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Hemoglobinopathies are among the most common inherited disorders worldwide and represent a significant cause of pediatric morbidity. However,
their role in neonatal populations, particularly in infants with intrauterine growth restriction (IUGR), remains insufficiently studied.

Aim — to assess the frequency and clinical characteristics of hemoglobinopathies in neonates with IUGR.

Materials and methods. A total of 103 term neonates with IUGR (Main group) and 50 healthy term neonates (Control group) were examined. Hemo-
globin fractions (HbF, HbA,, HbA,) were analyzed in umbilical cord blood. Screening for hereditary hemoglobinopathies, including alpha- and be-
ta-thalassemia and structural hemoglobin variants (HbS, HbD, HbC, HbE), was performed using isoelectric focusing, capillary electrophoresis, and
high-performance liquid chromatography. Follow-up assessments were conducted at 6 months of age. Statistical analysis was performed using
standard methods, with p<0.05 considered significant.

Results. Neonates with [UGR demonstrated significantly lower levels of fetal hemoglobin (HbF) and higher levels of HbA; and HbA, compared with
controls. Hemoglobinopathies were identified in 16 (15.5%) infants with IUGR, including alpha-thalassemia (2.91%), beta-thalassemia (7.77%), sickle cell trait
(1.94%), homozygous beta-thalassemia (1.94%), and compound heterozygous forms. In contrast, only 2 (4.0%) cases of heterozygous hemoglobinopathies
were detected in the Control group. The frequency of hemoglobinopathies was higher in symmetrical IUGR compared with asymmetrical forms.
Conclusion. Children with [UGR exhibit a significantly higher frequency of hemoglobinopathies and distinct alterations in hemoglobin fractions,
suggesting a potential role of abnormal hemoglobin genes in the pathogenesis of fetal growth restriction. These findings highlight the importance of
early screening and genetic evaluation in neonates with IUGR to improve diagnosis and long-term outcomes.

The study was conducted in accordance with the principles of the Declaration of Helsinki. The informed consent was obtained from patients.

The authors declare no conflict of interest.
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Femorno6iHonarii y HOBOHAPOAXKEHMX i3 3aTPMMKOIO BHYTPILUHbOYTPOGHOIrO PO3BUTKY:

YacToTa Ta KNiHiuHi Hacnigkn
S.Z. Garayeva, Y.A. Gasimova, G.M. Hasanguliyeva, D. Ravikumar
A3epOanixaHCbKnin MeanyHuiA yHiBepcuTeT, M. baky

['emorno6iHonartii € OAHVUMM 3 HAMMOLUMPEHILLKX CNaaKOBMX 3aXBOPIOBaHb Y CBITi Ta € 3HAaYHOIO MPUYMHOIO ANTAHOI 3aXBOPIOBAHOCTI. OHaK IXHA PO/lb
y HeoHaTasbHii nonynauil, 0CO6/IMBO B HEMOB/IAT i3 3aTPUMKOIO BHYTPILLHBOYTPOOHOMO PO3BUTKY (3BYP), 3a1MaeTscs HeoCTaTHEO BYBYEHOIO.
MeTa — OUIHUTK YaCTOTy Ta KNIHIYHI XapakTepUCTVKK remMorio6iHONaTii y HOBOHapOKeHvx 31 3BYP.

Martepianu ta Metogu. O6cTexeHo 103 AOHOWEHNX HOBOHapoAxeHx 31 3BYP (ocHOBHa rpyna) Ta 50 340p0BUX AOHOLEHNX HOBOHAPOAXKEHNX
(KOHTPONBHa rpyna). ®pakuii remornobiny (HbF, HbA,, HbA,) npoaHanizoBaHo B MynoBuMHHIA KpOBIi. CKPUHIHT Ha CnaakoBi reMornotiHonaril, 3okpema
anba- Ta 6eTa-Tanacemito Ta CTPYKTYpHI BapiaHTv remornobidy (HbS, HbD, HbC, HbE), npoBeaeHo 3a 4OMOMOrolo i30e1eKTPUYHOro hOKyCyBaHH4,
KaningapHOro enekTpodopesy Ta BUCOKOeMEKTUBHOI PIAVHHOT XpomaTorpadil. ['loganslli OUiHKK 34IMCHEHO Y Bili 6 MicauiB. CTaTUCTUYHWIA aHanis
npoBeAeHO CTaHAapTHYMK METOAaMU, MPU LibOMY 3Ha4deHHs p<0,05 BBaanocs 3HauyLLMM.

Pesynbratun. Y HOBOHapOoXeHNx 31 3BYP cnoctepiranmncsd 3HauHo HvKYi piBHI theTansHoro remornobiHy (HbF) ta Bui pisHi HDA; Ta HbA, nopiBHAHO
3 KOHTPO/BHOIO rpynoto. [emornobiHonaril suasneHo y 16 (15,5%) Hemosnat 3i 3BYP, 30kpema ansda-Tanacemito (2,91%), 6eta-tanacemito (7,/7%),
CepnoBUAHOKNITUHHY aHemilo (1,94%), romo3nroTHy 6eTa-Tanacemito (1,94%) Ta cknaaHi reTepo3nroTHi (hopmMn. HaTOMICTb Yy KOHTPOBHIA rpyni
BUABNEHO ywe 2 (4,0%) Bunaakv reteposunroTH1X reMornobiHonarii. Yactota remornoGiHonativi Oyna BILWOO Npv cumeTpuyHoMy 3BYP NopiBHAHO
3 aCUMETPUYHMMY (hOPMaMN.

BucHoBok. [liT 3i 3BYP eMOHCTPYIOTh 3HaYHO BULLLY YaCTOTY reMOro0iHONaTIv Ta YiTKi 3MiHW Yy Ppakuiax reMorno0iHy, Wo CBIAYNTL Npo
MOTEHLIViHY PONb @HOMa TbHUX FTeHIB reMOrN00iHy B NaTOreHes3i 3aTpuMkm pocTy nnoaa. L pesynsrat akueHTyoTe yBary Ha BaX/IMBOCTI PaHHbOT O
CKPUHIHTY Ta FTEHETUYHOI OLLIHKM B HOBOHAPOKeHVX 31 3BP And nokpalleHHa AiarHOCTUKM Ta AOBIrOCTPOKOBYIX Pe3y/1sTaTiB.

LocnipKkeHHa npoBeAeHO BIANOBIAHO A0 NPUHLMNIB [eNbCIHCBKOT Aeknapall. Big nauieHTis Oy/10 OTpUMaHo iHhOPMOBaHY 3roay.

ABTOPV 3a9BNSI0Tb NPO BiACYTHICTL KOHMAIKTY iHTepeciB.

Knto4oBi cnoBa: 3aTpriMka BHYTPILHBOYTPOOHOrO pocTy (3BP), remornobiHonatia, HOBOHapOAXeEHWI, Tanacemis, CePrnoBUAHOKNITUHHA aHeMIs,
heTtansHUii remornoBiH.

emoglobinopathies in neonates consti-
tute a complex group of inherited disor-
ders influenced by genetic mutations in
the human globin genes. These disorders are broad-
ly categorized into quantitative defects (thalas-
semias), characterized by insufficient production of
normal globin chains, and qualitative defects re-
sulting in structural alterations of hemoglobin,
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such as sickle cell disease (SCD). The perinatal
transition from fetal to adult globin chain synthesis
critically dictates the timing of clinical presenta-
tion, making early detection vital for effective man-
agement [4]. Recent therapeutic advances further
emphasize the role of neonatal screening in achiev-
ing timely diagnosis and improving long-term sur-
vival outcomes [11].
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Globally, the implementation of neonatal screen-
ing exhibits profound disparity. While well-estab-
lished in the USA and parts of Europe, screening
remains heavily restricted in regions with the high-
est disease burden, such as sub-Saharan Africa, the
Caribbean, and India, highlighting a critical global
health inequity [12]. In India, where 7,500 to
12,000 babies with beta-thalassemia (B-thalassemia)
are born annually alongside widespread HbS and
HbE variants, national management strategies face
severe economic and geographical constraints [5].
Similar mutational heterogeneity and challenges in
preventive healthcare are observed across the Mid-
dle East, including Iraq, where localized program
outcomes demonstrate a pressing need for compre-
hensive screening expansion [1,7].

In the Republic of Azerbaijan, hereditary hemoglo-
binopathies, particularly -thalassemia, represent
a paramount public health priority due to a high car-
rier frequency of 4.0-8.6% [2,9]. Population-based ge-
notyping has revealed 32 distinct HBB gene muta-
tions, dominated by codon 8 [-AA] (34.96%), IVS-1I-1
[G>A] (16.35%), and IVS-I-110 [G>A] (10.12%),
with strong regional clustering, such as the association
of codon 8 [-AA] with the Shaki-Zagatala Region. Ad-
ditionally, the local population displays a wide spec-
trum of alpha-thalasssemia (a.-thalassemia) deletions
(primarily 20.5 kb and 3.7 kb) and structural variants
like HbS, HbD-Punjab, and HbE [2]. To mitigate this
burden, Azerbaijan launched a national mandatory
premarital screening and prenatal diagnosis program
in 2015. Over its first five years, the program evaluated
271 high-risk fetal samples, identifying 63 affected
cases, which successfully led to medical terminations
and a subsequent decline in affected births [9].

Despite these preventive achievements, managing
affected infants from birth remains a critical task for
clinical neonatology. A particularly vulnerable and
high-risk cohort is newborns with intrauterine
growth restriction (IUGR). Modern epidemiologi-
cal data indicate that maternal anemia is significant-
ly associated with an increased risk of fetal growth
restriction, with severe forms substantially com-
pounding fetal hypoxia [8]. Furthermore, placental
abnormalities, including placenta previa and placen-
ta accreta spectrum (PAS), significantly disrupt pla-
cental function and are strongly linked to TUGR and
small-for-gestational-age (SGA) outcomes [ 3,6].

Crucially, the combination of TUGR and placental
insufficiency induces severe hematological distur-
bances in the neonate. Growth-restricted newborns
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frequently demonstrate significantly elevated nucle-
ated red blood cell (nRBC) counts alongside lower
neutrophil and platelet levels at birth, requiring an
increased volume of erythrocyte and platelet transfu-
sions during the first week of life (N.]. Reibel et al.,
2021). Moreover, IUGR neonates face significantly
higher rates of early-onset infections, severe broncho-
pulmonary dysplasia, and neonatal mortality [10].
When an underlying hemoglobinopathy co-exists
with TUGR, these baseline hematological abnormali-
ties and tissue hypoxia may be profoundly exacerbated.
However, data regarding the precise frequency and
specific clinical implications of hemoglobin variants in
neonates born with growth restriction remain scarce,
particularly in regions endemic for thalassemia. There-
fore, this study aims to evaluate the prevalence of he-
moglobin disorders within a cohort of growth-restrict-
ed neonates in Azerbaijan and to elucidate how these
genetic traits influence their early clinical course, he-
matological status, and neonatal adaptation.

Materials and methods of the study

A total of 103 term newborns with TUGR were
examined (Main group), including 50 infants with
the symmetrical type and 53 with the asymmetrical
type. The Control group consisted of 50 term new-
borns without signs of [UGR.

The study material included blood samples ob-
tained from newborns and their mothers. The levels
of fetal hemoglobin (HbF) and hemoglobin fractions
(HbA, HbA,) were analyzed in neonatal blood. Um-
bilical venous blood was collected into tubes con-
taining anticoagulants (ethylenediaminetetraacetic
acid or heparin). All newborns with TUGR and their
mothers were screened for hereditary hemoglo-
binopathies, including a-thalassemia, B-thalassemia,
and structural hemoglobin variants (HbS, HbD,
HbC, HbE). In cases of compound heterozygosity or
homozygosity, additional blood analyses were per-
formed. Hereditary hemoglobinopathies were diag-
nosed using analytical isoelectric focusing (IEF),
followed by quantitative assessment of hemoglobin
fractions using capillary electrophoresis (CE) or
high-performance liquid chromatography (HPLC).
Quantitative measurements were performed using
automated HPLC systems. Abnormal hemoglobin
S was identified using erythrocyte-based tests. Phe-
notypic and genotypic frequencies were calculated.

Statistical analysis was performed using Microsoft
Excel 2010. Differences were considered statistical-
ly significant at p<0.05.
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Table 1

Analysis of umbilical cord blood in newborns

Biochemical

Parameters IUGR (n=103) Asymmetrical (n=53) | Symmetrical (h=50) | Control Group (n=50)

HbF 40.7+0.4 422406 39.0+06 64.8+0.8
(32.8-48)" (32.8-48)" (32.8-48)"* (53.6—77)

HbA, 59.3+04 577+06 61.0+0.6 35.3+0.8
(51.8-672)" (51.8-67.2) (52-67.2) (23-47.8)

HDbA, 0107+0.010 010240.013 01M1+.015 0.038+0.001
(0.02-0.4)" (0.02-0.4)" (0.02-0.4)" (0.02-0.06)

Notes: statistically significant difference compared with the indicators: * — of the Control group (p<0.001); # — of the asymmetrical IUGR group (p<0.001)

Results of the study and discussion

To evaluate the association between TUGR and
hemoglobinopathies, umbilical cord blood parame-
ters were analyzed in both the Main and Control
groups (Table 1).

In the Control group, the levels of hemoglobin frac-
tions were as follows: HbA; — 35.3%, HbA, — 0.8%, mi-
nor fractions — 0.038% and 0.001%, and HbF — 64.8%.

The level of HbF decreases and accounts for up to
2.5% of total hemoglobin. A characteristic feature of
HbF is its higher affinity for oxygen, which ensures
effective oxygen exchange between mother and fetus.
A reduced level of HbF leads to oxygen deprivation
in the fetus and contributes to the development of
chronic intrauterine hypoxia.

Apparently, a low level of HbF is one of the main
factors influencing TUGR. However, the possibility of
the influence of pathological hemoglobin genes on the
development of IUGR cannot be excluded. Each
pathological hemoglobin gene, depending on its ex-
pression, results in specific clinical conditions in new-
borns. Rare cases of combinations of hemoglobin vari-
ants have also been identified in children with [UGR.
These include combinations of a- and B-thalassemia,
as well as combinations of each separately with one of
four stable abnormal hemoglobin types: HbS, HbD,
HbE, and HbC.

HbA levels in the Control group (35.3+0.8%) sig-
nificantly differed from those in newborns with TUGR
(59.3£0.4%, asymmetrical type — 57.7£0.6%, sym-
metrical type — 61.0£0.6%).

The concentration of the minor hemoglobin frac-
tion HbA, in the Control group was 0.038+0.001%,
which was significantly lower compared with children
with TUGR (0.107£0.010%, asymmetrical type —
0.102+0.013%, symmetrical type — 0.111+0.015%).

Statistically significant decreases in HbF and in-
creases in hemoglobin fractions HbA; and HbA, in
newborns with TUGR suggest the presence of patho-
logical hemoglobin genes. To verify the obtained data,

longitudinal follow-up of children was conducted
over a period of 6 months.

In the first case, repeated examination at 6 months
in children with TUGR revealed heterozygous carrier
states in 13 (12.62%) of 103 cases: 3 (2.91%) cases of
a-thalassemia, 8 (7.77%) cases of -thalassemia, and
2 (1.94%) cases of sickle cell trait. In 2 (1.94%) cases,
homozygous states of B-thalassemia were identified,
and in 1 (0.97%) case, a double heterozygous condi-
tion for -thalassemia with a gene of SCD was detect-
ed. In total, 16 (15.5%) newborns were diagnosed
with various forms of hemoglobinopathies.

In cases of a-thalassemia, isoelectric focusing re-
vealed minor fractions of abnormal hemoglobin Bart’s
and HbH, characteristic of this pathology. All chil-
dren were heterozygous carriers of a-thalassemia.

In B-thalassemia, isoelectric focusing demonstrat-
ed an increase in the minor hemoglobin fraction
HbA, by more than 3.5%, ranging from 4.06% to
6.23% (mean 5.18%). HbF levels exceeded the nor-
mal range only in 8 (7.77%) children and varied bet-
ween 2.71% and 4.22% (normal up to 2.5%).

In 2 (1.9%) cases, children with TUGR at 6 months
showed high levels of HbF (44.83% and 86.38%), corre-
sponding to homozygous B-thalassemia. In one (0.97%)
case (HbF 44.83%), all hemoglobin fractions (HbF,
HbA,, HbA,, HbA3) were identified, whereas in the se-
cond case, only HbF was detected, indicating a complete
absence of beta-globin chain synthesis. These findings
reflect defects in beta-polypeptide chain biosynthesis
and correspond to the B-thalassemia phenotype. In con-
trast to the first child, in the second case (HbF 86.38%),
IEF did not detect the HbA, fraction or its derivatives.
Isoelectric focusing revealed three hemoglobin fractions:
HbA,, metHbF, and HbF, indicating a complete impair-
ment of beta-polypeptide chain biosynthesis. Such a de-
fect in beta-polypeptide chain biosynthesis corresponds
to the B°-thalassemia phenotype.

In 2 (1.9%) children, abnormal hemoglobin was
identified by TEF (6.48%), corresponding to HbS
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Table 2

Frequency of hemoglobinopathies in children with IUGR

Type of Hemoglobinopathy Phenotypic frequency (%) Gene frequency (proportion)
a-thalassemia 2.9 0.0073
-thalassemia 777 0.0388
SCD 1.94 0.0097
Homozygous R-thalassemia 1.94 0.0197

Table 3

Distribution of hemoglobinopathy cases by clinical variants of IUGR

Asymmetric IUGR Symmetric [IUGR
Hemoglobinopathy Phenotypic Gene Frequency Phenotypic Gene Frequency
Frequency, % Frequency, %
a-T/N 377 (n=2) 0.0094 2.0 (n= 0.0047
B-T/N 755 (n=4) 00377 8.0 (n=4) 0.0400
HbS/N 1.89 (n=1) 0.0094 2.0 (n=1) 0.0094
B-T/B-T 377 (n=2) — —
B-T/HbS 189 (n=1) — —
a-thalassemia gene — 0.0094 — 0.0047
B-thalassemia gene — 0.0849 — 0.0400
HbS gene — 0.0189 — 0.0094

(SCD). Identification was confirmed by identical
electrophoretic mobility on IEF and hemoglobin
electrophoresis with cellulose acetate, as well as po-
sitive sickling tests. All blood samples with abnormal
hemoglobin HbS showed heterozygous carrier states.

In one (0.97%) case, a newborn with TUGR at
6 months demonstrated elevated HbF levels (44.9%
of total hemoglobin). Under conditions of high HbF
levels, differentiation of hemoglobin fractions was
not possible. The absence of HbA and the high HbF
level (44.9%), in combination with decreased HbA,
levels, indicate a compound heterozygous state in-
volving B-thalassemia and SCD.

In the Control group, only 2 (1.9%) children ex-
hibited heterozygous states: in one case a-thalas-
semia, and in another case B-thalassemia, each with
a frequency of 2%.

Table 2 presents the frequencies of hemoglobinopa-
thies in children with TUGR. The highest phenotypic
and corresponding gene frequencies were observed for
heterozygous beta-thalassemia (7.77% and 0.076, re-
spectively). Alpha-thalassemia ranked second (2.91%
and 0.029). Sickle cell trait and homozygous beta-tha-
lassemia were each detected in 2 (1.94%) children, with
identical frequencies and gene frequencies of 0.0194.
Only 1 (0.97%) newborn with TUGR had a double he-
terozygous state for 2 alleles of the beta-globin gene.

Among children with TUGR, 16 (15.5%) cases of
hemoglobinopathies were identified, with equal dis-

tribution between symmetrical and asymmetrical
variants (Table 3).

In the asymmetrical IUGR group, 10 (18.9%)
children were identified: 4 heterozygous beta-thal-
assemia (7.55%), 1 HbS carrier (1.89%), 2 heterozy-
gous alpha-thalassemia (3.77%), 2 compound beta-
thalassemia (B-T/B-T) — 3.77%, and 1 combined
genotype B-T/HbS (1.89%).

In the symmetrical TUGR group, the phenotypic
frequency and gene frequency were 12.0% 6 chil-
dren) and 0.0541, respectively. In this group,
1 (2.0%) children had heterozygous alpha-thalas-
semia, 4 (8.0%) had heterozygous beta-thalassemia,
and 1 (2.0%) had HbS/N.

The results of the present study suggest a possible
association between TUGR and hereditary disorders
of hemoglobin synthesis. Term newborns with TUGR
demonstrated significantly lower HbF levels and
higher HbA and HbA, concentrations compared
with the Control group. Since HbF plays a key role
in fetal oxygen transport due to its high affinity for
oxygen, its reduction may contribute to chronic in-
trauterine hypoxia and impaired fetal growth.

Follow-up examination at 6 months confirmed the
presence of various hemoglobinopathies in 16 chil-
dren with TUGR, accounting for 15.5% of cases. The
most frequent abnormality was heterozygous B-tha-
lassemia, followed by a-thalassemia, sickle cell trait,
homozygous B-thalassemia, and compound B-tha-
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lassemia/HbS genotype. In contrast, only two he-
terozygous hemoglobinopathy cases were identified
in the Control group.

The predominance of B-thalassemia is clinically
significant, as increased HbA, and, in some cases,
elevated HbF are typical laboratory markers of im-
paired beta-globin chain synthesis. The detection of
Hb Bart’s and HbH in children with a-thalassemia
also confirms the diagnostic value of isoelectric fo-
cusing for identifying abnormal hemoglobin frac-
tions in early childhood.

Hemoglobinopathies were detected in both sym-
metrical and asymmetrical variants of [UGR. How-
ever, gene frequency was higher in the symmetrical
IUGR group, which may indicate a closer relation-
ship between hereditary hemoglobin disorders and
early, prolonged impairment of fetal growth. At the
same time, their presence in both groups suggests
that hemoglobinopathies should be considered not
as the only cause of [IUGR, but as an additional fac-
tor contributing to fetal growth restriction.
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valence of hereditary hemoglobinopathies in chil-
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developing preventive strategies for hereditary
diseases, including early postnatal diagnosis and
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