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BCDEFGHIJGKLMNOH�PDIOQKOH�RKSTDELOUDU��P��VGNR

WDPXYZXFSKX[GUS\�]�XIKOPO�C�KGH[X^OEDKS^O_�L[GINXTO_�CG_TXE`TGKM�R�LTSUS�UG�]�CKGQKX`�[EOQOKX`�IOUaQX\�CG_TXE`TGKXLUS��bIKGN�\_Ka�EXZM�
R�KDXKGUGZMKSH�[X[RZacS\��XLXFZOTX�T�KDPXTZaU�SC�CGUEOPNX`�TKRUES^KMXRUEXFKXYX�EXCTOUNR��defg"��CGZO^G]UMLa�KDIXLUGUKMX�TOTQDKX`�
6�%$�$�XcSKOUO�QGLUXUR�UG�NZSKSQKS�_GEGNUDEOLUONO�YDPXYZXFSKX[GUSH�R�KXTXKGEXIJDKO_�CS�defg�
6$%�*!$�-�%$���%�+-��bFLUDJDKX�'()�IXKX^DKO_�KXTXKGEXIJDKO_�CS�defg��XLKXTKG�YER[G"�UG�+(�CIXEXTO_�IXKX^DKO_�KXTXKGEXIJDKO_�
�NXKUEXZMKG�YER[G"��hEGNcS\�YDPXYZXFSKR����/����&0����&1"�[EXGKGZSCXTGKX�T�[R[XTOKKSH�NEXTS��iNEOKSKY�KG�L[GINXTS�YDPXYZXFSKX[GUS\��CXNEDPG�
GZMjG4�UG�FDUG4UGZGLDPS`�UG�LUERNUREKS�TGESGKUO�YDPXYZXFSKR����3����5����,����6"��[EXTDIDKX�CG�IX[XPXYX`�SCXDZDNUEOQKXYX�jXNRLRTGKKa��
NG[SZaEKXYX�DZDNUEXjXEDCR�UG�TOLXNXDjDNUOTKX\�ESIOKKX\�_EXPGUXYEGjS\��kXIGZM^S�XcSKNO�CISHLKDKX�R�TScS�7�PSLacST��iUGUOLUOQKOH�GKGZSC�
[EXTDIDKX�LUGKIGEUKOPO�PDUXIGPO��[EO�cMXPR�CKGQDKKa��8(�(+�TTGJGZXLa�CKGQRlOP�
7�/'�3%$%-��f�KXTXKGEXIJDKO_�CS�defg�L[XLUDESYGZOLa�CKGQKX�KOJQS�ESTKS�jDUGZMKXYX�YDPXYZXFSKR����/"�UG�TOlS�ESTKS���&0�UG���&1�[XESTKaKX�
C�NXKUEXZMKX`�YER[X`��WDPXYZXFSKX[GUS\�TOaTZDKX�R�'7��'+�+:"�KDPXTZaU�CS�defg��CXNEDPG�GZMjG4UGZGLDPS`��;�<':"��FDUG4UGZGLDPS`��=�==:"��
LDE[XTOIKXNZSUOKKR�GKDPS`��'�<?:"��YXPXCOYXUKR�FDUG4UGZGLDPS`��'�<?:"�UG�LNZGIKS�YDUDEXCOYXUKS�jXEPO��mGUXPSLUM�R�NXKUEXZMKSH�YER[S�
TOaTZDKX�ZO^D�;��?�(:"�TO[GINO�YDUDEXCOYXUKO_�YDPXYZXFSKX[GUSH��nGLUXUG�YDPXYZXFSKX[GUSH�FRZG�TOlX`�[EO�LOPDUEOQKXPR�defg�[XESTKaKX�
C�GLOPDUEOQKOPO�jXEPGPO�
8-5"�)�0��oSUO�CS�defg�IDPXKLUER`UM�CKGQKX�TOlR�QGLUXUR�YDPXYZXFSKX[GUSH�UG�QSUNS�CPSKO�R�jEGNcSa_�YDPXYZXFSKR��lX�LTSIQOUM�[EX�
[XUDKcSHKR�EXZM�GKXPGZMKO_�YDKST�YDPXYZXFSKR�T�[GUXYDKDCS�CGUEOPNO�EXLUR�[ZXIG��pS�EDCRZMUGUO�GNcDKUR`UM�RTGYR�KG�TGJZOTXLUS�EGKKMXYX�
LNEOKSKYR�UG�YDKDUOQKX\�XcSKNO�T�KXTXKGEXIJDKO_�CS�deg�IZa�[XNEGlDKKa�ISGYKXLUONO�UG�IXTYXLUEXNXTO_�EDCRZMUGUST�
oXLZSIJDKKa�[EXTDIDKX�TSI[XTSIKX�IX�[EOKcO[ST�WDZMLSKLMNX\�IDNZGEGcS\��eSI�[GcS]KUST�FRZX�XUEOPGKX�SKjXEPXTGKR�CYXIR�
BTUXEO�CGaTZa`UM�[EX�TSILRUKSLUM�NXKjZSNUR�SKUDEDLST�
9�14�)!�5��)$��CGUEOPNG�TKRUES^KMXRUEXFKXYX�EXLUR��deg"��YDPXYZXFSKX[GUSa��KXTXKGEXIJDKOH��UGZGLDPSa��LDE[XTOIKXNZSUOKKG�GKDPSa��
jDUGZMKOH�YDPXYZXFSK�

#$%����������&���'	"�����(��'���

Hemoglobinopathies in neonates consti	
tute a complex group of inherited disor	
*+,-��./0+.1+*�23�4+.+5�1�60575�8.-��.�

the human globin genes. These disorders are broad	
ly categorized into quantitative defects (thalas	
-+6�7- ;�1<7,715+,�=+*�23��.-0>1�+.5�?,8*015�8.�8@�
normal globin chains, and qualitative defects re	
sulting in structural alterations of hemoglobin, 

such as sickle cell disease (SCD). The perinatal 
transition from fetal to adult globin chain synthesis 
critically dictates the timing of clinical presenta	
5�8.;�67E�.4�+7,F3�*+5+15�8.�G�57F�@8,�+I+15�G+�67.	
74+6+.5�J�K��L+1+.5�5<+,7?+05�1�7*G7.1+-�@0,5<+,�
emphasize the role of neonatal screening in achiev	
�.4�5�6+F3�*�74.8-�-�7.*��6?,8G�.4�F8.4	5+,6�-0,	
G�G7F�805186+-�J��K�
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Globally, the implementation of neonatal screen	
�.4�+O<�2�5-�?,8@80.*�*�-?7,�53��P<�F+�Q+FF	+-572	
lished in the USA and parts of Europe, screening 
remains heavily restricted in regions with the high	
+-5�*�-+7-+�20,*+.;�-01<�7-�-02	�7<7,7.�W@,�17;�5<+�
Caribbean, and India, highlighting a critical global 
<+7F5<� �.+Y0�53� J��K�� �.� �.*�7;� Q<+,+� 
;�""� 58�
��;"""�272�+-�Q�5<�2+57	5<7F7--+6�7��Z	5<7F7--+6�7 �
are born annually alongside widespread HbS and 
HbE variants, national management strategies face 
-+G+,+�+18.86�1�7.*�4+84,7?<�17F�18.-5,7�.5-�J�K��
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	
<+.-�G+�-1,++.�.4�+O?7.-�8.�J�;
K�

�.�5<+�L+?02F�1�8@�W=+,27\7.;�<+,+*�57,3�<+684F8	
2�.8?75<�+-;�?7,5�10F7,F3�Z	5<7F7--+6�7;�,+?,+-+.5�
a paramount public health priority due to a high car	
,�+,�@,+Y0+.13�8@���"	'��]�J�;&K��̂ 8?0F75�8.	27-+*�4+	
.853?�.4�<7-�,+G+7F+*����*�-5�.15�HBB gene muta	
5�8.-;�*86�.75+*�23�18*8.�'�J	WWK�����&�] ;��_�	��	��
J`jWK�������] ;�7.*��_�	�	��"�J`jWK���"���] ;�
with strong regional clustering, such as the association 
8@�18*8.�'�J	WWK�Q�5<�5<+��<7E�	{7Y757F7�L+4�8.��W*	
ditionally, the local population displays a wide spec	
5,06�8@�7F?<7	5<7F7---+6�7���-thalassemia) deletions 
�?,�67,�F3��"���E2�7.*���
�E2 �7.*�-5,0150,7F�G7,�7.5-�
F�E+�|2�;�|2$	^0.}72;�7.*�|2~�J�K���8�6�5�475+�5<�-�
20,*+.;�W=+,27\7.�F70.1<+*�7�.75�8.7F�67.*758,3�
premarital screening and prenatal diagnosis program 
�.��"�����G+,��5-��,-5��G+�3+7,-;�5<+�?,84,76�+G7F075+*�
�
��<�4<	,�-E�@+57F�-76?F+-;��*+.5�@3�.4����7I+15+*�
cases, which successfully led to medical terminations 
7.*�7�-02-+Y0+.5�*+1F�.+��.�7I+15+*�2�,5<-�J&K�

Despite these preventive achievements, managing 
7I+15+*��.@7.5-�@,86�2�,5<�,+67�.-�7�1,�5�17F�57-E�@8,�
clinical neonatology. A particularly vulnerable and 
<�4<	,�-E�18<8,5� �-�.+Q28,.-�Q�5<� �.5,705+,�.+�
growth restriction (IUGR). Modern epidemiologi	
17F�*757��.*�175+�5<75�675+,.7F�7.+6�7��-�-�4.��17.5	
ly associated with an increased risk of fetal growth 
restriction, with severe forms substantially com	
?80.*�.4�@+57F�<3?8O�7�J'K���0,5<+,68,+;�?F71+.57F�
abnormalities, including placenta previa and placen	
57�711,+57�-?+15,06�� Ŵ� ;�-�4.��17.5F3�*�-,0?5�?F7	
cental function and are strongly linked to IUGR and 
-67FF	@8,	4+-575�8.7F	74+���`W �805186+-�J�;�K�

Crucially, the combination of IUGR and placental 
insufficiency induces severe hematological distur	
27.1+-��.�5<+�.+8.75+��`,8Q5<	,+-5,�15+*�.+Q28,.-�

@,+Y0+.5F3�*+68.-5,75+�-�4.��17.5F3�+F+G75+*�.01F+	
ated red blood cell (nRBC) counts alongside lower 
neutrophil and platelet levels at birth, requiring an 
increased volume of erythrocyte and platelet transfu	
-�8.-�*0,�.4�5<+��,-5�Q++E�8@�F�@+�������L+�2+F�+5�7F�;�
�"�� ��M8,+8G+,;��#`L�.+8.75+-�@71+�-�4.��17.5F3�
<�4<+,�,75+-�8@�+7,F3	8.-+5��.@+15�8.-;�-+G+,+�2,8.1<8	
?0F68.7,3�*3-?F7-�7;�7.*�.+8.757F�68,57F�53�J�"K�

P<+.�7.�0.*+,F3�.4�<+684F82�.8?75<3�18	+O�-5-�
with IUGR, these baseline hematological abnormali	
ties and tissue hypoxia may be profoundly exacerbated. 
However, data regarding the precise frequency and 
-?+1��1�1F�.�17F��6?F�175�8.-�8@�<+684F82�.�G7,�7.5-��.�
neonates born with growth restriction remain scarce, 
particularly in regions endemic for thalassemia. There	
fore, this study aims to evaluate the prevalence of he	
684F82�.�*�-8,*+,-�Q�5<�.�7�18<8,5�8@�4,8Q5<	,+-5,�15	
+*�.+8.75+-��.�W=+,27\7.�7.*�58�+F01�*75+�<8Q�5<+-+�
4+.+5�1�5,7�5-��./0+.1+�5<+�,�+7,F3�1F�.�17F�180,-+;�<+	
matological status, and neonatal adaptation.

��������	
���

�����	
��
���
	����
W�5857F�8@��"��5+,6�.+Q28,.-�Q�5<��#`L�Q+,+�

+O76�.+*��M7�.�4,80? ;��.1F0*�.4��"��.@7.5-�Q�5<�
5<+�-366+5,�17F�53?+�7.*����Q�5<�5<+�7-366+5,�17F�
53?+���<+�%8.5,8F�4,80?�18.-�-5+*�8@��"�5+,6�.+Q	
borns without signs of IUGR.

The study material included blood samples ob	
tained from newborns and their mothers. The levels 
of fetal hemoglobin (HbF) and hemoglobin fractions 
�|2W;�|2W� �Q+,+�7.7F3=+*��.�.+8.757F�2F88*��#6	
bilical venous blood was collected into tubes con	
taining anticoagulants (ethylenediaminetetraacetic 
acid or heparin). All newborns with IUGR and their 
685<+,-�Q+,+�-1,++.+*�@8,�<+,+*�57,3�<+684F8	
binopathies, including �	5<7F7--+6�7;�Z	5<7F7--+6�7;�
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 
<�4<	?+,@8,67.1+�F�Y0�*�1<,867584,7?<3��|^�% ��
�07.5�575�G+�6+7-0,+6+.5-�Q+,+�?+,@8,6+*�0-�.4�
automated HPLC systems. Abnormal hemoglobin 
��Q7-��*+.5��+*�0-�.4�+,35<,8135+	27-+*�5+-5-��̂ <+	
notypic and genotypic frequencies were calculated.

Statistical analysis was performed using Microsoft 
~O1+F��"�"��$�I+,+.1+-�Q+,+�18.-�*+,+*�-575�-5�17F	
F3�-�4.��17.5�75�?�"�"��
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To evaluate the association between IUGR and 

hemoglobinopathies, umbilical cord blood parame	
ters were analyzed in both the Main and Control 
4,80?-���72F+�� �

In the Control group, the levels of hemoglobin frac	
5�8.-�Q+,+�7-�@8FF8Q-(�|2W��������];�|2W����"�'];�6�	
.8,�@,715�8.-���"�"�']�7.*�"�""�];�7.*�|2�������']�

The level of HbF decreases and accounts for up to 
���]�8@�5857F�<+684F82�.��W�1<7,715+,�-5�1�@+750,+�8@�
|2���-��5-�<�4<+,�7>.�53�@8,�8O34+.;�Q<�1<�+.-0,+-�
+I+15�G+�8O34+.�+O1<7.4+�2+5Q++.�685<+,�7.*�@+50-��
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 
@7158,-��./0+.1�.4��#`L��|8Q+G+,;�5<+�?8--�2�F�53�8@�
5<+��./0+.1+�8@�?75<8F84�17F�<+684F82�.�4+.+-�8.�5<+�
development of IUGR cannot be excluded. Each 
pathological hemoglobin gene, depending on its ex	
?,+--�8.;�,+-0F5-��.�-?+1��1�1F�.�17F�18.*�5�8.-��.�.+Q	
borns. Rare cases of combinations of hemoglobin vari	
7.5-�<7G+�7F-8�2++.��*+.5��+*��.�1<�F*,+.�Q�5<��#`L��
These include combinations of �	�7.*�Z	5<7F7--+6�7;�
as well as combinations of each separately with one of 
four stable abnormal hemoglobin types: HbS, HbD, 
HbE, and HbC.

|2W��F+G+F-��.�5<+�%8.5,8F�4,80?�������"�'] �-�4	
.��17.5F3�*�I+,+*�@,86�5<8-+��.�.+Q28,.-�Q�5<��#`L�
��&���"��];�7-366+5,�17F�53?+����
�
�"��];�-36	
6+5,�17F�53?+������"�"��] �

The concentration of the minor hemoglobin frac	
5�8.�|2W���.�5<+�%8.5,8F�4,80?�Q7-�"�"�'�"�""�];�
Q<�1<�Q7-�-�4.��17.5F3�F8Q+,�186?7,+*�Q�5<�1<�F*,+.�
Q�5<��#`L��"��"
�"�"�"];�7-366+5,�17F�53?+���
"��"��"�"��];�-366+5,�17F�53?+���"�����"�"��] �

�575�-5�17FF3�-�4.��17.5�*+1,+7-+-��.�|2��7.*��.	
1,+7-+-��.�<+684F82�.�@,715�8.-�|2W��7.*�|2W���.�
newborns with IUGR suggest the presence of patho	
logical hemoglobin genes. To verify the obtained data, 

F8.4�50*�.7F�@8FF8Q	0?�8@�1<�F*,+.�Q7-�18.*015+*�
8G+,�7�?+,�8*�8@���68.5<-�

�.�5<+��,-5�17-+;�,+?+75+*�+O76�.75�8.�75���68.5<-�
in children with IUGR revealed heterozygous carrier 
-575+-��.����������] �8@��"��17-+-(������&�] �17-+-�8@�
�	5<7F7--+6�7;�'��
�

] �17-+-�8@�Z	5<7F7--+6�7;�7.*�
�����&�] �17-+-�8@�-�1EF+�1+FF�5,7�5���.������&�] �17-+-;�
<868=3480-�-575+-�8@�Z	5<7F7--+6�7�Q+,+��*+.5��+*;�
7.*��.����"�&
] �17-+;�7�*802F+�<+5+,8=3480-�18.*�	
5�8.�@8,�Z	5<7F7--+6�7�Q�5<�7�4+.+�8@��%$�Q7-�*+5+15	
+*���.�5857F;���������] �.+Q28,.-�Q+,+�*�74.8-+*�
with various forms of hemoglobinopathies.

In cases of �	5<7F7--+6�7;��-8+F+15,�1�@810-�.4�,+	
vealed minor fractions of abnormal hemoglobin Bart’s 
and HbH, characteristic of this pathology. All chil	
dren were heterozygous carriers of �	5<7F7--+6�7�

�.�Z	5<7F7--+6�7;��-8+F+15,�1�@810-�.4�*+68.-5,75	
ed an increase in the minor hemoglobin fraction 
|2W��23�68,+�5<7.����];�,7.4�.4�@,86���"�]�58�
����]��6+7.����'] ��|2��F+G+F-�+O1++*+*�5<+�.8,	
67F�,7.4+�8.F3��.�'��
�

] �1<�F*,+.�7.*�G7,�+*�2+5	
Q++.���
�]�7.*�����]��.8,67F�0?�58����] �

�.������&] �17-+-;�1<�F*,+.�Q�5<��#`L�75���68.5<-�
-<8Q+*�<�4<�F+G+F-�8@�|2������'�]�7.*�'���'] ;�18,,+	
-?8.*�.4�58�<868=3480-�Z	5<7F7--+6�7���.�8.+��"�&
] �
17-+��|2�����'�] ;�7FF�<+684F82�.�@,715�8.-��|2�;�
|2W�;�|2W�;�|2W� �Q+,+��*+.5��+*;�Q<+,+7-��.�5<+�-+	
cond case, only HbF was detected, indicating a complete 
72-+.1+�8@�2+57	4F82�.�1<7�.�-3.5<+-�-���<+-+��.*�.4-�
,+/+15�*+@+15-��.�2+57	?8F3?+?5�*+�1<7�.�2�8-3.5<+-�-�
7.*�18,,+-?8.*�58�5<+�Z	5<7F7--+6�7�?<+.853?+���.�18.	
5,7-5�58�5<+��,-5�1<�F*;��.�5<+�-+18.*�17-+��|2��'���'] ;�
�~��*�*�.85�*+5+15�5<+�|2W��@,715�8.�8,��5-�*+,�G75�G+-��
Isoelectric focusing revealed three hemoglobin fractions: 
|2W�;�6+5|2�;�7.*�|2�;��.*�175�.4�7�186?F+5+��6?7�,	
6+.5�8@�2+57	?8F3?+?5�*+�1<7�.�2�8-3.5<+-�-���01<�7�*+	
@+15��.�2+57	?8F3?+?5�*+�1<7�.�2�8-3.5<+-�-�18,,+-?8.*-�
58�5<+�Z�	5<7F7--+6�7�?<+.853?+�

�.������&] �1<�F*,+.;�72.8,67F�<+684F82�.�Q7-�
�*+.5��+*�23��~������'] ;�18,,+-?8.*�.4�58�|2��
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(SCD). Identification was confirmed by identical 
electrophoretic mobility on IEF and hemoglobin 
+F+15,8?<8,+-�-�Q�5<�1+FF0F8-+�71+575+;�7-�Q+FF�7-�?8	
sitive sickling tests. All blood samples with abnormal 
hemoglobin HbS showed heterozygous carrier states.

�.�8.+��"�&
] �17-+;�7�.+Q28,.�Q�5<��#`L�75�
��68.5<-�*+68.-5,75+*�+F+G75+*�|2��F+G+F-�����&]�
of total hemoglobin). Under conditions of high HbF 
F+G+F-;�*�I+,+.5�75�8.�8@�<+684F82�.�@,715�8.-�Q7-�
.85�?8--�2F+���<+�72-+.1+�8@�|2W��7.*�5<+�<�4<�|2��
F+G+F�����&] ;��.�1862�.75�8.�Q�5<�*+1,+7-+*�|2W��
levels, indicate a compound heterozygous state in	
G8FG�.4�Z	5<7F7--+6�7�7.*��%$�

�.�5<+��8.5,8F�4,80?;�8.F3������&] �1<�F*,+.�+O	
hibited heterozygous states: in one case �	5<7F7-	
-+6�7;�7.*��.�7.85<+,�17-+�Z	5<7F7--+6�7;�+71<�Q�5<�
7�@,+Y0+.13�8@��]�

�72F+���?,+-+.5-�5<+�@,+Y0+.1�+-�8@�<+684F82�.8?7	
thies in children with IUGR. The highest phenotypic 
and corresponding gene frequencies were observed for 
<+5+,8=3480-�2+57	5<7F7--+6�7��
�

]�7.*�"�"
�;�,+	
-?+15�G+F3 ��WF?<7	5<7F7--+6�7�,7.E+*�-+18.*����&�]�
7.*�"�"�& ����1EF+�1+FF�5,7�5�7.*�<868=3480-�2+57	5<7	
F7--+6�7�Q+,+�+71<�*+5+15+*��.������&�] �1<�F*,+.;�Q�5<�
�*+.5�17F�@,+Y0+.1�+-�7.*�4+.+�@,+Y0+.1�+-�8@�"�"�&���
�.F3����"�&
] �.+Q28,.�Q�5<��#`L�<7*�7�*802F+�<+	
5+,8=3480-�-575+�@8,���7FF+F+-�8@�5<+�2+57	4F82�.�4+.+�

W68.4�1<�F*,+.�Q�5<��#`L;���������] �17-+-�8@�
<+684F82�.8?75<�+-�Q+,+��*+.5��+*;�Q�5<�+Y07F�*�-	

tribution between symmetrical and asymmetrical 
G7,�7.5-���72F+�� �

�.�5<+�7-366+5,�17F��#`L�4,80?;��"���'�&] �
1<�F*,+.�Q+,+��*+.5��+*(���<+5+,8=3480-�2+57	5<7F	
7--+6�7��
���] ;���|2��17,,�+,����'&] ;���<+5+,8=3	
480-�7F?<7	5<7F7--+6�7����

] ;���186?80.*�2+57	
thalassemia (�	�!�	� �����

];�7.*���1862�.+*�
genotype �	�!|2�����'&] �

In the symmetrical IUGR group, the phenotypic 
@,+Y0+.13�7.*�4+.+�@,+Y0+.13�Q+,+����"]���1<�F	
*,+. � 7.*� "�"���;� ,+-?+15�G+F3�� �.� 5<�-� 4,80?;�
�����"] �1<�F*,+.�<7*�<+5+,8=3480-�7F?<7	5<7F7-	
-+6�7;����'�"] �<7*�<+5+,8=3480-�2+57	5<7F7--+6�7;�
7.*������"] �<7*�|2�!��

The results of the present study suggest a possible 
association between IUGR and hereditary disorders 
of hemoglobin synthesis. Term newborns with IUGR 
*+68.-5,75+*�-�4.��17.5F3�F8Q+,�|2��F+G+F-�7.*�
<�4<+,�|2W��7.*�|2W��18.1+.5,75�8.-�186?7,+*�
with the Control group. Since HbF plays a key role 
�.�@+57F�8O34+.�5,7.-?8,5�*0+�58��5-�<�4<�7>.�53�@8,�
oxygen, its reduction may contribute to chronic in	
trauterine hypoxia and impaired fetal growth.

�8FF8Q	0?�+O76�.75�8.�75���68.5<-�18.�,6+*�5<+�
?,+-+.1+�8@�G7,�80-�<+684F82�.8?75<�+-��.����1<�F	
*,+.�Q�5<��#`L;�71180.5�.4�@8,�����]�8@�17-+-���<+�
68-5�@,+Y0+.5�72.8,67F�53�Q7-�<+5+,8=3480-�Z	5<7	
lassemia, followed by �	5<7F7--+6�7;�-�1EF+�1+FF�5,7�5;�
<868=3480-�Z	5<7F7--+6�7;�7.*�186?80.*�Z	5<7	
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F7--+6�7!|2��4+.853?+���.�18.5,7-5;�8.F3�5Q8�<+	
5+,8=3480-�<+684F82�.8?75<3�17-+-�Q+,+��*+.5��+*�
in the Control group.

�<+�?,+*86�.7.1+�8@�Z	5<7F7--+6�7��-�1F�.�17FF3�
-�4.��17.5;�7-��.1,+7-+*�|2W��7.*;��.�-86+�17-+-;�
elevated HbF are typical laboratory markers of im	
?7�,+*�2+57	4F82�.�1<7�.�-3.5<+-�-���<+�*+5+15�8.�8@�
Hb Bart’s and HbH in children with �	5<7F7--+6�7�
7F-8�18.�,6-�5<+�*�74.8-5�1�G7F0+�8@��-8+F+15,�1�@8	
cusing for identifying abnormal hemoglobin frac	
tions in early childhood.

Hemoglobinopathies were detected in both sym	
metrical and asymmetrical variants of IUGR. 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.

������	���	
The study demonstrated a relatively high frequen	

cy of hereditary hemoglobinopathies among children 
with IUGR. Altered hemoglobin fraction composi	
tion, characterized by reduced HbF and increased 
|2W��7.*�|2W��F+G+F-;�673��.*�175+�5<+�?,+-+.1+�8@�
?75<8F84�17F�<+684F82�.�4+.+-�7.*�,+/+15��.5,705+	
rine compensatory responses to chronic hypoxia. 
Pathological hemoglobin genes may contribute to 
IUGR through impaired oxygen transport, chronic 
fetal hypoxia, and abnormal globin chain synthesis. 
�<+-+��.*�.4-�-0??8,5�5<+�.++*�@8,�+7,F3�?8-5.757F�
screening for hemoglobinopathies and medical ge	
netic counseling, particularly in regions with a high 
prevalence of thalassemia and abnormal hemoglobin 
G7,�7.5-���<+�18.*015+*�-50*�+-�18.�,6�7�<�4<�?,+	
va lence of hereditary hemoglobinopathies in chil	
dren with IUGR and underscore the importance of 
deve loping preventive strategies for hereditary 
 diseases, including early postnatal diagnosis and 
medical genetic counseling.
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