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Abstract 
The present study examined 120 children aged 4 to 15 years diagnosed with chronic tubulointerstitial 
nephritis (CTIN) to evaluate novel diagnostic approaches. Our findings indicate that metabolic 
disturbances leading to structural alterations at the nephron level, concomitant changes in renal 
functional parameters, and instability of tubular cell cytomembranes constitute critical 
pathophysiological mechanisms underlying interstitial tissue injury, clinical manifestation, and 
disease progression in CTIN. Comprehensive statistical analysis demonstrated that the diagnostic 
methodology proposed by the authors represents a highly accurate and reliable approach for CTIN 
detection, attributable to the integration of contemporary clinical and laboratory investigations. 
Implementation of this diagnostic strategy facilitates timely disease identification and contributes to a 
reduction in the duration of hospitalization. 
Keywords: protein metabolism; chronic tubulointerstitial nephritis; endogenous intoxication; 
cytomembrane instability; kidney damage molecules; cystatin C 
Introduction 
Chronic tubulointerstitial nephritis (CTIN) is a progressive renal pathology characterized by a 
propensity for chronicity, recurrent exacerbations, and gradual progression, ultimately resulting in 
nephrosclerosis and the development of chronic kidney disease (CKD). These sequelae frequently 
lead to significant morbidity, functional disability, and the necessity for advanced therapeutic 
interventions. Current evidence from the literature has established that a fundamental component of 
CTIN pathogenesis involves abacterial, non-destructive, non-specific inflammatory alterations within 
the renal interstitial tissue [2, 6, 21, 24, 43, 51]. 
In the pathophysiological cascade of chronic CTIN in the pediatric population, injury extends beyond 
the tubular apparatus to encompass the entire vascular network of the renal interstitium. This 
widespread endothelial and parenchymal damage initiates an anti-destructive reparative response in 
the cortical layer, which progressively evolves into interstitial fibrosis with subsequent involvement 
of the entire nephron in the inflammatory process [36, 43, 48, 51]. Epidemiological observations from 
leading nephrology centers indicate that disease relapse is detected in approximately 30% of patients, 
with 50% of these individuals experiencing their first recurrence within three months following the 
initial episode [7, 26, 34, 54, 55]. 
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Contemporary research conducted over recent decades has substantiated the pivotal role of kidney 
damage molecules (KDMs) in the initiation and perpetuation of tubulointerstitial injury. These 
biomolecules participate simultaneously in multiple pathological processes, including the formation 
of endotoxins and their accumulation within the internal homeostatic environment of the organism 
[14, 25, 33, 44, 53]. 
Several investigators have demonstrated that endotoxicosis progresses as a cascade phenomenon 
involving sequential activation of multiple inflammatory and metabolic pathways. Despite 
substantial advances achieved in the therapeutic management and preventive strategies for CTIN in 
children, the existing literature lacks a standardized, evidence-based algorithm for the comprehensive 
diagnosis of this pathological entity. Furthermore, comparative clinical and laboratory diagnostic 
criteria for the principal subtypes of tubulointerstitial nephritis remain inadequately developed. 
Notably, there exists a paucity of data regarding the pathogenetic interrelationship between tubular 
functional parameters and indicators of protein metabolism in both serum and urine specimens 
among pediatric patients with various CTIN phenotypes. 
The primary objective of this investigation was to develop and validate an integrated diagnostic 
methodology for chronic tubulointerstitial nephritis in children, incorporating the pathogenetic 
significance of endogenous intoxication markers and tubular functional abnormalities into a 
comprehensive evaluative framework. 
Materials and Methods 
This investigation presents the findings from a prospective observational study of 120 pediatric 
patients diagnosed with CTIN in the active inflammatory phase, who received inpatient care at the 
Children's Nephrology Department of the Samarkand Regional Multidisciplinary Scientific Center 
during the period from 2019 to 2021. The study cohort comprised 71 males (59.2%) and 49 females 
(40.8%), with a mean age of 9.4 +/- 3.2 years. Additionally, 30 healthy children undergoing routine 
preventive medical examinations were enrolled as a control group. 
All clinical investigations were conducted in strict adherence to the fundamental ethical principles 
governing human subjects research, including: recognition of the intrinsic value and dignity of 
human life, rigorous observance of the principle of non-maleficence (primum non nocere), 
obtainment of informed voluntary assent from all study participants and their legal guardians, 
complete disclosure of study procedures and potential risks, and assurance of confidentiality 
regarding all personal and medical information. The study protocol was conducted in accordance 
with the Convention on the Rights of the Child adopted by United Nations General Assembly 
Resolution 44/25 on 20 November 1989. 
The biological specimens analyzed in this study included venous whole blood, serum, and urine 
samples, which were subjected to comprehensive clinical, biochemical, and instrumental evaluation. 
The following methodologies were employed: general clinical assessment, biochemical analysis, 
clinical-instrumental examination, and statistical analysis. 
The following parameters of protein metabolism and renal function were quantified in all study 
participants: total serum protein concentration; serum albumin concentration; effective albumin 
concentration; serum protein fraction analysis; albumin binding capacity; altered albumin 
concentration; toxicity index; kidney damage molecule (KDM) concentrations in urine and serum; 
globulin fractions; serum cystatin C concentration; functional albumin status indicators; blood urea 
nitrogen level; and serum creatinine concentration. 
Statistical Analysis 
The laboratory data obtained were processed using parametric statistical methods and are presented 
in the International System of Units (SI) [12]. The statistical significance of intergroup differences was 
evaluated using Student-Fisher parametric tests, with calculation of arithmetic means (M), standard 
deviations (SD), and standard errors of the mean (m). Compliance with normal distribution within 
each sample was verified using the Shapiro-Wilk test. The probability (p) of type I error was 
determined from standard Student t-distribution tables. A p-value less than 0.05 was considered 
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statistically significant. All computations were performed using StatPlus version 7 software 
(AnalystSoft Inc., USA). 
Results 
Analysis of sex distribution within the CTIN patient cohort revealed no statistically significant 
predominance of either sex (Figure 1). 

Figure 1. Distribution of the studied children by sex. 
Comprehensive analysis of the CTIN patient population revealed a notably elevated morbidity 
prevalence among primary school-aged children (7-12 years), accounting for 55% (n=66) of the total 
cohort. An additional high-incidence group was identified among children aged 10-14 years, 
comprising 43.2% of all patients. 
Among all CTIN patients, the glomerular filtration rate (GFR) calculated using the cystatin C-based 
formula demonstrated numerical differences both before and after therapeutic intervention; however, 
these differences did not achieve statistical significance (p>0.1). Glomerular function parameters in 
CTIN patients indicated preserved glomerular integrity without evidence of filtration impairment. 
Bacteriuria was not detected in any children with CTIN. Microhematuria (5-6 erythrocytes per high-
power field) was identified in 90% of patients, whereas macrohematuria was observed in 10% of the 
examined children. 
The active phase of CTIN was characterized by a reduction in effective albumin concentration to 30.04 
+/- 0.26 g/L. This decrease in effective albumin concentration was accompanied by a concomitant 
reduction in albumin binding capacity to 64.8 +/- 0.65%. 
A statistically significant positive correlation was established between the magnitude of kidney 
damage molecule excretion and the activity of the chronic inflammatory process. This association was 
characterized by the finding that increased KDM excretion in CTIN patients was accompanied by 
leukocyturia in 82% of cases: specifically, 87% of patients exhibited proteinuria, while 93% presented 
with hematuria. 
A moderately strong positive correlation was additionally identified between the degree of daily 
proteinuria and urinary kidney damage molecule concentrations, indicating that higher levels of 
proteinuria corresponded to more active pathological processes and elevated urinary KDM levels 
(r=0.50; r=0.51). A strong positive correlation was observed between leukocyturia and urinary KDM 
concentrations (r=0.70; r=0.72). 
Thus, increased inflammatory activity within the renal parenchyma was associated with elevated 
urinary KDM concentrations. A moderate inverse correlation was documented between glomerular 
filtration rate and urinary KDM levels (r=-0.50; r=-0.51). 

Figure 2. Protein metabolism indicators in children with CTIN: albumin binding capacity (ABC), effective 
albumin concentration (EAC), toxicity index (TI), and coefficient of albumin utilization (CAU). 

The observed increase in effective albumin concentration following treatment is presumably 
attributable to the antioxidant and nephroprotective properties of the therapeutic regimen employed. 
Post-treatment EAC levels were determined to be 30.74 +/- 0.58 g/L (p>0.001). 
The albumin binding capacity (ABC) and toxicity index (TI) in CTIN patients were measured at 72.2 
+/- 0.6% and 0.36 +/- 0.01 conventional units, respectively (p=0.05). In healthy control subjects, these 
parameters were 93 +/- 0.9% and 0.12 +/- 0.01 conventional units, respectively. 
In the assessment of renal functional status based on the comparative dynamics of creatinine and 
cystatin C levels, cystatin C was found to be a demonstrably more reliable biomarker. Reductions in 
GFR as determined by cystatin C were detected earlier than those identified by creatinine 
measurement (p=0.02). 

Table 1 
Dynamics of Renal Function Parameters in Patients with Chronic Tubulointerstitial Nephritis 

Following Therapy (M +/- m) 
Parameters Healthy Subjects (n=30) CTIN Patients (n=120) 

Creatinine (micromol/L) 85.4 +/- 1.41 65.5 +/- 0.63 (p=0.001) 
GFR (creatinine) (mL/min/1.73 m²) 98.6 +/- 7.8 72.0 +/- 0.25 (p=0.001) 
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Parameters Healthy Subjects (n=30) CTIN Patients (n=120) 
Cystatin C (mg/L) 0.62 +/- 0.1 1.0 +/- 0.2 (p=0.05) 
GFR (cystatin C) (mL/min/1.73 m²) 93.5 +/- 6.5 67.4 +/- 10.3 (p=0.001) 
Daily diuresis (L/day) 1.7 +/- 0.036 1.06 +/- 0.015 (p=0.05) 
Minute diuresis (mL/min) 1.2 +/- 0.037 0.61 +/- 0.010 (p=0.05) 
Oxaluria (mg/day) 25.0 +/- 2.4 46.8 +/- 1.14 (p=0.001) 
Urinary ammonia (mmol/day) 46.8 +/- 1.2 30.3 +/- 0.55 (p=0.001) 
Titratable urine acidity (mmol/day) 51.0 +/- 2.8 23.8 +/- 0.48 (p=0.001) 
Note: p represents the statistical significance of differences between healthy controls and children with CTIN. 
Discussion 
Comprehensive analysis of the study findings demonstrates that the diagnostic methodology 
proposed by the authors represents the most accurate and reliable approach for CTIN diagnosis, 
attributable to the incorporation of contemporary clinical and laboratory investigations. This 
integrated diagnostic framework facilitates high-quality disease detection and contributes 
meaningfully to a reduction in the duration of hospitalization. 
These findings underscore the imperative need for the development of effective therapeutic 
interventions for CTIN in the pediatric population, with the objective of restoring metabolic 
homeostasis, preserving residual renal function, mitigating endogenous intoxication, resolving the 
aseptic inflammatory focus within renal tissue, and preventing recurrent disease exacerbations. 
Conclusion 
In pediatric patients with CTIN, alterations in protein metabolism parameters were observed at 
earlier stages of disease evolution, preceding the emergence of characteristic laboratory abnormalities 
in standard blood and urine analyses. Specifically, reductions in albumin binding capacity, effective 
albumin concentration, and total serum albumin, coupled with sustained elevations in the toxicity 
index and coefficient of albumin utilization in plasma, as well as increased kidney damage molecule 
excretion in urine, were identified as early indicators of disease activity. These findings underscore 
the clinical significance of this diagnostic panel for the detection of aseptic inflammation within renal 
tissue. 
The elevated urinary KDM levels observed in this study were positively correlated with the intensity 
of the aseptic inflammatory process within renal parenchyma, suggesting a predominant tubular 
pattern of renal dysfunction in CTIN patients. A significant positive correlation was established 
between endogenous intoxication markers and parameters of renal functional status, specifically a 
strong direct correlation between urinary KDM excretion and both proteinuria and leukocyturia. 
Additionally, a strong inverse correlation was documented between GFR and urinary KDM 
concentrations, further supporting the utility of these biomarkers in disease monitoring and 
prognostic assessment. 
References 
1. Albotova LV, Agranovich NV, Likhacheva AP, Klassova AT, Pilipovich LA. Renal dysfunction in 
patients with arterial hypertension and metabolic syndrome and the role of cystatin C in its early 
diagnosis. Nephrology. 2020;24(3):45-52. 
2. Alper AB Jr. Tubulointerstitial Nephritis Clinical Presentation. Medscape. 2017. Available at: 
https://emedicine.medscape.com. 
3. Akhundova AA. Determination of the condition of the renal tubule epithelium in newborns with 
low body weight and ischemic nephropathy. Kazan Medical Journal. 2019;100(6):877-884. 
4. American Journal of Nephrology. Clinical studies on glomerulonephritis. 2023;58(3):215-228. 
5. Andrusev AM, Peregudova NG, Shinkareva MB, Tomilina NA. Substitution therapy of terminal 
chronic renal failure in the Russian Federation 2014-2018. Russian Dialysis Society LLC; 2019. 
6. Arev AL, Ovsyannikova NA, Areva GN. Risk factors for the development and progression of 
pathologies of the renal, cardiovascular and cerebrovascular systems: a geriatric perspective. 
Nephrology. 2018;22(4):15-22. 



852 / Journal of Daoist Studies 19-6s (2026) 
 

7. Arkhipov VV. The concept of chronic kidney disease in pediatrics: following adults or evaluating 
new proposals. Nephrology. 2006;10(3):120-126. 
8. Akhmatov A. Pediatric Nephrology. Bukhara: Kamolot Publishing; 2026. 204 p. 
9. Akhmatov A, Akhmatova YuA, Melikova DYu, Nazhimov ShR, et al. Age, gender and nosological 
structure of patients hospitalized in the specialized department of a multidisciplinary children's 
center. In: Current and Future Issues in Nephrology: Proceedings of the International Scientific and 
Practical Conference. Tashkent; 2019. p. 18-19. 
10. Akhmatov A, Akhmatova YuA, Azizov MK, Ishkabulova GD. Modern aspects of preventive and 
metaphylactic nephropathy in urinary diathesis. In: Proceedings of the VIII Congress of Pediatricians 
of Uzbekistan. Tashkent; 2019. p. 25-26. 
11. Akhmatov A, Akhmatova YuA, Sirojova NA. Pyelonephritis: current approaches to diagnosis and 
treatment. In: Science and Practice: Implementation in Modern Society. Manchester, UK: 4th 
International Scientific and Practical Conference; 2020. p. 332-341. 
12. Lippert H. Lehrbuch der Biochemie für Mediziner und Naturwissenschaftler. Heidelberg: 
Springer; 1980. 
13. Akhmatov A, Akhmatova YuA, Najimov ShR, Sirojova NA. Interrelationship between renal and 
cardiovascular dysfunction in chronic renal insufficiency and the predialysis stage. In: Challenges in 
Science of Nowadays. Washington, USA: 4th International Scientific and Practical Conference; 2020. 
p. 273-278. 
14. Akhmatov A, Akhmatova YuA, Akhmedzhanov IA. Comparative effectiveness of treatment of 
chronic tubulointerstitial nephritis in children. Voprosy Biologii i Meditsiny. 2023;3(144):8-18. 
15. Akhmatova YuA, Akhmatov A. Modern methods of treatment of chronic tubulointerstitial 
nephritis in children. ERUS Scientific Journal. 2023;2(12):117-133. 
16. Akhmatova YuA, Akhmatov A, Yuldashev BA, Ruzikulov NYa. Chronic tubulointerstitial 
nephritis in children: new approaches to diagnosis and treatment. E3S Web of Conferences. 
2023;413:03031. 
17. Katzung BG. Basic and Clinical Pharmacology. 15th ed. New York: McGraw-Hill; 2021. 
18. Brenner BM, Rector FC. The Kidney. 11th ed. Philadelphia: Elsevier; 2020. 
19. Vyalkova AA. Infections of the urinary tract in children in the XXI century. Orenburg Medical 
Bulletin. 2016;2(14):49-56. 
20. Vyalkova AA. Urinary tract infections in children: modern aspects of etiological diagnosis and 
treatment. Russian Bulletin of Perinatology and Pediatrics. 2017;62(1):99-108. 
21. George C, Mogueo A, Okpechi I, Echouffo-Tcheugui JB, Kengne AP. Chronic kidney disease in 
low-income to middle-income countries: the case for increased screening. BMJ Global Health. 
2017;2(2):e000256. 
22. Go DS, Kim SH, Park J, Ryu DR, Lee HJ, Jo MW. Cost-utility analysis of the National Health 
Screening Program for chronic kidney disease in Korea. Nephrology. 2019;24(1):56-64. 
23. Gorshkova EG, Krivich MB. Cystatin C as an early marker of kidney function decline. Far East 
Healthcare. 2017;4:109-111. 
24. Daminova MA. Chronic kidney disease in children: etiology, classification and progression 
factors. Bulletin of Modern Clinical Medicine. 2016;9(2):36-41. 
25. Davydov VV, Arekhina EL. The role of cystatin C in early diagnosis of chronic kidney disease 
progression in patients with acute decompensation of chronic heart failure. Consilium Medicum. 
2018;12:30-34. 
26. Dildabekova AS. Cystatin C in the diagnosis of acute and chronic kidney injury. International 
Journal of Applied and Fundamental Research. 2016;11(1):66-70. 
27. Dildabekova AS, Abeuova BA, Begaidarova RH. Cystatin C in the diagnosis of glomerular 
filtration disorders in children with acute intestinal infections. Pediatrics. 2017;1:41-43. 
28. Donskov AS, Balkarov IM, Fadina ZM, et al. Urate kidney damage and metabolic shifts in patients 
with arterial hypertension. Terapevticheskiy Arkhiv. 2013;6:53-56. 



A Modern Approach to the Diagnosis of Chronic 
Tubulointerstitial Nephritis in Children 

 

29. Brunton LL, Hilal-Dandan R, Knollmann BC. Goodman and Gilman's: The Pharmacological Basis 
of Therapeutics. 14th ed. New York: McGraw-Hill; 2022. 
30. European Renal Association. Clinical Guidelines. 2022. 
31. Enikeeva ZM, Akhmadeeva EN, Imaeva AR, et al. Acute glomerulonephritis in children: risk 
factors, course, and outcome. Pediatrics named after G.N. Speransky. 2012;96(6):17-21. 
32. Zavyalova YaS. Influence of heredity on the occurrence of diseases of the urinary system. IN SITU 
Scientific Journal. 2016;5:44-46. 
33. Zakharova NB, Grazhdanov RA. Determination of biomarkers of renal parenchyma damage in the 
urine of patients with chronic pyelonephritis using ELISA and mass spectrometry. Medical 
Immunology. 2019;2:341-350. 
34. Zorin IV. Evaluation of the effectiveness of drug rehabilitation of adolescents with 
tubulointerstitial kidney disease who have suffered a relapse of renal infection. Lechashchiy Vrach. 
2016;6:8-11. 
35. Jameson JL, Fauci AS, Kasper DL, Hauser SL, Longo DL, Loscalzo J. Harrison's Principles of 
Internal Medicine. 21st ed. New York: McGraw-Hill; 2022. 
36. Ignatova MS. Pediatric Nephrology: A Guide for Physicians. Moscow: Meditsinskie Novosti; 2011. 
428 p. 
37. Il'ina AS, Borovkova NYu, Spassky AA. Cystatin C in the diagnosis of acute kidney injury in 
patients with ST-segment elevation myocardial infarction. In: Proceedings of the IV Congress of 
Therapists of the Volga Federal District. Nizhny Novgorod; 2017. p. 58. 
38. Ismailova ZA, Yuldashev BA, Akhmatov AA. Chronic pyelonephritis in children with impaired 
uric acid metabolism: features of anamnesis and clinical and laboratory characteristics. Medical 
Bulletin. 2019;1:45-49. 
39. Ishkabulov D, Akhmatov A, Abdurasulov FP, Aralov MDR. Uric acid (purine) diathesis as a risk 
factor for nephropathy in children: features of the course under heat load conditions. Doctor's 
Bulletin. 2016;2:19-25. 
40. Koppe L, Fouque D. The role for protein restriction in addition to renin-angiotensin-aldosterone 
system inhibitors in the management of CKD. American Journal of Kidney Diseases. 2019;73(2):248-
257. 
41. KDIGO Clinical Practice Guideline for Glomerulonephritis. Kidney International Supplements. 
2021;11(2). 
42. Kushnarenko NN, Medvedeva TA, Govorin AV, Mishko MYu. Cystatin C in the diagnosis of 
preclinical kidney damage in patients with gout. Nephrology. 2018;22(5):31-36. 
43. Kuz'min OB. Mechanism of development and progression of nephropathy in patients with chronic 
heart failure and cardiorenal syndrome. Nephrology. 2011;15(2):20-29. 
44. Makarova TP, Melnikova YuS. Endothelial dysfunction and elemental status in chronic kidney 
disease in children. Russian Bulletin of Perinatology and Pediatrics. 2018;63(2):48-52. 
45. Milchakov K, Shilov E, Shvetsov MYu, et al. Management of chronic kidney disease in the Russian 
Federation: a critical review of prevalence and preventive programmes. International Journal of 
Healthcare Management. 2018;11(1):1-5. 
46. Miziev IA, Makhov MKh. Study of cystatin C concentration in blood serum for monitoring 
glomerular filtration rate for early diagnosis of acute kidney injury in patients with combined trauma. 
Urology. 2017;5:48-51. 
47. Mukhtarov TA, Skvortsov VV, Mednova DA, et al. Cystatin C as an ideal marker of renal failure. 
Meditsinskaya Sestra. 2019;6:23-25. 
48. Muntner P, He J, Hamm L, et al. Renal insufficiency and subsequent mortality resulting from 
cardiovascular disease in the United States. Journal of the American Society of Nephrology. 
2002;13(3):745-753. 
49. Murkamilov IT, Fomin VV, Aitbaev KA, et al. Chronic kidney disease and cerebrovascular 
disorders: the role of cystatin C. Clinical Nephrology. 2017;3:60-67. 



854 / Journal of Daoist Studies 19-6s (2026) 
 

50. Ministry of Health of the Republic of Uzbekistan. Order No. 671: On measures to improve 
nephrological and hemodialysis care for the population. Tashkent; December 29, 2018. 
51. Russian Clinical Guidelines for Nephrology. Moscow; 2022. 
52. Saran R, Robinson B, Abbott KC, et al. US Renal Data System 2018 Annual Data Report: 
epidemiology of kidney disease in the United States. American Journal of Kidney Diseases. 
2019;73(3S1):A7-A8. 
53. Smirnova NN. Modern biomarkers of kidney damage in pediatrics. Nephrology. 2019;23(4):112-
118. doi:10.24884/1561-6274-2019-23-4-112-118 
54. Tantisattamo E, Dafoe DC, Reddy UG, Ichii H, Rhee CM, Streja E, et al. Current management of 
acquired solitary kidney. Kidney International Reports. 2019;4(9):1205-1218. 
55. Shilov EM. Nephrology: National Guidelines. Moscow; 2021. 
 
 


