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ABSTRACT. Introduction. The problem of the relationship of homocysteine level with the development of
pathological conditions is becoming more and more relevant every year. The article presents a literature review
of works devoted to the study of this issue. Aim — to study the role of homocysteine in the development of
various diseases in children using literary sources. Materials and methods. Using keywords (homocysteine,
hyperhomocysteinemia, adolescents, children) we searched for papers published from 1969 to 2025 in PubMed,
World Wide Science and eLIBRARY databases. 1200 studies were found, and 42 were selected for review, including
5 systematic reviews and meta-analyses. Results. Hyperhomocysteinemia initiates activation of the unified
cellular-humoral defense system of the organism, manifested in the development of hypercoagulation, increase
in the number of leukocyte-platelet coaggregates, increase in the level of autoantibodies, cytokines, adhesion
molecules, change in the phenotype of lymphocytes, which has a damaging effect on organs and systems, causing
their damage. Conclusions. Domestic and foreign studies of homocysteine, in healthy and sick children show the
association of homocysteine, with various pathologies in children and adolescents. First of all, they confirm the
significance of this indicator as a diagnostic biomarker. Further in-depth and large-scale study of this issue is
necessary.

KEYWORDS: homocysteine, hyperhomocysteinemia, adolescents

Funding. This study was not supported by any external sources of funding.

B4 Nina V. Evdokimova. E-mail: posohova.nina2014@yandex.ru

© 2026 by the authors

CHILDREN’S MEDICINE of the North-West 2026 Tom 14 Ne 1 219
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



PEDIATRICS

0630p
https://doi.org/10.56871/CmN-W.2026.68.45.017
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PE3IOME. Beegenne. [po6neMa B3aMMOCBA3M YPOBHA FOMOLMCTENHA C pa3BUTUEM NATONOTMMYECKUX COCTOSIHMIA
C KaXbIM rof,oM CTaHOBUTCS BCe bonee akTyanbHON. B cTaTbe npeAcTaBieH nuTepaTypHbii 0630p paboT, nocBs-
LLLEHHbIX M3YYEHMIO AaHHOro Bonpoca. Ljesib — ucnonb3ys nuTepaTypHble UCTOUHUKM, U3Y4UTb POJSib FOMOLMCTEN-
Ha B pa3BUTUM Pa3NnyHbIX 3ab0neBaHnii y feteii. MaTepuanbl n MmeTogbl. bnarofaps ucnonb30BaHMIO KIHOYEBbIX
CNOB (rOMOLMCTENH, TUNEProMoLMCTEUHEMUS, AeTH) OblN NPOBeAEH Nouck paboT, ony6nnkoBaHHbIX ¢ 1969 no
2025 rop B 6a3ax aaHHbix PubMed, World Wide Science n eLIBRARY. HaiigeHo 1200 uccnefoBaHuii, 0To6paHo
Ans 063opa 42, B TOM yucne 5 cucteMatuyeckux 0630poB M MeTaaHanu3oB. PeynbTathl. [MnepromoLnucTenHe-
MUS MHULMUPYET aKTUBALMIO eMHON KJIETOYHO-TYMOPaibHOM CUCTEMbI 3aLLUTbl OPraHM3Ma, NPoSBASAIOLLYOCA B
pa3BUTUM TUNEPKOArYNSLNM, POCTE YNCA NENKOLUTAPHO-TPOMOOLMTAPHbIX KOArperaToB, YBEMYEHUN YPOBHSA
ayToaHTUTeN, LMTOKMHOB, MONEKYN afre3unun, usmeHeHun hbeHotuna nMMQoLMTOB, YTO OKa3biBaeT NOBPeXato-
Liee feficTBME Ha OpraHbl U CUCTEMBI. BbiBogbl. OTEUECTBEHHbIE U 3apy6eXxHble CCNe0BaHMA TOMOLUCTENHA
Yy 340POBbIX 1 60NbHbIX JeTel NoKa3biBaloT CBA3b MMNEProMOLUCTEMHEMMUM C Pa3fIMYHbIMU NAaTONOTUAMU Y feTel
¥ NOLPOCTKOB. B nepByto ouepeab, OHW NOATBEPXKAAKOT 3HAYMMOCTb STOr0 NMOKa3aTeNs Kak AMarHOCTUYECKOro
6momapkepa. Heobxonumo fanbHeiiwee yraybieHHOe U MaclTabHOe U3yYeHMe AaHHOTO BOMpoca.

KJTIOYEBDBIE CJIOBA: romoyucTenH, runeproMoyncTenHemMus, nogpoCTKu

UcTouHUK PpuHaHCUpoBaHUA. ABTOPbI 3aABAAIOT 06 OTCYTCTBMUW BHELLHET0 GUHAHCUPOBAHUA NPU NMPOBEAEHUNU UCCAEAOBAHUA.
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INTRODUCTION

In recent years, the correlation between elevated
plasma homocysteine (Hcy) concentrations and the
development of a range of childhood disorders has
attracted considerable research attention in the
fields of pediatrics and biochemistry. Published
epidemiological data indicate that homocysteine
levels exceeding 15 pmol/L — a condition referred
to as hyperhomocysteinemia (HHCy) — are found in
approximately 5-7% of the general population [1-6].

More than half a century ago, Kilmer S. McCully
proposed the hypothesis that elevated Hcy con-
centrations exert pathogenic effects on the human
body. This supposition was grounded in clinical
observations of children with inborn errors of me-
thionine metabolism. In these patients, HHCy was
accompanied by severe cardiovascular damage. In
the absence of treatment, the disease typically had
a fatal outcome: the children died at a young age
from myocardial infarction or stroke. Postmortem
examination consistently revealed the presence of
atherosclerotic plaques in muscular arteries [1].

The development of HHCy is attributable to se-
veral factors. These include a metabolic factor —
the level and activity of enzymes responsible for
Hcy metabolism; the functional state of the kid-
neys, which governs homocysteine elimination;
and a deficiency of vitamins By, B,,, and folic acid,
which serve as cofactors (B, B,,) or substrates (fo-
lic acid). Early manifestation of HHCy is of particu-
lar interest, as it is associated in most cases with
inherited defects in the genes encoding enzymes of
the methylation and transsulfuration cycles [7, 8].

The universality of homocysteine's cytotoxic
effects on cellular structures throughout the body
is beyond dispute [9-15]. In this context, HHCy is
gaining recognition as a potential risk marker for
the onset and exacerbation of a broad spectrum
of childhood diseases. Nevertheless, the patho-
genetic role of this metabolic disturbance in pedi-
atric practice remains controversial and warrants
more detailed investigation.

The present review aims to systematize cur-
rent evidence regarding the involvement of HHCy
in the pathogenesis of various nosological enti-
ties in pediatric patients.

AIM

This review aims to evaluate the role of HHCy
in the pathogenesis of various pediatric diseases.
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MATERIALS AND METHODS

A search of PubMed, WorldWideScience, and
eLIBRARY was conducted for studies published
between 1969 and 2025 using the keywords "homo-
cysteine," "hyperhomocysteinemia," and "children."

HOMOCYSTEINE: PHYSIOLOGICAL
ROLE AND PLASMA CONCENTRATIONS
IN CHILDREN

Homocysteine is a non-proteinogenic sulfhy-
dryl amino acid synthesized endogenously via the
intracellular demethylation of methionine; it is not
obtained from dietary sources. Intracellular Hcy
metabolism proceeds through two principal path-
ways: remethylation, regenerating methionine, and
transsulfuration, producing cysteine. Remethy-
lation represents the predominant cycle, its key
cofactors being folate derivatives and cobalamin
(vitamin B,,). The irreversible conversion of Hey to
cysteine takes place via the transsulfuration reac-
tion, catalyzed by pyridoxal phosphate-dependent
enzymes (Fig. 1) [16-19].

The physiological role of Hcy lies in maintai-
ning stable methionine concentrations required
for methylation reactions, as well as for the bio-
synthesis of cysteine — a structural component of
glutathione and a source of sulfides. Additional-
ly, Hey participates in the synthesis of a-ketobu-
tyrate, the immediate precursor of succinyl-CoA,
an intermediate of the Krebs cycle [20].
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Fig. 1. Homocysteine metabolism [20]
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Fasting plasma homocysteine is generally con-
sidered normal within the range of 5to 15 pmol/L.
In children and adolescents, levels approximate
5 pmol/L; over the lifespan, mean Hcy concentra-
tions increase by 3-5 pmol/L and are consistently
higher in males than in females. Age-dependent
changes are attributable to declining renal func-
tion, whereas higher baseline values in males re-
flect greater muscle mass. Plasma homocysteine
concentrations of 15-30 pmol/L define moderate
hyperhomocysteinemia, 30-100 pmol/L interme-
diate hyperhomocysteinemia, and >100 pmol/L
severe hyperhomocysteinemia [21-25].

HYPERHOMOCYSTEINEMIA
AND CARDIOVASCULAR DISEASE

A growing body of evidence identifies homocys-
teine (Hcy) as a significant contributor to cardiovas-
cular pathology in children and adolescents. The
pathogenesis is mediated by several interrelated
mechanisms. The first is downregulation of adeno-
sine receptors and upregulation of proinflammatory
cytokines, which jointly impair myocardial perfusion.
The second is oxidative stress resulting from the
accumulation of reactive oxygen species. The third
is elevated levels of asymmetric dimethylarginine —
an endogenous inhibitor of nitric oxide synthase,
a pivotal mediator of vasodilation. The combined
influence of elevated Hcy and its metabolites on the
vascular wall promotes endothelial dysfunction and
vascular remodeling, thus establishing a substrate
for the early onset of arterial hypertension in child-
hood. Of particular concern is the proatherosclerotic
potential of HHCy, which may be amplified by ge-
netic variants (polymorphisms) in genes encoding
key enzymes of the folate cycle, including MTHFR,
MTRR, and MTR. Collectively, these observations
argue for the implementation of rigorous screening
and preventive measures in patients with documen-
ted hyperhomocysteinemia [26-29].

HYPERHOMOCYSTEINEMIA AND OBESITY

To date, original studies that could definitive-
ly establish the relationship between these two
pathologies remain limited. Nevertheless, availa-
ble data point to an association between elevated
homocysteine concentrations and an increased
risk of cardiovascular complications in children
with obesity relative to their normal-weight peers.
A study conducted at Kemerovo Medical University

222 Volume 14 N1 2026

PEDIATRICS

included 81 adolescents, 65 of whom had a body
mass index (BMI) above the 95th percentile. The
results demonstrated that structural myocardial
changes were detected 2.2 times more frequently
in patients with a BMI above the 95th percentile and
hyperhomocysteinemia exceeding 210 pmol/L than
in children with normal Hcy levels. The risk of cardi-
ac remodeling was statistically significantly higher
in children with hyperhomocysteinemia [30-32].

HYPERHOMOCYSTEINEMIA
AND UNDIFFERENTIATED CONNECTIVE
TISSUE DYSPLASIA SYNDROME

Undifferentiated connective tissue dysplasia
(UCTD) is a genetically determined condition cha-
racterized by defects in the fibrous structures and
ground substance of connective tissue, resulting in
multiorgan damage that shapes the profile of asso-
ciated comorbidities and drug responses. Studies in-
vestigating the link between hyperhomocysteinemia
and UCTD in children and adolescents are scarce.
Yu.l. Rovda et al. examined 210 children aged 1 to
17 years, 58 of whom carried a clinically established
diagnosis of UCTD. The aim of the study was to de-
termine Hcy levels in patients with HHCy. The authors
found that homocysteine levels were elevated both in
patients with UCTD and in healthy children. However,
the majority of patients with UCTD and HHCy repor-
ted an increased bleeding tendency, which may point
to an association between hemorrhagic syndrome
and homocysteine levels. A direct correlation was
also observed between blood homocysteine levels
and von Willebrand factor. This finding suggests a
greater damaging effect of homocysteine on the
endothelium in patients with UCTD, which may
predispose to earlier development of thrombotic
complications [33].

HYPERHOMOCYSTEINEMIA AND MIGRAINE

Several published studies point to an associa-
tion between elevated homocysteine concentra-
tions and migraine in children. From a pathogenetic
standpoint, endothelial dysfunction occurring in the
context of HHCy contributes to the development of
this pathology. Elevated blood homocysteine pro-
motes the accumulation of proinflammatory cy-
tokines, including IL-6, IL-8, and TNF-q, increases
reactive oxygen species, and diminishes vasodila-
tory components. Collectively, these effects play an
important role in the cerebrovascular regulation of
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migraine, and intracranial arterial vasoconstriction
may intensify pain. A neurogenic theory has also
been advanced, according to which the release of
neurotransmitters from trigeminal nerve neurons
triggers marked vasodilation and edema. In gene-
tically determined HHCy due to the C677T mutation
in the gene, migraine attacks are provoked by the
excessive accumulation of excitotoxic amino acids
exerting a direct toxic effect on the brain. Elevated
blood Hcy has been documented in children with
migraine in several studies. These observations
warrant consideration both in patients with newly
diagnosed migraine — to address all components
of pathogenesis — and in individuals with HHCy, to
prevent the development of migraine [34-36).

HYPERHOMOCYSTEINEMIA
AND DISEASES
OF THE URINARY SYSTEM

The kidneys play a well-established central role
in homocysteine metabolism, as the greater part of
Hcy undergoes a series of metabolic transforma-
tions within the renal tubules. Accordingly, when
Hcy levels rise, the kidneys are the first organs to
sustain damage. 0.V. Nesterenko et al. demonstra-
ted that in children with chronic pyelonephritis, the
development of nephrosclerosis was associated
with elevated blood homocysteine. Patients with
this diagnosis should therefore be regarded as
being at risk for nephrosclerosis. Moreover, the
detection of HHCy in a patient with renal disease
may provide a rationale for initiating homocysteine-
lowering therapy [36, 37].

HYPERHOMOCYSTEINEMIA AND THE RENIN-
ANGIOTENSIN-ALDOSTERONE SYSTEM

The interrelationship between HHCy and the re-
nin-angiotensin-aldosterone system (RAAS) conti-
nues to be debated. Nevertheless, given the estab-
lished role of hyperhomocysteinemia in promoting
arterial hypertension and renal pathology, it is reaso-
nable to hypothesize that HHCy may adversely affect
the RAAS and thereby further drive the development
of arterial hypertension, including in children [38].

HYPERHOMOCYSTEINEMIA
AND NEUROINFECTIONS

Neuroinfections remain a significant clinical
challenge across multiple medical disciplines due to
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the high risk of severe complications. The outcome
of infectious central nervous system involvement
depends on a constellation of factors, most notably
the magnitude of the inflammatory response and
the functional integrity of the vascular endothelium.
Plasma homocysteine concentration is recognized
as an important laboratory marker of endothelial
dysfunction. T.S. Berezovskaya and N.A. Mironova
analyzed blood samples from 60 patients, 30 of
whom formed a group with neuroinfections of di-
verse etiology and severity. Their findings revealed
a statistically significant elevation of Hcy levels in
patients with neuroinfections — an elevation that
was universal in character and independent of the
specific pathogen [19, 39-42].

HYPERHOMOCYSTEINEMIA
AND THE DEVELOPMENT
OF NEUROLOGICAL DISORDERS

S. Yoganathan et al. and B. Li et al. have repor-
ted clinical cases in which HHCy presented with
a spectrum of neurological manifestations, inclu-
ding epileptic seizures, autism spectrum disorder,
hyporeflexia, atonia, and encephalopathy. In each
of these cases, screening of blood homocysteine
and methionine levels was undertaken, and distur-
bances in the metabolism of this amino acid were
confirmed in all instances. The initiation of appro-
priate pharmacological therapy aimed at reducing
blood homocysteine was followed by clinical im-
provement [22, 30, 31, 37, 40].

CONCLUSION

Hyperhomocysteinemia sets in motion a complex
cellular and humoral defense response. The clinical
and laboratory hallmarks of this process include the
development of hypercoagulation, an increase in leuko-
cyte-platelet aggregates, and rising concentrations of
autoantibodies, proinflammatory cytokines, and adhe-
sion molecules. Alterations in the phenotypic profile of
leukocytes are also observed. Together, these factors
drive endothelial dysfunction and tissue injury [26, 39].

Studies of Hcy in healthy children and those
with various diseases, conducted both nationally
and internationally, point to an association be-
tween HHCy and a range of pediatric and ado-
lescent pathologies. Importantly, they affirm the
value of this parameter as a diagnostic biomarker.
Further in-depth, large-scale investigation of this
subject is warranted.
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