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Purpose: Acute kidney injury is very common in hospitalized patients and carries 
a significant risk of mortality. Although timely intervention may improve patient prognosis, 
studies on the development of acute kidney disease in patients with acute kidney injury 
remain scarce. Thus, we constructed a prediction model to identify patients likely to develop 
acute kidney disease.
Patients and Methods: Among 474 patients screened for eligibility, 261 were enrolled and 
randomly divided into training (185 patients) and independent validation cohorts (76 
patients). Least absolute shrinkage and selection operator regression and multivariate logistic 
regression analyses were used to select features and build a nomogram incorporating the 
selected predictors: diabetes, anemia, oliguria, and peak creatinine. Calibration, discrimina-
tion, and the clinical usefulness of the model were assessed using calibration plots, the 
C-index, receiver operating characteristic curves, and decision curve analysis.
Results: Diabetes was significantly associated with the presence of AKD. Peak creatinine, 
oliguria, and anemia also contributed to the progression of acute kidney injury. The model 
displayed good predictive power with a C-index of 0.834 and an AUC of 0.834 (95% 
confidence interval (CI): 0.773–0.895) in the training cohort and a C-index of 0.851 and 
an AUC of 0.851 (95% CI: 0.753–0.949) in the validation cohort. The calibration curves also 
showed that the model had a medium ability to predict acute kidney disease risk. Decision 
curve analysis showed that the nomogram was clinically useful when interventions were 
decided at the possibility threshold of 22%.
Conclusion: This novel prediction nomogram may allow for convenient prediction of acute 
kidney disease in patients with acute kidney injury, which may help to improve outcomes.
Keywords: diabetes mellitus, acute kidney injury, anemia, oliguria, nomogram

Introduction
Acute kidney injury (AKI) is a common complication of critical illness, affecting 
up to 20% of hospitalized patients and almost half of patients in the intensive care 
unit (ICU).1,2 AKI can increase in-hospital stay or long-term mortality. For exam-
ple, among patients with septic shock, the 60-day mortality rate of patients with 
AKI is three to five times that of those without AKI.3 Furthermore, survivors of 
AKI have an increased risk of chronic kidney disease (CKD) and end-stage kidney 
disease (ESRD), both of which can diminish a patient’s quality of life and cause 
a heavy burden for their families and the health system.4 At present, AKI and CKD 
represent a continuum of the disease process but are not discrete entities. Thus, the 
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term acute kidney disease (AKD) was proposed to unify 
the more established concepts of AKI and CKD.5 In 2017, 
the Acute Disease Quality Initiative (ADQI) workgroup 
proposed a new definition of AKD in their expert consen-
sus document. AKD was defined as AKI stage one or 
higher persisting ≥7 days and <90 days.6 Recently, 
a prospective, multicenter cohort study reported that 
early recovery of kidney function after AKI was associated 
with better long-term clinical outcomes.7 Additionally, 
some experts have suggested that initiating critical inter-
ventions during the window of this AKD period may 
effectively improve the prognosis of patients. However, 
research regarding AKD is scarce. To date, only one 
study has attempted to use kidney biopsy samples to 
characterize AKD.8 The ADQI 16 workgroup consensus 
noted that, to ensure more meaningful application of the 
concept of AKD in clinical practice, further studies con-
cerning the epidemiology of AKD—including predictors, 
disease course, and results related to AKI are warranted.6

Advancements in computer science have enabled the 
development of predictive models for various diseases 
based on electronic medical records surveillance.9,10 

Therefore, in this novel, retrospective study, we aimed to 
identify risk factors for AKD. We also constructed 
a clinical prediction model to identify patients likely to 
have AKD based on clinical risk scores.

Materials and Methods
Patient Selection
We screened all patients admitted to the First Affiliated 
Hospital of Zhengzhou University from January 2018 to 
December 2018. The requirement for informed consent 
was waived due to the retrospective nature of the study. 
A total of 474 patients were clinically diagnosed with 
AKI, acute renal failure, or acute renal insufficiency. 
Patients were included in this study if they met the 
Kidney Disease: Improving Global Outcomes (KDIGO) 
AKI diagnostic criteria, if it was their first hospital admis-
sion due to AKI, and if we were able to obtain their serum 
creatinine value ≥7 days after the diagnosis of AKI from 
the medical record or their serum creatinine value dropped 
to less than 1.5 times the normal value within 7 days. 
Patients who were younger than 18 years old, those with 
a history of kidney disease or nephrectomy, and those 
whose medical records were incomplete were excluded 
(Figure 1). A total of 261 patients who met the inclusion 
and exclusion criteria were included in this study and were 

randomly divided into the training (n=185) and validation 
(n=76) groups.

Data Acquisition
We retrospectively collected patient data, including demo-
graphic characteristics (age, sex), vascular risk factors 
(hypertension, diabetes mellitus), laboratory parameters 
on the day of admission (white blood cell (WBC) count, 
hemoglobin (Hb), platelet (PLT) count, blood urea nitro-
gen (BUN), all serum creatinine values (Scr), uric acid 
(UA), alanine aminotransferase (ALT), total protein (TP), 
blood Albumin (ALB), total cholesterol (T-CHO), trigly-
ceride (TG), low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), 24-h urine volume, and presence of 
proteinuria), admission department, and receipt of contin-
uous renal replacement therapy (CRRT). Hypertension 
was defined based on blood pressure values higher than 
the normal value (systolic blood pressure ≥140 mmHg/or 
diastolic blood pressure ≥90 mmHg) on three different 
days. Diabetes was defined by any of the following con-
ditions: 1) blood glucose ≥11.1 mmol/L (200 mg/dl) at 
any time of the day; 2) fasting blood glucose level ≥7.0 
mmol/L (126 mg/dl); or 3) oral glucose tolerance test 
2-hour blood glucose level ≥11.1 mmol/L (200 mg/dl). 
Proteinuria was defined when the 24-hour urine protein 
level exceeded 0.15 g, the urine protein/creatinine was 
>0.2 g/g, or the urine protein qualitative test was positive. 
Oliguria was defined as a 24-hour urine output less than 
400 mL. Anemia was defined as Hb <120 g/L for men and 
Hb <110 g/L for women. Uric acid values over 420 micro-
moles per liter for men or over 360 micromoles per liter 
for women were defined as high uric acid. We used the 
discrete BUN (quartile) and peak values of creatinine 
(quintile) with equal frequency to ensure clinical 
relevance.

Definition of AKI and AKD
Definition of AKI
AKI was defined as any of the following (not graded): 
increase in serum creatinine (SCr) by ≥0.3 mg/dL (≥26.5 
mol/L) within 48 hours or increase in SCr to ≥1.5 times 
baseline, which is known or presumed to have occurred 
within the prior 7 days; or urine volume <0.5 mL/kg/h for 
6 hours. AKI Stage 1 was defined as an Scr increase of 
more than 26.5μmol/L within 48 h or increase of ≥1.5 of 
the threshold less than 2.0 times within 7 days. AKI Stage 
2 was defined as an SCr increase of 2.0 to 2.9 times the 
value. AKI Stage 3 was defined as an SCr increase up to 
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the refractive index of more than 3.0 times, an Scr >353.6 
μmol/L, or the start of CRRT.5

Definition of AKD
AKD was defined as the presence of AKI Stage 1 or 
higher persisting ≥7 days but <90 days after the onset of 

AKI, in accordance with the diagnostic criteria of the 
ADQI.6

Statistics Software and Data Analysis
Statistical analysis was performed using R software (version 
3.6.3; https://www.R-project.org). Feature selection, 

Figure 1 Patient screening and study design flow chart. 
Abbreviations: AKI, acute kidney injury; KDIGO, Kidney disease: Improving Global Outcomes; LASSO, least absolute shrinkage and selection operator.
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nomogram establishment, calibration curve generation, 
AUC measurements, and decision curve analysis were per-
formed using the “tableone,” “glmnet,” “Hmisc,” “regplot,” 
“pROC,” “rmda,” and “rms” packages in R software. To 
develop a dynamic nomogram online application (APP) for 
predicting the occurrence of AKD, we used the “rsconnect” 
and “DynNom” packages in R software.

Continuous variables are expressed as the median 
(interquartile range) or mean ± standard deviation (SD), 
while categorical variables are expressed as absolute fre-
quencies, n (%). The continuous and categorical data were 
compared between the training and validation groups 
using the chi-square test, independent Samples t-test, or 
Mann–Whitney U-test. A P value of 0.05 (two-tailed) was 
considered significant.

Construction of the Nomogram Model
Least absolute shrinkage and selection operator (LASSO) 
regression was used to select the optimal predictive fea-
tures while fitting a generalized linear model in this 
study.11 This method can select features for better perfor-
mance parameters and control the complexity of the model 
through a series of parameters to avoid overfitting. 
Features with nonzero coefficients in the LASSO regres-
sion model were selected.12 To predict the probability of 
AKD, a multivariable logistic regression (MLR) analysis 
was performed by incorporating the features selected in 
the LASSO regression model. P values in the multivari-
able analysis were based on the Wald test, and a P value 
≤0.05 was considered significant. A forest plot was drawn 
to describe the results of the MLR, and it included the 
P-value, odds ratio (OR), and 95% confidence interval (CI) 
of visually selected features. Statistically significant pre-
dictors were applied to develop a model of AKD risk 
prediction for patients with AKI.13 This model weights 
the predictors according to the regression coefficients of 
all significant predictors and gives a score for each value 
level of each predictor. Then, we mapped the values of 
each significant predictor to points ranging from 0 to 100. 
The total points obtained for each model corresponded to 
the probability of AKD.

Validation of the Nomogram Model
The calibration of the models was measured using calibra-
tion curves.14 The receiver operating characteristic curve 
(ROC) and the average optimism of the area under the 
curve (AUC) were measured to quantify the discrimination 
performance and the predictive ability of the AKD 

nomogram. The AKD risk nomogram was validated both 
internally and externally to ascertain its predictive power.

In the internal validation, we used a bootstrap resam-
pling method for obtaining relatively unbiased estimates 
(1000 repetitions). The model was refitted, and accuracy 
and bias were estimated to calculate a relatively corrected 
C-index for each group of 1000 bootstrap samples.15 In the 
external validation, we measured the predictive accuracy 
of the nomogram by measuring the AUC of the validation 
cohort.

We also performed decision curve analysis (DCA) to 
evaluate the clinical usefulness of the predictive model by 
analyzing the clinical net benefit of the prediction model in 
both the training and validation cohorts.16 The selected 
probability thresholds are where the expected benefit of 
intervention is equal to the expected benefit of avoiding 
intervention. When a patient’s probability fell within the 
probability thresholds, the model was considered to pro-
vide more benefit.17

Results
Patient Characteristics
Of the 474 patients with AKI who visited our clinic from 
January 2018 to December 2018, 261 met the inclusion 
and exclusion criteria. These patients were randomly 
divided into the training group (n=185) and the validation 
group (n=76). The epidemiological and clinical character-
istics of the training and validation cohorts are summar-
ized in Table 1. We observed no significant differences in 
patient characteristics between the two cohorts. In the 
training cohort, 127 patients developed AKD, resulting 
in an AKD incidence of 68.6%. Patients with oliguria 
(P<0.05) and anemia (P<0.05) were more likely to 
develop AKD than those without oliguria and anemia. 
Patients with AKD tended to have significantly higher 
peak creatinine (P<0.0001), higher BUN (P=0.001), 
lower PLT (P<0.05), and lower ALB (P<0.05) levels 
than those without AKD. All patient data for the training 
cohort, including demographic characteristics, clinical 
findings, and laboratory test results, are provided in 
Table 2.

Feature Selection
Among the demographic characteristics, clinical findings, 
and laboratory test results, 18 features including sex, age 
hypertension, diabetes, oliguria, proteinuria, anemia, 
BUN, peak creatinine, WBC, PLT, UA, TP, ALB, TG, 
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TC, LDL, and HDL were reduced to six potential predic-
tors based on 185 patients in the cohort (3:1 ratio; shown 
in Figure 2A and B). Their coefficients in the LASSO 
regression were nonzero. These six potential predictors 
included hypertension, diabetes, peak-creatinine, oliguria, 
anemia, and PLT. These factors were further subjected to 
MLR analysis. MLR analyses revealed that diabetes, peak 
creatinine, oliguria, and anemia were significantly asso-
ciated with the presence of AKD (Figure 3).

Nomogram Establishment and Validation
Based on the LASSO and MLR analyses, we established 
a model incorporating the significant risk factors to predict 
the probability of AKD and presented this model as 
a nomogram (Figure 4A). The equation describing the 
probability of AKD was as follows: P = 1/(1 + exp 
(2X)). In this equation, X = −2.1743 + 1.3120 × V1 + 

0.8204 × V2 + 2.1267 × V3 +0.8810 × V4. V1 represents 
diabetes (0 if no diabetes and 1 if diabetes), V2 represents 
anemia (0 if no anemia and 1 if anemia), V3 represents 
oliguria (0 if no oliguria and 1 if oliguria), and V4 repre-
sents peak creatinine (1 if <223 µmol/L, 2 if 223–347.8 
µmol/L, 3 if 347.8–536 µmol/L, 4 if 536–810 µmol/L, 5 if 
≥810µmol/L). The calibration curve of the AKD risk 
nomogram in patients with AKI demonstrated good agree-
ment (Figure 4B). The AUC of the ROC curve of the AKD 
risk nomogram in the training group (Figure 5A) was 
0.834 (95% CI: 0.773–0.895), which denotes good 
performance.

The AKD risk nomogram was validated both internally 
and externally. In the internal validation, the C-index for 
the nomogram was 0.807. In the external validation, we 
confirmed the nomogram in the validation cohort of 76 
patients. The AUC of the ROC curve in the validation set 

Table 1 Details of Patients’ Characteristics in the Training Cohort (N=185) and Validation Cohort (N=76) of the AKD Prediction 
Model

Characteristicsa Overall (n=261) Training Cohort (n=185) Validation Cohort (n=76) p value

Sex 0.709

Male 162 (62.1) 113 (61.1) 49 (64.5)

Female 99 (37.9) 72 (38.9) 27 (35.5)
Age, years 51.00 [39.00, 65.00] 50.00 [39.00, 65.00] 55.00 [39.00, 65.00] 0.499

AKI stage 1 17 (6.5) 12 (6.5) 5 (6.7) 0.278

AKI stage 2 47 (18.1) 29 (15.7) 18 (24.0)
AKI stage 3 196 (75.4) 144 (77.8) 52 (69.3)

Admission to Nephrology 56 (21.5) 40 (21.6) 16 (21.1) 1
Admission to ICU 189 (72.4) 137 (74.1) 52 (68.4) 0.44

Hypertension 84 (32.2) 60 (32.4) 24 (31.6) 1

Diabetes 29 (11.1) 16 (8.6) 13 (17.1) 0.079
Oliguria 26 (10.0) 18 (9.7) 8 (10.5) 1

Proteinuria 101 (38.8) 69 (37.5) 32 (42.1) 0.58

Baseline creatinine 88.00 [71.00, 97.00] 87.00 [71.00, 97.00] 89.00 [71.00, 97.00] 0.373
Peak-creatinine, µmol/L 452 [241.9, 742.0] 456 [242.6, 752.8] 430.5 [430.1, 707] 0.4

BUN, mmol/L 15.70 [10.60,24.60] 15.70 [10.72, 25.80] 15.57 [10.06, 22.49] 0.532

UA, µmol/L 474.00 [357.00, 640.00] 476.00 [354.00, 654.00] 470.50 [386.50, 567.75] 0.522
Anemia 118 (45.4) 82 (44.3) 36 (48.0) 0.688

PLT,×109/L 202.00 [133.00, 265.00] 200.00 [132.00, 267.00] 204.50 [141.50, 260.50] 0.918

WBC, ×109/L 9.10 [6.76, 12.50] 9.20 [6.70, 12.65] 8.78 [6.79, 12.12] 0.464
TP, g/L 64.60 [58.40, 71.70] 64.90 [58.40, 71.50] 63.95 [58.63, 71.98] 0.699

ALB, g/L 36.10 (8.36) 36.35 (8.84) 35.47 (7.08) 0.438

TC, mmol/L 3.62 [3.06, 4.58] 3.69 [3.07, 4.63] 3.54 [3.04, 4.28] 0.398
TG, mmol/L 1.56 [1.09, 2.39] 1.61 [1.05, 2.48] 1.46 [1.20, 2.19] 0.789

HDL, mmol/L 0.88 [0.68, 1.10] 0.89 [0.69, 1.09] 0.83 [0.66, 1.14] 0.585

LDL, mmol/L 2.06 [1.55, 2.88] 2.09 [1.55, 2.88] 2.05 [1.57, 2.82] 0.761
CRRT treatment 88 (33.8) 60 (32.4) 28 (37.3) 0.541

Notes: aContinuous variables are expressed as median (interquartile range) or mean ±standard deviation, SD, categorical variables as absolute frequencies, n (%). p values 
comparing Derivation group and Validation group are from χ2 test, t-test, or Mann–Whitney U-test. 
Abbreviations: BUN, blood urea nitrogen; UA, uric acid; PLT, platelet count; WBC, white blood cell; TP, total protein; ALB, albumin; TC, total cholesterol; TG, 
triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRRT, treatment Continuous Renal Replacement Therapy treatment.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14                                               https://doi.org/10.2147/DMSO.S307776                                                                                                                                                                                                                       

DovePress                                                                                                                       
2371

Dovepress                                                                                                                                                            Zhao et al

https://www.dovepress.com
https://www.dovepress.com


Table 2 Differences Between Demographic Characteristics of Non-AKD and AKD Groups in the Training Cohort

Demographic Characteristics Overall (n=185) Non-AKD (n=58) AKD (n=127) p value

AKI staging <0.001
Stage 1 12 (6.5) 10 (17.2) 2 (1.6)

Stage 2 29 (15.7) 17 (29.3) 12 (9.4)

Stage 3 144 (77.8) 31 (53.4) 113 (89)

Admission to ICU 0.100
NO 48(25.9) 10(17.2) 38(29.9)

YES 137(74.1) 48(82.8) 89(70.1)

Admission to Nephrology 0.432

NO 145(78.4) 48(82.8) 89(70.1)

YES 40(21.6) 10(17.2) 38(29.9)

Sex 0.318

Female 72 (38.9) 19 (32.8) 53 (41.7)
Male 113 (61.1) 39 (67.2) 74 (58.3)

Age (years) 0.223
<35 34 (18.4) 16 (27.6) 18 (14.2)

35–45 32 (17.3) 7 (12.1) 25 (19.7)

45–55 45 (24.3) 14 (24.1) 31 (24.4)
55–65 29 (15.7) 9 (15.5) 20 (15.7)

≥65 45 (24.3) 12 (20.7) 33 (26.0)

Hypertension 0.434

No 125 (67.6) 42 (72.4) 83 (65.4)

Yes 60 (32.4) 16 (27.6) 44 (34.6)

Diabetes 0.393

No 169 (91.4) 55 (94.8) 114 (89.8)
Yes 16 (8.6) 3 (5.2) 13 (10.2)

Oliguria 0.027
No 167 (90.3) 57 (98.3) 110 (86.6)

Yes 18 (9.7) 1 (1.7) 17 (13.4)

Proteinuria 0.287

No 115 (62.5) 40 (69.0) 75 (59.5)

Yes 69 (37.5) 18 (31.0) 51 (40.5)

Peak creatinine, µmol/L <0.001

<223 36 (19.5) 25 (43.1) 11 (8.7)
223–347.8 35 (18.9) 16 (27.6) 19 (15.0)

347.8–536 39 (21.1) 9 (15.5) 30 (23.6)

536–810 37 (20.0) 5 (8.6) 32 (25.2)
≥810 38 (20.5) 3 (5.2) 35 (27.6)

BUN, mmol/L 0.001
<10.6 46 (24.9) 25 (43.1) 21 (16.5)

10.6–15.7 47 (25.4) 12 (20.7) 35 (27.6)
15.7–24.6 40 (21.6) 11 (19.0) 29 (22.8)

≥24.6 52 (28.1) 10 (17.2) 42 (33.1)

UA 0.304

Normal 62 (33.5) 23 (39.7) 39 (30.7)

High 123 (66.5) 35 (60.3) 88 (69.3)

(Continued)

https://doi.org/10.2147/DMSO.S307776                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 2372

Zhao et al                                                                                                                                                             Dovepress

https://www.dovepress.com
https://www.dovepress.com


was 0.851 (95% CI: 0.753–0.949), which suggested good 
discrimination (Figure 5B). The AKD risk nomogram 
exhibited apparently good prediction capability.

Clinical Use
The decision curve analysis for the AKD risk nomogram is 
presented in Figure 5C–D. In the training group, threshold 
probabilities >22% and <93% received more benefit from 
using this nomogram to predict AKD risk (Figure 5C). The 
clinical net benefit of prediction models was confirmed 

using the validation cohort. The results for the validation 
cohort showed that using the nomogram to predict the risk 
of AKD was more beneficial between a threshold prob-
ability of 18% and 89% (Figure 5D).

We also developed a dynamic nomogram online APP to 
assist researchers and clinicians in predicting AKD probabil-
ity in patients with AKI, under the following URL: https:// 
yohou.shinyapps.io/DynNomapp/. In this tool, one can pull 
sliders for covariates (diabetes (0 if no diabetes and 1 if 
diabetes), anemia (0 if no anemia and 1 if anemia), oliguria 

Table 2 (Continued). 

Demographic Characteristics Overall (n=185) Non-AKD (n=58) AKD (n=127) p value

Anemia 0.003

No 103 (55.7) 42 (72.4) 61 (48.0)

Yes 82 (44.3) 16 (27.6) 66 (52.0)

PLT,×109/L 0.035

>100 151 (81.6) 53 (91.4) 98 (77.2)
≤100 34 (18.4) 5 (8.6) 29 (22.8)

WBC,×109/L 0.531
≤10 107 (57.8) 36 (62.1) 71 (55.9)

>10 78 (42.2) 22 (37.9) 56 (44.1)

TP, g/L 0.565

≥60 127 (68.6) 42 (72.4) 85 (66.9)

<60 58 (31.4) 16 (27.6) 42 (33.1)

ALB, g/L 0.032

≥40 67 (36.2) 28 (48.3) 39 (30.7)
<40 118 (63.8) 30 (51.7) 88 (69.3)

TC, mmol/L 0.645
<5.18 161 (87.0) 49 (84.5) 112 (88.2)

≥5.18 24 (13.0) 9 (15.5) 15 (11.8)

TG, mmol/L 0.962

<1.7 100 (54.1) 32 (55.2) 68 (53.5)
≥1.7 85 (45.9) 26 (44.8) 59 (46.5)

HDL, mmol/L 0.496
>1.04 59 (31.9) 21 (36.2) 38 (29.9)

≤1.04 126 (68.1) 37 (63.8) 89 (70.1)

LDL, mmol/L 0.874

<3.37 159 (85.9) 49 (84.5) 110 (86.6)

≥3.37 26 (14.1) 9 (15.5) 17 (13.4)

CRRT treatment <0.001

NO 125(67.6) 51(87.9) 74(58.3)
YES 60(32.4) 7(12.1) 53(41.7)

Notes: Peak creatinine is defined as the highest value of serum creatinine during AKI, Data are expressed as absolute frequencies, n (%). p values comparing Non-AKD 
group and AKD group are from χ2 test. 
Abbreviations: BUN, blood urea nitrogen; UA, uric acid; PLT, platelet count; WBC, white blood cell; TP, total protein; ALB, albumin; TC, total cholesterol; TG, 
triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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(0 if no oliguria and 1 if oliguria), peak creatinine (1 if <223 
µmol/L, 2 if 223–347.8 µmol/L, 3 if 347.8–536 µmol/L, 4 if 
536–810 µmol/L, 5 if ≥810µmol/L)) and press the “predict” 
button to generate the probability of AKD occurrence and the 
corresponding 95% confidence intervals, which are plotted in 
the “Graphical Summary” tab.18 Clinicians can easily deter-
mine AKD probability by inputting the clinical features of 
patients and then reading the output graphs and tables gen-
erated by the web server.

Discussion
Currently, there are no practical tools to help clinicians 
identify patients who are likely to develop AKD, which 
makes the clinical examination of AKD difficult. The 

easy-to-understand AKD risk nomogram we developed 
using four risk factors (diabetes, anemia, oliguria, and 
peak creatinine) is the first to predict the individual prob-
ability of AKD for patients with AKI. We also developed 
a dynamic nomogram with a user-friendly digital interface, 
which can be used to facilitate clinical decisions. 
Moreover, the discrimination and robustness of our AKD 
risk nomogram were demonstrated by internal and external 
validation in an independent patient cohort.

Prevalence of AKD Among Patients with 
AKI
In our study, the prevalence rates of AKD in patients with 
AKI in the training and validation cohorts were 68.6% and 

Figure 2 Feature selection using the LASSO regression analysis. (A) LASSO coefficient profiles of the non-zero variables of AKI patients. A coefficient profile plot was 
produced against the log (lambda) sequence. (B) Seven features with nonzero coefficients were selected by optimal lambda. By verifying the optimal parameter (lambda) in 
the LASSO model, the partial likelihood deviance (binomial deviance) curve was plotted versus log (lambda).

Figure 3 Multivariate regression analysis in predictive factors of AKD in the training cohort. OR and 95% CI are presented to show the risk of predictive factors.
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Figure 4 Nomogram for predicting AKD risk and a calibration curve of the nomogram. (A) Nomogram to estimate the risk of AKD presence in AKI patients. The 
nomogram to predict AKD was created based on four risk factors (Diabetes, Anemia, Oliguria, and Higher Peak-creatine level). The points of each variable are added to 
correspond to the total points line. (B) Calibration curve of the AKD predictive nomogram. The x-axis represents the predicted AKD risk. The y-axis represents the actual 
diagnosed AKD. The apparent and the bias-corrected values are close to each other, indicating that the nomogram has a good predictive performance.
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69.7%, respectively. In other words, AKI persisted in 
68.6% or 69.7% of patients ≥7 days after the onset of 
AKI and for a duration <90 days. However, AKD cannot 
simply be conceptualized as a stage prior to CKD but 
occurring after AKI. We must be aware that many patients 
with evolving kidney disease may not meet the strict 
standards of AKI (or CKD), such as patients with uncer-
tain or subacute kidney disease.

Main Risk Factors for AKD in Patients 
with AKI
Diabetes
Our study highlights diabetes as a risk factor for the 
development of AKD in patients with AKI, which is con-
sistent with many other studies.19–21 See et al20 reported 
that diabetes was associated with poor long-term outcomes 
of AKI in a meta-analysis of cohort studies. In a Canadian 
population-based cohort study (n=190,714), Pannu et al 

found that participants with complicated diabetes were 
less likely to recover renal function.7 Furthermore, dia-
betes is a major cause of end-stage renal disease (ESRD). 
In summary, patients with AKI who have diabetes often 
exhibit poor prognosis, highlighting the importance of 
achieving better glycemic control in this population.

Anemia
Another factor influencing the probability of AKD in 
patients with AKI is anemia. A previous clinical trial 
reported that the presence of anemia is strongly associated 
with an increased risk of developing contrast-induced AKI 
(adjusted OR=5.3, 95% CI=3.8–7.3, P<0.001).22 In 
a retrospective study of 920 patients undergoing cardio-
pulmonary bypass, lowering the hemoglobin concentration 
by 1 g/dL increased the risk of AKI by 16% (95% 
CI=1.05–1.31, P=0.018).23 Despite the large number of 
articles that have reported that anemia is a key risk factor 
for AKI, few studies have investigated the association 

Figure 5 Evaluation of the prediction effect of the nomogram in the derivation (A and C) and validation (B and D) cohorts. (A and B) The pooled AUC of the ROC curve. 
The x-axis is the false positive rate of the risk prediction. The blue line represents the performance of the nomogram. The y-axis is the true positive rate of the risk 
prediction. (C and D) Decision curve analysis for the nomogram for predicting AKD risk in the AKI cohort. The x-axis is the probability. The y-axis measures the net 
benefit. The blue solid line is from the prediction model. The gray line represents the assumption that all AKI patients will develop into patients with AKD. The black line 
represents the assumption that no patients will develop into patients with AKD.
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between anemia and transition from AKI to AKD. 
Researchers have proposed that hypoxia contributes to 
the progression of AKI and its transition to CKD/ 
ESRD.24,25 Anemia can cause differential degrees of tissue 
hypoxia in the kidney. In theory, correction of anemia 
should ameliorate hypoxia and therefore decrease the 
probability of AKD in patients with AKI.22

Oliguria
Oliguria is significantly associated with the occurrence of 
AKD and is an important index in our nomogram. 
Although uncommon, its clinical appearance often indi-
cates a more severe AKI stage and poor prognosis. Cheng 
et al reported that oliguria was an independent risk factor 
of 90-day or 1-year adverse prognosis (P<0.05) in hospi-
talized patients with post-contrast acute kidney injury.26 

Similarly, a nationwide survey of patients with AKI 
revealed that oliguria occurrence at the time of AKI diag-
nosis was an independently significant prognostic indicator 
of in-hospital mortality.27 Transient oliguria may have 
a relatively benign nature; however, it is still a symptom 
of which clinicians must remain aware. Earlier interven-
tion in patients with AKI who exhibit oliguria may prevent 
the development of AKD.

Peak Creatinine
Serum creatinine is the most common diagnostic marker of 
AKI.28 Increased creatinine may be caused by excessive 
production or decreased renal excretion, both of which are 
associated with the progression of AKI. In addition, James 
et al reported that the mortality risk generally rose with 
increasing peak creatinine.29

Limitations
First, the main limitation of our study is its retrospective 
nature. We were unable to fully exclude all potential 
biases, even though we employed stringent selection cri-
teria. Second, we screened patients with AKI based on the 
clinical diagnosis from our medical record system. It is 
possible that some cases of AKI were not recognized by 
the electronic medical record system. We also excluded 
some patients with missing information, including several 
patients who died before developing AKD, which may 
have led to bias in our results. Third, the external valida-
tion cohort used in our study was not established using 
information from other hospitals. This was a single-center 
research study, and the findings should be corroborated by 
multicenter prospective studies with large sample sizes.

Despite these limitations, our results indicate that our 
nomogram predicting AKD probability may be an effective 
tool for improving our understanding of the basic process of 
AKD and improving outcomes in affected patients.

Conclusion
In this study, we developed and validated a model with good 
accuracy in predicting AKD risk in patients with AKI. Our 
findings also highlight the importance of diabetes mellitus as 
a risk factor for the progression to AKI. This nomogram can 
help clinicians evaluate the risk of AKD in patients with 
AKI and may provide evidence for incorporating assess-
ments of AKD risk into clinical practice. Further studies 
are required to determine whether individual interventions 
based on this nomogram will reduce AKD risk and improve 
prognosis among patients with AKI.
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