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CLINICAL AND IMMUNOLOGICAL MARKERS OF
DIABETIC FOOT SYNDROME PROGRESSION IN
PATIENTS WITH TYPE 2 DIABETES MELLITUS

Introduction

Diabetic foot syndrome is among the most severe complications of type 2
diabetes mellitus and is associated with a prolonged course of ulcerative-trophic
lesions, a high risk of infection, recurrent hospitalizations, and lower-limb
amputations [1,2]. However, the clinical course of this complication is determined
not only by the severity of ischemia, neuropathy, or local infectious processes.
Increasing attention is currently being paid to systemic immunometabolic
disturbances that precede the formation of chronic ulcerative defects and contribute
to their prolonged non-healing course.

In type 2 diabetes mellitus, chronic hyperglycemia, insulin resistance,
endothelial dysfunction, and low-grade inflammation impair microcirculation,
angiogenesis, and tissue repair processes. Under these conditions, even limited
tissue injury of the foot may progress into a chronic ulcerative-necrotic process [2].
Particular interest is focused on biomarkers reflecting vascular remodeling and
tissue reparative potential, including VEGF-A, IGF-1, TGF-B1, and sVCAM-1.
Comprehensive assessment of these markers makes it possible not only to
characterize the immunological profile of patients with diabetic foot syndrome, but
also to clarify the mechanisms underlying the progression of type 2 diabetes mellitus
toward severe vascular-trophic complications [3-5].

The aim of the study was to evaluate the clinical and immunological
characteristics of markers associated with angiogenesis, tissue repair, and
endothelial activation in patients with diabetic foot syndrome associated with type

235 |



I SCIENTIA « Modernization of today’'s science: experience and trends

2 diabetes mellitus.

Materials and Methods

The study was conducted at the clinical base of the Navoi branch of the
Republican Specialized Scientific and Practical Medical Center of Endocrinology
named after Academician Yo.Kh. Turakulov during the period from 2023 to 2025.
A total of 84 individuals were enrolled in the study. The main group consisted of 58
patients with type 2 diabetes mellitus, including 30 patients with T2DM without
diabetic foot syndrome and 28 patients with T2DM complicated by diabetic foot
syndrome. The control group included 26 apparently healthy individuals matched
for age and sex.

Clinical examination included assessment of diabetes duration, the type of
glucose-lowering therapy, concomitant vascular and metabolic complications, as
well as characteristics of ulcerative-trophic lesions in patients with diabetic foot
syndrome. The presence of obesity, arterial hypertension, cardiovascular disease,
diabetic polyneuropathy, retinopathy, nephropathy, and macroangiopathy was
evaluated.

Immunological investigations were performed at the Laboratory of
Reproductive Immunology of the Institute of Immunology and Human Genomics of
the Academy of Sciences of the Republic of Uzbekistan. Serum concentrations of
VEGF-A, 1GF-1, TGF-B1, and sVCAM-1 were determined using enzyme-linked
immunosorbent assay (ELISA).

Statistical analysis was carried out using the Statistica for Windows 6.0
software package. Quantitative variables were presented as mean + standard error
of the mean (M+m). Intergroup differences were assessed using the Mann—Whitney
U test with Bonferroni correction. Differences were considered statistically
significant at p<0.05.

Results

Clinical and anamnestic analysis showed that patients with T2ZDM+DFS had a
more unfavorable somatic and vascular profile compared with patients with T2DM
without DFS. In this group, obesity, arterial hypertension, cardiovascular disease,
diabetic polyneuropathy, retinopathy, nephropathy, and macroangiopathy were
registered more frequently. Diabetic polyneuropathy was detected in 87.5% of
patients with DFS, whereas in the T2DM group without DFS it was observed in
46.6% of cases. Macroangiopathy was found in 52.1% of patients with DFS
compared with 27.6% of patients with uncomplicated T2DM.

The clinical structure of DFS was characterized by predominance of the
neuroischemic form, a high frequency of deep ulcerative defects, and recurrent
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disease course. Most patients had signs of a local infectious process of varying
severity, indicating the chronic vascular-trophic nature of the lesion.

Immunological analysis revealed a pronounced imbalance of angiogenic-
reparative and endothelial-inflammatory regulation. The VEGF-A level in the
control group was 129.67+7.69 pg/mL, whereas in patients with T2DM it decreased
to 97.21+4.37 pg/mL (p<0.01), and in patients with T2DM+DFS to 88.96+3.15
pg/mL (p<0.001 compared with controls; p<0.01 compared with T2DM). The
decrease in VEGF-A reflected suppression of angiogenic compensation and
insufficient vascular adaptation of tissues under conditions of chronic hypoxia and
microcirculatory impairment.

The IGF-1 level was also decreased. In the control group, this parameter was
88.63+3.13 pg/mL,; in patients with T2DM, it was 77.56+3.01 pg/mL (p<0.01), and
in patients with T2DM+DFS, 64.64+2.71 pg/mL (p<0.001 compared with controls;
p<0.01 compared with T2DM). The decrease in IGF-1 indicated reduced reparative
potential of tissues and impaired wound-healing processes.

In contrast to VEGF-A and IGF-1, TGF-B1 levels were increased. In the control
group, TGF-B1 was 41.194+2.28 pg/mL; in patients with T2DM, 54.58+2.37 pg/mL
(p<0.01); and in patients with T2DM+DFS, 66.57+2.75 pg/mL (p<0.001 compared
with controls; p<0.01 compared with T2DM). The increase in TGF-B1 reflected
activation of chronic inflammation, tissue remodeling, and fibrogenic restructuring.

The most pronounced changes were observed for sSVCAM-1. In the control
group, its level was 250.28+18.56 ng/mL, whereas in patients with T2DM it
increased to 340.62+8.95 ng/mL (p<0.001), and in patients with T2DM+DFS to
439.70£23.96 ng/mL (p<0.001 compared with both controls and the T2DM group).
The increase in sVCAM-1 indicated marked endothelial activation, vascular
inflammation, and microcirculatory impairment.

Thus, patients with diabetic foot syndrome developed a characteristic
immunological profile, including decreased VEGF-A and IGF-1 levels against a
background of increased TGF-Bf1 and sVCAM-1, reflecting suppression of
angiogenesis and tissue repair combined with chronic endothelial-inflammatory
activation.

Conclusion

Patients with type 2 diabetes mellitus complicated by diabetic foot syndrome
develop a characteristic clinical and immunological profile characterized by
suppression of angiogenic and reparative processes together with enhanced
endothelial inflammation. Decreased VEGF-A and IGF-1 levels in combination
with elevated TGF-B1 and sVCAM-1 reflect impaired vascular adaptation, defective
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tissue repair, and chronic activation of inflammatory-endothelial mechanisms.
Comprehensive assessment of these markers may be considered a promising
approach for early identification of patients at high risk for the development and

progression of diabetic foot syndrome.
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