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Abstract
Background: The prevalence of obesity in children has been shown to be plateauing or decreasing in some countries. However,

the burden of severe obesity is often not assessed. Children with severe obesity may be at an increased risk for cardiovascular disease
and diabetes. The objective is to determine the prevalence of severe obesity in young children and to examine the association with
cardiometabolic risk factors.

Methods: A longitudinal study was conducted through The Applied Research Group for Kids! (TARGet Kids!), a practice-based
research network in Toronto, Canada. Healthy children from birth to 6 years of age were recruited and followed through middle
childhood. The main outcomes of the study were as follows: total cholesterol, high-density lipoprotein (HDL), low-density lipo-
protein (LDL), and non-HDL cholesterol, triglycerides, glucose, systolic blood pressure (SBP), and diastolic blood pressure (DBP).
BMI was age and sex standardized based on the WHO growth standards. A BMI z-score >3 was used to define obesity for children
<5 years of age, and severe obesity for children ‡5 years of age.

Results: Among 5738 children <5 years, 0.8% had a zBMI >3. In 626 children who were 5 and 6 years old, 2.1% had a zBMI >3.
In the multivariable analysis adjusted for age, sex, maternal ethnicity, and family history, using repeated measures, children with a
zBMI >3 had significantly higher odds of having abnormal SBP [odds ratio (OR) 6.4, 95% confidence interval (CI) 1.5–27.9;
p = 0.01] and DBP (OR, 3.6 95% CI 1.2–10.6; p = 0.02), respectively, as compared with healthy-weight children. Trends demon-
strating an association between a zBMI >3 and abnormal lipid levels were also identified.

Conclusion: Young children with a zBMI >3 have significantly higher blood pressure measures and trends toward worse lipid
profiles than children at lower zBMIs.
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Introduction

T
he prevalence of overweight and obesity has in-
creased in all age groups in the United States,
Canada, and many countries globally over the past

30 years.1,2 In 2013, an estimated 42 million children
<5 years of age worldwide were overweight or obese.3

However, some developed countries are reporting that
child obesity prevalence has reached a plateau or is de-

creasing, especially in young children.1,4–6 Although this
is encouraging, these studies only report on overweight
and obesity, but they do not consider obesity severity.
Therefore, the prevalence of obesity may be stable or
decreasing overall, but the number of children who are
severely obese may be increasing.7 Severe obesity has
been associated with poor health outcomes in childhood
as well as adulthood, particularly for cardiometabolic
health8,9 and quality of life.10
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There are multiple definitions and nomenclatures for weight
status categories in children depending on age, country, and
growth reference used. The definition in the United States has
traditionally used the CDC age- and sex-specific percentiles at
the 85th, 95th, and 99th levels to categorize overweight, obese,
and severely obese, respectively.11 However, a more precise
definition has recently been proposed by the American Heart
Association (AHA) due to the lack of sensitivity of the 99th
percentile, and to better capture the potential detrimental
health effects at the extreme ends of the distribution.9

The new definition categorizes obesity severity by using
classes, which also aligns with the adult obesity litera-
ture.12 In children ‡2 years of age, class I obesity is defined
as ‡95th percentile and class II obesity is ‡120% of the
95th percentile or a BMI of ‡35 kg/m2.9 These new cut-
offs, using the CDC growth charts, may more accurately
predict cardiometabolic risk (CMR) but have only been
studied in children 5 to 19 years.13 In children <2 years of
age, the CDC recommends using the World Health Orga-
nization (WHO) growth standards, and there are no rec-
ommendations for this class definition in this age group.

The WHO growth standards are recommended in Ca-
nada for all aged children. According to the WHO, for
children ‡5 years of age, obesity is defined as >2 standard
deviations (SD) away from the median z-score for BMI
(*97th percentile), and severe obesity is defined as >3 SD
(*99.9th percentile).14 For children <5 years, WHO de-
fines overweight as >2 SD away from the median z-score
for BMI, for weight-for-length and obese is defined as >3
SD, with no cut-offs defined for severe obesity in the WHO
nomenclature in this age group.15,16

Currently, the prevalence of severe obesity in Canadian
children is unknown. If there is evidence that the severity of
obesity is an important determinant of cardiometabolic
health in children, it is important to measure the potential
burden of disease in the population. With resource-intensive
interventions required to treat obesity in childhood, it is
important to characterize who is at greatest risk, to develop
interventions that are individualized for intensity, and to
measure outcomes. Our primary objective was to determine
the prevalence of severe obesity in a population of young
children by using the WHO definition. Our secondary ob-
jective was to evaluate the association between severity of
obesity by using BMI z-scores and CMR factors, including
total cholesterol, non-high-density lipoprotein (HDL) cho-
lesterol, low-density lipoprotein (LDL) cholesterol, HDL
cholesterol, triglycerides, non-fasting glucose, systolic blood
pressure (SBP), diastolic blood pressure (DBP), and a CMR
score. The AHA definition was also examined to assess any
differences in the associations with CMR based on a dif-
ferent definition of severe obesity.

Materials and Methods

Study Design
In this longitudinal cohort study, children aged 0 to 6 years

were recruited from The Applied Research Group for Kids

(TARGet Kids!), a practice-based research network in
Toronto, Canada (www.targetkids.ca).17 Children were re-
cruited into TARGet Kids! from nine primary care pediatric
and family physician practices between 2009 and 2015 at
their regularly scheduled well-child visits. Children are fol-
lowed at their regularly scheduled well-child visits at 0–6, 9–
12, 18, and 24 months of age and annually afterward; children
may enter the study at any age before 6 years of age, and some
children have now been followed until early adolescence.
Children born very preterm (<32 weeks gestational age), and
children with severe developmental delay or chronic illness
(except for asthma), including conditions affecting growth
were excluded. Children were also excluded if their parents
were unable to complete questionnaires in English.

Consent was obtained from the parents of all partici-
pating children, and ethical approval was obtained from
the Research Ethics Board at The Hospital for Sick Chil-
dren and St. Michael’s Hospital. TARGet Kids! is regis-
tered at www.clinicaltrials.gov; NCT01869530.

Data were collected through standardized parent-
completed nutrition and health questionnaires, physical
measurements, and a nonfasting blood sample. All data
were uploaded to the central MediData Rave Platform
(MediData Solutions, New York) that was housed at the
Applied Health Research Centre of the Li Ka Shing
Knowledge Institute, St. Michael’s Hospital, Toronto.

Anthropometric Measures
Height and weight were measured by trained research

staff. Weight was measured by using a precision digital scale
(SECA, Germany), standing height was measured by using a
stadiometer (SECA), and length for children <2 years of age
was measured by using a length board and standardized
methods. Waist circumference for the CMR score was
measured by using standardized protocols from National
Health and Nutrition Examination Survey (NHANES) using
a measuring tape around the waist at the midaxillary line and
uppermost lateral border of the ilium.18 BMI was calculated
by dividing weight in kilograms by height (or length) in
meters squared. BMI z-scores were standardized by using
the WHO growth standards (children <5 years) and growth
reference (for children 5 years and older).16 Although Ca-
nada recommends defined cut-offs from the WHO, there is
no recommended cut-off for severe obesity in children <5
years of age. We used the WHO z-score definition for all
ages, noting that labels for each category change with age.
For children <5 years of age, BMI z-scores >1 are labeled as
‘‘at risk of overweight,’’ >2 as ‘‘overweight,’’ and >3 as
‘‘obese’’; in children 5 years and older, these labels are
changed to ‘‘overweight,’’ ‘‘obese,’’ and ‘‘severely obese’’
to comply with the recommendations in Canada. BMI-for-
age was used for all ages instead of weight-for-length for
children <2 years because studies have shown that BMI-for-
age is comparable to weight-for length19 and may be a better
predictor of future weight status.20

In a supplemental analysis, BMI status was also catego-
rized according to the AHA cut-offs as follows: underweight
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(<5th percentile), healthy weight (5th to <85th percentile),
overweight (‡85th to <95th percentile), class I obesity
(‡95th to <120% of the 95th percentile), and class II obesity
(‡120% of the 95th percentile).

Cardiometabolic Measures
All laboratory analyses were performed by the Mount Si-

nai Services Laboratory using standard procedures as fol-
lows: Glucose was measured by using enzymatic reference
methods with hexokinase; lipids (total cholesterol, triglycer-
ides, HDL, and LDL) were measured by using the enzymatic
colorimetric method on the Roche Modular Platform. Cut-off
points for high risk were determined based on existing stan-
dards for children.21 SBP and DBP were measured by trained
research assistants in children aged 3 years and older, ac-
cording to the guidelines of the National High Blood Pressure
Education Program23 and using the NHANES cut-offs.21

A continuous CMR score was examined as a summary
outcome. As previously reported, the CMR score was cal-
culated as the sum of age- and sex-standardized waist cir-
cumference, triglycerides, SBP, glucose, and HDL.22,24 A
continuous CMR score was calculated for each subject as
follows: CMR score = z-WC + z-triglycerides + z-SBP + z-
glucose – z-HDL. Higher HDL is indicative of a healthier
metabolic profile; therefore, the inverse of HDL was used in
the score. A lower CMR score indicates lower CMR.

Potential Confounders
All potential confounders were selected a priori based

on the literature, and data were collected by using a
parent-completed, standardized questionnaire. The po-
tential confounders include: age, sex, maternal ethnicity,
and family history of cardiometabolic diseases. Maternal
ethnicity was categorized into four categories: European,
East Asian, Southeast Asian/South Asian, and Other. Other
included African, Afro-Caribbean, Latin, Arab, North Af-
rican, West Asian, Aboriginal, and Mixed.

A positive family history was dichotomized to ‘‘any’’ or
‘‘none’’ if the child’s parent reported that any person in the
immediate family (mother, father, or sibling) or extended
family (aunt, uncle, or grandparent) was diagnosed with
the following conditions: heart disease, hypertension, high
cholesterol, stroke, diabetes, depression, and overweight or
obesity. A family history of cardiovascular disease, dia-
betes, depression,25 and overweight/obesity has previously
been shown to be associated with children’s CMR.26–28

Statistical Analysis
Descriptive analyses of main exposure, outcomes, and

covariates were examined at baseline. A comparison of the
patients in the TARGet Kids! cohort who provided a blood
sample versus those who did not was examined by using
student’s t-test and chi-squared statistic to assess the
differences. Cross-sectional, univariate analyses for all
a priori independent variables and outcomes were exam-
ined. Residual distributions were examined to evaluate

linear and logistic model assumptions, and case-wise diag-
nostics were performed to evaluate influential observations.

For the primary objective, the prevalence of severe
obesity was estimated by using the WHO definition. We
evaluated this definition in relation to the eight individual
cardiometabolic outcomes and the summary score by using
chi-square tests. For children with repeated measures of
blood lipids, glucose, and blood pressure, only the first
blood sample provided by the individual participant was
used to determine the proportion at high risk. To determine
statistical significance, 95% confidence intervals (CIs) and
p-values at a significance level <0.05 were used.

A multivariable logistic regression was used to observe
the association between BMI status and CMR factors ad-
justing for age, sex, maternal ethnicity, and family history.
A generalized estimating equation (GEE) was used to ac-
count for the repeated measurements and potential corre-
lation within subjects contributing more than one set of data
points. Exponentiation of the coefficients was used to report
adjusted odds ratios. A GEE multivariable linear regression
was used to estimate the association between BMI status
and CMR score. In a supplemental analysis, BMI status was
also categorized according to the AHA cut-offs to deter-
mine the prevalence of severe obesity in children ‡2 years
of age, and we calculated the effect on CMR. All statistical
calculations were performed by using SAS version 9.3
(SAS Institute, Cary, NC).

Results
Between January 2009 and July 2015, 6687 children from

0 to 6 years of age were recruited into the TARGet Kids!
cohort. Over this period, 4023 children provided at least one
blood sample and 2346 of these children provided more than
one (range from 2 to 5), resulting in 6364 total blood sam-
ples. A total of 3843 children >3 years of age contributed
8350 blood pressure measurements. All of these children
had standardized height and weight measurements. Table 1
shows the socio-demographic characteristics of the study
cohort at enrollment into TARGet Kids! stratified by whether
or not they provided a blood sample (children who did not
provide blood were not included further in this study).

As well, Table 1 shows the overall proportion of chil-
dren outside the normal range for the eight CMR factors.
Children who did not provide a blood sample were slightly
younger and had parents who reported more family history
of depression and overweight or obesity than children with
blood work. No other significant differences were seen
between the two groups.

The prevalence of severe obesity was assessed by using the
WHO definition and reported in Table 2 by age and sex.
Overall, among the 6364 children enrolled in TARGet Kids!
with a valid BMI z-score, 4.0% had a zBMI <-2, 78.4% had a
zBMI ‡-2 and £1, 13.4% had a zBMI >1 and £2, 3.3% had a
zBMI >2 and £3, and 1.0% had a zBMI >3. Figure 1 shows the
proportion of children classified as high risk for each CMR
factor by zBMI status. Based on the chi-square analysis, only
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Table 1. Baseline Characteristics of TARGet Kids! Cohort

Baseline characteristic N With blood work Without blood work p

N (%) 6687 4023 (60.16) 2664 (39.84)

Age (months) 6670 <0.01

Mean (SD) 35.18 (24.33) 25.49 (19.56)

<1 year 553 (13.75) 688 (25.99)

1 to <3 years 1568 (39.00) 1101 (41.59)

3+ years 1902 (47.28) 858 (32.41)

Sex 6670 0.07

Male 2144 (53.31) 1352 (51.06)

Female 1878 (46.69) 1296 (48.94)

Maternal ethnicity 6002 0.22

European 2365 (65.24) 1528 (64.17)

East Asian 243 (6.70) 168 (7.06)

Southeast/South Asian 390 (10.76) 294 (12.35)

Other 627 (17.30) 391 (16.42)

Neighborhood income 6098 0.10

Less than $20,000 65 (1.75) 45 (1.89)

$20,000 to $39,999 656 (17.64) 441 (18.53)

$40,000 to $59,999 1509 (40.59) 906 (38.07)

$60,000 to $89,999 1214 (32.65) 769 (32.31)

$90,000 to $149,999 245 (6.59) 194 (8.15)

$150,000 or more 29 (0.78) 25 (1.05)

Child BMI z-scorea 6364 0.13

<-2 134 (3.50) 119 (4.69)

‡-2 to ‡1 3005 (78.50) 1985 (78.27)

>1 to £2 528 (13.79) 325 (12.82)

>2 to £3 122 (3.19) 85 (3.35)

>3 39 (1.02) 22 (0.87)

Positive family historyb

Any 6392 1156 (52.88) 2254 (53.59) 0.59

Heart disease 6381 412 (18.90) 799 (19.02) 0.91

High cholesterol 6385 695 (31.82) 1299 (30.92) 0.46

Hypertension 6382 498 (22.83) 936 (22.28) 0.62

Stroke 5426 232 (12.53) 440 (12.31) 0.82

Diabetes 4678 98 (6.20) 166 (5.36) 0.24

Depression 5425 392 (21.17) 848 (23.73) 0.03

Overweight/obesity 5426 197 (10.64) 307 (8.59) 0.01

CMR factors

N (%) outside normal range

Total cholesterol 4004 245 (6.12)

Non-HDL cholesterol 3988 295 (7.40)

continued on page 5
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SBP was statistically significant between weight categories
(data not shown), although children with a zBMI >3 had a
much higher prevalence of abnormality for risk factors.

In the multivariable analysis adjusted for age, sex, ma-
ternal ethnicity, and family history, using repeated mea-

sures, children with a zBMI >3 had significantly higher
odds of having abnormal SBP and DBP (Table 3). Al-
though not significant at a 0.05 p-value, children with a
zBMI >3 showed increased odds for all other risk factors,
ranging from 1.18 (95% CI 0.47–2.96; p = 0.72) for total

Table 1. Baseline Characteristics of TARGet Kids! Cohort continued

Baseline characteristic N With blood work Without blood work p

HDL cholesterol 3989 535 (13.41)

LDL cholesterol 3957 172 (4.35)

Triglycerides 3995 885 (22.71)

Glucose 4023 256 (6.52)

SBP 3842 30 (0.78)

DBP 3843 135 (3.51)

CMR scorec

Mean (SD) 1949 0.05 (2.61)

aZ-scores of -2.0, 1.0, 2.0, and 3.0 correspond approximately to percentiles of the 3rd, 85th, 97th, and 99.9th, respectively. For children <5 years:

underweight (<-2.0), healthy weight (‡-2.0 and £1.0), at risk for overweight (>1.0 to £2.0), overweight (>2.0 to £3.0), and obesity (>3.0). For

children ‡5 years: underweight (<-2.0), healthy weight (‡-2.0 and £1.0), overweight (>1.0 to £2.0), obesity (>2.0 to £3.0), and severe obesity (>3.0).
bParent report of any family member (mother, father, sibling, or aunt/uncle/grandparent) at last visit. With blood work, N = 1156; without

blood work, N = 2254.
cCMR score calculated for children ‡3 years of age with complete measures for waist circumference, non-HDL cholesterol, SBP, triglycerides,

and glucose.

Bold values indicate significance <0.05.

CMR, cardiometabolic risk; DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.

Table 2. Prevalence of Obesity and Severe Obesity Using BMI z-Scores Standardized
to the WHO Growth Standards and Reference by Age Group and Sex, N (%)

Age group Total, N <22.0 22.0 to £1.0 >1.0 to £2.0 >2.0 to £3.0 >3.0

Overall 6364 253 (4.0) 4990 (78.4) 853 (13.4) 207 (3.3) 61 (1.0)

0 to <2 yearsa 3281 210 (6.4) 2631 (80.2) 340 (10.4) 83 (2.5) 17 (0.5)

2 to <5 yearsa 2457 36 (1.5) 1860 (75.7) 427 (17.4) 103 (4.2) 31 (1.3)

5 to 6 yearsb 626 7 (1.1) 499 (79.7) 86 (13.7) 21 (3.4) 13 (2.1)

Boys

0 to <2 years 1741 122 (7.0) 1369 (78.6) 184 (10.6) 55 (3.2) 11 (0.6)

2 to <5 years 1261 18 (1.4) 919 (72.9) 243 (19.3) 59 (4.7) 22 (1.7)

5 to 6 years 334 4 (1.2) 264 (79.0) 45 (13.5) 13 (3.9) 8 (2.4)

Girls

0 to <2 years 1540 88 (5.7) 1262 (82.0) 156 (10.1) 28 (1.8) 6 (0.4)

2 to <5 years 1196 18 (1.5) 941 (78.7) 184 (15.4) 44 (3.7) 9 (0.8)

5 to 6 years 292 3 (1.0) 235 (80.5) 41 (14.0) 8 (2.7) 5 (1.7)

Z-scores of -2.0, 1.0, 2.0, and 3.0 correspond approximately to percentiles of the 3rd, 85th, 97th, and 99.9th, respectively.
aFor children <5 years: underweight (<-2.0), healthy weight (‡-2.0 and £1.0), at risk for overweight (>1.0 to £2.0), overweight (>2.0 to £3.0),

and obesity (>3.0).
bFor children ‡5 years: underweight (<-2.0), healthy weight (‡-2.0 and £1.0), overweight (>1.0 to £2.0), obesity (>2.0 to £3.0), and severe obesity (>3.0).
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cholesterol to 2.00 (95% CI 0.77–5.20; p = 0.15) for LDL
cholesterol, except for glucose. The linear regression model
for BMI status and the CMR score is presented in Table 4.
All levels of overweight and obesity were significantly as-
sociated with an increased CMR standardized risk score
compared with healthy weight children; for example, chil-
dren with a zBMI >3 had an increased risk score of 4.32 units
(95% CI 3.14–5.50; p < 0.01) compared with healthy-weight
children.

Results of the analysis using the AHA definition for
children ‡2 years are presented in Supplementary Tables S1
and S2 (Supplementary Data are available online at
www.liebertpub.com/chi). Using the AHA definition, 7.0%
of children ‡2 years were underweight, 76.0% were healthy
weight, 9.9% were overweight, 6.6% had class I obesity, and
0.6% had class II obesity.

Discussion
To our knowledge, this study is the first to show the

prevalence of severe obesity in a young pediatric popu-
lation in urban Canada and the associated CMR. Overall,
1.3% of children 2 to <5 years and 2.1% of children 5–6
years had a zBMI >3. Despite different definitions, these
estimates are in line with the most recent NHANES
data that estimated the prevalence of severe obesity to be
between 1.7%29 and 2.1%7 in children 2–5 years of
age. Similarly, in a cohort of U.S. preschool-aged chil-
dren (3–5 years) in California, the prevalence of severe
obesity was 1.6%30; in a national cohort of Australian
children, the reported prevalence was 2.0%.31 However,

the Australian study analyzed data predominately on
older children and all four studies used the CDC 2000
growth charts. Our results in older children aged 5 to
6 years support the international severe obesity estimates
of *2%.

As expected, the proportion of children with abnormal
CMR factors in this young population was generally low.
Similar to previous studies, the prevalence in the highest
obesity category increased sharply for most risk fac-
tors,32,33 except for glucose. In contrast, our study showed
no observable difference in the prevalence of abnormal
CMR factors between a zBMI >1, or a zBMI >2 except for
SBP and DBP. Compared with healthy-weight children,
children with a zBMI >3 had higher odds of having each of
the CMR factors examined [odds ratios (ORs) ranged from
1.18 to 6.41] and statistically higher odds of having high
blood pressure and a worse CMR standardized score.

Similarly, Skinner et al. found that older children and
adolescents with class II and class III obesity were at a
significantly higher risk for low levels of HDL, high SBP,
high DBP, and high triglycerides compared with children
with class I obesity, although blood pressure was only
measured in children 8 to 19 years of age, and their sample
size in children 3 to 5 years was less than 300 partici-
pants.33 Severe obesity was also significantly associated
with the cluster CMR score at all levels of obesity com-
pared with healthy-weight children. Valerio et al. exam-
ined clustered risk factors in a cohort of patients from
pediatric obesity clinics and found that 67% of patients had
one or more cardiometabolic abnormalities.13 It is worri-
some to note that even in this young age group, our results

Figure 1. Proportion of children with cardiometabolic risk factors by zBMI (using WHO definition). Z-scores of -2.0, 1.0, 2.0, and 3.0
correspond approximately to percentiles of the 3rd, 85th, 97th, and 99.9th, respectively. For children <5 years: underweight (<-2.0), healthy
weight (‡-2.0 and £1.0), at risk for overweight (>1.0 to £2.0), overweight (>2.0 to £3.0), and obesity (>3.0). For children <5 years:
underweight (<-2.0), healthy weight (‡-2.0 and £1.0), overweight (>1.0 to £2.0), obesity (>2.0 to £3.0), and severe obesity (>3.0).
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Table 3. Generalized Estimating Equation Multivariable Logistic Regressions
of BMI Status (Using WHO z-Score Definition) and Cardiometabolic
Risk Factors Using Repeated Measures

Total cholesterol Non-HDL cholesterol HDL cholesterol LDL cholesterol

aOR 95% CI p aOR 95% CI p aOR 95% CI p aOR 95% CI p

BMI z-score

<-2 0.77 0.34–1.77 0.54 1.00 0.51–1.97 0.99 0.71 0.40–1.27 0.25 1.45 0.69–3.04 0.33

‡-2 to ‡1 REF REF REF REF

>1 to £2 0.94 0.69–1.29 0.71 1.22 0.89–1.67 0.22 1.13 0.88–1.45 0.33 1.14 0.76–1.71 0.54

>2 to £3 0.39 0.14–1.05 0.06 1.03 0.52–2.03 0.94 0.91 0.55–1.51 0.70 0.52 0.16–1.67 0.27

>3 1.18 0.47–2.96 0.72 1.56 0.61–3.98 0.36 2.09 0.93–4.67 0.07 2.00 0.77–5.20 0.15

Age (months) 0.99 0.99–1.00 0.0009 0.98 0.97–0.98 <0.0001 0.97 0.97–0.98 <0.01 0.98 0.98–0.99 <0.01

Sexa 1.58 1.22–2.04 0.0005 1.75 1.37–2.24 <0.0001 1.31 1.09–1.57 0.004 1.87 1.35–2.59 0.0002

Maternal ethnicitya

East Asian 1.29 0.81–2.07 0.28 1.04 0.63–1.69 0.89 0.56 0.36–0.87 0.01 1.78 1.00–3.15 0.05

Southeast/South Asian 1.24 0.83–1.84 0.29 1.11 0.75–1.63 0.61 0.72 0.52–1.00 0.05 1.81 1.14–2.86 0.01

Other 1.16 0.82–1.63 0.41 0.96 0.69–1.33 0.80 0.81 0.63–1.04 0.10 1.45 0.96–2.18 0.07

Family Historya 1.69 1.34–2.12 <0.0001 1.55 1.24–1.94 0.0001 0.72 0.60–0.86 0.0004 1.61 1.20–2.17 0.002

Triglycerides Glucose SBP DBP

aOR 95% CI p aOR 95% CI p aOR 95% CI p aOR 95% CI p

BMI z-score

<-2 0.78 0.50–1.22 0.28 0.82 0.38–1.77 0.61 4.19 0.97–18.11 0.06 2.48 0.88–6.94 0.08

‡-2 to ‡1 REF REF REF REF

>1 to £2 1.12 0.92–1.36 0.27 0.92 0.68–1.24 0.58 1.89 0.88–4.08 0.10 1.31 0.84–2.05 0.24

>2 to £3 1.03 0.68–1.56 0.88 0.82 0.45–1.48 0.51 3.41 1.16–10.05 0.03 1.94 0.94–3.98 0.07

>3 1.86 0.97–3.60 0.06 0.94 0.37–2.37 0.89 6.41 1.47–27.92 0.01 3.59 1.24–10.35 0.02

Age (months) 0.98 0.98–0.98 <0.0001 1.01 1.00–1.01 0.001 0.99 0.97–1.00 0.16 0.99 0.98–1.00 0.01

Sexa 1.21 1.05–1.40 0.01 0.80 0.65–0.99 0.04 0.92 0.51–1.67 0.79 0.88 0.63–1.22 0.44

Maternal ethnicitya

East Asian 1.28 0.96–1.71 0.09 1.61 1.11–2.33 0.01 1.96 0.75–5.09 0.17 1.09 0.61–1.94 0.77

Southeast/South Asian 0.81 0.62–1.04 0.10 1.37 0.99–1.90 0.06 2.00 0.84–4.80 0.12 0.64 0.30–1.35 0.24

Other 0.69 0.56–0.85 0.0005 1.23 0.93–1.63 0.14 1.52 0.66–3.53 0.33 1.16 0.73–1.84 0.53

Family historya 0.95 0.82–1.10 0.50 1.08 0.88–1.33 0.44 1.82 0.99–3.34 0.05 0.65 0.45–0.94 0.02

Z-scores of -2.0, 1.0, 2.0, and 3.0 correspond approximately to percentiles of the 3rd, 85th, 97th, and 99.9th, respectively. For children <5 years:

underweight (<-2.0), healthy weight (‡-2.0 and £1.0), at risk for overweight (>1.0 to £2.0), overweight (>2.0 to £3.0), and obesity (>3.0).

For children ‡5 years: underweight (<-2.0), healthy weight (‡-2.0 and £1.0), overweight (>1.0 to £2.0), obesity (>2.0 to £3.0), and severe

obesity (>3.0). Cut-offs for abnormal cardiovascular risk factors can be found at Pediatrics Supplement. Repeated measure: N = 6364 observations

on N = 4023 unique subjects used in the analysis of lipid and glucose outcomes; N = 8350 observations on N = 3843 unique subjects in the analysis

of blood pressure.
aReferent: Male, European; no positive family history.

Bold values indicate significance <0.05.

aOR, adjusted odds ratio; CI, confidence interval.
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suggest that the severity of obesity is associated with ab-
normal CMR profiles.

Age and sex were significantly associated with almost
all CMR factors. Younger children had slightly lower odds
of having abnormal risk factors and girls had higher odds
of having abnormal risk factors compared with boys, ex-
pect for glucose and blood pressure. Li et al. found that
boys were more likely to have low HDL and high fasting
glucose, and girls were more likely to have higher tri-
glycerides.32 Notable sex differences were also seen in the
study by Skinner et al.; boys with severe obesity had a
higher prevalence of abnormal SBP and triglycerides.33

In Canada and internationally, multiple agencies have
endorsed the WHO growth standards and references for
children. To the best of our knowledge, no one has com-
pared the use of the >3.0 z-score with 120% of the 95th
percentile applied to the WHO standardized growth in
young children. Different definitions will affect the num-
ber of children categorized as severely obese and may
affect diagnosis and appropriate identification of adverse

CMR. Canadian guidelines characterize weight categories
differently than in the United States and do not provide any
guidelines for severe obesity in children <5 years of age.14

These Canadian guidelines contrast recommendations
from the American Academy of Pediatrics (AAP), which
changed the nomenclature of categorizing weight status to
eliminate ‘‘at risk’’ categories and only have overweight,
obese, and classes of severe obesity. This reason for this
change was to more precisely identify individuals with
high adiposity and the associated negative health risks.34

Based on the emerging evidence, including this study,
where severity of obesity is an important determinant of
cardiometabolic health risk, it may be prudent to define
severe obesity in this young pediatric population where
appropriate early clinical assessment and intervention may
impact outcomes.

The strengths of this study are the large cohort of young
children providing blood samples, measured heights/
lengths and weights and blood pressure. No other studies
examined non-HDL cholesterol in their blood measures.
The AAP expert panel on cardiovascular risk in children
has listed non-HDL as a potential screening blood lipid for
future disease.21 Parents also provided known family his-
tory of cardiovascular disease and maternal ethnicity that
were included in the models as potential confounders. Fi-
nally, we used the most conservative cut-off points for
CMR (values considered ‘‘high’’ risk). The cut-off points
obtained from the Expert Panel on Integrated Guidelines
used data mostly from older children; therefore, the use of
the highest level of risk was considered prudent for the
younger age group in this study.

There are some limitations to this study. Although the
overall sample of children was large in this study, the prev-
alence of severe obesity was very small as was the prevalence
of certain CMR factors such as SBP and DBP. Therefore, the
CIs for the prevalence of abnormal risk factors were quite
large. To improve the estimates and address this potential
limitation, we used repeated measures of children with lon-
gitudinal data and a GEE to account for the correlation within
subjects. A second limitation is that the measurement of
blood pressure in a pediatric population can have low reli-
ability. Although our research assistants are trained to mea-
sure blood pressure with appropriate pediatric cuffs, in five
clinics, manual measurement is used and can be subject to
measurement error.35

The blood sample taken during regularly scheduled
well-child visits is a nonfasting blood sample; however,
previous work within this cohort showed that glucose was
only minimally impacted.36 We decided not to adjust for
the multiple hypotheses testing because lowering the risk
of Type I error by adjusting significance levels would in-
herently increase the risk of a Type II error, which may
mask some associations.37 In addition, the inclusion of the
CMR score is one method to address multiple outcomes
testing by using this composite endpoint. However, the
validation on CMR scores in children is still emerging,
and we, therefore, decided to include all individual

Table 4. Generalized Estimating Equation
Multivariable Linear Regression of BMI
Status and Cardiometabolic Risk Score
Using WHO z-Score Definition

Variable

CMR scorea

Estimate (95% CI) p

BMI z-score

<-2 -0.51 (-1.30 to 0.28) 0.20

‡-2 to ‡1 REF

>1 to £2 1.33 (1.05 to1.60) <0.01

>2 to £3 2.96 (2.28 to 3.64) <0.01

>3 4.32 (3.14 to 5.50) <0.01

Age (months) -0.00 (-0.01 to 0.00) 0.80

Sex 0.13 (-0.08 to 0.34) 0.23

Maternal ethnicityb

East Asian -0.29 (-0.69 to 0.11) 0.16

Southeast/South Asian -0.05 (-0.40 to 0.31) 0.80

Other -0.44 (-0.74 to -0.13) 0.01

Family historyb -0.17 (-0.36 to 0.02) 0.09

Z-scores of -2.0, 1.0, 2.0, and 3.0, correspond approximately to

percentiles of the 3rd, 85th, 97th, and 99.9th, respectively. For

children <5 years: underweight (<-2.0), healthy weight (‡-2.0 and

£1.0), at risk for overweight (>1.0 to £2.0), overweight (>2.0 to £3.0),

and obesity (>3.0). For children ‡5 years: underweight (<-2.0),

healthy weight (‡-2.0 and £1.0), overweight (>1.0 to £2.0), obesity

(>2.0 to £3.0), and severe obesity (>3.0).
aN = 2879 observations on N = 1949 unique subjects.
bReferent: Male, European; no positive family history.

Bold values indicate significance <0.05.
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outcomes. Finally, our study sample comprises mainly
urban children of European ethnicity with a slightly
higher-than-average median household income. The re-
sults in this population may not be generalizable to the
wider Canadian population.

Despite these limitations, this is the first study to ex-
amine the prevalence of severe obesity in a cohort of young
children and the associated CMR. Due to the low preva-
lence of severe obesity and abnormal CMR factors, these
results should only be considered exploratory, and future
research should characterize the growth of children with
severe obesity over time. Nevertheless, it was shown that
even in this young age group, children with a zBMI >3
(defined by the WHO as obesity in children <5 years, and
severe obesity in children 5 years and older) have signifi-
cantly higher DBP and SBP, consistent with the results of
other studies of CMR in children. Growth monitoring for
young children is recommended to assess a child’s overall
health and as a tool to screen for overweight and obesity.
Monitoring strategies may need to include a focus on
children with severe obesity to ensure adequate identifi-
cation and intervention in this population with potentially
important cardiometabolic health outcomes.
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