criteria are the same as those
for adults, except that central obesity is
defined as a waist circumference in the
90th percentile or higher (as assessed by
the Third National Health and Nutrition
Examination Survey [NHANES III]
waist circumference percentile regres-
sion for European-American children®)
and the cut-off for HDL cholesterol is
1.03 mmol/L for both boys and girls.’

Statistical analysis

We assessed distributions of continuous
variables for normality; we used natural
log-transformations of skewed variables
in descriptive statistical analyses. De-
scriptive statistics for continuous vari-
ables are summarized as means and stan-
dard deviations, or as medians and
interquartile ranges for variables with a
skewed distribution. Categorical variables
are summarized as proportions. We com-
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pared baseline characteristics of participants with and without

incident diabetes using Welch’s modified ¢ test or the %’ test

as appropriate.
We conducted multivariable logistic regression analysis

Table 1: Baseline characteristics of 492 participants from the Sandy Lake Health
and Diabetes Project included in the follow-up study, according to the presence of

incident type 2 diabetes mellitus

Incident diabetes at 10-year follow-up

No Yes
Characteristic* n =406 n=286 p value
Age, yr, mean (SD) 25.4 (13.0) 31.5(12.4) < 0.001
Sex, no. (%) 0.60
Male 173 (42.6) 34 (39.5)
Female 233 (57.4) 52 (60.5)
Diabetes family history, no. (%) 153 (38.7) 40 (47.1) 0.16
Current smoker, no. (%) 258 (63.9) 54 (62.8) 0.85
Anthropometry, mean (SD)
Body mass index 25.4 (5.5) 29.4 (5.3) < 0.001
% body fat 33.0(13.2) 40.1 (10.3) < 0.001
Waist circumference, cm 94.4 (14.1) 104.7 (12.1) < 0.001
Waist-to-height ratio 0.57 (0.08) 0.63 (0.08) < 0.001
Blood pressure
Systolic, mm Hg, median (IQR) 113.0 (103.5-120.0) 118.0(110.0-130.0) < 0.001
Diastolic, mm Hg, mean (SD) 64.0 (11.5) 69.9 (12.3) < 0.001
Hypertension,t no. (%) 54 (13.3) 29 (33.7) < 0.001
Lipid profile, mmol/L
HDL cholesterol, mean (SD) 1.26 (0.28) 1.19 (0.25) 0.020
LDL cholesterol, mean (SD) 2.42 (0.74) 2.74 (0.66) < 0.001
Triglyceride, median (IQR) 1.10 (0.81-1.53) 1.48 (1.16-1.82) < 0.001
Glucose homeostasis
Fasting glucose, mmol/L, 5.3 (0.46) 5.6 (0.58) < 0.001
mean (SD)
2-hour postload glucose, 5.4 (1.62) 6.5 (2.08) < 0.001
mmol/L, mean (SD)
Fasting insulin, pmol/L, 94 (66-131) 123 (91-187) < 0.001
median (IQR)
Impaired glucose tolerance, 36 (8.9) 23 (26.7)
no. (%)
Ln;f)?oi/:t)ad fasting glucose,§ 22 (5.4) 10 (11.6) <0.001
Normal fasting glucose, 348 (85.7) 53 (61.6)
no. (%)
Metabolic syndrome, no. (%)
As per NCEP definition’® 47 (11.6) 22 (25.6) < 0.001
As per IDF definition*® 102 (25.3) 41 (47.7) < 0.001

CMAJ

Note: HDL = high-density lipoprotein, IDF = International Diabetes Federation, IQR = interquartile range,
LDL = low-density lipoprotein, NCEP = National Cholesterol Education Program, SD = standard deviation.

*The number of participants for each category varies slightly owing to occasional missing values.

tDefined as systolic blood pressure > 130 mm Hg or diastolic blood pressure > 85 mm Hg or use of

antihypertensive drug therapy.

$Defined as fasting plasma glucose level < 7.0 mmol/L, and 2-hour postload glucose level > 7.8 mmol/L

and < 11.1 mmol/L.

§Defined as fasting plasma glucose level 6.1-6.9 mmol/L and 2-hour postload glucose level

< 7.8 mmol/L.
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to evaluate the association of clinical variables with inci-
dent diabetes. The clinical variables were body mass index,
percent body fat, waist circumference, waist-to-height ratio,
systolic and diastolic blood pressures, hypertension, HDL
cholesterol, LDL cholesterol and triglyceride levels, fasting
plasma glucose and 2-hour postload glucose levels, fasting
insulin level and current smoking status. Each clinical vari-
able was individually assessed in 2 models: model 1 ad-
justed for age and sex, and model 2 adjusted for model 1
variables in addition to individual components of metabolic
syndrome (i.e., International Diabetes Federation criteria
for waist circumference, triglycerides, HDL cholesterol,
blood pressure and fasting plasma glucose, excluding the
main effect). We calculated odds ratios (ORs) and 95%
confidence intervals (Cls). We assessed sex interactions
with independent variables by adding an interaction term
into a model adjusted for model 2 variables in addition to
the main effect.

We calculated the sensitivity, specificity, positive predic-
tive value and negative predictive value to assess the ability
of baseline impaired glucose tolerance status to detect inci-
dent diabetes after adjustment for age and sex. We performed
the same diagnostic tests to assess the ability of metabolic
syndrome and its components, using each definition. We used
age- and sex-adjusted logistic regression analysis to evaluate
the association between metabolic syndrome (each definition)
and incident diabetes, and between impaired glucose toler-
ance and incident diabetes. To compare different logistic
models in their capability to discriminate participants with
and without incident diabetes, we calculated C statistics,
which are analogous to the area under the receiver-operating-
characteristic curve; we determined significance using the
DeLong algorithm.”

Results

The baseline characteristics of the participants with and with-
out incident diabetes at 10-year follow-up are presented in
Table 1. Of the 492 participants included in our analysis, 86
(17.5%) were found to have diabetes at follow-up. Diabetes
was ascertained on the basis of fasting or 2-hour postload glu-
cose levels, or both, in 72 (18.8%) of 383 participants. For 14
(12.8%) of 109 participants without follow-up blood samples,
diabetes was ascertained on the basis of self-reported clinical
diagnosis only. Compared with participants who had follow-
up blood samples, those without samples were younger (p =
0.009) but were not different in terms of sex or body mass in-
dex (each p > 0.05). When only self-report was considered for
ascertainment of incident diabetes among participants with
follow-up blood samples, 53 (13.8%) of 383 had diabetes.

The incidence of diabetes increased with age (p < 0.001).
It was 10.5% among participants aged 10-19 years, 15.1%
among those aged 20-29 years, 27.3% among those 30-39
years, 43.3% among those 40-49 years and 18.9% among
those aged 50 and older.

Compared with individuals who did not have diabetes at
the 10-year follow-up, those who did have incident diabetes
had a higher body mass index, percent body fat, waist circum-
ference and waist-to-height ratio at baseline (each p < 0.001).
They also had a lower baseline HDL cholesterol level (p =
0.02) and higher baseline LDL cholesterol, triglyceride, fast-
ing plasma glucose, 2-hour postload glucose and fasting in-
sulin levels, and higher baseline systolic and diastolic blood
pressures (each p < 0.001). Participants with incident diabetes
were also more likely than those without diabetes to have had
hypertension, impaired glucose tolerance and metabolic syn-
drome at baseline (each p <0.001) (Table 1).

Variable

Odds ratio (95% Cl)

Body mass index (per 1 kg/m2)
Percent body fat (per 2%)

Waist circumference (per 2.5 cm)
Waist-to-height ratio (per 0.02)

Systolic blood pressure (per 10 mm Hg)

Diastolic blood pressure (per 10 mm Hg)

Hypertension (yes/no)

HDL cholesterol (per 1 mmol/L)
LDL cholesterol (per 1 mmol/L)
Triglycerides (per 1 mmol/L)
Fasting glucose (per 1 mmol/L)

2-hour postload glucose (per 1 mmol/L)

Fasting insulin (per 20 pmol/L)
Active smoker (yes/no)

1.13(1.08-1.18)
1.16 (1.09-1.24)
1.13 (1.08-1.19)
1.18 (1.10-1.26)
1.24 (1.04-1.47)
1.41 (1.14-1.74)
2.59 (1.43-4.70)
0.31(0.12-0.79)
1.49 (1.05-2.12)
2.07 (1.46-2.93)
2.30 (1.40-3.77)
1.36 (1.18-1.58)
1.10 (1.04-1.16)
0.93 (0.57-1.52)

Decreased | Increased
<— riskof | riskof —>
diabetes . iabetes
EO
EQ-
E0
§+
E—O—
|
23
T i T T T T
0.1 1 2 3 4 5
0Odds ratio (95% Cl)

Figure 2: Age- and sex-adjusted risk of type 2 diabetes associated with readily accessible clinical measurements.
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In the multiple logistic regression analysis, we found
that the following clinical variables at baseline were signifi-
cantly associated with an increased risk of incident diabetes
in the age- and sex-adjusted models: high body mass index,
percent body fat, waist circumference, waist-to-height ratio;
high fasting plasma glucose, 2-hour postload glucose and
fasting insulin levels; high systolic and diastolic blood
pressures; high LDL cholesterol and triglyceride levels; a
low HDL cholesterol level; and hypertension (each p <
0.03) (Figure 2).

When we adjusted the models further for individual com-
ponents of metabolic syndrome, excluding the main effect,
we found that the direction of the associations of clinical
variables with incident diabetes remained the same (data not
shown), except for certain variables that were no longer sig-
nificantly associated with incident diabetes. These variables
were systolic blood pressure (OR 1.18, 95% CI 0.98-1.41),
HDL cholesterol (OR 0.51, 95% CI 0.18-1.44), LDL choles-
terol (OR 1.24, 95% CI 0.84-1.84) and fasting insulin level
(OR 1.05, 95% CI 0.99—1.12). Active smoking was not inde-
pendently associated with incident diabetes in model 1 (Fig-
ure 2) or model 2 (data not shown). There were no statisti-
cally significant sex interactions with clinical variables in
predicting incident diabetes (all interactions p = 0.05), except
with baseline fasting plasma glucose level (p = 0.03) (data
not shown). When we stratified data by sex, we found a sig-
nificant association between fasting plasma glucose level and
incident diabetes among males after adjustment for compo-
nents of metabolic syndrome (OR 2.05, 95% CI 1.31-3.19).
This was not the case among females (OR 1.06, 95% CI
0.76-1.48).

When we assessed the diagnostic performance of impaired
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glucose tolerance at baseline in predicting incident diabetes,
we found that it had high specificity (91%) and high negative
predictive value (85%), yet low sensitivity and low positive
predictive value (Table 2). We found similar performance re-
sults for metabolic syndrome regardless of which set of defin-
ing criteria were used; however, we observed a slightly lower
specificity and higher sensitivity for the syndrome as defined
by the International Diabetes Federation criteria (Table 2).
For the individual components of metabolic syndrome, we
found that, in general, the specificity and negative predictive
values were within a moderate to high range, and the sensitiv-
ity and positive predictive values were low (Table 2). As an
exception, waist circumference as defined by the International
Diabetes Federation had a high sensitivity and negative pre-
dictive value but a low specificity and positive predictive
value (Table 2).

We found that metabolic syndrome at baseline was asso-
ciated with incident diabetes after adjustment for age and
sex regardless of whether we used the National Cholesterol
Education Program definition (OR 2.03, 95% CI 1.10-3.75)
or the International Diabetes Federation definition (OR
2.14, 95% CI 1.29-3.55) (Figure 3). There was no signifi-
cant difference between the 2 definitions in their ability to
discriminate participants with incident diabetes from those
who did not have diabetes (p = 0.05 for comparison of C
statistics).

When we lowered the fasting plasma glucose cut-off to
5.6 mmol/L or greater in the National Cholesterol Education
Program criteria, we found that the modified definition of
metabolic syndrome was significantly associated with inci-
dent diabetes to the same degree as the original definition
(p = 0.54 for comparison of C statistics) and as the Interna-

Table 2: Diagnostic performance of baseline impaired glucose tolerance, metabolic syndrome and individual
components of metabolic syndrome in predicting incident type 2 diabetes at 10-year follow-up

Sensitivity,  Specificity, Positive predictive  Negative predictive
Variable % % value, % value, %
Impaired glucose tolerance* 27 91 39 85
Metabolic syndrome defined 26 88 32 85
by NCEP criteria’
High waist circumference 53 61 22 86
High triglyceride level 31 82 27 85
Low HDL cholesterol level 53 58 21 85
High blood pressure 34 87 36 86
High fasting plasma glucose level 21 94 41 85
Metabolic syndrome defined 48 75 29 87
by IDF criteria**t
High waist circumferencet 91 30 22 94
High triglyceride level 31 82 27 85
Low HDL cholesterol levelt 49 64 22 85
High blood pressure 34 87 36 86
High fasting plasma glucose level 53 70 27 88

Note: HDL = high-density lipoprotein, IDF = International Diabetes Federation, NCEP = National Cholesterol Education Program.
*Defined as fasting plasma glucose level < 7.0 mmol/L, and 2-hour postload glucose level > 7.8 mmol/L and < 11.1 mmol/L.

tAge-specific cut-offs used.
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Variable Odds ratio (95% Cl)

Impaired glucose 2.87 (1.52-5.40)
tolerance

Metabolic syndrome

National Cholesterol 2.03 (1.10-3.75)

Education Program criteria3

International Diabetes 2.14 (1.29-3.55)

Federation criteria>

Decreased ! Increased
<— risk of i risk of —>
diabetes | diabetes

2 3 4 5 6
Odds ratio (95% Cl)

0.1

Figure 3: Age- and sex-adjusted risk of type 2 diabetes associated with impaired glucose tolerance and with metabolic syndrome. C sta-
tistics for metabolic syndrome, whether defined by the National Cholesterol Education Program criteria (0.668) or the International Di-
abetes Federation criteria (0.682), were not significantly different from the C statistic for impaired glucose tolerance (0.681) (p > 0.05

for comparisons of C statistics).

tional Diabetes Federation definition (Appendices 1 and 2,
available at www.cmaj.ca/cgi/content/full/180/6/617/DC2).
The age- and sex-adjusted model for impaired glucose toler-
ance (C statistic 0.681) was not better at detecting future dia-
betes than the metabolic syndrome models, whether defined
by the National Cholesterol Education Program criteria (C
statistic 0.668) or the International Diabetes Federation crite-
ria (C statistic 0.682) (comparison of C statistics: p = 0.57
for the National Cholesterol Education Program definition v.
impaired glucose tolerance, and p = 0.96 for the International
Diabetes Foundation definition v. impaired glucose toler-
ance) (Figure 3). In addition, the capability of individual
components of the metabolic syndrome (i.e., waist circum-
ference, triglyceride level, HDL cholesterol level, blood
pressure or fasting plasma glucose level) did not differ sig-
nificantly from the capability of impaired glucose tolerance
in predicting incident diabetes (each p > 0.05 for comparison
of C statistics) (Appendices 3 and 4, available at www.cmaj
.ca/cgi/content/full/180/6/617/DC2).

Interpretation

In this prospective study, we documented that the 10-year cu-
mulative incidence of type 2 diabetes was 17.5% in the Abo-
riginal study population. We also noted that the incidence in-
creased with age, from 10.5% among participants 10-19 years
old, to 43.3% among those 4049 years. High adiposity, dys-
lipidemia, hyperglycemia, hyperinsulinemia and hypertension
at baseline were associated with increased risk of diabetes
after adjustment for age and sex. Although metabolic syn-
drome at baseline had low sensitivity and low positive predic-
tive value for detecting future diabetes, it had high specificity
and high negative predictive value for correctly identifying
disease-free individuals at follow-up. In addition, metabolic
syndrome at baseline was associated with incident diabetes to
the same degree that impaired glucose tolerance was.

622 CMAJ

Similar observations were reported in the Strong Heart
Study, a cohort study that followed Aboriginal North Ameri-
cans aged 45-74 years with a high prevalence of diabetes and
metabolic syndrome."**?* In that study, the incidence of dia-
betes over a follow-up period of about 8 years was 17.0%.
The risk of diabetes was higher among those with metabolic
syndrome than among those without the syndrome."

Our results confirmed that traditional risk factors docu-
mented in non-Aboriginal populations, including obesity,
dyslipidemia, hyperglycemia and hypertension,” were associ-
ated with increased risk of diabetes in this Aboriginal popula-
tion with unique genetic susceptibility to diabetes.' There
were no significant sex interactions with these traditional risk
factors in predicting diabetes, except for fasting plasma glu-
cose level at baseline. When we stratified data by sex, we
found a significant association between fasting plasma glu-
cose level and incident diabetes among males, but not among
females. This difference may have been influenced by sex
differences in other baseline characteristics: a higher number
of females in the study population had obesity at baseline,"-"
which has a greater impact on 2-hour postload glucose levels
and impaired glucose tolerance than on fasting plasma glu-
cose levels.”

Randomized controlled trials have previously shown that
lifestyle interventions, including physical activity and di-
etary modification, reduce the incidence of diabetes among
participants with impaired glucose tolerance at baseline.”?
However, impaired glucose tolerance is determined by
means of a 2-hour oral glucose tolerance test, which often
is not accessible or easy to perform in community settings.
Stern and colleagues” demonstrated that a multivariable
model including routinely obtained clinical variables (i.e.,
age, sex, ethnicity, fasting plastma glucose level, systolic
blood pressure, HDL cholesterol level, body mass index
and family history of diabetes) was better than the oral glu-
cose tolerance test alone in identifying individuals at high
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risk of diabetes (p < 0.001). They also found that a multi-
variable model including lipid levels, blood pressure, body
mass index, smoking history and family history of cardio-
vascular disease was better than the oral glucose tolerance
test alone in detecting individuals at high risk of cardiovas-
cular disease.*

A number of studies have shown an association between
metabolic syndrome, defined using common clinical meas-
urements, and increased risk of diabetes*'’ and cardiovas-
cular disease.®” Our findings are consistent with this litera-
ture and offer the potential to use metabolic syndrome in
identifying individuals at increased risk of diabetes and
possibly cardiovascular disease in remote community set-
tings. This potential is of particular interest to Aboriginal
communities with a high prevalence of diabetes"" and evi-
dence of increasing rates of hospital admission because of
cardiovascular disease.'>*

The Diabetes Prevention Program randomized trial
showed that intensive lifestyle intervention and metformin
therapy can reduce the incidence of metabolic syndrome and
also the prevalence of metabolic syndrome at follow-up.”
Other randomized controlled trials have confirmed that life-
style intervention can reduce the prevalence of metabolic syn-
drome.”* Therefore, implementing intervention strategies for
individuals with the syndrome may be a practical solution to
prevent, or at least to delay, the onset of diabetes in Aborigi-
nal communities.

Limitations

Limitations of our study include challenges of conducting in-
vestigations in a remote community. Specifically, we were
unable to collect interim data to analyze the time to onset of
diabetes. Also, we were unable to obtain follow-up blood
samples from all of the participants: for 109 (22.2%), the as-
sessments of diabetes outcomes were by self-reported clinical
diagnosis only. This may have caused underreporting of inci-
dent diabetes. Nevertheless, we were able to retain a high 10-
year follow-up rate of 89.1% (540/606).

Conclusion

The presence of metabolic syndrome at baseline was associ-
ated with incident diabetes to the same degree that impaired
glucose tolerance was, although not all individuals with the
syndrome had incident diabetes. The absence of the syndrome
at baseline was likely to identify individuals free of incident
diabetes correctly. Metabolic syndrome is not a diagnostic
tool; however, the syndrome and its components may be used
to communicate increased risk of diabetes to individuals in
remote Aboriginal communities, where the oral glucose toler-
ance test is not easily accessible.

Our findings are likely applicable to other First Nations
populations in Canada, particularly Subarctic Algonquian-
speaking peoples, who share a similar historical, cultural and
social background as the community in our study.”” However,
more studies are needed in other Aboriginal communities and
groups, especially among Métis and Inuit populations. Our
findings may facilitate the development and promotion of
preventive strategies in primary care settings, including
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lifestyle interventions to reduce long-term risk. They may
also assist in reducing the incidence of diabetes in Aboriginal
populations by influencing future public health initiatives.

This article has been peer reviewed.
Competing interests: None declared.

Contributors: Sylvia Ley contributed to the analysis and interpretation of
the data and drafted the manuscript. Stewart Harris, Joel Gittelsohn, Thomas
Wolever, Philip Connelly, Robert Hegele, Bernard Zinman and Anthony
Hanley contributed to the conception and design of the study and revised the
manuscript critically for important intellectual content. Mary Mamakeesick,
Tina Noon and Edith Fiddler contributed to the acquisition of data and re-
vised the manuscript critically for important intellectual content. All of the
authors approved the final version submitted for publication.

Acknowledgement: We are indebted to the leadership and community mem-
bers of Sandy Lake First Nation for their enthusiastic partnership and partici-
pation in this project.

Funding: This work was supported by grants from the Canadian Institutes of
Health Research (CIHR). Sylvia Ley is supported by a University of Toronto
Banting and Best Diabetes Centre Novo Nordisk Studentship. Stewart Harris
holds the Canadian Diabetes Association Chair in Diabetes Management and
the Ian McWhinney Chair in Family Medicine at the University of Western
Ontario. Bernard Zinman holds the Sam and Judy Pencer Family Chair in Di-
abetes Research at Mount Sinai Hospital and University of Toronto. Anthony
Hanley holds the CIHR Canada Research Chair in the Epidemiology of Type
2 Diabetes and is supported by the Ontario Ministry of Research and Innova-
tion Early Researcher Award.

REFERENCES

1. Young TK, Reading J, Elias B, et al. Type 2 diabetes mellitus in Canada’s First
Nations: status of an epidemic in progress. CMAJ 2000;163:561-6.

2. Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: principles of patho-
genesis and therapy. Lancet 2005;365:1333-46.

3. National Cholesterol Education Program. Executive summary of the third report of
the National Cholesterol Education Program (NCEP) expert panel on detection,
evaluation, and treatment of high blood cholesterol in adults (Adult Treatment
Panel I1I). JAMA 2001;285:2486-97.

4. International Diabetes Federation. The IDF consensus worldwide definition of the
metabolic syndrome. Brussels (Belgium): International Diabetes Federation; 2005.

5. International Diabetes Federation. The IDF consensus definition of the metabolic
syndrome in children and adolescents. Brussels (Belgium): International Diabetes
Federation; 2007.

6. Gale EAM. Should we dump the metabolic syndrome? Yes. BMJ 2008;336:640.

7. Alberti KGMM, Zimmet PZ. Should we dump the metabolic syndrome? No. BMJ
2008;336:641.

8. Lorenzo C, Williams K, Hunt KJ, et al. The National Cholesterol Education Pro-
gram-Adult Treatment Panel III, International Diabetes Federation, and World
Health Organization definitions of the metabolic syndrome as predictors of inci-
dent cardiovascular disease and diabetes. Diabetes Care 2007;30:8-13.

9. Wilson PWF, D’Agostino RB, Parise H, et al. Metabolic syndrome as a precursor of
cardiovascular disease and type 2 diabetes mellitus. Circulation 2005;112:3066-72.

10. Resnick HE, Jones K, Ruotolo G, et al. Insulin resistance, the metabolic syndrome,
and risk of incident cardiovascular disease in nondiabetic American Indians: the
Strong Heart Study. Diabetes Care 2003;26:861-7.

11. Harris SB, Gittelsohn J, Hanley A, et al. The prevalence of NIDDM and associated
risk factors in Native Canadians. Diabetes Care 1997;20:185-7.

12. Harris SB, Zinman B, Hanley A, et al. The impact of diabetes on cardiovascular
risk factors and outcomes in a native Canadian population. Diabetes Res Clin
Pract 2002;55:165-73.

13. LiuJ, Young TK, Zinman B, et al. Lifestyle variables, non-traditional cardiovascu-
lar risk factors, and the metabolic syndrome in an Aboriginal Canadian population.
Obesity (Silver Spring) 2006;14:500-8.

14.  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;26:1993-8.

15. Horn OK, Jacobs-Whyte H, Ing A, et al. Incidence and prevalence of type 2 dia-
betes in the First Nation community of Kahnawa:ke, Quebec, Canada, 1986-2003.
Can J Public Health 2007;98:438-43.

16. Hegele RA, Zinman B, Hanley AJG, et al. Genes, environment and Oji-Cree type
2 diabetes. Clin Biochem 2003;36:163-70.

17. Hanley AJ, Harris SB, Barnie A, et al. The Sandy Lake Health and Diabetes Pro-
ject: design, methods and lessons learned. Chronic Dis Can 1995;16:149-56.

e MARCH 17, 2009  180(6) 623



RESEARCH

18. World Health Organization. Definition, diagnosis, and classification of diabetes
mellitus and its complications: report of a WHO consultation. Geneva (Switzer-
land): World Health Organization; 1999.

19.  Lipid Research Clinics Program. Manual of laboratory operations. Washington
(DC): US Government Printing Office; 1984. p. 1-81. NIH publ. no. 75-6282.

20. Fernandez JR, Redden DT, Pietrobelli A, et al. Waist circumference percentiles in
nationally representative samples of African-American, European-American, and
Mexican-American children and adolescents. J Pediatr 2004;145:439-44.

21. DeLong ER, DeLLong DM, Clarke-Pearson DL. Comparing the areas under two or
more correlated receiver operating characteristic curves: a nonparametric ap-
proach. Biometrics 1988;44:837-45.

22. Lee ET, Howard BV, Savage PJ, et al. Diabetes and impaired glucose tolerance in
three American Indian populations aged 45-74 years. The Strong Heart Study. Di-
abetes Care 1995;18:599-610.

23. Resnick HE. Metabolic syndrome in American Indians. Diabetes Care 2002;25:
1246-7.

24. Russell M, de Simone G, Resnick HE, et al. The metabolic syndrome in American
Indians: the Strong Heart Study. J Cardiometab Syndr 2007;2:283-7.

25. Festa A, D’Agostino R Jr, Hanley AJG, et al. Differences in insulin resistance in
nondiabetic subjects with isolated impaired glucose tolerance or isolated impaired
fasting glucose. Diabetes 2004;53:1549-55.

26. Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2 diabetes melli-
tus by changes in lifestyle among subjects with impaired glucose tolerance. N Engl
J Med 2001;344:1343-50.

27. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or metformin. N Engl J Med 2002;346:
393-403.

28. Diabetes Prevention Program Research Group. The Diabetes Prevention Program
(DPP): description of lifestyle intervention. Diabetes Care 2002;25:2165-71.

29. Stern MP, Williams K, Haffner SM. Identification of persons at high risk for type
2 diabetes mellitus: Do we need the oral glucose tolerance test? Ann Intern Med
2002;136:575-81.

30. Stern MP, Fatehi P, Williams K, et al. Predicting future cardiovascular disease: Do
we need the oral glucose tolerance test? Diabetes Care 2002;25:1851-6.

31. Shah BR, Hux JE, Zinman B. Increasing rates of ischemic heart disease in the Na-
tive population of Ontario, Canada. Arch Intern Med 2000;160:1862-6.

32. Orchard TJ, Temprosa M, Goldberg R, et al. The effect of metformin and intensive
lifestyle intervention on the metabolic syndrome: the Diabetes Prevention Program
randomized trial. Ann Intern Med 2005;142:611-9.

33. Bo S, Ciccone G, Baldi C, et al. Effectiveness of a lifestyle intervention on meta-
bolic syndrome. A randomized controlled trial. J Gen Intern Med 2007;22:1695-
703.

34. Ilanne-Parikka P, Eriksson JG, Lindstrom J, et al. Effect of lifestyle intervention on
the occurrence of metabolic syndrome and its components in the Finnish Diabetes
Prevention Study. Diabetes Care 2008;31:805-7.

35. Young HC, Change C. The Indian experience in the Central Subarctic. Toronto
(ON): University of Toronto Press; 1988.

Correspondence to: Dr. Anthony J.G. Hanley, Department of
Nutritional Sciences, University of Toronto, FitzGerald Building,
150 College St., Rm. 341, Toronto ON M5S 3E2; fax 416 978-5882;
anthony.hanley @utoronto.ca

624 CMAJ ¢ MARCH 17, 2009 e 180(6)



