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Abstract

Due to the absence of easily applicable cut-off points to determine high blood pres-

sure or hypertension in children, as in the adult population, blood pressure is rarely

measured in the pediatrician’s clinical routine. This has led to an underdiagnosis of high

blood pressure or hypertension in children. For this reason, the present study evaluate

the utility of five equations for the screening of high blood pressure in children: blood

pressure to height ratio, modified blood pressure to height ratio, new modified blood

pressure to height ratio, new simple formula and height-based equations. The authors

evaluated 1599 children between 5 and 18 years. The performance of the five equa-

tions was analyzed using the receiver-operating characteristics curves for identifying

blood pressure above P90th according to the American Academy of Pediatrics Clinical

Practice Guideline 2017. All equations showed an area under the curve above 0.882.

The new modified blood pressure to height ratio revealed a high sensitivity whereas

the height-based equations showed the best performance, with a positive predictive

value above 88.2%. Finally, all equations showed higher positive predictive values in
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children with overweight or obesity. The height-based equation obtained the high-

est PPV values above 71.1% in children with normal weight and above 90.2% in chil-

drenwith overweight or obesity. In conclusions, the authors recommend the use of the

height-based equations equation because it showed the best positive predictive values

to identify children with elevated blood pressure, independently of their sex, pubertal

andweight status.

KEYWORDS

children, height-based equations, high blood pressure, pediatrician, screening

1 INTRODUCTION

High blood pressure is the most important risk factor contributing to

worldwide deaths.1,2 Data indicate that its prevalence has continued

to rise in the recent years,3 and Europe is the region with the high-

est prevalence, where 55% of the adults have hypertension.4 In adults

in Spain, hypertension prevalence is estimated at 42.6%.5 However,

hypertension is not only present in adulthood, but also in children and

adolescents. In the last two decades, hypertension has earned impor-

tance in terms of its appearance in young populations.6 One meta-

analysis7 and a study done in Greece8 found a prevalence of hyperten-

sion of 16.2%among10–19year-old and a18.5%among9–13year-old

children, respectively.

In adults, high blood pressure stands out as one of the most impor-

tant risk factors for cardiovascular diseases (CVD).9 Whereas this

relationship is more difficult to establish in childhood, since cardio-

vascular complications usually appear over time and together with

additional risk factors.6 It has been shown that hypertension tracks

from childhood to adulthood.10–12 Among the developmental time

frame, puberty is a key period for hypertension development.10 The

development of childhood hypertension should be avoided since it is a

risk factor that can cause organic damage.13

Indeed, given its early role in long-term cardiovascular risk, blood

pressure needs to be monitored, even in asymptomatic children and

adolescents.14 Despite its increase,15 high blood pressure it is still

underdiagnosed in the pediatric routines.16 There are several rea-

sons why hypertension may be underdiagnosed. One of these reasons

could be the different cuts-off values that need to be applied in the

process of diagnosis, depending on age and sex, height percentiles.14

Although there are tables based on these percentiles, some authors

have proposed the use of different methods to simplify the screening

of blood pressure reducing the health care visits time,17 which is usu-

ally insufficient.16

Some authors developed formulas18–21 based on simple measure-

ments, to be used to identify hypertension defined by the 2004 Fourth

report of the American of Academy of Pediatrics guidelines.18–21

However, in 2017 this guideline was updated using only children with

normal weight.14 For this reason, only some authors have tested the

usefulness of these formulas based on the 2017 guideline.22 While

other authors have proposed new formulas adapted to the 2017

guideline.23,24 Nevertheless, no study has been found in a pediatric

Spanish population using any of thementioned formulas.

Therefore, the aim of this study was to identify the formula with the

best performances to classify a sample of Spanish children and adoles-

cents according to their blood pressure levels, based on the American

Academy of Pediatrics (AAP) Clinical Practice Guideline (CPG).14

2 MATERIALS AND METHODS

2.1 Study sample

A sample of 1599 children and adolescents (48.5% males and 70.6%

with overweight/obesity) participated in the GENOBOX multicenter

case control study, carried out in three Spanish cities: Córdoba, San-

tiago de Compostela and Zaragoza. The participants and their families

were informed about the aim of the study. Children were classified in

two groups: caseswith overweight or obesity, and controlswith normal

weight. The case group was recruited from children who came to the

hospitals to confirm the diagnosis of overweight or obesity or for iden-

tification of minor gastrointestinal disorders that were discarded after

clinical and laboratory tests.Whereas, the control groupwere children

who came to the emergency departments owing to a common infec-

tion, thatwere not confirmed after laboratory tests.We included in the

study children from 5 to 18 years. Those children having a chronic or

inflammatory disease, a congenital disease or psychomotor disability

and taking drugs for treatment of alterations in blood pressure, hor-

monal, glucose or lipid metabolism and those who did intensive exer-

cise in the 24 h previous to the examination or had been involved

in other studies 3 month before, were excluded from the study. The

present study was approved by the Ethics Committees of each center

(Code IDs: Santiago 2011/198, Zaragoza 10/2010, Córdoba 01/2017)

involved in the project andwas carried out following theDeclaration of

Helsinki principles.

2.2 Anthropometric measurements

Trained researchers weighed and measured all the participants. The

participants were measured in their underwear and without shoes. An
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electronic scale and a stadiometer were used to measure weight and

height, respectively. Then, body weight in kg was divided by the square

of height in meters to obtain the body mass index (BMI). Cole and

coworkers, International Obesity Task Force criteria were used to clas-

sify participants as children with normal weight or overweight/obesity

according to their sex and age specific cut-offs equivalent to adult

values of 25 kg/m2 and 30 kg/m2.25 Children with underweight were

exclude for the study. In addition, the pubertal stage was determined

according to Tannert’s criteria by an expert pediatrician and confirmed

with sexual hormonemeasurements.26 Children in Tanner stage I were

considered prepubertal, and children with stages II-V were consid-

ered pubertal. Despite the participants with tanner V presented clini-

cal signs andhormones similar to adults, theywere grouped as pubertal

because they still had a growth velocity around 2 cm/year.

2.3 Blood pressure

In all participating centers, an electronic manometer (M6, HEM-7001-

E,Omron, Tokio, Japan),whichhas beenapprovedby theBritishHyper-

tension Society,27 was used to measure systolic and diastolic blood

pressure (SBP, DBP). The cuff-size was adapted to the arm circumfer-

ence of each child. The blood pressure measure was taken by a trained

personal in a quiet room. The child was seated on a chair with the back

supported and feet undercrossed on the floor and waited 5 min until

the first measurement of BP. The measures were repeated twice with

a 5 min interval on the right arm and in sitting position. If the first two

measures differed bymore than 20% themeasurewas repeated a third

time. Children were classified as having elevated SBP or DBP (> P90th

for sex, age and height) or not, according to the AAPCPG.14 In order to

avoid the risk of white coat hypertension (WCH), the BP levels of 154

of that children (77 with normal weight and 77 with obesity or over-

weight) weremeasured too by ambulatory blood pressuremonitoring.

2.4 Height-based equations

The following five height-based equations,18–20,23,24 were used to

check their usefulness as tools for the detection of high blood pressure

as compared with the AAP CPG (≥ P90th both systolic and diastolic).

Each one of the first three equations were calculated both for SBP and

DBP.

I. Blood pressure to height ratio (BPHR)18 =BP /Height (cm).

II. Modified blood pressure to height ratio (MBPHR)19 = BP/(Height

(cm)+ 7× (13 – age in years).

III. New modified blood pressure to height ratio (NMBPHR)20 =

BP/(Height (cm)+ 3× (13 – age in years).

IV. New simple formula (NSF)23 = [1.5 × systolic blood pressure +

diastolic blood pressure]− [(26× height (m)]− age (years).

V. Elevatedbloodpressure cut-offs fromthe “Height-basedequation”

(HBE)24: SBP P90th = 70 + 0.33× height (cm); DBP P90th = 35 +

0.25× height (cm).

2.5 Statistical analyses

The sample sized estimation was calculated with a 95% degree of con-

fidence (type I error alpha = 0.05) and a power of 80% (type II beta

error = 0.20) according to the estimation equation of n by compar-

ison of two proportions of one variable in two independent groups.

The sample size under these conditions was raised to a total of 300

to be sure that significant differences could be found for a minimal

difference of 20% in each parameter between children with obesity

and normal weight. Descriptive statistics for sex, height, BMI, SBP and

DBP for children and adolescentswere expressed asmeans± standard

deviation (SD). Studentt’s t-test was used to compare normally dis-

tributed variables between children of different sex and weight status.

The proportion of normal SBP and DBP and those with elevated SBP

andDBPwere reported by frequency. Due to the observed differences

between males and females, further analyses were done separated by

sex.

Receiver operating characteristics curves (ROC) analyses were

applied for the equations i to iv in children and adolescentswith normal

weight to assess their accuracy as diagnostic test for elevated SBP and

DBP in the study population. The area under the curve (AUC) was used

as indicator of overall ability of using i to iv and equations cut-off points

to discriminate children and adolescents with elevated SBP or DBP. To

assess the performance of ROCanalyseswe used theAUCwith its 95%

confidence intervals. A perfect testwill have anAUCof 1.0, and anAUC

of 0.5 is equivalent to random guessing.28 From these data, the cut-off

point with the highest sensitivity and specificity were selected.29 The

cut-off point obtained in children with normal weight were then used

to classify the total population using both systolic and diastolic cut-

off points. Due to the peculiar of blood pressure diagnoses, children

and adolescents are prehypertension or have elevated blood pressure

when either SBPorDBPare aboveP90th.14 In this line new categorical

variables were created unifying the presence of either elevated SBP or

DBP of each equation (i to iv). For the last equation (v), no ROC anal-

yses was needed since the formula itself gives a cut-off point to com-

pare with each patient blood pressure level. Hence, the whole sample

was classified according to have or not either SBP or DBP above or

below its own cut-off point. Then, sensitivity, specificity, positive pre-

dictive value (PPV), negative predictive value (NPV), real prevalence

andapparent prevalence and their confidence intervals, using theexact

binomial statistical method, were calculated from the new categorical

variable compared with the AAP CPG (≥ P90th both systolic and dias-

tolic).

All analyses were carried out with IBM SPSS Statistics (IBM SPSS

Statistics forWindows, Version26.0. Armonk,NY,USA: IBMCorp.) and

statistical significance was consideredwhen p< .05.

3 RESULTS

Table 1 shows their main characteristics of the participants according

to age and weight status. Both boys and girls with normal weight

showed significant differences with lower values in height, BMI, SBP
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TABLE 1 Descriptive characteristics of the participants including blood pressure distribution according to the American Academy of
Pediatrics Clinical practice guideline 2017

Normal weight Overweight/Obesity

Boys Girls Boys Girls

248 222 528 601

N Median (p25–p75) Median (p25–p75) Median (p25–p75) Median (p25–p75)

Age (years) 9.8a (8.2–11.5) 10.1c 2.5 10.4a 2.4 10.3c 2.6

Height (m) 1.39a 0.15 1.39c 0.14 1.45b 0.14 1.44d* 0.14

Weight (kg) 33.5a 11.0 33.5c 10.6 56.3b 18.1 54.7d 17.9

BMI 17.03a 2.0 17.22c 2.2 26.21b 4.4 25.98d 4.6

BMI-z −0.27a 0.58 −0.23c 0.49 2.90b 1.54 2.38d* 1.25

SBP (mmHg) 100a 13 100c 12 111b 14 110d 13

DBP (mmHg) 60a 10 62c* 10 67b 11 67d 11

SBPHR 0.721a 0.10 0.726c 0.10 0.768b 0.1 0.770d 0.1

DBPHR 0.435a 0.07 0.451c,* 0.08 0.465b 0.08 0.470d 0.09

MSBPHR 0.626a 0.09 0.629c 0.08 0.681b 0.1 0.679d 0.09

MDBPHR 0.377a 0.06 0.391c,* 0.07 0.412b 0.07 0.414d 0.07

NMSBPHR 0.675a 0.09 0.679c 0.08 0.726b 0.09 0.725d 0.08

NMDBPHR 0.407a 0.06 0.422c,* 0.07 0.439b 0.07 0.443d 0.07

NSF 183.2a 25.7 185.9c 24.5 206.7b 27.8 205.2d 25.8

HBE SBP 115.8a 5.0 115.8c 4.7 118.0b 4.6 117.5d 4.6

HBEDBP 69.7a 3.8 69.7c 3.6 71.3b 3.5 70.97d 3.7

n (%) n (%) n (%) n (%)

Elevated SBP 26 10.5 25 11.3 200 37.9 211 35.1

Elevated DBP 14 5.6 31 14 120 22.7 142 23.6

Abbreviations: BMI, Body mass index; BMI-z, Body mass index z-score; DBP, Diastolic blood pressure; DBPHR, diastolic blood pressure (BP/Height); HBE,

Elevated blood pressure cut-offs from the “Height-based equation MDBPHR”, Modified diastolic blood pressure to height ratio (DBP/Height+7x(13-age);

MSBPHR, Modified systolic blood pressure to height ratio (SBP/Height+7x(13-age); NMSBPHR, New modified diastolic blood pressure to height ratio

(DBP/Height+3x(13-age); NMSBPHR, New modified systolic blood (SBP/Height+3x(13-age); NSF, New simple formula, (1.5xSBP+DBPD)-(26xheight)-age;

SBP, systolic blood pressure; SBPHR, systolic blood pressure to height ratio (BP/Height); SD, standard deviations.

*Indicates significant differences p < 0.05 between sex in children with the same weight status. (a and b) indicates differences p < 0.050 between boys with

normal-weight versus those with overweight/obesity; (c and d) indicates differences p < 0.05 between girls with normal-weight versus those with over-

weight/obesity.

and DBP than children with overweight/obesity. In addition, girls with

normal weight showed significantly higher DBP values than boys with

normalweight. Also, boyswithoverweight or obesitywere significantly

taller than girlswith overweight or obesity. RegardingBP classification,

a 29.1% of boys and 28.7% of girls showed elevated SBP. Similarly,

elevated DBP was observed in 17.3% of boys and 21.0% of girls. In

addition, in the subsample of 154 children themeasure of BP by ambu-

latory blood pressure monitoring showed a 6.5% and a 13% ofWCH in

children with normal weight and overweight or obesity, respectively.

The performance in the identification of the optimal cut-off points

for elevated BP, both in systolic and diastolic blood pressure, using

the first four equations (BPHR, MBPHR, NMBPHR and NSF) is shown

in Table 2. Moreover, Figure 1 shows the AUC for equations (BPHR,

MPHBR and NMBPHR) compared to the AAP CPG. All equations

showed an AUC with a range of 0.915–0.992 in boys. Whereas in girls

the AUC range was 0.882–0.985. In addition, AUC showed better

values for boys than for girls, except in the SBPHR and NSF equations.

The best AUC for the identification of elevated blood pressure was the

obtained by the NMBPHR equation, both for SBP and DBP. Regarding

sensitivity and specificity of cut-off points obtained, all equations

showed high values (between 73.3 and 100%). In addition, in boys

all equations showed a sensitivity of 100%, except BPHR for systolic

blood pressure andNSF.

When participants were divided by pubertal status, the AUC range

for all equations was 0.936–0.999 for prepubertal and 0.845–1.00

for pubertal children (Table S1). NMBPHR equation was found to

be the best for identifying prepubertal children with elevated SBP

(AUC = 0.969 for boys and AUC = 0.965 for girls) and elevated DBP

(AUC = 0.999 for boys and AUC = 0.994 for girls) with a sensitivity

of 100%, except for girls in the systolic category (95.2%). However,

in pubertal children the equation with the best AUC was BPHR,

particularly SBPHR, with an AUC of 0.981 for boys and 1.00 for girls.
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F IGURE 1 ROC curves for children and adolescents with normal weight, both systolic and diastolic blood pressure

In addition, BPHR for pubertal children showed an AUC with a high

sensitivity (100%), except for girls in the diastolic category (87.5%).

Once we obtained the new categories regarding the presence or

absence of elevated blood pressure according to the identified cut-offs

from the studied equations, these were compared with the Gold stan-

dard classification in thewhole sample. Table 3 shows sensitivity, speci-

ficity, PPV, NPV, true prevalence and apparent prevalence for the all

studied equations.MBPHRshowed thebest sensitivity in boys (98.2%).

Whereas NSF showed the best sensitivity for girls (96.7%). NMBPHR

showed a high sensitivity both in girls and boys, (96.7% and 95.0%,

respectively). Regarding specificity, theHBEequation showed thehigh-

est value both in boys (93.2%) and girls (93.5%). In addition, the HBE

equation obtained the best PPV (87.5% for boys and 88.2% for girls).

As for prevalence, the true prevalence in boys was 35.2% and 36.5%

in girls. BPHR, MBPHR, NMBPHR and NSF equations showed a higher

apparent prevalence, and the HBE equation showed a lower apparent

prevalence, than the true prevalence. The HBE equation showed the

most similar apparent prevalence to the true prevalence (35.1% and

35% in boys and girls, respectively).

Table S2 shows the sensitivity, specificity, PPV and NPV of all

height-based equations compared with AAP CPG divided by pubertal

status in the all the participants. Sensitivity values were between

80.4 and 97.4% in children with prepubertal status and between 59.5

and 95% in children with pubertal status. Similarly, specificity range

was 73.9–91.2% and 79.3–97.8% in children with prepubertal and

pubertal status, respectively. Respect PPV the HBE equation showed

the highest values in prepubertal and pubertal children.

Finally, Table 4 shows the sensitivity, specificity, PPV, NPV, real

prevalence and apparent prevalence when the analysis was stratified

by BMI status. Participants with higher BMI showed higher PPV than

those with normal BMI. Both in children with normal weight and chil-

dren with overweight or obesity the HBE equations obtained the best

PPV (71.1 and 71.4% for boys and girls with normal weight, respec-

tively; and 90.2 and 91.6% for boys and girls with overweight or obe-

sity).

4 DISCUSSION

The present study shows the usefulness of different height-based

equations for the detection of elevated blood pressure in Spanish chil-

dren. All equations (i to iv) were found to be useful for the identifica-

tion of elevated blood pressure (AUC above 0.882). However, some of

them revealed better results than others. This is the case for the HBE

equation,24 which showed the best PPV in the identification of chil-

drenwith blood pressure above the P90th both in childrenwith normal

weight and childrenwith overweight or obesity. On the other hand, the

NMBPHR equation turned out to be the best equation for the identifi-

cation of children with blood pressure above the P90th (with the high-

est AUC and sensitivity).
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Due to the high number of cut-off points that have to be consid-

ered in the diagnosis of hypertension using the AAP CPG, and the time

needed to search for the appropriate cut-off point of each child, some

authors have developed simple tools to facilitate the correct classifica-

tion of children according to the their blood pressure levels.18–20,23,24

Using the AAP CPG, Zhang and coworkers,30 found that the NMBPHR

equation had a better performance in the identification of high blood

pressure (above P95th) compared with the BPHR and MBPHR equa-

tions, in American children. However, the MBPHR was the equation

with the best performance in Chinese children.30 Similarly, Yazdi and

coworkers observed that the NMBPHR equation had a better per-

formance than the BPHR and MBPHR equations in the identifica-

tion of high blood pressure in Iranian children (7–12 years).31 In our

study, among the equations used in that studies, the NMNPHRwas the

best for the identification of elevated blood pressure in Spanish chil-

dren. Compared with the studies of Zhang and Yazdi,30,31 we obtained

a moderately higher PPV. In a study similar to ours, Mourato and

coworkers32 in American and Brazilian children, observed NMBPHR

as the equation with the best performance. Thus, our study seems to

confirm the best results for the NMBPHR equation. In addition, these

results were observed with similar cut-off points to those obtained in

previous studies.22,30,31

Di Bonito and coworkers23 created theNSF based on the 2017AAP

CPG especially for children with overweight or obesity and obtained

a good PPV (84–83%).23 In our study, although we found a lower PPV

both in boys and girls, when data were analyzed by weight status, the

analysis in children with overweight or obesity showed an increase in

PPV compared to children with normal weight (69.4–69.1% vs. 50.8–

61.9%).

The HBE is the most practical equation because it showed the best

performance and it does not require age to be introduced in the cal-

culation. It is very useful in clinical practice where the pediatricians

can measure blood pressure and classify children accordingly. If the

blood pressure levels (SBP and DBP) are above the data obtained with

the HBE, it indicates that children have elevated blood pressure.24 In

a recent study performed in South America, the HBE was the equa-

tion with the best performance to identify elevated blood pressure

(> P90th, according to the AAP CPG), showing also a high sensitivity,

NPV and a PPV above 53.8, with male children and adolescents show-

ing themaximumPPV values (72.6 and 63.2, respectively).22

It iswell known that childrenwith overweight or obesity havehigher

prevalence of hypertension than children with normal weight.33 For

this reason, when other studies studied the performance of the dif-

ferent equations according to weight status, the subgroups with over-

weight or obesity showed better PPV.30,31 In our study, when the anal-

yses were stratified by weight status we found higher PPV in children

with overweight or obesity than in childrenwith normal weight. In chil-

drenwith normal weight we obtained the higher PPV in the HBE equa-

tion (71.1% and 71.4%, in boys and girls, respectively).Whereas in chil-

dren with overweight or obesity the PPV increased until (90.2% and

91.6%, in boys and girls, respectively). This suggests that although chil-

dren with normal weight obtained a high PPV percentage in the HBE
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equation, this percentage was higher when compared with their coun-

terparts with overweight/obesity.

To our knowledge, this is the first study to assess the performance of

different height-based equations to identify children and adolescents

with elevated blood pressure in Spain. Others studies have done the

analyses with other populations (American, Sud-American, Chinese).

It should be noted the importance of puberty since it is a factor to

be asses in childhood. And it is the first study of this type in which

puberty has been taken into account. For these reason these cut-off

points obtained in Spanish children and adolescents could be used as a

reference for Spanish population in order to screening children or ado-

lescents with elevated blood pressure. Moreover, the study was per-

formed in a large sample and considering three different subgroups

for the analyses (sex, weight status and pubertal status). The results

obtained in children with normal weight have been confirmed in the

children and adolescentswith higher risk of hypertension (children and

adolescents with overweight or obesity). Also, the cut-off points were

identified only in children with normal weight, following the AAP CPG

recommendation, which may explain the better AUC obtained in the

children with normal weight when compared with those with over-

weight/obesity.

However, the study has several limitations. First, the use of an oscil-

lometric device instead of a mercury sphygmomanometer. Although

the oscillometric device was validated and its use is recommended

by the AAP CPG, most previous studies used a mercury sphygmo-

manometer as it is the most accurate method. The oscillometric device

was the selected method to measure blood pressure because it does

not need prior preparation and its measurements are reproducible

in other contexts such as schools. So, its use in other settings could

be adequate to detect children with elevated blood pressure. Second,

blood pressure levelwasmeasured at one visit instead of three visits as

recommended by the AAPCPG. One of the risks of performing a single

auscultation visit is the masking of white coat hypertension, specifi-

cally in the group of children with hypertension. Taking into account

this, a small subsample was measured by ambulatory blood pressure

monitoring too and the percentage of WCH found was low compared

with other studies.34,35 Third, the terminal digit preference in themea-

sure of BP levels, specifically in SBP, was zero. However, a recent study

has shown how the use of automated devices decrease the percentage

of BP recordings ending in zero. Although zero is still the terminal digit

preference with the highest prevalence in the BP records.36

In conclusions, the HBE equation showed the best PPV to identify

children with elevated blood pressure, independently of their sex and

pubertal weight status. The HBE is a simple formula and it could be

included in the pediatrician’s clinical routine or in other public health

activities.
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