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Abstract: The study deals with the assessment of patterns of left ventricular myocardial remodeling in adolescents with hypothalamic
syndrome of puberty and arterial hypertension depending on endothelial nitric oxide synthase gene polymorphism in intron 4 (4b, 4a)

and blood serum homocysteine level.
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INTRODUCTION

An increase in the number of younger patients with arterial
hypertension (AH), which ranks high in the incidence and
remains a significant medical and social challenge, has
been observed recently [1-3]. Leading experts emphasize
that determination of abnormal tendencies to the
development of hypertension in adolescents, early
diagnosis and correction of cardiovascular disorders exert a
positive impact on the health of adults [4-8].

Hereditary factors have lately acquired certain significance
among the causes of risk factors for hypertension and its
complications. Mapped candidate genes, namely:
angiotensin gene (AGT), angiotensin-converting enzyme
gene (ACE) and endothelial nitric oxide synthase gene
(eNOS) have become a prime focus for experts.AGT gene
polymorphismis associated with high blood pressure in

adults and left ventricular hypertrophy [9].
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Particular attention has recently been given to the study of
complications resulting from hypertension, particularly
impairment of the target organs (heart, blood vessels;
potential risk factors for cardiovascular complications
presently include hyperhomocysteinemia [10, 11].

The mechanisms of hypertension development in
overweight adults are well understood. Adaptation and
subsequent chronic compensatory hypofunction of the
myocardium in patients with obesity leads to an increase in
myocardial mass, which can enlarge due to hypertrophy of
myocardiocytes. At the same time, the increase of the
heart mass in patients with obesity can be associated with
the increase in itscontent of fibrous tissue. Activation of
myocardial fibrosis promotes an increase in the rigidity of
the walls of the left ventricle reducing myocardial ability
to relax, which triggers the development of diastolic
dysfunction. Besides, myocardial fibrosis results in
depletion of the vascular bed of the coronary arteries and
a gradual decrease in myocardial contractility, remodeling
of the left ventricle with subsequent development of
circulatory failure [12,14].

Development of hypertension in adolescents has been
actively studied [13]. Hypothalamic syndrome of puberty
(HSP) is one of the diseases occurring in most patients with

hypertension. This syndrome basically involves impairment
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of the

endocrine organs with the development of insulin

system  hypothalamus-hypophysis-peripheral
resistance with lipid metabolism shifts and progression of
obesity. HSP is not a rare abnormality, but it is rarely
diagnosed, therefore it is appropriate to study
pathophysiological mechanisms underlying the formation of
arterial hypertension in adolescents with HSP, presentation
of metabolic disorders and methods of early diagnosis.

In view of the above, early identification of changes in the
cardiovascular system in adolescents with HSP is relevant
in childhood, when the groundwork for disease
development or preservation of health in adults isformed

[10, 11].

2 PURPOSES, SUBJECTS AND METHODS:

101 adolescents with HSP aged 14 to 17 years (average age
15.8+0.66 years) were examined at Communal Health Pro-
tection Institution "Regional Children's Clinical Hospital"
and Department of Pediatrics No.1 and Neonatology due to
past history of high blood pressure episodes.

The study involved assessment of case histories and
presentation, physical development with waist measure-
ment (WM), hip measurement (HM), abdominal obesity
(WM/HM ratio), and body mass index (BMI). The diagnosis
was specified by 24-hour blood pressure monitoring (ABPM)
using MD plus unit (Russia, Novosibirsk). The state of cardi-
ovascular system was evaluated by Doppler echocardiog-
raphy with standard technique recommended by the Asso-
ciation of Echocardiography [1].

Polymorphism of endothelial nitric oxide synthase gene
was studied by polymerase chain reaction. Homocysteine
level inblood serum in patients with different genotype
was evaluated by immunoenzyme assay (ELISA). Statistical
data processing was carried out using STATISTICA-6 soft-

ware with parametric and nonparametric methods.
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3 RESULTS AND DISCUSSION

The examination of 101 adolescents with hypothalamic
syndrome of puberty showed the following genotypes:
genotype 4b4b in 47 (46.53+4.99%) children, genotype
4b4a in 43 (42.57+4.95%) adolescents and genotype 4a4a in
11 (10.89+3.12%) teenagers.

The relation of certain biochemical indices to patient’s
genotype was assessed by a dispersive analysis version,
namely Kruskall-Wallis test.

The study revealed statistically reliable differences in a
number of indices in patients with various genotypes, par-
ticularly insulin (p<0.05), homocysteine (p<0.001), triglyc-
erides (TG) (p<0.05),very low density lipoproteins(VLDL)
(p<0.05), average systolic blood pressure during the
night(ASPP(n)) (p<0.05), increase in the thickness of the
posterior wall of the left ventricle in percent (%PWLV)
(p<0.05), glomerular filtration rate (GFR) (p<0.05) (Table
1).

Table 1
The metabolic and structurally functional indicators
depending on the genotype.

genotype dada genotype dhda genotypedbdb
(n=11) (n=43) (n=47) p

Me JLQ |UQ [Me JLQ [UQ |Me (LQ (UQ
Insutin, ulll/ml {33,2 |16,52|40,08 [14,68 1104 199|162 (12,8 (22,46 |<0,05°

Homacysteine,

Parameters

23 145 J4e 12,2 (7% (153 InE |83 [173 J<0,001*

memale/|
TG, mmol /L |1,41 1,18 1,64 1,02 (0,65 [1,24]0,%4 071 1,22 |<0,05°
VLIL,

- 028 (023 (0,33 (02 (013 025 (0,08 0,14 0,24 ]<0,05°
mcmole /1
AsBP(n), 16 106 119 19 (112 126 121|103 [126  |<0,05°
mm Hg

GFR yml/ min (123 |117,2|146,02 [123,2 |110,2 |144 |118,3 [110,7 (140,35 |<0,05*
B PWLY & a0 1319 |6 e3,0(40 100 )3 |22 M |<0,08°

(Note:Me- median, LQ- lower quartile, UQ- upper quartile;
TG-, triglycerides, VLDL- very low density lipoproteins;
ASBP(n)- average systolic blood pressure during the night;
GFR- glomerular filtration rate. P- between groups of the

genotypes 4a4a, 4b4b.)
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Thus, patients with genotype 4a4a were found to have the
highest level of insulin in blood serum and dyslipidemia;
besides, patients-carriers of allele a were more frequently
diagnosed with signs of myocardial remodeling with in-
volvement of the posterior wall of the left ventricle.
Patients with genotype 4b4b were shown to have the high-
est indices of average systolic blood pressure during the
night. Genotype 4b4a is perhaps an average version be-
tween the previous two genotypes.

Thus, it is possible to assume that allele influence and, in
particular, the most "unfavorable” genotype 4a4a, is medi-
ated through a number of metabolic disorders, resulting in
the progression of atherosclerosis, endothelial dysfunction
and myocardial remodeling of the left ventricle.

Interesting data were obtained in the analysis of homocys-
teine levels in blood serum of patients with different geno-
type. The study showed the following findings: in patients
with genotype 4b4b its level amounted Me = 11.8 [6.9;
17.3] mcmole/l. In children with genotype 4b4a it com-
prised Me = 12.2 [7.9; 19.3] mcmole/l. In the group of
adolescents with genotype 4a4a the level of homocysteine
was Me = 2.9 [2.5; 4.6] mcmole/l.

Thereafter, the patients were divided into 4 groups accord-
ing tocluster 1, 2, 3 or 4, that is by the level of homocyste-

ine in blood serum (Table2).

Table 2.
The level of homocysteine in the blood serum of pa-
tients carried to different, clusters mcmole / I.

Cluster| Abs. % [Mean [Min. |Max. |5.D. |Me Lg (ug

1 11 | 10,9 243 1,7] 2,9 0,31 2,5 23] 2z
2 34 | 33,7 665 31| 9.8 1,94 &8 49 8,5
3 38 | 37,6|13,68|10,4] 19,3 2,48| 13,1| 11,5] 15,3

4 18 17,8\ 29,66| 21| 47,7 8,42 25,9| 23,5 a7

Note:
Me- median, LQ- lower quartile, UQ- upper quartile.

Thus, the first cluster included 11 adolescents with the
lowest content of homocysteine in blood (2.43 + 0.31
pmol/l). The second cluster (n = 34) comprised patients
with the level of homocysteine corresponding to normal
indices (6.65 + 1.94 pmol/l). The third cluster involved 38

patients with the increased level of homocysteine in blood
serum (13.68 + 2.45 pmol/l). The fourth cluster consisted
of 18 children with high level of homocysteine (29.56 =
8.42 pmol/l).

Assessment of the heart remodeling variants according to
the level of homocysteine showed that in the group of
children with normal and increased homocysteine level the
myocardial mass index of the left ventricle (LV) was within
the normal range, while the relative thickness of LV wall
tended to increase.The patients with the highest level of
homocysteine were found to have a significantly reliable
enlargement of the relative thickness of LV wall (p <0.05)
and an increase in the myocardial mass index of the left
ventricle (p <0.05).

The study showed that progression of hyperhomocyste-
inemia was accompanied by an increase in the incidence of
restrictive diastolic LV dysfunction as compared to adoles-
cents with normal blood serum homocysteine level (p
<0.05).

Fig. 1.The frequency of diastolic dysfunction in chil-
dren with different levels of homocysteine in the serum.

Thus, an increase in blood serum homocysteine level influ-
ences the development of LV myocardial remodeling. In
normal homocysteine level myocardial geometry is within
normal range, whereas an increase in homocysteine level
results in the development of concentric remodeling and-
concentric hypertrophy of LV myocardium in children with
the highest level of homocysteine, which reflects regulari-
ties of LV myocardium remodeling.

We investigated blood serum homocysteine level in adoles-
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cents with different ENOS genotype. The most obvious
differences between the indices of homocysteine in blood
serum were observed between patients with 4a4a and 4b4b
genotypes.

The nature of these distinctions was clarified by identifica-
tion of alleles a and b as a sign of "GROUP" sample stratifi-
cation, as well as by regression analysis in the subgroup of
patients with allele a (hereafter - Group A) separately and
in the subgroup of patients with allele b (hereafter- Group
B).

Thus, the study showed that patients-carriers of allele b
with the growth of body mass and progression of abdominal
obesity (WM/HM ratio) were more likely to have an in-
crease in the level of homocysteine in blood serum. It
promoted progression of hypertension in this cohort of
patients. Blood pressure stabilization was rather associated
with the involvement of kidneys.The growth of body mass
increased the volume of circulating blood and viscosity of
blood. Moreover, fatty tissue might release angiotensino-
gen which resulted in dysfunction of kidneys, responsible
for the long-term regulation of blood pressure by changing
the activity of RAAS and sodium-volume-dependent sys-
tems. Hyperhomocysteinemia itself, as was stated above,
promoted myocardial remodeling of the left ventricle.
Thus, patients-carriers of allele b, were found to have a
decreased cavity of LV myocardium (concentric remodel-
ing). It was reflected by sphericity index rateswhich as
well as the height of the left ventricle decreased in hyper-
homocysteinemia progression.

The results for group A regression are shown in Fig. 2. Indi-
ces of average diastolic blood pressure during the day and
night and average systolic blood pressure during the day
and night should be considered the most influential in
prognosis of homocysteine level in blood serum for allele a
carriers.

Progression of arterial hypertension in this cohort of pa-
tients was associated with a change of vascular tone.As
was mentioned above, destabilization of vascular wall in
genotype 4a4a was influencedby the altered levels of tri-
glycerides, lipoproteins of very low density and hyperinsu-

linemia.

regression results for a dependent variable: HOMO
(tabl_natali_HOMOx3.sta) R= .64386623 R2= .41456372
Correct. R2=.37348048 F(8.114)=10.091 p<.00000 Standart
error of estimate: 8.7864

beta SE,B B SE, B t(114) | p-level

-38,113 13,491 | -2,825 0,006

SADD 0,564 | 0,174 | -0,629 | 0,194 | -3,248 | 0,002

DADD 0,706 0,139 1,021 0,201 5,070 0,000

SADN 0,586 0,166 0,651 0,185 | 3,519 0,001

DADN -0,562 0,158 -0,748 0,211 | -3,544 0,001

Fig. 2.The summary table of model of linear regression
for group A when calculating in statistical environment
to the STATISTICA.

Note: SADD- average systolic blood pressure during the
day, DADD - the average diastolic blood pressure during
the day, SADN - average systolic blood pressure during the
night, DADN- the average diastolic blood pressure during
the night, VrSD - variability of systolic blood pressure
during the day, VrSN- variability in systolic blood pressure
overnight, TZS2 - the thickness of the back wall of the left
ventricle in diastole, OTS - relative wall thickness of the
left ventricle.

Literature data confirm that nitrogen oxide production is
decreased in patients-carriers of allele a [15-17], triggering
endothelial dysfunction. In progression of arterial hyper-
tension and hyperhomocysteinemia these patients develop
an increase in the thickness of left ventricular posterior
wall and relative thickness of left ventricular wall - an
integral indicator of myocardial LV remodeling, which is
the most typical for concentric hypertrophy of LV myocar-
dium.

Thus, hypothalamic syndrome of puberty is a disorder in
children, which develops with arterial hypertension, ab-
dominal type of obesity, disruption of lipid range of blood,
hyperinsulinemia. Considering the metabolic essence of
HSPas a "prototype” of metabolic syndrome in adults, it is
possible to consider that patients with HSP in adulthood
are likely to develop cardiovascular impairments. If meta-
bolic disorders typical for HSP have a significant effect on
vascular endothelium, in future it will ultimately result in
endothelial dysfunction, myocardial LV remodeling, devel-

opment of diastolic and systolic dysfunction.
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4 CONCLUSIONS

1. The increased blood serum homocysteine level (=10.40
pmol/l) and high homocysteine level (221.0 pmol/l) in
adolescents is associated with hypothalamic syndrome of
puberty with signs of myocardial remodeling and diastolic
function of the left ventricle. Progression of hyperhomo-
cysteinemia results in a decrease in indices of LV cav-

itysphericity.

2. Assessment of endothelial nitric oxide synthase (eNOS)
gene polymorphism in adolescents with hypothalamic syn-
drome of puberty determined genotype 4b/4b in 47% of
children, genotype 4b/4a in 43%, genotype 4a/4a in 11% of
adolescents. Genotype 4a4a is unfavorable concerning the
development of metabolic disorders and is characterized
by the highest level of immunoreactive insulin in blood
serum (33.2 (16.5; 40.1) ulU/mL), an increased level of
triglycerides (1.41 (1.18; 1.64) mmol/l).

3. Adolescents with hypothalamic syndrome of puberty,
accompanied by arterial hypertension with different eNOS
genotypes, who carry allele b typically develop concentric
remodeling (p <0.05), whereascarriers of allele aundergo
remodeling of a left ventricular myocardium by the type of

concentric hypertrophy.

REFERENCES

1. Kovalenko V.N., Nesukaj E.G., Dolzhenko M.N.,
Gorbas' I. N. Profilaktika serdechno-sosdistyh zabolevanij:
populyacionnaya strategiya | individual'nye programmy.
[Prevention of cardiovascular diseases: population strategy
and individual programs]. - K.: MORION, 2013, 96.

2. Hypertension without compelling indications: 2013
CHEP recommendations. Hypertension Canada website. -
http://www.hypertension.ca/hypertension-without-
compelling-indications. AccessedOctober 30, 2013.

3. Urbina E., Alpert B., Flynn J., Hayman L., Harsh-
field G.A., Jacobson M. et al. American Heart Association
Atherosclerosis, Hypertension, and Obesity in Youth Com-

mittee. Ambulatory blood pressure monitoring in children

and adolescents: recommendations for standard assess-
ment: a scientific statement from the American Heart As-
sociation Atherosclerosis, Hypertension, and Obesity in
Youth Committee of the council on cardiovascular disease
in the young and the council for high blood pressure re-
search // Hypertension 2008. — Vol. 2. —433-451.

4, Mitchenko E.I. .Sovremennyj profil' factora riska
serdechno-sosudistyh zabolevanij v gorodskoj populyacii
Ukrainy [The modern profile of risk factors of cardiovascu-
lar diseases in the urban population of Ukraine]/ E.l.
Mitchenko, M.N. Mamedov, T.V. Kolesnikidr. // Mat-ly XIV

Nacional'nogo kongresu kardiologiv Ukraini. - 2013. - 76-
83.
5. Korenev N.M. Arterial’'naya gipertenziya-

podrostkovogo vozrasta: rasprostranennost’, mekhanizmy
formirovaniya, podhody k lecheniyu [Arterial hypertension
of adolescence: prevalence, forming mechanisms, ap-
proaches to treatment] / N.M. Korenev, L.F. Bogmat, E.M.
Nosova, V.V. Nikonova, Je.L. Ahnazarjanc, I.M. Jakovleva
// Ukr. kardiol. zhurn. — 2010. — vol. 1. — 57-64.

6. Moiseienko R. O. Analiz ta tendencii zah-
voryuvanosti dityachogo naselennya Ukraini./ Moiseenko R.
0., Sokolovs'kaJa. I., Kulchic'’kaT. K. , Buhanovs'’kaT. M. //
Suchasna pediatrija. - no. 3(31). — 2010. - 13-17.

7. Gorbas I.M. Ocinkaposhirenosti ta kontrolyu
faktoriv riziku sercevo-sudinih zahvoryuvan' sered nase-
lennya ta likariv [Evaluation of the prevalence of risk fac-
tors and control cardiovascular diseases among the popula-
tion and the physicians] / I.M Gorbas, O.N Barna, VY Sa-
kaloshtainshi // Medytsyna Ukraini. - 2010. - no. 1. - 4-9.
8. Rekomendacii po profilaktike serdechno - sosud-
istyhzabolevanij v detskom | podrostkovom vozraste [Rec-
ommendations about Prevention of cardiovascular diseases
in children’s and adolescent age] / A.A. Aleksandrov, M.G.
Bubnov, O.A.Kisljak, I.V. Leont'evai dr. // Novosti mediciny
| farmacii. Kardiologija. — 2012. — no. 439. — 45-77.

9. Li J., Cun Y., Tang W. R. et al. Association of eNOS
gene polymorphisms with essential hypertension in the Han
population in southwestern China. / J. Li, Y. Cun, W.R.
Tang et al. // Genet Mol Res. 2011 Sep 27. Vol. 10(3) .-
222-233.



INTER COLLEGAS JOURNAL, VOL. 3, No. 1 (2016) ~18 "~

ISSN 2409-9988

10. Eckel R.H., Jakicic J.M., Ard J.D. et al. AHA/ACC
guideline on lifestyle management to reduce cardiovascu-
lar risk: a report of the American College of Cardiolo-
gy/American Heart Association task force on practice
guidelines /1 Circulation. - 2013. - doi:
10.1161/01.cir.0000437740. 48606.d1.

11. Trabetti E. Homocysteine, MTHFR gene polymor-
phisms, and cardio-cerebrovascular risk. J. Appl. Genet.,
2008. —Vol. 49. —267-282.

12. SirenkoJu. M. Arterial'na gipertenziya ta suputnya
patologiya. [Arterial hypertension and the accompanying
pathology.] — Donec’k: Vidavec' Zaslavs'kij O.Ju., 2010.-
384 p.: fig.

13. Bogmat L.F. Izmenenie geometrii levogo zhelu-
dochka u detej s pervichnoj arterial'noj gipertenziej
[Change of geometry of a left ventricle in children with
primary arterial hypertension] / L.F. Bogmat, V.V. Ni-
konova, |.G. Zaharov // Ukrains'kij kardiologichnij zhurnal.
— 2003. - no.5. —65-69.

14. Pavlova O. S. Tipy remodelirovaniya miokarda-
levogo zheludochka pri arterial’noj gipertenzii [Types of
remodeling of myocardium of the left ventricle at arterial
hypertension] / O.S. Pavlova, T.A. Nechesova // Medicin-
skaja panorama. - 2012. -78-83.

15. Grontved A., Andersen L. B., Franks P. W. et al.
NOS3 variants, physical activity, and blood pressure in the
European Youth Heart Study / A. Grentved, L.B. Andersen,
P.W. Franks et al. // Am J Hypertens. 2011. — Vol. 24(4).—
444-550.

16. Le Couter J., Moritz D. R., Phillips G. L. et al.
Angiogenesis-independent endothelial protection of liver:
role of VEGF / J. Le Couter, D.R. Moritz, G.L. Phillips et al.
/1 Science 2011. — Vol. 299.— 890 - 893.

17. Chajkovskaja I.V. Endotelial'naya disfunkciya | eyo
rol' pri patologicheskih processah [Endothelial dysfunction
and its role in pathological process I.V.Chajkovskaja, O.A.
Semenova] // Univ. klinika: Naukovo-praktichnij zhurnal. —
2011. — no. 7(2). —210-213.

PE3IOME
lMoHuyapb M.O., KoHoBanosa H.B., Myparos I'.P.
MEXAHI3MW PEMOZE/IOBAHHA MIOKAPAY Y NIANITKIB
3 rMNOTANAMIYHUM CUHAPOMOM MYBEPTATHOIO
MEPIOAY TA APTEPIAZIbHOIO MNMEPTEH3IEKD

XapKiBCbKMIM HaLioHaNbHWUIA MEAUYHMI YHiBEpCUTET

ABTOpamMM BMBYEHi Mogeni pemMojentoBaHHA MioKapaa
NiBOro WAYHOYKA y NigniTKiB i3 rinotanaMiyHMM CMHAPOMOM
nybepratHOro nepiogy Ta apTepiajsbHOK FinepTeHsiel B
3a/eXHoCTi Big nonimopdizma reHa eHgoTeniasbHOI CUHTa-
31 OKCMAyY a30Ty B iHTpOHi 4 (4b,4a) Ta piBHA romoumcTeiny

CUPOBATKM KpPOBI.

Kntouyosi cnosa: nonimopdism reHa, eHgorteniassHa NO-
CMHTa3a, FOMOUMCTETH, NigniTKM, pemoaesntoBaHHA MioKap-

Ja, apTepiasibHa rinepreHsis.

PE3IOME
MoH4yapb M.O., KoHoBanosa H.B., MypaTtos I'.P.
MEXAHU3Mbl PEMOAE/IMPOBAHNA MMOKAPZA Y NOA-
POCTKOB C r'MNOTANAMHMYECKMM CUHAPOMOM MYBEP-
TATHOTO NEPMOAA U APTEPUA/IbHOW TMMNEPTEH3WEN

XapbKOBCKMIM HaLMOHa/IbHbIA MEAMLMHCKMUIA YHUBEPCUTET

ABTOpaMM M3y4yeHbl MOZENN PEMOAEIMPOBAHUA MMOKap-
Jla NeBoro esayJouyka y NoApOCTKOB C FMMOTalaMUYECKUM
CMHAPOMOM My6epTaTHOro nepuofa M apTepuasbHOM u-
nepTeH3MeNn B 3aBUCMMOCTU OT NOSMMOpPdM3Ma reHa 3HAO-
Te/MasIbHOM CMHTa3bl OKCMAa a3oTa B MHTpoHe 4 (4b,4a) u

YPOBHA rOMOLUUNCTENMHA CbIBOPOTKM KPOBH.

KnioueBble cnoBa: MOAMMOPMU3M FeHa, 3HAOTEMAslb-
HaA NO-cMHTasa, rOMOLMCTEMH, MOAPOCTKMU, PEMOAE/IMPO-

BaHME MMOKapAa, apTepuasibHasa runepTeHsms.
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