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Abstract
Background Sepsis-induced acute kidney injury (S-AKI) is a significant complication and is associated with an increased 
risk of mortality, especially in elderly patients with sepsis. However, there are no reliable and robust predictive models to 
identify high-risk patients likely to develop S-AKI. We aimed to develop a nomogram to predict S-AKI in elderly sepsis 
patients and help physicians make personalized management within 24 h of admission.
Methods A total of 849 elderly sepsis patients from the First Affiliated Hospital of Xi’an Jiaotong University were identi-
fied and randomly divided into a training set (75%, n = 637) and a validation set (25%, n = 212). Univariate and multivariate 
logistic regression analyses were performed to identify the independent predictors of S-AKI. The corresponding nomogram 
was constructed based on those predictors. The calibration curve, receiver operating characteristics (ROC)curve, and decision 
curve analysis were performed to evaluate the nomogram. The secondary outcome was 30-day mortality and major adverse 
kidney events within 30 days (MAKE30). MAKE30 were a composite of death, new renal replacement therapy (RRT), or 
persistent renal dysfunction (PRD).
Results The independent predictors for nomogram construction were mean arterial pressure (MAP), serum procalcitonin 
(PCT), and platelet (PLT), prothrombin time activity (PTA), albumin globulin ratio (AGR), and creatinine (Cr). The predic-
tive model had satisfactory discrimination with an area under the curve (AUC) of 0.852–0.858 in the training and validation 
cohorts, respectively. The nomogram showed good calibration and clinical application according to the calibration curve 
and decision curve analysis. Furthermore, the prediction model had perfect predictive power for predicting 30-day mortality 
(AUC = 0.813) and MAKE30 (AUC = 0.823) in elderly sepsis patients.
Conclusion The proposed nomogram can quickly and effectively predict S-AKI risk in elderly sepsis patients within 24 h 
after admission, providing information for clinicians to make personalized interventions.
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Introduction

From 2000 to 2019, the average global life span grew by 
more than 6 years, with life expectancy growing from 66.8 
to 73.4 years [1]. As the world's population ages, so does the 
demand for admission to hospitals and to intensive care units 
(ICU). In Australia, for example, the total number of hospital 
admissions for the oldest patients (85 years) almost doubled 
from 2005 to 2015 [1]. Moreover, in Northern Denmark, 
74% and 12.6% of the patients admitted to the ICU are older 
than 50 years and 80 years, respectively [2].

Sepsis is defined as lethal organ dysfunction caused by a 
dysregulated host response to infection [3]. The incidence of 
sepsis is dramatically increased (58–65%) in elderly patients, 
and age is an independent predictor of sepsis mortality [4]. 
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Some studies showed that sepsis mortality increased from 
10% in children to 26% in patients aged 60–64 and 38% in 
those over 85 [4]. In addition, the elderly are the primary age 
group affected by AKI [5]. The kidney is also a particularly 
vulnerable organ to sepsis, and S-AKI is associated with a 
high mortality rate in sepsis patients [6]. The primary pro-
cesses of AKI are decreased renal blood flow, subsequent 
tubular epithelial cell death, or acute tubular necrosis. 
Although the detailed mechanisms underlying the patho-
genesis of S-AKI in elderly sepsis patients remain unclear, 
early detection of S-AKI and timely treatment may improve 
the clinical prognosis.

Many researchers have focused on the independent pre-
dictors of S-AKI in elderly sepsis patients over the past dec-
ades. For example, the delta neutrophil index (DNI), proen-
kephalin (PENK), urinary interleukin-18, urinary KIM-1, 
and neutrophil gelatinase-associated lipocalin (NGAL) have 
been proposed to diagnose AKI [7–9]. Unfortunately, these 
novel biomarkers are not only rarely available but often 
require a high cost. Moreover, several risk factors for devel-
oping AKI in sepsis patients have been studied, including 
older age, platelet counts, white blood cell (WBC), PTA, 
and PCT levels [10–12]. However, these markers often lack 
sensitivity or specificity when used as a single index. Cur-
rently, there are no reliable and robust predicted models to 
identify S-AKI in elderly sepsis patients by combining these 
factors. Additionally, several studies have used MAKE30 
as a test endpoint for conducting clinical trials, such as the 
SALT, SMART, and pediatric sepsis trials [13]. The predic-
tive models also could be used to stratify patients and deter-
mine the feasibility of 30-day mortality and MAKE30 as 
endpoints in future clinical trials. Thus, it is of great clinical 
value to construct a nomogram by using routine information, 
which can provide an evidence-based and highly accurate 
risk estimation. This study aimed to construct and verify 
a nomogram model to identify high-risk patients likely to 
develop S-AKI in elderly sepsis patients, based on variables 
available within 24 h of admission.

Materials and methods

Study design

This retrospective cohort study consisted of 849 old patients 
with sepsis between January 2015 and December 2021, and 
anonymized clinical data are collected from the Biobank of 
First Affiliated Hospital of Xi’an Jiaotong University (Xi’an, 
China).

Patients

The inclusion criteria were as follows: (1) Elderly 
Patients(≥ 65 years old) were diagnosed as sepsis based on 
the sepsis 3.0 criteria, which defined sepsis as Sequential 
Organ Failure Assessment (SOFA) score ≥ 2 and docu-
mented or suspected infection[3]; (2) For patients admit-
ted to hospital many times, only the first admission was 
considered for study. Exclusion criteria were as follows: 
(1) < 65 years old; (2) The length of stay in the hospital was 
less than 24 h; (3) A past medical history of chronic kid-
ney disease (stage 4–5) or renal transplantation, or current 
hemodialysis, or acute kidney injury induced by other causes 
except sepsis; (4) Hematogical disorders.

Data collection

The clinical variables in the study were collected from elec-
tronic medical records of the Biobank. (1) Demographic 
characteristics included age and gender. (2) The vital signs 
recorded in the first 24 h after admission included body 
temperature (T), heart rate (HR), respiratory rate (RR), and 
MAP. (3) Laboratory data were immediately available within 
24 h after admission include WBC, neutrophil percentage 
(NEUT%), lymphocyte, monocyte, PLT, serum PCT, PTA, 
thrombin time (TT), international normalized ratio (INR), 
fibrinogen degradation products (FDP), D-Dimer (D-D), 
fibrinogen (FIB), activated partial thromboplastin time 
(APTT), prothrombin time (PT), AGR, globulin, albumin, 
bilirubin, urinary glucose, uric acid, Cystatin C, blood urea 
nitrogen (BUN), Cr, and total cholesterol (TC). (4) Therapies 
recorded in the first 24 h after admission included vancomy-
cin, piperacillin-tazobactam, meropenem, and non-steroidal 
anti-inflammatory drugs (NSAIDs).

Outcomes

The primary outcome was the events of AKI in sep-
sis patients. The diagnosis of AKI was based on the cri-
teria of the Kidney Disease Improving Global Outcomes 
(KDIGO) classification(the serum creatinine level increases 
by ≥ 0.3 mg/dl (≥ 26.5 μmol/l) within 48 h, or the serum 
creatinine level increases ≥ 1.5 times over the baseline level 
within 7 days or cumulative 6 h urine output ≤ 0.5 ml/kg/h) 
[14]. Moreover, the secondary outcomes were the events of 
30-day mortality and MAKE30 in sepsis patients. MAKE30 
is a composition of death, new receipt of RRT, or PRD 
(defined as a final inpatient serum creatinine value greater 
than or equal to 200% of baseline) censored at hospital dis-
charge or 30 days after inclusion, whichever occurred first. 
MAKE30 composite endpoints were defined as patients who 
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met any of the three components of MAKE30. Baseline 
serum creatinine was defined as: (1) the first creatinine level 
obtained during the exposure period, (2) in the absence of 
the first creatinine level, the most recent creatinine measured 
within 12 months before hospitalization was obtained, (3) in 
the absence of measured values with these two approaches, 
an estimation is based on a previously described formula 
[creatinine = 0.74–0.2 (if female) + 0.003 × age (in years)] 
[15].

Statistical analysis

The training group (75% of the sample size) was used to 
construct the prediction model, and the validation group 
(25% of the sample size) was used to verify the accuracy 
of the model. Continuous variables were expressed as 
median with quartile, while categorical variables are shown 
as percentage. Continuous variables were compared using 
Student’s t tests or the Mann–Whitney U tests as appropri-
ate, and Pearson’s Chi-squared or Fisher’s exact tests were 
used to compare categorical variables. Univariate and mul-
tivariate logistic regression models were used to identify 
the independent predictors of S-AKI in the training cohort. 
The corresponding nomogram was constructed based on 
the results of multivariate logistic regression analysis, and 
then we constructed an online dynamic nomogram using 
the “DynNom” package. The AUC of the ROC curve was 
calculated to assess the discrimination of the nomogram in 
the training group and the validation group. To test whether 
the AUC is significant between the two groups, we used a 
two-sided test for ROC curves available online (http:// vassa 

rstats. net/ roc_ comp. html) [16]. The calibration curves were 
drawn to evaluate the consistency of the observed results 
and predicted probability. Decision curve analysis (DCA) 
was performed to assess the clinical net benefit of the pre-
dictive model. Finally, to assess the discrimination of the 
nomogram for 30-day mortality and MAKE30 in elderly 
patients, we performed the analysis of the secondary out-
comes using ROC curves.

All analyses were performed using SPSS 26.0 and R ver-
sion 4.1.2. P < 0.05 was considered statistically significant.

Results

Baseline characteristics of patients

As shown in Fig.  1, 849 old patients with sepsis were 
included, of whom 485 (57.1%) had AKI in the study. 
Moreover, the training set (75%, n = 637) and validation 
set (25%, n = 212) were selected randomly from the total 
cases. Similar demographic and clinical data between the 
training and validation groups are shown in Table 1, includ-
ing demographic characteristics, vital signs, and laboratory 
examinations. The incidence of S-AKI in elderly patients 
with sepsis was 57.3% and 56.3% in the training and valida-
tion sets, respectively. The median age was 73 years (range, 
68–79) and 72 years (range, 67–78), as well as 38.5–44.3% 
of patients were female in the training and validation sets, 
respectively.

Of  849  c r i t i ca l ly  i l l  e lder ly  people ,  484 
(57.0%) received either vancomycin (n  = 146), 

Fig. 1  The flowchart of patient selection

http://vassarstats.net/roc_comp.html)
http://vassarstats.net/roc_comp.html)
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piperacillin-tazobactam (n = 123), or meropenem 
(n = 215), and 141 (16.6%) received non-steroidal anti-
inflammatory drugs (NSAIDs). As shown in Table 2, the 
risk of S-AKI was greatest for vancomycin (P < 0.001) 
compared with piperacillin-tazobactam (P = 0.012), 

but not significant for patients receiving meropenem 
(P = 0.353). Moreover, after exposure to NSAIDs, there 
was a greater risk of S-AKI in elderly sepsis patients 
(P < 0.001).

Table 1  Baseline characteristics 
of the elderly patients with 
sepsis

S-AKI sepsis-induced acute kidney injury, T body temperature, HR heart rate, RR respiratory rate, MAP 
mean arterial pressure, WBC white blood cell, NEUT% neutrophil percentage, PLT platelet, PCT serum 
procalcitonin, PTA prothrombin time activity, TT thrombin time, INR international normalized ratio, FDP 
fibrinogen degradation products, D-D D-Dimer, FIB fibrinogen, APTT activated partial thromboplastin 
time, PT prothrombin time, AGR  albumin globulin ratio, BUN blood urea nitrogen, Cr creatinine, TC total 
cholesterol

Variable Total (n = 849) Training (n = 637) Validation (n = 212) P value

S-AKI, n (%) 0.92
 No 364 (42.9) 272 (42.7) 92 (43.4)
 Yes 485 (57.1) 365 (57.3) 120 (56.3)
 Age 73 (68,79) 73 (68,79) 72 (67,78) 0.07

Gender, n (%) 0.15
 Female 339 (39.9) 245 (38.5) 94 (44.3)
 Male 510 (60.1) 392 (61.5) 118 (55.7)

Vital signs
 T(◦C) 36.6 (36.2,37.0) 36.6 (36.2,37.1) 36.6 (36.3,37.0) 0.89
 RR (bpm) 20 (19,23) 20 (19,23) 20 (19,22) 0.11
 HR (bpm) 90 (78,106) 92 (79,107) 87 (78,103) 0.06
 MAP (mmHg) 91 (74,104) 92 (75,105) 90 (71,104) 0.21

Laboratory test
 WBC (×  109/L) 8.95 (5.95,14.48) 9.14 (6.09,14.32) 8.24 (5.68,14.77) 0.54
 Monocyte (×  109/L) 0.40 (0.24,0.60) 0.40 (0.24,0.61) 0.40 (0.25,0.59) 0.76
 NEUT (%) 86.8 (76.6,91.9) 86.9 (77.6,91.65) 86.4 (74.0,92.1) 0.52
 Lymphocyte (×  109/L) 0.76 (0.45,1.12) 0.76 (0.45,1.08) 0.76 (0.47,1.19) 0.46
 PLT (×  109/L) 141 (78,207) 142 (80,209) 135 (73,199) 0.36
 PCT (ng/ml) 3.30 (0.56,17.05) 2.91 (0.52,14.02) 4.23 (0.65,30.15) 0.06
 PTA (%) 71.0 (55.0,84.0) 70.0 (54.0,83.0) 73.0 (57.1,86.2) 0.10
 TT (S) 14.10 (0.99,16.60) 14.40 (1.00,16.80) 1.24 (0.98,16.40) 0.18
 INR 1.23 (1.11,1.42) 1.23 (1.12,1.42) 1.22 (1.11,1.39) 0.45
 FDP (mg/L) 11.10 (5.29,24.85) 11.16 (5.34,26.00) 10.77 (5.09,20.19) 0.23
 D-D (mg/L) 3.90 (1.91,8.13) 4.04 (1.91,8.95) 3.88 (1.93,6.87) 0.32
 FIB (g/L) 4.24 (2.97,5.58) 4.15 (2.92,5.57) 4.54 (3.19,5.61) 0.21
 APTT (S) 39.70 (34.60,45.70) 39.80 (34.70,45.90) 39.45 (34.41,45.10) 0.30
 PT (S) 15.00 (13.30,16.80) 15.00 (13.30,16.90) 14.95 (13.30,16.48) 0.48
 AGR 1.10 (1.00,1.40) 1.10 (1.00–1.40) 1.20 (1.00,1.50) 0.32
 Globulin (g/L) 25.20 (21.60,29.20) 25.20 (21.90,29.15) 24.70 (21.12,29.35) 0.48
 Albumin (g/L) 30.70 (25.60,39.00) 30.60 (25.45,39.50) 31.05 (25.90,38.00) 0.60
 Bilirubin (mg/dl) 18.60 (11.50,36.10) 18.70 (11.80,36.85) 17.90 (10.83,34.53) 0.22
 Urinary glucose (mmol/L) 7.03 (5.27,9.93) 7.06 (5.34,9.83) 6.92 (5.07,10.03) 0.66
 UA (umol/L) 272.0 (188.5,376.5) 273.0 (188.0,382.5) 270.0 (192.5,361.8) 0.94
 Cystatin C (mg/L) 1.29 (0.98,1.88) 1.29 (0.98,1.89) 1.28 (0.98,1.79) 0.94
 BUN (mmol/L) 8.44 (5.34,14.33) 8.68 (5.43,14.00) 7.83 (5.16,15.28) 0.91
 Cr (umol/L) 74.0 (53.0,127.5) 76.0 (54.0,130.0) 71.0 (51.0,118.8) 0.33
 TC (mmol/L) 2.67 (1.96,3.52) 2.65 (1.92,3.51) 2.75 (2.03,3.59) 0.23
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Univariate analysis results

All the demographic and clinical data were available within 
24 h of admission. Univariate analyses in Table 3 revealed 
that age (1.025, 1.002–1.049), WBC (1.037, 1.014–1.060), 
NEUT (1.035, 1.021–1.049), PCT (1.030, 1.021–1.040), 
INR (10.316, 5.027–21.169), FDP (1.012, 1.006–1.019), 
D-D (1.039, 1.018–1.060), APTT (1.039, 1.022–1.057), 
PT (1.045, 1.019–1.071), UA (1.004, 1.002–1.005), Cys-
tatin C (2.787, 2.139–3.631), BUN (1.129, 1.095–1.165), 
and Cr (1.018, 1.013–1.022) significantly increased in 
the S-AKI group than in the non-AKI group. While MAP 
(0.976, 0.968–0.985), Lymphocyte (0.613, 0.461–0.813), 
PLT (0.992, 0.990–0.994), PTA (0.968, 0.960–0.976), AGR 
(0.301, 0.189–0.477), and ALB (0.981, 0.965–0.997) were 
significantly lower in the S-AKI group.

Predictors of S‑AKI and nomogram development

Multivariate logistic regression analyses were performed 
for the significant variables from the univariate analyses, 
including age, gender, MAP, WBC, NEUT, lymphocyte, 
PLT, PCT, PTA, INR, FDP, D-D, APTT, PT, Cystatin C, 
BUN, UA, Cr, AGR, and ALB. In multivariate analysis, 
MAP (0.979, 0.969–0.989), AGR (0.277, 0.161–0.477), 
PTA (0.977, 0.968–0.986), PCT (1.019, 1.009–1.028), 
Cr (1.012, 1.008–1.016), and PLT (0.994, 0.992–0.996) 
were identified as the independent predictors for S-AKI in 
old patients suffering from sepsis (P < 0.001, Table 4). As 
shown in Fig. 2, a nomogram based on these characteristics 

Table 2  Therapies of the elderly 
patients with sepsis during the 
first 24 h

NSAIDs non-steroidal anti-inflammatory drugs

Variable Total (n = 849) S-AKI (n = 485) Non-AKI (n = 364) P value

Vancomycin, n (%) 146 (17.2) 98 (20.2) 48 (13.1)  < 0.001
Piperacillin-tazobactam, n (%) 123 (14.5) 83 (17.1) 40 (11.0) 0.012
Meropenem, n (%) 215 (25.3) 117 (24.1) 98 (26.9) 0.353
NSAIDs, n (%) 141 (16.6) 95 (19.6) 46 (12.6)  < 0.001

Table 3  Univariate analysis of predictive variables of S-AKI in the 
training cohort

T body temperature, HR heart rate, RR respiratory rate, MAP mean 
arterial pressure, WBC white blood cell, NEUT% neutrophil percent-
age, PLT platelet, PCT serum procalcitonin, PTA prothrombin time 
activity, TT thrombin time, INR international normalized ratio, FDP 
fibrinogen degradation products, D-D D-Dimer, FIB fibrinogen, 
APTT activated partial thromboplastin time, PT prothrombin time, 
AGR  albumin globulin ratio, BUN blood urea nitrogen, Cr creatinine, 
TC total cholesterol

Variables OR 95% CI P value

Age (years) 1.025 1.002–1.049 0.037
Gender, n (%) 1.157 0.838–1.597 0.375
Vital signs
 T(◦C) 1.140 0.938–1.387 0.189
 RR (bpm) 1.017 0.982–1.054 0.350
 HR (bpm) 1.002 0.994–1.010 0.636
 MAP (mmHg) 0.976 0.968–0.985  < 0.001

Laboratory test
 WBC (×  109/L) 1.037 1.014–1.060 0.001
 Monocyte (×  109/L) 1.108 0.793–1.550 0.547
 NEUT (%) 1.035 1.021–1.049  < 0.001
 Lymphocyte (×  109/L) 0.613 0.461–0.813 0.001
 PLT (×  109/L) 0.992 0.990–0.994  < 0.001
 PCT (ng/ml) 1.030 1.021–1.040  < 0.001
 PTA (%) 0.968 0.960–0.976  < 0.001
 TT (S) 1.008 0.999–1.018 0.095
 INR 10.316 5.027–21.169  < 0.001
 FDP (mg/L) 1.012 1.006–1.019  < 0.001
 D-D (mg/L) 1.039 1.018–1.060 0.038
 FIB (g/L) 0.984 0.906–1.070 0.707
 APTT (S) 1.039 1.022–1.057  < 0.001
 PT (S) 1.045 1.019–1.071 0.001
 AGR 0.301 0.189–0.477  < 0.001
 Globulin (g/L) 1.007 0.982–1.032 0.604
 ALB (g/L) 0.981 0.965–0.997 0.019
 Bilirubin (mg/dl) 1.001 0.999–1.004 0.232
 Urinary glucose (mmol/L) 0.994 0.981–1.006 0.314
 UA (umol/L) 1.004 1.002–1.005  < 0.001
 Cystatin C (mg/L) 2.787 2.139–3.631  < 0.001
 BUN (mmol/L) 1.129 1.095–1.165  < 0.001
 Cr (umol/L) 1.018 1.013–1.022  < 0.001
 TC (mmol/L) 0.565 0.863–1.079 0.529

Table 4  Multivariate logistic regression analysis of independent pre-
dictors of S-AKI in the training cohort

MAP mean arterial pressure, AGR  albumin globulin ratio, PTA pro-
thrombin time activity, PCT serum procalcitonin, PLT platelet, Cr 
creatinine

Variables OR 95% CI P value

MAP (mmHg) 0.979 0.969–0.989  < 0.001
AGR 0.277 0.161–0.477  < 0.001
PTA (%) 0.977 0.968–0.986  < 0.001
PCT (ng/ml) 1.019 1.009–1.028  < 0.001
PLT (×  109/L) 0.994 0.992–0.996  < 0.001
Cr (umol/L) 1.012 1.008–1.016  < 0.001
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was developed to predict S-AKI in elderly patients with 
sepsis. Furthermore, we used the “DynNom” package to 
provide an online version of this nomogram, facilitating 
its widespread use by physicians and researchers (https:// 
sepsis- acute- kidney- injury. shiny apps. io/S- AKI/).

Verification of the prediction model

As shown in Fig. 3, ROC curve analyses revealed that the 
model had a good ability to predict S-AKI from elderly 
patients with sepsis in the training (AUC = 0.852) and 
validation (AUC = 0.858) cohorts. Moreover, the two 
cohorts were non-significant (Z = − 0.205, P = 0.84) using 
a two-sided test for ROC curves available online (http:// 
vassa rstats. net/ roc_ comp. html). The calibration curve of 
the model for the training and validation cohorts showed 
that the predictive probabilities were in consistent agree-
ment with the observation results, indicating a successful 
calibration (Fig. 4). As shown in Fig. 5, the DCA demon-
strated that the nomogram had superior overall net benefit 
within the wide and practical ranges of threshold prob-
abilities, indicating high potential for clinical utility.

The secondary outcome analysis using 
the prediction model

Overall, the MAKE30 composite endpoints were reached 
in 311 of the 849 (36.6%) patients. For the individual com-
ponents, the incidence was 249 (29.3%) for 30-day mortal-
ity, 103 (12.1%) for new RRT, and 43 (5.1%) for persistent 
renal dysfunction, respectively. As shown in Fig. 6, ROC 
curve analyses revealed that the prediction model had a 
good ability to predict the occurrence of 30-day mortal-
ity (AUC = 0.813) and MAKE30 (AUC = 0.823) in elderly 
patients with sepsis.

Discussion

In the present study, we constructed a simple nomogram 
model based on those independent predictors (MAP, PCT, 
PLT, PTA, AGR, and Cr) within 24 h of admission, which 
performed well for predicting S-AKI in elderly patients with 
sepsis. In addition, the use of prognostic models will allow 
for timely, high-quality, person-centered supportive care 
and a care bundle for S-AKI. Therefore, the model might 

Fig. 2  Nomogram to estimate the risk of S-AKI in elderly patients with sepsis. S-AKI Sepsis-induced acute kidney injury, MAP mean arterial 
pressure, AGR  albumin globulin ratio, PTA prothrombin time activity, PCT serum procalcitonin, PLT platelet, Cr creatinine

https://sepsis-acute-kidney-injury.shinyapps.io/S-AKI/
https://sepsis-acute-kidney-injury.shinyapps.io/S-AKI/
http://vassarstats.net/roc_comp.html
http://vassarstats.net/roc_comp.html
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improve the outcome and reduce mortality in elderly patients 
with sepsis.

A retrospective study including 146,148 patients across 
nine regional central hospitals in China reported AKI in 

47.1% of sepsis cases [17]. In this study, we discovered 
a higher incidence of S-AKI in elderly sepsis patients, as 
high as 57.1%, because of their older age. In addition, this 
study revealed that vancomycin, piperacillin-tazobactam, or 

Fig. 3  The ROC curve of the nomogram for predicting S-AKI in elderly sepsis patients. a ROC curves in training set; b ROC curves in valida-
tion set

Fig. 4  Calibration curves of the predicted nomogram. Evaluation of the predictive performance for estimating the risk of S-AKI of the nomo-
gram in the training set (a) and validation set (b)



3000 Aging Clinical and Experimental Research (2022) 34:2993–3004

1 3

NSAIDs added to the risk of S-AKI but not meropenem in 
elderly sepsis patients. A prospective multicenter Sapphire 
study (NCT01209169; ClinicalTrials.gov) indicated that the 
combination of piperacillin–tazobactam and vancomycin is 

associated with possible increased S-AKI and long-term 
adverse outcomes [18]. NSAIDs can result in AKI due 
to reducing renal blood flow, causing tubular obstruction 
through crystal deposition, and inducing direct cytotoxicity 

Fig. 5  Decision curve analysis of the nomogram. a Decision curve analysis in the training set; b Decision curve analysis in validation set

Fig. 6  Receiver operating characteristic curve of the nomogram model for 30-day mortality a and MAKE30 b. MAKE30, major adverse kidney 
events within 30 days
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and cell-mediated immune injury mechanisms [19]. Further-
more, Older age and chronic kidney disease are also related 
to the onset of AKI during NSAID use [19]. Physiologically, 
multiple factors may contribute to diminished renal function 
with the increase of age, including the atrophy and degen-
eration of renal tubular epithelial cells, thickened basement 
membrane, and decreased renal blood flow.

Sepsis is the most common cause of AKI in elderly 
patients [20]. Increasing studies discovered that 
ischemia–reperfusion injury is not the only mechanism 
of S-AKI, but rather multiple mechanisms contribute to 
the pathogenesis of AKI, including inflammation, micro-
circulatory dysfunction, and metabolic reprogramming 
[21]. During sepsis, inflammatory mediators are released 
in the intravascular compartment and damage the vascular 
endothelium. Then, activated platelet aggregation hyperac-
tivates the coagulation system, which plays a significant role 
in the microcirculatory alterations contributing to kidney 
injury [22]. It is widely known that during sepsis, suppres-
sion of aerobic glycolysis and augmentation of oxidative 
phosphorylation (OXPHOS) result in a lower vulnerabil-
ity to AKI [23]. However, inflammatory mediators induced 
significant mitochondrial injury, accelerating the metabolic 
reprogramming switch from OXPHOS to aerobic glycolysis 
and thereby mediating kidney damage [21].In addition, a 
dysfunctional immune system, altered cytokine production, 
and coagulation abnormalities in old age increased the inci-
dence of S-AKI in sepsis [4].

In the study, logistic regression analysis showed that 
MAP, PCT, PLT, PTA, AGR, and Cr were independent 
predictors for S-AKI in elderly sepsis patients. Those bio-
markers just reflected that S-AKI resulted from a cross-talk 
between ischemia–reperfusion injury, inflammatory cascade 
activation, deranged coagulation pathways, and malnutrition 
[21, 24, 25]. Our study indicated that low MAP was an inde-
pendent predictor for S-AKI, indicating renal tissue ischemia 
and hypoxia. According to classical theories, renal hypoten-
sion and associated ischemia, as well as a lack of oxygen, 
are the main pathological mechanisms underlying AKI [6]. 
Additionally, PCT has been widely used to diagnose bacte-
rial infections and guide antibiotic therapy in sepsis patients 
[26, 27]. This study had similar findings to previous stud-
ies that PCT was more accurate at predicting S-AKI than 
other inflammatory biomarkers, such as WBC, lymphocytes, 
monocytes, and NEUT [27, 28]. PCT can cause mesangial 
cell apoptosis and direct cytotoxicity by boosting the syn-
thesis of proinflammatory cytokines [29]. Moreover, PCT 
acted as a monocyte chemoattractant at the site of inflam-
mation, contributing to inflammation-mediated cell damage 
[30]. Thus, a high level of PCT was expected to represent the 
occurrence of S-AKI in sepsis patients [10].

Inflammatory activities can damage the vascular endothe-
lium, activating platelets first and causing coagulation 

disorders subsequently [24, 31]. Nevertheless, platelets 
not only regulate hemostasis but also interact with other 
immune cells to affect the immunological and inflamma-
tory response[32, 33]. In the pathogenesis of S-AKI, plate-
lets aid in stimulating endothelial cells as well as attracting 
and activating leukocytes during the inflammatory response 
[31]. Previous studies have discovered that platelets play a 
critical role in S-AKI by inducing renal cell apoptosis in 
the septic mouse [34, 35]. Early evidence from animal and 
human research, as well as randomized clinical trials, sug-
gested that antiplatelet treatments may reduce the risk of 
AKI [31]. Furthermore, excessive platelets and coagulation 
factors consumption aggravated hyperfibrinolysis, resulting 
in coagulation disorders. However, few studies utilized coag-
ulative biomarkers to predict S-AKI development in elderly 
patients with sepsis. A prolonged APTT can be confused 
by a variety of factors in patients in the hospital, includ-
ing vitamin K deficiency, transient lupus inhibitors, high 
factor VIII levels, and heparin contamination [36]. In this 
study, we observed that PTA was identified as an independ-
ent predictor for S-AKI. A wide range of thromboplastin 
reagents may cause large differences between laboratories 
in PT results. PTA or INR could therefore serve as a supple-
ment to PT reporting and better predict the risks associated 
with S-AKI [37, 38]. Additionally, platelet count and PTA 
were highly predictive of 28-day mortality in patients with 
sepsis and coagulopathy complications [39]. Furthermore, 
thrombocytopenia and decreased PTA were associated with 
organ dysfunction and were related to poor clinical outcomes 
in sepsis patients [39, 40].

The interactions between inflammation response and 
malnutrition are highly associated with the pathogenesis of 
S-AKI in elderly sepsis patients [10]. First, AGR, a predictor 
of cancer progress and cancer-related mortality in previous 
studies, mainly reflected the state of nutrition, inflamma-
tion, and immunity [41]. After the creation of a multivari-
ate model, this study first indicated that AGR was also an 
independent predictor of S-AKI. Serum albumin is associ-
ated with malnutritional status, as well as being diluted and 
inhibited during inflammation [42]. During the hypermeta-
bolic and hypercatabolic state in sepsis, albumin catabolism 
was enhanced. Thus, hypoalbuminemia is a typical clinical 
symptom in sepsis patients and contributes to the mortal-
ity risk among such patients [10, 42, 43]. Serum albumin 
might play a significant role in reducing the incidence of 
kidney injury via anti-inflammation, anti-oxidation, and 
maintenance of renal vascular endothelium function integ-
rity [42, 43]. Serum globulin is significant in evaluating the 
overall state of immunity and inflammation. In the stage 
of sepsis, albumin can indirectly contribute to immunity 
by providing nitrogen for globulin production, resulting in 
hypoalbuminemia and elevated globulin concentration [44]. 
Pai et al. indicated that higher serum globulin (≥ 38 g/L) 
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contributed to a higher infection-related mortality risk in 
104,154 incident hemodialysis patients [45]. Thus, a lower 
AGR can result from a combination of low albumin and high 
globulin, and the combined biomarker might be a robust 
predictor of S-AKI in elderly sepsis patients. Second, as a 
functional marker of AKI, Cr is a small molecule generated 
in muscle. Up until now, AKI has been defined by a rapid 
increase in serum Cr, a decrease in urine output, or both, 
indicating that Cr has a significantly predictive value for 
AKI [46]. Furthermore, Hidayati et al. found that cystatin C 
was not superior to serum Cr in detecting neonatal AKI [47].

In this study, we constructed and validated a simple nom-
ogram model, based on variables available within 24 h of 
admission, to predict S-AKI in elderly patients with sepsis. 
The designed nomogram performed well in the discrimina-
tion, calibration, and clinical application after verification. 
In addition, this nomogram provided valuable information 
for determining the appropriate therapy options for high-risk 
patients likely to develop S-AKI. Here we cite an exam-
ple to show how to use the nomogram model, assuming an 
elderly sepsis patient (≥ 65 years) with a MAP of 70 mmHg, 
a PCT of 40 ng/ml, a PTA of 90%, an AGR of 1, a PLT of 
200 ×  109/L, and a Cr of 300 umol/L. According to Fig. 2, 
the score corresponding to each parameter on the “Points” 
axis is obtained. The overall score is calculated as the sum 
of points for all parameters [13 (MAP) + 7 (PCT) + 10 
(PTA) + 32 (AGR) + 54 (PLT) + 30(Cr) = 146]. This score 
corresponds to an approximately 96% risk of developing 
S-AKI. In another way, you can use the online version to 
attain the same result easily (https:// sepsis- acute- kidney- 
injury. shiny apps. io/S- AKI/).

In this study, 311 (36.6%) elderly patients experienced 
the MAKE30 composite outcome, making the incidence 
of MAKE30 higher than that in adult patients with sepsis 
(28.8%) [15]. Moreover, 249 (29.3%) elderly patients experi-
enced 30-day mortality, which was higher than adult patients 
with sepsis (22.7%) or patients aged 60–64 (26%) [4, 15]. 
Finally, we also discovered that the nomogram model had 
perfect predictive power for predicting 30-day mortality 
(AUC = 0.813) and MAKE30 (AUC = 0.823) in elderly 
sepsis patients.

Limitations

Furthermore, this study had several limitations: (1) this 
was a single-center study with small sample size, so there 
was a possibility that selection bias influenced the results. 
(2) This was a retrospective study for seven years. There-
fore, we used uniform diagnostic criteria for the differen-
tial diagnosis of sepsis, AKI, and MAKE30 to ensure the 
omogeneity of the data. However, during this time, the 
decision-making procedure for sepsis management evolved 

substantially, which is a perplexing element affecting 
S-AKI development. In early empiric antimicrobial ther-
apy during sepsis, a great deal of progress has been made 
in the fields of pharmacokinetics and pharmacodynamics, 
drug dosing, therapeutic drug monitoring, and antimicro-
bial resistance [48]. (3) The nomogram was developed and 
validated by the same database. Furthermore, the model 
was constructed from a training group with a much smaller 
testing population. Therefore, it is necessary to assess its 
potential by testing the model in different and larger popu-
lations. Moreover, further multi-center prospective studies 
would be needed to verify the results.

Conclusions

In addition, the designed nomogram, based on MAP, AGR, 
PTA, PCT, Cr, and PLT, performed well in the discrimina-
tion, calibration, and clinical application. This model is 
of great importance for clinicians to make personalized 
management for S-AKI in elderly sepsis patients.
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