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Background: Definitions of childhood and adolescent
hypertension (HTN) do not precisely elucidate the relation-
ship between HTN and cardiovascular outcomes. Carotid
intima-media thickness (CIMT), as a substitute for cardio-
vascular outcomes, enables the early identification of car-
diovascular events throughout early adulthood.

Purpose: This study aimed to compare the ability of child-
hood HTN definitions to predict a high CIMT in early
adulthood.

Methods: This prospective cohort study included 921
individuals aged 1017 years from the Tehran Lipid and
Glucose Study. The CIMT was measured after 18 years of
follow-up. Participants were categorized into normal blood
pressure (BP), high-normal BP, HTN stage 1, and HTN
stage 2 groups based on the childhood HTN definitions of
the 4th report, European Society of Hypertension (ESH),
and American Academy of Pediatrics Clinical Practice
Guidelines (AAP-CPG). Akaike information criterion (AIC)
and relative efficiencies (RE) were calculated to compare
the ability of each to predict a high CIMT (=95th percentile)
during early adulthood.

Results: The highest and lowest prevalence of stage 1
HTN was observed with the AAP-CPG (17.7%) and ESH
(8.8%), respectively. Similarly, the highest and lowest pre-
valence of stage 2 HTN was noted with the AAP-CPG
(1.5%) and ESH (0.8%), respectively. According to the RE
values, the highest to lowest predictive abilities belonged
to the 4th report, ESH, and AAP-CPG, respectively. In all
models, the 4th report’s pediatric HTN definition had the
lowest AIC value and offered the best predictive ability.
Conclusion: Among the various definitions of pediatric
HTN, the 4th report offered the best ability to predict a
high CIMT during early adulthood, followed by the ESH

and AAP-CPG. Because the reference population of the
4th report includes overweight, obese, and normal-weight
individuals, our findings suggest that excessive adiposity
is among the main predictors of early adulthood atherosc-
lerosis risk.
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Key message

Question: What is the prevalence of HTN among adolescents
enrolled in the TLGS according to 3 different accepted
definitions (4th report, ESH, and AAP-CPG). Also, what
is the ability of each of these definitions in predicting early
adulthood CIMT, as a surrogate for cardiovascular disease
events?

Finding: The highest and lowest prevalence of stage 1 HTN
was observed with the AAP-CPG (17.7%) and ESH (8.8%),
respectively. Similarly, the highest and lowest prevalence of
stage 2 HTN was noted with the AAP-CPG (1.5%) and ESH
(0.8%), respectively. The highest to lowest predictive abilities
belonged to the 4th report, ESH, and AAP-CPG, respectively.

Meaning: Among the various definitions of pediatric HTN,
the 4th report offered the best ability to predict a high CIMT
during early adulthood, followed by the ESH and AAP-CPG.

Introduction

Hypertension (HTN), or high blood pressure (BP), has
traditionally been considered to be a rare condition in
children, but it is now recognized as a major global public
health concern.” A meta-analysis study in 2019 reported
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that the global pooled prevalence of childhood HTN and
pre-HTN in the general population was 4.0 and 9.67%, re-
spectively.? According to a meta-analysis study in 2017, the
prevalence of HTN among Iranian children and adolescents
was estimated to be 8.9%.% Previous studies have debated
that, children with high BP are more likely to develop HTN
during adulthood.? Also, childhood high BP was linked to a
higher risk of developing early-onset subclinical cardiovas-
cular diseases (CVDs) during adulthood.>®

There is no consensus on the definition of childhood HTN.
Studies on the prevalence of pediatric HTN have reported
different results based on various definitions used.”® The
Fourth (4th) Report on the Diagnosis, Evaluation, and Treat-
ment of High BP in Children and Adolescents, was released
by the US National Heart, Lung, and Blood Institute in
2004.” The European Society of Hypertension (ESH) and
the American Academy of Pediatrics Clinical Practice Guide-
lines (AAP-CPG) updated their childhood HTN therapeutic
guidelines in 2016 and 2017, respectively.!%1)

Nevertheless, the existing definitions of pediatric HTN
have used a statistical approach and overlooked the link
between HTN and cardiovascular outcomes. Therefore, as
for adults, we need to precisely draw the line interconnecting
childhood HTN definitions and CVD events.>) However,
since CVD events are not common during childhood, an
appropriate surrogate should be applied. Carotid intima-
media thickness (CIMT) is a noninvasive and reliable surro-
gate for CVD risk, enabling the early detection of impending
CVD events in early adulthood.'?'® The usefulness of CIMT
as an independent indicator of future CVD events has been
established.’ Nonetheless, few studies have compared the
performance of HTN definitions provided by the United
States 4th report and updated United States, Chinese, and
international standards in predicting adulthood CIMT.31517)

It is essential to screen and early identify children and
adolescents exposed to a high risk of CVDs to reduce the
burden of disease by implementing effective interventions.
The main objective of this study was to investigate the pre-
valence of HTN among a subsample of Tehranian adoles-
cents enrolled in the Tehran Lipid and Glucose Study
(TLGS) according to 3 different accepted definitions. Also,
we compared the performance of each of these definitions
in predicting early adulthood CIMT, as a surrogate for CVD
events.

Methods

1. Study population

The participants of the current cohort study were selected
from individuals enrolled in the TLGS, a community-based
prospective study designed to identify the risk factors and

outcomes of noncommunicable diseases in Tehran, Iran.’®
A multistep random sampling method was employed in the
original study to recruit subjects from District 13 of Tehran,
the capital city of Iran, so a total of 15,005 individuals aged
>3 years old were selected to enter the TLGS. These indivi-
duals are regularly followed up every 3 years to update their
demographic, clinical, biochemical, and anthropometric
data and any lifestyle changes. The baseline cross-sectional
survey in TLGS was conducted from 1999 to 2001, followed
by subsequent prospective follow-up surveys (i.e., phase
II: 2002—-2005, phase III: 2006—2008, phase IV: 2009-2011,
phase V: 2012-2015, and phase VI: 2016—2019).

In the present study, eligible subjects were recruited for
CIMT measurements through telephone calls. Out of 1674
eligible participants (aged 10-17 years at the baseline and
having their data available in phases V or V1), 759 individuals
did not participate in CIMT measurement, so the remaining
959 participants were subjected to CIMT measurement.
Measurement of CIMT was performed between February
2017 and October 2019. The median duration of follow-up
was 18 years (17.8—18.8). We excluded 38 subjects because of
cancer (n=1), chronic use of corticosteroids (n=3), extreme
BP values (exceeding+3 standard deviation [SD]) (n=7),
missing BP data at the baseline (n=22), and missing CIMT
data (n=5). Eventually, 921 participants were included in
the final analysis. Lost to follow-up subjects were regarded
as 10- to 17-year-old participants in phase I who were not
included in phase V or VI (Fig. 1).

2. Measurements
TLGS protocol and laboratory techniques were described
in detail elsewhere.!®

1) Anthropometric and laboratory measurements

Qualified healthcare experts obtained demographic and
anthropometric data based on World Health Organization
guidelines body mass index (BMI) was calculated.

To measure fasting plasma glucose (FPG) and lipid levels,
ablood sample was taken at the TLGS Research Laboratory
between 7 AM and 9 AM after a 12- to 14-hour fasting
period. Total cholesterol (TC), high-density lipoprotein
cholesterol, triglyceride, low-density lipoprotein cholesterol
(LDL-C) and FPG were measured.

2) BP measurement

The participants were requested to be seated still for 15
minutes, and then a qualified physician measured their BP
twice using a mercury sphygmomanometer calibrated by
the Iranian Institute of Standards and Industrial Research.
Depending on the participant’s arm circumference, a pedia-
tric, standard adult, or large cuff was employed. We did not
take additional measures for those with a >3 mmHg diffe-
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rence between their first and second systolic blood pressure
(SBP) or diastolic blood pressure (DBP) measurements. A
standard pediatric sphygmomanometer cuff was used to
measure adolescents’ BP, covering two-thirds of a child’s
arm. The right arm was positioned with the cuff at heart
level, and it was inflated as quickly as possible until the cuff
pressure was 30 mmHg higher than the point at which the
radial pulse ceased to exist. The participant’s BP was re-
corded as the mean of the 2 measurements separated by at
least a 30-second gap. When the cuff was deflated at a rate
of 2-3 mm per second, systolic BP was defined as the onset
of the first sound (Korotkoff phase 1) and diastolic BP as the
disappearance of the sound (Korotkoff phase 5).

3) CIMT measurement

A linear 7.5- to 10-MHz transducer was used to conduct
an ultrasound examination (Samsung Medison SonoAceR3
ultrasound machine). The position of subjects during the
examination was supine, with the neck extended and slightly
turned to the other side. The initial carotid scan was carried
out in the transverse plane throughout the artery to assess
the subject’s anatomy, detect any atherosclerotic plaques,
and record the far or near wall’s maximum thickening. The
artery was then scanned longitudinally from various angles.
Measurements were carried out in segments of plaque-free
arteries and fulfilled the criteria of optimal B-mode imaging
as mentioned below.

The optimal grey scale imaging of the carotid artery was
defined as a clear visualization of far-wall arterial interfaces
with a completely anechoic luminal content and was saved

for subsequent measurements. The scan depth was adjusted
so that the artery’s lumen would be in the center of the image
and the focal zone would be positioned at the arterial lumen
level. CIMT is typically described as a hypo-echoic band
between the echogenic intimal and adventitial surfaces of
an artery’s wall. On both sides, 3 locations of the common
carotid artery were used to measure the distance between
the leading edge of the first and second echogenic lines of
the far walls of the distal segment and the average value
was taken as the final size for the side. Subjects who met
the optimal technique and image criteria were sporadically
measured for the CIMT of the internal carotid artery and
carotid bulb on both sides and the carotid bulb. The left
common carotid artery measures were utilized in the current
investigation to define a high CIMT and to investigate its
association with BP values in adolescents.

To assess reliability agreement, CIMT was measured by
2 radiologists in a subsample of 30 persons (66.7% female;
mean age, 41.7+10.7 years; and mean BMI, 24.4+5.5 kg/
m?). Calculating the interclass correlation coefficient (ICC)
allowed us to assess the levels of agreement between radio-
logists’ CIMT measurements. A 2-way mixed-effects model
in IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY,
USA) was used to calculate the ICCs and 95% confidence
intervals (CIs). The ICC values were as ICC=0.8 with a 95%
CI of 0.5 to 0.9. Typically, ICC ranges from 0 to 1, with values
between 0.75 and 0.9, denoting good reliability.'® Addition-
ally, there was a 0.08 (0.12) mm mean difference (SD) in
CIMT between the readers.

15,005 Particpent age >3
at the first survey of TLGS

2,660 Particpent aged 10-17 years
at the first survey of TLGS

986 Lost to follow-up data
at phase V or VI

1,674 Particpent aged 10-17 with
follow-up data at Phase V or VI

32 Moved ouside Tehran

83 Rejected to participate

68 Moved abroad

532 Changed their adress and phone

959 CIMT mesuerment was done

Corticosteroid use at baseline
Missing CIMT meseurments data
Cancer
+3SD blood presure at baseline
Missing height at baseline

7 Missing blood presure at baseline

SN = 0w

4' 921 Participants for final analysis |

Fig. 1. Participant selection process. TLGS, Tehran Lipid and Glucose Study; CIMT,
carotid intima-media thickness; SD, standard deviation.
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3. Definitions and classifications

1) Blood pressure

The definitions applied were as follows:

(1) 4th report”: (a) normal BP as <90th percentile, (b)
pre-HTN (considered equivalent to high-normal BP) as
>90th percentile, and <95th percentile or SBP/DBP >120/80
mmHg, (¢) HTN stage 1 as >95th percentile and <99th
percentile+5 mmHg, and (d) HTN stage 2 as >=99th per-
centile+5 mmHg. According to the National High Blood
Pressure Education Program, the percentiles were adjusted
for sex, height, and age.

(2) ESH': The ESH has recommended the same defini-
tions as the 4th report for individuals aged 015 years, but
for adolescents aged >16 years, the following definitions
were employed: (a) normal BP as SBP/DBP <130/85 mmHg,
(b) high-normal BP (considered equivalent to elevated BP)
as (130-139)/(85-89) mmHg, (c) HTN stage 1 as (140-159)/
(90-99) mmHg, and (d) HTN stage 2 as >160/100 mmHg.

(3) AAP-CPG (updated United States reference) (10):
AAP-CPG suggested BP nomograms developed from nor-
mal-weight individuals exclusively. This approach divides
individuals into <13-year-olds and >13-year- olds groups.
For those younger than 13 years, normal BP and elevated
BP are defined similar to that of the 4th report; however,
HTN stage 1 is considered BP >95th percentile and <95th
percentile+12 mmHg, and HTN stage 2 as BP >95th per-
centile+12 mmHg. For those aged 13 years and older,
normal BP is defined as <(120/<80) mmHg, high-normal BP
as (120/<80) to (129/<80) mmHg, HTN stage 1 as 130/80 to
139/89 mmHg, and HTN stage 2 as >140/90 mmHg. Blood
pressure percentiles used in this study were adjusted for the
age and height of adolescents in Tehran as reported by Ataei
etal.?®

According to the 3 above-mentioned definitions, our
participants were classified into 4 groups: normal BP, high-
normal blood pressure, HTN stage 1, and HTN stage 2. For
consistency, elevated BP and pre-HTN were designated as
“high-normal BP.”

2) CIMT classification

High CIMT, a surrogate for subclinical atherosclerosis,
was defined as CIMT with at least 95th percentile values
for sex and age obtained from a study within TLGS on 1450
Tehranian adults. The 95th percentile for males and females
was 0.70 mm for both genders in the 20- to 30-year-old age
range, while it was 0.70 and 0.73 mm in the 30- to 40-year-
old age range for males and females, respectively.?)

4. Statistical analysis
All normally distributed continuous variables were ex:
pressed as mean+SD. Otherwise, skewed-distributed conti-

nuous variables were reported as median and 25-75 inter-
quartile range. Categorical baseline variables were shown
as frequency (percentages). Differences in baseline charac-
teristics between HTN groups were tested using 1-way
analysis of variance, Kruskal-Wallis, and chi-square test
for normally distributed continuous, skewed continuous,
and categorical variables, respectively. The association
between pediatric HTN definitions and adulthood CIMT
was explored by linear regression analysis to calculate
the coefficient (B) with standard error. Linear regression
models were adjusted for potential confounders, including
baseline demographics, family history of CVD, smoking,
and adulthood BMI. Akaike information criterion (AIC)
was used to evaluate the coefficients of different regression
models to assess the impact of HTN groups on CIMT,
where lower AIC values demonstrated a better fit. relative
efficiency (RE), as calculated by dividing the mean squared
error of estimates of 2 models, was used to compare the
efficiency of parameter estimates obtained from different
models. All statistical analyses were performed in Stata 14
(Stata, College Station, TX, USA); the statistical significance
level was set at P<0.05 (2-tailed).

Results

Out of 2641 participants who had follow-up data at Phases
V and VI of TLGS, 921 individuals aged 10 to 17 years,
including 484 boys (52.0%), were included in our study. We
compared the baseline characteristics of the follow-up and
lost-to-follow-up groups and found no significant difference
regarding clinical and demographic variables between the
2 groups except for mean age, which was 13.4+2.2 years
for the follow-up group and 14.3+2.5 years for the lost-to-
follow-up group (P<0.05). Therefore, the results of this
study could be considered representative of the total TLGS
population (Supplementary Table 1).

Table 1 displays our study participants’ baseline cardio-
metabolic profile and characteristics. Age, SBP, DBP, BMI,
and weight were significantly different between the 4 groups
of childhood blood pressure by all 3 definitions used for
categorization. Waist circumference; however, showed a
significant difference between the 4 study groups based on
the definitions provided by the AAP-CPG and 4th report
systems, but not in ESH. A significant difference in LDL and
TC was observed only in the AAP-CPG definition. Other
features showed no significant difference between the study
groups. The overall prevalence of high- blood pressure was
51.6%, 7.0%, and 14.6%, the prevalence of stage 1 HTN was
17.3%, 8.7%, and 9.6%, and stage 2 HTN prevalence was
obtained as 1.8%, 0.9%, and 1.0% for AAP-CPG, ESH, and
4th report classification systems respectively. The frequency
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of normal linear BP among adolescents was the lowest ac-
cording to AAP-CPG compared to the ESH and 4th report
(Table 1).

Table 2 demonstrates the characteristics of participants
in phases V or VI (end of the follow-up). Final SBP and DBP
values were significantly different across the 4 study groups
regarding all 3 definition systems. A difference in CIMT
was observed between the study groups only when the 4th
report definition was used, indicating a significant difference
between the high-normal and normal BP groups. However,
based on AAP-CPG and ESH classification systems, no
significant difference was observed in CIMT between the 4
study groups (Fig. 2).

We further conducted multiple linear analyses adjusted
for baseline demographics (family history of CVD, smoking,
and adulthood BMI) to ascertain the best model to predict
adulthood CIMT. We calculated AICs for models, considering
that lower AIC values would demonstrate a better fit. In all
models, the 4th report definition represented the lowest
AIC among all 3 definitions, and AAP-CPG offered the
highest AIC values in model numbers 1, 2, and 3. Also, ESH
had the highest AIC in the unadjusted models, as well as in
model No. 4 (Table 3).

We also calculated RE to compare the ability of the AAP-
CPG, ESH, and 4th report in adulthood CIMT discrimina-
tion. The results showed that RE values of ESH or AAP-
CPG with the 4th report were >1 in all models, indicating
that the 4th report discriminates adulthood CIMT more

Table 1. Baseline characteristic of the participants

efficiently than the other 2 definitions. Also, RE values of
AAP-CPG vs. ESH were >1 in model numbers 1, 2, and 3,
demonstrating that ESH could better discriminate adulthood
CIMT compared to AAP-CPG (Table 4). Therefore, based on
RE values, the discrimination ability of definitions could be
ranked from the highest to the lowest as 4th report, ESH,
and AAP-CPG, respectively, except for the unadjusted model
and model No. 4 with the ranking of 4th report, AAP-CPG,
and ESH, respectively.

Discussion

In the current study, we assessed the ability of common
childhood BP classification systems to predict adulthood
CIMT as a surrogate for subclinical atherosclerosis during
an 18-year follow-up. According to our findings, among
the 4th report, AAP-CPG, and ESH classification systems,
the 4th report had the highest ability to predict high CIMT
(=95th percentile) during early adulthood, followed by the
ESH and AAP-CPG, respectively.

Using different BP classification systems leads to different
epidemiologic findings on childhood HTN.”81%2229) According
to AAP’s definitions, the overall prevalence of HTN increased
within subgroups based on age, sex, weight, and height in
each survey.”$17222) The findings of Fan and Zhang?? study
on 4,276 individuals in China over a follow-up period of 4.6
years revealed significant differences in the prevalence of

Childhood hypertension definitions

Characteristic AAP-CPG ESH 4th Report

Normal High- HTN HTN Normal HTN HTN Normal High- HTN HTN

BP normalBP  stage1 stage 2 BP normalBP  stage stage 2 BP normal BP  stage1 stage 2

No.of patients 255(27.7) 489(531)  163(17.7) 14(1.5) 767(838) 66(7.2)  81(8.8) 7(0.8) 685(744) 138(150)  90(9.8) 8(09)
Male sex 135(529) 255(52.1)  79(48.5) 10(71.4) 383(499) 39(59.1) 51(63.0)" 6(85.7) 348(50.8) 68(493) 56(62.2)"?  7(87.5)
Age(yr) 11.0£0.8" 14.5+1.5" 13842377  13.5+26™ 1354217 135423 12442077 11041379 1332217 1444217 12.8:2.37 11.6£2.7°
SBP(mmHg)  97.949.6" 103.9+10.1" 114.5:9.77 1267+12379  1021+10.2" 113.8+109" 117.4+106™ 1253+13.47" 100.64¢9.3" 114.249.6" 117.5+10.3" 126.5+13.17"°9
DBP(mmHg) 652475 687+7.2° 81943579 92743979 68.0+79" 79.8+48  834#49™F 920+607PY  669+74" 781+55  83.4+477F 923458709
Weight(kg) ~ 386+9.6" 53.1+12.8" 528+1717 5464196 4904136 541+202" 4664163” 36.2+136Y  475+12.8" 5774174° 486#170°  40.4+184"
BMI(kg/m?)  181+34" 203437  209+5” 2194517 197+438" 214458  19.8+4.8 19.1+4.9 194436 21.8+49"  20.3+5.19 19.6+4.9
BMIzscore -0.41 0.1 0.26 0.36 -0.02 -0.01 -0.49 -0.10 047 0.10 -0.29
WC (cm) 6381927 699495 704+124"  71.3+11.8™ 68.3+97 70.8+147 671117 62.2+9.0 6741937 729+127" 683+12.3"  64.1+10.4"
LDL-C(mg/dL) 1069+30" 100.5+289° 1034+26.6  987+26.3  102.8429.2 10244271 102.5+275 10494347  102.7+289 103.5+30.1 102.4+26.8 10574325
HDL-C(mg/dl) 441+119" 426497 44541147 4274103 4314105 427489 462121  471£109 4324106 424:95 457118 46.2+106
TC(mg/dL) 17284336 1649+32.2" 17294307  166.2+27.3  1679+32.8 1704+294 1727+319 17404359  167.3+322 172.5¢346 17174311 17444336
TG (mg/dL) 97 9.5 103.5 1225 9.5 101.5 86.5 93 14 100 99

(74-131)  (71-130)  (77-152)  (68.2-1537)  (71.2-130) (80-156) (71.5-1527) (69.2-1467)  (71-128)' (84-164)  (70-152)  (69.5-147.5)
FPG(mg/day) 8868  88.2+76  89.547.5 88.9+9.8 88376 90.3+89  89.8+72  88.0+10.1 88.3+77 892479 901476 86.7+10.3
Familyhistory 11@4.3)  28(5.8) 5(31) 0(0) 40(53)  2(30) 2(2.5) 0(0) 34(50)  8(59) 2(2.3) 0(0)

of CVD

Values are presented as number (%), meanztstandard deviation, or median (interquartile range).
BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; BP, blood
pressure; HTN, hypertension; LDL-C, low-density lipoprotein cholesterol; SBP, systolic BP; DBP, diastolic BP; TC, total cholesterol; TG, triglyceride; WC, waist

circumference.

*P<0.05, normal BP vs. high-normal BP. **P<0.05, normal BP vs. HTN stage 1. ***P<0.05, normal BP vs. HTN stage 2. 'P<0.05, analysis of variance or Kruskal-Wallis
test. ?P<0.05, high-normal BP vs. HTN stage 1. ®P<0.05, high-normal BP vs. HTN stage 2. P<0.05, HTN stage 1 vs. HTN stage 2.
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Table 2. Participants’ characteristics in phase V or VI (end of follow-up)

Childhood hypertension definitions

Characteristic AAP CPG ESH 4th Report
Normal BP High-normal HTN HTN Normal High- HTN HTN Normal High- HTN HTN
BP stage 1 stage 2 BP normalBP  stage1 stage2 BP normal BP stage 1 stage 2

AgeatIMTmea- 29.841.2"  33.18+1.78" 3262+268™ 32.53x2.86™"" 32.24+231"
surement (yr)

SBP (mmHg) 1067+119"  1067+121 1103#1297 1189+148™  106.5+12.1
DBP (mmHg) 77485 728189 77249077 8351207 724:88"

Weight (kg) 7524179 755+168  T777+179 84.9+178 75.24170"
BMI (kg/m?) 263+49 26345 27355 29.269 26.314.62'
WC (cm) 8874122 897119  916+138  96.24133 89.4+11.8"
Height (cm) 168698  1687+104  168.2¢96  171.0+101 168.1+10.1
LDL-C(mg/dl)  103.39+27.7" 106.0£304° 1059295 943289 1054293
HDL-C(mg/dl) — 470+116  467+109°  473#117 436489 4704113
TC (mg/dL) 17454344 17784359 17884348  1649+367 17724351
TG(mg/dL) 100 105.5 106 133 103
(70144 (74-1547)  (76-152.5) (71-165) (72.7-151)
FPG (mgy/dL) 880+78" 894541172  899+86  1005:2897°9  891+10.5
Smoking 50(05) 107222 23(144)° 5(38.5)0) 153(20.4)
CIMT (mm) 054:009  056+009 0574009 0584011 0.55+0.09

3224249 313277 29741579 320142.23" 33224246 31622757 30.30+2.45”

13241247 111224247 1187495 1059+119" 11124133 1127+1217 117.8494™
796+89° 7791977  80.3+72 718+87"  776:90° 785:94 80.2+6.8™
83.8+19.8° 771#179  789+127  748+169" 81.1+187 777178 813142
288459° 267457  29.2458 2624460 279+51° 271459 293455
96.3+155 89.8+13.37 935+136  89.0+11.8" 941+134° 904+136  94.8+134
1699491  1697+102  1651+75  1684#101  169.5:96  1694#101  167.0%9.3
1033301 10244279 1115:516 10524288 1061+326 1019+276 110.5+48.8
466112 4560114  450:86  470+112  467+113  461+118 446182
17574329 1737+36.1 18431616  1765:348 180.2¢362 173.24349 18304585

104.5 106 147 102 125 106 144
(737-1677) (72-155)  (88.5-187)  (71-147)  (762-175) (72.5-157) (101.2-183.5)

90.73£89 8998139 95.00+16.73 88.83+10.28 90.79+10.89 90.27+13.70  94.8+15.8
10(15.9) 19(24.4) 3(429) 142(21.2) 21(15.6) 19(21.8) 3(375)
057+01 055009 055:008  0.55:009" 0.58+009° 055:011  0.56+0.08

Values are presented as meantstandard deviation, median (interquartile range),

or number (%).

BMI, body mass index; BP, blood pressure; CIMT, carotid intima-media thickness; DBP, diastolic BP FPG, fasting plasma glucose; HDL-C, high-density lipoprotein
cholesterol; HTN, hypertension; LDL-C, low-density lipoprotein cholesterol; SBP, systolic BP; TC, total cholesterol; TG, triglyceride; WC, waist circumference

*P<0.05, normal BP versus high-normal BP. **P<0.05, normal BP versus HTN stage 1. *¥*P<0,05, normal BP versus HTN stage 2. ®P<0.05, high-normal BP versus
HTN stage 1. ?P<0.05, high-normal BP versus HTN stage 2. 9P<0.05, HTN stage 1 versus HTN stage 2. 'P<0.0, analysis of variance.
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childhood HTN based on different classification systems;
AAP, ESH, and 4th report definitions. They reported that
more children were classified as hypertensive when applying
the AAP definition. Similar findings emerged from subgroup
analyses based on sex, age, height, and weight status.
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Fig. 2. CIMT classification based on HTN definitions
in 4th report (A), American Academy of Pediatrics
Clinical Practice Guidelines (B), and European Society
of Hypertension (C). CIMT, carotid intima-media
thickness; BP, blood pressure; HTN, hypertension.
*P<0.05, normal blood pressure versus high-normal
blood pressure.

Another study by Zhou et al.*”® on 28,715 adolescents in
China showed a higher prevalence of hypertensive cases
using AAP-CPG compared to 2018 Chinese definitions for
adults and children. Consistently, in our study, the highest
prevalence (17.7%) of stage 1 HTN was observed according
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to AAP-CPG while the lowest (8.8%) was according to ESH.
Also, the highest prevalence (1.5%) of stage 2 HTN was
related to AAP-CPG and the lowest (0.8%) to ESH.

Abnormal blood pressure during childhood and adole-
scence can affect cardiovascular outcomes later in life.>-3)
Previous cohort studies have demonstrated that high blood
pressure during adolescence and childhood is linked to
CVD and early death.>**® An autopsy investigation on 93
individuals in Bogalusa, revealed a correlation between
childhood cardiovascular risk factors, including lipids,
smoking, and BP, and evidence of atherosclerosis. The
extent of atherosclerotic lesions was associated with SBP
and DBP, various lipid parameters, and BMI. The presence
of multiple cardiovascular risk factors during childhood
was linked to a greater risk of atherosclerosis.®®

It is important to know that HTN definitions currently in

do not consider the relationship between HTN and cardio-
vascular outcomes. Therefore, it is necessary to establish a
connection between children's or adolescents' BP categories
and cardiovascular outcomes in adulthood’'?; however,
because cardiovascular events are infrequent in early adult
hood, it would be difficult to assess such a connection. A
potential solution is to address this link using a surrogate
marker of cardiovascular outcomes. A noninvasive and
reliable surrogate for cardiovascular risk is CIMT, which
enables the early identification of cardiovascular risk factors
in early adulthood.'>'® CIMT is a recognized contributor to
early-stage atherosclerosis and a predictor of cardiovascular
outcomes. In our study, the difference in CIMT between
4 BP groups was only observed when 4th report definition
was applied, revealing a significant difference between the
high-normal BP and normal BP. However, based on defini-

use for children and adolescents have a statistical basis but ~ tions provided by the AAP-CPG and ESH classification

Table 3. Generalized linear regression results of AAP-CPG, ESH, and 4th report

AAP-CPG ESH 4th report
Model B SE  Pvalue AIC  AdjustedR®> S SE  Pvalue AIC  AdjustedR® S SE  Pvalue AIC  AdjustedR?
Unadjusted model -1,669.555 - -1,667.733 - -1,673.839 -
High-normal BP  0.012 0.0075 0.105 001 000124 012 0027 0.009 0.003
HTN stage 1 0.021 0.009 0.033 -0.001 0.0113 0940 0.003 0.010 0.804
HTN stage 2 0.035 0.0243 0.153 -0.003 0.0327 0925 0.005 0.0309 0.877
Model 1 -1,699.809  0.0366 -1,701.592  0.0385 -1,704918  0.0419
High-normal BP  0.004 0.0101 0.725 0.022 00122 0.068 0.0214 0.0090 0.009
HTN stage 1 0.013 0.0110 0.251 0.008 00112 0471 0.008 0.0106 0.428
HTN stage 2 0.035 0.0244 0.148 0016 0.0322 0.629 0.020 0.0305 0.518
Model 2 -1,680.055  0.0375 -1,681782  0.0394 -1,684.016  0.0417
High-normal BP  0.003 0.0102 0.209 0.023 00122 0.063 0.022 0.0091 0.015
HTN stage 1 0.014 0.0111 0141 0011 00113 0.342 0011 00107 0.324
HTN stage 2 0.036 0.0245 0.141 0016 00323 0614 -0.020 0.0305 0.509
Model 3 -1,633.803  0.0318 -1,634932  0.0330 -1,637.383  0.0356
High-normal BP  0.003 0.0104 0.777 0.020 00125 0112 0.021 0009 0023
HTN stage 1 0.014 00113 0.226 0011 00116 0.345 0011 00110 0.322
HTN stage 2 0.034 0.0252 0174 001 001324 0636 0.019 0.0306 0.526
Model 4 -1,633.612  0.0621 -1,633352  0.0618 -1,635.628  0.0642
High-normal BP  0.008 0.0104 0.423 0011 00125 0.391 0.017 0.0093 0.063
HTN stage 1 0.015 00112 0192 0.009 0.0115 0.409 0.009 0.0109 0433
HTN stage 2 0.029 0.0249 0.240 -0.005 0.0319 0.884 0.009 0.0302 0.759

AAP-CPG, American Academy of Pediatrics Clinical Practice Guidelines; AIC, Akaike's information criterion; BP, blood pressure; ESH, European Society of Hypertension;
HTN, hypertension.

Model 1, adjusted for age and sex; model 2, model 1 + family history of cardiovascular disease; model 3, model 2 + smoking; model 4, model 3 + adulthood body
mass index.

Table 4. Relative efficiency of AAP-CPG, ESH, and 4th report (row/column)

4th report ESH
Unadjusted model Model1  Model2 Model3 Model4 Unadjusted model Model1  Model2 Model3  Model4
AAP-CPG 1.005 1.005 1.004 1.004 1.002 0.998 1.002 1.002 1.001 0.999
ESH 1.007 1.004 1.002 1.003 1.003 - - - - -

AAP-CPG, American Academy of Pediatrics Clinical Practice Guidelines; ESH, European Society of Hypertension.

Model 1, adjusted for age and sex; model 2, model 1 + family history of cardiovascular disease; model 3, model 2 + smoking; model 4, model 3 + adulthood body
mass index.

Relative efficiency (RE) represents the division of the mean squared error of estimates of 2 models. An RE >1 indicates that the mean squared error of the
numerator model estimation is higher than the denominator model. Therefore, the denominator model discriminates adulthood carotid intima-media thickness
more efficiently.
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systems, no significant difference was observed in CIMT
between the 4 BP groups. This may be justifiable by the
fact that the reference population of the 4th report included
overweight and obese children as well, which might show
a possible connection between childhood excess adiposity
and increased CIMT in early adulthood in this definition.
The Muscatine Study and Bogalusa Heart Study found that
childhood BMI was linked to adulthood CIMT, while SBP
did not show the same association.?*

Cardiovascular Risk Cohort Study suggested that child-
hood BMI and SBP could predict an increased CIMT during
adulthood.®#? Consistent with these findings, Yan et al.*"
reported that childhood BMI and SBP, as well as the cu-
mulative values of these parameters from childhood to
adulthood, were significant predictors of elevated CIMT
in adulthood. Previous studies have also shown that other
childhood risk factors, such as LDL-C, TC, and smoking,
can predict adulthood CIMT.%38:40)

Limited prospective studies investigated the performance
of childhood BP definitions in predicting cardiovascular
outcomes. Earlier cross-sectional studies demonstrated
equal performance for the AAP and ESH definitions in
recognizing children with HTN who are at an elevated risk
of target organ damage.®'” Compared to the 4th report, the
AAP definition can better identify children with cardiome-
tabolic risk factors and predict cardiovascular outcomes in
adulthood.’>'® The study of Fan et al.’ on 1,177 individuals
in China compared the ability of AAP-CPG, 4th report,
Chinese criteria, and international standards to predict
adulthood HTN and subclinical CVD with the pediatric
BP definitions. They assessed subclinical CVD in adults
by carotid-femoral pulse wave velocity (cfPWV) and mea-
sured CIMT and left ventricular mass index (LVMI). The
prevalence of pediatric elevated BP was significantly higher
according to the Chinese standards compared to the 4th
report, the updated US standards, and the international
standards. Children with elevated BP, according to each
of the 4 standards and definitions were more likely to also
meet the criteria for adult HTN, high ¢fPWYV, and high
LVMI; however, the greater risk of high CIMT in adulthood
could only be predicted by Chinese and AAP-CPG standards.
Thus, according to Fan et al.,'® the Chinese standards per-
formed in part similar to or even better than 3 other stan-
dards in predicting HTN and subclinical CVD in adulthood.

In comparison, our results showed that the 4th report
was the best model for predicting adulthood CIMT, follow-
ed by ESH and AAP-CPG, respectively. The reference
population of the 4th report included individuals with all
weight categories, including overweight and obese sub-
jects, which could lead to the association. Thus, the better
discriminative ability of the 4th report in predicting high
CIMT during early adulthood may highlight the role of

childhood excess adiposity as the primary predictor of fu-
ture atherosclerotic risk.

The strengths of this investigation were its prospective
design, long follow-up duration, application of CIMT as a
noninvasive outcome surrogate, and use of various stati-
stical methods to compare the performance of different
childhood BP definitions in predicting atherosclerotic risk.
However, several limitations can also be noted. We could
not include some variables with probable confounding
effects, including physical activity, BMI changes, dietary
habits, and socioeconomic status. Additionally, this study
was conducted on data belonging to a population in the
capital city of Iran, so our findings might not be nationally
representative.

In conclusion, the study's findings indicate that pediatric
BP definitions embedded in the 4th report could better
predict the risk of subclinical atherosclerosis during adult
hood compared to equivalent systems (ESH and AAP-CPG).
In terms of discrimination, the weakest predictive ability
belonged to the AAP-CPG. However, a higher prevalence of
childhood HTN was noticed when we used the AAP-CPG
definition. This discrepancy underscores the importance of
monitoring different factors, including BMI changes when
evaluating childhood HTN and subsequent cardiovascular
outcomes. Changes in BMI are recognized to affect the
prevalence of childhood HTN and the discriminative ability
of various BP classification systems. Although BMI changes
were not monitored in our study, future investigations
should examine the relationship between childhood HTN
and BMI changes to provide a more comprehensive under-
standing of cardiovascular risk factors from early ages.
According to our study, the 4th report definition could be
a superior system to control childhood HTN nationally and
decrease cardiovascular events in adulthood. More studies
in different geographic regions are required to compare the
performance of the childhood BP definitions in discrimina-
ting adulthood CIMT.

Footnotes

Supplementary material: Supplementary Table 1 can be
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