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Abstract

Background: We recently reported an encouraging decline in the prevalence of overweight (OW) or obesity (OB) in
Canadian children from 31% to 27% with stabilization in OB rates at ~13% using national survey data between 2004
and 2013. Although rates were lower for toddlers, girls and those of European (White) race-ethnicity, secular trends
persisted after adjustment. In this follow-up study, we explored the ability of socioeconomic status to explain or modify
these relationships using the same data set.

Methods: We analyzed a decade of anthropometric data from 14,014 children aged 3 to 19 years. We explored the influence
of income adequacy, education, immigration status, family type (e.g, single-parent) and geographic region by multivariable
logistic regression. Data sets included Canadian Community Health Survey cycle 2.2 and Canadian Health Measures Surveys
cycles 2 and 3.

Results: Children from higher-income families fared better than their lower-income counterparts in each survey era and
demonstrated a significant decline in OW/OB from 29.1% (95% confidence interval [CI]: 27.3 to 30.8) in 2004 to 2005
t0 22.2% (95% CI: 19.8 to 24.6) in 2012 to 2013, P<0.001. Regression models confirmed the effects of time, age, sex, race,
income, education, immigration and region. Although single-parent families did less well in univariate analyses, this effect
vanished after adjustment for other socioeconomic status variables, such as income and education. Regional variations per-
sisted, with lower rates of OB and OW/OB in British Columbia and higher rates in Atlantic Canada.

Conclusions: These results confirm that progress is possible against this important public health challenge, underline the
need to better understand sociodemographic risk factors and identify groups at higher risk for possible interventions.
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Although lack of progress against high rates of obesity (OB) and overweight Although rates were lower for younger children, girls and those of European

(OW) is a global concern (1), we recently analyzed a decade of growth in
14,014 Canadian children aged 3 to 19 years and reported a 15% decline in
the prevalence of ‘OW or OB’ (OW/OB). OW or OB was 30.7% (29.7%
to 31.6%) in 2004 and declined to 27.0% (25.3% to 28.7%, P<0.001) in
2013, with stabilization in OB rates at ~13% (2). The data were derived
from three national surveys between 2004 and 2013. As detailed in the
Methods section, OB for children aged 5 to 19 years refers to body mass
index (BMI=weight/height?) above the 97" percentile (%) for age and sex.
In toddlers (<5 years), the corresponding cut-point is > 99.9%. Similarly,
OW refers to BMI>85% and <97% (S to 19 years) or > 97 and <99.9%
(S years). The combined designation of ‘overweight or obesity’ (OW/
OB) pools these categories to identify children outside the healthy range,

who experience a graded risk (3).

(White) race-ethnicity, temporal trends persisted after adjustment for age, sex
and race. While declining, median Z-scores for BMI, weight and height were
consistently positive, with higher values than the World Health Organization
(WHO) reference population (2), further underlining the need for studies in
different national jurisdictions.

‘While our work to date has focused primarily on the biological determinants
of OW and OB, it is clear that socioeconomic status (SES) also influences
prevailing rates and temporal trends through a complex interplay of financial
resources, educational background, family supports, regional programs and cul-
tural expectations (4,5). For this reason, we hypothesized that lower SES would
be associated with higher rates of ‘OW or OB In this follow-up study, we there-
fore examine the ability of socioeconomic and regional variables to explain rates
of OW and OB in the same data sets.
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METHODS

As described elsewhere, Health Canada and Statistics Canada restored directly
measured heights and weights in 2004 as part of the Canadian Community
Health Survey (CCHS) cycle 2.2, a representative, cross-sectional, national
survey designed to collect information about the nutritional status of
Canadians aged 2 to 79 years (6). After 2007, the Canadian Health Measures
Survey (CHMS) continued to measure height, weight and waist circumference
on Canadian children aged 3 to 19 years. Both surveys systematically targeted
over 96% of the Canadian population, excluding residents of Indian Reserves
and some remote regions, full-time members of the regular Canadian Forces
and institutions, with participation rates > 75% (7,8). To permit detailed
comparisons over time, we analyzed a decade of anthropometric data from
14,014 children aged 3 to 19 years from CCHS cycle 2.2 (2004 to 2005) and
CHMS cycles 2 (2009 to 2011) and 3 (2012 to 13). CHMS cycle 1 (2007 to
2008) was excluded, since it did not include children < 6 years. By restrict-
ing analysis to a comparable age range (3 to 19 years) across survey cycles,
we could apply poststratification, inverse-probability survey weights with
sample-specific standardization to account for nonresponse and under-cov-
erage and generalize results to the population as a whole (9). For anthropo-
metric measurements, trained staff measured heights to the nearest 0.5 cm and
weights to the nearest 0.1 kg. Parents consented for children to be measured
as part of the CCHS and CMHS surveys; children over 12 years (CCHS) or
14 years (CHMS) provided assent.

Approval was granted by the Research Ethics Board at the University of
Manitoba. All statistical analyses were performed in R (10).

Obesity was defined according to the WHO criteria, with BMI > 97 per-
centile between the ages of S and 19 years (child) and > 99.9" percentile for 2
to S years (toddler). Similarly, overweight was defined as BMI > 85" and < 97
percentile (S to 19 years) or > 97" and < 99.9" percentile (2 to S years). As a
result, age groups were designated as toddler (<5 years) or child (S to 19 years)
(11). The three survey eras included 8976 (CCHS 2.2), 2578 (CHMS 2) and
2460 (CHMS 3) children aged 3 to 19 years evenly split by gender, with 1622
toddlers and 2781 non-Whites.

We utilized four socioeconomic variables from all three surveys. Household
income adequacy (‘income’) takes into consideration the number of individ-
uals within a household who share the total income, providing a fairer com-
parison between families of different sizes over time. For each survey, Statistics
Canada groups families into low (~9.8% of the Canadian population in 2004 to
2005), low-middle (21.1%), upper-middle (34.8%) and high-income adequacy
(34.3%) categories (12). For example, the high-income category included fam-
ilies with incomes > $60,000 with 1 to 2 family members or larger families (>2)
with incomes >$80,000. Similarly, household educational achievement was
categorized as less than high-school (1tHS), high-school (HS) and any post-
secondary (PS) education. Families were identified as couple-led (couple), sin-
gle-parent (single) or other. Immigration status was defined as immigrant versus
nonimmigrant. Provinces of origin were grouped as Ontario, Quebec, British
Columbia, Prairies (Manitoba, Saskatchewan and Alberta) and Atlantic (Nova
Scotia, Prince Edward Island, New Brunswick and Newfoundland) regions,
representing between 12% (British Columbia) and 29% (Ontario) of the total
sample. Race-ethnicity categories were pooled as White (European-American)
versus non-White to ensure adequate numbers and consistency across survey
cycles.

Logistic regression was used to assess the association of all predictors
on rates of OB or OW/OB, with reference categories assigned to survey
era = 2004 to 2005, age group = child, sex = male, race-ethnicity = White,
income adequacy = high, education = postsecondary, family = couple-led and
region = Ontario. A model using era, age, sex and race-ethnicity was consid-
ered the ‘unadjusted’ model for these additional analyses (2). All analyses were
planned a priori and no correction for multiple comparisons was applied. P val-
ues are denoted by '<0.05, *<0.001.

RESULTS

Figure 1 illustrates the association between income adequacy and the preva-
lence of OB (A) and OW/OB (B) by survey era, weighted to reflect the national
population. Within each survey era, rates of OB or OW/OB were consistently
lower with higher-income adequacy. While OB rates were stable across time,
rates of OW/OB declined significantly within the highest income category
from 2004 to 2005 (29.1% [95% confidence interval (CI): 27.3 to 30.8] to 2009
to 2011 (25.2% [95% CI: 22.8 to 27.8], P=0.02) and 2009 to 2011 to 2012 to
2013 (22.2% [95% CI: 19.8 to 24.6], P=0.03), without significant changes in
the lowest category. Similar patterns were observed when income adequacy was
replaced by survey-specific tertiles for total household income (not shown).
Table 1 reports the results of the multivariable logistic regression in the form
of odds ratios for OW/OB, beginning with the previously reported ‘unadjusted’
base model, which confirms a significant decline over time (2). Socioeconomic
variables were then added individually to assess their impact on the biologi-
cal determinants, which were largely unaffected. OW/OB rates were higher in
those from lower incomes, lower education and single-parent families but were
lower in immigrants even after accounting for temporal trends, age, sex and race.
Regional differences were variable, with the highest levels in Atlantic Canada
and the lowest in British Columbia and Quebec. The fully adjusted model

includes both biological and socioeconomic determinants, which confirms the
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Figure 1. Weighted prevalence (+SE) of OB (A) and OW/OB (B) by survey and income ade-
quacy. To respect Statistics Canada privacy regulations for reporting prevalences, low- and low—
middle-income categories were pooled for the lowest category (black bars); grey bars = upper
middle income and white bars = high income. Asterisks above the vertical bars denote statistical
significance compared to the reference category for each survey (high-income adequacy). The
horizontal lines identify pairwise differences across survey eras in the highest income adequacy

category. P values are marked as *P<0.001, 'P<0.05.
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effects of time, age, sex, race-ethnicity, income, education, immigration and
geographic region. Higher rates in single-parent families vanished with adjust-
ment for other SES variables. Variance inflation factors (VIF<1.2) excluded
multicollinearity as the explanation (when collinear predictor variables inflate
the standard errors or variances of the parameter estimates, they may be associ-
ated with type II errors and loss of statistical significance).

OB prevalence is assessed in Table 2. Although no temporal trend was
demonstrated, univariate results are otherwise similar to those for combined
OW/OB in Table 1. In the fully adjusted model, the odds of obesity in lower-in-
come classes were significantly increased by a factor of 1.38 to 1.73 compared

with families in the high-income category.

DISCUSSION

Our study finds that rates of OB and OW/OB are substantially lower in
Canadian children from higher-income families in all survey eras and in these
families, there was also greater improvement with time, with OW/OB declining
from 29.1% (95% CI: 27.3 to 30.8) (2004 to 2005) to 22.2% (95% CI: 19.8 to
24.6) (2012 to 2013, P<0.001). The multivariable analyses confirm our earlier
report on the declining prevalence of OW/OB among Canadian children, which
was largely unaffected by further adjustment for SES variables (2). Therefore, the
decline over time is not explained by differences in income adequacy, education
levels, immigration status or regional variations. However, children from families
with lower incomes, lower levels of parental education, nonimmigrant status and
from selected regions of Canada have increased odds of OW/OB or OB. As in
the USA, even middle-income families appear to be at increased risk (13).

Previous cross-sectional studies have reported higher rates of OW/OB in
children from families with lower income and education levels (S). Only one
other manuscript has used multiyear administrative data to show a declining
prevalence of OB in adolescents (12 to 17 years) with high SES: In a recent
comparison of data from the 1988 to 2010 National Health and Nutrition
Examination Surveys and the 2003 to 2011 National Survey of Children’s
Health, Frederick et al. did not find significant differences in obesity prevalence
by family income or education among children aged 2 to 5 years or 6 to 11 years.
However, they identified a divergence in trends for children aged 12 to 17 years
based on parental education levels, with rates increasing in families with at most
a high-school education and declining in families with at least a 4-year postsec-
ondary degree (14).

Although not adjusted for other socioeconomic factors, previous studies
have also reported higher rates of OB or OW/OB in both children and adults in
Atlantic Canada, with lower rates in British Columbia (5,15,16). Perhaps, sur-
prisingly, the regional variations observed here persisted after regression adjust-
ment for income, education, race and immigration, which speaks to additional
sociodemographic or cultural factors. These may not have been captured con-
sistently in these surveys and might include such factors as food and exercise
habits, community attitudes or educational programs.

Although single-parent families have been associated with higher rates
in other jurisdictions, not all such studies controlled for differences in fam-
ily income and education levels (17). A previous report of data on Canadian
adolescents in the CCHS (2000 to 2008) documented lower rates of OW/OB
(18%) in immigrant children compared with nonimmigrants (22%). This con-
trasts with the rise of OB in many developing countries (18,19). Unfortunately,
immigrant youth gain BMI with time spent in this country, as BMI z-scores
increase by 0.02 for each year in Canada (19), which provides an opportunity
to target this population with primary prevention measures.

This study benefits from a large and systematic sample from national surveys
that include anthropometric measurements by trained professionals. In terms
of limitations, Statistics Canada privacy regulations mean that we cannot report
detailed cross-tabulations for all variables of interest (e.g., race, province).
Despite a common sampling frame and target population, CCHS and CHMS

were based on different designs. Notwithstanding the use of survey weights,

nonresponder biases may still be present. Moreover, First Nations reserves
and remote northern communities were not included. Additionally, data are
cross-sectional and cannot be used to infer causality.

Moreover, using only national survey data, we are unable to explain mech-
anistically the observed decline in rates of OW/OB or the effects of socio-
economic determinants on prevalence. Although we might speculate that the
introduction of BMI charts in 2000 (20) encouraged health care providers to
more openly discuss OW/OB, and numerous regional/national weight man-
agement programs may have increased media scrutiny and public awareness.
Families with higher education and income adequacy may benefit more readily

from such programs, with more resources for follow-up and less food insecurity.

CONCLUSIONS

Childhood OW and OB represent an important public health challenge and
a significant disease burden in terms of adult diabetes, heart disease and pre-
mature mortality. The results described here confirm that progress is possible
in terms of reducing rates of overweight and stabilizing obesity rates. In addi-
tion, these findings highlight the importance of socioeconomic risk factors that
may hinder progress and identify significant disparities in how that progress
is shared across socioeconomic strata. Moreover, the observed associations
with lower income, lower education and specific geographic regions identify
potential candidates for targeted interventions, such as education and treat-

ment programs.
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