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To date, the definition and classification 

of Chronic Kidney Disease (CKD) remain based 

on two primary criteria: a decline in the estimated 

Glomerular Filtration Rate (eGFR) derived from 

serum creatinine, and increased urinary albumin 

excretion (urine albumin-to-creatinine ratio/ 

UACR). Serum creatinine is a biomarker of 

filtration function whose levels rise only after 

significant renal function loss—when up to 50% 

of the kidney has sustained irreversible damage.1 

In other words, a CKD diagnosis is established 

only after extensive tubulointerstitial fibrosis and 

glomerulosclerosis have already occurred (the 

“blind spot” phenomenon). Interstitial fibrosis 

and tubular atrophy (IFTA) serve as the 

histological markers with the strongest predictive 

value for progressive loss of kidney function, 

regardless of the disease’s primary etiology.2 This 

situation leads to delayed early intervention in 

both Acute Kidney Injury (AKI) and CKD. “As 

eGFR is dipping, the clock is ticking.” 

Consequently, there is a need to shift 

focus toward the tubulointerstitial compartment, 

particularly the proximal tubule, a highly 

metabolically active structure that is consequently 

very vulnerable to ischemia, toxins, and oxidative 

stress. Among the various tubular biomarkers, 

Kidney Injury Molecule-1 (KIM-1) has emerged 

as the most promising diagnostic and prognostic 

marker.3  

KIM-1 in AKI and CKD 

KIM-1, also known as Hepatitis A virus 

cellular receptor-1 (HAVCR-1) or T-cell 

immunoglobulin and mucin-domain containing-

1 (TIM-1), is a type I transmembrane 

glycoprotein that is virtually unexpressed in 

proximal tubule cells under healthy renal 

conditions. However, following injury caused by 

ischemia or nephrotoxicity, KIM-1 gene 

expression increases rapidly.4 Urinary KIM-1 

levels correlate strongly with tissue levels and, 

consequently, with the extent of renal tissue 

damage. KIM-1 not only serves as an early 

biomarker for AKI but also holds the potential to 

predict long-term renal outcomes.5  

● In Acute Kidney Injury (AKI): 

Detection of uKIM-1 (urine) and pKIM-1 

(plasma) offers diagnostic performance 

for early detection that is far superior to 

serum creatinine. Recent meta-analyses 

indicate that uKIM-1 and pKIM-1 exhibit 

high sensitivity and specificity (AUC 

~0.81) for detecting AKI in post-cardiac 

surgery patients or in cases involving 

ischemia or drug-induced kidney injury.6 

● In Chronic Kidney Disease (CKD): 

In CKD, elevated KIM-1 levels reflect 

ongoing active tubular injury or subclinical 

tubular stress that goes undetected by 
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eGFR. KIM-1 provides a true picture of 

the burden of interstitial damage in 

diabetic nephropathy, hypertensive 

nephropathy, and glomerulonephritis.7 

However, in contrast to previous studies, 

in this edition of InaKidney, Sari et al. 

demonstrate that urinary KIM-1 levels have low 

diagnostic value for AKI in patients with sepsis.8 

This discrepancy in results may indicate 

pathophysiological differences dependent on the 

underlying cause of the AKI. Indeed, sepsis-

associated AKI is a complex and heterogeneous 

condition involving various mechanisms, such as 

microcirculatory dysfunction, systemic 

inflammatory responses, and cellular metabolic 

disturbances.9 Another potential influencing 

factor is the timing of sample collection relative 

to the onset of injury; urinary KIM-1 levels can 

detect AKI in sepsis patients as early as two hours 

post-injury.10 Limitations in study design may 

also play a role, necessitating more careful 

consideration and rigorous examination.7  

KIM-1: A Predictor of Progression and 

Adverse Renal Outcomes 

The most crucial role of KIM-1, 

distinguishing it from classic biomarkers, is its 

ability to predict long-term renal outcomes. 

Persistent elevation of KIM-1 expression 

following AKI is associated with disease 

progression and contributes to inflammatory 

damage and interstitial fibrosis in the kidney 

through extracellular matrix (ECM) deposition 

and epithelial-to-mesenchymal transition 

(EMT).11,12  

Long-term clinical cohort studies 

confirm that baseline KIM-1 levels (in both 

plasma and urine) independently correlate with 

rapid eGFR decline and the risk of progression to 

end-stage renal disease (ESRD) and 

cardiovascular mortality in patients with diabetic 

kidney disease (DKD).13 Thus, KIM-1 serves as a 

potent biomarker for the non-invasive 

assessment of renal tubular injury and disease 

activity during the progression of CKD, as well 

as for monitoring therapeutic response. By 

monitoring KIM-1 levels, clinicians can assess the 

severity of kidney injury, identify patients at risk 

of developing CKD, and implement timely 

interventions.7 

Integration of Tubular Injury and 

Glomerular Filtration Biomarkers: 

Subclinical CKD and Its Implications 

This new paradigm integrates two 

complementary biological compartments of the 

kidney: biomarkers of proximal tubular injury and 

biomarkers of precise or early glomerular 

filtration. This shift drives a proposal to align the 

classification of CKD using a complementary 

matrix (function versus structure). Patients with 

normal eGFR but positive biomarkers for tubular 

injury (e.g., KIM-1) are categorized as having 

subclinical CKD, molecular CKD, or pre-CKD. 

Patients with eGFR < 60 ml/min and positive 

biomarkers are classified as having progressive 

CKD (characterized by ongoing tissue damage), 

whereas those with negative biomarkers are 

classified as having inactive or stable CKD 

(characterized by the loss of nephron mass).  

However, the utility of KIM-1 extends 

beyond mere risk stratification; the biomarker 

also serves as a surrogate marker to assess the 

efficacy of novel nephroprotective therapies. 

Consequently, patients with subclinical CKD can 

receive optimal pharmacological interventions, 

such as SGLT2 inhibitors, non-steroidal 

mineralocorticoid receptor antagonists 

(nsMRAs), or anti-inflammatory/anti-fibrotic 

agents—to prevent permanent loss of nephron 

mass. 

Shifting the paradigm of CKD 

management through the use of early biomarkers 

for tubular injury and glomerular filtration 

represents an urgent clinical need. Integrating 

KIM-1 and other tubular biomarkers with early 

glomerular filtration biomarkers into daily clinical 

practice enables nephrologists to transition from 

reactive diagnosis to proactive, precision medical 

management, moving from an era of merely 

“slowing the decline of kidney function” to one 

of “preventing organ failure at an early stage.” 

 

 

 



InaKidney                    Editorial
                    

  

209  InaKidney | Vol. 3 | Issue 2 | August 2026 
 

Declarations 

Competing interest 

The author declares no conflict of 

interest. 

 

References 

1.  Shemesh O, Golbetz H, Kriss JP, Myers 
BD. Limitations of creatinine as a 
filtration marker in glomerulopathic 
patients. Kidney Int. 1985;28(5):830–838. 
doi:10.1038/ki.1985.205 

2.  Nath KA. Tubulointerstitial changes as a 
major determinant in the progression of 
renal damage. Am J Kidney Dis. 
1992;20(1):1–17. doi:10.1016/s0272-
6386(12)80312-x 

3.  Lousa I, Reis F, Beirão I, Alves R, Belo L, 
Santos-Silva A. New potential biomarkers 
for chronic kidney disease 
management—A review of the literature. 
Int J Mol Sci. 2020;22(1):43. 
doi:10.3390/ijms22010043 

4.  Shaker AM, Rakha NK, El-Shehaby 
AMR. The significance of fibroblast 
growth factor-2 and kidney injury 
molecule-1 as biomarker of interstitial 
renal fibrosis in glomerulonephritis. 
Egypt J Intern Med. 2022;34:28. 
doi:10.1186/s43162-022-00112-0 

5.  Song J, Yu J, Prayogo GW, Cao W, Wu 
Y, Jia Z, et al. Understanding kidney 
injury molecule 1: a novel immune factor 
in kidney pathophysiology. Am J Transl 
Res. 2019;11(3):1219–29.  

6.  Su Y, Yang X, Cheng WW, Shang XM, H-
L W, Shen HC. Kidney injury molecule 1 
in the early detection of acute kidney 
injury—a systematic review and meta-
analysis. Front Med. 2025;12:1574945. 
doi:10.3389/fmed.2025.1574945 

7.  Zhang PL, Liu ML. From acute tubular 
injury to tubular repair and chronic 
kidney diseases – KIM-1 as a promising 
biomarker for predicting renal tubular 
pathology. Curr Res Physiol. 
2025;8:100152. 
doi:10.1016/j.crphys.2025.100152 

8.  Sari PA, Priyono D, Harun H, Viotra D, 
Najirman, Fauzar, et al. Diagnostic value 
of urinary kidney injury molecule-1 in 
diagnosis of sepsis associated acute 
kidney injury. InaKidney. 2026;3(2):210–
6. doi:10.32867/inakidney.v3i2.263 

9.  Ostermann M, Basu RK, Mehta RL. 
Acute kidney injury. Intensive Care Med. 
2023;49(2):219–22. doi:10.1007/s00134-
022-06946-0 

10.  Xie Y, Huang P, Zhang J, Tian R, Jin W, 
H X. Biomarkers for the diagnosis of 
sepsis-associated acute kidney injury: 
systematic review and meta-analysis. Ann 
Palliat Med. 2021;10(4):4159–73. 
doi:10.21037/apm-20-1855 

11.  Ko GJ, Grigoryev DN, Linfert D, Jang 
HR, Watkins T, Cheadle C, et al. 
Transcriptional analysis of kidneys during 
repair from AKI reveals possible roles for 
NGAL and KIM-1 as biomarkers of 
AKI-to-CKD transition. Am J Physiol 
Ren Physiol. 2010;298(6):F1472-83. 
doi:10.1152/ajprenal.00619.2009 

12.  Huang R, Fu P, Ma L. Kidney fibrosis: 
from mechanisms to therapeutic 
medicines. Signal Transduct Target Ther. 
2023;8(1):129. doi:10.1038/s41392-023-
01379-7 

13.  Sabbisetti VS, Waikar SS, Antoine DJ, 
Smiles A, Wang C, Ravisankar A, et al. 
Blood kidney injury molecule-1 is a 
biomarker of acute and chronic kidney 
injury and predicts progression to ESRD 
in type 1 diabetes. J Am Soc Nephrol. 
2014;25(10):2177–2186. 
doi:10.1681/asn.2013070758 

 

 


