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DYNAMIC CHANGES OF INFLAMMATORY MARKERS IN THE EARLY STAGES OF CHRONIC KIDNEY 
DISEASE IN PATIENTS WITH TYPE 1 DIABETES MELLITUS 

Diabetes mellitus (DM) is one of the major factors contributing to the development and aggravation of chronic kidney disease (CKD). The accurate and convenient 

markers for early detection, estimation of progression, and adequate control of CKD therapy in individuals with DM are limited to glomerular filtration rate (GFR) and 

albuminuria. Given the role of chronic inflammation in the pathogenesis of DM and CKD, the study aimed to assess indicators of inflammation and the correlation 

of those with GFR in patients with type 1 DM (T1D) and early stage CKD. The study involved healthy individuals (n = 14), patients with T1D showing no signs of 

CKD (n = 30), as well as patients with T1D and stage 1 CKD (n = 60), stage 2 CKD (n = 38), and stage 3 CKD (n = 31). GFR was calculated using the formula 

СКD-ЕРI (eGFR); serum levels of IL1β and TNFα, C-reactive protein (CRP), and ceruloplasmin (CP) were determined by enzyme immunoassay; the neutrophil-to-

lymphocyte index and the leukocyte intoxication index (LII) were calculated. It has been found that serum concentrations of IL1β, TNFα, CRP, and CP are elevated; 

LII and the neutrophil-to-lymphocyte index are increased. The inflammation and acute phase response severity progresses and reaches its maximum in stage 3b 

CKD, when the serum concentration of IL1β is increased 2.4-fold (р = 0.042), TNFα concentration by 34% (р = 0.005), CRP concentration 33-fold (р < 0.000), 

CP concentration by 73% (р = 0.008), LII 8.4-fold (р < 0.000), neutrophil-to-lymphocyte index 5-fold (р = 0.013). The integral kidney function indicator, eGFR, 

decreases with increasing serum levels of the above indicators. Thus, IL1β, TNFα, CRP, CP, LII, and the neutrophil-to-lymphocyte index can be considered as 

affordable and informative indicators for estimation of inflammation, the levels of which increase with progression of early stage CKD in patients with T1D. 
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М. В. Осиков1,2, Л. А. Эфрос1,2, Л. Ю. Журавлева1,2      , А. А. Федосов3

ДИНАМИКА МАРКЕРОВ ВОСПАЛЕНИЯ НА НАЧАЛЬНЫХ СТАДИЯХ 
ХРОНИЧЕСКОЙ БОЛЕЗНИ ПОЧЕК ПРИ САХАРНОМ ДИАБЕТЕ 1-ГО ТИПА 

Сахарный диабет (СД) — один из основных факторов, способствующих развитию и усугублению хронической болезни почек (ХБП). Точные и удобные 

маркеры для раннего выявления, оценки прогрессирования и надлежащего контроля терапии ХБП у лиц с СД ограничены показателями скорости 

клубочковой фильтрации (СКФ) и альбуминурией. В связи с ролью хронического воспаления в патогенезе СД и ХБП целью работы было изучить 

показатели воспалительного процесса и их взаимосвязь с СКФ у больных СД 1-го типа (СД1) при ранних стадиях ХБП. В исследовании участвовали 

здоровые люди (n = 14), больные СД1 без признаков ХБП (n = 30), а также больные СД1 с 1-й стадией ХБП (n = 60), 2-й стадией ХБП (n = 38) и 3-й 

стадией ХБП (n = 31). СКФ рассчитывали по формуле СКD-ЕРI (рСКФ), в сыворотке иммуноферментным методом определяли концентрацию IL1β 

и TNFα, С-реактивного белка (С-РБ), а также концентрацию церулоплазмина (ЦП), рассчитывали индекс нейтрофилы/лимфоциты, лейкоцитарный 

индекс интоксикации (ЛИИ). Установлено, что в сыворотке повышается концентрация IL1β, TNFα, С-РБ и ЦП, увеличивается ЛИИ, индекс нейтрофилы/

лимфоциты. Выраженность воспалительного процесса и острофазового ответа прогрессирует и максимальна при 3б стадии ХБП, когда концентрация 

в сыворотке IL1β увеличивается в 2,4 раза (р = 0,042), TNFα — на 34% (р = 0,005), С-РБ — в 33 раза (р < 0,000), ЦП — на 73% (р = 0,008), ЛИИ — в 8,4 

раза (р < 0,000), индекс нейтрофилы/лимфоциты — в 5 раз (р = 0,013).  Интегральный показатель функции почек рСКФ снижается по мере увеличения 

содержания в сыворотке вышеперечисленных показателей. Таким образом IL1β, TNFα, С-РБ, ЦП, ЛИИ и индекс нейтрофилы/лимфоциты можно считать 

доступными и информативными показателями оценки воспалительного процесса, возрастающими по мере прогрессирования начальных стадий ХБП 

у больных СД1.
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Diabetes mellitus (DM) is one of the main causes of premature 
death from chronic non-communicable disorders; it accounts 
for about 1.5 million deaths annually. In 2023, the total number 
of patients with DM in Russia was 4.9 million or 3.31% of the 
population, among them 277.1 thousand had type 1 DM (T1D). 
Despite advances in diagnosis and treatment, the increase in 
the prevalence of T1D by about 2–3% a year is observed; in 
2022, the prevalence was 191 cases per 100,000 population [1].  

The majority of patients with T1D are in their prime work years 
(30–39 years); the average age of death from T1D is 53.2 years. 
Diabetic nephropathy is a common microvascular complication 
of DM, it occurs on average in 40% of affected individuals, and 
the rate of diabetic nephropathy associated with T1D is 50% 
after 10 years and 75% after 20 years [2]. According to the 
United Nations, chronic kidney disease (CKD) requires special 
attention and represents one of the indicators of progress in 
achieving global goals of reducing premature mortality from 
non-communicable diseases by 2030 [1, 3]. The importance 
of risk factor detection aimed at CKD progression prevention 
is emphasized considering the growing influence of CKD on 
public health [4]. It has been proven that targeted interventions 
in early-stage CKD associated with T1D effectively prevent 
kidney failure progression and improve treatment outcomes in 
patients; regular CKD screening represents the basic principle 
of the DM patient management [5]. To date, pathogenesis of 
CKD associated with DM is poorly understood, it includes such 
mechanisms, as endothelial dysfunction, chronic inflammation 
and thrombosis, mitochondrial dysfunction and oxidative 
stress, histone hypermethylation, DNA methylation, atherogenic 
dyslipidemia and arterial hypertension, etc. Understanding 
synergetic cellular molecular mechanisms underlying DM and 
CKD is crucial for assessment of the DM-associated CKD 
progression and development of effective diagnostic and 
therapeutic approaches [3, 6].  

Inflammation is a standard disease process underlying many 
disorders and syndromes, including DM and CKD. Special 
attention is paid to low-grade chronic systemic inflammation 
and its markers: pro-inflammatory cytokines (interleukin 1β 
(IL1β) and tumor necrosis factor α (TNFα), IL6, etc.), acute 
phase reactant (highly sensitive C-reactive protein (CRP), 
serum amyloid A, ceruloplasmin (CP), etc.) [7, 8]. Chronic 
inflammation is considered as a key factor of pathogenesis of 
macrovascular and microvascular DM complications, including 
CKD [9]. At the same time, in clinical settings, calculation of 
the white blood cell differential (increased immature neutrophils) 
and its derivatives (leukocyte intoxication index (LII), neutrophil-
to-lymphocyte index) remains the most affordable method to 
assess severity of inflammatory and acute phase response, 
which is very informative in terms of predicting the long-term 
survival, mortality, as well as ranking the factors contributing 
to cardiovascular disorders [10]. Most information about the 
relationship between inflammatory markers in blood and 
diabetic nephropathy worsening was acquired from patients 
suffering from T2D, which was due to its high prevalence.

The study aimed to assess indicators of inflammation and 
their correlation with the glomerular filtration rate in patients 
with T1D and early stage chronic kidney disease.  

METHODS

The study was conducted at the Chelyabinsk Regional Clinical 
Hospital. The study involved females aged 18–54, males 
aged 18–60. Inclusion criteria: 1) having T1D for more than 
6 months in accordance with the national clinical guidelines [11]; 
2) informed consent to participation in the study. Exclusion 

criteria: 1) age over 60; 2) eGFR ≤ 29 mL/min/1.73 m2; 2) T2D 
or other endocrine disorder; 3) severe concomitant diseases of 
the liver, lung, tuberculosis, rheumatic diseases, autoimmune 
kidney diseases, postmenopausal osteoporosis, cancer; 
4) taking glucocorticoids, cytostatics, vitamin D products, 
phosphate binders; 5) patients with inflammatory diseases 
affecting kidneys and other organs and systems. Group 1 is 
represented by clinically healthy individuals matched by age 
and sex to the index group (n =14): 42.9% males, 57.1% 
females, average age 30.6 ± 4.2 years, body mass index, 
systolic and diastolic blood pressure, lipid profile within normal. 
Group 2 includes patients with T1D showing no signs of CKD 
(n = 30). Group 3 is represented by patients with T1D showing 
signs of CKD (n = 129), including stage 1 CKD (group 3.1; 
n = 60), stage 2 CKD (group 3.2; n = 38), stage 3а CKD (group 3.3; 
n = 21), stage 3b CKD (group 3.3; n = 10). CKD was staged 
in accordance with the national clinical guidelines [12]. At 
admission, the patients had compensated (n = 12; 7.5%), 
subcompensated, and decompensated T1D; compensation 
was achieved against the background of therapy in hospital 
settings; the inflammatory markers were collected before 
discharge (n = 147; 92.5%). Clinical characteristics of the 
groups of patients with T1D having and not having CKD are 
provided in Table 1.

Analysis of the results showed that the group of patients 
with CKD showed significantly lower eGFR compared to 
patients with no CKD (р = 0.037). In patients with CKD, the 
diabetes duration was 13 years, while in the group of patients 
with no CKD this indicator was significantly lower (р = 0.000). 
We revealed significant differences in the average glycated 
hemoglobin levels in patients having and not having CKD (9.8% 
and 8.1%, respectively). The average systolic and diastolic 
blood pressure was higher in the group of patients with CKD 
(р = 0.000); higher total cholesterol levels were reported for the 
group of patients with CKD (р = 0.035).

Analysis of the results showed that the DM duration was 
longer in patients with stage 1 CKD compared to patients with 
no CKD (р < 0.001). The average systolic blood pressure turned 
out to be significantly higher in the group of patients with stage 
1 CKD (р = 0.001). Patients with T1D and stage 2 CKD had 
lower eGFR compared to patients with no CKD (р = 0.000). 
The diabetes duration was longer in patients with stage 2 CKD 
(р = 0.000). Patients with stage 2 CKD had significantly higher 
average glycated hemoglobin (р = 0.012) and average total 
cholesterol (р = 0.007) levels. The average systolic and diastolic 
blood pressure in the group with stage 2 CKD turned out to 
be significantly higher compared to the group with no CKD 
(р = 0.001 and р < 0.001). Significant differences were revealed 
when comparing the groups of patients with stage 3 CKD and 
no CKD. The average age was higher in the group of patients 
with stage 3 CKD (р = 0.015).  Longer diabetes duration was 
reported for patients with stage 3 CKD (р = 0.001). The average 
systolic and diastolic blood pressure turned out to be higher 
in the group of patients with stage 3 CKD (р < 0.001), the 
glycated hemoglobin levels were higher in patients with stage 
3 CKD (р = 0.010). The results of comparative analysis of the 
group of patients with stage 2 CKD and the group of patients 
with stage 3 CKD showed a significant decrease in glomerular 
filtration rate (р < 0.001).

 Albuminuria indicators, as CKD markers, are provided in 
Table 2.

It was found that patients with stage 1 CKD more often 
had stage A1 albuminuria (р = 0.031), while patients with stage 
3а and Зb stage CKD more often had stage A3 albuminuria 
(р = 0.022).
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Table 1. Clinical characteristics and comparative analysis of the groups of patients with T1D having and not having CKD (n = 159)

Note: * — significant intergroup differences (p < 0.05). Categorical indicators were compared using the Pearson’s chi-squared test (χ2), Mann–Whitney U test was used 
in other cases.

Indicator Group with CKD (n = 129) Group without CKD (n = 30) р

Sex, abs. (%)
Males 47 (36.4) 12 (40.0) 0.834

Females 82 (63.6) 18 (60.0)

Age, years, Ме [Q
1
; Q

3
]

32.0  
[25.0; 40.0]

26.0  
[22.0; 30.0]

0.001*

Body mass index, kg/m2, Ме [Q
1
; Q

3
]

23.7  
[21.0; 26.0]

22.7 
[20.0; 24.3]

0.163

Systolic blood pressure, mm Hg, Ме [Q
1
; Q

3
]

150.0  
[110.0; 160.0]

110.0  
[100.0; 110.0]

0.000*

Diastolic blood pressure, mm Hg,  Ме [Q
1
; Q

3
]

90.0  
[70.0; 90.0]

70.0  
[60.0; 70.0]

0.000*

Glomerular filtration rate, mL/min/1.73 m2, Ме [Q
1
; Q

3
] 87 [62.0; 111.0]

121.0 
 [96.0; 124.0]

0.000*

Diabetes duration, years, Ме [Q
1
; Q

3
] 13 [8.0; 20.0] 4.0 [2.0; 8.0] 0.000*

Glycated hemoglobin, %, Ме [Q
1
; Q

3
]

9.8 
[8.5; 11.6]

8.1  
[7.6; 8.8]

0.000*

Total cholesterol, mmol/L, Ме [Q
1
; Q

3
]

5.2 
[4.2-6.3]

4.5 
[4.1; 5.5]

0.035*

Triglycerides, mmol/L, Ме [Q
1
; Q

3
]

1.3 
[0.8; 1.8]

1.1 
[0.8; 1.6]

0.388

LDL cholesterol, mmol/L, Ме [Q
1
; Q

3
]

3.0 
[2.2; 4.0]

2.9 
[2.1; 3.5]

0.34

LDL cholesterol, mmol/L, Ме [Q
1
; Q

3
]

0.58 
[0.35; 0.76]

0.57 
[0.40; 0.69]

0.631

4 × myelocytes+ 3 × immature + 2 × band + segmented neutrophils × (plasma cells +1)

lymphocytes+monocytes × (eosinophils+1)
[13]. 

Note: * — significant intergroup differences (p < 0.05). Categorical indicators were compared using the Pearson’s chi-squared test (χ2).

Table 2. Albuminuria indicators in patients with T1D and CKD, abs. (%)

Albuminuria stage
Group 3

p
Stage 1 CKD (3.1) Stage 2 CKD (3.2) Stage 3а CKD (3.3) Stage 3b CKD (3.4)

А1 24 (40.0) 13 (34.2) 6 (28.6) 0 0.031*

А2 17 (28.3) 12 (31.6) 4 (19.0) 4 (40.0) 0.649

А3 19 (31.7) 13 (34.2) 11 (52.4) 6 (60.0) 0.022*

To calculate GFR using the formula СКD-ЕРI (eGFR), 
we determined serum creatinine concentrations by the 
kinetic colorimetric method using the Cobas Integra 400 
analyzer (Switzerland) [2]. Total white blood cell counts were 
determined using the CoulterLH 500 hematology analyzer 
(BeckmanCoulter; USA), while the white blood cell differential 
was determined by microscopy of the Romanowsky–Giemsa-
stained blood smears involving enumeration of 200 cells. The 
leukocyte intoxication index (LII) was calculated using the 
following formula:

Moreover, we determined the ratio of the quantities of all 
neutrophil and lymphocyte populations in blood (neutrophils/ 
lymphocytes). Serum IL1β and TNFα concentrations were 
determined using the Personal LAB automated ELISA testing 
platform (Adaltis Italia; Italy) and the Vector-Best test systems 
(Novosibirsk); the results were expressed in pg/mL. Serum 
concentrations of the highly sensitive CRP were determined 
using the ChemWell 2910 automated ELISA testing system 
(Awareness Technology; USA) and the Vector-Best test system 
(Novosibirsk); the results were expressed in IU/L. Serum 
concentrations of ceruloplasmin (CP) were determined using 
the SF-56 spectrophotometer (LOMO-Spectrum; Russia) by 
the modified method by Revin based on p-phenylenediamine 

oxidation; the results were expressed in mg/L [14]. The results 
obtained were processed using the IBM SPSS Statistics v. 
23 software package (SPSS: An IBM Company; USA). The 
quantitative indicator distribution in the group of patients with 
stage 1 CKD was tested for normality using the Kolmogorov–
Smirnov test, while in the groups with stage 2, 3a and 3b 
CKD, as well as in healthy individuals and patients with no 
CKD, the Shapiro–Wilk test was used for this purpose. The 
data are presented as Me (Q

1
; Q

3
), where Мe is the median, 

Q
1
 and Q

3
 are the lower (25) and upper (75) quartiles, 

respectively. Verification of statistical hypotheses in the groups 
was performed using the Mann–Whitney U test. Spearman’s 
rank correlation coefficient (R) was used to reveal correlations 
between the studied parameters, and the Chaddock scale was 
used to estimate the correlation strength. 

RESULTS

The eGFR values for the studied groups of patients are provided 
in Table 3. It has been found that eGFR significantly increases 
in the group of patients with T1D showing no signs of CKD 
(group 2) compared to the group of healthy individuals and 
naturally decreases in the group of patients with CKD (group 3). 
Furthermore, the increase in group 2 is 17% based on the 
median relative to the values of the group of healthy individuals, 
while there is a decrease by 10% in group 3.1 (stage 1 CKD), 
by 28% in group 3.2 (stage 1 CKD), by 46% in group 3.3 (stage 
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Note: Mann–Whitney U test was used to compare the values.

Table 3. eGFR (mL/min/1.73 m2) in patients with T1D and CKD, Ме [Q
1
; Q

3
] 

Healthy
(group 1)

No CKD
(group 2)

Group 3

p-values with p < 0.05Stage 1 CKD 
(group 3.1)

Stage 2 CKD 
(group 3.2)

Stage 3а CKD
(group 3.3)

Stage 3b CKD 
(group 3.4)

105.000 
[91.000; 118.000]

123.000 
[120.000; 134.000]

94.000 
[92.000; 126.000]

76.000 
[67.000; 78.000]

56.000 
[50.000; 58.000]

37.000 
[31.000; 40.000]

p
1–2

 < 0.001 
p

1–3.1
 < 0.001 

p
1–3.2

 < 0.001 
p

1–3.3
 < 0.001 

p
1–3.4

 < 0.001 
p

2–3.1
 = 0.016 

p
2–3.2

 < 0.001 
p

2–3.3
 < 0.001 

p
2–3.4

 < 0.001 
p

3.1–3.2
 < 0.001  

p
3.1–3.3

 < 0.001 
p

3.1–3.4
 < 0.001 

p
3.2–3.3

 < 0.001 
p

3.2–3.4
 < 0.001 

p
3.3–3.4

 < 0.001

3а CKD), by 65% in group 3.4 (stage 3b CKD). Moreover, eGFR 
is significantly decreased in groups 3.1, 3.2, 3.3, 3.4 compared 
to group 2. The eGFR values of the groups 3.1, 3.2, 3.3, and 
3.4 match the criteria of stage 1, stage 2, stage 3a, stage 3b 
CKD, respectively [12]. The eGFR value of patients with stage 
2 CKD is significantly different from the values of the group of 
patients with stage 1 CKD, the value of patients with stage 3a 
CKD is significantly different from the values of the group of 
patients with stage 1 and 2 CKD, the value of patients with 
stage 3b CKD is significantly different from the values of the 
groups of patients with stage 1, 2, and 3a CKD.

 The results of assessing inflammation severity in patients 
with T1D and CKD are provided in Table 4. First of all, the changes 
in serum concentrations of pro-inflammatory cytokines should 
be noted. Thus, the IL1β concentration in the group of patients 
with T1D showing no signs of CKD significantly increased (by 
31% based on the median) relative to the values of the group of 
healthy individuals; in the group of patients with T1D and CKD, 
the IL1β concentration progressively increased from stage 1 to 
stage 3b: by 40% based on the median relative to the group of 
healthy individuals in group 3.1, by 91% in group 3.2, 1.8-fold 
in group 3.3, and 2.4-fold in group 3.4. We revealed significant 
changes in serum concentrations of IL1β in patients with stage 
2, 3a, and 3b CKD compared to the group of patients with T1D 
showing no signs of CKD and the group of patients with stage 1 
CKD, as well as in individuals with stage 3a CKD compared 
to those with stage 2 CKD, stage 3b CKD compared to those 
with stage 2 and 3a CKD. Serum concentrations of TNFα were 
not significantly different from those of the group of healthy 
individuals, patients with T1D showing no signs of CKD, and 
patients with T1D and stage 1 and 2 CKD; in patients with T1D 
and stage 3а and 3b CKD, these increased by 34% based on 
the median. We revealed changes in serum concentrations of 
TNFα in patients with stage 2, 3а, and 3b CKD compared to 
patients with T1D showing no signs of CKD and the group of 
patients with stage 1 CKD, as well as in patients with stage 3b 
CKD compared to those with stage 2 CKD. 

The severity of the acute phase response associated with 
T1D, including combined with CKD, was associated with 
the changes in the content of white blood cell populations in 
peripheral blood, which, in particular, was reflected in the LII and 
neutrophil-to-lymphocyte index changes. Thus, LII significantly 
increased in the groups of patients with T1D and stage 2, 3а, 
and 3b CKD (2.3-fold, 7.8-fold, and 8.4-fold based on the 
median, respectively) relative to the values of the group of healthy 
individuals. Moreover, LII significantly increased in the groups 

of patients with T1D and stage 2, 3а, and 3b CKD relative to 
patients with T1D showing no signs of CKD and stage 1 CKD. 
In patients with T1D and stage 3а and 3b CKD, LII increased 
relative to the group with stage 2 CKD. More prominent 
changes in the population spectrum of white blood cells were 
reported when assessing the neutrophil-to-lymphocyte index. 
In patients with T1D and CKD, the index significantly increased 
relative to the group of healthy individuals: by 22% based on 
the median in group 3.1, by 81% in group 3.2, 2.3-fold in group 
3.3, 5-fold in group 3.4. We noted a significant increase in the 
neutrophil-to-lymphocyte index in patients with T1D and stage 
1, 2, 3а, and 3b CKD relative to the group of patients with T1D 
showing no signs of CKD, as well as in patients with T1D and 
stage 3а and 3b CKD relative to the group of patients with T1D 
and stage 1 and 2 CKD; in patients with T1D and 3b stage 
relative to patients with 3а stage CKD. We noted the increase 
in the IL1β and TNFα levels with CKD progression in patients 
with T1D, but within normal range, which requires continuous 
monitoring of these indicators. 

In the next phase we assessed serum concentrations of 
the acute phase reactants, CRP and CP (Table 5). Elevated 
CRP concentrations were found in patients with T1D showing 
no signs of CKD, as well as in patients with T1D and stage 
1, 2, 3a, 3b CKD relative to the group of healthy individuals: 
2.7-fold, 3.5-fold, 5.1-fold, 9.9-fold, 33-fold based on the 
median, respectively. In all groups of patients showing signs of 
CKD, serum CRP levels were increased relative to the group of 
patients with T1D showing no signs of CKD; in the groups with 
T1D and stage 3a and 3b CKD relative to those with T1D and 
stage 1, 2 CKD, in the group with T1D and stage 3b CKD relative 
to the group with T1D and stage 3a CKD. We revealed elevated 
serum concentrations of CP in patients with T1D showing no 
signs of CKD, as well as in patients with T1D and stage 1, 2, 
3a, 3b CKD relative to the group of healthy individuals: by 31%, 
16%, 24%, 41%, and 73% based on the median, respectively. 
Serum CP levels were increased in the groups with T1D and 
stage 3a and 3b CKD relative to the group of patients with 
T1D showing no signs of CKD, as well as with T1D and stage 
1 CKD; in the group with T1D and stage 3a CKD relative to 
the group with T1D and stage 2 CKD; in the group with T1D 
and stage 3b CKD relative to the group with T1D and stage 3a 
CKD. The increase in CP levels with increasing CKD stage was 
reported, due to which the dynamic monitoring of this marker 
is necessary.

We performed analysis of the correlation between eGRF 
being one of the key kidney function parameters essential for 
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Note: Mann–Whitney U test was used to compare the values.

Table 4. Inflammatory markers in patients with T1D and CKD, Ме [Q
1
; Q

3
]

Indicators
Healthy

(group 1)
No CKD
(group 2)

Group 3
p-values with 

p < 0.05Stage 1 CKD 
(3.1)

Stage 2 CKD 
(3.2)

Stage 3а CKD 
(3.3)

Stage 3b CKD 
(3.4)

IL1β,  
pg/mL

1.724 
[1.553; 2.931]

2.226 
[1.410; 2.941]

2.405 
[1.930; 3.600]

3.276 
[2.590; 6.650]

4.879 
[2.241; 7.379]

5.824 
[4.793; 8.031]

p
1–2

 = 0.021 
p

1–3.1
 = 0.009 

p
1–3.2

 = 0.003 
p

1–3.3
 = 0.003 

p
1–3.4

 = 0.029 
p

2–3.2
 = 0.006 

p
2–3.3

 = 0.046 
p

2–3.4
 = 0.004 

p
3.1–3.2

 = 0.044 
p

3.1–3.3
 = 0.033 

p
3.1–3.4

 = 0.042 
p

3.2–3.3
 = 0.001 

p
3.2–3.4

 = 0.003 
p

3.3–3.4
 = 0.301

TNFα, 
pg/mL

2.264 
[1.981; 2.642]

2.170 
[1.415; 3.019]

2.264 
[1.604; 2.736]

2.443 
[2.358; 3.113]

3.019 
[2.547; 3.491]

3.019 
[2.311; 3.490]

p
1–3.3

 = 0.001 
p

1–3.4
 < 0.000 

p
2–3.2

 = 0.005 
p

2–3.3
 = 0.047 

p
2–3.4

 < 0.000 
p

3.1–3.2
 = 0.044 

p
3.1–3.3

 = 0.003 
p

3.1–3.4
 = 0.005 

p
3.2–3.4

 = 0.003

LII, AU
0.320 

[0.170; 0.690]
0.560 

[0.450; 0.750]
0.485 

[0.200; 0.800]
1.050 

[0.690; 1.350]
2.800 

[1.860; 8.700]
3.000 

[1.520; 6.400]

p
1–3.2

 =0.004 
p

1–3.3
 < 0.000  

p
1–3.4

 < 0.000 
p

2–3.2
 = 0.016 

p
2–3.3

 < 0.000 
p

2–3.4
 < 0.000 

p
3.1–3.2

 = 0.027 
p

3.1–3.3
 = 0.001 

p
3.1–3.4

 < 0.000 
p

3.2–3.3
 = 0.002 

p
3.2–3.4

 = 0.008

Neutrophils/
lymphocytes, 
AU

1.720 
[1.020; 1.930]

1.680 
[1.200; 2.100]

2.100 
[1.530; 5.700]

3.160 
[2.800; 3.900]

5.600 
[3.200; 5.700]

10.295 
[2.390; 12.680]

p
1–3.1

 = 0.021 
p

1–3.2
 < 0.000 

p
1–3.3

 < 0.000 
p

1–3.4
 < 0.000 

p
2–3.1

 = 0.001 
p

2–3.2
 < 0.000 

p
2–3.3

 = 0.003 
p

2–3.4
 = 0.001 

p
3.1–3.3

 = 0.004 
p

3.1–3.4
 = 0.013 

p
3.2–3.3

 = 0.001 
p

3.2–3.4
 = 0.002 

p
3.3–3.4

 = 0.020

assessment of CKD progression, CKD staging in accordance 
with the national and international criteria and the signs of 
inflammation in patients with T1D and early stage CKD (Table 6). The 
use of the Chaddock scale in stage 1 CKD revealed a moderate 
correlation with serum concentrations of TNFα, marked 
correlation with LII and the neutrophil-to-lymphocyte index, 
very strong correlation with serum concentrations of IL1β, CRP, 
and CP; all the correlations were negative. In stage 2 CKD, 
we revealed a marked correlation with serum concentrations 
of TNFα, strong correlation with LII and the neutrophil-
to-lymphocyte index, very strong correlation with serum 
concentrations of IL1β, CRP, and CP; all the correlations 
were negative. In stage 3а CKD, we found a strong correlation 
with LII and serum CP concentrations, very strong correlation 
with serum concentrations of IL1β, TNFα, CRP and the 
neutrophil-to-lymphocyte index. In stage 3b CKD, we revealed 
a strong correlation with serum concentrations of TNFα, CRP, 
and CP, very strong correlation with serum concentrations of 
IL1β, LII and the neutrophil-to-lymphocyte index; the correlation 
was negative.

DISCUSSION

Assessment of eGFR showed that eGFR was increased in the 
group of patients with T1D showing no signs of CKD (group 2). 
Elevated eGFR and hyperfiltration associated with T1D (with the 
maximum values up to 162 mL/min/1.73 m2) found in 10–67% 
of patients are considered to result from compensatory renal 
hypertrophy and hyperfunction in response to hyperglycemia, 
effects of pro-inflammatory cytokines and growth factors, local 
angiotensin (II), imbalance of vasoactive factors regulating 
pre- and postglomerular blood flow, alteration of reabsorption 
of sodium, glucose, and Н+ in proximal parts of the nephron 
[15, 16]. Currently, glomerular hyperfiltration is considered as 
one of the main mechanisms underlying the emergence and 
progression of diabetic kidney disease (DKD) [16, 17].

Pathogenesis of the signs of inflammation in the form of 
increased serum concentrations of IL1β, TNFα, CRP, CP, 
increased LII and the neutrophil-to-lymphocyte index, found 
by us in patients with T1D and CKD, is multifactorial [18]. The 
mechanism underlying formation of phlogogenic potential 
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Note: Mann–Whitney U test was used to compare the values.

Table 5. Markers, acute phase reactants, in patients with T1D and CKD, Ме [Q
1
; Q

3
]

Indicators
Healthy

(group 1)
No CKD
(group 2)

Group 3
p-values with 

p < 0.05Stage 1 CKD (3.1) Stage 2 CKD (3.2)
Stage 3а CKD 

(3.3)
Stage 3b CKD 

(3.4)

CP, mg/L
172.050 

[132.100; 217.000]
225.800 

[183.800; 317.000]
200.150 

[181.100; 245.000]
214.400 

[198.000; 289.300]
242.300 

[152.300; 245.000]
297.550 

[268.400; 311.000]

p
1–2

 = 0.014 
p

1–3.1
 = 0.001 

p
1–3.2

 = 0.003 
p

1–3.3
 = 0.004 

p
1–3.4

 = 0.029 
p

2–3.3
 = 0.027 

p
2–3.4

 = 0.001 
p

3.1–3.3
 = 0.004 

p
3.1–3.4

 = 0.008 
p

3.2–3.3
 = 0.004 

p
3.2–3.4

 = 0.042 
p

3.3–3.4
 = 0.008

CRP, IU/L
0.335 

[0.280; 1.820]
1.260 

[0.140; 2.300]
1.540 

[1.000; 3.050]
2.050 

[1.450; 3.170]
3.675 

[2.800; 4.150]
11.625 

[6.010; 15.395]

p
1–2

 = 0.003 
p

1–3.1
 = 0.041 

p
1–3.2

 = 0.020 
p

1–3.3
 = 0.001 

p
1–3.4

 < 0.000 
p

2–3.1
 = 0.021 

p
2–3.2

 = 0.002 
p

2–3.3
 = 0.047 

p
2–3.4

 < 0.000 
p

3.1–3.4
 < 0.000 

p
3.2–3.3

 = 0.001 
p

3.2–3.4
 = 0.001 

p
3.3–3.4

 = 0.039

Note: Spearman’s rank correlation coefficients (R) are provided. 

Table 6. Correlation between eGFR (mL/min/1.73 m2) and inflammatory markers in patients with T1D and CKD

Indicators
No CKD

(group  2)

Group 3

Stage 1 CKD 
(group 3.1)

Stage 2 CKD 
(group 3.2)

Stage 3а CKD 
(group 3.3)

Stage 3b CKD 
(group 3.4)

IL1β, pg/mL
R = –0.576 
p = 0.031

R = –0.992 
p < 0.000

R = –0.922 
p < 0.000

R = –0.956 
p = 0.003

R = –0.916 
p = 0.001

TNFα, pg/mL
R = 0.559 
p =0.038

R = –0.448 
p = 0.002

R = –0.616 
p = 0.019

R = –0.986 
p < 0.000

R = –0.842 
p = 0.009

LII, AU
R = –0.018 
p = 0.951

R = –0.566 
p < 0.000

R = –0.801 
p < 0.000

R = –0.750 
p = 0.003

R = –0.955 
p < 0.000

Neutrophils/lymphocytes
R = –0.054 
p =0.854

R = –0.698 
p = 0.045

R = –0.769 
p = 0.028

R = –0.957 
p < 0.000

R = –0.902 
p = 0.035

CRP, IU/L
R = 0.581 
p =0.030

R = –0.951 
p < 0.000

R = –0.911 
p < 0.000

R = –0.945 
p = 0.009

R = –0.849 
p = 0.008

CP, mg/L
R = –0.413 
p = 0.143

R = –0.927 
p < 0.000

R = –0.964 
p < 0.000

R = –0.846 
p = 0.003

R = –0.854 
p = 0.007

in DM includes primarily hyperglycemia resulting in protein 
glycosylation, formation of advanced glycation end products 
causing tissue damage and immune cell activation, as well as 
the release of pro-inflammatory cytokines. Secondly, in DM, 
excess amounts of glucose result in the increased production 
of reactive oxygen species, oxidative stress, which causes 
further damage to the kidney cells and provokes inflammation. 
Thirdly, in diabetic nephropathy, hyperactivation of the renin-
angiotensin system is observed that not only contributes to 
arterial hypertension, but also increases renal inflammation 
through production of pro-inflammatory cytokines, such as 
IL6 and TNFα. Finally, local immune response is activated 
in response to renal cell damage, when lymphocytes, 
macrophages and other cells enter the kidney tissue, secrete 
inflammatory mediators, thereby exacerbating kidney damage.

Activation of myeloid lineage in the bone marrow with 
the increase in proliferation and differentiation of precursor 
cells, increase in peripheral blood neutrophil (including 
myelocyte and metamyelocyte) counts occurs in response to 
the synthesis, secretion, and increase in blood levels of pro-

inflammatory mediators, including the reported IL1β, TNFα. 
We have reported this fact in the form of the increased LII and 
neutrophil-to-lymphocyte index. Neutrophils represent a white 
blood cell population that is most common in humans; their 
degranulation, phagocytosis, generation of reactive oxygen 
and nitrogen active species, release of extracellular traps initiate 
and prolong inflammation, take part in the pathogenesis of 
myocardial ischemia, heart failure, stroke, and other disorders 
[19]. It is believed that neutrophil counts and functional activity 
are associated with chronic inflammation, development 
of micro- and macroalbuminuria associated with DM, while 
the increase in neutrophil counts in blood is an early marker 
of the DM-associated renal damage, DKD progression, along 
with microalbuminuria and eGFR, as well as shows a nonlinear 
relationship with the risk of death from DKD [10, 20]. According 
to the data provided by other researchers, the circulating 
neutrophil counts positively correlate with DKD-associated 
proteinuria [21]. 

The neutrophil-to-lymphocyte ratio of blood indicating 
systemic inflammation is associated with the prevalence of DKD 
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and cardiovascular disorders, all-cause mortality in DM [22, 23]. 
The neutrophil-to-lymphocyte index is considered as a reliable 
measure of the systemic inflammation severity, given the role of 
neutrophils as nonspecific contributors to inflammation (innate 
immunity) and lymphocytes as regulators of all inflammatory 
responses and contributors to adaptive immunity [24]. Positive 
correlation between the neutrophil-to-lymphocyte index and 
serum concentrations of IL1β and CRP has been shown [25]. 
The results of several meta-analyses of clinical trials have shown 
higher neutrophil-to-lymphocyte index values in patients with 
diabetic nephropathy compared to patients with DM having no 
kidney disease, as well as the prospects of using the index 
for stratification and prediction of the risk of all-cause mortality, 
cardiovascular mortality [21, 26, 27]. At the same time, CKD 
also can cause chronic inflammation, worsening damage to 
organs and tissues and leading to escalation of inflammatory 
responses [8]. However, all these data are related to the role of 
neutrophils in patients with T2D. It should be also noted that 
LII and the neutrophil-to-lymphocyte index have some benefits 
in terms of affordability, economy and information content 
compared to other inflammatory markers. According to our 
data these have shown a strong negative correlation with eGFR 
in stage 2 CKD and a very strong correlation in stage 3a and 
3b CKD.

When blood levels of pro-inflammatory cytokines increase, 
the synthesis of the inflammation acute phase reactants 
(APRs) is triggered in hepatocytes, including CRP and CP as 
members of the first wave (blood levels are increased within 
the first 6–12 h reaching their maximum after 24 h) and third 
wave (maximum concentration is achieved within 48–72 h) 
APRs  [28]. APRs are widely used in clinical practice to monitor 
the course of inflammatory disorders and control treatment. 
CRP is represented by the native pentameric and monomeric 
forms showing pleiotropic activity, except for the marker role 
of inflammation severity and the risk factor of cardiovascular 
disorders (for highly sensitive CRP fraction) it is directly 
involved in the pathogenesis of diabetic nephropathy via 
several mechanisms. The data on the role of CRP in regulation 
of complement activation via suppression of podocyte 
autophagy and inhibition of the C3a/C3aR axis signaling are 
provided, reported in clinical and experimental settings for 
kidney damage under conditions of DM [29]. Furthermore, in 
DM, CRP activates the TGFβ/SMAD and κB nuclear factor 
signaling pathways involved in realization of inflammation in 
the kidneys and  nephrosclerosis associated with diabetic 
nephropathy via synthesis of IL1β, TNFα, monocyte 
chemoattractant protein-1, TGFβ1 [27, 30]. The experimental 
study of streptozotocin-induced DM and the human kidney 
epithelial cell line has demonstrated CRP involvement in the 
pathogenesis of diabetic nephropathy via interaction with 
the FcγRII receptors on the kidney cells, activation of the 
Wnt/β-catenin, ERK1/2 signaling pathways, and disruption of 
epithelial-mesenchymal interactions [31]. CRP can cause cell 
death and progressive renal fibrosis via NF-κB and Smad3-
dependent mechanisms [32]. The experimentally induced 
CRP deficiency inhibits the diabetic nephropathy development 
[29]. Serum CRP levels are associated with microvascular 
complications of T2D, including kidney disease [33, 34]. The 
use of the two-stage regression model in more than 2000 
patients with T2D involving assessment of single nucleotide 
polymorphisms of the CRP gene in the chromosome 1 (1q21–q23) 
showed a high-level causative relationship between serum 
CRP levels and the emergence of diabetic nephropathy [35]. 
Some researchers believe that the serum CRP/albumin index is 
a more informative independent predictor of the development 

of diabetic nephropathy associated with T2D [36]. Furthermore, 
serum CRP levels are associated with the urinary albumin/
creatinine ratio in patients with T2D [37].

Ceruloplasmin not only reflects acute and chronic 
inflammation in the body, but also represents a metalloprotein 
possessing antioxidant properties due to its ferroxidase activity, 
and under conditions of oxidative stress it can function as a 
pro-oxidant taking part in generation of ROCs and oxidated 
LDL; it is the latter fact that is considered to be related to its 
pathogenetic role in the development of DM complications. 
It has been shown that patients with T2D, microalbuminuria, 
and diabetic nephropathy show the increased elimination 
of copper as part of CP with urine, which results in the 
decreased synthesis of Cu, Zn-superoxide dismutase and 
the development of oxidative stress [38]. Elevated CP levels 
are reported for T1D and T2D, including under conditions of 
diabetic nephropathy [39, 40]. In T2D, CP is considered to be 
a promising sensitive marker involved in the development of 
oxidative stress, insulin resistance, lipid metabolism disorders 
associated with this disease [41]. The role of serum CP as 
an independent prognostic factor of diabetic nephropathy 
progression in patients with T2D has been defined. We have 
clearly shown the increase in serum concentrations of CP in 
patients with CKD under conditions of T1D, progressing from 
the 16% increase based on the median in stage 1 CKD of the 
values of the group of healthy individuals to the 73% increase in 
stage 3b CKD. A strong negative correlation between CP and 
the CKD stage based on the eGRF values has been proven. 
Determination of serum CP concentrations is not widely used 
in clinical practice, however, it can be useful as a marker of 
diabetic nephropathy in cases of multiple definitions and growth 
in dynamics, especially when there is no albuminuria.

It is important to note that chronic inflammation in the 
kidneys results in damage to small blood vessels and glomeruli, 
proteinuria and decreased renal filtration capacity. Moreover, 
chronic inflammation is accompanied by activation of 
fibroblasts and generation of the extracellular matrix products, 
which causes interstitial fibrosis and loss of renal function. 
These mechanisms, as well as the mechanisms underlying 
inflammation initiation in DM and CKD are intertwined, 
these enhance one another, creating vicious circles, and 
lead to progression of diabetic nephropathy, loss of renal 
function, and the need for substitution therapy. Understanding 
pathophysiology of inflammation associated with diabetic 
nephropathy opens up prospects for the development of 
effective methods for the diagnosis and treatment of this severe 
condition. The issue of the search for sensitive specific diabetic 
nephropathy markers is relevant for practical medicine in terms 
of the DM-associated CKD diagnosis, treatment control, and 
progression [42]. Of primary importance are the currently used 
clinical biomarkers, such as eGRF, proteinuria, albuminuria, 
being the most important predictors of progression of kidney 
diseases, cardiovascular complications, and mortality in 
patients with diabetic nephropathy [43]. According to the 
results of the study, serum levels of IL1β, TNFα, CRP and 
CP, LII, neutrophil-to-lymphocyte index claim to be promising 
biomarkers of the kidney damage initiation and progression in 
patients with T1D and early stage CKD. 

CONCLUSIONS

Serum concentrations of IL1β, TNFα, CRP and CP, LII, 
neutrophil-to-lymphocyte index are increased in patients with 
T1D and early stage CKD. Serum levels of IL1β, neutrophil-
to-lymphocyte index, and CRP and CP concentrations are the 
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most important indicators of inflammatory activity in patients 
with T1D and early stage CKD. It is reasonable to measure 
the dynamics of those, if diabetes is compensated and the 
patient has no active inflammation, starting from stage 1 
CKD. The inflammation and acute phase response severity 
in patients with T1D and early stage CKD progresses to 
reach its maximum in stage 3b CKD, when the serum IL1β 
concentration is increased 2.4-fold, TNFα concentration by 
34%, CRP concentration 33-fold, CP concentration by 73%, 
LII 8.4-fold, neutrophil-to-lymphocyte index 5-fold. It has been 
found that eGRF, the integral renal function indicator, decreases 
with increasing serum levels of inflammatory markers in patients 
with T1D and early stage CKD. The maximum number of 

correlations and correlation strength are reported for stage 3a 
and 3b CKD in patients with T1D, mainly between eGRF and 
serum concentrations of IL1β and CRP. The results presented 
expand the knowledge about the role of inflammation and 
acute phase response in the pathogenesis of CKD in patients 
with T1D, create prerequisites for further studies, larger-
scale in terms of the number of patients and duration, in 
various regions of the Russian Federation considering age, 
sex, constitutional features, concomitant disorders, therapy 
type, and other factor, as well as for modernization of the 
diagnostic and prognostic criteria, improvement of preventive 
and therapeutic measures for patients with T1D and early 
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