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Blood pressure in children has consistently been related to adult blood pressure, with implications for long-term
prevention of cardiovascular disease. The epidemic of obesity in children has resulted in corresponding increases in
childhoodbloodpressure. In this paper, theauthors develop norms for childhoodbloodpressure amongnormal-weight
children (body mass index <85th percentile based on Centers for Disease Control and Prevention guidelines) as
a function of age, sex, and height, using data from 49,967 children included in the database of the National High Blood
Pressure Education ProgramWorkingGroup onHighBloodPressure inChildren andAdolescents (thePediatric Task
Force). The authors considered three types of models for pediatric blood pressure data, including polynomial re-
gression, restricted cubic splines, and quantile regression, with the latter providing the best fit. The sex-specific
norms presented here are a nonlinear function of both age and height and are generally slightly lower than previously
developed norms based on Pediatric Task Force data including both normal-weight and overweight children.

blood pressure; child; models, statistical; pediatrics; regression analysis

Abbreviations: CDC, Centers for Disease Control and Prevention; CI, confidence interval; DBP, diastolic blood pressure;
NHANES, National Health and Nutrition Examination Survey; OR, odds ratio; SBP, systolic blood pressure.

An important trend in pediatrics is incorporation of the
measurement of blood pressure in the standard pediatric
examination. Recent guidelines published in the Fourth Re-
port on the Diagnosis, Evaluation, and Treatment of High
Blood Pressure in Children and Adolescents (1) provide
standards for accomplishing this goal. The report supplies
tables of blood pressure percentiles based on the database
created by the National High Blood Pressure Education Pro-
gram Working Group on High Blood Pressure in Children
and Adolescents (hereafter called the Pediatric Task Force),
consisting of 63,227 children seen at 83,091 physician visits
over the course of 11 studies. The estimated 50th, 90th,
95th, and 99th percentiles of blood pressure are given by
sex, year of age (1–17 years), and height percentile (5th,

10th, 25th, 50th, 75th, 90th, and 95th) for both systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
(Korotkoff 5).

A decision made in constructing these tables was that
although weight or body mass index is an important pre-
dictor of blood pressure in both children and adults, percen-
tiles should not be provided as a function of weight, so as to
not encourage relatively high blood pressure to be consid-
ered normal just because a child is overweight or obese.
However, overweight children were still included in the
normative database. A resulting issue that arises is that
norms for blood pressure will continue to increase as the
level of obesity changes over time. For the current report, we
modified the definition of the normative database to exclude
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TABLE 1. Demographic data on height/blood pressure distribution curves among normal-weight children included in the Pediatric Task Force database,* by study

populationy

Source population
(reference no.(s))

Time
period

Age
(years)

Sex Ethnic group Children (visits)
with systolic

blood pressure
data available

Children (visits)
with diastolic
blood pressure
(Korotkoff 5)
data available

Visits �85th
percentilez

Boys Girls Caucasian
African

American
Hispanic Asian

Native
American

Other
Missing
data

No. %

NHANES§ II (4) 1976–1980 6–17 1,555 1,446 2,435 496 0 0 0 70 0 3,001 (3,001){ 2,968 (2,968) 646 18

Pittsburgh,
Pennsylvania (5) 1975–1982 1–5 141 130 166 104 0 0 0 0 1 271 (702) 0 (0) 191 21

Dallas, Texas (6, 7) 1976–1980 13–17 5,093 4,750 4,069 4,501 1,273 0 0 0 0 9,843 (17,830) 9,843 (17,824) 4,029 18

Bogalusa, Louisiana
(8–10) 1973–1982 1–17 3,301 3,147 4,234 2,214 0 0 0 0 0 6,448 (13,190) 0 (0) 2,690 17

Houston, Texas (11) 1975–1978 3–17 1,182 1,094 609 516 1,050 22 0 0 79 2,276 (2,276) 0 (0) 555 20

South Carolina (12) 1982–1983 4–17 2,587 2,647 2,680 2,554 0 0 0 0 0 5,234 (5,234) 5,180 (5,180) 1,189 19

Iowa (13, 14) 1981 5–17 1,586 1,560 3,146 0 0 0 0 0 0 3,146 (3,146) 0 (0) 945 23

Providence, Rhode
Island (15) 1985–1987 1–3 204 207 384 21 4 0 0 2 0 411 (723) 320 (442) 175 19

Minnesota (Sodium-
Potassium Blood
Pressure Trial in
Children) (16) 1986–1987 9–17 7,645 6,934 8,626 2,462 362 1,424 407 1,298 0 14,579 (14,579) 14,401 (14,401) 4,823 25

NHANES III (17) 1988–1991 5–17 1,723 1,737 958 1,241 1,169 59 7 6 20 3,460 (3,460) 2,921 (2,921) 1,576 31

NHANES 1999–2000
(18) 1999–2000 8–17 634 664 320 362 571 0 0 45 0 1,298 (1,298) 1,281 (1,281) 806 38

Total

No. or range 1–17 25,651 24,316 27,627 14,471 4,429 1,505 414 1,421 100 49,967 (65,439) 36,914 (45,017) 17,625 21

% 51 49 55 29 9 3 1 3 0

* Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents (1).

yData presented are numbers unless otherwise specified.

z Visits excluded from the present analysis.

§ NHANES, National Health and Nutrition Examination Survey.

{ Numbers in parentheses, number of physician visits.
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children who were either overweight (body mass index
(weight (kg)/height (m)2) >95th percentile) or at risk of
becoming overweight (body mass index 85th–95th percen-
tile) (2) on the basis of 2000 Centers for Disease Control and
Prevention (CDC) growth charts (3), and we redefined blood
pressure percentiles using this more restrictive database.
The data used for the 2000 CDC growth charts were based
on reference data sets from National Health Examina-
tion Survey II (1963–1965), National Health Examination
Survey III (1966–1970), the Second National Health and
Nutrition Examination Survey (NHANES II; 1976–1980),
and the Third National Health and Nutrition Examination
Survey (NHANES III; 1988–1994) and hence were roughly
contemporary with the time period of the 11 studies used in
the Pediatric Task Force report (1). We also explored several
different analytic strategies for estimating blood pressure
percentiles.

MATERIALS AND METHODS

In the Pediatric Task Force database (1), we had data
available from 11 large pediatric blood pressure studies
(4–18). Furthermore, the age distribution varied consider-
ably in different studies and there were some differences in
measurement techniques among studies, although all mea-
surements were made with mercury manometers. In addition,
although most studies provided cross-sectional data, other
studies provided blood pressure data obtained at more than
one age for a given child. Finally, the number of readings

available per child varied by study. Some studies provided
data from multiple readings taken at a single visit for a child,
while other studies only provided data from one reading. For
the sake of uniformity, we based all analyses on the first
reading only. Even after accounting for age differences be-
tween studies, there were obvious study effects. We consid-
ered three different analytic approaches for relating blood
pressure to age and height: polynomial regression, restricted
cubic splines, and quantile regression.

Polynomial regression models

We first estimated the study effects by expressing blood
pressure (BP) as a sex-specific fourth-degree polynomial
function of age, height (ht) z score, and weight (wt) z score,
as follows:

BPim¼
XG
g¼1

dg3S
ðiÞ
g þ

X4

j¼1

bjðageim�10Þ jþ
X4

k¼1

ckðZhtimÞk

þ
X4

l¼1

nlðZwtimÞlþ eim; ð1Þ

where i¼ subject, m¼ visit, G¼ number of studies, Sg
(i) ¼ 1

if subject i is in the gth study and 0 otherwise (g ¼ 1, . . ., G),
ageim ¼ age (years), and Zhtim and Zwtim are height and
weight z scores based on sex-specific CDC growth charts
(3) for the ith child at the mth visit; eim ~Nð0;r2Þ and
Corrðeim1

; eim2
Þ ¼ q. The study effect estimates d1; . . . ; dG

TABLE 2. Results from polynomial regression models relating blood pressure to age and height z score

among normal-weight* children in the Pediatric Task Force database

Parameter

Systolic blood pressure Diastolic blood pressure (Korotkoff 5)

Boys Girls Boys Girls

by p valuez b p value b p value b p value

Intercept 100.9 100.5 60.5 59.6

Age � 10 1.78 <0.001 1.87 <0.001 0.72 <0.001 1.04 <0.001

(Age � 10)2 0.15 0.041 �0.080 0.035

(Age � 10)3 0.002 �0.008 0.02 0.003

(Age � 10)4 �0.002 �0.0009 0.0002 �0.002

Height z score

Zht 2.29 <0.001 1.75 <0.001 1.42 <0.001 1.39 <0.001

Zht2 �0.31 �0.06 �0.10 0.12

Zht3 �0.03 �0.02 �0.02 �0.08

Zht4 0.01 �0.002 0.01 �0.005

Residual standard
deviation 10.3 10.1 11.4 10.7

q§ 0.38 0.34 0.22 0.22

No. of persons 25,651 24,316 18,925 17,989

No. of physician visits 33,383 32,056 22,897 22,120

* Body mass index <85th percentile by 1-year age-sex group (2) according to Centers for Disease Control and

Prevention growth charts (3).

yRegression coefficient.

z p value from likelihood ratio test (4 df). Age: full model vs. reduced model with only Zht terms; height: full model

vs. reduced model with only age terms.

§ Intraclass correlation coefficient.
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were then used to estimate the blood pressure that would
be obtained in a particular child if that child were from an
average study by computing the adjusted blood pressure,
given by

BP*im¼BPim�
XG
g¼1

dgS
ðiÞ
g �

XG
g¼1

dg=G

8<
:

9=
;: ð2Þ

We then fitted a fourth-degree polynomial model to predict
adjusted blood pressure as a function of age and height
z score, as follows:

BP*im¼ a*þ
X4

j¼1

b*j ðageim�10Þ j

þ
X4

k¼1

c*k ðZhtimÞkþ e*im; ð3Þ

where e*
im ~Nð0;r2*Þ. The pth percentile of blood pressure

for a child of age x and height z score Zht is then estimated by

hp¼ a*þ
X4

j¼1

b*j ðx�10Þ jþ
X4

k¼1

c*kZht
kþZpr*;

where Zp is the pth percentile of an Nð0; 1Þ distribution.
An advantage of equation 3 is that although the distribu-

tion of height varies greatly with age, the distribution of Zht
does not, thus allowing one to estimate blood pressure per-
centiles as a function of age and height with a relatively
simple polynomial model across a wide age range. However,
a disadvantage of equation 3 is the assumption that the
difference in average blood pressure between two children
of the same age with height z scores of Z1 and Z2 is inde-
pendent of age and is given by

BP*i1m�BP*i2m¼
X4

k¼1

c*kðZk1 �Z
k
2Þ; ð4Þ

which may or may not be true. To make the model more
flexible, we could use htim instead of Zhtim in equation 3,
but empirical evidence using this data set suggests that

FIGURE 1. 90th percentile of blood pressure by percentile of height (height z score) among normal-weight children at ages 5, 10, and 15 years,
obtained from polynomial regression models using Pediatric Task Force data. A) polynomial systolic blood pressure for boys; B) polynomial
diastolic blood pressure for boys; C) polynomial systolic blood pressure for girls; D) polynomial diastolic blood pressure for girls.
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the height coefficients may also depend on age if this pa-
rameterization is used.

Restricted cubic spline models

To build a more flexible model, we fitted a restricted cubic
spline model (19). Under this model, each predictor variable
is modeled using a restricted cubic spline representation
with five knots which correspond to the 5th, 27.5th, 50th,
72.5th, and 95th percentiles, respectively, over the entire
pediatric age range, as suggested by Harrell (20). To assess
study effects, we first fitted a restricted cubic spline model of
the form

BPim¼
XG
g¼1

agS
ðiÞ
g þ

X4

j¼1

bjxim; jþ
X4

k¼1

ckhim;k

þ
X4

l¼1

dlwim;lþ eim; ð5Þ

where

xim;1 ¼ ageim:

xim; jþ1 ¼ ½ðageim� tjÞ3
þ� � ½ðageim� t4Þ3

þ�ðt5 � tjÞ=
n

ðt5 � t4Þ þ ½ðageim � t5Þ3
þ�ðt4 � tjÞ=ðt5 � t4Þ

o.
100;

j¼ 1; . . . ; 3:

him;1 ¼ htim:

him;kþ1¼ ½ðhtim� hkÞ3
þ�� ½ðhtim� h4Þ3

þ�ðh5 � hkÞ=
n

ðh5 � h4Þ þ ½ðhtim� h5Þ3
þ�ðh4 � hkÞ=ðh5 � h4Þ

o.
100;

k¼ 1; ...; 3:

FIGURE 2. 90th percentile of blood pressure by age and percentile of height (10%, 50%, or 90%) among normal-weight children, obtained
from polynomial regression models using Pediatric Task Force data. A) polynomial systolic blood pressure for boys, by age; B) polynomial diastolic
blood pressure for boys, by age; C) polynomial systolic blood pressure for girls, by age; D) polynomial diastolic blood pressure for girls, by age.
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wim;1 ¼wim:

wim;lþ1 ¼ ½ðwtim � wlÞ3
þ� � ½ðwim � w4Þ3

þ�ðw5 � wlÞ=
n

�
w5 � w4Þþ ½ðwtim � w5Þ3

þ�ðw4 � wlÞ=ðw5 � w4Þ
o.

100;

l¼ 1; ... ; 3:

t1, . . ., t5 are the knots for age, h1, . . ., h5 are the knots for
height, and w1, . . ., w5 are the knots for weight. We then
computed study-adjusted blood pressures given by

BP*im¼BPim�
XG
g¼1

agS
ðiÞ
g �

XG
g¼1

ag=G

8<
:

9=
;

and estimated a restricted cubic spline model as a function
of age, height, and age 3 height, given by

BP**im¼
X4

j¼1

b**j xim; jþ
X4

k¼1

c**
k him;kþ

X4

l¼1

d**
l zim;lþ e**im; ð6Þ

where e**
im ~ Nð0;r2**Þ; Corrðe**

im;1; e**
im;2Þ ¼ q; xþ ¼ x

if x > 0 and xþ ¼ 0 if x � 0; xim, j and him,k are de-
fined as above, zim ¼ zim;1 ¼ ðageim � 10Þ3 ðhtim � �hÞ, and
zim;kþ1 ¼ f½ðzim� zkÞ3

þ� � ½ðzim� z4Þ3
þ�ðz5 �zkÞ=ðz5�z4Þ� þ

½ðzim � z5Þ3
þ� ðz4 � zkÞ=ðz5 � z4Þg=ð1002Þ.

z1, . . ., z5 are the knots for (age � 10)(ht � �h) and �h ¼
mean height over all children of a given gender. Restricted
cubic splines (also referred to as natural splines) are con-
strained to be linear for values less than the first knot and
greater than the last knot and may provide a better fit than
unrestricted cubic splines, which sometimes behave poorly
in the tails (19). These models are more flexible than simply
adding interaction effects of age 3 Zht to equation 3, since
the shape of the function relating blood pressure to age
and/or height is allowed to change over the range of each
variable.

Quantile regression models

An assumption of the model shown in equation 6 is that
the distribution of blood pressures is assumed to be normal,
which implies that the effects of age and height are the same
for all quantiles of blood pressure. To relax this assumption,

TABLE 3. Results from restricted cubic spline models relating blood pressure to age and height among

normal-weight* children in the Pediatric Task Force database

Parameter

Systolic blood pressure Diastolic blood pressure (Korotkoff 5)

Boys Girls Boys Girls

by p value b p value b p value b p value

Intercept 47.0 63.0 �6.3 35.2

Age spline terms

x1 �0.39 <0.001 �1.44 <0.001 1.97 <0.001 �0.65 <0.001

x2 0.85 2.08 �2.62 0.47

x3 �5.65 �12.31 13.00 3.62

x4 19.38 26.86 �12.15 �21.52

Height spline terms

h1 0.42 <0.001 0.35 <0.001 0.38 <0.001 0.23 <0.001

h2 �0.01 �0.00 �0.00 �0.00

h3 0.04 0.01 �0.00 0.05

h4 �0.09 �0.08 0.04 �0.17

Age 3 height spline termsz

z1 0.00 0.19 �0.001 0.85 �0.07 <0.001 �0.04 0.097

z2 0.07 �0.06 0.33 0.10

z3 �0.13 0.10 �0.54 �0.11

z4 0.07 �0.06 0.21 �0.01

Residual standard deviation 10.3 10.1 11.3 10.7

q§ 0.38 0.35 0.23 0.22

No. of persons 25,651 24,316 18,925 17,989

No. of physician visits 33,383 32,056 22,897 22,120

* Body mass index <85th percentile by 1-year age-sex group (2) according to Centers for Disease Control and

Prevention growth charts (3).

yRegression coefficient.

zMales: (age � 10) 3 (height � 150); females: (age � 10) 3 (height � 147).

§ Intraclass correlation coefficient.
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we also considered quantile regression methods (21). To
implement these methods, a separate regression is run for
each quantile s and the vector of parameters b~s that
minimize

XN
i¼1

qsðBP**im�Z~i#b~sÞ; ð7Þ

where qsðgÞ ¼ g3 ½s� Iðg < 0Þ� and I(a) ¼ 1 if a is true
and 0 if a is false. The regression is estimated using PROC
QUANTREG in SAS (SAS Institute, Inc., Cary, North Car-
olina). Thus, the assumption of normality of the residuals is
not necessary for quantile regression.

We ran these regressions for each of s ¼ 0.01, 0.05,
0.10, 0.25, 0.50, 0.75, 0.90, 0.95, and 0.99, where Z~i ¼
ðS; x~im; h~im; z~imÞ and S~ ¼ ðS1; . . . ; SGÞ; x~im¼ðxim;1; . . . ; xim;4Þ;
h~im ¼ ðhim;1; . . . ; him;4Þ, and z~im ¼ ðzim;1; . . . ; zim;4Þ are de-

fined in equation 6. Thus, a separate set of regression co-
efficients b~s is obtained for each s. The quantile regression
approach using separate restricted cubic splines for predic-
tion for each quantile offers the most flexibility in terms of

both specification of the regression function for a specific
quantile and allowing for separate regression equations for
different quantiles.

Assessing goodness of fit

To assess the goodness of fit of the polynomial regres-
sion approach shown in equation 3, the restricted cubic
spline approach shown in equation 6, and the quantile re-
gression approach shown in equation 7, we subdivided the
data for each age according to sex-specific predicted blood
pressure percentile, divided at 1 percent, 5 percent, 10 per-
cent, 25 percent, 50 percent, 75 percent, 90 percent, 95
percent, and 99 percent, where the cutpoints were included
in the upper segment. For each sex, we then compared the
observed distribution of children in these blood pressure
percentile groups with the expected distribution for each
1-year age group, combined the data into three age groups
(1–5 years, 6–10 years, and 11–17 years) separately for boys
and girls, and performed a chi-square goodness-of-fit test for
each method within each of the six age-sex groups.

FIGURE 3. 90th percentile of blood pressure by age and percentile of height (10%, 50%, or 90%) among normal-weight children, obtained
from restricted cubic splinemodels using Pediatric Task Force data.A) systolic blood pressure for boys (splines);B) diastolic blood pressure for boys
(splines); C) systolic blood pressure for girls (splines); D) diastolic blood pressure for girls (splines).
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RESULTS

The Pediatric Task Force data were derived from 11 pe-
diatric studies (4–18). Details on the design of these studies
have been previously published (1). We included children
from this database in this analysis only if their body mass
index percentile was less than the 85th percentile for their
1-year age-sex group (2) based on the CDC growth charts
(3). Demographic data for the study population are provided
in table 1.

The age range was 1–17 years, with heterogeneous age
distributions in different studies and a broad range of eth-
nicities over the 11 studies, which is similar to the entire
Pediatric Task Force database. Approximately 21 percent of
physician visits were excluded because the body mass index
was �85th percentile, with the percentage excluded being

notably higher in the later studies (NHANES III and
NHANES 1999–2000).

Results from the polynomial regression models (equation
3) are presented separately for boys and girls in table 2. As
expected, age and height z score were strong predictors of
SBP and DBP for both boys and girls (p < 0.001). To allow
better understanding of the relation of blood pressure to
height, we display in figure 1 the predicted 90th percentile
of blood pressure (prehypertensive level) by height z score
for children aged 5, 10, and 15 years, separately for boys and
girls. Prehypertensive blood pressure level appears to be an
approximately linear function of height z score for a given
age group. In addition, in figure 2 we plot the prehyperten-
sive level by age for children at the 10th, 50th, and 90th
height percentiles. The prehypertensive level shows a curvi-
linear increase with age, with the highest slope appearing in
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FIGURE 4. 90th percentile of blood pressure by age and percentile of height (10%, 50%, or 90%) among normal-weight children, obtained from
quantile regression models using Pediatric Task Force data. A) systolic blood pressure for boys (quantile regression); B) diastolic blood pressure
for boys (quantile regression); C) systolic blood pressure for girls (quantile regression); D) diastolic blood pressure for girls (quantile regression).
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early childhood and adolescence and a more moderate rate
of increase being evident in late childhood.

An advantage of this approach is that the blood pressures
of children of different ages can be easily accommodated in
a relatively simple polynomial model. The disadvantage is
that based on equation 3, the mean difference in blood pres-
sure for two children with height z scores of Zht and Zht2 are
the same for all ages. To test this assumption, we conducted
additional analyses including interaction terms of (age �
10) 3 Zht, (age � 10) 3 Zht2, (age � 10) 3 Zht3, and
(age � 10) 3 Zht4 for all of the models in table 2. There
were significant interaction effects for three of the four mod-
els (SBP in boys: for (age � 10) 3 Zht, p ¼ 0.025; SBP
in girls: for (age � 10) 3 Zht, p ¼ 0.002; DBP in boys: for
(age � 10) 3 Zht, p ¼ 0.051, and for (age � 10) 3 Zht2,
p ¼ 0.034).

To provide a more flexible model, we represented age,
height, and age 3 height using restricted cubic splines, as
given in equation 6. The resulting sex-specific models are
presented in table 3. For illustration of the relations, plots of
the prehypertensive level (�90th percentile) of SBP and
DBP by age are presented by percentile of height in figure 3.
The differences in prehypertensive level between the 10th
and 90th percentiles of height vary somewhat by age for
SBP in females and are noticeably different by age for
DBP in both boys and girls.

A limitation of the polynomial models shown in equation 3
and the spline models shown in equation 6 is that they
assume that the distribution of blood pressures is normal
with the same variance for all combinations of age and
height. To relax this assumption, we fitted the quantile re-
gression model in equation 7 separately by sex for the 1st,
5th, 10th, 25th, 50th, 75th, 90th, 95th, and 99th percentiles
of blood pressure. The regression coefficients are given in
Appendix tables 1–4. Plots of the quantile regression results
for the 90th percentile of blood pressure by age and height
percentile are given in figure 4.

In general, blood pressure increased with both age and
height percentile, albeit in a nonlinear manner. For DBP,
effects of height were smallest at the onset of puberty (ages
10–12 years) and largest for younger children and older
adolescents. In addition, effects of height tended to be larger
for boys than for girls. Table 4 shows the 90th percentile of
blood pressure by height percentile in 1-year age-sex-
specific groups. A complete table of the 1st, 5th, 10th, 25th,
50th, 75th, 90th, 95th, and 99th percentiles of blood pressure
by height percentile in 1-year age-sex groups (Web table 1)
is given on the Journal’s website (http://aje.oxfordjournals.
org/) and at the following website: http://www.geocities.
com/bernardrosner/Pediatrics.html.

Prehypertensive levels (�90th percentile) for normal-
weight adolescents (ages 13–17 years) ranged from 115
mmHg to 134 mmHg for SBP in boys, from 116 mmHg
to 125 mmHg for SBP in girls, from 74 mmHg to 83 mmHg
for DBP in boys, and from 75 mmHg to 78 mmHg for DBP
in girls, which fits in well with the customary definition for
hypertension of 140/90 mmHg for adults. Comparable lev-
els for the Pediatric Task Force data (1) based on normal-
weight and overweight children were: for SBP in boys,
118–135 mmHg; for SBP in girls, 118–127 mmHg; for DBP

in boys, 75–84 mmHg; and for DBP in girls, 76–81 mmHg.
These levels are slightly higher than those based on normal-
weight children only. In addition, normative values vary
widely by height among children of the same age (SBP in
boys, 6–11 mmHg; SBP in girls, 5–7 mmHg; DBP in boys,
3–6 mmHg; and DBP in girls, 1–2 mmHg).

To assess goodness of fit, we compared the observed and
expected percentages of children in different blood pressure
percentile groups by age (1–5, 6–10, and 11–17 years) and
sex for both SBP and DBP for both the spline and quantile
regression models. Web table 2, which is posted on the
Journal’s website (http://aje.oxfordjournals.org/), displays
the observed number and percentage of children falling into
each percentile category, along with the percentage ex-
pected. For each age group, the goodness of fit of the quan-
tile regression model (Q) is generally excellent, with no
significant difference between observed and expected
counts. Conversely, the restricted cubic spline models (S)
consistently showed a poor goodness of fit. The assumption
of normality was inappropriate for both SBP, which was
generally positively skewed, and DBP, which was generally
negatively skewed.

In the preceding analyses in this paper, we considered
SBP and DBP separately. However, the determination of
prehypertension is based on both SBP and DBP and is de-
fined as blood pressure at or above the 90th percentile for
either SBP or DBP. In table 5, we present the numbers and
percentages of children who were at or above the 90th per-
centile for SBP and DBP separately and in combination, as
well as the percentage of prehypertensive children. These
data were calculated for both the normal-weight Pediatric
Task Force children (body mass index <85th percentile)
included in this report and the overweight Pediatric Task
Force children (body mass index �85th percentile) who
were excluded from this report.

Among normal-weight children, 10 percent of children
had SBP �90th percentile, 10 percent of children had
DBP �90th percentile, 3 percent had both SBP and DBP
�90th percentile, and 18 percent were prehypertensive
(either SBP or DBP �90th percentile), on the basis of a sin-
gle visit. The prevalence of prehypertension was signifi-
cantly higher for overweight children (odds ratio (OR) ¼
2.3, 95 percent confidence interval (CI): 2.2, 2.4) than for
normal-weight children, as was the prevalence of elevated
SBP (OR ¼ 2.8, 95 percent CI: 2.6, 2.9), elevated DBP
(OR ¼ 1.9, 95 percent CI: 1.8, 2.0), and elevation of both
SBP and DBP (OR ¼ 3.2, 95 percent CI: 3.0, 3.5).

DISCUSSION

The development of norms for pediatric blood pressure is
challenging because of the nonlinear relation between blood
pressure levels and both age and height. Several functional
forms were considered in this analysis. We determined that
the use of the quantile regression model offered the most
flexibility and the best fit of the models considered. The
methods presented in this paper are somewhat different from
the penalized likelihood LMS (lambda-mu-sigma) methods
of Cole and Green (22, 23) that are used to estimate height
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and weight quantiles for pediatric growth data. However,
Wei et al. (24) performed a study comparing quantile re-
gression methods for fitting pediatric growth data and the
LMS methods; the results indicated very similar estimated
quantiles using these two approaches. An advantage of the
quantile regression approach is that it is relatively easy to
incorporate covariates into the analysis of growth data. In
the setting in this paper, this involves estimating blood pres-

sure quantiles as a nonlinear function of both age and height.
Quantile regression has also been used to accurately assess
the effects of early-life risk factors on adult body size, where
adult body size is characterized by body mass index at 20
and 40 years of age (25). In general, quantile regression
would be expected to be a useful analytic tool with which
to study adult body mass index, which is almost always
nonnormally distributed.

TABLE 4. 90th percentile of systolic and diastolic blood pressure by age, sex, and percentile of height among normal-weight*

children in the Pediatric Task Force databasey

Age (years)

Height percentile

Boys Girls

5% 10% 25% 50% 75% 90% 95% 5% 10% 25% 50% 75% 90% 95%

1

SBPz (mmHg) 98 99 99 100 100 101 101 98 99 99 100 101 102 102

DBPz (mmHg) 52 52 53 53 54 54 54 54 55 56 56 57 58 58

Height (cm) 77 78 80 82 85 87 88 75 77 79 81 83 85 86

2

SBP (mmHg) 100 100 101 102 103 103 104 101 101 102 103 104 105 106

DBP (mmHg) 55 55 56 56 57 58 58 58 58 59 60 61 62 62

Height (cm) 86 87 90 92 95 97 99 85 86 89 91 94 96 97

3

SBP (mmHg) 101 102 102 103 104 105 105 102 103 104 104 105 106 107

DBP (mmHg) 58 58 59 59 60 61 61 60 61 61 62 63 64 65

Height (cm) 92 94 96 99 102 104 106 91 92 95 98 100 103 105

4

SBP (mmHg) 102 103 104 105 105 106 107 103 104 105 106 107 108 108

DBP (mmHg) 60 61 62 62 63 64 64 62 63 64 65 66 67 67

Height (cm) 99 100 103 106 109 112 113 97 99 101 104 108 110 112

5

SBP (mmHg) 103 104 105 106 107 108 108 104 105 106 107 108 109 110

DBP (mmHg) 63 64 65 65 66 67 67 64 65 66 67 68 69 70

Height (cm) 104 106 109 112 116 119 120 104 105 108 111 115 118 120

6

SBP (mmHg) 105 105 106 107 109 110 110 105 106 107 108 109 110 111

DBP (mmHg) 66 66 67 68 68 69 69 67 67 68 69 70 71 71

Height (cm) 110 112 115 119 122 126 127 110 112 115 118 122 126 128

7

SBP (mmHg) 106 107 108 109 110 111 111 106 106 107 109 110 111 112

DBP (mmHg) 68 68 69 70 70 71 71 68 68 69 70 71 72 72

Height (cm) 116 118 121 125 129 132 134 116 118 121 125 129 132 135

8

SBP (mmHg) 107 108 109 110 111 112 112 107 107 108 110 111 112 113

DBP (mmHg) 69 70 70 71 72 72 73 69 70 71 72 72 73 73

Height (cm) 121 123 127 131 135 139 141 121 123 127 131 135 139 141

9

SBP (mmHg) 107 108 109 110 112 113 114 108 108 109 111 112 113 114

DBP (mmHg) 70 71 72 73 74 74 74 71 71 72 73 73 73 73

Height (cm) 126 128 132 136 141 145 147 125 128 131 136 140 144 147

Table continues
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Another issue is that although weight is a major determi-
nant of blood pressure in both children and adults, it is
important to not raise the norm for blood pressure in an
overweight child. Hence, we restricted the normative pop-
ulation to include normal-weight children only. Thus, the
prehypertensive and hypertensive levels in this report are
slightly lower than those previously published (1), which
included both normal-weight and overweight children.
The one exception to this rule occurs for the youngest chil-
dren (ages 1–2 years), for whom the levels in this report are

higher for the shortest children because of the relaxation of
the criterion that the difference in mean blood pressure by z
score of height is the same for all age groups.

In addition, although all studies used mercury manome-
ters in the measurement of blood pressure, there were obvi-
ous study effects. We chose to base the norms on children
from an ‘‘average’’ study. Whether these norms are also
appropriate for oscillometric blood pressure readings re-
mains an open question which can best be addressed by
studies including both oscillimetric and mercury readings

TABLE 4. Continued

Age (years)

Height percentile

Boys Girls

5% 10% 25% 50% 75% 90% 95% 5% 10% 25% 50% 75% 90% 95%

10

SBP (mmHg) 108 109 111 112 113 115 116 109 110 111 112 113 115 116

DBP (mmHg) 72 73 74 74 75 75 76 72 73 73 73 73 73 73

Height (cm) 130 133 137 141 146 150 153 130 132 136 141 146 150 153

11

SBP (mmHg) 110 111 112 114 116 117 118 111 112 113 114 116 118 120

DBP (mmHg) 74 74 75 75 75 76 76 74 74 74 74 74 75 75

Height (cm) 135 137 142 146 151 156 159 136 138 143 148 153 157 160

12

SBP (mmHg) 113 114 115 117 119 121 122 114 115 116 118 120 122 122

DBP (mmHg) 75 75 75 75 75 76 76 75 75 75 75 76 76 76

Height (cm) 140 143 148 153 158 163 166 143 146 150 155 160 164 166

13

SBP (mmHg) 115 116 118 121 124 126 126 116 117 119 121 122 123 123

DBP (mmHg) 74 74 74 75 76 77 77 75 75 75 76 76 76 76

Height (cm) 147 150 155 160 166 171 173 148 151 155 159 164 168 170

14

SBP (mmHg) 119 120 123 126 127 128 129 118 118 120 122 123 123 123

DBP (mmHg) 74 74 75 77 78 79 80 76 76 76 76 77 77 77

Height (cm) 154 157 162 167 173 177 180 151 153 157 161 166 170 172

15

SBP (mmHg) 123 124 126 128 129 130 130 118 119 121 122 123 123 124

DBP (mmHg) 75 76 78 79 80 81 81 76 76 76 77 77 78 78

Height (cm) 159 162 167 172 177 182 184 152 154 158 162 167 171 173

16

SBP (mmHg) 126 127 128 129 131 131 132 119 120 122 123 124 124 124

DBP (mmHg) 77 78 79 80 81 82 82 76 76 76 77 78 78 78

Height (cm) 162 165 170 175 180 184 186 152 154 158 163 167 171 173

17

SBP (mmHg) 128 129 130 131 132 133 134 120 121 123 124 124 125 125

DBP (mmHg) 78 79 80 81 82 82 83 76 76 77 77 78 78 78

Height (cm) 164 166 171 176 181 185 187 152 155 159 163 167 171 174

* Body mass index <85th percentile by 1-year age-sex group (2) according to Centers for Disease Control and Prevention growth charts (3).

y A complete table of the 1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and 99th percentiles of blood pressure by height percentile in 1-year age-

sex groups (Web table 1) is given on the Journal ’s website (http://aje.oxfordjournals.org/) and at the following website: http://www.geocities.com/

bernardrosner/Pediatrics.html.

z SBP, systolic blood pressure; DBP, diastolic blood pressure.
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taken in the same children. Another issue is that blood pres-
sure varies considerably in children, and it is not uncommon
to find children who are prehypertensive (�90th percentile)
or hypertensive (�95th percentile) at one physician visit and
normotensive at a second visit. The present guidelines re-
quire confirmation of a prehypertensive or hypertensive
level of blood pressure on three separate occasions (1).
Whether this approach is the most efficient method of iden-
tifying prehypertensive and hypertensive children remains
an open question.
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APPENDIX TABLE 1. Regression coefficients for systolic blood pressure in boys, obtained from quantile regression models using

Pediatric Task Force data (33,383 physician visits)

Variable
Quantile

0.01 0.05 0.1 0.25 0.5 0.75 0.9 0.95 0.99

Intercept �15.2 7.5 �3.8 30.8 49.3 45.8 71.1 102.7 99.6

Age

x1 0.16 �0.00 0.26 �0.04 �0.05 0.28 �0.59 �1.23 �2.85

x2 0.79 0.41 0.59 0.35 0.56 0.32 0.95 0.86 3.07

x3 �16.24 �5.84 �10.58 �3.51 �5.01 �3.01 �3.23 3.25 �6.50

x4 64.96 25.15 40.4 16.99 21.31 12.58 5.83 �15.79 �4.98

Height

h1 0.70 0.59 0.68 0.47 0.37 0.43 0.33 0.16 0.35

h2 �0.02 �0.01 �0.01 �0.01 �0.00 �0.01 �0.00 0.01 �0.00

h3 0.08 0.05 0.06 0.04 0.04 0.04 0.02 �0.01 0.05

h4 �0.15 �0.09 �0.11 �0.10 �0.12 �0.11 �0.07 �0.05 �0.13

Age 3 height

z1 0.01 0.00 0.03 �0.01 0.01 0.01 �0.02 �0.03 �0.04

z2 0.10 0.09 0.13 0.10 0.03 0.10 0.15 0.07 �0.04

z3 �0.16 �0.16 �0.24 �0.17 �0.06 �0.19 �0.27 �0.14 0.07

z4 0.06 0.07 0.14 0.07 0.03 0.11 0.16 0.10 �0.03

APPENDIX TABLE 2. Regression coefficients for systolic blood pressure in girls, obtained from quantile regression models using

Pediatric Task Force data (32,056 physician visits)

Variable
Quantile

0.01 0.05 0.1 0.25 0.5 0.75 0.9 0.95 0.99

Intercept �7.5 30.9 22.7 44.8 63.7 66.1 92.4 117.6 135.7

Age

x1 �1.23 �1.13 �0.87 �0.92 �1.21 �1.19 �1.85 �2.10 �1.85

x2 1.26 1.59 1.48 1.55 1.96 1.79 2.55 2.70 2.06

x3 �6.88 �11.74 �11.82 �10.78 �12.51 �9.53 �13.64 �11.26 �8.05

x4 20.47 34.59 34.23 27.84 28.01 16.34 26.23 13.42 16.92

Height

h1 0.71 0.46 0.54 0.41 0.33 0.36 0.25 0.10 �0.01

h2 �0.01 �0.00 �0.01 �0.00 �0.00 �0.00 �0.00 0.01 0.01

h3 �0.07 �0.03 0.02 0.01 0.02 0.02 0.05 0.01 �0.09

h4 0.36 0.11 �0.06 �0.09 �0.16 �0.13 �0.31 �0.18 0.17

Age 3 height

z1 �0.00 �0.02 0.00 �0.01 �0.00 �0.01 �0.02 �0.03 �0.03

z2 0.53 0.69 0.32 0.15 �0.17 �0.19 �0.18 �0.48 0.34

z3 �0.69 �1.00 �0.47 �0.2 0.26 0.30 0.27 0.72 �0.59

z4 0.14 0.39 0.18 0.05 �0.13 �0.16 �0.10 �0.30 0.42
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APPENDIX TABLE 3. Regression coefficients for diastolic blood pressure (Korotkoff 5) in boys, obtained from quantile regression

models using Pediatric Task Force data (22,897 physician visits)

Variable
Quantile

0.01 0.05 0.1 0.25 0.5 0.75 0.9 0.95 0.99

Intercept �13.6 �17.0 �42.5 �25.4 �0.8 14.4 13.7 10.9 �2.7

Age

x1 �1.13 2.25 3.16 2.72 1.69 1.40 1.79 1.71 3.81

x2 �1.71 �3.79 �3.82 �3.25 �2.43 �1.94 �2.09 �1.54 �2.31

x3 28.86 23.13 16.96 13.53 12.06 11.15 11.89 6.08 3.52

x4 �81.17 �35.18 �12.00 �4.04 �8.67 �15.71 �20.30 �5.59 8.02

Height

h1 0.41 0.29 0.47 0.42 0.36 0.31 0.34 0.39 0.40

h2 0.00 0.00 �0.01 �0.01 �0.00 �0.00 �0.01 �0.01 �0.01

h3 �0.03 �0.05 �0.02 0.00 �0.00 0.01 0.02 0.05 0.02

h4 0.05 0.14 0.11 0.04 0.03 �0.00 �0.03 �0.06 0.06

Age 3 height

z1 �0.01 �0.06 �0.03 �0.05 �0.09 �0.07 �0.05 �0.03 0.06

z2 �0.12 0.4 0.36 0.37 0.37 0.22 0.19 0.15 0.04

z3 0.30 �0.66 �0.59 �0.63 �0.63 �0.33 �0.30 �0.23 �0.05

z4 �0.27 0.26 0.22 0.28 0.28 0.08 0.10 0.06 �0.02

APPENDIX TABLE 4. Regression coefficients for diastolic blood pressure (Korotkoff 5) in girls, obtained from quantile regression

models using Pediatric Task Force data (22,120 physician visits)

Variable
Quantile

0.01 0.05 0.1 0.25 0.5 0.75 0.9 0.95 0.99

Intercept 36.3 15.9 9.1 21.7 43.4 42.4 31.5 42.9 106.9

Age

x1 �0.45 �0.35 0.14 �0.26 �1.48 �0.25 �0.19 �0.21 �0.86

x2 �0.23 �0.65 �1.08 �0.23 1.48 0.36 0.85 1.27 1.94

x3 28.85 19.54 16.10 6.69 �2.83 1.58 �5.00 �7.75 �5.95

x4 �129.83 �72.08 �48.10 �20.92 �7.69 �13.36 5.54 8.43 �7.02

Height

h1 �0.02 0.23 0.27 0.26 0.22 0.20 0.33 0.26 �0.13

h2 0.00 �0.00 �0.00 �0.00 �0.00 �0.00 �0.01 �0.01 0.00

h3 0.05 0.10 0.04 0.03 0.07 0.04 0.08 0.07 0.06

h4 �0.27 �0.51 �0.17 �0.15 �0.27 �0.10 �0.23 �0.18 �0.28

Age 3 height

z1 �0.06 0.01 �0.03 �0.02 �0.03 �0.02 �0.00 0.01 �0.12

z2 �0.30 �1.35 0.58 0.03 �0.35 0.18 �0.37 �0.44 0.59

z3 0.63 2.08 �0.85 0.01 0.55 �0.25 0.59 0.68 �0.76

z4 �0.55 �1.00 0.34 �0.08 �0.27 0.09 �0.32 �0.32 0.14
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