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in Ontario: a repeated cross-sectional study
Sarah Carsley PhD, Eliza I. Pope BHSc, Laura N. Anderson PhD, Mark S. Tremblay PhD,
Karen Tu MD MSc, Catherine S. Birken MD MSc; for the Team to Address Bariatric Care in Canadian
Children

Abstract
Background: There are no current estimates of severe obesity in Canadian children. The objectives of this study were to determine
the prevalence of severe obesity in children aged 18 years or less in Ontario and to determine temporal trends from 2004 to 2015.
Methods: This was a repeated cross-sectional study using height/length and weight of children aged 18 years or less from the Electronic Medical Record Administrative data Linked Database (EMRALD), a database of primary care electronic medical records in
Ontario. We calculated body mass index (for age and sex) z-scores (zBMI). Two years of data (2014 and 2015) were used to determine the period prevalence of severe obesity. We used multivariable linear regression generalized estimating equations to estimate
the association of calendar year and mean zBMI.
Results: In total, 55 233 children were included. The prevalence of severe obesity (zBMI > 3) increased with increasing age: it was
0.9% (95% confidence interval [CI] 0.7% to 1.0%) among children less than 5 years of age, 2.7% (95% CI 2.3% to 3.1%) among 5- to
9-year-olds, 2.9% (95% CI 2.4% to 3.3%) among 10- to 14-year-olds and 3.7% (95% CI 3.1% to 4.3%) among those aged 15–18.
Boys aged 5–9 years had a significantly higher prevalence of severe obesity than their female counterparts (3.5% [95% CI 2.9% to
4.2%] v. 1.7% [95% CI 1.3% to 2.2%]). From 2004 to 2015, the mean zBMI decreased by 0.015 (95% CI –0.018 to –0.012) units per
year, with the overall prevalence of severe obesity in all ages highest in 2005 (3%) and a decrease to 2% in 2015.
Interpretation: The prevalence of severe obesity among children and adolescents in Ontario is consistent with that in other developed countries with the exception of the United States. There is evidence of plateauing of estimates and a small decrease in zBMI
over time. Further understanding of the impact of prevention efforts on these estimates is an important next step.

T

he prevalence of childhood obesity has increased
around the world since 1980, with rates doubling in
73 countries.1 In 2015, 107.7 million children were
classified as obese, for a worldwide prevalence of 5%.1 Since
2000, prevalence rates have started to plateau in some developed countries.2 However, national studies in the United
States have shown conflicting trends, depending on the population studied. One study of low-income children aged
2–4 years enrolled in the Special Supplemental Nutrition
Program for Women, Infants, and Children showed a
decrease in severe obesity from 2004 to 2014.3 Another
study of children aged 2–5 years using data from the
National Health and Nutrition Examination Survey, a
nationally representative sample, showed an increase in the
prevalence of class 1 obesity (> 95th percentile of body mass
index [BMI] for age compared to the 2000 Centers for Dis-
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ease Control and Prevention growth charts) from 1999 to
2016, whereas the prevalence of both class 2 obesity
(> 120% of the 95th percentile) and class 3 obesity (> 140%
of the 95th percentile) remained stable.4 In Canada, using
data from the Canadian Health Measures Survey, Rodd and
Sharma 5 found the prevalence of overweight or obesity
among children aged 3–18 years to be declining, from
30.7% in 2004 to 27.0% in 2013. It was not possible to
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estimate the proportion of children with severe obesity
because of a lack of data from this nationally representative
sample, with fewer than 500 children 3–5 years of age and
no data for those less than 3 years. Therefore, less is known
about severe obesity rates among Canadian children, as well
as overweight and obesity in children less than 6 years.
Obesity and severe obesity in childhood have been associated with increased cardiovascular risk,6,7 obstructive sleep
apnea,8 nonalcoholic fatty liver disease,9 impaired glucose tolerance10 and increased exposure to bullying.11 Furthermore,
the severity of childhood obesity has been linked to the severity of these negative outcomes.6,12 Although Canadian national
and provincial/territorial governments have prioritized childhood obesity prevention and management,13 the degree of
improvement in healthy weight in this country remains
unclear. The absence of data on severe obesity in Canadian
children constitutes a significant gap in our understanding of
the topic. Continued population surveillance of prevalence
and trends is essential to assess any impact of overarching
public health policies, as well as evaluating investments in
clinical programs and interventions. The primary objective of
this study was to calculate the prevalence of severe obesity and
to describe the trends in severe obesity in children and adolescents in Ontario from 2004 to 2015. The secondary objectives
were to estimate the prevalence of all weight status categories
and trends over time.

Methods
Setting and study design

This was a repeated cross-sectional study that included children aged 18 years or less over multiple years from Jan. 1,
2004, to Dec. 31, 2015. To determine the period prevalence
of severe obesity (primary objective), we used 2 years of data
(2014 and 2015). To describe weight status trends over time
from 2004 to 2015 (secondary objective), we used all time
periods.

Study population

Children were identified through the Electronic Medical
Records Administrative data Linked Database (EMRALD), a
database of family practices across Ontario. As of 2015, the
database comprised 339 family physicians at 41 primary care
practices. Children were included if the following criteria
were met: physician had used an electronic medical record for
a minimum of 2 years, patient was registered to an active
EMRALD physician, patient had a valid identification num-

ber to link with the administrative databases at ICES, and
patient had a valid height/length and weight measurement to
calculate the BMI z-score (zBMI). Patients had to be less than
19 years at the end of each year.

Measurement

We calculated zBMI by dividing weight (in kilograms) by
height squared (in metres) and standardizing values by age
and sex to the World Health Organization (WHO) Growth
Standards and reference charts that are recommended for
monitoring growth in Canada.14,15 We cleaned height and
weight data using a standard set of data cleaning rules16 and
excluded zBMI values outside –5 and 5 based on WHO recommendations for biologically implausible values.17 For the
calculation of 2014–2015 prevalence, we used the most
recent valid zBMI measurement from a well-child visit. If no
measurements were recorded during a well-child visit in the
prevalence period, we used measurements obtained on the
same date during any type of visit. We categorized weight
status using WHO definitions (Table 1). Both the American
Heart Association and the Centers for Disease Control and
Prevention use definitions of severe obesity in children as
young as 2 years;18,19 however, for children less than 5 years,
the WHO defines the zBMI category of greater than 3 as
obesity, not severe obesity.14 The WHO recommends an
adjustment to the lambda-mu-sigma (LMS) method when
examining data at the upper and lower extremes (< –3 and
> 3) because the tails of the Box–Cox normal distribution are
affected by extreme data points. This restricted LMS
method fixes the standard deviation between +2 and +3 to
avoid making assumptions about the distribution of these
extreme z-scores.20 For the purpose of this manuscript and
for consistency between age groups, we applied the cutoff
labels for children aged 5 years or more to all ages.21 Body
mass index z-score cutoff values of 1, 2 and 3 correspond
approximately to the 85th, 97th and 99.9th BMI percentiles,
respectively.22
To control for changes in the distribution of potential
confounding variables by year, we included several variables
in the multivariable analyses. These were identified a priori
based on previously established predictors of obesity and the
available data sets at ICES and included age, sex, rural or
urban residence, neighbourhood income quintile, the
Ontario Marginalization Index, immigration status and ethnicity.23–25 We retrieved age and sex from the patient’s electronic medical record. Rural or urban residence and income
quintile were based on the patient’s postal code and retrieved

Table 1: World Health Organization definitions of weight status for children14
Body mass index z-score category; weight status
Age, yr
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< –2

≥ –2 to ≤ 1

> 1 to ≤ 2

> 2 to ≤ 3

>3

≥5

Underweight

Normal weight

Overweight

Obese

Severely obese

<5

Underweight

Normal weight

At risk for
overweight

Overweight

Obese
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through the Ontario Registered Persons Database, which is
linked to 2006 Canadian census data. Similarly, the Ontario
Marginalization Index is a census- and geographically based
index that uses postal code as a proxy for individual-level
sociodemographic characteristics; we used the summary
score, which is a composite of 4 dimensions: material deprivation, ethnic concentration, dependency and residential
instability.26 We determined immigration status of the child
using the Immigration, Refugees and Citizenship Canada
database. We categorized ethnicity as general population,
Chinese or South Asian using a database that assigns ethnicity based on surname by means of a validated algorithm, used
previously by others.27 Recent Canadian census data showed
that the main non-European ethnicities reported were Chinese, East Indian and Filipino.28

Statistical analysis

We performed descriptive statistics on all variables to determine distributions and frequencies of baseline characteristics.
To evaluate the potential generalizability of the findings to
the entire province, we compared baseline characteristics of
the children included in the prevalence period (2014–2015) to
those of all Ontario children during the same period. We used
the Registered Persons Database to identify children in
Ontario aged 18 years or less as of Jan. 1, 2015, the halfway
point in the time window. We excluded those with nonOntario postal codes and those not eligible for the Ontario
Health Insurance Plan. To assess objective 1, we estimated
prevalence and 95% confidence intervals (CIs) for zBMI categories by age group and by sex.
For objective 2, we performed a multivariable generalized
estimating equation specified for linear regression to account
for the influence of calendar time (year) on zBMI as a continuous outcome. The generalized estimating equation was used
to adjust for the nonindependence of patients contributing
BMI measurements to multiple years. The model also
adjusted for potential confounding variables that may have
changed the demographic characteristics of the patient population contributing data to each year, as previously described.
We performed a second multivariable generalized estimating
equation model specified for a multinomial regression using
weight status as the dependent variable and 2004 as the referent year.

Ethics approval

This study was approved by the research ethics boards at the
Sunnybrook Health Sciences Centre and The Hospital for
Sick Children.

Results
Study population

We identified 67 293 patients aged 18 years or less from
2004 to 2015 from the EMRALD database. Of the 67 293,
11 508 (17.1%) were ineligible owing to missing zBMI and
552 (0.8%) were ineligible owing to implausible zBMI values. Overall, 31 272 patients were included in the period

prevalence estimate of severe obesity (2014–2015), and
55 233 patients contributed 129 859 zBMI measurements to
the time trend analysis (2004–2015). Baseline sociodemographic characteristics of the EMRALD prevalence sample
compared to the Ontario population are presented in
Table 2. The EMRALD sample was generally younger, had
a slightly higher proportion in the upper income quintiles,
higher rural residence, a lower proportion of immigrants,
and lower proportion of children of Chinese or South Asian
ethnicity.

Period prevalence of severe obesity

In 2014–2015, the prevalence of severe obesity (zBMI > 3)
among children and adolescents aged 5–18 years was 3.0%
(95% CI 2.7% to 3.2%). The prevalence of each zBMI category is presented by age and sex in Table 3. Overall, the prevalence of severe obesity increased with increasing age (0.9%
[95% CI 0.7% to 1.0%] among children aged ≤ 4 yr, 2.7%
[95% CI 2.3% to 3.1%] among those aged 5–9 yr, 2.9%
[95% CI 2.4% to 3.3%] among those aged 10–14 yr and 3.7%
[95% CI 3.1% to 4.3%] among those aged 15–18 yr). There
were differences in the prevalence of weight status by sex. The
prevalence of severe obesity among boys aged 5–9 years, 3.5%
(95% CI 2.9% to 4.2%) was significantly higher than that
among girls in this age group (1.7% [95% CI 1.3% to 2.2%]).

Trends over time

From 2004 to 2015, after adjustment for age, sex, rural residence, neighbourhood income quintile, Ontario Marginalization Index, immigration status and ethnicity, there was a
reduction in mean zBMI of 0.015 units per year (Table 4).
Figure 1 shows the prevalence of overweight, obesity and
severe obesity from 2004 to 2015. Temporal trends in
weight status prevalence by age group and sex are presented
in Supplementary Figures S1 and S2, Appendix 1 (available
at www.cmajopen.ca/content/7/2/E351/suppl/DC1). There
was a noticeable decline in the prevalence of overweight and
slight decreases in the prevalence of obesity and severe obesity. Children living in rural areas or low-income neighbourhoods had significantly higher zBMI values than those
living in urban areas or higher-income neighbourhoods.
These statistically significant associations were in the
expected direction. Similarly, children of Chinese or South
Asian ethnicity, and those who were immigrants had lower
zBMI values compared to the general population. The association with the Ontario Marginalization Index was in the
opposite direction to that expected: lower marginalization
was associated with higher zBMI; however, as the upper CI
was 0, the clinical significance is questionable. The odds of
being overweight, obese or severely obese decreased in
almost all years after 2006 compared to 2004 (Figure 2).
Compared to 2004, there was a significant decrease in the
odds of being overweight in 2011–2015, lower odds of
being obese in 2013–2014, and lower odds of being severely
obese in 2012 and 2014. Results of a stratified multinomial
regression by age group are presented in Supplementary
Figure S3, Appendix 1. In 5- to 18-year-olds, despite a
CMAJ OPEN, 7(2)
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Table 2: Baseline characteristics of children in EMRALD, Jan. 1, 2014–Dec. 31, 2015, and the
Ontario population of children aged 18 years or less as of Jan. 1, 2015
No. (%) of children
EMRALD cohort
n = 31 272

Ontario
n = 2 824 213

Standardized
difference

p value

≤4

15 089 (48.2)

591 178 (20.9)

0.60

< 0.001

5–9

6907 (22.1)

774 140 (27.4)

0.12

10–14

5616 (18.0)

783 517 (27.7)

0.23

15–18

3660 (11.7)

675 378 (23.9)

0.32

Female

15 476 (49.5)

1 375 466 (48.7)

0.02

Male

15 796 (50.5)

1 448 747 (51.3)

0.02

1 (lowest)

4255 (13.6)

516 726 (18.3)

0.13

2

5979 (19.1)

507 046 (18.0)

0.03

3

6818 (21.8)

562 377 (19.9)

0.05

4

7047 (22.5)

639 624 (22.6)

0.00

5 (highest)

7018 (22.4)

585 113 (20.7)

0.04

155 (0.5)

13 327 (0.5)

0.00

No

26 199 (83.8)

2 522 659 (89.3)

0.16

Yes

5073 (16.2)

300 371 (10.6)

0.16

0 (0.0)

1183 (0.04)

0.03

Characteristic
Age, yr

Sex
0.006

Neighbourhood income quintile*

Missing

< 0.001

Rural*

Missing

< 0.001

Immigration status
Child is immigrant

523 (1.7)

220 095 (7.8)

0.29

< 0.001

3365 (10.8)

524 378 (18.6)

0.22

< 0.001

29 976 (95.9)

2 568 987 (91.0)

0.20

< 0.001

Chinese

847 (2.7)

135 869 (4.8)

0.11

South Asian

442 (1.4)

117 957 (4.2)

0.17

Missing

7 (0.02)

1400 (0.05)

0.01

3708 (11.9)

547 603 (19.4)

0.21

< 0.001

76 (0.2)

12 644 (0.4)

0.03

< 0.001

1541 (4.9)

114 769 (4.1)

0.04

< 0.001

Mother is immigrant
Ethnicity*
General population

Chronic disease
Asthma
Diabetes
Complex chronic or congenital
condition

Note: EMRALD = Electronic Medical Records Administrative data Linked Database.
*Missing data are due to missing/incorrect postal code or missing/wrong name in patient’s record.

similar decrease in the odds of being overweight, obese or
severely obese, the result was not significant.

Interpretation
The prevalence of severe obesity among children and adolescents aged 5–18 years was 3.0%. The prevalence of severe
obesity in boys in middle childhood (5–9 yr), 3.5%, was sigE354
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nificantly higher than that for girls in this age group (1.7%).
Rodd and Sharma5 reported that 16.3% of Canadian boys and
10.4% of Canadian girls were overweight or obese in 2012–
2013 and that, after adjustment for potential confounders,
girls were 19% less likely to be obese than boys. This sex difference was not seen in data on the reported prevalence of
obesity and severe obesity from the National Health and
Nutrition Examination Survey in the US.29 We found a small
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Table 3: Prevalence estimates of weight status by age and sex, 2014–2015
Age group,
yr

Body mass index z-score category; % of children (95% CI)

No. of
children

< –2

≥ –2 to ≤ 1

> 1 to ≤ 2

≤4

15 089

4.8 (4.5 to 5.1)

75.5 (74.8 to 76.1)

14.7 (14.1 to 15.2)

4.2 (3.9 to 4.5)

0.9 (0.7 to 1.0)

5–9

6907

2.3 (1.9 to 2.7)

72.7 (71.7 to 73.8)

15.1 (14.3 to 15.9)

7.0 (10.6 to 12.1)

2.7 (2.3 to 3.1)

10–14

5616

2.2 (1.8 to 2.6)

62.9 (61.6 to 64.2)

21.1 (20.0 to 22.2)

10.8 (10.0 to 11.6)

2.9 (2.4 to 3.3)

15–18

3660

1.9 (1.4 to 2.3)

67.1 (65.6 to 68.6)

18.1 (16.9 to 19.4)

9.1 (8.2 to 10.1)

3.7 (3.1 to 4.3)

31 272

3.4 (3.2 to 3.6)

71.6 (71.1 to 72.1)

16.3 (15.9 to 16.7)

6.6 (6.3 to 6.8)

2.0 (1.8 to 2.1)

≤4

7683

5.0 (4.5 to 5.5)

73.7 (72.7 to 74.7)

15.3 (14.5 to 16.1)

4.8 (4.3 to 5.3)

1.2 (0.9 to 1.4)

5–9

3552

2.2 (1.8 to 2.8)

71.3 (69.7 to 72.7)

15.3 (14.2 to 16.5)

7.4 (6.5 to 8.3)

3.5 (2.9 to 4.2)

10–14

2824

2.4 (1.9 to 3.1)

61.5 (59.7 to 63.3)

20.5 (19.0 to 22.0)

12.2 (11.0 to 13.4)

3.3 (2.7 to 4.0)

> 2 to ≤ 3

>3

All children

Total
Boys

15–18
Total

1737

2.8 (2.0 to 3.6)

64.1 (61.8 to 66.4)

19.2 (17.4 to 21.1)

10.2 (8.9 to 11.8)

3.5 (2.7 to 4.0)

15 796

3.7 (3.4 to 4.0)

69.9 (69.2 to 70.6)

16.6 (16.1 to 17.2)

7.3 (6.9 to 7.7)

2.3 (2.1 to 2.6)

Girls
≤4

7406

4.5 (4.1 to 5.0)

77.3 (76.3 to 78.3)

14.0 (13.2 to 14.8)

3.5 (3.1 to 4.0)

0.6 (0.4 to 0.8)

5–9

3355

2.3 (1.8 to 2.9)

74.2 (72.7 to 75.7)

14.8 (13.7 to 16.1)

6.6 (5.8 to 7.5)

1.7 (1.3 to 2.2)

10–14

2792

2.0 (1.5 to 2.6)

64.4 (62.6 to 66.1)

21.8 (20.2 to 23.3)

9.4 (8.4 to 10.6)

2.4 (2.0 to 3.0)

15–18

1923

1.0 (0.6 to 1.6)

69.8 (67.7 to 71.8)

17.2 (15.5 to 18.9)

8.0 (6.9 to 9.4)

3.8 (3.0 to 4.8)

15 476

3.2 (2.9 to 3.4)

73.4 (72.7 to 74.1)

16.0 (15.4 to 16.6)

5.8 (5.5 to 6.2)

1.6 (1.4 to 1.8)

Total

Note: CI = confidence interval.

decrease in mean zBMI of 0.015 units per year between 2004
and 2015. Prevalence estimates of overweight, obesity and
severe obesity also decreased over this period, although this
decline was not significant after adjustment for confounding
variables. From 2011 to 2015, the prevalence of overweight,
obesity and severe obesity was stable.
Before placing our findings in the context of international
obesity prevalence estimates, it is important to note the differences in definitions of severe obesity in children. There
are several different classifications for weight status, which
vary by age, country and growth reference. The WHO definition of severe obesity begins at 5 years of age; there is no
category of severe obesity for children less than this age. In
the US, BMI for age for children and youth aged 2–20 years
is compared with the 2000 Centers for Disease Control and
Prevention growth charts. Class 2 obesity is defined as a
BMI more than 120% of the 95th percentile, or 35 or
greater, whichever is lower, and class 3 obesity is defined as a
BMI more than 140% of the 95th percentile, or 40 or
greater, whichever is lower.19 Other developed countries use
the International Obesity Task Force definition for morbid
obesity, which is equivalent to age- and sex-adjusted BMI at
18 years.30 Owing to the paucity of other provincial or Canadian estimates for severe obesity prevalence, the only comparative estimates are those from other developed countries.
These comparisons should be made with caution because of
the differences in definitions of severe obesity and the use of

different growth reference charts. The highest estimate of
severe obesity (class 2 and class 3) in children aged
2–17 years, about 8% in 1999–2014, comes from the US.31
National survey data from Australia indicated a prevalence
of morbid obesity among 7- to 15-year-olds of 2.0% with
the US definition (1.8% with the International Obesity Task
Force definition). 32 Similarly, an estimate of 2.5% was
reported from New Zealand for children aged 13–17 years
in 2013 with the International Obesity Task Force definition.11 In the United Kingdom, the prevalence of severe obesity (defined as ≥ 99.87th percentile of the 1990 UK growth
charts) was 1.5% for both girls and boys aged 4–5 years, and
1.1% for girls and 1.2% for boys aged 10–11 years.33 Taking
into consideration the multiple limitations for comparison to
these international estimates, our estimates of 3.0% for children aged 5–18 years and 0.9% for those less than 5 years
appear relatively consistent.
The decreasing trend in mean zBMI corroborates the most
recent trends data from the Canadian Health Measures Survey, comparing the 2012/13 cycle to the 2004/05 cycle.5,34 In
the survey, the change in mean zBMI over the 10-year period
was –0.12 (95% CI –0.2 to –0.05) for children aged
3–17 years. We found a decrease of a slightly higher magnitude, 0.18, if extrapolated over a 12-year period. A review
from 9 developed countries showed a mean rate of change in
the prevalence of overweight and obesity of 0.01 and –0.01,
respectively, per year between 1995 and 2008 across all sex
CMAJ OPEN, 7(2)
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Table 4: Adjusted linear regression model of the association of year on body mass index z-score,
2004–2015
Variable

Unadjusted estimate (95% CI)

Adjusted estimate (95% CI)*

Year

–0.0146 (–0.0177 to –0.0115)

–0.0153 (–0.0184 to –0.0123)

Age

0.049 (0.0476 to 0.0511)

0.0496 (0.0478 to 0.0514)

Income quintile
1

0.0802 (0.0473 to 0.1131)

0.1427 (0.105 to 0.1804)

2

0.0734 (0.0430 to 0.1039)

0.1162 (0.0843 to 0.1481)

3

0.0627 (0.0338 to 0.0916)

0.0931 (0.0645 to 0.1217)

4

0.0383 (0.0145 to 0.0099)

0.0644 (0.0365 to 0.0924)

5

Reference

Reference

–0.0609 (–0.0813 to –0.0404)

–0.0703 (–0.0902 to –0.0503)

Reference

Reference

Rural

0.1174 (0.0915 to 0.1434)

0.0911 (0.0656 to 0.1166)

Urban

Reference

Reference

–0.0133 (–0.0261 to –0.0006)

–0.0178 (–0.0328 to –0.0028)

Sex
Female
Male
Residence

Ontario Marginalization Score
(continuous)
Ethnicity

Reference

Reference

Chinese

General population

–0.2745 (–0.3393 to –0.2097)

–0.2063 (–0.2703 to –0.1424)

South Asian

–0.4649 (–0.5604 to –0.3694)

–0.3954 (–0.4858 to –0.3049)

–0.0916 (–0.1241 to –0.0591)

–0.0227 (–0.0552 to 0.0098)

Household immigrant status
(reference = no)

Note: CI = confidence interval.
*Adjusted for age, sex, rural residence, neighbourhood income quintile, Ontario Marginalization Index, immigration status and ethnicity.

25
17.9

20.3

20

% of children

Overweight

19.8
17.5

17.5

16.7

16.5

Obesity

Severe obesity

15.8

15.9

15.6

15.3 15.9

6.1

5.8

6.1

5.7

5.8

1.8

1.8

1.7

1.8

2012

2013

2014

2015

15

10

5

0

7.4

2.6

2004

8.2

2.8

2005

8.1

7.3

7.2

6.9

1.9

2.2

2.2

2.0

2.0

1.8

2006

2007

2008

2009

2010

2011

6.3

Year
Figure 1: Prevalence of overweight, obesity and severe obesity among children aged 18 years or less from 2004 to 2015. Shaded
areas represent 95% confidence intervals.
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1.6
1.4
1.2

Odds ratio

1.0
0.8
0.6
0.4
0.2
0.0
2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2011

2012

2013

2014

2015

2011

2012

2013

2014

2015

Year
1.8
1.6

Odds ratio

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
2005

2006

2007

2008

2009

2010

Year
2.0
1.8
1.6

Odds ratio

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
2005

2006

2007

2008

2009

2010

Year

Figure 2: Multinomial regression model of the association between year (compared to 2004) and prevalence of overweight
(top), obesity (middle) and severe obesity (bottom) among children aged 18 years or less. Error bars represent 95% confidence intervals.
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and age groups.35 Furthermore, in Australia, although there
was an overall significant increase in the prevalence of morbid
obesity from 1985 to 2012,32 there was a plateau in the prevalence of obesity and morbid obesity from 2007 to 2014.36
Unlike in the US, where increasing trends in the proportion
of 2- to 5-year-olds with higher levels of obesity (class 1, 2 or
3) were reported,4 our data showed no significant increase.
Rather, there was a significant decrease in the prevalence of
young children at risk for overweight, and stable estimates of
obesity and severe obesity prevalence.

Strengths and limitations

Given the large sample and the longitudinal data in our study,
we were able to provide estimates for all age groups and
examine trends over multiple years. The use of routinely collected data from electronic medical records in primary care
has many advantages37 including a relatively accessible source
of valid measurement of BMI from health care providers.38
The completeness and accuracy of child height and weight
measurements in EMRALD were examined previously and
shown to be of high quality.39 Another analysis of weight status that used EMRALD data highlighted the strengths and
limitations of this data source:40 a strength is the adequate
sample size to investigate severe obesity prevalence, and a limitation is the lack of generalizability to all children in the
Ontario and Canadian populations. Our EMRALD study
population differed from the overall Ontario population on
factors related to obesity41 and to routine use of primary care
such as age, immigration status and neighbourhood income.
Guttmann and colleagues42 reported that 12% of children in
Ontario had no primary care physician visit billings over a
2-year period, and children living in lower-income neighbourhoods were more likely to have no primary care billings
than those in higher-income neighbourhoods. Our findings
are generalizable to children and youth with a family phys
ician who access primary health care in Ontario. Patients were
excluded if there was no valid identification number and no
valid height/length or weight measurement. In addition, 17%
of children did not have complete height and weight data, and
it is unknown whether this would have under- or overestimated the results. It is also possible that children with severe
obesity are not seen by primary care physicians routinely but,
rather, by specialists or subspecialists. As such, the true prevalence of severe obesity may have been underestimated. The
lack of data on chronic disease and obesity-related comorbidities is another limitation of this study and a future direction
for research. We used a generalized estimating equation
model to account for clustering of measurements within
patients; however, we were unable to account for patients
clustered by physician.

Conclusion

Our estimates of severe obesity prevalence among children
and youth in Ontario are similar to estimates from other
developed countries, excluding the US. Our results suggest a
small decrease in overall mean zBMI, consistent with previous
national Canadian data, and a plateauing of rates of overE358
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weight, obesity and severe obesity over time. We were unable
to attribute changes over time to any specific intervention or
policy change. The prevalence of overweight, obesity and
severe obesity was high, with about 25%–30% of children
and youth above a normal weight and 2%–3% severely obese.
In recent years, there has been increasing evidence that children as young as 2 years with extreme zBMI are at much
higher risk for obesity-related comorbidities. A sustained clinical and public health focus on childhood obesity is still
required to further reduce obesity rates. Continued monitoring and information about the prevalence and longitudinal
trends of severe obesity will help to characterize the burden in
childhood as well as inform potential therapeutic targets for
this population.
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