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Background/Aims: Urinary tissue inhibitor of metalloproteinase-2 (TIMP-2) and 
insulin-like growth factor-binding protein 7 (IGFBP7) have been recently dis-
covered and validated as sensitive biomarkers that can predict stage 2 or 3 acute 
kidney injury (AKI) development in high-risk patients. We aimed to assess wheth-
er these biomarkers could predict adverse outcomes and renal recovery in estab-
lished AKI patients. 
Methods: This was a single-center study prospectively enrolling 124 patients di-
agnosed with AKI. TIMP-2, IGFBP7, neutrophil gelatinase-associated lipocalin 
(NGAL), and kidney injury molecule 1 (KIM-1) levels were measured at the time of 
diagnosis and the predictive performance of short-term outcomes and renal re-
covery was assessed. 
Results: Patients were divided into 4 quartiles according to the initial urinary 
TIMP-2/IGFBP7 levels. Stage 3 AKI (odds ratio [OR], 17.86), classified by the Kid-
ney Disease Improving Global Outcomes (KDIGO), as well as the third and fourth 
quartiles of TIMP-2/IGFBP7 (OR, 5.75 and 44.98, respectively), were found to be 
independent predictors of renal replacement therapy at the time of AKI diagno-
sis. In addition, KDIGO stage 3 AKI (OR, 2.468) or the third of fourth quartiles of 
urinary TIMP-2/IGFBP7 (OR, 1.896 and 3.622, respectively) were also found to be 
useful in predicting nonrecovery of renal function. In a separate analysis of pa-
tients with renal recovery at discharge, initial urinary TIMP-2/IGFBP7 or urinary 
IGFBP7 at discharge could also predict new-onset or progressive chronic kidney 
disease (CKD). 
Conclusions: In AKI patients, urine TIMP-2/IGFBP7 could serve as a biomarker 
for predicting adverse outcomes, renal recovery, or the development and progres-
sion of CKD. 

Keywords: Acute kidney injury; Biomarker; Tissue inhibitor metalloproteinase-2; 
Insulin-like growth factor-binding protein 7 
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INTRODUCTION 

Acute kidney injury (AKI) is associated with high mortal-
ity and adverse long-term outcomes [1,2]. It can also lead 
to the development of chronic kidney disease (CKD), 
worsen pre-existing CKD, and accelerate CKD progres-
sion to end-stage renal disease (ESRD) [3,4]. Although 
epidemiological studies have demonstrated that survi-
vors of AKI episodes who require temporary dialysis are 
at an extremely high-risk for progressive CKD, there is 
no way to accurately predict renal recovery [5].

For several decades, substantial progress in the dis-
covery and validation of novel biomarkers for early de-
tection of AKI has been made. Recently, NephroCheck, 
which can detect urinary  tissue inhibitor of metallopro-
teinase-2 (TIMP-2) and insulin-like growth factor-bind-
ing protein 7 (IGFBP7) simultaneously, was approved for 
predicting the development of moderate-to-severe AKI 
(Kidney Disease Improving Global Outcomes [KDIGO] 
stage 2 or 3) within 12 hours in high-risk patients [6]. 
However, most of the previous studies on biomarkers 
have tested their ability to predict the development of 
AKI and only a few studies have addressed their per-
formance as a prognostic marker for renal recovery or 
to assess the need for renal replacement therapy (RRT). 
Accurate prediction of recovery or progression to CKD 
following AKI might help clinicians recognize wheth-
er or not a patient is likely to recover and individualize 
long-term treatment plans accordingly. 

TIMP-2 and IGFBP7 are G1 cell cycle arrest markers 
that are upregulated early after AKI onset and have also 
been proposed to have a renoprotective role. However, 
the observation that a prolonged cell cycle arrest results 
in maladaptive repair led us to hypothesize that a pro-
longed upregulation of these markers might represent 
the development or progression of CKD following AKI 
[7,8].

This study measured urinary neutrophil gelati-
nase-associated lipocalin (NGAL), kidney injury mole-
cule 1 (KIM-1), TIMP-2, and IGFBP7 when AKI was di-
agnosed and assessed their performance in predicting 
dialysis requirement and functional recovery. In addi-
tion, we also measured these biomarkers at the time 
of discharge in surviving patients without the need for 
RRT and tested the ability of these biomarkers in pre-
dicting new-onset or progressive CKD. 

METHODS

Subjects
This study was a prospective cohort study of hospital-
ized patients with established AKI at the tertiary teach-
ing hospital, Korea University Anam Hospital, in Seoul, 
Korea, conducted between June 2015 and July 2016. 
The study was approved by the Institutional Review 
Board of the Korea University Anam Hospital (IRB no.: 
2012AN0290). Patients who were admitted or referred to 
the Nephrology Department because of a clinical diag-
nosis of AKI with varying degrees of renal dysfunction 
and with different etiologies were enrolled. AKI was 
defined and staged according to KDIGO criteria as fol-
lows: stage 1, serum creatinine ≥ 0.3 mg/dL (48 hours) or 
1.5-fold increase from baseline (7 days); stage 2, the se-
rum creatinine increased from 2.0 to 2.9 times the base-
line; stage 3, serum creatinine increased more than 3.0 
times the baseline or serum creatinine ≥ 4.0 mg/dL or 
the initiation of renal replacement therapy. Only those 
patients with known baseline serum creatinine lev-
els within 6 months of enrollment were analyzed. The 
study was approved by the Institutional Review Board of 
this center and written informed consent was obtained 
from each patient or legal guardians before enrollment. 
Patients under 18 years of age, those undergoing chron-
ic dialysis, those with stage 4 or more advanced CKD, 
or those with a history of kidney transplantation were 
excluded from the study. Data regarding patient demo-
graphics, comorbid conditions, baseline renal function, 
and 3-month follow-up renal function after hospital dis-
charge in survivors were recorded. 

Samples and measurement of biomarkers
Urine samples were collected at the time of enrollment 
from all patients and immediately before hospital dis-
charge from surviving patients who did not require per-
manent dialysis. Supernatants were frozen and stored 
at –70°C. TIMP-2, IGFBP7, and NGAL levels were mea-
sured by enzyme-linked immunosorbent assay (ELISA) 
according to the manufacturer’s instructions (TIMP-2, 
Abcam, Cambridge, UK; IGFBP7, Biorbyt, Cambridge, 
UK; NGAL, BioPorto, Gentofte, Denmark; and KIM-1, 
LSBio, Seattle, WA, USA). The amount of urine NGAL 
and KIM-1 excretion was expressed as ng/mL for com-
parison and normalized to the urine creatinine concen-
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tration (ng/mg creatinine).

Clinical outcome
The primary outcome was the initiation of dialysis or 
in-hospital mortality. The secondary outcome was the 
recovery of renal function at the time of discharge, de-
fined as the return of serum creatinine to 25% of the 
baseline value. Development of new-onset CKD or 
progression of CKD was determined at three months 
after hospital discharge and defined as new-onset pro-
teinuria or decline in the estimate glomerular filtration 
rate (eGFR) by 25% or more compared with the baseline 
eGFR. eGFR was estimated using an equation developed 
by the Chronic Kidney Disease Epidemiology Collabo-
ration [9].

Statistics
All statistical analyses were performed using SPSS ver-
sion 19.0 (IBM Co., Armonk, NY, USA). The results are 
expressed as the mean ± SD for normally distributed 
data, or the median (interquartile range) for non-nor-
mally distributed data. Comparison between multiple 
groups was analyzed by an analysis of variance or the 
Kruskal-Wallis test in case of numerical data, and the 
chi-square test or Fisher’s exact test in case of categori-
cal data. Multiple comparisons were controlled by using 
the Bonferroni correction. Categorical variables were 
expressed as numbers with proportions. We conducted 
univariate and multivariate logistic regression analyses 
to assess the impact of different baseline characteristics 
at admission on the outcomes. We could select some 
significant factors in multivariate logistic regression 
by the backward selection based on likelihood ratio. To 

Table 1. Patient basal characteristics according to urine TIMP-2/IGFBP7 excretion quartiles 

Characteristic Total (n = 124)
First (n = 31)

(< 1.10)
Second (n = 31)

(1.10–1.58)
Third (n = 31)

(1.59–2.11)
Fourth (n = 31)

(2.12 ≤)
p value

Age, yr 71.05 ± 14.32 73.90 ± 10.73 71.16 ± 18.09 71.48 ± 13.48 67.65 ± 14.02 0.196

Male sex 62 (50) 14 (45.2) 16 (51.6) 14 (45.2) 18 (58.1) 0.701

DM 58 (46.8) 17 (54.4) 16 (51.6) 9 (29) 16 (27.6) 0.150

HTN 87 (70.2) 24 (77.4) 21(67.7) 21 (67.7) 21 (67.7) 0.792

CKD 61 (49.2) 21 (67.7) 12 (38.7) 17 (54.8) 11 (35.5) 0.039

Severity of AKI 0.317

KDIGO stage 1 45 (36.3) 16 (51.6) 12 (38.7) 9 (29.0) 8 (25.8)

KDIGO stage 2 37 (29.8) 9 (25.8) 7 (9.3) 12 (38.7) 10 (32.3)

KDIGO stage 3 42 (33.9) 7 (22.6) 12 (38.7) 10 (32.3) 13 (41.9)

Baseline serum Cr, mg/dL 1.21 ± 0.46 1.44 ± 0.66 1.22 ± 0.41 1.08 ± 0.29 1.08 ± 0.41 0.994

Admission serum Cr, mg/dL 3.00 ± 1.95 2.84 ± 1.25 2.91 ± 1.51 2.94 ± 1.84 3.32 ± 2.86 0.994

Baseline eGFR, mL/min/1.73 m2 61.14 ± 25.53 59.17 ± 32.91 62.22 ± 26.97 58.64 ± 17.32 64.52 ± 22.68 0.870

Urine TIMP-2 at discharge, ng/mL 3.40 ± 5.97 1.65 ± 1.90 2.47 ± 2.70 2.84 ± 2.63 7.27 ± 11.24 0.008

Urine IGFBP7 at discharge, ng/mL 13.29 ± 14.45 14.91 ± 25.21 12.18 ± 7.76 11.40 ± 5.22 14.65 ± 13.06 0.824

Causes of AKI 0.760

Postrenal 4 (3.2) 2 (6.5) 2 (6.5) 0 0

Prerenal 56 (45.2) 14 (45.2) 16 (51.6) 15 (48.4) 11 (35.5)

Intrinsic 59 (47.6) 13 (41.9) 13 (41.9) 15 (48.4) 18 (58.1)

Unknown 5 (4.0) 2 (6.5) 0 1 (3.2) 2 (6.5)

Values are presented as mean ± SD or number (%).
TIMP-2, tissue inhibitor of metalloproteinase-2; IGFBP7, insulin-like growth factor-binding protein 7; DM, diabetes mellitus; 
HTN, hypertension; CKD, chronic kidney disease; AKI, acute kidney injury; KDIGO, Kidney Disease Improving Global Out-
comes; Cr, creatinine; eGFR, estimate glomerular filtration rate.
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further examine the predictive performance of urinary 
TIMP-2 and IGFBP7 for RRT and renal recovery from 
AKI, we plotted the receiver operating characteristics 
(ROC) curve using the sensitivity and specificity of urine 
TIMP-2, IGFBP7. A p value <0.05 was considered statis-
tically significant.

RESULTS 

Urine TIMP-2/IGFBP7 at the time of AKI diagnosis 
could predict adverse outcome
One hundred and twenty-four patients with a clinical 
diagnosis of AKI were prospectively enrolled. The mean 
age was 71.5 ± 14.3 years and the mean baseline serum 
creatinine level was 1.21 ± 0.45 mg/dL. Seventy-nine pa-
tients (63.7%) were diagnosed as KDIGO stage 2 and 3 se-

Table 2. Clinical outcomes according to urine TIMP-2/IGFBP7 excretion quartiles 

Variable Total (n = 124)
First (n = 31)

(< 1.10)
Second (n = 31)

(1.59–2.11 )
Third (n = 31)

( 1.59–2.11)
Fourth (n = 31)

(2.12 ≤)
p value

In hospital mortality 7 (5.6) 0 2 (6.5) 2 (6.5) 3 (9.7) 0.514

Renal replacement therapy 16 (12.9) 1 (3.2) 2 (6.5) 4 (12.9) 9 (29) 0.002

Recovery 90 (72.6) 29 (93.5) 22 (71) 22 (71) 17 (54.8) 0.008

Length of hospital stay, day 12.67 ± 7.48 13.55 ± 8.80 10.84 ± 6.17 10.74 ± 4.73 15.55 ± 8.66 0.087

Values are presented as number (%) or mean ± SD.
TIMP-2, tissue inhibitor of metalloproteinase-2; IGFBP7, insulin-like growth factor-binding protein 7.

Table 3. Univariate and multivariate analyses for predicting renal replacement therapy

Variable 
Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age 2.28 (0.18–28.71) 0.523

Sex 0.153 (0.023–1.036) 0.054 0.198 (0.039–1.011) 0.072

DM 0.355 (0.052–2.404) 0.289

HTN 1.991 (0.532–7.449) 0.305

CKD 8.257 (0.868–78.532) 0.066

Severity of AKI (vs. stage 1 and stage 2)

KDIGO stage 3 25.11 (1.86–58.05) 0.001 17.86 (1.20–265.49) < 0.005

Baseline eGFR 1.049 (0.971–1.010) 0.941

Baseline serum creatinine 1.039 (0.737–1.464) 0.829

Admission serum creatinine 1.512 (1.094–2.090) 0.012

Urine NGAL/Cr 1.035 (1.003–1.067) 0.030

Urine KIM-1/Cr 1.008 (0.996–1.021) 0.208

Urine TIMP-2/IGFBP7 (vs. 1st and 2nd quartile group)

3rd Quartile group 8.48 (0.735–97.77) 0.087 5.75 (0.67–49.48) 0.011

4th Quartile group 79.75 (5.19–1,225.37) 0.002 44.98 (4.40–460.29) 0.001

In the multivariate analysis model, a backward (LR) selection approach was adopted.
OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease; AKI, acute 
kidney injury; KDIGO, Kidney Disease Improving Global Outcomes; eGFR, estimate glomerular filtration rate; NGAL, neutro-
phil gelatinase-associated lipocalin; Cr, creatinine; KIM-1, kidney injury molecule 1; TIMP-2, tissue inhibitor of metallopro-
teinase-2; IGFBP7, insulin-like growth factor-binding protein 7. 
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vere AKI and 16 out of 124 (12.9%) received RRT (Table 1). 
We divided these patients into quartiles according to the 
initial urine TIMP-2/IGFBP7 level (log10 transformed,  
< 1.10, 1.10–1.58, 1.59–2.11, 2.12 ≤) and compared the base-
line characteristics as well as the outcomes. Age, sex, 
comorbidities such as hypertension and diabetes, ini-
tial serum creatinine at the time of diagnosis of AKI, or 
the severity of AKI defined by KDIGO staging were not 
different according to the quartiles (Table 1). However, 
the requirement of RRT showed a stepwise increase ac-
cording to quartiles with the highest being in the fourth 
quartiles (Table 2).

The in-hospital mortality rate was 5.5% and there was 
no difference in the mortality rate among the quartiles. 
Of 118 survivors, 90 (76.2%) showed functional recovery 
at discharge. In the first quantile, 93.5% of the patients 
achieved functional recovery, whereas only 54.8% of the 
fourth quartile recovered (Table 2). In predicting non-
recovery, both KDIGO stage 3 and the third and fourth 
quartiles of TIMP-2/IGFBP7 were significant. However, 

none of these could predict the in-hospital mortality or 
length of hospital stay (Table 2). 

The logistic regression analysis demonstrated that 
KDIGO stage 3 AKI (odds ratio [OR], 17.86), as well as 
the third and fourth quartiles of TIMP-2/IGFBP7 (OR, 
5.75 and 44.98, respectively), were found to be indepen-
dent factors predicting RRT at the time of AKI diagnosis 
(Table 3). KDIGO stage 3 AKI (OR, 2.468) or the third or 
fourth quartiles of urinary TIMP-2/IGFBP7 (OR, 1.896 
and 3.622, respectively) were also found to be useful in 
predicting nonrecovery of renal function using logistic 
regression analysis (Table 4). To minimize the comorbid 
conditions that can affect urine results, the predictive 
value of TIMP-2/IGFBP7 was further analyzed in pa-
tients without proteinuria (≥ 300 mg/dL) or bilirubin-
uria as they may interfere with the test. In the subgroup 
analysis, we found that initial urine TIMP-2/IGFBP7 
level still significantly predicted RRT requirement and 
non-recovery (Supplementary Table 1).

Table 4. Univariate and multivariate analyses for predicting non-recovery

Variable 
Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age 0.552 (0.188–1.620) 0.280

Sex 1.230 (0.500–3.029) 0.552

DM 2.427 (0.924–6.380) 0.072

HTN 1.177 (0.503–2.757) 0.707

CKD 1.622 (0.520–5.056) 0.405

Severity of AKI (vs. stage 1 and stage 2)

KDIGO stage 3 3.362 (1.192–9.482) 0.022 2.468 (1.063–5.728) 0.035

Baseline eGFR 3.129 (0.976–1.012) 0.067

Baseline serum creatinine 1.058 (0.834–1.341) 0.643

Admission serum creatinine 0.894 (0.732–1.092) 0.271

Urine NGAL/Cr 1.013 (0.977–1.051) 0.480

Urine KIM-1/Cr 1.006 (0.996 – 1.017) 0.229

Urine TIMP-2/IGFBP7 (vs. 1st and 2nd quartile group)

3rd Quartile group 1.652 (0.524–5.210) 0.039 1.896 (0.648–5.549) 0.024

4th Quartile group 3.361 (1.188–9.505) 0.022 3.622 (1.358–9.665) 0.010

In the multivariate analysis model, a backward (LR) selection approach was adopted.
OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease; AKI, acute 
kidney injury; KDIGO, Kidney Disease Improving Global Outcomes; eGFR, estimate glomerular filtration rate; NGAL, neutro-
phil gelatinase-associated lipocalin; Cr, creatinine; KIM-1, kidney injury molecule 1; TIMP-2, tissue inhibitor of metallopro-
teinase-2; IGFBP7, insulin-like growth factor-binding protein 7.
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Prognostic performance of urine TIMP-2/IGFBP7 
The prognostic performance of urinary TIMP-2/IGFBP7 
in predicting RRT or functional recovery was determined 
by calculating the area under the curve (AUC) and com-
pared with that of urinary NGAL and KIM-1, which have 
been validated as prognostic markers in several studies 

(Fig. 1). The urinary TIMP-2/IGFBP7 level at the time 
of AKI diagnosis showed reasonable prognostic perfor-
mance for predicting RRT (AUC, 0.730; p = 0.001), similar 
to that of urinary NGAL (AUC, 0.725; p = 0.024) and better 
than that of urinary KIM-1 (AUC, 0.618; p = 0.186). At a 
cutoff value of 1.61, the sensitivity and specificity for pre-
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Figure 1. Receiver operating characteristic curve of (A) initial urine tissue inhibitor of metalloproteinase-2/insulin-like growth 
factor-binding protein 7 (TIMP-2/IGFBP7), (B) urine neutrophil gelatinase-associated lipocalin/creatinine (NGAL/Cr), and (C) 
urine kidney injury molecule 1 (KIM-1)/Cr levels for prediction of the need for renal replacement therapy (RRT), non-recovery, 
and new-onset or progressive chronic kidney disease (CKD). AUC, area under the curve.
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dicting RRT were 81.2% and 57.4%, respectively. In ad-
dition, the prognostic performance of urinary TIMP-2/
IGFBP7 in predicting functional nonrecovery was only 
modest (AUC, 0.675; p = 0.001) but better than that of 
urinary NGAL (AUC, 0.505; p = 0.949) and urinary KIM-1 
(AUC, 0.564; p = 0.312). KDIGO staging at the time of bio-
marker measurement also showed good performance in 
predicting RRT and nonrecovery, and pairwise compar-
ison of the ROC curve between urinary TIMP-2/IGFBP7 
and KDIGO showed no significant differences.

Urine TIMP-2/IGFBP7 can predict new-onset CKD or 
progression
Three months after discharge from the hospital, we as-
sessed the development of new-onset CKD or progres-
sion of CKD in 90 patients who achieved functional 
recovery. Although 76.2% (90 patients of 118 survivors) 
showed functional recovery at the time of hospital dis-
charge, 10 patients (11.1%) developed new-onset CKD 
and 20 patients (22.2%) showed more than a 25% reduc-
tion of eGFR, suggesting the progression of CKD at 3 
months after discharge. From the logistic regression 
analysis, the initial urine TIMP-2/IGFBP7 level was also 
found to be useful in predicting the development of 
new-onset or progression of CKD (Table 5). The perfor-
mance of initial urinary TIMP-2/IGFBP7 in predicting 
CKD progression was also determined by calculating 
AUC and compared to that of urinary NGAL and KIM-1. 
Only urinary TIMP-2/IGFBP7 levels were significant for 
predicting new-onset or progressive CKD according to 
the AUC analysis (Fig. 1). Urine was also collected at dis-

charge and analyzed for TIMP-2/IGFBP7 levels, TIMP-
2, and IGFBP7, respectively, to determine whether CKD 
progression could be predicted. Only the urine IGFBP7 
level in this analysis significantly predicted new-onset 
or progressive CKD (Table 5). 

DISCUSSION

Our results showed that urinary TIMP-2/IGFBP7 on 
the first day of AKI diagnosis could reliably predict 
the requirement of RRT, as well as functional recovery. 
We also demonstrated that the initial TIMP-2/IGFBP7 
or IGFBP7 level at the time of discharge could predict 
new-onset or progressive CKD in patients who achieved 
short-term functional recovery from AKI. 

AKI is not only associated with increased in-hospi-
tal mortality but also with long-term adverse outcomes 
including progression to ESRD or late mortality [1]. In 
addition, recent studies demonstrated that severe AKI 
requiring dialysis is even associated with increased risk 
of stroke, congestive heart failure, or gastrointestinal 
bleeding [10]. Although observational studies suggested 
that the duration and severity of AKI could be parame-
ters predicting these adverse outcomes, accurate predic-
tion is not easy in clinical practice [4,11].

Two novel biomarkers, urine TIMP-2 and IGFBP7, 
were recently discovered and validated in two-stage 
multicenter studies for their ability to predict the de-
velopment of KDIGO stage 2 or 3 AKI within 12 hours in 
high-risk patients [6]. Both of these markers represent 
G1 cell cycle arrest, and their expression is increased 
after ischemic or toxic insults. The United States Food 
and Drug Administration allowed marketing of Neph-
roCheck, which can measure these markers simultane-
ously, as the first laboratory test to help determine the 
risk of developing AKI in critically ill patients. A subse-
quent study also showed that high levels of TIMP-2 and 
IGFBP7 were associated with death or RRT. However, 
their predictive value for renal recovery and CKD pro-
gression is not well-known [12]. 

Unlike previous studies that enrolled only high-risk 
or critically ill patients without clinical evidence of AKI, 
we collected urine from patients with established AKI 
on the first day of enrollment. Because the level of bio-
marker during or after AKI has not been determined to 

Table 5. Multivariate analyses for predicting CKD progression

Variable Odds ratio (95% CI) p value

Urine TIMP-2/IGFBP7 2.274 (1.021–5.056) 0.044

Discharge IGFBP7 1.111 (1.011–1.237) 0.045

In the multivariate analysis model, a backward (LR) selec-
tion approach was adopted. Other parameters (age, sex, dia-
betes mellitus, hypertension, severity of acute kidney injury, 
urine neutrophil gelatinase-associated lipocalin/creatinine 
[Cr], urine kidney injury molecule 1 [KIM-1]/Cr) except urine 
TIMP-2/IGFBP7, discharge IGFBP7, were not displayed. 
Discharge IGFBP7, IGFBP7 levels at the time of discharge.
CKD, chronic kidney disease; CI, conf idence interval; 
TIMP-2, tissue inhibitor of metalloproteinase-2; IGFBP7, 
insulin-like growth factor-binding protein 7.
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predict AKI outcome and it is still unknown for how long 
TIMP-2/IGFBP7 will increase after AKI, we attempted to 
test whether these two markers were also useful in pre-
dicting the need for RRT, in-hospital mortality, and re-
nal recovery in heterogenous patients with established 
AKI. As most patients in our study were not critically ill 
patients admitted to intensive care units, the percentage 
of patients who required dialysis (12.9%) and the in-hos-
pital mortality (5.6%) were relatively low. However, when 
we divided the patients into the 4 quartiles according to 
initial urine TIMP-2/IGFBP7, the patients in the fourth 
quartile showed the highest rate of RRT and lowest rate 
of functional recovery. In multivariate analysis, KDI-
GO stage 3 and third and fourth quartiles of TIMP-2/
IGFBP7 at the time of AKI diagnosis were found to be 
useful in predicting dialysis requirements and renal re-
covery. However, given that staging of AKI usually takes 
several days following the initial diagnosis, the clinical 
significance of urine TIMP-2/IGFBP7 in terms of early 
prediction of dialysis is far greater. 

The failure to predict in-hospital mortality was like-
ly the result of a relatively low mortality rate in our co-
hort (seven out of 125, 5.6%). The performance of urine 
TIMP-2/IGFBP7 in predicting RRT requirement was 
quite good, similar to NGAL, which is another prom-
ising biomarker that has been validated in many stud-
ies [13]. The cutoff value for TIMP-2/IGFBP7 to predict 
RRT requirement was 1.61, which was much higher than 
the level used to predict AKI in critically ill patients 
who have an increased risk of AKI. The Sapphire study 
demonstrated that the risk of stage 2 to 3 AKI increased 
sharply at a value above 0.3 measured using the Nephro-
Check diagnostic kit [6]. However, a direct comparison 
is somewhat difficult because our cohort consisted of es-
tablished AKI patients who would have higher levels of 
urinary injury biomarkers than patients at high risk of, 
but not established, AKI. To the best of our knowledge, 
this is the first report that showed the possibility that 
TIMP-2/IGFBP7 in established AKI patients could serve 
as a useful prognostic marker of RRT requirement. If 
RRT requirement can be accurately predicted with urine 
TIMP-2/IGFBP7, combined with several clinical param-
eters during an earlier time point, it might help clini-
cians avoid unnecessary fluid resuscitation and diuretic 
therapy early in the course of AKI. 

In this study, because of enrollment of patients with 

known baseline renal function, we could reliably verify 
patients with functional renal recovery, which was de-
fined as return of the serum creatinine level to a level 
25% of the baseline level. Among the 118 patients who 
survived, 90 patients (76.3%) showed recovery at the time 
of discharge, For them, the TIMP-2/IGFBP7 levels on 
the first day could also predict functional renal recov-
ery with modest performance (AUC, 0.675). Recently, 
Aregger et al. [14] also demonstrated that urine IGFBP7, 
collected on the first day of AKI in critically ill patients, 
could predict renal recovery. By proteomic analysis of 
urine from early recovery versus late recovery/nonrecov-
ery patients, they identified several candidate markers 
and found that IGFBP7, followed by NGAL, was useful 
in predicting not only severity but also renal recovery. 
However, validation was performed in only 28 patients 
and 12 controls. Our study, in contrast, analyzed 118 pa-
tients who survived from AKI and showed that IGFBP7, 
combined with TIMP-2, measured on the first day of 
AKI diagnosis could predict renal recovery, but urinary 
NGAL could not.

Observations from many epidemiological studies, 
which indicated that episodes of AKI are the most im-
portant factor in the development or progression of 
CKD, led us to determine renal function 3 months af-
ter discharge [15]. Although there were no patients who 
had a second relapse of AKI during the 3 months period, 
10 patients developed new-onset CKD and 20 patients 
progressed defined as 25% or more decline of eGFR. We 
analyzed multiple factors that could predict this later re-
nal outcome and found that the initial TIMP-2/IGFBP7 
level could predict new-onset or progressive CKD, even 
though their renal function showed recovery at the time 
of discharge. In addition, we also found that IGFBP7 in 
urine, obtained at the time of hospital discharge, could 
also predict new-onset or progressive CKD. This shows 
that even after the achievement of functional recovery, 
patients with persistently elevated urinary IGFBP7 are 
still at high risk of incident or progressive CKD. The ob-
servation that prolonged cell cycle arrest is associated 
with maladaptive repair and progressive fibrosis in ani-
mal models of AKI to CKD transition could also support 
our findings [16]. 

Despite several meaningful findings, our study has 
several limitations. First, it is a single-center study, 
inherently associated with a lack of generalizability to 
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broader populations. Second, because our study mea-
sured the biomarker at different time points after AKI 
development, it is not easy to provide a standardized cut 
off value to predict the AKI outcome, and it may not be 
appropriate to apply the cut-off value to AKI patients in 
different situations. Third, we measured TIMP-2 and 
IGFBP7 separately using ELISA kits rather than using 
commercial NephroCheck because it is unavailable out-
side the USA. Therefore, it makes a direct comparison 
difficult and it may not be appropriate to apply non-stan-
dardized ELISA results to clinical practice. Lastly, the rel-
atively lower severity of illness or AKI due to enrollment 
of established AKI patients from the general ward make 
it difficult to apply these data to the condition of criti-
cally ill patients. However, the enrolling of AKI patients 
with known baseline renal function leading to more 
accurate verification of renal recovery is a strong point 
of our study. In addition, testing the biomarkers in the 
urine sample collected after functional recovery indicat-
ed the possibility of using these markers for assessment 
of incident or progressive CKD, which is of interest. 

In conclusion, our study showed the possibility that 
requirement of RRT or renal recovery could be predict-
ed on the first day of AKI by measuring urine TIMP-
2/IGFBP7 levels before AKI staging by measuring daily 
serum creatinine levels or urine output. Although this 
might imply that early decisions made on the basis of 
these markers regarding RRT issues (including timing, 
mode, or other supportive measures) might improve 
patient outcomes, it obviously needs further thorough 
investigation in a larger number of patients. We also 
demonstrated that even after renal recovery, a substan-
tial percentage of patients was still at high risk of in-
cident or progressive CKD, including those who did 
not receive RRT. The urine TIMP-2/IGFBP7 at the time 
of AKI diagnosis or increased urine IGFBP7 even after 
functional recovery might be useful in predicting the 
long-term renal outcome.  
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Supplementary Table 1. Univariate analyses for predicting renal outcomes in patients without proteinuria (≥ 300 mg/dL) or 
bilirubinuria

Variable 
RRT Non-recovery CKD progression 

OR p value OR p value OR p value

Urine TIMP-2/IGFBP7 (vs. 1st and 2nd quartile)

3rd Quartile group 4.248 0.109 2.526 0.088 1.732 0.561

4th Quartile group 12.080 0.004 3.200 0.037 1.209 0.049

RRT, renal replacement therapy; CKD, chronic kidney disease; OR, odds ratio; TIMP-2, tissue inhibitor of metalloprotein-
ase-2; IGFBP7, insulin-like growth factor-binding protein 7.


