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Abstract
Objective Hypertension is increasingly recognized as a disease spanning the entire life course. Continued efforts to refine the
diagnosis and management of hypertension in children are highlighted by the recent American Academy of Pediatrics (AAP)
guidelines, which include lower threshold values than the previous reference standard (Fourth Report). We aimed to determine
the population-based prevalence of children exceeding thresholds for hypertension using these two guidelines. We also sought to
identify the correlates of blood pressure (BP) among Australian children.
Methods Cross-sectional data from the Growing Up in Australia: Longitudinal Survey of Australian Children were analyzed.
Blood pressure was measured in 7139 Australian children aged 10–12 years and sampled using population-based methodology.
The association between BP and explanatory variables linked to BP in other populations was examined using multiple linear
regression with fractional polynomial terms for continuous, non-linear relationships.
Results The threshold for hypertension was exceeded in 3.1% and 5.4%, and prehypertension in 3.0% and 3.7% of children,
using the Fourth Report and AAP guidelines respectively. Children at the threshold for obesity had a 9.1 mmHg higher adjusted
BP than those on the 50th centile for bodymass index (BMI) (95%CI 8.4 to 9.9). BMI had a non-linear relationship with BP, and
the magnitude of association between BMI and BP increased with BMI. Socioeconomic status, hypertension during pregnancy,
birth weight, and sports participation were also independently associated with BP.
Conclusions Using the AAP guidelines is likely to substantially increase the population prevalence of hypertension. The asso-
ciation between BMI and BP was strongest and non-linear for obese children, who should be the focus of interventional trials.
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Background

Hypertension is a key risk factor for cardiovascular disease with
origins in early life, and best approached using a life course

model of health and disease [1]. Those who develop hyperten-
sion early in life will have greater cumulative risk exposure than
those developing hypertension later [2]. The earlier identifica-
tion of risk also offers an opportunity to alter adverse trajectories
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at a younger age with greater benefit [1]. Despite this and the
importance of hypertension on the global burden of non-
communicable disease, there are limited population-based data
on the prevalence of hypertension among children [3, 4]. Birth
weight, socioeconomic status, ethnicity, breast feeding, maternal
hypertension, diet, exercise, anxiety, and environmental factors
have all been associated with blood pressure (BP) in different
cohorts [1]. Repeated surveys such as the National Health and
Nutrition Examination Survey provide population prevalence,
but often lack information about early life determinants of hy-
pertension [5]. Prospective cohort studies have more granularity
and less missing data, but are more resource-intensive and may
not allow population-based prevalence estimates.

The American Academy of Pediatrics (AAP) recently pub-
lished updated BP guidelines that included revised reference
values defining hypertension in childhood, which are lower
than previous reference standard published by the National
High Blood Pressure Education Working Group on High
Blood Pressure in Children and Adolescents in 2004 (Fourth
Report) [6, 7]. The AAP guidelines were derived from a ref-
erence population that excludes overweight and obese chil-
dren; an approach designed to allow for the inclusion of addi-
tional population-based data despite an increasing prevalence
of obesity [8]. The AAP guidelines also recommend a diag-
nosis of hypertension be confirmed by ambulatory blood pres-
sure monitoring, which in combination with lowered thresh-
olds may substantially increase demand on pediatric hyperten-
sion services.

Here, we present BP data from children aged 10 to 12 years
from a large, national, population-derived study. We aimed to
determine the prevalence of children exceeding thresholds for
hypertension in mid-childhood according the AAP and Fourth
Report guidelines, and investigate the correlates of BP in this
population.

Methods

Population and participants

Growing Up in Australia: The Longitudinal Study of
Australian Children (LSAC) is a large, prospective, cohort
study involving children from all regions of Australia.
Briefly, LSAC used a stratified, multi-stage cluster survey
design to allow for the derivation of accurate population level
estimates [9]. The study design was based on the
bioecological model of health, which considers individuals’
health and development to be determined by a wide range of
factors beginning in early life [10].

The Longitudinal Study of Australian Children enrolled
two cohorts in 2004; a baby cohort following children from
birth and a kindergarten cohort following children from4 years
of age. Both cohorts have been followed biannually. Data

were collected by trained interviewers, mailed questionnaires,
and linked administrative and government data. Written in-
formed consent was provided by families and the study was
approved by the Australian Institute of Family Studies Ethics
Committee.

Sample recruitment and retention

Australia has a universal healthcare system,Medicare, making
this the most complete database of the population [9].
Children were selected at random from the Medicare enrol-
ment registry. Selected families were initially mailed with the
information on the study and how to opt-out, prior to further
contact to confirm participation. The total samples approached
for the kindergarten and baby cohorts at baseline were 9893
and 8921 respectively. Of those approached, 4983 (50%) and
5107 (57%) agreed to participate, in the kindergarten and baby
cohorts, with retention at 10 to 12 years of age of 4169 (84%)
and 3764 (74%), respectively.

Measurement of BP

Blood Pressure was first measured in 2014 for the baby and
2010 for the kindergarten cohort (mean age 10.9 years) by
research staff from the Australian Bureau of Statistics who
received a 2-day, study-specific, training module. One further
measurement has been taken for the kindergarten cohort at 12
to 14 years of age, but we opted to use the first timepoint only
in this study, presenting a cross-section of the entire cohort at
the same age. Measurements were taken with the child sitting
quietly, using an automated sphygmomanometer (A&D
Digital Blood Pressure Monitor, Model UA767). While the
use of an oscillometric device to measure BP may produce
discrepancies in diagnosis at an individual level, there is little
difference in the average BP for populations determined by
using oscillometric or aneroid devices [11]. Study assistants
measured the mid-upper arm circumference to guide cuff se-
lection (18 to 22 cm or 22 to 33 cm). The cuff was placed 2 to
3 cm above the elbow measured from the olecranon. The
participant’s arm was rested on a table at approximately heart
level. Twomeasurements were taken with at least 1 min of rest
between each reading. We used the mean value in analyses,
provided that the difference between the two BP measure-
ments was not more than 30 mmHg, in which case, the final
value was recorded as missing.

BP threshold values

Elevated BP and hypertension were defined using the 90th and
95th age-, sex-, and height-specific centiles from the AAP
guidelines [7]. Some additional changes in the AAP guidelines
compared to the Fourth Report include using the term Belevated
BP^ in place of prehypertension; introducing a floor threshold
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value of ≥ 130/80 mmHg for stage 1 hypertension; and modi-
fying the threshold for stage 2 hypertension to a BP of ≥ 95th
centile + 12mmHg or ≥ 140/90, whichever is lower (previously
99th centile + 5 mmHg). For linear regression analyses, we
examined the systolic BP because this is more strongly related
to cardiovascular events and has less variability than diastolic
BP among children [2, 12].

Measurement of covariates

Weight was measured using electronic scales (Tanita UM-
050; nearest 0.1 kg). Height was measured using a laser
stadiometer, twice if the measurements were within 0.5 cm
and otherwise three times, averaging the two closest measure-
ments to produce the final value. Body mass index (BMI) was
calculated as the weight in kilograms divided by the height in
meter squared, then converted to z scores using Centre for
Disease Control and Prevention (CDC) reference data because
normal values vary by age and sex [13]. Obesity was defined
by a BMI ≥ 95th centile, and overweight ≥ 85th centile and <
95th centile, relative to the CDC reference population [14].
Socioeconomic status was measured using a composite index
that included family income, parental occupation, and educa-
tion [15]. Dietary variables were measured by 24-h recall.
Emotional stress and psychological development were mea-
sured using the Strengths and Difficulties Questionnaire, with
internalizing and externalizing variables grouped because of
the low-risk nature of the population [16]. Neighborhood
characteristics were measured by self-report and used to cal-
culate a livability index value, as the mean of the response to
two questions scored on a 4-point agreement scale. The first
question was Bthis is a safe neighborhood^ and the second
was Bthere are good parks, playgrounds and play spaces in
this neighborhood.^ All remaining variables were from self
or parent report. Premature birth was defined as < 37 complet-
ed weeks gestation, and low birth weight was defined at <
2500 g.

Statistical analysis

All estimates were weighted to account for survey design [17].
The Rao-Scott Chi2 value was used to compare categories.
Otherwise, all associations were examined using linear regres-
sion, with covariates retained as continuous variables where
applicable and the null hypotheses tested using the Wald test,
adjusted for survey design. Blood pressure is known to vary
by age, sex, and height [6]. Hence, all regression analyses
were adjusted for age, sex, and height. Up to two fractional
polynomial terms were used to transform covariates that were
not linearly related to BP as determined by the likelihood ratio
test at a selection threshold of 0.05 [18]. Fractional polynomial
terms allow for a more accurate description of the relationship
between variables than categorization, avoid the use of

arbitrarily defined thresholds, and respect the principle of par-
simony in model selection (a linear term is used where there is
no significant improvement by transformation). Beyond line-
arity, models were checked for normal and homoscedastic
residuals, and collinearity using variance inflation factors.
Outliers and influential points were examined. A backward
stepwise selection process was used to determine the final
multivariable model at a selection threshold of p < 0.05. The
impact of missing data was checked in sensitivity analyses
using multiple imputation by fully conditional specification.
Here, BMI was categorized by quintile because the reliability
of methods to impute polynomial terms is unclear [19]. Ten
imputations were performed and then combined using Rubin’s
rule [20]. The prediction of missing variables was performed
using linear regression for normally distributed variables, pre-
dictive mean matching (k = 5) where the distribution was
skewed, and discriminate function analysis for categorical var-
iables. All variables presented, including the outcome were
used in the prediction model, along with BMI as an auxiliary
variable. Model diagnostics included inspection of the trace
plots, the relative efficiency of imputation and fraction of
missing information. Statistically significant results were de-
fined as those with a two-sided p value of < 0.05. Analyses
were performed using SAS 9.4 (Sas Institute, Cary, NC) and R
3.4 (R Core Team, Vienna, Austria).

Results

Participant characteristics

Of the 7933 participants, 7139 (90.0%) had a valid systolic or
diastolic BP and height recorded. The sample was reflective of
the Australian childhood population at 10 to 12 years of age,
consistent with the study design [21]. 1217 (17.2%) children
were overweight and 859 (12.1%) were obese (Table 1).
Overweight and obesity were more common in boys (1139
of 3681; 30.9%, 95% confidence interval [CI] 29.1 to 32.7%)
than girls (937 of 3405; 27.5%, 95% CI 25.9 to 29.1%). The
prevalence of prematurity and low birth weight were 6.8% and
7.1% respectively. The proportion of participants identifying
as Aboriginal and/or Torres Strait Islander people was 3.7%.

Impact of the 2017 AAP guidelines

Using the AAP thresholds, 5.4% of children exceed the
threshold for hypertension (95% CI 4.5 to 6.4), and 3.7%
the threshold for elevated BP (95% CI 3.1 to 4.3). There
was no difference in the proportion exceeding these thresholds
by sex (Table 1). Hypertension was most common in obese
children (146 of 859; 17.0%, 95% CI 13.9 to 20.1%). The
threshold for hypertension, per the Fourth Report guideline,
was exceeded in 224 children (3.1%, 95%CI 2.6 to 3.7%) and
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prehypertension in 211 (3.0%, 95% CI 2.4 to 3.5%). The
relative impact of the AAP guidelines on children differed
according to their Fourth Report BP category (Table 2).

Among children exceeding the threshold for prehypertension,
70.3% were re-classified as hypertensive under the AAP
guidelines. Proportionally, fewer children moved from the

Table 2 Comparison of Fourth Report and AAP 2017 blood pressure thresholds

Fourth Report (n, column %)

AAP 2017 Normal Prehypertension Stage 1 hypertension Stage 2 hypertension

Normal 6472 (96.8) 0 0 0

Elevated BP 202 (3.0) 63 (29.7) 0 0

Stage 1 hypertension 15 (0.2) 149 (70.3) 149 (82.6) 0

Stage 2 hypertension 0 0 31 (17.4) 43 (100)

AAP, American Academy of Pediatrics [7]. Fourth Report—the Fourth Report from the National High Blood Pressure Education Program Working
Group [6]

Table 1 Characteristics of the LSAC cohort

Blood pressure category (n, row %) a

Characteristic Normal Elevated Hypertension All (population %)

Sex

Male 3350 (90.5) 141 (3.8) 210 (5.7) 3700 (51.9)

Female 3122 (91.2) 124 (3.6) 178 (5.2) 3424 (48.1)

BMI

Normal 4746 (94.7) 103 (2.1) 161 (3.2) 5010 (70.7)

Overweight 1071 (88.0) 69 (5.7) 76 (6.3) 1217 (17.2)

Obese 624 (72.7) 88.4 (10.3) 146 (17.0) 859 (12.1)

Socioeconomic status

Quartile 1 (most disadvantaged) 2061 (87.3) 124 (5.2) 175 (7.4) 2360 (33.6)

Quartile 2 1709 (92.1) 55 (3.0) 93 (5.0) 1856 (26.4)

Quartile 3 1212 (92.4) 42 (3.2) 58 (4.4) 1312 (18.7)

Quartile 4 (most advantaged) 1413 (93.8) 40 (2.7) 53 (3.5) 1506 (21.4)

Aboriginal and/or Torres Strait Islander 225 (85.7) 7 (2.8) 30 (11.4) 263 (3.7)

Premature birth (< 37 weeks) 414 (86.3) 29 (6.1) 37 (7.7) 480 (6.9)

Low birth weight (< 2500 g) 376 (85.9) 26 (6.0) 35 (8.1) 438 (6.2)

Breast fed at 3 months of age 4548 (91.5) 186 (3.7) 236 (4.8) 4970 (70.0)

Maternal hypertension during pregnancy 416 (87.4) 30 (6.4) 30 (6.3) 476 (8.1)

Consumes ≥ 5 serves of vegetables per day 496 (88.8) 19 (3.5) 43 (7.7) 558 (7.9)

Consumes ≥ 2 serves of fruit per day 3577 (90.4) 149 (3.8) 229 (5.8) 3955 (55.9)

Consumes ≥ 3 serves of high fat food per day 2760 (90.9) 111 (3.6) 165 (5.4) 3035 (42.9)

Lives in a safe neighborhood with good parks 5237 (91.2) 213 (3.7) 291 (5.1) 5741 (81.9)

Participates in extra-curricular sports 5019 (91.9) 182 (3.3) 258 (4.7) 5459 (77.0)

Watches ≥ 14 h of TV per week 3417 (89.7) 160 (4.2) 234 (6.1) 3811 (53.8)

Strengths and Difficulties Questionnaire b

Internalizing score ≥ 8 1331 (90.4) 60 (4.1) 82 (5.5) 1472 (20.9)

Externalizing score ≥ 8 1834 (90.9) 71 (3.5) 114 (5.7) 2019 (28.6)

Prosocial score ≤ 7 1218 (89.8) 55 (4.1) 83 (6.1) 1356 (19.2)

LSAC, Longitudinal Survey of Australian Children; IQR, inter-quartile range. All estimates adjusted for survey design. a Using theAmerican Academy of
Pediatrics 2017 guideline thresholds; b a higher internalizing or externalizing score is more abnormal, a lower prosocial score is more abnormal

1110 Pediatr Nephrol (2019) 34:1107–1115



normal BP to the elevated BP or stage 1 hypertension catego-
ries, but a similar number of children were impacted because
most children were initially normotensive. All of the children
who moved from the normal BP category had a systolic or
diastolic BP between the 85th and 90th centile using the
Fourth Report.

Univariate associations

The results of linear regression for single variables of interest
against BP after adjustment for age, sex, and height are
displayed in Fig. 1. The strongest predictor of BP was BMI.
This relationship was not linear and best expressed by a frac-
tional polynomial term (Fig. 2). The rate of increase in BP
with BMI z score was greater as BMI increased above the
reference mean. The association between BP and BMI z score
was less marked for children around or below the reference
mean.

Multivariable model

The final multivariable model after backward stepwise selec-
tion is displayed in Fig. 3. The final model accounted for
approximately a quarter (R2 = 26%) of the variability observed
in BP. Children at the threshold for obesity had a BP that was
on average 9.14 mmHg higher than children on the 50th CDC
centile for BMI (95% CI 8.41 to 9.88). Children at the thresh-
old for overweight had a BP that was on average 5.01 mmHg
higher than children on the 50th CDC centile for BMI (95%
CI 4.64 to 5.39). Many predictors that were statistically

significant in the single variable phase were no longer signif-
icant in the multivariable model, mostly because of confound-
ing as opposed to a loss of statistical power. Socioeconomic
status, maternal hypertension during pregnancy, and birth
weight remained statistically significant after adjustment for
each other and BMI. The observed effect sizes were smaller in
magnitude compared to that for BMI, but were still clinically
significant (Fig. 3). In addition to BMI, socioeconomic status
was an important confounder in the relationship between the
discarded covariates and BP (supplementary material,
Table S1).

Sensitivity analyses

The proportion of missing data was < 5% for most variables.
However, consistent with an arbitrary pattern of missingness,
25.9% of participants were missing one or more of the 17
variables of interest (supplementary material, Tables S2–3).
The mean imputed and observed BP values displayed the
same distribution (mean 98 mmHg, SD 11 mmHg). The esti-
mates obtained following multiple imputation were consistent
with those obtained using pairwise deletion, with the only
notable difference being that extra-curricular sports participa-
tion retained statistical significance in the multivariable model
after imputation (1.18 mmHg reduction in blood pressure,
95% CI 0.50 to 1.86, Table S4). This observation is consistent
with sports participation being the last variable removed in the
backward stepwise model selection process prior to multiple
imputation (p = 0.1 for sports participation added to the mul-
tivariable model presented without imputation).

Fig. 1 Univariate associations with age, sex, and height adjusted systolic
BP. beta increase in systolic BP (mmHg) per unit increase in the covariate,
CI confidence interval, BMI body mass index, BP blood pressure.
aModeled as fractional polynomial terms ((BMI + 10.8)/10)3 and ((BMI
+ 10.8)/10)3 *ln((BMI+ 10.8)/10). bModeled as continuous covariate

(standardized) and expressed as a 0.67 unit increase in the z score.
cScore from 0 to 4 with a higher value indicating better access to parks,
green space, etc. dA higher internalizing or externalizing score is more
abnormal, a lower prosocial score is more abnormal
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Discussion

In this large, population-based study of Australian children, we
found that 5.4% and 3.7% of participants exceeded the AAP
thresholds for elevated BP and hypertension respectively, com-
pared to 3.1% and 3.0% when using the Fourth Report. The
strongest predictor of BP was BMI and this relationship was
non-linear, with an increasing gradient as children entered the
obese and overweight range. Socioeconomic status, maternal
hypertension during pregnancy, and birthweight were predictive
of BP in adjusted multivariable models. Participation in extra-
curricular sports was also associated with a reduced blood pres-
sure after adjustment for these variables once missing data were
accounted for by multiple imputation.

The prevalence of children exceeding the threshold for hy-
pertension in this study was lower than in the Australian
Health Survey (AHS), the only other comparable Australian,
population-based survey (reported prevalence 5.8% using
Fourth Report thresholds, 95% CI 4.4 to 7.2) [22]. The most
notable differences between these studies are that the AHS
included children from 5 to 17 years of age and the AHS
sample size was smaller (n = 2071) with more missing data.

In the USA, data from NHANES have demonstrated an in-
creasing prevalence of children exceeding the threshold for
high BP(inclusive of hypertension and prehypertension) be-
tween 1988 and 2008, reaching 12.6% among females and
19.2% among males in 2008 [23]. The discrepant results
may reflect the higher prevalence of overweight and obesity
in NHANES (33.3% among females and 35.1% amongmales,
compared to 27.5% and 30.9% in this study); the amount of
missing data was similar for NHANES and LSAC [24]. The
NHANES data demonstrates an increased prevalence of chil-
dren exceeding the threshold for high BP with increasing age,
but the effect size is small (OR 1.12 per year) and that study
included both younger and older children. Hence, age is likely
to account for only a small part of the observed differences.

We also considered the possible impact of the recently re-
leased AAP guidelines on the classification of high BP. The
reduced thresholds compared to the Fourth Report lead to a small
absolute, but proportionally large, increase in the prevalence of
children with values in the high BP range. The threshold for
hypertension was now met in 5.4% of the population and elevat-
ed BP (prehypertension) in 3.7%. The greatest relative impact
was among children with prehypertension, 70.3% of whomwere

Obe
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ight

Fig. 2 The relationship between body mass index and BP. BMI body
mass index, BP blood pressure. Adjusted for age, sex, and height.
Modeled as fractional polynomial terms ((BMI + 10.8)/10)3 and ((BMI
+ 10.8)/10)3. *ln((BMI + 10.8)/10). Blue line represents predicted value,

and gray band represents 95% confidence interval. Dotted lines are the
threshold for overweight and obese as defined by the 85th and 95th
Centre for Disease Control and Prevention percentiles respectively

Fig. 3 Multivariable model for age, sex, and height adjusted BP. beta increase in systolic BP (mmHg) per unit increase in the covariate, CI confidence
interval, BMI body mass index, BP blood pressure
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re-classified as having stage 1 hypertension. This is consistent
with both the 90th and 95th percentile reference values being
reduced by a similar amount in the AAP guidelines
(prehypertension also increased because these values havemoved
towards the center of the population distribution). Recent analysis
of 5 to 18-year-old children participating in NHANES demon-
strated a similar increase in the population-based prevalence of
children exceeding the threshold for hypertension with applica-
tion of the AAP 2017 guidelines (2.7 to 5.5%) [25].

Our findings regarding the relationship between BP and
BMI among children add to previous findings by considering
BMI as a continuous covariate, allowing for a description of
the non-linear relationship with BP [22, 23]. Our estimate for
the effect of birth weight is lower than previously reported
[26]. However, many previous studies do not adjust for socio-
economic status and maternal blood pressure, which are asso-
ciated with both birth weight and BP, and thus potentially
important confounders [27]. Maternal hypertension during
pregnancy may drive epigenetic programming or simply re-
flect the heritable component of blood pressure [28]. The find-
ing that sport has a direct impact on BP beyond that of BMI,
and after adjustment for confounders such as socioeconomic
status, is consistent with trial data examining the impact of
physical activity on BMI and BP in children [29, 30].
Increased television watching, neighborhood livability, being
breast fed for at least 3 months, and a higher internalizing
score (Strengths and Difficulties Questionnaire) were all asso-
ciated with BP only in univariate analyses. This is consistent
with the overall evidence base for the association between BP
and these lifestyle factors in children, where fully adjusted
analyses, larger studies, and trial data (for breast feeding)
show no or weak evidence of an association; although it is
difficult to resolve the role of covariates as confounders or
mediators in complex observational data [31–33]. Such data
does not preclude changes in these lifestyle measures being
associated with BP.

There are some potential limitations to these data. Our
method of taking multiple measurements at one visit, as op-
posed to over multiple visits, is consistent with other studies
[8, 22, 23, 25, 34], but may have increased our estimates of
prevalence, compared to the proportion of children that would
require further investigation and clinical management of BP in
clinical practice [23]. Other differences between the reference
data used in the Fourth Report and AAP 2017 guidelines and
this study, is the use of an oscillometric device to measure BP
in this study, and the averaging of BP measurements rather
than using the first measurement only. The first of these fea-
tures is likely to slightly increase the observed BP in our study,
and the second is to slightly reduce values on average [11, 35].
Overall, they are unlikely to have substantially impacted the
results presented. Validation studies for the UA767 model of
the A&D sphygmomanometer did not include participants
below 15 years of age [36]. The prospective nature of LSAC

means that it has a better breadth and completeness of data on
confounders than most comparable studies. However, we did
not have data on salt intake or excretion, which are positively
correlated with BP. One problem when analyzing data where
there is such complete capture of potential explanatory vari-
ables is how to address the role of mediation. Another analytic
approach, if we were to focus on the role of BMI or other
variables as mediators, would be structural equation model-
ing. However, this requires a clear understanding of, or strong
assumptions about, the underlying causal pathway. In addi-
tion, intermediate confounding is likely to be common and
is difficult to adjust for [37]. For example, neighborhood liv-
ability might be considered an intermediate confounder,
where BMI mediates some of the relationship between socio-
economic status and BP, but livability also mediates some of
this relationship and confounds the association between BMI
and BP. Regardless of the analytic technique, and as applies to
the analyses presented here, one cannot infer causality from
cross-sectional, observational data. Given the limited age
range of participants, caution should be applied in generaliz-
ing these results to young children or older adolescents.

The reclassification of children with stage 1 hypertension
under the AAP guidelines has important implications, because
this is the threshold at which treatment, initially
nonpharmacologic whether children are obese or not, is rec-
ommended [7]. The approach of the AAP to exclude over-
weight children from the reference population is not unreason-
able. However, truncating the BMI range of the reference
population means that it cannot have the normal distribution
one would expect in an a physiologically healthy reference
population. It is likely that this issue will remain controversial
until there are sufficient data to allow the derivation of risk-
based thresholds. We show that the relationship between BP
and BMI was not linear, with an increasing gradient for BMI
approaching the overweight and obese range. This means that
for populations with a mean BMI z score above zero and
increasing, that the rate of increase in hypertension over time
is likely to accelerate. The persistence of BMI and birth weight
as significant variables in the final multivariable model may
be because they represent convergent points mediating com-
plex, multifactorial causal pathways to hypertension.
Regardless, they are potential targets for interventional trials
aiming to reduce the prevalence of hypertension. In combina-
tion with published trial data, our large-scale observational
evidence would support the concept of interventions that en-
courage sporting participation. These interventions should
specifically include socioeconomically disadvantaged chil-
dren who are not only at higher risk of hypertension, but also
face barriers to both involvement in organized sport and re-
ceiving appropriate treatment for hypertension [34, 38].

In summary, 9.1% of 10 to 12-year Australian children
exceed the AAP thresholds for elevated BP or hypertension,
compared to 6.1% using the previous reference standard, the
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Fourth Report. BMI is a strong predictor of BP, but the rela-
tionship is not linear. Birth weight, socioeconomic status, ma-
ternal hypertension during pregnancy, and sporting participa-
tion are all associated with BP when adjusted for one another
and BMI.
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