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Purpose of the Study: explore biochemical characteristics of patients with severe 
complications of diabetic foot syndrome (ulcer, gangrene, amputation) associated with 
chronic kidney disease.

Research Material: We examined 91 patients (prospectively) with type 2 diabetes 
with severe complications in the period 2021-2024 at the RSSPMC of Endocrinology, 
in the department of diabetic foot. All observed patients were divided into 4 groups:

a) 1 gr. – 25 patients with DFS complicated by ulcer, gangrene and amputation 
and in combination with CKD 4-5 stages on hemodialysis

b) 2 gr. – 25 patients with DFS complicated by ulcer, gangrene and amputation in 
combination with CKD stages 4-5 without hemodialysis

c) 3 gr - 20 patients with DFS complicated by gangrene and amputation without 
CKD.

d) 4 gr - 21 patients with DFS, without severe complications, with the initial stage 
of CKD.

The control group consisted of 20 healthy individuals.

Research Methods: Biochemical (bilirubin, direct, indirect, lipid spectrum, ALT, 
AST, PTI, coagulogram, blood sugar, glycated hemoglobin, urea, creatinine, GFR, wound 
pathogens, procalcitonin, interleukin-6, vascular endothelial growth factorVEGF-A 
and instrumental: ECG, MRI of the feet, Diplography of the main vessels of the legs, 
ultrasound of the internal organs, the fundus. 

Research Results: The highest rates of fasting glycemia were observed in patients 
of group 2, that is, with DFS and CKD 4-5 stages without hemodialysis. Significantly 
lower hemoglobin values were also observed in this group of patients (p<0.001), 
glycated hemoglobin significantly higher values of urea, creatinine and GFR (p<0.001). 
All patients had significantly reduced values of HDL (p<0.001) and total cholesterol 
(p<0.05).

Conclusion: Biochemical parameters were significantly impaired in patients of 
group 1, that is, with DFS and CKD 4-5 stages on hemodialysis, which indicates the 
need for further research in this group of patients.
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Relevance
As is known, diabetic foot syndrome (DFS) and diabetic 

nephropathy are a consequence of the development of type 2 
diabetes mellitus (type 2 diabetes) and are characterized by high 
morbidity and mortality among these patients [1.2]. At the same 
time, in patients with type 2 diabetes, the lifetime risk of developing 
a foot ulcer is 12–25% [one], while the risk of developing diabetic 
nephropathy is approximately 20-30% [2]. In dialysis patients, the 
risk of limb amputation is about 10 times higher than in patients 
with type 2 diabetes in general [3]. Some studies show that up 
to 10% of patients with type 2 diabetes have limb amputations 
when enrolled in a chronic dialysis program [4]. According to 
research, the pathogenesis of diabetic foot in end-stage renal 
disease is certainly multiple. However, US registry data on kidney 
disease suggest that prior diagnosis of peripheral vascular disease, 
elevated serum phosphorus, and mean systolic blood pressure are 
predictors of amputation within 2 years in dialysis patients [5]. 
But, despite the relevance of this topic, unfortunately, there is little 
data in the literature on a possible correlation between diabetic 
foot complications and renal failure in pre-dialysis patients with 
type 2 diabetes. Despite a recent study, data on more than 900,000 
people collected by the UK Health Information Network revealed a 
strong association between CKD stages and diabetic foot ulcers [6]. 
But these results are difficult to interpret due to non-standardized 
definitions and methods for examining SDS between local 
institutions. Back in 2009Gunter Wolf noted that little is known 
about the potential association between renal function and the 
development of DFS in patients with preterminal renal failure [7].

Thus, the low life expectancy of patients with diabetic 
nephropathy with end-stage renal disease (ESRD) on dialysis is 
primarily due to the high incidence of other serious complications 
of diabetes. One of the complications that determine the high risk 
of disability and mortality in patients with type 2 diabetes with 
ESRD on dialysis is DFS. According to the authors [8-11], in patients 
with DM with the onset of ESRD (uremia), the risk of DFS increases 
by more than five times. With the initiation of renal replacement 
therapy, the frequency of DFS increases significantly [12-14]. At the 
same time, DFS not only significantly reduces the quality of life of 
patients, reduces the chances of a successful kidney transplantation, 
but also creates a real threat of limb amputation and a high risk 
of mortality. Based on our analysis of the literature, we concluded 
that after the start of renal replacement therapy in patients on 
hemodialysis, there is an increase in the incidence of neuro-
ischemic form of DFS. Along with this, the progression of chronic 
obliterating diseases of the arteries of the lower extremities during 
the observation period was noted only among patients’ diabetes  

 
mellitus on hemodialysis. Therefore, it is necessary to find ways 
for early prevention of these complications, early diagnosis and 
treatment. All of the above emphasizes the relevance of the topic 
and was the reason for this study. Purpose of the study: explore 
state of renal function in patients with severe complications of 
diabetic foot syndrome (ulcer, gangrene, amputation) associated 
with chronic kidney disease.

Research Material
91 patients (prospectively) with type 2 diabetes were examined 

in the period 2021-2022 at the RSSPMC of Endocrinology, in the 
department of diabetic foot. All observed patients were divided into 
4 groups:

a) 1 gr. – 25 patients with DFS complicated by ulcer, gangrene 
and amputation and in combination with CKD 4-5 stages on 
hemodialysis

b) 2 gr. – 25 patients with DFS complicated by ulcer, gangrene 
and amputation in combination with CKD stages 4-5 without 
hemodialysis

c) 3 gr - 20 patients with DFS complicated by gangrene and 
amputation without CKD.

d) 4 gr - 21 patients with DFS, without severe complications, with 
the initial stage of CKD.

The control group consisted of 20 patients with DM 2 without 
complications. To characterize the examined patients were used: 
general clinical, biochemical and instrumental examinations.

Research Methods
Biochemical (bilirubin, direct, indirect, lipid spectrum, ALT, 

AST, PTI, coagulogram, blood sugar, glycated hemoglobin, urea, 
creatinine, GFR, wound pathogens, procalcitonin, interleukin-6, 
vascular endothelial growth factorVEGF-A and instrumental: ECG, 
MRI of the feet, Dopplerography of the main vessels of the legs, 
ultrasound of the internal organs, the fundus. Secondary efficacy 
measures included blood glucose, blood lipids, wound area, lower 
extremity blood vessel diameter, blood flow rate, walking speed, 
etc.

Results of the Study and their Discussion
Table 1 shows the distribution of patients by sex and age. Thus, 

out of 91 patients, the majority were patients from 45 to 74 years 
old. There were 60 patients (65.9%) from 45 to 59 years old and 
only 21 patients (23.1%) over 60 years old. As can be seen from 
Table 1, the number of men dominated in all groups of patients. 
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Our next step was to perform a comparative analysis of biochemical 
parameters by groups Table 2. As can be seen from Table 2, the 
highest rates of fasting glycemia were observed in patients of 
group 2, that is, with DFS and CKD 4-5 stages without hemodialysis. 
Significantly lower hemoglobin values were also observed in this 
group of patients (p<0.001), glycated hemoglobin significantly 
higher values of urea, creatinine and GFR (p<0.001). All patients had 
significantly reduced values of HDL (p<0.001) and total cholesterol 
(p<0.05). Russian author Bublik E.A. in 2008 showed in her work 

that the progression of chronic obliterating diseases of the arteries 
of the lower extremities during the observation period was noted 
only among patients with type 2 diabetes on hemodialysis. During 
the hemodialysis procedure, there is a decrease in systolic blood 
pressure, both in the arteries of the shoulder, and in the arteries of 
the legs and first toes, which can lead to a deterioration in the blood 
supply to the lower extremities and contribute to an increase in the 
risk of neuro-ischemic form of the diabetic foot syndrome [15].

Table 1: Distribution of patients by age, sex and groups (according to WHO).

Age, 
years Igr (n=25) IIgr (n=25) IIIgr (n=20) IVgr (n=21)

Floor
m and m and m and m and

n % n % n % % n % n n % n % n %

30-44 - - - - - - -

45-59 9 36 5 twenty 6 24 35 eight- 35 eight- eight- 40 eight- 39 eight- 39

60-74 6 24 5 twenty 7 28 fifteen 2 fifteen 2 2 ten 3 fourteen 2 9.5

75 
and > - - -- -- --

Total 25 25 twenty 21

Note: M - number of men, W - number of women

Table 2: Average biochemical blood parameters of patients by groups.

Index
I 

group (n=25), 
M±SD

II 
group (n=25), 

M±SD

III 
group (n=20), 

M±SD

IV 
Group (n=21), 

M±SD
Control

P1 
R2 
P3 
P4

Fasting glucose, 
mmol/l 9.3±1.3 14.4±1.6 10.7±2.1 9.4±1.3 5.2±0.7

<0.05 
<0.001 
<0.001 
<0.05

HbA1C, % 10.2±1.2 11.9±1.7 8.2±0.4 9.2±1.7 5.5±0.9

<0.001 
<0.001 
<0.05 

<0.001

Urea, µmol/l 18.9±1.6 28.8±2.3 8.6±2.8 9.4±2.1 9.6±3.4

<0.05 
<0.001 
>0.05 
>0.05

Creatinine, µmol/l 217±12.9 223±15.6 109±11.2 104±11.5 105.6± 13.2

<0.001 
<0.001 
> 0.001 
>0.05

GFR, ml/min/1.73 
m2 18.6±1.8 15.2±1.2 107.3±1.4 108.6±2.8 110.8±12.7

<0.001 
<0.001 
>0.05 
>0.05 
>0.05
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The data of the performed literature review led to the 
conclusion that this direction is very relevant. However, there are 
no randomized placebo-controlled trials in patients with type 2 
diabetes subjected to a thorough study of the pathogenesis of the 
progression of two competing severe complications of the disease 
- DFS and CKD. Important indicators of the functional state of the 
kidneys are the data of the general analysis of urine Table 3. A well-
known criterion for proteinuria is also the albumin-creatinine ratio 

(A/Cr). As can be seen from Table 3, this ratio was significantly 
increased in groups 1 and 2 of patients. (p<0.01, p<0.001.). The 
levels of albuminuria were also significantly high in the groups 
of patients (p<0.01, p<0.001.), while the density of urine was 
significantly below the norm in all groups of patients. (p<0.01). 
The results of our studies showed that in patients with DM 2 with 
DFS and CKD on hemodialysis, the worst indicators of biochemical 
studies were revealed compared with other groups of patients.

Table 3: Average biochemical blood parameters of patients by groups.

Urine indicators
I

group (n=25), 
M±SD

II 
group (n=25), 

M±SD

III 
group (n=20), 

M±SD

IV 
Group (n=21), 

M±SD
Control

P1 
R2 
P3 
P4

Relative density of 
urine 1007.60±2.67* 1008.25±2.87* 1008.39±3.68* 1015.12±5.12* 1016.02±2.13

<0.001
<0.001
>0.05
>0.05

Albuminuria, mg/g 14.6±2.3 13.19±3.2 * 3.26±3.4 3.26±3.4 4.6±2.3

<0.001
<0.001
>0.05
>0.05

A/Cr, mg/mmol 2.63±0.09** 2.58±0.08** 0.59±0.08 0.56±0.09 0.62±0.07

<0.001
<0.001
>0.05
>0.05

Note: * - significance of differences between patients with DM and control, one sign * p<0.05, two signs ** - p<0.01, three signs *** - 
p<0.001, while p1 is the significance of differences between group 1 and control, p2 - group 2 with control, p3 - group 3 with control, 
p4 - group 4 with control

Conclusion
Biochemical parameters were significantly impaired in patients 

of group 1, that is, with DFS and CKD 4-5 stages on hemodialysis, 
which indicates the need for further research in this group of 
patients.
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