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Abstract

We investigated whether community-acquired acute kidney injury encountered in a tertiary 

hospital emergency department setting increases the risk of chronic kidney disease (CKD) and 

mortality, and whether plasma biomarkers could improve the prediction of those adverse 

outcomes. In a prospective cohort study, we enrolled 616 patients at admission to the emergency 

department and followed them for a median of 62.1 months. Within this cohort 130 patients were 

adjudicated as having acute kidney injury, 159 transient azotemia, 15 stable CKD and 312 normal 

renal function. Serum cystatin C and plasma neutrophil gelatinase-associated lipocalin (NGAL) 

were measured at index admission. After adjusting for clinical variables, the risk of developing 

CKD stage 3, as well as the risk of death, were increased in the acute kidney injury group (hazard 

ratio (HR) 5.7 (95% confidence interval, 3.8–8.7) and HR 1.9 (95% confidence interval, 1.3–2.8), 

respectively). The addition of serum cystatin C increased the ability to predict the risk of 

developing CKD stage 3, and death (HR 1.5 (1.1–2.0) and 1.6 (1.1–2.3) respectively). The 

addition of plasma NGAL resulted in no improvement in predicting CKD stage 3 or mortality (HR 

1.0 (0.7–1.5) and 1.2 (0.8–1.8), respectively). The risk of developing CKD stage 3 was also 

significantly increased in the transient azotemia group (HR 2.4 (1.5–3.6). Thus, an episode of 

community acquired acute kidney injury markedly increases the risk of CKD, and moderately 
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increases the risk of death. Our findings highlight the importance of follow up of patients with 

community acquired acute kidney injury, for potential early initiation of renal protective strategies.
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INTRODUCTION

Acute kidney injury (AKI) is associated with high short-term morbidity and mortality [1, 2]. 

The global rising incidence, and the devastating yet potentially preventable short-term 

outcomes, has prompted the International Society of Nephrology’s 0by25 initiative to 

increase AKI awareness and to change its prognosis [3–5]. Indeed, it is now widely 

recognized that critically ill hospitalized patients who survive an AKI episode are at 

considerable risk for progression to chronic kidney disease (CKD) [6–13]. However, there is 

still no direct evidence for a causal relationship between AKI and long-term CKD or 

mortality in patients with less severe forms of community-acquired AKI, which constitutes 

the most common setting for AKI worldwide [5]. Furthermore, there are no reliable 

biomarkers to predict long-term adverse outcomes of AKI, another major unmet need 

identified by the 0by25 initiative [5], although plasma biomarkers such as serum cystatin C 

[14, 15] and plasma neutrophil gelatinase-associated lipocalin [16, 17] have short-term 

prognostic value.

We aimed to determine whether an AKI episode encountered in a tertiary hospital 

emergency department setting has an impact on the long-term incidence of CKD and 

mortality, and whether serum cystatin C (SCysC) and plasma neutrophil gelatinase-

associated lipocalin (pNGAL) measured during the index AKI episode could improve the 

prediction of those adverse outcomes.

RESULTS

A total of 113,385 patients presented to the emergency department of Hospital Fernando 

Fonseca from March to November 2008. Among those, 4742 required hospital admission. 

Following the inclusion/exclusion criteria, 800 patients were eligible to be sequentially 

recruited and enrolled, and 616 consented to the initial inclusion and follow up 

(Supplementary Figure 1). This cohort was studied during the index hospitalization [14, 17] 

and classified into four clinical groups: acute kidney injury (AKI, n=130), transient azotemia 

(TAz, n=159), stable chronic kidney disease (sCKD, n=15) and normal function (NF, 

n=312). The cohort was followed after hospital discharge for a median time of 19.9 (P25–75 

7.3–26.2) and 62.1 (P25–75 49.9–67.9) months (F1 and F2, respectively), as shown in Figure 

1. Patient characteristics are shown in Table 1. Data regarding clinical diagnoses at discharge 

and the etiology of AKI and TAz are presented in Supplementary Tables 1 and 2, 

respectively.

The median estimated glomerular filtration rate (eGFR) values at different study times are 

shown in Table 1 and Figure 2A. Kidney function decreased in all four clinical groups, most 
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marked in AKI patients, with a decrease from 75.6 at baseline to 42.8 at F1, and 40.3 

mL/min/1.73m2 at F2. The TAz group displayed a decrease from 95.1 at baseline to 74.8 at 

F1, and 70.4 mL/min/1.73m2 at F2. The sCKD group showed a progressive decrease in 

eGFR at both times of follow-up (54.3 at baseline, 45.7 at F1, and 30.5 mL/min/1.73m2 at 

F2). The NF group showed very minimal decreases in kidney function, with eGFR median 

levels of 101.1, 95.3 and 85.5 mL/min/1.73m2 at baseline, F1 and F2 respectively. Within all 

four groups, the eGFR change was significant comparing baseline with F2 (p<0.001). When 

analysed as change in eGFR between baseline and F2, the ΔeGFRs in the AKI and TAz 

groups were significantly greater when compared to the NF group (p<0.001), as shown in 

Figure 2B. There were no significant differences in ΔeGFR between NF and sCKD groups.

In the AKI group, the incidence of CKD stage ≥3 (defined as eGFR ≤ 60mL/min/1.73m2) 

increased significantly during the follow-up period, with 64.7% (66/102) and 71.7% (38/53) 

reaching this outcome at F1 and F2 respectively (p<0.001 comparing F1 and F2 with 

baseline) (Figure 3). The incidence also increased significantly in the TAz group to 30.3% 

(40/132) and 33.8% (27/80) at F1 and F2 respectively (p<0.001 comparing F1 and F2 with 

baseline). In the NF group, only 6.8% (17/249) and 16.1% (31/193) developed CKD stage ≥ 

3 at F1 and F2, respectively (p<0.001 comparing F2 with baseline) (Table 2). Analysis of the 

cumulative incidence of CKD stage ≥ 3 demonstrated that 68% of AKI patients developed 

CKD by five years of follow up, in contrast to 30% in the TAz group and 11.3% in the NF 

group (Figure 4).

To explore the risk factors for developing CKD stage ≥3, several multivariable Cox 

regression models were fitted to the data (Table 3). Model 1 is the clinical model. In this 

model, following univariable analysis of gender, categorized age (<63 years is the reference 

category), race, categorized susceptibility [14, 17, 18], all studied comorbidities, and the 

Charlson Comorbidity Index Score (CCI) [19], the following multivariable model was 

obtained: age: HR 2.4 (95% CI:1.7–3.4; p<0.001), cardiovascular disease (CVD): HR 1.9 

(95% CI, 1.4–2.6; p<0.001), CCI: HR 1.9 (95% CI, 1.4–2.6; p<0.001), and susceptibility: 

HR 2.2 (95% CI,1.5–3.0; p<0.001). In Model 2, the clinical classification of patient groups 

(AKI, TAz, and NF) was added to Model 1, yielding significant HR for age, CVD and CCI, 

but not for susceptibility (p<0.001; p=0.007; p=0.003, and p=0.75, respectively). Patients 

with AKI had a 6-fold risk of developing CKD stage ≥3, when compared with NF (HR 5.7; 

95% CI, 3.8–8.7; p<0.001). Patients with TAz had 2.4-fold risk of CKD stage ≥3 (HR 2.4; 

95% CI, 1.5–3.6; p<0.001).

Biomarkers measured during the index admission were added, separately, to Model 2 to 

explore their ability to improve prediction of CKD stage ≥3. In Model 3, addition of SCysC 

yielded a HR of 1.5 (95% CI, 1.1–2.0; p=0.011). In Model 4, addition of pNGAL did not 

increase the risk of developing CKD, with a HR of 1.0 (95% CI, 0.7–1.5; p=0.809).

In order to quantify the improvement resulting from adding clinical classification (Model 2) 

to Model 1, and from adding SCysC to Model 2 (Model 3), or pNGAL to Model 2 (Model 

4), continuous net reclassification improvement (NRI) and integrated discrimination 

improvement (IDI) measures for censored data were calculated. The NRI quantifies the 

correctness of upward and downward movement of predicted probabilities as a result of 
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adding a new marker to an existing baseline model. The IDI quantifies the magnitudes of 

changes in those probabilities. Adding clinical classification to Model 1 resulted in an 

improvement in predicting CKD stage ≥3 according to NRI events and non-events (40.2%, 

95% CI, 25.8–54.7 and 34.5%, 95% CI, 24.8–44.1, respectively), and to IDI events and non-

events (0.07, 95% CI, 0.04–0.09 and 0.03, 95% CI, 0.02–0.05, respectively). The change in 

predicting CKD stage ≥3 from adding SCysC to Model 2 resulted in an improvement of NRI 

non-events (41.0%, 95% CI, 31.3–50.7), and in a negligible change of NRI events and IDI 

(events and non-events) (Table 4). The change in predicting CKD stage ≥3 from adding 

pNGAL to Model 2 resulted in a worsening of NRI non-events (−31.5%, 95% CI, −41.3–

−21.8), and in a negligible change in NRI events and IDI (events and non-events) (Table 4). 

Additional measures of the performance of each of the four multivariable models are showed 

in Table 4. For all four models, the C statistic value for predicting CKD stage ≥3 was in the 

0.74–0.81 range.

Overall, 39.4% of patients in our cohort (n=132/335) displayed an eGFR loss of >25% at F2 

from the pre-AKI baseline. In univariable analysis, clinical variables of risk for eGFR loss of 

>25% were age (OR 1.04; 95% CI, 1.02–1.06; p<0.001); CVD (OR 3.15, 95% CI, 1.97–

5.01; p<0.001); hypertension (OR 4.59, 95%CI, 2.62–8.04; p<0.001) and chronic heart 

failure (OR 2.72, 95% CI, 1.39–5.31; p=0.004). Plasma NGAL measured at 12 hours of 

index admission was associated with an OR for eGFR loss >25% of 1.04 (95% CI, 1.01–

1.07; p=0.003) for each 10 ng/mL increase, whereas SCysC displayed an OR 3.38 (95% CI, 

2.25–5.06; p< 0.001) for each 0.5 mg/L rise. The pNGAL concentrations within the grey 

zone [17] showed an OR 1.67 (95% CI, 0.86–3.22; p=0.013); while levels in the high-risk 

zone displayed an OR 4.24 (95% CI, 2.44–7.35; p<0.001). Categorical SCysC (≤0.98 or >98 

mg/L) showed an OR 5.22 (95% CI, 3.11–8.75; p<0.001).

The selected variables by the univariable analysis that remained in the multivariable model 

for prediction of an eGFR loss of >25% were CVD (OR 2.24, 95% CI, 1.29–3.88; p= 

0.004); hypertension (OR 3.22, 95% CI, 1.66–6.26; p=0.001); SCysC (OR 2.62, 95% CI, 

1.44–4.79; p= 0.002); grey zone pNGAL (OR 1.54, 95% CI, 0.74–3.18; p=0. 25); and high-

risk pNGAL (OR 2.96, 95% CI, 1.51–5.81, p=0.002). This multivariable model presented a 

Hosmer-Lemeshow goodness of fit test p-value=0.947, and an AUC-ROC curve of 0.78 

(95% CI, 0.73–0.83).

In the overall cohort, 8.1% (50/616) of patients developed the composite endpoint of CKD 

stage 5/ESRD (end stage renal disease), and dialysis requirement during the follow up 

period: 26.9% (35/130) corresponded to AKI group, 5.7% (9/159) to TAz group, 20% (3/15) 

were in the sCKD group, and only 0.64% (2/312) were in the NF group. AKI and TAz group 

developed the composite endpoint significantly more frequently when compared with the NF 

group (p<0.001). The discriminative ability of SCysC for predicting this composite outcome 

was represented by a ROC-AUC of 0.90 (95% CI, 0.87–0.93); for pNGAL, the 

corresponding ROC-AUC was 0.79 (95% CI, 0.73–0.86).

The overall mortality rate in the cohort was 25.8% (n=159), with 19.5% of the deaths 

occurring during the index hospitalization (31/159), 39.6% (34/159) during the first two 

years after discharge, 32.1% (51/159) between the second and fifth years of follow-up; and 
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8.8% (14/159) up to the end of follow-up. The majority of deaths occurred in the AKI group. 

Overall mortality in the AKI group was 44.6% (58/130), with rates of 22.6% (36/159), 

13.3% (2/15) and 20.2% (63/312) in TAz, sCKD and NF groups, respectively (Table 1).

To explore the risk factors for death, several multivariable Cox regression models were also 

fitted to the data (Table 5). The clinical model (Model 1) identified the following mortality 

risk factors: cancer (HR 3.3, 95% CI, 2.1–5.1; p<0.001); CCI score (HR 2.2, 95% CI, 1.5–

3.1 p<0.001); chronic liver disease (HR 1.7, 95% CI, 1.0–2.7; p=0.035; age (HR 1.0, 95% 

CI, 1.0–1.1; p<0.001); and female gender (HR 0.6, 95% CI, 0.5–0.9, p=0.015). Results from 

the multivariable Model 2 showed that patients in the AKI group displayed a 2-fold greater 

risk of death, when compared with NF patients (HR 1.9, 95% CI, 1.3–2.8; p<0.001). The 

ability of biomarkers to predict mortality during the follow up period showed a HR 1.6 (95% 

CI, 1.1–2.3; p<0.001) for SCysC (Model 3), and HR 1.2 (95% CI, 0.8–1.8; p=0.269) for 

pNGAL (Model 4).

Adding clinical classification to Model 1 resulted in an improvement of both NRI non-

events (50.3%, 95% CI, 41.1–59.5) and IDI (0.034, 95% CI, 0.017–0.050), and in a 

worsening, although without statistical significance, of NRI events (−13.2, 95% CI, −28.8–

2.3). The change in predicting death from adding SCysC to Model 2 was negligible based on 

NRI and IDI. Adding pNGAL to Model 2 resulted in an improvement of NRI events (26.6%, 

95% CI, 11.0–42.2), and in negligible changes in both NRI non-events and IDI. Additional 

measures of the performance of each of the four multivariable models are showed in Table 6. 

For all four models, the C statistic value for predicting mortality was in the 0.74–0.76 range.

DISCUSSION

The results of this prospective observational long-term follow-up study demonstrate that 

community-acquired AKI in the setting of a tertiary care inner city emergency department is 

associated with a substantially increased risk of death and of developing CKD stage 3 or 

greater. Our findings significantly extend the findings from recent analyses of administrative 

databases suggesting that AKI in critically ill hospitalized patients leads to CKD, increased 

risk of end-stage renal disease (ESRD), and excess mortality [7–11]. To our knowledge, this 

is the first report of a rigorous prospective follow-up of all subjects who survived an AKI 

episode acquired in the heterogeneous community setting.

At approximately 5 years of follow up, patients who initially presented with community-

acquired AKI [14, 17] exhibited the highest incidence of CKD, with 40.2% of the patients in 

this group developing CKD stage ≥3, 39.4% exhibiting an eGFR loss of >25%, and 27% 

reaching the composite endpoint of CKD stage 5, ESRD, and dialysis requirement. 

Furthermore, the mortality rate in the AKI group was the highest, at 44.6%. The incidence of 

adverse outcomes demonstrated herein is higher than those reported in previous 

retrospective studies. In hospitalized American Medicare beneficiaries, the likelihood of 

initiating end stage renal disease (ESRD) treatment was 6.96% at the end of 2 years of 

follow-up in patients with AKI, and 14.29% in patients with both AKI and CKD [7]. In a 

Canadian population-based cohort study of patients with acute kidney injury who required 

in-hospital dialysis but survived without dialysis, the risk of ESRD at a median follow up of 
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three years was 8.5% [8]. Observational studies of administrative databases may be biased 

with respect to patient selection and ascertainment [10, 20], which may account for some of 

the discrepancy in results. Furthermore, our prospective follow up period exceeds that of 

previously reported retrospective studies.

Our rigorous adjudication process [14, 17] allowed for the identification of subjects with 

transient azotemia, a condition that has traditionally been considered physiologic and fully 

reversible. However, our long term follow up of these subjects yielded an unexpectedly high 

incidence of CKD, with 29.4% developing CKD stage 3, and 5.7% reaching the composite 

endpoint of CKD stage 5, ESRD, and dialysis requirement. Our findings lend support to the 

emerging notion that even transient AKI is not necessarily benign, especially since it is 

associated with short-term adverse outcomes, including dialysis requirement and death [21, 

22].

Another surprising finding in our study pertains to the fact that even patients who displayed 

normal kidney function at index admission did develop a small but significant drop in eGFR 

over time. Forty patients initially adjudicated to the normal function group (12.8% of the 

total subjects in this group) had developed CKD stage 3 or greater at the five year follow up 

time. However, upon close examination, it became apparent that 24 out of these 40 patients 

developed at least one episode of intrinsic AKI during the follow up period, which might 

explain their progression to CKD. In addition, among the cohort of 40 subjects initially 

judged to have normal kidney function by serum creatinine criteria, 20 of them displayed an 

elevation in plasma biomarkers of AKI [17]. Thus, in retrospect, a substantial proportion of 

the patients had biomarker-positive creatinine-negative subclinical AKI at index 

hospitalization, which is known to portend poor outcomes [23, 24].

We examined whether plasma AKI biomarkers pNGAL and SCysC measured during the 

acute episode provide added value to predict CKD and mortality beyond the clinical model. 

In the acute setting, SCysC outperforms serum creatinine as a marker of AKI severity [14, 

23]. Plasma NGAL is also an early predictive marker of AKI severity [16, 17] that detects 

patients who have an increased risk of acute adverse outcomes even in the absence of 

increases in serum creatinine [24]. Since the severity of AKI is known to determine CKD 

progression [6], it is plausible that these biomarkers of AKI severity may improve our ability 

to predict CKD and mortality after an AKI episode. However, while addition of SCysC 

slightly increased the prediction of CKD and mortality, the addition of pNGAL resulted in 

no improvement.

This study has important limitations. First, it is a single center study, and the results must be 

validated in larger multicenter studies. Second, serum creatinine measurements were used to 

define the different patient categories at index admission, which has well-known limitations. 

Third, proteinuria and microalbuminuria, classical markers of CKD progression, were not 

measured during initial presentation or during follow up. Fourth, we excluded patients with 

severe CKD from the index cohort, and recent meta-analyses have identified underlying 

CKD as one of the strongest risk factors for AKI [25, 26].

Soto et al. Page 6

Kidney Int. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In conclusion, this study ascertains a previously unrecognized and alarmingly high rate of 

CKD and death five years after an episode of community-acquired AKI in the setting of a 

tertiary care inner city emergency department. We also identify transient azotemia as a novel 

risk factor for CKD. Serum cystatin C measured at the time of the initial AKI episode 

provides moderate improvement in the prediction of these adverse outcomes. Thus, we 

provide the first prospective results that validate and support the International Society of 

Nephrology’s global 0by25 initiative to increase awareness of the long-term consequences 

of community-acquired AKI, a disease with enormous health and financial burden. Our 

findings highlight the importance of close follow up of patients with community acquired 

AKI, for potential initiation of early, widely available, and inexpensive renal protective 

strategies.

METHODS

Patients

This is a prospective observational study involving follow up of a cohort of 616 patients who 

were enrolled following presentation to the emergency department of the Fernando Fonseca 

Hospital in Portugal during March to November 2008 [14, 17]. This is a tertiary acute care 

hospital serving a population of 700,000 from the Lisbon inner city area, with a high 

emergency department admission rate and an open door policy of providing care to all 

comers. Exclusion criteria were: age under 18 or over 80 years of age, established CKD 

stage 4 or greater, severe AKI at admission (defined as an increase in serum creatinine 

>300% over baseline or >4 mg/dl for more than 48 hours or needing dialysis therapy), and 

cytotoxic therapy. Patients who were discharged alive from the index presentation were 

prospectively followed for a median time of 62.1 months. All hospital admission data as 

well as data related to CKD, dialysis, and death were prospectively collected. All patients 

signed an informed consent to participate, and the study protocol was approved by the 

institutional Ethics Committee.

Procedures

At index admission, baseline renal function by SCr, medical history, and demographic 

characteristics were obtained from hospital electronic records for 1–6 months before ED 

presentation. A prospective renal function assessment was carried out by measuring serum 

creatinine (SCr), serum Cystatin C (SCysC), and plasma NGAL (pNGAL) at 0, 6, 12, 24, 

and 48 hours (T0, T6, T12, T24, and T48, respectively) from admission [14, 17]. Kidney 

function was measured by SCr at discharge (D, n=585), 1st follow-up (F1 at median time of 

19.9 months, P25=7.3, P75=26.2; n=506), and 2nd follow-up (F2 at median time of 62.1 

months, P25=49.9, P75=67.9; n=457). The estimated glomerular filtration rate (eGFR) was 

determined using the CKD-Epidemiology Collaboration (CKD-EPI) formula [27] and 

compared to the baseline eGFR obtained approximately 6 months prior to index admission 

in 2008. CKD was defined as eGFR < 60 mL/min/1.73m2, documented for more than 3 

months, and CKD stages were according to K/DOQI guidelines [28]. We adjudicated the 

renal status at index admission [14, 17]. AKI was defined according to RIFLE [29] and 

AKIN [30] criteria, as a new increase in SCr that did not resolve in 72 hours. Transient 

azotemia (TAz) was defined as a new increase in SCr that resolved in less than 72 hours. 
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Normal function (NF) was defined as a baseline eGFR greater than 60 mL/min per 1.73 m2 

and no increases in SCr during the hospital stay. Stable CKD (sCKD) was defined as a 

stably reduced eGFR <60 mL/min per 1.73 m2 before admission and <25% change from 

baseline during the hospitalization.

To analyze factors that might predispose to AKI, nature and timing of the inciting event, and 

the response of the kidney to the insult, variables included in the “Multidimensional 

Criteria” [18] were recorded, including “susceptibility” (pre-existing kidney disease and risk 

morbidities of developing acute injury, nature and timing of the ”insult” on the basis of the 

specific insult and the time interval from the insult to the point of evaluation (in this case 

admission to the emergency department), “response” corresponding to the RIFLE 

classification, and non-renal organ dysfunction.

Serum creatinine, SCysC and pNGAL measured at 12 hours following index admission were 

used as predictive markers of death and long-term kidney outcomes. Patients were classified 

into 3 grades of AKI risk according to pNGAL concentrations [17]: low (pNGAL <97 ng/

ml), grey zone (pNGAL 97–133 ng/ml), and high (pNGAL >133 ng/ml). A cut-off point for 

SCysC concentration of 0.98 mg/l was used to identify patients at high risk for AKI [14]. 

The Charlson Comorbidity Index (CCI) score was used for comorbidity evaluation [20]. The 

score values were added in all the multivariable analyses.

The primary outcomes were the development of CKD Stage ≥3 (eGFR <60 ml/min/1.73m2) 

and mortality. The secondary outcome was an eGFR loss of >25% from the pre-AKI 

baseline. The tertiary outcome was a composite endpoint of CKD stage 5, ESRD (end stage 

renal disease), and dialysis requirement.

Statistical analysis

Categorical data are presented as frequencies and percentages, and continuous variables as 

mean or median, standard deviation (SD) or inter-quartile range (IQR: 25th – 75th 

percentile), as appropriate. Nonparametric Chi-Square and Kruskal-Wallis tests were used. 

Mixed-effects regression models were used to study eGFR changes over time and to 

compare the odds of being CKD stage 3, between study times, for each classification 

category. Univariable and multivariable Cox regression models were applied to study time 

until death and until CKD development. Hazard ratios (HR) and corresponding 95% 

confidence intervals (CI) were obtained. Proportional hazards assumption of Cox regression 

was tested with a formal significance test based on standardized Schoenfeld residuals. As 

this assumption was not verified for age, Martingale residuals were obtained to identify a cut 

point for this variable. Martingale residuals were also used to obtain a cut point for the CCI 

score.

Several overall measures of model performance were obtained such as the likelihood ratio 

test statistic, Nagelkerke R2 (assumes values between 0 and 1), discrimination C statistic, 

(the c-index ranges from 0 to 1) and calibration slope (assumes values between −1 and 1). 

These measures were internally validated with bootstrapping techniques (200 replicates). 

Model choice also considered Akaike’s Information Criterion (AIC) (lower values 

correspond to better model performances) [31, 32]. In order to quantify the improvement 
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resulting from adding clinical classification (Model 2) to a clinical model, and from adding 

SCysC or pNGAL to Model 2, continuous net reclassification improvement (NRI) and 

integrated discrimination improvement (IDI) were calculated [33, 34].

A logistic regression model was used to identify variables that could influence the loss of 

kidney function related to the baseline. The model’s performance was quantified in terms of 

calibration using the Hosmer-Lemeshow goodness-of-fit test and for discrimination using 

the area under the Receiver Operating Characteristic (ROC) curve [35]. Bootstrap 95% bias-

corrected confidence intervals were obtained for these areas. A level of significance α=0.05 

was considered.

All data were analysed using STATA 13.0 (StataCorp 2013, Stata Statistical Software: 

Release 13. College Station, TX: StataCorp LP) and R software (R: A Language and 

Environment for Statistical Computing, R Core Team, R Foundation for Statistical 

Computing, Vienna, Austria, 2014).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study profile. Flow chart of patients during follow-up. (1)n=86, and (2)n=171 with missing 

GFR values.

Soto et al. Page 12

Kidney Int. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Figure 2A. Evolution of chronic kidney disease by estimated GFR. Kidney function by 

estimated GFR at baseline, discharge, 1st follow-up (median 19.9 months), and 2nd follow-

up (median 62.1 months), in each clinical group. AKI, acute kidney injury; TAz, transient 

azotemia; sCKD, stable chronic kidney disease; NF, normal function. p<0.05 for all groups, 

comparing baseline to 2nd follow up.
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Figure 2B. Change in eGFR between baseline and last follow-up time (F2). AKI, acute 

kidney injury; TAz, transient azotemia; sCKD, stable chronic kidney disease; NF, normal 

function. p<0.001 when comparing AKI and TAz with NF.
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Figure 3. 
Percent of eGFR ≤60 mL/min/1.73m2 at baseline, discharge, 1st follow-up (median 19.9 

months), and 2nd follow-up (median 62.1 months), in each clinical group. AKI, acute kidney 

injury; TAz, transient azotemia; NF, normal function. *p<0.001 compared to baseline.
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Figure 4. 
Cumulative incidence of chronic kidney disease during follow-up time. The figure on the left 

shows Kaplan Meier curves estimates (p < 0.001 for both Taz and AKI compared to normal 

function) for the entire follow up period. Figure on the right shows cumulative incidence 

rates during the five years of follow-up. AKI, acute kidney injury; TAz, transient azotemia; 

NF, normal function.
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