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Feline CKD is a common disease, especially in elderly cats. The diagnosis of feline CKD at an early, nonazotemic stage is 

challenging because of the limitations of routine renal biomarkers. Also, renal biomarkers that can predict the 

development of post-treatment azotemia in feline hyperthyroidism treated with radioiodine are lacking. Recently, novel 

renal biomarkers indicating tubular injury or dysfunction, liver-type fatty acid-binding protein (L-FABP) and neutrophil 

gelatinase-associated lipocalin (NGAL), have caught attention as promising biomarkers for early CKD in human, canine, 

and feline medicine. This thesis mainly focused on “early kidney injury in feline CKD”, and relevant scientific information 

is summarized in the general introduction in Chapter 1. 

The main aim of this thesis was to evaluate L-FABP and NGAL in cats with CKD in various stages to determine their 

usefulness for early detection of kidney injury in feline CKD (Chapter 2). Before evaluating L-FABP and NGAL in early CKD, 

the behavior of both biomarkers in advanced stages CKD must be understood. Therefore, both biomarkers were first 

assessed in cats with azotemic CKD. Second, the abilities of L-FABP and NGAL to indicate early kidney injury and predict 

post-treatment azotemia in feline hyperthyroidism were evaluated. After the performances of L-FABP and NGAL in cats 

with azotemic CKD and hyperthyroid cats were determined, L-FABP was further evaluated for its diagnostic value in cats 

with early CKD. Third, uL-FABP’s effectiveness for detection of early kidney injury in a large population of healthy elderly 

cats was assessed. Finally, the ability of uL-FABP for detection of early CKD was evaluated by investigating uL-FABP in cats 

with IRIS stage 1 CKD and cats with borderline proteinuria. 

In Chapter 3, commercial feline L-FABP and NGAL ELISA kits were validated with acceptable results. Then, serum L-FABP 

(sL-FABP), urinary L-FABP (uL-FABP), serum NGAL (sNGAL), and urinary NGAL (uNGAL) were compared between cats with 

azotemic CKD, hyperthyroid cats, and healthy cats. In this cross-sectional study, serum and uL-FABP were significantly 

increased in cats with CKD compared to healthy cats. Most (93%) healthy cats had uL-FABP < the lower detection limit. 

Hyperthyroid cats had significantly increased uL-FABP compared to healthy cats. For sNGAL and uNGAL, there were no 

significant differences between the 3 groups. From the 4 biomarkers, uL-FABP was the most usefulness biomarkers to 

distinguish cats with azotemic CKD and healthy cats based on ROC analysis. Also, the same biomarkers were compared 

longitudinally in hyperthyroid cats before and after radioiodine treatment. In this longitudinal study, uL-FABP and sNGAL 

were significantly decreased after treatment compared to pretreatment values. Unfortunately, the evaluation of the 

predictive value of L-FABP and NGAL for post-treatment azotemia in hyperthyroid cats was hampered by a very low 

numbers of post-treatment azotemic cats. From the results in this study, only uL-FABP deserves to be regarded as 

potential biomarker to detect early kidney injury in feline CKD and feline hyperthyroidism, whereas NGAL does not. 

However, the effectiveness of uL-FABP to indicate post-treatment azotemia in feline hyperthyroidism remains 

undetermined. 

In Chapter 4, uL-FABP was investigated for its potential for early detection of kidney injury by measuring uL-FABP in frozen 

urine samples of healthy elderly cats, a population at risk for CKD. These cats were also subclassified based on blood and 

urine examinations: 1) having IRIS stage 1 CKD versus having no CKD; 2) having borderline proteinuria versus no 

proteinuria. Results of this study demonstrated that uL-FABP is rarely detected in healthy elderly cats (3%). None of the 

healthy elderly cats with increased uL-FABP was affected by IRIS stage 1 CKD and only 1 from 6 cats with increased uL-

FABP was borderline proteinuric.   



  

 

Based on these findings, uL-FABP is rarely detected in healthy elderly cats despite the presence of IRIS stage 1 CKD and 

borderline proteinuria, suggesting that uL-FABP may not be a reliable biomarker for detection of early CKD in nonazotemic 

cats based on the current IRIS criteria. On the other hand, the current IRIS stage 1 criteria and the presence of borderline 

proteinuria might not be able to correctly identify cats with early kidney injury or dysfunction. 

In Chapter 5, the knowledge gained from this thesis is discussed. The usefulness of both L-FABP and NGAL for determining 

CKD in various stages is evaluated. Particularly, L-FABP has confirmed its potential as a reliable biomarker for detecting 

kidney injury in azotemic CKD cats and hyperthyroid cats, whereas NGAL has not. Whether uL-FABP can predict post-

treatment azotemia in hyperthyroid cats remains undetermined. The majority of healthy cats produce urine with 

unmeasurably low uL-FABP concentrations. Moreover, the presence of IRIS stage 1 CKD and borderline proteinuria have 

no effect on uL-FABP concentrations. It is obvious that uL-FABP cannot indicate IRIS stage 1 CKD or borderline proteinuria 

in cats and is not a promising biomarker for early detection CKD based on current IRIS stage 1 criteria. Finally, with the 

assay used in this thesis, NGAL is ineffective for indicating azotemic CKD and early kidney injury in cats. 


