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Abstract

Background:  We assess the impact of the 2017 American Academy of Pediatrics (AAP) guidelines 
on the prevalence of high blood pressure (BP) in generally healthy Canadian children and identify risk 
factors associated with high BP (elevated, stage 1, or stage 2 at a single visit).
Methods:  A cohort of 7,387 children aged 6 to 18 years in the Canadian Health Measures Survey 
(CHMS, 2007 to 2015) had BPTru oscillometry with centiles and stages assigned using both the 2017 
AAP guidelines and the 2004 Fourth Report from the National Institute of Health/National Heart 
Lung and Blood Institute (NIH/NHLBI).
Results:  Although both shifted upwards significantly, mean population systolic BP and diastolic BP 
percentiles are now 24.2 (95% confidence interval: 23.3 to 25.2) and 46.4 (45.3 to 47.6). As a result, 
the population prevalence of high BP increased from 4.5% (3.9 to 5.2, NIH/NHLBI) to 5.8% (5.0 to 
6.6, AAP), less than in US children measured by auscultation (14.2%, 13.4 to 15.0). Children with high 
BP were more likely to be overweight/obese, to be exposed to prenatal/household smoking, and to 
have hypertriglyceridemia, without differences in dietary salt, infant breastfeeding, neonatal hospitali-
zations, or exercise frequency.
Conclusion:  The 2017 AAP guidelines increase the prevalence of high BP in Canadian children; 
Canadian prevalence appears lower than in the USA. This may reflect differences in measurement 
methods or in the prevalence of childhood overweight/obesity between countries, that is, 31.1% 
(28.9 to 33.3) versus 40.6% (39.5 to 42.0), respectively. Those with high BP were more likely to have 
other cardiac risk factors, including overweight/obesity, prenatal/household smoking exposure, and 
hypertriglyceridemia.

Keywords: Clinical practice guidelines; Epidemiology; High blood pressure; Hypertension; Multistage 
sample design
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The 2017 American College of Cardiology (ACC) provided 
new recommendations for the definition and treatment of hy-
pertension in adults, targeting blood pressure (BP) <130/80 
(1,2). New clinical practice guidelines for children were also 
published by the American Academy of Pediatrics (AAP) 
(3) to replace those in the Fourth Report from the National 
Institute of Health’s National Heart, Lung, and Blood Institute 
(NIH/NHLBI) (4). Although based on the same core data 
set (5), children with overweight or obesity (OW/OB) were 
excluded from reference data; new cut-offs were developed to 
define elevated BP, stage 1 hypertension, and stage 2 hyperten-
sion; and definitions were aligned with new 2017 ACC adult 
guidelines (1,3).

We have previously examined the NHANES 1999 to 2016 
cohort to assess the impact of the new guidelines in generally 
healthy US children (6), reporting an increase in population 
prevalence of high BP (elevated, stage 1, or stage 2 at a single 
visit) from 11.8% to 14.2%. Care must generally be taken before 
extrapolating US results to Canadian children (7) with different 
rates of childhood OW/OB (6,8,9).

Our primary objective was to assess the impact of the 2017 
AAP guidelines on the prevalence of high BP in generally 
healthy Canadian children. Secondarily, we wished to charac-
terize those with high BP compared to normotensive controls 
and compare cardiac risk profiles.

METHODS
Data source
The CHMS is a comprehensive national survey involving 
health questionnaires, physical measurements, and laboratory 
samples for Canadians aged 3 to 79 years and represents 96% 
of the Canadian population (10–12). Participants ≥14 years or 
parents provided written consent. CHMS Cycles 1 to 4 (2007 
to 2015) provide data for 7387 generally healthy children ages 
6 to 18 years after excluding (N=29) those with kidney disease; 
systemic glucocorticoid use; or missing birth date, height, 
weight, or BP.

Age, sex, height, weight, and BP were collected in mobile 
exam centres. Weights were measured on Mettler Toledo 
VLC scales (Mississauga, ON, Canada). Heights were mea-
sured using a ProScale M150 Digital Stadiometer (Fletcher, 
NC). Waist circumferences were reported using the NIH 
protocol (11).

Blood pressures
BP was measured using BPTru Medical Devices (Coquitlam, 
BC, Canada) on the right arm with six measurements one 
minute apart (13,14). Mean values for both systolic (SBP) and 
diastolic BP (DBP) were calculated after dropping the first rea-
ding (15). SBP and DBP percentiles were calculated using both 

NIH/NHLBI (2004) and the AAP (2017) guidelines (Table 1) 
(3,4). For both, ‘high BP’ was defined as mean single-visit BP 
values consistent with elevated BP (previously labeled ‘prehy-
pertension’), stage 1 hypertension, or stage 2 hypertension 
(2,6). If BP stage worsened with the 2017 guidelines, subjects 
were considered to have been reclassified upwards.

Exposure variables
Age- and sex-specific z-scores (z) were based on World Health 
Organization (WHO) (16,17) references for height, weight, 
and body mass index (BMI). Standard WHO definitions for 
children aged 5 to 19 years were used for overweight (BMIz 1 
to 2) and obesity (BMIz >2). Waist circumference and waist/
height ratio z-scores were based on the NHANES reference 
data (18).

Additional data included education level (high school and 
below versus above high school), ethnicity (white versus other), 
country of birth (Canada versus other), and household income 
(<$30,000 versus ≥$30,000, the approximate low-income cut-
off for a family of three during this period) (19). Geographic 
regions were assigned from east to west as Atlantic Canada, 
Quebec, Ontario, the Prairies, or British Columbia. General 
health inquiries included chronic health issues (yes versus no 
for asthma, diabetes, attention deficit disorder, learning disabi-
lity, cancer), family history of high BP, a regular family doctor, 
and whether participants perceived themselves as ‘sick’ (true, 
somewhat true, or not true). Lifestyle variables included sleep 
trouble, weekly exercise frequency for ages 6 to 11 years, addi-
tion of salt to food, and smoking in the home. Birth history 
included birthweight, maternal age, single versus multiple birth, 
breastfeeding exposure, neonatal intensive care unit admission, 
and prenatal maternal smoking.

For laboratory measures, abnormal cut-points were defined 
by the NIH/NHLBI Expert Panel on Integrated Guidelines 
for Cardiovascular Health and Risk Reduction in Children and 
Adolescents and the American Diabetes Association (20,21). 
Système Internationale criteria were total cholesterol level 
≥5.18 millimoles per litre (mmol/L), low-density lipoprotein 
cholesterol (Friedman method) ≥3.37  mmol/L, high-den-
sity lipoprotein cholesterol <1.41  mmol/L, and triglycerides 
≥1.13  mmol/L for children aged ≤9  years or ≥1.47  mmol/L 
for those >9 years. For both children and adults, the American 
Diabetes Association defines a hemoglobin (Hb) A1c level of 
>5.6% or >38 millimoles/mole (mmol/mol) as abnormal, with 
5.7 to 6.4% (39–47  mmol/mol) as prediabetes, and >6.5% 
(47.5 mmol/mol) as overt diabetes mellitus (21,22).

Statistical analysis
Descriptive statistics were carried out with STATA 15 (College 
Station, TX) and the svy package used to apply inverse pro-
bability survey sample and bootstrap weights; the former was 
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used to estimate weighted population means and prevalence 
while the latter provided standard errors, confidence intervals 
(CI), and P-values appropriate for the complex multistage 
sampling design (23,24). Z-scores were calculated with publi-
cly available calculators (17,18,25). Continuous variables are 
reported as means with 95% CI, and categorical variables are 
reported as counts or proportions (95% CI). At the popula-
tion level, continuous variables were compared by paired or 
unpaired t-tests, and proportions compared by chi-squared 
tests. P<0.05 was considered statistically significant for an a 
priori analysis plan.

In comparing 2004 and 2017 BP percentiles, popula-
tion-weighted Bland–Altman plots were used to assess syste-
matic bias (mean error) and 95% limits of agreement (LOA), 
that is, the range of discrepancies expected in day-to-day use 
(26,27).

Sample size
Assuming alpha=0.05, power=0.9, and a two-sided test of 
significance, the minimum detectable effect size is 1.2% for the 
change in prevalence with the new guidelines.

Ethics approval
This study was approved by the University of Manitoba’s 
Research Ethics Board (reference number 0346 0513 000033). 
All analyses were performed in a secure Statistics Canada 
Research Data Centre.

RESULTS
Table 1 compares the 2004 and 2017 definitions of elevated BP, 
stage 1 hypertension, and stage 2 hypertension. In Table 2, the 
final study sample was 7,387 children and youth between the 
ages of 6.0–18.0 years, with an even sex distribution. Population 
z-scores for height, weight, BMI, and waist circumference 
were positive (i.e., higher than the reference population with 
mean=0). Rates of obesity (13.0%) and OW/OB (31.1%) were 
consistent with earlier reports (8,9).

Based on the 2017 guidelines, 93.4% of the sample (N=6,872) 
had normal BP versus 6.6% (N=484) with high BP. With the 
move to the 2017 AAP guidelines, the proportion of the popu-
lation with high BP increased from 4.5% (95% CI:3.9 to 5.2) 
to 5.8% (5.0 to 6.6, P<0.001). Moreover, 261 children, repre-
senting 3.3% of the population, saw their BP stage reclassified 
upwards, with 114 (44%) new cases of high BP and 147 (56%) 
with a worsening clinical stage; due to minimum cell-size requi-
rements, we are unable to report a more detailed breakdown. 
With the 2017 charts, mean SBP percentile was 24.2 (23.3 to 
25.2) and mean DBP percentile was 46.4 (45.3 to 47.6). For 
2004 charts, the corresponding percentiles were 21.3 (20.4 to 
22.1) and 45.9 (44.8 to 47.1), respectively. Bland–Altman plots 
(Supplementary Figure 1) demonstrated an upward shift in 
SBP percentiles, with a mean discrepancy (bias) of +3.0 and 
95% LOA of −2.0 to +12.0. The shift in DBP percentile was less 
dramatic with bias of +0.5 and LOA of −6.0 to +6.0. Both diffe-
rences were statistically significant (paired t, P<0.001).

Table 1.  Classification of blood pressure by 2004 NIH/NHLBI and 2017 AAP guidelines

NIH/NHLBI 2004 AAP 2017 for children 1–13 years AAP 2017 for children ≥13years

SBP/DBP percentile SBP/DBP percentile Absolute 
Threshold

Normal <90th Normal < 90th percentile Normal <120/<80 mmHg

Prehypertension 90th to <95th, or if BP  
exceeds 120/80 mmHg, 
even if below 90th 
centile, up to <95th  
percentile

Elevated BP ≥90th to <95th percentile  
or 120/80 mmHg to  
<95th percentile  
(whichever is lower)

Elevated BP 120/<80 to 
129/<80 mmHg

Stage 1  
hypertension

95th percentile to 99th 
percentile + 5 mmHg

Stage 1 hyper-
tension

≥95th to <95th percentile + 
12 mmHg, or 130/80 to 
139/89 mmHg (whichever is 
lower) 

Stage 1 hyper-
tension

130/80 to 
139/89 mmHg

Stage 2  
hypertension

>99th percentile + 
5 mmHg

Stage 2 hyper-
tension

≥95th percentile + 12 mmHg  
or ≥140/90 mmHg  
(whichever is lower) 

Stage 2 hyper-
tension

≥140/90 mmHg

Adapted from Table 2 in references (3) and (4).
AAP American Academy of Pediatrics; BP Blood pressure; DBP Diastolic BP; mmHg Millimeters of mercury; NIH/NHLBI National Institute of 

Health’s National Heart Lung and Blood Institute; SBP Systolic BP.
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Table  3 reveals that most Canadian children have access to 
healthcare, live in educated households, and have generally 
healthy lifestyles. Access to a regular doctor was high (88.8%). 
Although 29.2% of the population reported a chronic health 

issue, only 6.7% answered ‘certainly true’ when asked whether 
they perceived themselves as sick. Most (89.7%) were born 
in Canada. Three quarters were white (76.8%,); there were 

Table 3.  Social, economic, and lifestyle variables for the sample 
and population of included children ages 6–17 years from cycles 
1–4 of the Canadian Health Measures Survey

Characteristics (N=7,387) Sample n (%) Population (%)

Health/health care history   
Has a regular doctor 6,611 (89.6) 88.8 (87.0–90.4)
Immediate family history  

of high BP excluding  
pregnancy

5,883 (18.2) 17.0 (15.5–18.6)

Complain sick:   
  Not true 4,975 (72.2) 72.6 (70.6–74.5)
  Somewhat true 1,441 (20.9) 20.7 (19.2–22.2)
  Certainly true 479 (7.0) 6.7 (5.8–7.7)
Has chronic health issue 2,006 (28.2) 29.2 (27.2–31.2)
Socioeconomic status   
White ethnicity 5,617 (79.5) 76.8 (70.8–81.9)
Born in Canada 6,661 (90.2) 89.7 (87.0–91.9)
Education:   
  High school or below 1,017 (14.1) 14.4 (12.7–16.3)
  Above high school 6,177 (85.9) 85.6 (83.7–87.3)
Income:   
  <$30 000 869 (11.8) 11.8 (10.1–13.8)
  ≥$30 000 6,518 (88.2) 88.2 (86.2–89.9)
Region:   
  Ontario 2,634 (35.7) 40.2 (39.3–41.1)
  Atlantic Canada 833 (11.3) 6.6 (6.3–7.0)
  Quebec 1,843 (25.0) 22.3 (21.6–22.9)
  Prairies 1,048 (14.2) 18.5 (17.7–19.3)
  British Columbia 1,029 (13.9) 12.4 (11.6–13.3)
Lifestyle   
Salt added to food:  

Never/Rarely
5,345 (72.4) 71.3 (69.5–73.2)

  Sometimes 1,233 (16.7) 16.8 (15.2–18.5)
  Often 809 (11.0) 11.8 (10.6–13.1)
Sleep trouble:  
  Never

2,400 (32.5) 31.7 (29.9–33.6)

  Rarely 2,357 (31.9) 32.1 (30.4–33.9)
  Sometimes 1,852 (25.1) 25.7 (24.0–27.4)
  Most times 564 (7.2) 7.7 (6.8–8.7)
  Always 212 (2.9) 2.8 (2.2–3.5)
Smoke in home 788 (10.7) 10.7 (9.3–12.4)
Exercise (6–11years,  

N=4,195): ≥4 days/week
3,417 (81.4) 81.2 (79.3–82.9)

  2–3 days/week 586 (14.0) 13.7 (12.3–15.2)
  0–1 days/week 192 (4.6) 5.1 (3.9–6.6)
Substance use (12+ years, 

N=3,174):
  

  Alcohol this year 1,139 (35.9) 35.8 (32.6–39.1)
  Has ever smoked 169 (5.3) 5.8 (4.4–7.8)

Table 2.  Demographics for the sample and populations of in-
cluded children aged 6–17 years from cycles 1–4 of the Canadian 
Health Measures Survey

Characteristics Total sample 
(N=7,387)

Population

Biological determinants 
Sex (%)   
  Male 50.8 51.8 (51.1–52.6)
  Female 49.2 48.2 (47.3–48.9)
Age (years) 11.7 12.2 (12.2–12.3)
Age groups (%)   
  6–11 years 56.4 47.0 (45.9–48.0)
  12–17 years 43.6 53.0 (52.0–54.1)
Z scores   
Height Z 0.32 0.29 (0.23–0.34)
Weight Z 0.51 0.51 (0.44–0.57)
BMI Z 0.46 0.46 (0.40–0.52)
Waist Z 0.05 0.07 (0.01–0.13)
Waist—Height Ratio Z −0.18 −0.15 (−0.21–−0.09)
Weight Status   
OW/OB (%) 2,292 (31.0) 31.1 (28.9–33.3)
OB (%) 937 (12.7) 13.0 (11.6–14.5)
BP variables   
2004 BP percentile   
  SBP 22.2 21.3 (20.4–22.1)
  DBP 47.2 45.9 (44.8–47.1)
2017 BP percentile   
  SBP 25.3 24.2 (23.3–25.2)
  DBP 47.7 46.4 (45.3–47.6)
2004 BP (%)   
  Normal 7,008 (94.9) 95.5 (94.8–96.1)
  Prehypertension 197 (2.7) 2.6 (2.1–3.2)
  Stage 1 143 (1.9) 1.5 (1.2–2.0)
  Stage 2 39 (0.5) 0.4 (0.3–0.6)
  ‘High BP’ 379 (5.1) 4.5 (3.9–5.2)
2017 BP (%)   
  Normal 6,872 (93.4) 94.2 (93.4–95.0)
  Elevated 180 (2.4) 2.1 (1.7–2.7)
  Stage 1 238 (3.2) 2.9 (2.4–3.6)
  Stage 2 66 (0.9) 0.7 (0.5–1.0)
  ‘High BP’ 484 (6.6) 5.8 (5.0–6.6)
Reclassified BP (%) 261 (3.5) 3.3 (2.7–4.0)

Mean (95% CI) for continuous variables; count (%, 95% CI) for 
categorical variables.

BMI Body mass index; CI Confidence interval; BP Blood pressure; DBP 
Diastolic BP; OW/OB Overweight/obese; SBP Systolic BP; Z z-score.
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high levels (85.6%) of high school completion, and 88.2% 
had annual household incomes ≥$30,000. In terms of lifestyle, 
63.8% of Canadian children never or rarely had sleep problems. 
Most did not or rarely add salt to their food (71.3%), few lived 
in homes where people smoked (10.7%), and a majority of 
children 6–11  years exercised ≥4  days each week for over 60 
minutes (81.2%).

In Table 4, children with high BP were younger than those 
with normal BP, with mean age 10.5 years versus 12.3 years. 
They were also heavier, with higher z-scores for BMI, waist 
circumference, and waist/height ratio. As a result, the propor-
tion of children with obesity was higher at 20.4% with high 
BP versus 12.6% with normal BP, P<0.05. Using the 2017 
BP charts, the mean SBP percentile was 75.1 for those with 
high BP versus 21.1 in those with normal BP, which was more 
striking than the discrepancy for DBP. Household smoking 
was also significantly higher: 17.3% in those with high BP 
versus 10.3% in those with normal BP. The same was true 
for abnormal triglycerides at 16.1% versus 9.9%, respectively 
(Table 5).

Birth history (Supplementary Table S1) was similar between 
groups, except maternal smoking while pregnant, which was 
significantly higher in those with high BP (19.3% versus 13.1%, 
P=0.03). Breastfeeding exposure did not differ.

DISCUSSION
Although the impact of the new 2017 AAP reference charts has 
been studied in other jurisdictions (6,28–33), to our knowledge, 
this is the first to examine a nationally representative sample 
outside of the USA. The impact of the new norms appears to 
be more modest in Canada, with an increase in the population 
prevalence of high BP from 4.5 to 5.8%. Although both SPB and 
DBP percentiles experienced a significant upward shift with the 
2017 norms, this shift was also more modest and affected SBP 
percentiles primarily (mean discrepancy +3.0, 95% LOA=−2.0 
to +12.0). In our previous analysis of NHANES data, SBP bias 
was +5.3 (LOA=−1.0 to 13.0), and 86% of those with high BP 
experienced isolated systolic elevation (6). Although long-term 
follow-up studies are needed to better define cardiovascular 
risk, the current AAP approach to risk stratification relies on 
alignment with adult cut-offs at age 19 years, since childhood 
BP tracks into adulthood, and children with elevated BP are 
more likely to develop primary hypertension and metabolic 
syndrome (34,35).

As reviewed elsewhere (3,15,36), the epidemiology of child-
hood hypertension is complex: Compared to normotensive 
children, Canadian children with high BP tend to be younger 
and are more likely to be OW/OB, experience both in utero and 
household smoking exposure, and have elevated triglycerides. 
They also had higher weight, waist, and BMI z-scores. Pertinent 
negatives should also be noted: Exercise frequency, added 

Table 4.  Normal BP versus high BP using 2017 guidelines for pop-
ulation for children aged 6–17 years from cycles 1–4 of the Cana-
dian Health Measures Survey

Characteristics Normal BP (2017) High BP (2017)

Biological determinants 

Male sex % 51.8 (50.8–52.3) 53.1 (45.0–61.2)
Age (years) 12.3 (12.2–12.4) 10.5 (9.85–11.1)***
6–11 years. age % 45.7 (44.4–46.9) 69.8 (61.4–78.3)***
Z scores   
Height Z 0.30 (0.24–0.35) 0.16 (0.0081–0.30)
Weight Z 0.50 (−0.050–0.53) 0.73 (0.46–1.02)
BMI Z 0.45 (0.38–0.51) 0.76 (0.39–1.022)*
Waist Z 0.06 (0.01–0.12) 0.20 (0.0040–0.39)
Waist–Height 

Ratio Z
−0.16 (−0.22–0.10) 0.093 (−0.11–0.16)*

BP variables   
2004 BP  

percentile:
  

  SBP 18.3 (17.5–19.2) 69.0 (65.6–72.4)***
  DBP 43.3 (42.1–44.4) 89.4 (87.1–91.5)***
2017 BP percentile:   
  SBP 21.1 (20.2–22.1) 75.1 (71.8–78.5)***
  DBP 43.7 (42.5–44.9) 91.5 (89.1–93.9)***
Weight Status   
OW/OB (%): 30.6 (28.4–32.8) 39.4 (31.4–47.4)*
Obese (%) 12.6 (11.0–14.1) 20.4 (12.3–28.4)*
Health/healthcare history
Has chronic 

health issue 
28.7 (26.8–30.6) 34.1 (26.5–41.2)

Has a regular 
doctor 

88.6 (87.0–90.3) 90.9 (85.5–96.2)

Immediate family 
member had 
high BP  
excluding in 
pregnancy 

16.7 (15.2–18.3) 21.2 (15.1–27.3)

Complain sick:   
  Not true 73.0 (70.9–75.1) 66.0 (59.4–72.6)
  Somewhat true 20.4 (18.8–22.0) 24.5 (19.0–30.1)
  Certainly true 6.5 (5.5–7.5) 9.5 (4.9–14.0)
Socioeconomic status
White Ethnicity 

(vs. not)
76.9 (71.3–82.5) 79.8 (72.0–87.5)

Born in Canada 
(vs. not)

89.5 (86.9–92.1) 93.5 (90.3–96.7)

Education ≤high 
school (vs. 
>high school)

14.2 (12.5–15.9) 18.6 (12.6–24.5)

Income <$30,000 
(vs. ≥$30,000)

11.7 (9.7–13.6) 13.9 (8.6–19.3)
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dietary salt, neonatal intensive care stay, and breastfeeding did 
not appear to differ between groups. Canadian children were 
overall quite healthy, with a slightly larger proportion of those 
with high BP reporting chronic health issues based on a variety 
of conditions, including behavioural, mental health, and com-
mon childhood diseases.

The finding of high BP at a single visit must normally be confir-
med over multiple visits (3,4,7). In a recent survey of students 
aged 10 to 17 years in Houston, the initial prevalence of high BP 
using AAP standards was 29.4%, declining to 19.7% after three 
visits. For stage 1 and 2 hypertension, corresponding figures 
were 14.6% on initial screen, subsequently declining to 2.3% 

(33). Nevertheless, a diagnosis of high BP has important rami-
fications, since additional follow-up and treatment are required 
whenever single-visit BP values are consistent with levels seen 
in elevated BP, stage 1 hypertension, or stages 2 hypertension 
(3,7). For elevated BP levels, life-style modifications (healthy 
diet, sleep, and physical activity) are recommended, and the 
BP is to be reassessed by auscultation after 6 months instead of 
1 year. In addition to lifestyle changes, asymptomatic children 
with stage 1 levels should be reassessed by auscultation in 1 to 
2 weeks, and those with stage 2 levels require more urgent eva-
luation or referral to a subspecialist within the week. Persistent 
elevation may prompt additional evaluation (e.g., echocar-
diography or 24-hour ambulatory monitoring) or treatment. 
Clearly, a worsening clinical stage represents a real burden for 
the child, family, and health care system.

Both NHANES and CHMS rely on similar, national, mul-
tistage sampling designs; nevertheless, the difference in pre-
valence was dramatic. In US children aged 5 to 18  years, we 
previously reported an increase in the prevalence of high BP 
from 11.8% (11.1 to 13.0) using 2004 guidelines to 14.2% (13.4 
to 15.0) using 2017 guidelines—more than 2.5 times the com-
parable figures here. Similarly, the proportion of the population 
reclassified upwards was also higher in the USA at 5.9% (5.4 to 
7.0) (6).

If real, these differences may reflect differences in national 
rates of childhood OW/OB (6,8,9). The population prevalence 
of obesity in Canadian children (Table 2) was 13.0%, and the 
OW/OB rate was 31.1%. In US children, we have previously 
reported an obesity rate of 19.5% (18.7 to 20.0), with OW/OB 
in 40.6% (39.5 to 42.0) using the same WHO charts (6).

In terms of study strengths and limitations, the CHMS is a 
well-characterized, representative, national population survey 
(8–10,37). Survey weights permit reliable population esti-
mates, including standard errors and confidence limits (23,24). 
Nevertheless, privacy concerns and cell-size restrictions pre-
clude certain analyses, for example, those based on region, age, 
or ethnicity. The comprehensive nature of the survey question-
naire also makes it possible to explore associated social, biolo-
gical, and physical factors, although some questions could not 
be compared across cycles (e.g., screen time, fluid consumption, 
and exercise frequency in children >11 years of age).

Measurement methods must be considered when compa-
ring the two countries. The 2004 and 2017 reference charts 
and NHANES rely on sphygmomanometry with ausculta-
tion, still considered the gold standard (4–6). With oscil-
lometric devices, differences in proprietary algorithms may 
complicate quantitative comparisons, particularly in children 
(38). Nevertheless, the BPTru device used by CHMS has 
been independently validated and endorsed by the American 
Heart Society, the British and Irish Hypertension Societies, 
Hypertension Canada, the Canadian Hypertension Education 
Program, and the Canadian Agency for Drugs and Technologies 

Region:   
  Ontario 40.2 (39.3–41.2) 37.2 (30.1–44.3)
  Atlantic 

Canada 
6.7 (6.3–7.0) 6.3 (1.5–11.1)

  Quebec 22.2 (21.6–22.9) 24.2 (18.9–29.4)
  Prairies 18.3 (17.2–19.4) 22.3 (17.1–27.4)
  British Co-

lumbia 
12.6 (11.6–13.6) 10.0 (6.1–13.9)

Lifestyle   
Salt added to 

meals: Never/ 
Rarely

71.0 (69.0–72.8) 77.4 (70.7–84.1)

  Sometimes 16.9 (15.2–18.6) 15.6 (9.5–21.7)
  Often 12.1 (10.8–13.5) 7.0 (3.1–10.9)
Exercise 

(6–11 years): 
81.3 (79.3–83.2) 80.8 (75.5–86.0)

  ≥4 days/week   
  2–3 days/week 13.6 (12.0–15.1) 15.6 (10.8–20.3)
  0–1 days/week 5.2 (3.7–6.6) 3.7 (1.6–5.7)
Sleep trouble:   
  Never 31.6 (29.7–33.4) 34.4 (27.0–41.7)
  Rarely 32.2 (30.5–34.0) 30.9 (25.4–36.4)
  Sometimes 25.6 (23.9–27.4) 25.0 (18.2–31.9)
  Most times 7.8 (6.8–8.8) 6.8 (3.7–9.8)
  Always 2.8 (2.1–3.5) 2.9 (-0.3–6.1)
Smoke in the 

home 
10.3 (8.8–11.2) 17.3 (12.1–22.5)**

Results are population means and prevalence (95% confidence 
intervals) based on inverse probability survey weights and bootstrap 
weights. In the sample, N=6,903 with normal BP and N=484 with high 
BP.

BMI Body mass index; BP Blood pressure; DBP Diastolic BP; OW/
OB Overweight/obese; SBP Systolic BP; Z z-score.

*P<0.05, **P<0.01, ***P<0.001.

Table 4.  Continued

Characteristics Normal BP (2017) High BP (2017)

Biological determinants 
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in Health. In Canada, the British Columbia Ministry of Health 
names it as their preferred automated office method for accu-
racy and accessibility (14). To our knowledge, only one study 
has specifically looked at performance in children, concluding 
that accuracy meets the British Hypertension Society’s ‘Grade 
A’ standard for both SBP and DBP agreement, with superior 
performance for SBP (13).

In conclusion, this study is the first to explore the new AAP 
guidelines in a nationally representative study outside of the 
USA and clearly demonstrates the need for similar studies in 
other jurisdictions before extrapolating from the US expe-
rience. Comparing the new AAP guidelines to their 2004 
predecessor, Canadian children show an upward shift in BP 
percentiles, more marked for SBP. As a result, 5.8% of children 
aged 6 to 18  years have high BP, often associated with other 
cardiac risk factors, such as OW/OB, elevated serum triglyce-
rides, and in utero and household smoking exposure. Despite 
differences in measurement methods, the prevalence of high BP 
appears lower than in the USA (14.2%, 5 to 18 years). Although 
other explanations cannot be ruled out, these differences may 
at least in part be due to differences in rates of OW/OB in the 
two countries. More importantly, this suggests that high BP in 
childhood may be preventable, with important implications for 
public health strategies.
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