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Risk factors for cardiovascular diseases in children
and adolescents with arterial hypertension
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A group of 70 children of 12-17 years old with stable and
labile forms of arterial hypertension and prehypertension hos-
pitalized to cardiopulmonary department with high blood
pressure was observed.

In 27.1% cases arterial hypertension was associated with var-
ious cardiovascular risk factors: hyperinsulinemia and insulin
resistance revealed in 72.9% children with stable and labile
forms of arterial hypertension and prehypertension, over-
weight or obesity were detected in 64.3%, dyslipidemia was
registered in 51.4 % cases.

It was shown, that arterial hypertension more frequently was
associated with multiple risk factors of cardiovascular dis-
eases (3 and more) and revealed in 37.1% children with arte-
rial hypertension that testifies to the beginning of high risk
formation for cardiovascular diseases already in childhood.
Key words: arterial hypertension, insulin resistance, cardiovascu-
lar disease, cardiometabolic risk, risk factors, children.

Arterial hypertension (AH) is an important risk factor for
early development of cardiovascular complications and mor-
tality [4, 8].

Until recently, children and adolescents with arterial hyper-
tension were traditionally attributed to a low risk of cardiovas-
cular disease [3].

However, as shown in prospective studies, AH, starting in
childhood, may be associated with cardiovascular risk factors
that persist into adulthood and are adverse prognostic factors for
cardiovascular complications of hypertension [11, 13, 15].

The high frequency of hypertension association with cardio-
vascular and metabolic risk factors in adults [2, 4, 8] identifies
the need to study possible existence of such an association in
children.

Relevance of early detection of risk factors is very important
because their correction, starting from infancy, can prevent the
development of disease or its progression [4].

In this context, the aim of study was to investigate the asso-
ciation of hypertension with cardiometabolic risk factors in chil-
dren and adolescents.

MATERIALS AND METHODS

The study included 70 children (boys — 61, girls — 9) with
various forms of hypertension — stable (n=37), labile (n=20),
prehypertension (n=13) aged 12-17 years old admitted to
Dnipropetrovsk city pediatric cardio-pulmonary department
due to increased blood pressure (BP) level revealed at a single
outpatient measurement.

Ambulatory blood pressure monitoring (ABPM) [3, 10] was
conducted for all children in order to establish a diagnosis of
hypertension and to determine its clinical and pathogenic forms.
To determine the risk factors for cardiovascular disease, indica-
tors of physical development of children were assessed, lipid pro-
file was determined, evaluation of carbohydrate metabolism was
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carried out (levels of venous blood glucose and serum basal
insulin, as well calculation of homeostatic model assessment of
insulin resistance — HOMA-IR were identified).

ABPM was carried out by the registrar Cardiotens-01 of
“MEDITECH” company (Hungary) with brachial cuff accord-
ing to age. In analyzing the ABPM data, the following quantita-
tive parameters were evaluated: daily average, maximum and
minimum values of systolic blood pressure, diastolic blood pres-
sure, average blood pressure, pulse blood pressure, heart rate,
increased systolic and diastolic blood pressure load indexes dur-
ing the day and night [3, 7].

Stable AH was diagnosed when the average daily level of
blood pressure was above the 95th percentile and hypertension
time index was more than 50%, labile AH was determined if
hypertension time index was 25% to 50%, but the average daily
blood pressure was lower than the 95 percentile.
Prehypertension was defined if the level of the average daily
blood pressure was 90 to 95 percentile [3, 13].

Physical development of the children was assessed using
anthropometric parameters: body weight and height, waist cir-
cumference (WC) and body mass index (BMI). Body mass
index (BMI, kg/m?) in children surveyed was measured by
nomograms based on age and sex of the child. BMI was consid-
ered as a normal, if it was within 15-85 percentiles. BMI
between 85 and 95 percentile were regarded as excess body
weight, BMI above the 95th percentile — as obese. The criteri-
on for abdominal obesity was considered if WC was equal to or
greater than 94 c¢m to 80 c¢m for boys and girls of 16—18 years
and above 90 percentile for children under 15 years (IDF,
2005) [3,5].

The level of glucose in venous blood was determined by
GOD-PAP using a set of Glucose liquicolor (Human, Germany)
and Microlab 200 photometer.

The solid phase enzyme-linked immunosorbent assay
(ELISA) method with a set of DRG insulin ELISA (Germany)
was used to quantify the level of basal immunoreactive insulin in
serum. Hyperinsulinemia was diagnosed if insulin levels increase
above the reference value of 25 pU/ml. Insulin level
20-24.9 pU/ml was considered borderline.

Insulin resistance was assessed by indirect indicators: the
level of basal insulinemia and homeostatic model of insulin
resistance with calculation of parameters HOMA-IR, which was
calculated by the formula:

(Fasting Glucose Level, mmol/1) x (Fasting Insulin Level,
pU/ml) : 22.5

The level of HOMA-IR more than 3.6 was the criterion of
high insulin resistance. The level of HOMA-IR 2.77-3.59 was
considered as borderline level of insulin resistance. Retained
insulin sensitivity (absence of insulin resistance) was diagnosed
at a level less than 2.77 HOMA-IR [9].

Metabolic syndrome (MS) was defined according to criteria
ATP IIT (2001), IDF (2005) and pediatric criteria [5, 12, 14].
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Statistical processing of research materials was conducted
using methods of biostatistics implemented in software packages
EXCEL-2003, STATISTICA 6.0 (Statsoft Inc., USA) [1, 9].
Student’s t test and Mann-Whitney test have been applied for
assessing the reliability of differences in quantitative traits, as
well, criteria consent chi-square (?) and Fisher’s exact tests to
assess the reliability of differences in qualitative features.
Spearman’s rank correlation coefficient (r) and odds ratio (OR)
were calculated to assess the contingency [1].

RESULTS AND DISCUSSION

Analysis of risk factors in children with arterial hypertension
showed a high frequency of family history for hypertension in
hypertensive children (78.0%), especially in stable form of
hypertension (83.3%) and prehypertension (88.9%).

Reliable (P<0.05) prevalence of hereditary burdening with
hypertension in relationship line 1, namely maternal, in children
with stable form of hypertension (65.0%) compared with groups
of children with labile form of hypertension (42.5%), prehyper-
tension (33.3%) and normotension (23.1%) observed.

In addition to genetic predisposition, a number of modifiable
risk factors affects the occurrence and progression of hyperten-
sion, and these factors should be the point of application of the
system of prevention [3, 4, 8].

One of the most important risk factors is the presence of
excess body weight and obesity [14]. It was found that the value
of BMI was higher than normal values in almost 2/3 of children
with hypertension (n=71 - 60.2%), including excess body
weight in 34.8% (n=41) of children, obesity — in 25.4% (n=30).
In the comparison group, only four children (30.8%) had a BMI
deviation from normal values (P<0.05, compared with children
with AH), of which 23.1% (n=3) had an excess of body weight
(P>0.30) and in one case — obesity (P>0.10).

Statistical analysis showed that a number of children with
overweight and obesity was significantly higher in the group of
stable systolic AH (71.7%), as compared with groups of labile
systolic AH (37.5%; P<0.001) and normotension (30.8%;
P<0.01).

Dyslipidemia is another modifiable risk factor for cardiovas-
cular disease of adults [2]. Dyslipidemia was observed in 55.1%
surveyed children with combined disorders in lipid profile in
34.7% children, being presented by atherogenic types of hyper-
lipoproteinemia: in 14.4% by type Ila, in 11.9% — type IIb and
8.5% — type IV. Increased total cholesterol was found in 21.7%
children with stable systolic AH, 12.5% — labile systolic AH,
16.7% — prehypertension and in 15.4% of children with nor-
motension. Increased triglycerides above 1.7 mmol/l were

Normal insulin levels
(<20 pu/ml), n =35

50,0%

Borderline insulin levels
(20-24,9 pU/ml), n = 16

Hyperinsulinemia
B (5 25puU/ml), n=19

Fig. 1. The incidence of hyperinsulinemia in children
with hypertension

Normal insulin sensitivity
(index HOMA- IR <2,77), n = 16

Borderline IR
(index HOMA- IR =2,77 ...3,6), n =9

Evident IR
®  (index HOMA- IR> 3,6), n = 45

Fig. 2. The frequency of insulin resistance in children
with hypertension

observed in 21.7%, 12.5%, 16.7% of children with stable systolic
AH, labile systolic AH and prehypertension, respectively, and
were absent in normotensive children. Increased LDL levels
were observed in 25.0% of children with stable systolic AH,
15.0% of children with labile systolic AH, 33.3% of prehyperten-
sion and 15.4% of normotensive children. Reduction of HDL
levels were observed in 23.3% of children with stable systolic
AH, 15.0% of labile systolic AH, 44.4% of prehypertension and
23.1% of children with normotension.

Analysis of changes in lipid profile in children with hyperten-
sion showed reliably more frequent association of hypertension,
compared with normotension, with higher levels of triglycerides
and VLDL, which are key markers of atherogenic dyslipidemia
[12].

Hyperinsulinemia (over 25 pU/ml) was observed in 27.1%
(n=19) children with stable, labile forms of hypertension and
prehypertension; the borderline insulin levels (20-24.9 uU/ml)
in serum were recorded in 22.9 % (n=16) cases, normal insulin
levels were observed in 50.0% (n=35) children (Fig. 1.)

The state of evident insulin resistance (HOMA index more
than 3.6) was observed in 45 children (64.3%), normal insulin
sensitivity (HOMA index less than 2.77) was determined in 16
children (22.9%; p<0,001) (Fig. 2).

The highest incidence of hyperinsulinemia was observed in

Combination of hypertension with different cardiometabolic risk factors in children

Risk factors Number of children
Dysipid-emia  EXcessbody  Hyper-meulinemia/

1 + - - 10 14.3

2 + + - 2 2.9

3 + - - 3 4.3
4 + - + 9 12.9

5 + + - 4 5.7

6 + + + 4 5.7

7 + - + 12 171

8 + + + 26 37.1

Total Abs. 70 36 45 51 70

% 100 51.4 64.3 729 100
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the group of children with stable systolic AH (32.4%), which is
consistent with data of several studies [15].

However, significant differences were observed only when
compared with the group of children with normotension, in
which increase of insulin levels were not found (P=0.087 by
Fisher’s exact criterion).

The average level of basal insulin in the blood serum of
children with various forms of hypertension was within the
normal range and amounted 23.34+1.77 pU/ml in children
with stable hypertension, 20.00+2.62 uU/ml with labile
hypertension and 21.27+2.41 uU/ml with prehypertension.
The average level of HOMA insulin resistance index was
increased and amounted to 5.21+0.41, 4.26+0.63 and
4.64%0.53 in children with stable, labile hypertension and pre-
hypertension, respectively (p>0,05).

The state of evident insulin resistance (by index HOMA) in
children with stable form of hypertension was observed in 1.6
times more frequently than in labile hypertension (73.0% and
45.0%, respectively; P<0.05), and almost 3 times more often
than in children with normotension (25.0%; P<0.05). At the
same time, the group of children with stable systolic AH and
prehypertension were compared for this indicator (73.0% and
69.2%, respectively; P>0.40).

The level of glucose in venous blood was within the normal
range and had no significant differences (P,;>0.05).

Cases of fasting hyperglycemia (blood glucose above
5.6 mmol/l) were observed in almost every tenth child with
stable systolic AH and labile systolic AH (9 people out of 100).
The frequency of hyperglycemia was comparable in groups of
stable systolic AH — 8.3% (n=5) and labile systolic AH —
10.0% (P>0.70). Fasting hyperglycemia was not observed
(P>0.10 compared with the previous groups) in children with
systolic prehypertension and normotension. However,
impaired glucose tolerance was found in one child (5.6%) with
systolic prehypertension.

It was found that hypertension was combined with various
risk factors for cardiovascular disease in 85.7% (n=60) cases.

dakTopu pU3nKy KapAioBacKyNsipHUX 3aXBOPIOBaHb
y Aiten Ta nigniTKiB 3 apTepianbHOIO rinepTeH3ielo
O.l. ravigyk, J1.P. LLloctakoBn4-Kopeubka, T.A. Mangyk

Ob6crexeno 70 miteil 3 pisuuMu GopMamu aprepiaibHOI rineprensii
(AT) — crabinbrolo, nabinbHoio hopmamu i nperineprensieo y Bili
12—17 pokiB, skux OyJ0 TOCHITATIZ0BAHO 0 AUTSYOTO MiCHKOTO
Kap/iomny/IbMOHOJIOTYHOr0 Bi/yiJienHs y 3B’sI3Ky 3 IiJIBUIIEHHIM ap-
TepiaJIbHOTO THCKY T/l Yac foro pasoBOro BUMipIoBaHHs Ha amMOyJa-
topromy etari. Busiieno, o y 85,7% Bunazkis Al noemmnysasacs 3
pisunMu (axTopaMu PU3NKY KapAiOBacKyJSIPHUX 3aXBOPIOBAHb
(rinepincyinemieio Ta incyrainopesucrentmictio — y 72,9%,
Ha/IMipHOIO MACOIO Tija 60 OKUPIHHIM — ¥ 64,3%, mucmimigemicto — y
51,4% Bunazkis). Ycranosieno, mo Al y aireit Haiibisbir yacto
ACOMIIOETHCST 3 MHOKMHHUME (haKTOpamMu pusuKy (Tpboma i Oisibiie) —
37,1%, mo cBigunTh 1MPO 1OYATOK (HOPMYBAHHS BHUCOKOTO PH3HKY
Kap/ioBacKyJIAPHUX 3aXBOPIOBAHb YiKe Y JUTSIOMY Billi.

Kmouoegi cnoea: apmepianvina zinepmen3sis, incyiinopesucmenmmicmn,
cepueso-cydunni 3axeoprosanisi, Kapoiomemaboniunuil pusux, Gaxmo-
pu pusuxy, oimu.

Eight combinations of hypertension with different car-
diometabolic risk factors in children were identified (Table).

It was found that the isolated AH without metabolic risk
factors was observed only in 14.3% children (n=10).

Hyperinsulinemia and insulin resistance were the most frequent
components of cardiometabolic risk factors combinations (72.9%).

A preferred combination (37.1%) was the association of
hypertension with multiple risk factors including excess body
weight or obesity, dyslipidemia, and hyperinsulinemia and/or
insulin resistance, the frequency of hyperinsulinemia in this
combination amounted 92.3%.

Combination of hypertension with excess body weight or
obesity and hyperinsulinemia and/or insulin resistance took sec-
ond place (17.1%); the incidence of hyperinsulinemia was 50.0%.

Association of hypertension with hyperinsulinemia and/or
insulin resistance was on the third place (12.9%) with 55.6% fre-
quency of hyperinsulinemia in it.

The incidence of metabolic syndrome in children with hyper-
tension in the whole group was 10 to 15% depending on the cri-
teria used. Moreover, in the group of children without insulin
resistance, metabolic syndrome frequency for all criteria (ATP
111, 2001; IDF, 2005; and pediatric criteria) was 6.3% and in the
group of children with metabolic syndrome, insulin resistance
was observed in 13.3%, 15.6%, and 17.8% of cases, respectively.

CONCLUSIONS

1. Arterial hypertension in childhood should not be consid-
ered as an isolated state but as a component of a cluster of meta-
bolic and hemodynamic risk factors for cardiovascular diseases,
which are observed in 85.7% of children with hypertension.

2. A high frequency of combination of hypertension in chil-
dren with hyperinsulinemia (27.1%) and insulin resistance
(64.3%) was found.

3. Most often, hypertension in children associates with mul-
tiple risk factors (three or more) — 37.1%, indicating the begin-
ning of a high risk formation for cardiovascular disease as early

as in childhood.

dakTopbl pUcKa KapAUOBacKySPHbIX 3a6oseBaHuii y
AeTel U NoOAPOCTKOB C apTepuanbHOM rMnepTeH3nen
O.U. ravigyx, J1.P. LLlocTtakoBn4y-Kopeukas, T.A. laigyk

O6caenosano 70 aereii ¢ pazmuaabiMi (HOPMAMU apTepPUAIBHON rUrep-
ten3un (Al') — crabuiibHOM, JTabUIbHON (hopMaM 1 TIperumepreH3ueil B
Bospacre 12—17 jiet, roCHUTAIM3NPOBAHHBIX B IETCKOE TOPOJICKOE Kap-
JIMOITYJIbMOHOJIOTMYECKOE OT/IeJIEHNE B CBS3H C TIOBBIIIEHIEM apTepHallb-
HOT'O JIABJICHUSI TIPH €I0 PA30BOM M3MEPEHHH Ha aMOyJIATOPHOM JTarle.
BoisiBiieno, uto B 85,7% cayuae AT coderasnach ¢ pasindibiMi (ak-
TOpaM¥ PUCKa KapAHOBACKYJISIPHBIX 3a00JeBaHUil (THIIEPUHCYIHHE-
Mueil 1 uHCynHopesucTentmeil — B 72,9%, nabbITouHoil Maccoii Tena
win okupenueM — B 64,3%, nuciunugemueit — B 51,4 % ciaydaes). Yc-
TaHoBJeHO, uTo ATy zeTeii HanboJiee 4acTo aCCOIMUPYETCs: ¢ MHOKE-
cTBeHHBIMU (hakTopamu pucka (Tpu u 6osee) — 37,1%, 4to cBUzETEND-
CTBYeT 0 Hayase ()OPMHUPOBAHMS BBICOKOTO PUCKA KapAMOBACKYJISAP-
HBIX 3200JIEBAHUI YIKe B JIETCKOM BO3PACTe.

Knroueevie cnosa: apmepuanvras zunepmensusi, UHCYIUHOPEIUC-
menmuocms, cepoeuno-cocyducmoie 3abonesanus, kKapouomemaboiuve-
cKull puck, paxmoput pucka, demu.
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