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Arterial hypertension and pulse pressure in school-age children

Yu. M. Nechytailo, N. I. Kovtyuk, D. Yu. Nechytailo

HSEE “Bukovinian state medical university”, Chernivtsi, Ukraine

Childhood arterial hypertension (AH) has become a global problem not only for pediatrics, but also for public health in general.

Objective. The aim of this study was to determine the prevalence of arterial hypertension among school-age children and
diagnostic value of pulse pressure.

Materials and methods. In total 848 children in 10-17 years of age (mean age — 13.9 £ 0.06 years, 45.4 % boys and 54.6 %
girls) from urban and rural areas of Chernivtsi region were examined in schools during screening for elevated blood pressure
(BP). School-based ambulatory seated BP was measured by oscillometric automated recording devices with the age selection
of cuffs. Elevated systolic (SAP) or diastolic (DAP) pressure was diagnosed in those children with indicators above the 95"
percentile of age norms in accordance with the national normative values. In cases of elevated BP the measurements were
verificated by aneroid device.

Results. It has been established that the frequency of high blood pressure in the examined school students was 25.2 %, including
17.7 % of arterial hypertension (BP above 95 percentile) and 7.5 % — pre-hypertension (90-95 percentile). The prevalence of
hypertension varied with age subgroups and the highest level was in 16 years of age — 29.9 % with high blood pressure (21.9 %
above 95 percentile and 8.0 % between the 90" and 95" percentiles). Increased SAP was combined with an increased DAP
in 47.3 % of cases and in the study had a positive correlation with overweight (r=0.27, p<0.05) and negative with physical
performance (r=-0.21, p<0.05). The pulse pressure had significant correlations with SAP, AH and overweight and it could be
used as additional diagnostic index of AH.

Conclusions. The prevalence of elevated BP in our study is higher than in European countries and exceeds 20 % of the child
population. The elevated BP in our children has positive correlation with overweight and the negative with physical performance. The
level of pulse pressure has significant correlation with SAP and overweight and it could be used as additional diagnostic index of AH.

ApTepianbHa rinepTeHsia Ta NyAbCOBUM TUCK Y AiTeH LIKIAbHOTO BiKy
0. M. Heuutanno, H. |. KosTiok, A. 10. Heuutanno

[OuTaua aptepianbHa rinepteHsis (Al) ctana rnobansHo0 Npobnemoto He Tinbku Ans negiatpii, ane 1 Ans 0XOpoHu rpomag-
CbKOrO 3[10POB’St 3arasiom.

MeTa po60TH — BU3HaUNTK NOLLMPEHICTb apTepianbHoi rinepTeHsii (Al) cepen AiTei WKINbHOrO BiKy Ta AiarHOCTUYHY 3Hady-
LWiCTb MyrNbCOBOTO TUCKY.

Marepianu Ta meToau. O6CTEXEHO Y LUKONaX Nif Yac CKPUHIHTY Ha NiABULLEHUI apTepianbHui Tuck 848 giteit Bikom Big 10
[0 17 pokis (cepeaHiit Bik — 13,9 + 0,06 poky, 45,4 % xnonuukis i 54,6 % AiB4aTOK) i3 MiCbKMX i CINbCbKUX palioHiB YepHiBeLbKoi
obnacTi. B ymoBax KON y AiTeN y NONOXEHHI CMASYM BUMIPIOBANW KPOB'SHUN TUCK OCLMITOMETPUYHMU @aBTOMATU30BaHUMU
TOHOMETpamM 3 BiKOBUM Nif6opoM MaHXeT. MiaBuLLeHni cucTonivHMA abo AiacToniyHui TUCK fiarHoCTyBanm B AiTel i3 no-
KasHWkamu BuLLE 95 NepLEHTUNS BiKOBOI HOPMM BIANOBIAHO [0 HALiOHANBbHUX HOPMATUBHUX 3HAYEHb. Y BUMadKax rinepTeHai
THCK BepudikyBaBCS 3a JOMOMOrOK aHEePOiQHOMO TOHOMETpA.

Pesynbratn. BcTaHoBneHo, WO YacToTa MigBULLEHOMO apTepianbHOMo TUCKY Y LUKONspiB cTaHoBuna 25,2 %, B TOMy yucni
17,7 % — apTepianbHa rinepTeHsis (apTepiansHui TUck BuLLe 95 nepueHTUns) Ta 7,5 % — nepegrineptenais (90-95 nepueHTuns).
MowwmpeHicTb rinepTeHsii 3MIHIETLCS 3aNeXHO Bif BIKOBOI NiArPynM, 1 HAMBULLMIA PIBEHb BiA3HAYEHUN Y LLKONAPIB BikoMm 16
pokiB — 29,9 % 3 nigeuiieHm AT (21,9 % Buwie 95 nepueHtuns Ta 8,0 % mix 90 i 95 nepueHTUnamMu). MiaBULLEHN CUCTONIYHMIA
aptepianbHuii Tuck (CAT) noeaHyBaBcs 3 MiABULLEHUM AiacToniyHUM TUCKOM y 47,3 % BUNajKiB, @ TakoX y AOCTiMKEeHHI MaB
Mo3nTUBHI KopensLii 3 oxupiHHaM (p=0,27, p<0,05) i HeraTnBHI — 3 dianyHot Npave3aarHicTio (r=-0,21, p<0,05). MynbcoBui TUCK
MaB 3HauyLLi kopensauii 3 CAT, Al i HagMipHOO Baroko Ta MoXe BUKOPUCTOBYBATUCH SIK AOAATKOBUI AiarHOCTUYHWIA NoKasHuK Al

BucHoBku. NOWMPEHICTb NiABULLEHOTO apTepianbHOTO TUCKY B HALLOMY AOCHIMKEHHI BULLA, HDK B EBPONENCBKWX KpaiHax, i
csirae noHag 20 % uTa4oro HaceneHHs. NigBrLLEHHS TUCKY B HALLMX AiTeN Mae NO3WTUBHI KOPENsLii 3 OMPIHHAM i HeraTuBHI —
3 (pisnyHot0 Npaue3aaTHicTio. PiBeHb NynbCOBOrO TUCKY Mae 3HavyLwi kopensuii 3 CAT i HaanWLWKOBOK MAcoio Tina Ta Moxe
BVYKOPUCTOBYBATUCh K A0AATKOBUI AiarHOCTUYHWIA MOKA3HWK apTepianbHOi rinepTeHsii.

ApTepMaI\bHaﬂ runepTeH3ua U nyaAbCoBoe AaBA€HUEe Y AeTeﬁ LWKOAbHOIO BO3pacTta
10. H. Heuuraiino, H. U. KoeTiok, A. 10. Heuuraiino

[etckas apTepuansHas runepteHaus (Al) ctana rmobansHor Npobnemot He TOMNbKO ANs NeanMaTpum, Ho U Ans 06LLEeCTBEHHOTO
30PaBOOXPaHEHNS B LIENOM.

Llenb pa6oTbl — ONpeaenuTs pacrpoCTpaHEHHOCTb apTepuarnbHON TMNepTeHann Cpeam AeTel LKOMBHOro Bo3pacTa 1 AarHo-
CTUYECKYHO 3HAYNMOCTb MyNLCOBOTO AABMNEHMS.

Marepuansi n metoabl. O6cnenoBaHo B LLKOMax BO BPEMS CKPUHWHIA Ha MOBLILLEHHOE apTepuarnbHoe AaBneHve 848 pe-
Teit B Bo3pacte ot 10 0o 17 net (cpepnuii Bospact — 13,9 + 0,06 roaa, 45,4 % mansunkoB 1 54,6 % AeBOYEK) 13 rOPOACKUX U
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CenbCKnX paVIOHOB L‘|epHOBl/IL|,KOl7I obnactu. B YCnoBusaX LUKONbI Y [eTel B NOMNOXeHUn cuas M3MepANn KpoBsaHOE AaBrieHne
ocumnnnomMeTpn4eckumn asBToMaTnu3npoBaHHbIMKU TOHOMETPaMKU C BO3PACTHLIM I'IO,El60pOM MaHXeT. [oBbILLEHHOE cUCTONNYe-
CKoe unu gmuacronuyeckoe gasrneHve anarHocTnposanoch y [eTel ¢ nokasarensimm Bbile 95 nepueHTnUnA BOSpaCTHOﬂ HOpMBbI
B COOTBETCTBMU C HaUWOHaNbHbIMU HOPMATUBHbLIMW 3HA4YEHUAMMU. B Cny4aax runeptTeH3nn gasneHme BepVId)VILlVIpOBaJ'IOCb C
MOMOLLbK aHepOMAHOro TOHOMeETpa.

Pesynbratbl. YCTaHOBEHO, YTO YaCcTOTa NOBLILLEHHOTO apTepuanbHOro AaBneHus y 06cnefoBaHHbIX LLKOMBHUKOB COCTaBuna
25,2%, B ToM uncne 17,7 % — apTepnanbHas runepTeHauns (aptepuansHoe AaBneHue Boiwe 95 nepueHtuns) v 7,5% — npearv-
nepteH3uns (90-95 nepueHTUb). PacnpocTpaHEHHOCTL TMNEPTEH3NN MEHSIETCA B 3aBUCMMOCTIM OT BO3PACTHOW NOArpynmbl, 1
CaMbli BbICOKUI YPOBEHb OTMEYEH Y LLIKONbHUKOB B Bo3pacTe 16 net — 29,9 % c nosbiweHHsIM Al (21,9 % Bbilue 95 nepueH-
Tnns n 8,0 % mexay 90 n 95 nepueHTunamu). MoBbiLEHHOE cucTonnyeckoe aptepuansHoe aasnexne (CAL) codetanock ¢
MOBbILLEHHBIM AnMacTonuyeckum aaeneHnem B 47,3 % criyyaes, a Takke B UICCeaoBaH1M MMENO NONOXUTENbHbIE KOppensLmm
¢ oxvipeHuem (r=0,27, p<0,05) n otpuuatensHele — ¢ usnyeckon pabotocrnocobHocTbio (r=-0,21, p<0,05). Mynbcosoe
[aBneHue umeno 3Haunmble koppensaumm ¢ CAL, Al 1 13BbITOYHBIM BECOM M MOXET MUCMOMNb30BaTLCA Kak LOMOSHUTENbHBbIN
JmnarHocTuyeckuii nokasarernb Al

BbiBoAbl. PacnpocTpaHéHHOCTL NoBbILWEHHOrO Al B HaLLeM UCCreaoBaHWy Bbille, YeM B €BPOMENCKUX CTpaHax, v npesbl-
waet 20 % Jetckoro HaceneHwus. MoBbILLEHHOE AABMEHUE Y HALLMX AETEN MMEET NONOXMTENbHbIE KOPPENSLIMM C OXMPEHNEM
1 HeraTuBHblE — C (OM3NYECKON TPyLSOCNOCOBHOCTB0. YPOBEHb NYNbCOBOIO AaBNEHUS UMEET 3Haunmble koppensuwm ¢ CAL
1 130BITOYHOM MAcCOi Tena U MOXET ObiTb MCNONb30BaH Kak AOMOMHUTENBHBIA AMArHOCTUHECKUIA KPUTEPUIA apTepruanbHOM

rTMNepTeH3nn.

Arterial hypertension (AH) among adults remains a public
health problem all over the world [1-3]. The prevalence of
hypertension is increasing at an accelerated rate not only
in adult but in school-age children too. This has raised great
concern about premature development of cardiovascular
disease, which has important long-term health and financial
implications [4-6]. Blood pressure (BP) screening may be
effective in identifying children with hypertension though
evidence is limited and false-positive rates are high [7,8].

The BP wave consists of a steady and pulsatile com-
ponent, mean arterial pressure and pulse arterial pressure
(PAP), respectively. Current definitions of AH are primarily
based on systolic arterial pressure (SAP) and diastolic blood
pressure (DAP) but not on pulse pressure. Widely used
mean arterial pressure is the product of cardiac output and
peripheral arterial resistance. Pulse pressure — the difference
between systolic and diastolic arterial pressure, depends on
left ventricular ejection, the elasticity of the central arteries
[6,9]. Pulse pressure is an indicator of the stiffness of large
arteries, especially of the aorta. More recently, increased
attention has been given to PAP as a predictor of cardiovas-
cular risk [4,5,10]. In the Framingham study it was shown
that the systolic blood pressure and pulse pressure reflect
arterial stiffness, demonstrated that with increasing age,
a gradual shift occurs from diastolic to systolic pressure
and then to pulse pressure as predictors of coronary heart
disease [6]. The diagnostic value of PAP in children has not
been studied thoroughly yet.

Unlike in adults, where a single blood pressure cutpoint
is utilized for diagnostic of AH, normative BP values in chil-
dren are age-, sex-, and height- dependent. The detection of
children AH is generally based on blood pressure adjusted for
height in the relation to national gender and age percentile
standard. In addition to use of the correct normative values,
repeated measurements of BP are also recommended
before making a diagnosis of AH [1,8]. Hypertension is di-
agnosed in children with readings above the 95" percentile
as results of three ambulatory BP measurements in different
days. Stage | hypertension was diagnosed if a child’s BP
is greater than the 95" percentile but less than or equal to
the 99" percentile plus 5 mm Hg, stage Il —if a child’s BP is
greater than the 99" percentile plus 5 mm Hg. There was
also introduced a new category — prehypertension, which

is diagnosed when a child’s average BP is above the 90"
percentile but below the 95th. Although such a complex ap-
proach is aimed to avoid overdiagnosis of AH in the children,
but unfortunately hypertension actually was underdiagnosed,
what has been demonstrated in several recent studies
[3,6,8]. Early diagnostic and prevention of childhood AH
therefore needs high priority and additional investigations.

Objective

The aim of this study was to determine the prevalence of
arterial hypertension among school-age children and diag-
nostic value of pulse pressure.

Materials and methods

In total 848 children in age of 10-17 years (mean age —
13.9+0.06 years, 45.4 % boys and 54.6 % girls) from urban
and rural areas of region were examined in schools during
screening for elevated BP. The study included assessment
of resting anthropometric data, physical activity habits,
structure and quality of nutrition, food preferences, family
and socioeconomic data etc. Body mass index (BMI) was
calculated and Z-index of BMI was estimated according to
local anthropometric percentiles standards. School-based
ambulatory seated blood pressure was measured by os-
cillometric automated recording devices. Three sequential
measurements were made at least 1 minute apart were
obtained and the average of the second and third measure-
ments was recorded. Elevated SAP or DAP was diagnosed
in those children with indicators above the 95" percentile,
according to the national normative values. In cases of BP
elevation the measurements were verificated by aneroid
device. Statistical analysis was made with the program
Statistica (version 5.11, StatSoft Inc.). Data were expressed
as meantstandard error for quantitative variables and as
numbers and percentages for categorical variables. Pearson
correlation coefficient was used for studied variables. Sta-
tistical analysis was performed using the Student’s t-test for
numerical variables. All p-values were two-tailed and p<0.05
was considered statistically significant.
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Results and discussion

Because BP values in childhood are height-dependent
the first step of children physical examination was stature
measurements. The anthropometric data obtained during
screening were presented for age groups between 10 and
17 years (Table 1). Except the stature measurements and
assessments according to local percentiles standard we
also analyzed the prevalence of overweight and obesity in
children of age groups according to BMI. The prevalence of
total overweight in our children was 19.9 % including 13.6 %
of obesity. The highest prevalence of obesity was in age of
12 and 13 years — more than 20 %. The decrease in next
age period correlated with puberty stage (r=-0.14, p<0.05)
and pubertal stature growth acceleration (r=-0.21, p<0.05) -
the velocity of the stature increment exceeded the rate of
increase in the body mass.

For BP measurements we chose cuffs which corre-
sponded to the size of the child’s arm and could vary widely.
In addition, the child should be calm and rested at least 5
minutes before the BP measurements were taken. From the
dataset we excluded those children who were previously
treated in pediatric nephrology. The BP components mea-
surements obtained during screening were changed with
age and without significant gender difference. The average
results of age subgroups are shown lower (Table 2). We
identified 150 (17.7 %) hypertensive children (blood pressure
>95" percentile) and 64 (7.5 %) with prehypertension (blood
pressure between 90" and 95" percentile). Among the 214
children with elevated BP gender proportion was nearly
equal — 50.7 % boys and 49.3% girls without noticeable
difference by age. The BP measurements in children in the
school based screening could be inaccurate therefore it is

Original research
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Fig. 1. Incidence of elevated BP in age subgroups.
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imperative that the measurements were repeated several
times before referral f,0r f.urther evalua.tlon of hypertension. Fig. 2. Correlation of pulse pressure data with other variable.
When compared incidence of AH in age subgroups we
found out that the highest level was in age of 16 years —
29.9% with elevated BP (21.9% over 95" percentile and (r=0.27, p<0.05) and negative with physical performance
8.0 % between 90" and 95™ percentiles) (Fig. 1). (r=-0.21, p<0.05). Separately we analyzed correlation of
Based on the health questionnaire and anthropometric PAP with different factors (Fig. 2). The most significant cor-
measurements we tried to identify various causative factors ~ relations of PAP were established with SAP, AH (presented
for hypertension. The most common causes in each age by Z-index of SAP) and overweight (presented by BMI).
group were obesity and low physical activity. The elevated The level of DAP was elevated in 47.3 % cases of hy-
SAPin our children had positive correlations with overweight ~ pertensive students and only in 4.3 % of normotensive and
Table 1. Anthropometric data and indexes (means) in different age subgroups
Index Age of children and measurements
10 1 12 13 14 15 16 17
Stature, cm 140.9 147.3 153.4 158.4 166.0 168.4 168.9 169.6
Body mass, kg 345 410 474 505 56.9 58.6 59.7 61.9
Chest circumference, cm 67.1 72.8 77.6 79.6 82.6 83.7 85.4 87.9
BMI, kg/m? 17.3 18.7 19.9 20.0 205 206 207 219
Table 2. Blood pressure components and pulse rate in different age subgroups (mean +standard error)
Variable Children age, years
10 1" 12 13 14 15 16 17
SAP, mm Hg 105.71.81 108.3£2.07 112.2£1.41 111.0£1.38 118.0£1.11 121.0£0.87 124.4£1.11 124.112.15
DAP, mm Hg 65.3+1.38 64.6£1.65 65.240.98 64.5£0.84 70.3£0.73 72.1£0.69 74.0£0.81 75.7£1.80
PAP, mm Hg 40.4£1.53 436+1.62 46.9+1.18 535+1.18 4774078 48.9+0.81 50.4+0.90 48.4£2.02
Pulse, bpm 88.6+1.62 85.31.76 88.9+1.60 88.8+1.14 86.1£1.06 86.8+1.06 85.3+1.16 86.6+2.41
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Fig. 3. The linear regression model of PAP correlation with SAP.
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Fig. 4. The linear regression model of PAP correlation with BMI.
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did not associate with PAP. It gave us possibility to build up
regression model (Fig. 3).

The current understanding of overweight health conse-
quences in children is predominately based on adult studies
but increasing evidence suggests that childhood obesity
has a number of not only immediate but long-term health
programming consequences. Overweight represents a pre-
dominance of visceral fat that usually exhibit elevated free
fatty acid production, thrombogenic tendency and increasing
risk of coronary heart disease [4,8]. In our investigation we
have established significant relationship between PAP and
overweight expressed by BMI (Fig. 4) and our data closely
correlated with results obtained by Polish investigators [8].

In the general pediatric population, the real prevalence
of hypertension is still unknown. However, various screening
studies primarily in adolescents have identified a prevalence
of any hypertension (essential or secondary) between 3.2 %
and 13.8 %. Our data differed from results obtained in other
countries but was close to results obtained by other Ukrainian
pediatricians [1].

The limitations of our investigation included observation-
al and screening study design which did not exclude “white

coat” hypertension. Certain stratified analyses performed for
this study were also limited in power by the small sample
size in the stratified groups. Also we were not able to make a
detailed analysis of the hypertensive patients and hence did
not report their clinical and the comorbid conditions. Although
we had screened children in schools but we established only
elevated BP stratified by level and it is not representative for
real prevalence of AH in general pediatric population without
following clinical examination.

In conclusion, arterial hypertension is a serious public
threat in many countries worldwide including Ukraine. AH
has many health and financial consequences for indivi-
duals, their families and society in general and is largely
preventable. Therefore, high national priority for health
protection should be given to early diagnostic and preven-
tion of childhood AH.

Conclusions

1. The prevalence of elevated BP established by screen-
ing in our research is higher than in European countries
and exceeds 20 % of child population. The elevated BP in
our children has positive correlations with overweight and
negative with physical performance.

2. The level of pulse pressure has significant correla-
tions with SAP and body overweight and could be used as
additional diagnostic index of AH.

Prospects of further research. To establish real pre
valence of AH in general pediatric population following clinical
examination must be done. The possible diagnostic role of
pulse pressure could be also studied.
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