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Abstract

Introduction: Cardiovascular disease (CVD) and its risk factors show clear socio-
economic gradients in Canadian adults. Whether socioeconomic gradients in cardiovas-
cular risk emerge in childhood remains unclear. The objective of this study was to
determine whether there are socioeconomic gradients in physiological markers of CVD
risk in Canadian children and adolescents.

Methods: Using combined cross-sectional data from the Canadian Health Measures Survey
2007-2011, we examined the following cardiovascular risk markers: overweight (including
obesity), aerobic fitness score (AFS), blood pressure (BP), blood lipids (total as well as HDL
and LDL cholesterol and triglycerides), glucose metabolism and C-reactive protein (CRP) by
sex in 2149 children (ages 6-11 years) and 2073 adolescents (ages 12-17 years). Multivariate
linear and logistic regression analyses were used to identify patterns in cardiovascular risk
across strata of household income adequacy and parental educational attainment, adjusting
for age and ethnicity, and stratified by age group and sex.

Results: Young boys showed markedly higher prevalence of obesity than young girls
(prevalence of 18.5%, 95% confidence interval [CI]: 15.6-21.5 vs. 7.7 %, 95% CI: 5.2-10.3).
However, negative SES gradients in adiposity risk were seen in young and adolescent
girls rather than boys. Young and adolescent boys were more physically fit than girls
(mean AFS of 541, 95% CI: 534-546 vs. 501, 95% CI: 498-505 in children; 522, 95% CI:
514-529 vs. 460, 95% CI: 454-466 in adolescents; p < .001). Although a positive income
gradient in AFS was observed in both boys and girls, statistical significance was reached
only in girls (p = .006). A negative gradient of parental education in BP was observed in
young children. While we observed substantial sex differences in systolic BP, total and
HDL cholesterol, fasting glucose and CRP in adolescents, sex-specific socioeconomic
gradients were only observed for systolic BP, HDL and LDL cholesterol. Further studies
with large samples are needed to confirm these findings.

Conclusion : This study identified important sex difference and socioeconomic gradients
in adiposity, aerobic fitness and physiological markers of CVD risk in Canadian school-
aged children. Population health interventions to reduce socioeconomic gradients in
CVD risk should start in childhood, with a particular focus on preventing obesity in
young boys of all SES and girls of low SES, promoting physical fitness especially in girls
and in all ages of youth in low-SES groups, and increasing parental awareness, especially
those with low educational attainment, of early CVD risks in their children.
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Key findings

¢ Young boys had higher prevalence of
obesity than young girls.

e Boys were more physically fit than
girls.

e Canadian children and adolescents,
particularly girls, show significant
socioeconomic gradients in obesity,
physical fitness and several physiolo-
gical markers of risk of cardiovascu-
lar disease.

Introduction

Cardiovascular disease (CVD) is the leading
cause of death in Canadian adults.' In
adults, CVD and its risk factors show clear
socioeconomic gradients.>* Physiological
and behavioural risk factors associated with
CVD include overweight (as well as obesity),
elevated blood pressure (BP), elevated low-
density lipoprotein (LDL) and low high-
density lipoprotein (HDL), elevated blood
glucose, smoking, physical inactivity/low
physical fitness and consuming a high fat
diet.* Behavioural factors are known to be
associated with many adverse health out-
comes including the development of physio-
logical risk factors of CVD.® Socioeconomic
status (SES) is used as a proxy of physical
environments in which children live and
play. Emerging evidence suggests that several
adverse health behaviours associated with
CVD risk, such as unhealthy eating, physical
inactivity and smoking, are disproportion-
ally higher in youth with low SES.®® Other
research suggests children’s long-term health
can be affected by biological embedding
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of adversity during sensitive developmental
periods and that children with low SES may
be especially vulnerable to stressful influ-
ences.” We need further evidence to under-
stand whether socioeconomic gradients in
physical health develop in children exposed
to various socioeconomic circumstances.

There is ample evidence that CVD risk factors
originate in childhood and that low SES in
childhood is associated with elevated risk of
CVD and increased CVD mortality in later
life."™"" SES is frequently measured as family
income, parental education and occupational
status. Family income and parental education,
each representing a separate dimension of
SES, are among the social factors most
strongly associated with health.'* Income
may influence health most directly through
access to material resources; education may
be directly related to health through health
behaviours and lifestyle choices and indirectly
through income and psychosocial factors."
The direct and indirect contribution of mate-
rial factors strongly predicts health in children.
Intergenerational studies have found that
parents’ education can have a substantial
impact on the health and education outcomes
of their children.'* Assessing the indepen-
dent effect of income and education on
health may help us understand the mech-
anisms through which they influence
health and provide more options for policy
development to reduce the risk of poor
health outcomes for children.

Given the childhood obesity epidemics in
many countries, a number of studies have
demonstrated socioeconomic gradients in
relation to obesity and, as a result, interven-
tions aimed at reducing inequalities in child-
hood obesity have been created and
implemented.'>'® While recent evidence sug-
gests a sex-specific pattern of SES gradients in
overweight in Canadian adults, studies in
children have not identified any such differ-
ences in SES-related overweight risk.%'” Few
studies have addressed the early emergence
of SES gradients in physiological CVD mar-
kers, and findings have been inconsistent
partly due to differences in the SES indicators
and in the age ranges of the study popula-
tions.'®*  Understanding  socioeconomic
impacts on CVD risks in childhood may help
identify high-risk groups to target for early
CVD prevention programs that prevent life-
long inequalities in CVD.
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The Canadian Health Measures Survey
(CHMS),* a nationally representative sur-
vey with physical measures and blood and
urine collection, provides a unique oppor-
tunity to examine the association of SES
with physiological markers of CVD risk in
Canadian children and adolescents.

Methods
Data source

The CHMS is a cross-sectional, comprehen-
sive health measures survey that collects
information on health status and risk factors
in the Canadian household population. The
survey represented 96.3% of the Canadian
population aged 6 to 79 years living at home
in the 10 provinces and 3 territories; it
excludes people living on reserves or other
Aboriginal settlements, certain remote areas
and institutions, and full-time members of
the Canadian Armed Forces. The Health
Canada Research Ethics Board reviewed and
approved all CHMS processes and protocols.
Participation in the survey was voluntary and
informed consent was obtained from each
participant. We combined Cycle 1 (2007-
2009) and Cycle 2 (2009-2011) for this
study; the overall response rate for both
cycles combined was 53.5%.%

The surveys consisted of a household inter-
view that includes questions on sociodemo-
graphic characteristics and health and lifestyle
and a visit to a mobile examination centre
where physical measures are made and blood
and urine samples collected. Parents/guar-
dians answered all questions for participants
aged 6 to 13 years; participants aged 14 years
and older answered all questions on their
own. Approximately half of the respondents
were randomly selected to fast overnight
before blood samples were taken. To increase
statistical power, we combined CHMS Cycles
1 and 2 for a sample of 3799 (and a fasting
sample of 1693) respondents aged 6 to 17
with data collected between 2007 and 2011.

Measures

Socioeconomic status

We used household income adequacy and
parental educational attainments as indica-
tors of SES. Household income adequacy is
a variable derived by Statistics Canada,

calculated using both total family income
from all sources and total number of
household members, and classified into
lowest, lower-middle, upper-middle and
highest income groups. Because only about
70% of the CHMS respondents reported
their total household income, Statistics
Canada used regression modelling techni-
ques to impute missing values based on all
or part of the following information: partial
responses for the income range, nearest
neighbour, collection site and household
size.*> We chose to only include respon-
dents whose imputed income was based on
fully or partially reported income range.

Parental educational attainment was based
on the highest education attained by either
parent, and categorized as less than second-
ary, secondary, some post-secondary and
completed post-secondary education. Ethni-
city was defined as White or non-White, the
latter included Aboriginals living off-reserve.
Respondents with missing values on these
variables were excluded from the analysis,
resulting in a total sample of 3591 and a
fasting sample of 1645.

Cardiovascular outcomes

Birth weight of the CHMS participants aged 6
to 11 years was reported by their guardians.
These children’s physical activity was deter-
mined from their guardians’ answers to the
question “Over a typical or usual week, on
how many days was he/she physically active
for a total of at least 60 minutes per day?”
Available answers included: (1) none;
(2) 1 day; (3) 2 to 3 days; (4) 4 or more
days. The child was considered physically
active if the answer was (4); otherwise, they
were considered inactive.>* For adolescents
aged 12 to 17, the physical activity module
for adults was adopted and levels of activity
classified as active, moderately active and
inactive.*»** Cigarette smoking in adoles-
cents was defined as current (combined
current daily or occasional smoker) versus
non-smoker (never smoked).

Body mass index (BMI) was calculated using
measured standing height and weight, and
weight status was defined according to
World Health Organization growth reference
for school-aged children and adolescents.**
Waist circumference was measured at the
mid-point between the highest point of the
iliac crest and the last floating rib.*
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Aerobic fitness or cardiorespiratory fitness
levels were determined using the modified
Canadian Aerobic Fitness Test (mCAFT) by
recording participants’ age-predicted maxi-
mal heart rate and calculating their predicted
maximal aerobic power (VO, max).?> The
definition of poor aerobic fitness was based
on a derived variable indicating aerobic
fitness within a range that is generally asso-
ciated with certain health risks in children.
Details of the derivation of aerobic fitness
score (AFS) and aerobic fitness norm are
published in methodological papers and the
CHMS Data Users’ Guide.?**®*” Resting
systolic BP and diastolic BP were measured
according to the new protocol for standard
BP measurement in surveys, described in
our previous publication.?®

All laboratory assays were conducted by
Health Canada. Details of the standard
laboratory procedures are available online.*?
Values for laboratory variables that were
below the limit of detection were replaced
by limit of detection divided by two. The
dependent variables for CVD markers in
the full sample included total cholesterol
(mmol/L), HDL (mmol/L) and C-reactive
protein (CRP; mg/L), while those based
on the fasting sub-sample included LDL
(mmol/L), triglycerides (mmol/L), glucose
(mmol/L) and insulin (pmol/L). Insulin
resistance was estimated by homeostasis
model assessment of insulin resistance
(HOMA-IR), a surrogate measure of insulin
resistance in non-diabetic children, calculated
by dividing the product of 0.1394*insulin
(pmol/ml) and glucose (mmol/ml) by 22.5.%°
To preserve the size of the sample, res-
pondents with missing values for a given
dependent variable were excluded only
from analyses involving that variable.

Statistical analyses

Respondents” SES and CVD risk character-
istics were described for children and ado-
lescents and compared between boys and
girls using t-tests. We first examined the
polychoric correlation between household
income adequacy and parental educational
attainment. Since they were only moderately
correlated (correlation coefficient = 0.45),
the independent effect of income adequacy
and parental education on CVD risk were
examined by (1) multivariate logistic
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regression for overweight (including obesity)
and poor aerobic fitness, and (2) multivariate
linear regression for BMI, waist circumfer-
ence, AFS, BP, blood lipids (total, HDL and
LDL cholesterol and triglycerides), fasting
glucose, insulin and HOMA-IR, and CRP,
adjusting for age and ethnicity, and stratified
by sex. For the associations of SES with BP,
models additionally adjusted for heart rate
and height. Depending on the age range, we
did not control for birth weight and physical
activity in children, or smoking status and
physical activity in adolescents because these
variables may act as mediators so that
the effects of SES on CVD risk may be
underestimated.

Because of the complex sampling design of
the CHMS and limited number of primary
sampling units of Cycles 1 and 2, bootstrap
weights were applied for variance estimation
for proportions, means and parameters of
regression models, with 24 degrees of free-
dom specified for combined Cycle 1 and 2
data. We used multivariate logistic and linear
regression models to examine trends in CVD
risks across all strata of income adequacy
and parental education, adjusted for age and
ethnicity. Satterthwaite-adjusted chi-square
statistics were used to determine statistical
significance (p < .05) of a linear trend.

All analyses were performed using SAS
version 9.3 (SAS Institute Inc., Cary, NC,
USA) and SUDANN version 10.0.1 (RTI
International, Research Triangle Park, NC,
USA).

Results

Table 1 shows SES indicators and CVD risk
factors by sex in children aged 6 to 11
years. Boys were born significantly heavier
than were girls. Prevalence of obesity in
boys (18.5%; 95% confidence interval
[CI]: 15.6-21.5) was more than double
that of girls (7.7%; 95% CI: 5.2-10.3;
p <.001). Similarly, average waist circum-
ference was greater in boys than in girls
(62.5 cm; 95% CI: 61.7-63.0 vs. 60.4 cm;
95% CI: 59.7-61.5; p = .0004).

Boys were physically fitter than girls, with
a higher mean AFS (541; 95% CI: 534-546
vs. 501; 95% CI: 498-505; p <.001) and a
lower prevalence of poor aerobic fitness

(23.2;95% CI: 18.5-28.7 vs. 30.6; 95% CI:
26.3-35.3; p = .04). No sex differences
were found in most CVD physiological
markers except for mean fasting insulin,
which was higher in girls than boys (54.6
pmol/L; 95% CI: 50.0-59.2 vs. 43.4 pmol/L;
95% CI: 37.6-49.2; p = .03). We found no
marked sex differences in the SES indicators.

Table 2 shows SES indicators and CVD risk
factors by sex in adolescents aged 12 to
17 years. The sex difference in aerobic
physical fitness persisted and increased in
the adolescent population, with adolescent
girls having even lower AFS (460; 95% CI:
454-466 vs. 522; 95% CI: 514-529 for
adolescent boys; p <.001) and a higher
proportion of poor aerobic fitness than
adolescent boys (18.0; 95% CI: 14.7-21.9
for girls vs. 8.60; 95% CI: 5.97-12.3;
p = .002). Moreover, we observed marked
sex differences in multiple CVD markers
such as unfavorable systolic BP, fasting
glucose and HDL in adolescent boys, and
unfavorable total cholesterol and CRP
levels in adolescent girls. Again, no marked
sex differences in SES indicators were
observed.

Table 3 shows gradients of CVD risk in
children according to income adequacy
and parental educational attainment. For
sufficient statistical power, we combined
overweight and obese groups as a depen-
dent variable in regression analyses. We
found a significant income gradient in BMI
(p for trend:.006) and overweight (p for
trend:.01) in young girls, whereas non-
White young boys showed a higher over-
weight risk than White boys (OR: 1.55;
95% CI: 1.03-2.32). Moreover, we also
observed income and educational gradi-
ents in aerobic fitness (mean AFS and
proportion of poor aerobic fitness) in
young girls (p for trend:.006 and.003,
respectively); a similar trend of income
gradient in aerobic fitness was seen in
young boys but did not reach statistical
significance (p for trend:.11). Regardless of
sex, there were negative educational gra-
dients in elevated systolic BP and diastolic
BP in young children. Non-White children
had higher mean HDL than White children
(B = 0.11; 95% CI: 0.04-0.18). Moreover,
we also observed a positive parental
educational gradient in HDL in young girls
(p for trend:.047).
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TABLE 1

Socioeconomic status and cardiovascular risk of Canadian children, 6-11 years, by sex

Sample size, n

b

Total

Percentage or mean (95% CI)?

Boys

Income adequacy 2073
Lowest 128
Lower-middle 349
Upper-middle 569
Highest 1027

Parental education 2073
Less than secondary 80
Secondary 178
Some post-secondary 93
Post-secondary 1722

Ethnicity — White 1575

Birth weight, g 2020

Physically active 1735

Cardiovascular risk
BMI, kg/m? 2058
Overweight 2058
Obese 2058
Waist circumference, cm 2058
AFS 1302
Poor aerobic fitness 1302
Systolic BP, mmHg 2063
Diastolic BP, mmHg 2063
C-reactive protein, mg/L 1791
Total cholesterol, mmol/L 1816
HDL cholesterol, mmol/L 1816
LDL cholesterol, mmol/L 887
Log-triglyceride, mmol/L 887
Glucose, mmol/L 879
Insulin, pmol/L 856
HOMA-IR 851

5.96 (4.31-8.19)
19.4 (16.1-23.2)
27.6 (24.6-30.8)
47.1 (41.9-52.3)

3.89 (2.62-5.72)
8.75 (6.79-11.2)
4.29 (2.84-6.45)
83.1 (79.6-86.0)
72.7 (62.5-81.0)
3378 (3338-3418)
83.1 (81.0-85.2)

17.9 (17.7-18.1)
20.4 (17.4-23.7)
13.4 (11.3-15.7)
61.5 (61.0-62.2)
518 (516-521)
27.0 (23.9-30.3)
93.9 (93.4-94.3)
61.0 (60.5-61.6)
0.96 (0.80-1.12)
4.23 (4.16-4.30)
1.42 (1.39-1.45)
2.35 (2.28-2.43)
0.82 (0.77-0.87)
4.60 (4.51-4.69)
48.9 (45.2-52.6)
1.56 (1.31-1.82)

5.62 (3.74-8.37)
18.7 (14.1-24.4)
26.5 (23.4-29.8)
49.2 (42.8-55.6)

3.55 (2.36-5.31)
8.02 (5.18-12.2)
4.90 (2.64-8.92)
83.5 (78.3-87.7)
74.2 (63.7-82.5)
3441 (3379-3503)
83.2 (79.9-86.5)

18.2 (17.9-18.4)
18.8 (15.2-23.1)
18.5 (15.6-21.5)
62.5 (61.7-63.0)
541 (534-546)
23.2 (18.5-28.7)
93.6 (93.0-94.3)
60.8 (60.0-61.6)
1.05 (0.76-1.35)
4.22 (4.13-4.31)
1.44 (1.40-1.47)
2.36 (2.26-2.46)
0.79 (0.73-0.85)
4.67 (4.53-4.81)
43.4 (37.649.2)
1.46 (1.02-1.91)

p value
Girls
6.34 (4.21-9.44) .62
20.2 (16.4-24.5) .62
28.8 (24.0-34.1) .40
44.7 (39.4-50.1) 12
4.27 (2.43-7.38) .54
9.59 (7.34-12.4) 45
3.61 (2.16-5.97) .46
82.5 (78.7-85.7) J1
71.1 (60.2-79.9) .23
3312 (3264-3360) .002
83.1 (80.6-85.5) J1
17.6 (17.4-17.9) .003
22.1 (18.7-26.0) 11
7.7 (5.2-10.3) < .001
60.4 (59.7-61.5) < .001
501 (498-505) < .001
30.6 (26.3-35.3) .04
94.2 (93.6-94.8) .198
61.3 (60.7-61.8) .29
0.86 (0.76-0.96) 2
4.25 (4.16-4.33) .66
1.40 (1.36-1.44) 11
2.35 (2.22-2.47) .88
0.85 (0.79-0.92) 12
4.53 (4.46-4.60) .05
54.6 (50.0-59.2) .03
1.67 (1.41-1.93) .6

Source: 2007-2011 Canadian Health Measures Survey.

Abbreviations: AFS, aerobic fitness score; BMI, body mass index; BP, blood pressure; Cl, confidence interval; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of

insulin resistance; LDL, low-density lipoprotein.

? Population-weighted percentage or mean; 95% confidence interval.

bDepending on the variable, analysis excludes 76 to 333 non-respondents from the full sample and 26 to 62 non-respondents from the fasting sample.

Table 4 shows gradients in CVD risk in
adolescents according to income adequacy
and parental education. In contrast to the
lack of SES gradient in risk of overweight
in young boys, we observed a positive
income gradient in adolescent boys, with
boys living in the highest income house-
holds showing the highest risk. We obser-
ved a similar gradient in income adequacy
when BMI was analyzed as a continuous
outcome variable. There was an educational
gradient in overweight risk in adolescent

girls, with overweight prevalence higher in
girls whose parents had low educational
attainment. SES gradients in aerobic fitness
persisted in girls into adolescence (p for
trend:.05).

In terms of other physiological markers
of CVD risk, we observed gradients of
income adequacy in systolic BP and in
total and LDL cholesterol in adolescent
boys, with boys in highest income house-
holds demonstrating the highest risk, which
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is the same direction of income gradient
observed with overweight. Furthermore,
there were educational gradients in LDL
cholesterol in adolescent boys and income
gradient in HDL cholesterol in adolescent
girls, with low-SES adolescents showing the
higher risk. Similar to what we observed in
younger children, non-White adolescents
had higher mean HDL cholesterol than did
their White counterparts (3 = 0.08,95% CI:
0.01-0.16). Even though we found significant
trends in some of the CVD markers estimated
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TABLE 2

Socioeconomic status and cardiovascular risks of Canadian adolescents, 12-17 years, by sex

Sample size, n

Total

Percentage or mean (95% CI)*

Boys

Income adequacy 1518
Lowest 73
Lower-middle 215
Upper-middle 443
Highest 787

Parental education 1518
Less than secondary 52
Secondary 129
Some post-secondary 117
Post-secondary 1220

Ethnicity — White 1620

Physically active 1505

Daily smoker 1518

Cardiovascular risk
BMI, kg/m? 1518
Overweight 1518
Obese 1518
Waist circumference, cm 1518
AFS 1518
Poor aerobic fitness 1518
Systolic BP, mmHg 1514
Diastolic BP, mmHg 1514
C-reactive protein, mg/L 1389
Total cholesterol, mmol/L 1423
HDL cholesterol, mmol/L 1423
LDL cholesterol, mmol/L 892
Log-triglyceride, mmol/L 892
Fasting Glucose, mmol/L 890
Insulin, pmol/L 869
HOMA-IR 867

5.05 (3.56-7.12)
14.7 (11.9-18.1)
27.7 (23.3-32.7)
52.5 (46.3-58.6)

3.83 (2.08-6.94)
9.38 (7.11-12.3)
7.54 (5.58-10.1)
79.2 (75.0-82.9)
74.6 (65.4-82.0)
30.1 (26.8-33.7)
4.63 (2.98-7.12)

21.9 (21.4-22.5)
18.3 (15.1-22.0)
14.3 (11.2-18.2)
75.2 (73.9-76.4)
492 (487-497)
13.1 (11.3-15.1)
98.0 (97.1-98.9)
61.8 (60.9-62.8)
0.97 (0.83-1.12)
4.06 (3.98-4.13)
1.31 (1.28-1.34)
2.30 (2.21-2.39)
0.96 (0.91-1.02)
4.69 (4.61-4.77)
70.2 (65.6-74.6)
2.07 (1.91-2.23)

4.22 (2.63-6.70)
17.0 (13.3-21.5)
27.6 (21.6-34.7)
51.1 (43.8-58.4)

3.03 (1.15-7.78)
10.2 (7.46-13.8)
7.26 (4.75-11.0)
79.5 (73.7-84.2)
74.1 (64.6-81.9)
31.5 (27.4-35.9)
5.62 (2.95-10.5)

21.9 (21.2-22.6)
17.9 (13.9-22.7)
13.9 (10.1-18.7)
75.9 (74.2-77.7)
522 (514-529)
8.60 (5.97-12.3)
99.7 (98.4-101.0)
62.4 (60.7-63.3)
0.82 (0.70-0.94)
3.99 (3.91-4.08)
1.26 (1.23-1.29)
2.31 (2.20-2.43)
0.95 (0.88-1.03)
4.78 (4.69-4.87)
69.5 (62.1-76.9)
2.10 (1.87-2.32)

p value
Girls

5.99 (3.81-9.31) .25
12.1 (8.6-16.8) .07
27.8 (22.4-34.0) .96
54.0 (46.5-61.3) 47
4.74 (2.68-8.24) .28
8.45 (5.42-12.9) 42
7.86 (5.58-10.9) 74
79.0 (73.4-83.6) .87
75.1 (64.7-83.3) .76
28.6 (23.1-34.7) 42
3.50 (2.23-5.45) .28
22.0 (21.3-22.7) .86
18.8 (14.6-23.8) .8
14.8 (10.4-20.8) 2
74.2 (72.4-75.9) 13
460 (454-466) <.001
18.0 (14.7-21.9) .002
96.1 (95.3-96.8) <.001
61.6 (60.8-62.4) .45
1.15 (0.87-1.42) .036
4.14 (4.04-4.23) .005
1.37 (1.34-1.41) <.001
2.29 (2.18-2.40) 72
0.97 (0.90-1.04) .69
4.60 (4.52-4.68) <.001
70.8 (66.4-75.3) 74
2.05 (1.89-2.21) .65

Source: 2007-2011 Canadian Health Measures Survey.

Abbreviations: AFS, aerobic fitness score; BMI, body mass index; BP, blood pressure; Cl, confidence interval; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of

insulin resistance; LDL, low-density lipoprotein.

? Population-weighted percentage or mean; 95% Cl.

b Depending on the variable, analysis excludes 132—227 non-respondents from the full sample and 22-45 non-respondents from the fasting sample.

using fasted samples, these results should be
interpreted with caution because of the low
sample sizes in low-SES groups.

Discussion

Our study examined whether there were
SES gradients in physiological markers of
CVD risk in a nationally representative
sample of Canadian children and adoles-
cents. We identified important sex and SES
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gradients in adiposity and aerobic fitness
that emerge early in childhood. Young
boys were twice as likely to be obese than
young girls; however, decreasing risk of
overweight with socioeconomic affluence
was only seen in girls. More importantly,
we found SES gradients in aerobic fitness
throughout childhood, especially in girls.
Educational gradients in BP emerged early
in childhood. While adolescent boys in
affluent families showed higher risk in
some physiological markers of CVD, we

found SES gradients in decreased HDL in
adolescent girls and increased LDL in
adolescent boys, with low-SES adolescents
showing the higher risk.

Many of the studies that examined the
relationship between SES and overweight
in children and adolescents from developed
countries have found an inverse gradient
between SES and overweight.*® Our finding
on the inverse association of income ade-
quacy with risk of overweight is congruent
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0.01

0.63 (0.14 to 2.89)

0.11 3.73 (1.22 to 11.4) 1.36 (0.44 to 4.24)

1.28 (0.57 to 2.86)

2.46 (0.98 to 6.16)

651 2.12 (0.61 to 7.34)

Poor aerobic fitness

Source: 2007-2011 Canadian Health Measures Survey.

Abbreviations: HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein.

Note: The fully-adjusted model controls for household income adequacy, highest parental education, age (continuous) and ethnicity.

Reference group: highest household income adequacy and parental post-secondary education.

" Model additionally controls for height and heart rate.

with other Canadian studies. A study of
children in Grades 6 to 10 found that both
individual- and area-level SES measures
were associated with obesity,” and a study
of Grade 5 students in a Nova Scotia school
reported similar findings,'® though Shields
et al.*! did not find such an association
when using national survey data.

None of these studies of SES and overweight
in children conducted sex-specific analyses.
Our results—a sex-specific pattern, with
gradients of income adequacy more strongly
associated with overweight in young girls
than in boys—mirror findings in recent
Canadian studies of adults in which SES
gradients in overweight risk were stronger in
women than in men.***® That children from
families living in low income have limited
access to material resources and are less able
to afford leisure activities like organized
sports is well understood; also accepted is
that participating in organized sports pro-
motes weight loss. In this study, we could
not determine whether girls are more
vulnerable to living in a disadvantaged
socioeconomic environment or whether
such an impact begins early in childhood
or, indeed, if girls in high SES groups are
more influenced and pressured by social
norms to stay slim at an early age’*
Furthermore, lack of SES gradients in over-
weight in young boys should not undermine
the high prevalence of obesity in this
population. The lack of SES gradient in
overweight in young boys may be due to
cultural/social attitudes that accept heavier
weighted boys across all income groups in
some ethnic/racial groups. Further evidence
is shown by our finding that boys of non-
White ethnicity were at higher risk of
overweight independent of SES. Our finding
supports federal/provincial/territorial gov-
ernments’ focus on initiatives to reduce
childhood obesity and maintain healthy
weight in children,®® and further suggests
that interventions to prevent childhood
obesity and to reduce SES gradients in
obesity should not only target low-SES girls
but also boys of all SES groups.

Another key finding of this study is the
striking sex differences and SES gradients in
aerobic fitness in Canadian children and
adolescents. We found a persistent SES
gradient in aerobic fitness in Canadian girls
throughout their childhood. Aerobic fitness,

or the measured AFS we used in this study,
is generally considered a physiological out-
come of frequent physical activity and an
objective marker of this behaviour.?® The
mechanisms by which low-SES may poten-
tially affect the physical fitness of a child
include, but are not limited to, gaps in
health education, low-quality nutritive food
and poor access to recreational facilities.

To the best of our knowledge, this is the first
study to analyze the relationship between
SES and physical fitness in Canadian youth.
Our findings are similar to studies of US**
and Swedish®® youth that reported stronger
SES gradients in physical fitness in girls than
in boys. There is some evidence that boys
are more likely to engage in vigorous
leisure-time activity than girls, regardless
of their SES, and that girls are more likely to
engage in physical activity more in the form
of organized sports, for which participation
may be more encouraged and supported in
high SES groups.’”*® This hypothesis is
supported by Canadian and other studies
that showed that girls in low-SES neigh-
bourhoods engaged in significantly more
screen time than did girls who lived in
high SES neighbourhoods, a relationship
not observed in boys.?>**® Note that some
studies have suggested that organized
sport is one of the best ways to encourage
vigorous activity in adolescent girls,*""*2
and that vigorous physical activity is the
best way to achieve cardiorespiratory fit-
ness. Intervention research on effectively
promoting physical fitness to reduce SES
gradients in Canadian youth, and espe-
cially those in low-SES groups, is needed.

Our study identified SES gradients in bio-
markers of CVD risk in Canadian children,
that is, SES gradients in BP in young children
and in HDL and LDL cholesterol levels in
adolescents, suggesting the lifelong SES
gradients in CVD risks are physiologically
identifiable in childhood. Intergenerational
research suggests that parents’ education
may affect children’s health indirectly
through income or by affecting a child’s
psychological well-being through poor par-
enting style or through chronic stress, which
may be disproportionally high in children in
socioeconomically disadvantaged families.'?
Our finding of an educational gradient in BP
is consistent with the results of other studies
that found that low parental education and
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TABLE 4 (continued)
Multivariate linear or logistic regression analysis of socioeconomic gradients in cardiovascular risks in Canadian adolescents (ages 12-17) by gender

Vol 36, No 2, February 2016

Highest parental education®

Income adequacy®

Sample, n

< Secondary Secondary Some post-secondary p for trend

p for trend

Lower-middle Upper-middle

Lowest

Odds ratio (95% confidence interval)

Odds ratio (95% confidence interval)

0.02
0.29

0.90 (0.34 to 2.40)
0.39 (0.09 to 1.70)

2.10 (1.03 to 4.27)
2.52 (0.90 to 7.05)

0.48 3.60 (0.83 to 15.7)

0.25

1.12 (0.58 to 2.18)
1.22 (0.51 to 2.93)

1.32 (0.57 to 3.07)
2.53 (1.20 to 5.34)

1.45 (0.44 to 4.76)

764
634

Overweight/obese

1.28 (0.27 to 6.12)

2.13 (0.37 to 12.3)

Poor aerobic fitness

Source: 2007-2011 Canadian Health Measures Survey.

Abbreviations: HDL, high-density lipoprotein, HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein.

Note: The fully-adjusted model controls for household income adequacy, highest parental education, age (continuous) and ethnicity.

?Reference group: highest household income adequacy and parental post-secondary education.

®Model additionally controls for height and heart rate.

—: less than secondary and secondary parental education categories were combined because the sample size was insufficient.

harsh family environments explain some BP
variability in children.*>**

Studies of the relationship between SES and
lipids in children in other populations have
produced inconsistent results.*> Current evi-
dence suggests that race/ethnicity, physical
activity and body weight are important pre-
dictors for HDL and foods high in saturated
fat, physical activity and body weight are
among the determinants for LDL in chil-
dren and adolescents.*® Our finding of a
relatively favorable HDL profile in non-Whites
independent of SES suggests that some ethnic
groups are more genetically protected than
others from CVD. Both physical activity and
body weight are among the determinants of
cholesterol levels at an early age, reinforcing
existing public health messages aimed at
promoting physical activity and healthy diets
and preventing overweight, particularly in
socioeconomically ~disadvantaged children
(and adolescents in particular) in order to
prevent disparity in cardiovascular risk that
could originate in childhood.

Strengths and limitations

Strengths of this study included our use of a
nationally representative sample that pro-
vides reliable information on objective mea-
sures of CVD risks that allowed us to analyze
early effects of SES on physiological markers
of CVD risks. A population-based sampling
strategy allows the results to be generalized
to the Canadian population.

Limitations of our study are the small
sample size, especially for low-SES groups
and fasting samples, which may have pre-
vented us from detecting an SES gradient or
interpreting trends in subpopulations with
large measurement variability, and the inabil-
ity to examine potential interactions between
SES indicators. Another limitation was biases
associated with self-reported information on
family income and parental education. Due
to the cross-sectional design of the study, we
were unable to assess changes (increases
or decreases) of SES gradients in CVD risks
over time throughout childhood. Some evi-
dence suggests that childhood SES gradients
in health track through adulthood,*” whereas
others found that SES gradients established
in childhood do not persist through adoles-
cence;'® these different conclusions suggest
the need for further research.

Conclusion

We sought to determine whether the clear
SES gradient in CVD risk observed in
Canadian adults is also seen in children
and adolescents. We analyzed independent
associations of income adequacy and par-
ental education with physiological markers
for CVD risks. Our study identified striking
sex and SES gradients in adiposity and
aerobic fitness in Canadian children, in
particular in girls aged 6 to 17 years.
Although an SES gradient in adiposity was
not apparent in boys, and in fact, an inverse
SES gradient in overweight was found in
adolescent boys, young boys presented a
considerably higher prevalence of obesity
and abdominal obesity than do girls. This
population should not be overlooked in the
efforts to reduce CVD risk in childhood.

The educational gradients in some of the
physiological markers that we observed in
Canadian youth require further examina-
tion to confirm. However, health promo-
tion should consider increasing awareness
of early CVD risks in parents, especially
less educated parents.

Our findings support current priorities to
reduce childhood obesity and health inequal-
ities in children.*® Our study further suggests
that public health interventions to prevent
SES gradients in CVD risk should focus on
reducing childhood obesity and promote
physical fitness in all children, with special
focus on girls and low-SES groups.
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