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Abstract: As a feto-maternal connection route, the umbilical cord is an important determi-
nant of fetal well-being. The umbilical vessels, unlike major vessels, are not fed by the vasa
vasorum, making them more vulnerable to hemodynamic changes induced by maternal
diseases such as diabetes mellitus. Furthermore, it may be discarded for exacerbating any
perinatal illness. The umbilical cord is the major supporter of a successful neonatal prog-
nosis, since it is the sole organ that initiates life. It plays the most important role in feto-
placental relation, as well as what will happen to the infant on extra-uterine life. As a result,
the histopathologic alterations in the umbilical cord associated with gestational diabetes
mellitus were examined in this review study.
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Background
The umbilical cord, which is a coiled structure that connects the fetus to the
placenta, is essential for the embryo’s and fetus’ growth. It includes Wharton
jelly, two umbilical arteries, and one umbilical vein. Wharton’s jelly is
a connective tissue that protects the umbilical cord vessels by acting as a cushion.
The umbilical cord is around 1.21 cm in diameter and 50 to 60 cm long when
a baby is born. The umbilical arteries transport blood out of the fetus, while the
umbilical vein returns blood and removes waste materials.1,2,4,5

The umbilical cord is coated with trodden amniotic epithelial cells on the
outside. The yolk stalk and continuation duct run the length of the cord, but the
allantoic duct only runs into its proximal half. As the cord matures, different
mesenchymal compartments merge and gradually change into Wharton’s jelly.6

The umbilical cord, as a primary gate of blood to the fetus, is a vital structure
for the maintenance of intrauterine life, and its well-being is the main contributor to
a favorable newborn prognosis, regardless of any prenatal problems. Therefore the
umbilical cord is most often the sole organ present when life begins, it performs the
most important role in the feto-placental relationship and in determining what will
happen next. Because the outcome of UC is the conduit between the baby and the
placenta, UC and blood vessel morphology is an essential indication of fetal well-
being. Umbilical arteries are oxygen-dependent because they are not supplied by
the vasa vasorum, making them more vulnerable to hemodynamic changes induced
by maternal diseases, such as diabetes mellitus.7–9

Diabetes mellitus is a metabolic disease that affects the structure of umbilical
cord tissue, resulting in aberrant vascularization and, in the long run,
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vasculopathy.10 Diabetic pregnancies are categorized as
either gestational diabetes mellitus (GDM) or pre-
gestational diabetes (PGDM) according to the White clas-
sification, with the PGDM group being further split into
subgroups according to the presence and/or severity of the
condition.11,12

GDM is defined as a mother’s inability to tolerate
carbs of varying intensity after initially recognizing
them during pregnancy. It is the most frequent medical
pregnancy complication, with a high mother and fetal
death and morbidity rate.13 The histopathologic exam-
ination of GDM revealed fragmentation of the endothe-
lium and a break in the umbilical arteries, resulting in
blood extravasation inside Wharton’s jelly. Wharton’s
jelly also undergoes honeycomb-like transformations.
Furthermore, the smooth muscles of the umbilical
arteries are disrupted, and their fibers degenerate.14,15

As a result, GDM may have certain negative effects on
the Wharton’s jelly’s umbilical arteries and connective
tissue components.

Methods
Data from published papers were collected using electro-
nic databases such as PubMed/PMC, Embase Elsevier, and
Google Scholar. We included the terms Histology of umbi-
lical cord, histopathology of umbilical cord, impact of
gestational diabetes mellitus on umbilical cord, or alterna-
tively, in all relevant articles. As screening techniques,
titles and abstracts were used to choose studies. Full-text
articles were reviewed and obtained to locate relevant
studies. The final articles were weeded out of duplicated
works.

Study Selection
The histopathologic influence of diabetes mellitus on the
umbilical cord was given in research publications pub-
lished in several journals, together with appropriate infor-
mation on the study technique. Research papers limited the
influence of diabetes mellitus on umbilical cord architec-
ture and articles lacking a microscope picture were
excluded as exclusion criteria. When a paper was eligible
for inclusion, the author had confirmed all the relevant
components for accurate documentation.

Quality Assessment
The author reviewed the pertinent data using
a standardized data extraction form for this study.

Microanatomy of Normal Umbilical
Cord
The histology of the umbilical cord’s components, an
artery, vein, and Wharton's jelly, may be seen in micro-
scopic detail. Amnionic epithelium also protects it. The
epithelium around the umbilical cord insertion is mostly
non-keratinized, stratified squamous epithelium. The
epithelium changes into a stratified columnar epithelium
distant from the insertion site, then into a simple columnar
epithelium. The latter keeps growing into a simple colum-
nar to the cuboidal epithelium of the placental amnionic
surface. Wharton’s jelly has a typical distribution of spin-
dle-shaped fibroblasts as well as a large number of mast
cells. UC did not have any adventitia, external elastic
lamina, or vasa vasorum. Endothelium lined the lumen;
unlike other arteries, the umbilical artery lacks an internal
elastic membrane and has much less. In contrast, the vein
possesses an elastic subintimal layer. The muscular coat of
the arteries is made up of a system of spiraling fibers that
cross each other.15

As demonstrated in Figures 1A and 1B, the lumens of
the artery constricted with a branched shape and lined by
endothelial cells with prominent nuclei. A well-developed
intimal layer with variable thickenings showed thin, elon-
gated, or wavy smooth muscle cells cut in the transverse
section. The media of the arteries was thick showing an
inner layer of longitudinal smooth muscle cells, poorly
differentiated and an outer coat consisting of a system of
crossing spiralled smooth muscle cells. The lumen of the
vein presented circular or triangular shapes. As compared
to the arteries, the intima layer of the vein and the

Figure 1 Cross-section of the mature umbilical cord and schematic representation
of mature umbilical cord showing (A) wharton’s jelly with artery, (B) one umbilical
vein (single headed arrow), and two arteries (double headed arrow) with
Wharton’s jelly H&E. 4x.
Notes: Adapted with permission from EI-Nefiawy NE. Development of Human
Umbilical Vessels in The Second Trimester of Pregnancy: Histological,
Immunohistochemical and Morphometric Study. The Egyptian Journal of Histology.
2017:40(2);226-240. doi: 10.21608/EJH.2017.4079.3
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muscular coats were thin. Wharton’s jelly consisted of a
mucoid structure consisting of a ground substance of
mucopolysaccharides.4,16–18

Histopathologic Impacts of GDM in
Umbilical Cord
As it is revealed in Figure 2A, gestational diabetes mellitus
had an impact on the umbilical cord crack and disintegration
of the endothelium and crack of the umbilical vessels com-
ing about in extravasation of blood inside Wharton's jelly.
The umbilical vein was widened and lean-walled. Smooth
muscles of the umbilical vessel appeared disturbance and
degeneration of its strands. The arteries have constricted
lumen in comparison to the control group. The endothelial
cells of the intima were discontinuous with focal erosions.
The media showed widely separated SMC by connective
tissue containing few collagen and elastic fibers with mono-
nuclear cell infiltration. Extravasation of arterial blood to
Wharton's jelly was seen. The vein has a thinner wall and
wider lumen in comparison to the control group. In addition,
there was no adventitia vein of case group.9,11,13,15,18

The amnion membrane and artery endothelium were his-
tologically normal, but the Wharton’s jelly had dilated pores
and edema. Wharton’s jelly seemed to alter as a result of the
degeneration of its fibers, which had honeycomb-like purging
gaps. Furthermore, GDMmay have certain negative effects on
the Wharton’s umbilical veins and connective tissue compo-
nents. The umbilical cord of diabetes group sections stained
with H & E of wharton’s jelly indicated that its fibers were
disrupted and that large irregular empty areas resembling
honeycombs were widely spaced.8,13,14,19–29

A similar study found that the wharton’s jelly and
fibroblast cells are enclosed by amniotic membrane in
the histological section of the umbilical cord of the
control group, with an umbilical artery of narrow
lumen, intima, and thick media with no adventitia and
an umbilical vein of wide lumen, thin intima, and thin
media. Honey-combs appear in the diabetic group, with
a narrow lumen, intima, and thick media with cellular
debris, extracellular infiltration, localized erosion of
endothelial lining, and an umbilical vein with a thinner
wall and larger lumen with cellular debris in media.12,17

Figure 2 Photomicrographs of umbilical cord sections of control group showing (A) Wharton’s jelly, fibroblast cells and enclosed by amniotic membrane (arrow). The inset
is higher magnification of the amniotic membrane. (B) Showing part of umbilical artery with lumen (L), intima (short black line) and thick media (long black line) with no
adventitia, surrounded by Wharton’s jelly (lightly stained). (C) Showing the umbilical vein wide lumen, thin intima and thin media, and surrounded by Wharton’s jelly.
Umbilical cord sections of diabetic group showing (D) Wharton’s jelly, notice honey combs (↓). (E) Showing part of umbilical artery (A) with narrow lumen (L), intima (short
black line) and thick media with cellular debris (long black line), with extra cellular infiltration (CI), with focal erosion of endothelial lining. (F) Showing the wall of umbilical
vein (V) with thinner wall and wider lumen (L), with cellular debris in media.
Notes: Adapted with permission from Salem MAER, El-Gawwad A, Shadia M, Mahmoud ES, Elyamany HY. Histological study of human umbilical cord in diabetic pregnant
females. Egypt J Histol. 2020;42(4):874–887.17 Personal non-commercial use only. EJH copyright © 2019. All rights served.
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Conclusion and Future Directions
The umbilical artery becomes constricted in the event of
diabetes, the endothelial cell of intima becomes discontin-
uous, and extravasation of arterial blood to wharton’s jelly is
noted, according to the majority of research. In addition, the
vein wall gets thinner and a larger lumen is noticed. As
a result of this review, As a result, in order to avoid prenatal
complications, According to this review paper, early control
and treatment of diabetes mellitus in a pregnant mother is
a priority strategy for preventing fetal complications.
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