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Biological and socioeconomic determinants of prediabetes in
youth: an analysis using 2007 to 2011 Canadian Health
Measures Surveys
Celia Rodd1, Allison Feely2, Allison Dart3, Atul Sharma4 and Jon McGavock5

OBJECTIVES: To describe rates of prediabetes among youth in Canada and the associated social and biological characteristics.
METHODS: We analyzed the cross-sectional data from the first (2007–2009) and second (2009–2011) cycles of the Canadian Health
Measures Survey (CHMS) for youth aged 6–19 years. Prediabetes was defined using the glycated hemoglobin (A1C) guidelines set
out by the American Diabetes Association (ADA) and the Canadian Diabetes Association (CDA) of A1C ranges 5.7–6.4% (38.8–46.4
mmol/mol) and 6.0–6.4% (42.1–46.4 mmol/mol), respectively.
RESULTS: An elevated A1C was observed in 22.8% of our sample (n= 3449) based on the ADA definition and 5.2% of youth using
the CDA definition. Independent predictors in a fully adjusted model for prediabetes were non-White (odds ratio (OR) 2.62: 95%
Confidence intervals 2.05–3.35), obese (OR 1.53: 1.19–1.96), less physically active youth (0.97: 0.95–0.99), and parents with high
school education or less (1.34: 1.02–1.74). Moreover, significant regional variations were noted with higher rates for all regions
except Ontario.
CONCLUSION: Prediabetes is relatively common in Canada and associated with common biologic and socioeconomic factors.
Importantly, regular physical activity was significantly associated with reduced odds of prediabetes. Targeted screening and
continued emphasis on physical activity may help curb the increasing rates of prediabetes.
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INTRODUCTION
The burden of diabetes mellitus for youth, families, and the health
care system is growing exponentially, especially in the last 2
decades.1,2 It has also been predicted that as many as 1 in 3
American adults will have diabetes by 2050 if present trends
continue.3 Type 2 diabetes mellitus (T2DM) is due to insulin
resistance and β-cell dysfunction and is associated with being
overweight, obese, certain ethnicities, and lower socioeconomic
status (SES).4,5 The earliest detectable biomarker for the progres-
sion of T2DM is the presence of elevated blood sugars or elevated
glycated hemoglobin (A1C) (i.e., prediabetes).4 Nearly 50% of the
adults with prediabetes will go on to develop T2DM.6 Given the
risk of progression, recognition and screening for prediabetes is
critical to attempt to prevent conversion to frank diabetes
mellitus.7

Currently, rates of elevated A1C among low-risk or unselected
youth are not well described. Clinic-based samples suggest that
25% of the obese youth display prediabetes, while convenience
samples suggest rates of ~10–49%.8–12 Moreover, we acknowl-
edge that for some children, a slightly elevated A1C may reflect
differences in red blood cell biology rather than a metabolic
derangement.13 Among children and adolescents, an A1C
between 5.7 and 6.4% is associated with a 4–7-fold increased
risk of progressing to frank diabetes, compared to adolescents
with an A1C <5.3%.6 Additionally, A1C was as accurate as fasting

and 2-h glucose levels during oral glucose tolerance test for
predicting progression to T2DM in children and adolescents.6,8

Despite limitations, the primary objective of our study is to
describe the rates of prediabetes/elevated A1C among youth in
Canada using data from the recent Canadian Health Measures
Survey (CHMS).14,15 Our secondary objective is to describe the
social and biological characteristics among youth with prediabetes
in Canada using the same survey data. We hypothesized that
prediabetes would be more common among youth with low SES
and that both biological and socioeconomic determinants would
be associated with prediabetes in youth.

METHODS
Sample and data source
Our sample was obtained from the first (2007–2009) and second
(2009–2011) cycles of the CHMS.14,15 The CHMS was conducted by
Statistics Canada in partnership with Health Canada and the Public
Health Agency of Canada to create national baseline data for a
variety of important health indicators. It includes an in-home
health questionnaire followed by a visit to a mobile clinic where
direct physical measurements were taken (e.g., anthropometric
measures, blood samples).16 Participation was voluntary and
informed written consent was acquired from respondents aged
14 years or older. For children aged 13 years or younger, a written
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consent was provided by a parent/guardian, in addition to written
assent from the child.17

Data from the first and second cycles of the CHMS were
collected from nationally representative samples of the Canadian
population aged 6–79 and 3–79 years, respectively, who lived in
private households. The residents of First Nation communities,
institutions, and certain remote regions, as well as full-time
members of the Canadian forces, were excluded. In general, the
CHMS represented more than 96% of the Canadian population.18

Detailed information about the survey content and design for
both cycles can be found in the CHMS Data User Guide: Cycle 1 and
CHMS Data User Guide: Cycle 2.14,15

Our study included youth aged 6–19 years, who provided A1C
samples in either cycle. Also excluded were the youth already
diagnosed with diabetes mellitus or cancer, those who took
medication for diabetes or medications that predispose to
diabetes, such as corticosteroids, or an A1C ≥6.5% (47.5 mmol/
mol i.e., overt diabetes).

Prediabetes definition
Prediabetes was defined using guidelines from both the American
Diabetes Association (ADA) and the Canadian Diabetes Associa-
tion (CDA).5,19 Prediabetes is diagnosed when the blood glucose
levels are higher than normal, but not yet high enough to be
diagnosed as T2DM. It can be identified by blood sugar levels or
by A1C, which reflects time-averaged or overall blood sugar
concentrations in the previous three months. The ADA defines
pediatric prediabetes as an A1C range of 5.7–6.4% (38.8–46.4
mmol/mol).4 A more restrictive prediabetes definition with an A1C
range of 6.0–6.4% (42.1–46.4 mmol/mol) is used for adults only by
the CDA.19 Below these thresholds, the subjects are considered to
be euglycemic. Although both ADA and CDA provide alternate
definitions of prediabetes based on more traditional fasting
plasma glucose (FPG) levels, very few youth provided fasting
blood samples in the CHMS.5,19 For this reason, FPG was not used
in this study.

Exposure variables
The health questionnaire portion of the CHMS provided informa-
tion for biologic and socioeconomic risk factors for prediabetes
and metabolic syndrome. Biological determinants included in our
study were age (years), sex, race/ethnicity (pooled as White and
non-White), body mass index (BMI) (weight/height2) Z scores
(BMIz), weight Z scores (Wtz), height Z scores (Htz), waist
circumference Z scores (WCz), waist:height ratio Z scores (WHtz),
systolic blood pressure Z scores (SBPz), and diastolic Z scores
(DBPz). Since anthropometric parameters in children vary with age
and sex, all are routinely expressed as Z scores to allow for
comparisons across sex and age.20 In all cases, Z scores were
based on World Health Organization reference charts (WHO;
height, weight, BMI) or National Health and Nutrition Examination
Survey (NHANES; waist circumference, waist: height, blood
pressure) reference population.20–22 In addition, WHO BMIz
thresholds were used to determine whether or not the subject
was overweight or obese.20 For this age group, the subjects are
considered overweight or obese (overweight/obese) if they had a
BMIz >1 and obese if they had a BMIz >2.23

Self-reported physical activity was determined using separate
questionnaires for children under 12 years of age and adolescents
12 years and older. The need for two measures was based on the
availability of age-appropriate questionnaires.14,15

We included four socioeconomic factors in our study. Income
adequacy is a Statistics Canada measure of total household
income adjusted for the number of family members in the
household. It is categorized by low, low-middle, upper-middle,
and high. For example, the highest category includes families with
incomes >$60,000 with 1–2 family members or larger families (>2)
with incomes >$80,000. Due to small sample sizes, we pooled the

low and low-middle categories and labeled it low-income
adequacy. Upper-middle was relabeled as middle-income ade-
quacy. Highest level of education in a household was categorized
as high school vs. less any post-secondary education. Immigration
status was defined as immigrant or non-immigrant. Region was
defined using Statistic Canada’s standard regional boundaries, i.e.,
British Columbia, the Prairies (Alberta, Saskatchewan, or Mani-
toba), Ontario, Quebec, or the Atlantic provinces (Newfoundland
and Labrador, Prince Edward Island, Nova Scotia, and New
Brunswick).

Statistical analyses
Cycles 1 and 2 of the CHMS were merged into one dataset.14,15

Means and standard deviations (SD) were calculated for contin-
uous variables, and counts and percentages were calculated for
categorical variables. For the youth with or without prediabetes,
the mean values were compared using two-sample t-tests and
proportions were compared using χ2 tests. Only comparisons
using the ADA definition are reported, as the CDA definition
produced small cell sizes, which cannot be reported under
Statistics Canada privacy policies. Given the relatively small
number of cases, all analyses are unweighted, i.e., sample weights
were not used to estimate the population parameters and
bootstrap weights were not used to adjust for survey design.
Statistical significance was set at p < 0.05.
Multivariable logistic regression was used to calculate odds

ratios (ORs) with accompanying 95% confidence intervals (CIs) for
prediabetes using both ADA and CDA definitions. Baseline ORs
with obligate covariates, age and sex, were calculated for each of
the biological and socioeconomic determinants that were
significantly different between the youths with euglycemia and
prediabetes. Variables identified this way were also added to our
final model. Final ORs were adjusted for age, sex, race/ethnicity,
obesity, income adequacy, highest household education, immi-
grant status, and region.
To adjust for physical activity in our regression models, we

performed a stratified analysis of our final ADA model for the
youth <12 years of age and ≥12 years of age. For the youth <12
years of age, physical activity was defined as the total number of
hours of physical activity per week. For the youth ≥12 years of age,
physical activity was defined as the monthly frequency of physical
activity episodes of >15 min. To facilitate interpretation of the OR
in the logistic regression analysis, monthly frequency was divided
by 10 so the OR measures the impact of 10 × 15min monthly
exercise sessions.
Assuming a CDA prediabetes prevalence of 12.5% in adults, an a

priori power calculation confirmed that we were powered to
estimate the prevalence with a CI half-width of 1% with 95%
confidence.24 All analyses were performed in R version 3.2.25

Approval was granted by the Research Board at the University
of Manitoba and Statistics Canada Research Data Centre.

RESULTS
In total, 3449 youth aged 6–19 years provided A1C samples in
either survey. Overall, 785 (22.8%) of the youth had prediabetes
based on the ADA definition and 179 (5.2%) had an elevated A1C
based on the CDA definition.19 Sample characteristics and
characteristics of euglycemic (healthy) and dysglycemic youth
based on the ADA definition are shown in Table 1.4 The mean age
of our sample was 12.2 years, with the prediabetes youth being
slightly younger than those with euglycemia (11.8 years, p <
0.001). About half (51.7%) of our sample were male; dysglycemic
youth were more likely to be male (55.4 vs. 50.6, p= 0.02). The
majority of the youth in our sample were White, but dysglycemic
youth were more likely to be non-White (24.8 vs. 14.6, p < 0.001).
There were no significant differences in BMIz, Wtz, Htz, WCz,

WHtz, SBPz, or DBPz between the youth with prediabetes vs.
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euglycemia. Approximately 31% of the sample were overweight/
obese and 12.0% of our sample were obese. There was no
significant difference between the rates of overweight/obesity;
however, the youth with prediabetes were more likely to be obese
(BMIz > 2) by WHO criteria (16.2% vs. 10.8%; p < 0.001).20 Those 12
years and older with prediabetes were significantly less physically
active with 20% fewer physical activity sessions (>15min) per
month compared to those with euglycemia (59.0 vs. 73.6; p < 0.001);
no comparable difference was not noted in those under 12 years.
In addition, those with prediabetes were more likely to live in

households with middle-income adequacy, have a household

education of high school or less, and be an immigrant. The
majority of our sample lived in Ontario and Quebec, but the youth
with prediabetes were more likely from British Columbia, the
Prairies, or Atlantic Canada (Fig. 1).
Table 2 summarizes the baseline (adjusted for age and sex) and

fully adjusted ORs for prediabetes based on the ADA and CDA
definitions, as well as the stratified models adjusted for physical
activity. As age increased, the adjusted odds of ADA prediabetes
decreased; although the clinical significance of this effect appears
to be small.
However, non-White race/ethnicity, obesity, middle-income

adequacy, highest household education of high school or less
significantly increased the adjusted odds of ADA-defined pre-
diabetes. Living in British Columbia, the Prairies, Quebec, or
Atlantic Canada compared to Ontario also significantly increased
the adjusted odds of ADA-defined prediabetes (Fig. 1). Male sex,
non-White race/ethnicity, and not living in Ontario all significantly
increased the odds of CDA-defined prediabetes.
For children <12 years, physical activity did not significantly

affect the adjusted odds of ADA-defined prediabetes. However, for
youth ≥12 years, as physical activity increased, the adjusted odds
of ADA prediabetes significantly decreased.

DISCUSSION
Just over 20% of the CHMS surveys population was diagnosed
with prediabetes using the ADA’s A1C criteria of 5.7–6.4%
(8.8–46.4 mmol/mol).4 This contrasts with the most recent
population-based survey (NHANES 1999–2010) where now 34%
of children aged ≥12 years have prediabetes, using the same
criteria.26 Because prediabetes is one of the first clinical
indicators in the natural history of T2DM, these data imply a
significant public health burden of diabetes risk in Canada.4 The
lower rates of prediabetes in Canadian children may be related
to lower rates of overweight/obesity in Canada (27%) compared
to 30% in the USA. Note that in the USA, rates of overweight/
obesity are based on growth charts and definitions from the
Centers for Disease Control and Prevention (CDC).27,28 If one
used the WHO charts and diagnostic criteria for overweight/
obesity as used in Canada, the American rates would be 8–10%
higher and proportionate with the higher rate of prediabetes in
that country.27

Previous smaller studies have evaluated the rates of predia-
betes, but the vast majority were small samples (<1000 children)
and usually targeted populations of overweight or obese
children.8,11,29 In these studies, the rates of prediabetes varied
from 14 to 49%; these rates are challenging to compare with
representative samples of a country because of selection biases.
Older age in the multivariable models seemed to be protective in
our pediatric Canadian data; this level of granular evaluation was
not assessed in the latest NHANES data.26

Interestingly in both the American and Canadian population-
based surveys, boys usually seemed to be at increased risk of
prediabetes, which may reflect their greater likelihood to be
overweight or obese compared to girls.28,30 Interestingly, girls are
more frequently diagnosed with T2DM1; this may reflect sex
differences in seeking medical care and diagnoses. Alternatively,
we might speculate that males with elevated A1Cs may revert to
euglycemia more frequently than girls6 or have a slower course.
Additional, longitudinal studies are required to clarify this issue.
Other biological variables not included in our assessment, such as
diet or hormonal (pubertal) status, might also explain this
difference. As described above, it has been recognized that some
races/ethnicities are at higher risk for T2DM; this includes, but is
not limited to, Asian, First Nations, Black, and Hispanic popula-
tions.4 Due to our relatively small sample size, we needed to pool
our ethnic data and could only determine that non-Whites were at
higher risk than Whites. NHANES data demonstrated prediabetes

Table 1. Sample characteristics of healthy and dysglycemic youth
based on ADA definition

ADA definition

Characteristica Total sample Healthy Dysglycemic

Number 3449 2664 (77.2) 785 (22.8)

Biological determinants

Age (years)* 12.19 ± 3.59 12.31 ± 3.65 11.77 ± 3.38

Sex***

Female 1666 (48.3) 1316 (49.4) 350 (44.6)

Male 1783 (51.7) 1348 (50.6) 435 (55.4)

Race*

White 2732 (79.2) 2175 (81.6) 557 (71.0)

Non-White 584 (16.9) 389 (14.6) 195 (24.8)

Missing 133 (3.9) 100 (3.8) 33 (4.2)

BMIz 0.48 ± 1.23 0.45 ± 1.20 0.55 ± 1.34

Wtz 0.50 ± 1.18 0.48 ± 1.16 0.57 ± 1.26

Htz 0.28 ± 1.01 0.27 ± 1.01 0.30 ± 1.01

WCz −0.17 ± 1.04 −0.17 ± 1.01 −0.14 ± 1.11

WHtz −0.39 ± 1.05 −0.40 ± 1.03 −0.35 ± 1.12

SBPz −1.05 ± 0.84 −1.06 ± 0.83 −1.03 ± 0.87

DBPz −0.14 ± 0.68 −0.14 ± 0.67 −0.13 ± 0.72

Weight status

Overweight/obese 1062 (30.8) 805 (30.2) 257 (32.7)

Obese* 415 (12.0) 288 (10.8) 127 (16.2)

Physical activity 6–11 yb 12.4 ± 4.4 12.2 ± 4.4 12.5 ± 4.4

Physical activity ≥12 yc* 70.6 ± 74.3 73.6 ± 76.6 59.0 ± 63.5

Income adequacy**

Low 759 (22.0) 598 (22.4) 161 (20.5)

Middle 970 (28.1) 714 (26.8) 256 (32.6)

High 1720 (49.9) 1352 (50.8) 368 (46.9)

Highest household education**

High school or less 421 (12.2) 303 (11.4) 118 (15.0)

Any post-secondary 3028 (87.8) 2361 (88.6) 667 (85.0)

Immigrant*** 296 (8.6) 213 (8.0) 83 (10.6)

Region*

British Columbia 557 (16.1) 398 (14.9) 159 (20.3)

Prairies 521 (15.1) 332 (12.5) 189 (24.1)

Ontario 1172 (34.0) 1037 (38.9) 135 (17.2)

Quebec 870 (25.2) 730 (27.4) 140 (17.8)

Atlantic 329 (9.5) 167 (6.3) 162 (20.6)

aMean ± SD for continuous variables, count (%) for categorical variables
bPhysical activity for ages 6–11 years: number of hours per week
cPhysical activity for ages ≥12 years: number of monthly exercise sessions
>15min
* <0.001, ** <0.01, *** <0.05
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in those of Mexican-American ancestry compared to non-Hispanic
Whites or non-Hispanic Blacks in an adjusted model.26 These racial
differences may be explained by variations in the genetic
background related to risk for T2DM or social factors clustering
with racial minorities. Teasing out these biological variables allows
practitioners to target prevention strategies and focus on the
selection of those who might need screening. Currently, this study
confirms that biologic risk factors include males, non-White race/
ethnicity, and those who are obese.
There is mounting evidence that poverty and social deprivation

are associated with an increased risk of obesity and type 2
diabetes.5 Our data suggest that even after adjusting for biological
variables, lower education and middle-income adequacy were
associated with increased odds of prediabetes. The non-linear
association with income adequacy may speak to a more complex
relationship with SES. We previously reported in the Canadian
Community Health Survey and CHMS that low income and lower
levels of education were associated with higher odds of obesity or
overweight/obesity in an adjusted regression model independent
of age, sex, or race.28 The current data extend these findings along
the natural history of T2DM in youth, suggesting an important role
of poverty/social factors in the etiology of cardiometabolic risk
among youth. The observed socioeconomic or regional variations
that persist after multivariable adjustment speak about additional
sociodemographic or cultural factors not consistently captured in
these surveys, such as community resources, food insecurity, and
opportunities for physical activity.31

In terms of remediable factors, our data clearly demonstrate
that increased physical activity was significantly associated with a
reduced risk of prediabetes for those 12 years or older in the fully
adjusted model. If an adolescent undertook 60min of vigorous
daily activity as recommended by our national Healthy Active
Living standards, this would confer a 30% reduction in the odds of
developing prediabetes.32 This is one of the few modifiable factors
that health care professionals can encourage to potentially help
reduce the risk of prediabetes and ultimately T2DM itself.
Most of the discussion has focused on the data using ADA

criteria because the number of children with prediabetes were
larger (n= 785) than using the more restricted adult definition
from the CDA (n= 179; A1C= 6.0–6.4% (42.1–46.4 mmol/mol)).
The univariate analyses using the CDA definition are not materially
different from those with the ADA definition, but the sample size
limitations with the CDA definition make it difficult to interpret the
fully adjusted model.33

Some of the strengths of this study are the large number of
children with prediabetes and the wide variety of biological and
socioeconomic variables collected in these surveys. Moreover, this
sample has significantly fewer selection biases than many smaller
studies exclusively targeting overweight or obese children.
Additionally, the prediabetes state not only may be a harbinger
of T2DM, but in itself has been associated with less desirable lipid
profiles, such as smaller LDL and HDL particles or increased left
ventricular wall thickness.10,34 Early detection of metabolic
abnormalities is a priority to target interventions with the goal
of attenuating lifelong diabetes and/or cardiovascular risk.
This study is not without limitations. Perhaps the major one is the

use of A1C alone to diagnosis prediabetes. In 2010, the ADA
adopted an A1C of 5.7–6.4% to denote prediabetes alone without
concomitant glucose thresholds.4,13 Controversy has ensued as to
whether this accurately defines prediabetes.8,35,36 Unlike in adults,
an elevated A1C is not a robust predictor of progression to frank
T2DM.36,37 Additionally, A1C varies with race, iron status, or
hemoglobinopathies.13 For these reasons, we add an additional
cautionary note regarding the diagnosis of prediabetes using a
single A1C, as we did in our study. Nevertheless, Dr. Arslanian’s
group elegantly demonstrated that children with prediabetes based
on the A1C definition had discernible β-cell dysfunction compared
to those with normal A1C.12 Recent research also demonstrates that
clinicians are following this ADA recommendation, are more
frequently screening with A1C, and are finding increased numbers
of cases of prediabetes.38,39 Part of the attractiveness of using A1C
alone is that it can be done in a non-fasting manner, with fewer
day-to-day perturbations and pre-analytic stability.
Additional limitations reflect that the cross-sectional CHMS

survey is a biased sample; it does not include First Nations reserves
and there is a non-responders bias.15 Some have argued that this
may underestimate the true prevalence of prediabetes in Canada.
Moreover, the association of euglycemia with increased physical
activity may be a surrogate for healthier lifestyles and/or diet.40

Inability to fully account for survey design may lead to imprecise
CIs. Lastly, analysis was restricted to the sample of generally healthy
Canadian children, and sample means and prevalences do not
necessarily generalize to the population as a whole.

CONCLUSION
This study demonstrates that prediabetes is relatively common
in a national survey and that there are important biological risk
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Fig. 1 Proportion and adjusted ORs of prediabetes by region in Canada
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factors, including being male, obese, non-White, or coming from
certain regions of Canada, all of which increase the odds of the
prediabetes state. Most importantly for health care profes-
sionals, we have confirmed a robust association between
physical activity and reduced odds of prediabetes even after
controlling for other risk factors. For this reason, targeted
screening and continued emphasis on meeting national
recommendations for physical activity/healthier lifestyles may
potentially help curb the high rates of prediabetes and
ultimately T2DM.
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