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Value of the product of urine/serum neutrophil gelatinase - associated lipocalin ratio and
reticulocyte percentage in distinguishing acute kidney injury from chronic kidney disease

FU Ziqi, LI Li, WU Lin, GENG Suheng, ZHANG Bo, XING Changying’ HUANG Zhimin

Department of Nephrology,the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: To investigate the value of neutrophil gelatinase - associated lipocalin (NGAL) and reticulocyte percentage
(Ret%) in the differential diagnosis of acute kidney injury CAKI) and chronic kidney disease (CKD). Methods: A total of 437 patients
with nephropathy admitted to the Department of Nephrology of the First Affiliated Hospital with Nanjing Medical University from July
2016 to January 2020 were included. In this retrospective cohort study, patients were divided into AKI group (n=140) and CKD group
(n=297). After adjusting for intergroup confounding factors using propensity score matching (PSM), the differences in urinary NGAL/
serum NGAL (u/sNGAL) and Ret% were compared between the two groups. After stratifying renal function based on glomerular
filtration rate (GFR) , the efficacy of u/sNGAL, Ret% , and their product (u/sNGAL X Ret% ) in differentiating AKI from CKD was
evaluated. Results: The level of u/sNGAL xRet% in AKI group was significantly higher than that in CKD group[1.74(0.81,4.17) vs.
0.28(0.15, 0.55), P < 0.001]. Propensity-matched analysis included 46 patients in each group. After 1: 1 propensity score matching
(46 cases in each group) , the Ret%, u/sNGAL, and u/sNGALXRet% in the matched AKI group were significantly higher than those in
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the matched CKD group[1.75(1.26,2.53) vs. 1.37(1.16, 1.83), P=0.027; 0.64(0.33, 1.52) ws. 0.31(0.13,0.76) , P=0.006; and 1.27
(0.59, 3.31) ws. 0.46 (0.25, 1.53) , P=0.001]. In the entire patient population, the receiver operating characteristic (ROC) curve
analysis indicated that Ret% , u/sNGAL and u/sNGALXRet% were all effective in differentiating AKI from CKD, with areas under the
curve (AUC) of 0.701, 0.848 and 0.870, respectively. The subgroup analysis stratified by renal function showed that in all subgroups,
u/sNGALXRet% was significantly elevated in the AKI group (P < 0.01). In the subgroup analysis of patients with eGFR = 60 mL/(min-
1.73 m*) , both u/sNGALXRet% and Ret% were effective in differentiating AKI from CKD. However, in the subgroup analysis
of patients with eGFR < 60 mL/(min-1.73 m*), u/sNGALXRet% was significantly better than Ret% in differentiating AKI from CKD (P <
0.05). Conclusion: u/sNGALXRet% shows a good value in the differential diagnosis of AKI and CKD, especially in patients with

impaired renal function, and could be used as a reliable index for clinical diagnosis.
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Table 1 Baseline clinical features of enrolled patients with AKI and CKD
Variable AKI(n=140) CKD(n=297) P
Agel years, M(Pss, Pys) ] 55(43,70) 50(36,62) 0.002
Male[n(%) ] 57(40.71) 124(41.75) 0.837
History of DM[n(%) | 24(17.14) 76(25.59) 0.050
History of hypertension [n(%) ] 65(46.43) 195(65.66) <0.001
History of CVD[n(%) | 18(12.86) 15(5.05) 0.004
Ret%[ % ,M(Pss,Pss) ] 1.74(1.21,2.57) 1.24(0.94,1.60) <0.001
WBC[X10°/L, M(Pss, Pss) ] 7.78(6.04,9.97) 6.35(5.23,7.66) <0.001
PLT[X10°/L,M(Ps,Ps) ] 184.00(136.00,267.00) 207.50(166.00,253.00) 0.022
Albumin[ g/L, M(Pss, Pss) ] 29.20(22.90,34.00) 36.95(28.60,41.90) <0.001
Hb[ g/L,M(Pss,Ps)] 100.00(83.00,119.00) 120.50(101.25,137.00) <0.001
FBG[ mmol/L,M(Pss, Pss) ] 5.07(4.27,6.07) 4.97(4.55,5.67) 0.847
TCL mmol/L, M(Pss,Pys) ] 4.06(3.43,5.42) 5.04(4.05,6.36) <0.001
TG mmol/L, M(Pas, Ps) ] 1.53(1.17,2.22) 1.66(1.16,2.54) 0.329
HDL-C[ mmol/L, M(Pss, Py) | 0.97(0.78,1.24) 1.15(0.96,1.36) <0.001
LDL-C[ mmol/L, M(Pxs, Pss) ] 2.64(2.03,3.61) 3.55(2.80,4.51) <0.001
BUN[ mmol/L,M(Pss,Pss) ] 17.24(12.52,26.40) 6.80(4.91,12.22) <0.001
SCr[ wmol/L, M(Pss, Pss) | 353.00(205.30,542.90) 97.25(68.73,183.75) <0.001
UA[ pmol/L,M(Pss, Pss) ] 425.00(317.00,557.30) 400.50(316.00,489.25) 0.034
eGFR[mI/(min-1.73 m*) ,M(Pxs,Ps) ] 13.63(8.51,26.60) 72.43(32.53,101.50) <0.001
u/sNGAL[ M(Pss, Pys) | 0.92(0.47,1.83) 0.23(0.13,0.42) <0.001
uPCR [g/g, M(Pas,Pss) ] 2.54(1.04,6.33) 1.49(0.46,3.75) <0.001
u/sNGALXRet%[ M(Pas, Pss) ] 1.74(0.81,4.17) 0.28(0.15,0.55) <0.001

AKI: acute kidney injury; CKD: chronic kidney disease; Ret% : reticulocyte percentage; WBC: white blood cell; PLT: platelet; Hb: hemoglobin;
FBG: fasting blood glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein choles-
terol; BUN: blood urea nitrogen; SCr: serum creatinine; UA: uric acid; eGFR: estimated glomerular filtration rate; NGAL: neutrophil gelatinase-associated
lipocalin; u/sNGAL: the ratio of urinary NGAL to serum NGAL; uPCR: urinary protein/creatinine ratio; u/sNGALXRet% : the product of the ratio of

urinary and serum NGAL and the percentage of reticulocytes.

®2 {REELES T
Table 2 Propensity-matched analysis

Variable AKI(n=46) CKD(n=46) P
Age[years, M(Pss, Pss) | 54.00(37.50,66.25) 58.50(42.75,72.00) 0.460
Male[n(%) ] 15(32.61) 14(30.43) 0.822
History of DM[n(%) ] 15(32.61) 13(28.26) 0.650
History of hypertension[n(%) ] 35(76.09) 36(78.26) 0.804
History of CVD[n(%) ] 5(10.87) 6(13.04) 0.748
Ret%[ % ,M(Pss, Pss) | 1.75(1.26,2.53) 1.37(1.16,1.83) 0.027
WBC[X10°/L,M(Pas, Pss) ] 7.00(5.49,9.40) 6.56(5.38,8.00) 0.410
PLT[X10%/L,M(Pss,Pss) ] 190.00(152.75,244.75) 194.00(140.00,230.00) 0.941
Albumin[ /L, M(Pas, Pys) ] 32.60(28.53,37.50) 34.65(30.33,38.08) 0.548
Hblg/L,M(Pss,Pss) ] 106.00(84.00,131.25) 97.50(86.25,116.75) 0.485
FBG[mmol/L,M(Pss, Pss) ] 5.10(4.11,6.42) 4.94(4.42,6.01) 0.941
TCImmol/L,M(Pss, Pss) ] 4.34(3.02,5.31) 4.40(3.30,5.23) 0.776
TG mmol/L, M( Pz, Ps) | 1.63(1.20,2.27) 1.80(1.18,2.33) 0.595
HDL-C[mmol/L, M(Pss, Pys) ] 0.96(0.78,1.35) 0.99(0.88,1.20) 0.668
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Variable

AKI(n=46)

LDL-C[ mmol/L, M(Pss, Pss) ]
BUN[ mmol/L,M(Pas,P;s) ]
SCr[ wmol/L,M(Pas, Pss) ]
UA[ pmol/L,M(Pss, Pys) ]

eGFR[mL/(min-1.73 m*) ,M(Pss, P:s) ]

WsNGAL[M(Pas,Pys) ]
uPCR [ /g, M(Pss,Pss) ]
uw/sNGALXRet%[ M(Pas, Pss) ]

2.82(1.99,3.61)
13.83(9.18,20.74)
229.50(141.50,481.33)
438.35(365.23,579.50)
23.19(9.76,42.59)
0.64(0.33,1.52)
2.54(0.66,3.95)
1.27(0.59,3.31)

CKD(n=46) P

2.81(2.21,3.68) 0.803
15.77(9.96,22.15) 0.563
298.30(172.25,434.75) 0.696
464.00(350.58,546.73) 0.994
16.20(12.01,33.73) 0.722
0.31(0.13,0.76) 0.006
2.23(0.76,4.81) 0.997
0.46(0.25,1.53) 0.001

For the abbreviations, please see those in the Table 1.
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Figure 1 ROC curves for Ret%, u/sNGAL, u/sNGAL xRet%
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Table 3 Comparison of different biomarkers for the diagnosis of AKI

Parameter Cutoff value AUC(95% CI) P Sensitivity Specificity
Ret% 1.95 0.701(0.648-0.755) <0.001™ 0.443 0.875
u/sNGAL 0.58 0.848(0.810-0.887) <0.001" 0.705 0.861
u/sNGAL xRet% 0.68 0.870(0.833-0.907) <0.001 0.821 0.822

Compared to the u/sNGALXRet%, P < 0.05, ""P < 0.001.
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Table 4 ROC curve analysis of different biomarkers among subgroups stratified by renal function

Group 1(n=173) Group 2(n=88) Group 3(n=61) Group 4(n=115)
Parameter Cutoff ~ AUC-ROC » Cutoff  AUC-ROC Cutoff  AUC-ROC p Cutoff ~ AUC-ROC
value  (95% CD value  (95% CD) value  (95% CD) value  (95% CD

Ret% 1.43 0.838 0.001 1.72 0.734 0.001" 199 0.529 0.695" 1.61 0.615 0.041"

(0.727-0.949) (0.617-0.851) (0.382-0.676) (0.511-0.719)
u/sNGAL  0.62 0.686 0.075 0.38 0.849 <0.001 033 0.745 0.001  0.40 0.731 <0.001

(0.442-0.931) (0.762-0.935) (0.614-0.876) (0.630-0.832)
wsNGALx  0.69 0.777 0.008 0.32 0.873 <0.001 0.64 0.731 0.002 0.76 0.775 <0.001
Ret% (0.557-0.997) (0.795-0.950) (0.602-0.860) (0.685-0.865)

Compared to the u/sNGALXRet%, P < 0.05, P < 0.01.
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Figure2 Scatter plots comparing Ret%(A),u/sNGAL(B),and u/sNGALxRet%(C) among subgroups stratified by renal function
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