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Sepsis is a severe systemic inflammatory response, and sepsis-associated acute kidney injury (SA-
AKI) is one of its most common complications. The pan-immune inflammation value (PIV), a novel 
inflammatory index, is designed to comprehensively reflect the status of systemic immune and 
inflammatory responses. However, the relationship between PIV and short-term clinical outcomes 
in SA-AKI patients remains unclear. This study was a retrospective analysis of SA-AKI patients from 
the MIMIC-IV database. The Boruta algorithm was used to identify key features predicting short-
term mortality in SA-AKI patients. The relationships between ln (PIV) and all-cause mortality at 
28 days and 90 days were assessed via multivariate Cox proportional hazards regression, subgroup 
analysis, sensitivity analysis, restricted cubic spline (RCS) modelling, and Kaplan‒Meier (K–M) 
survival analysis. A total of 4369 patients were included in the study, of whom 57.0% were male. 
Boruta analysis indicated that ln (PIV) was an important clinical feature. The results of multivariable 
Cox regression analysis revealed a positive correlation between ln (PIV) and mortality risk at both 
28 days and 90 days (HR [95% CI] = 1.057 [1.009, 1.106], P = 0.019; HR [95% CI] = 1.075 [1.032, 1.120], 
P < 0.001). The RCS model revealed a nonlinear relationship between ln (PIV) and mortality at 28 
and 90 days, with a critical threshold of 6.72. Above this threshold, a higher ln (PIV) was associated 
with increased mortality risk at both time points; sensitivity analyses confirmed that this association 
remained significant after specific patients were excluded. Subgroup analyses revealed that ln (PIV) 
significantly affected short-term mortality in diabetic patients (P < 0.05). Ln (PIV) is closely associated 
with short-term mortality in ICU patients with SA-AKI, suggesting its potential application in early risk 
assessment and clinical intervention.
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Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host response to infection1. 
Despite advances in understanding its pathophysiology, mechanisms, and treatment, the incidence and mortality 
of sepsis have decreased only slightly in recent years2. Sepsis remains a leading cause of death and critical illness 
worldwide3. Acute kidney injury (AKI) is particularly common among its complications. Studies have shown 
that more than 50% of AKI cases are associated with sepsis4–6. Sepsis-associated acute kidney injury (SA-AKI) 
is closely linked to adverse clinical outcomes, including prolonged hospital stays, increased cardiovascular event 
risks, and elevated mortality rates7,8. Given these severe consequences, the early identification of patients at risk 
for SA-AKI, followed by timely and appropriate interventions, is crucial for preventing further renal damage and 
improving patient prognosis.

Although commonly used scoring systems assist in identifying the prognosis of sepsis patients, their 
effectiveness remains suboptimal. Furthermore, many of these systems include an excessive number of 
indicators, making them cumbersome to use, especially in clinical settings with limited medical resources, such 
as the emergency department. Therefore, finding a routinely available index for the early identification of high-
risk sepsis patients with poor prognoses remains crucial. A prominent feature of sepsis is the early dysregulation 
of systemic inflammation and the immune response. In recent years, indicators related to inflammation and 
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immune status analyses, particularly those that can accurately predict the risk of adverse outcomes in sepsis 
patients, have shown significant potential9.

Recently, a novel index known as the pan-immune-inflammation value (PIV), which integrates neutrophil, 
platelet, monocyte, and lymphocyte counts, has garnered increasing attention. PIV is considered a comprehensive 
of systemic inflammation and immune status and has been identified as a key indicator of the host immune 
response10,11. Elevated PIV values are associated with poor prognosis in a variety of conditions, including 
hypertension, malignancy, vasculitis, and sepsis12–16. In light of these findings, it seems reasonable to hypothesize 
that PIV may be associated with 28-day mortality in patients with SA-AKI. However, no previous studies have 
specifically addressed this potential link. Therefore, the aim of this study was to explore the relationship between 
PIV and 28-day mortality in patients with SA-AKI.

Methods
Data source
This study is based on the publicly available MIMIC-IV database (Version 2.2)17,18, a critical care database 
developed by the Complex Systems Monitoring Group at Beth Israel Deaconess Medical Center (BIDMC) in 
Boston, Massachusetts. The dataset includes comprehensive records of over 50,000 patients admitted between 
2008 and 2019. Since the database is anonymous and deidentified, the BIDMC Institutional Review Board 
approved the waiver of informed consent and authorized the use of the data for research purposes. Data 
extraction was performed by the corresponding author, Heping Xu, who was granted access to the database after 
completing the CITI Program online training (Record ID: 59,568,270).

Definitions
The PIV was calculated as [neutrophil count (103/mm3) × platelet count (103/mm3) × monocyte count (103/
mm3)/lymphocyte count (103/mm3)]12. Sepsis was diagnosed according to the Sepsis-3 criteria and required 
a Sequential Organ Failure Assessment (SOFA) score of 2 or higher. Septic shock was defined as sepsis with a 
lactate level greater than 2.0 mmol/L and the need for vasopressor support1. Acute kidney injury (AKI) is defined 
according to the KDIGO guidelines, which include either an increase in serum creatinine (SCr) of ≥ 0.3 mg/
dL within 48 h from baseline or urine output < 0.5 mL/kg/h for at least 6 hours19. Baseline serum creatinine is 
defined as the lowest serum creatinine level within the 7 days prior to admission and serves as a reference for 
KDIGO staging20. SA-AKI is defined as the new onset of AKI within 7 days of hospital admission in a patient 
with sepsis21.

Participants
Participants diagnosed with SA-AKI were included in the study. The exclusion criteria were as follows: (a) non-
first ICU admission; (b) absence of neutrophil, platelet, monocyte, or lymphocyte count data on the first day 
of ICU admission, as the calculation of PIV is essential; (c) age < 18 years; (d) ICU or hospital stay of less than 
24 h; and (e) a history of chronic kidney disease. A total of 4369 patients with SA-AKI were included in the final 
analysis. The study flow chart of the population is shown in Fig. 1.

Outcome
The primary endpoint was 28-day all-cause mortality, whereas the secondary endpoint was all-cause mortality 
at 90 days.

Data extraction
This study utilized PostgreSQL software to extract a dataset from the MIMIC-IV, which included comprehensive 
demographic and clinical variables such as age, sex, ethnicity, weight, history of myocardial infarction, 
congestive heart failure, chronic pulmonary disease, diabetes, and cerebrovascular disease. It also includes initial 
SOFA scores, the Simplified Acute Physiology Score II (SAPS II), and the Charlson Comorbidity Index. The 
recorded vital signs included systolic and diastolic blood pressure, mean arterial pressure, heart rate, respiratory 
rate, temperature, and pulse oximetry readings. The laboratory parameters included white blood cell count, 
haemoglobin, platelet count, anion gap, bicarbonate, chloride, glucose, sodium, potassium, creatinine, blood 
urea nitrogen, calcium, prothrombin time, albumin, neutrophils, platelets, monocytes, and lymphocytes. The 
monitored clinical outcomes included septic shock, renal replacement therapy (RRT), invasive mechanical 
ventilation, in-hospital mortality, and mortality at 28 and 90 days. The ICU length of stay and total hospital stay 
were also recorded.

Statistical analysis
In this study, owing to the skewed distribution of PIV, a natural logarithm transformation (ln (PIV)) was applied 
before analysis. Continuous variables are expressed as the means (standard deviations) or medians (interquartile 
ranges), whereas categorical variables are presented as percentages. The baseline characteristics across different 
ln (PIV) categories were assessed via chi-square tests for categorical data, one-way analysis of variance (ANOVA) 
for normally distributed continuous data, and the Kruskal‒Wallis H test for nonnormally distributed continuous 
data.

To identify key features that predict short-term mortality in SA-AKI patients, we employed the Boruta 
algorithm to assess the significance of ln (PIV) as a predictor. This algorithm determines feature importance by 
comparing the Z value of each real feature with the maximum Z value of its corresponding "shadow feature." 
If a feature’s Z value is significantly greater than the maximum Z value of the shadow feature across multiple 
independent tests, it is marked as “important” (green area); otherwise, it is marked as “unimportant” (red area) 
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and excluded from the feature selection process. The default parameters for the Boruta algorithm include a 
significance level of P = 0.01 and a maximum of 100 iterations22.

To explore the relationship between ln (PIV) and short-term all-cause mortality in SA-AKI patients, 
multivariable Cox proportional hazards regression analysis was performed. The assumption of multicollinearity 
was also evaluated by calculating the variance inflation factor (VIF). A VIF greater than 5 was considered 
indicative of multicollinearity between independent variables23. The Boruta algorithm identified 25 important 
features, including ln (PIV). Four models were developed, each adjusted stepwise: Model 1 was the unadjusted 

Fig. 1. Flow chart of patient selection for analysis.

 

Scientific Reports |        (2025) 15:11212 3| https://doi.org/10.1038/s41598-025-96320-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


baseline model; Model 2 adjusted for age, sex, ethnicity, and weight-related variables; Model 3 further adjusted 
for cerebrovascular disease, SBP, heart rate, respiratory rate, temperature, SpO2, the Charlson comorbidity 
index, SOFA score, SAPSII score, septic shock, invasive ventilation, and RRT; and Model 4, based on Model 
3, additionally adjusted for white blood cell count, haemoglobin, anion gap, calcium, blood urea nitrogen, 
potassium, creatinine, prothrombin time, glucose, and albumin. Subgroup analyses were conducted on the 
basis of age (< 65 and ≥ 65  years), sex, ethnicity, history of myocardial infarction, congestive heart failure, 
cerebrovascular disease, chronic pulmonary disease, diabetes, invasive ventilation, and septic shock.

Sensitivity analyses included Cox proportional hazards regression, excluding patients with myocardial 
infarction or cerebrovascular disease, to further validate the results. To ensure the robustness of the findings, 
patients whose ICU stay was less than 2  days were also excluded. To determine the nonlinear relationship 
between ln (PIV) and short-term mortality in SA-AKI patients, restricted cubic spline curves were plotted. 
Kaplan‒Meier survival analysis was used to compare the survival rates of SA-AKI ICU patients stratified by ln 
(PIV) and assess the impact of ln (PIV) on short-term mortality in SA-AKI patients. All the data analyses were 
performed via R version 4.2.1 and Stata version 18.0. Statistical tests were two-sided, and a P value of less than 
0.05 was considered statistically significant.

Ethics approval
MIMIC-IV is an anonymized public database approved by the institutional review boards of the Massachusetts 
Institute of Technology (MIT) and Beth Israel Deaconess Medical Center (BIDMC). The requirement for 
informed consent was waived because of the thorough anonymization and deidentification of all patient 
information in the database.

Results
Baseline characteristics
This study included a total of 4369 patients with SA-AKI, as illustrated in Table 1. The baseline characteristics of 
the study population, stratified by the ln (PIV) index, are presented. The mean age of the patients was 65.2 years 
(SD = 16.1), with 57.0% of the participants being male and 65.2% Caucasian. The 28-day and 90-day mortality 
rates were 20.3% and 26.0%, respectively. Compared with patients with a ln (PIV) index ≤ 6.72, those with higher 
ln (PIV) values presented significantly increased rates of body weight, congestive heart failure, chronic lung 
disease, and invasive ventilation. Higher ln (PIV) levels were also associated with higher SAPSII scores, heart 
rates, respiratory rates, white blood cell (WBC) counts, and blood urea nitrogen (BUN) levels, as well as longer 
intensive care unit (ICU) stays and total hospital stays. Patients with higher ln (PIV) values had significantly 
higher 28-day and 90-day mortality rates than did those with lower ln (PIV) values.

Boruta algorithm
We applied the Boruta algorithm to identify features associated with 28-day and 90-day mortality in patients 
with SA-AKI, as shown in Fig. 2. In the Boruta analysis, variables in the green area were classified as important 
features, whereas those in the red area were considered irrelevant. The results revealed that when the Boruta 
algorithm was used, 25 important features were selected, with ln (PIV) consistently identified as a significant 
predictor of both 28-day and 90-day mortality risk.

Association between ln (PIV) and short-term mortality
The relationships between ln (PIV) and 28-day and 90-day mortality are presented in Table 2. The ln (PIV) 
index was categorized into two groups for analysis. Four Cox proportional hazards regression models were 
constructed to evaluate the independent effect of ln (PIV) on mortality in ICU patients with SA-AKI. The results 
indicated that higher ln(PIV) values were associated with an increased risk of 28-day all-cause mortality in SA-
AKI patients (Model 1: hazard ratio [HR] = 1.141, 95% confidence interval [CI] 1.088–1.196, P < 0.001; Model 
2: HR = 1.125, 95% CI 1.073–1.180, P < 0.001; Model 3: HR = 1.088, 95% CI 1.041–1.138, P < 0.001; Model 4: 
HR = 1.057, 95% CI 1.009–1.106, P = 0.019). A similar trend was observed for 90-day all-cause mortality.

Additionally, we analysed ln (PIV) as a categorical variable. Compared with patients in the lower ln(PIV) 
group (ln[PIV] ≤ 6.72), those in the higher ln(PIV) group presented an increased risk of 28-day mortality (Model 
1: HR = 1.667, 95% CI 1.421–1.955, P < 0.001; Model 2: HR = 1.592, 95% CI 1.357–1.869, P < 0.001; Model 3: 
HR = 1.479, 95% CI 1.257–1.738, P < 0.001; Model 4: HR = 1.343, 95% CI 1.137–1.588, P < 0.001). A similar 
pattern was observed in the association between ln (PIV) and 90-day all-cause mortality.

Restricted cubic spline
We used restricted cubic spline regression to assess the shape of the relationship between ln (PIV) and mortality 
risk and to establish a threshold for ln (PIV). The results indicated that, after adjusting for confounding factors, 
there was a nonlinear relationship between ln (PIV) and 28-day and 90-day all-cause mortality in SA-AKI patients 
(P < 0.05). Specifically, when ln (PIV) was less than 6.72, no significant association was found between ln (PIV) 
and 28-day or 90-day all-cause mortality [HR (95% CI) = 0.921 (0.840, 1.009), P = 0.077; HR (95% CI) = 0.931 
(0.859, 1.008), P = 0.078]. In contrast, when ln (PIV) exceeded 6.72, a positive correlation was observed between 
ln (PIV) and both 28-day mortality and 90-day mortality [HR (95% CI) = 1.090 (1.005, 1.205), P = 0.023; HR 
(95% CI) = 1.141 (1.045, 1.247), P = 0.003], as shown in Fig. 3.

Kaplan‒Meier analysis
Patients were categorized into two groups on the basis of the ln(PIV) index (T1: ≤ 6.72, T2: > 6.72), and Kaplan‒
Meier survival analysis was used to assess the 28-day and 90-day mortality rates in SA-AKI patients. As shown 
in Fig. 4, the survival curve for the T2 subgroup was significantly lower than that for the T1 subgroup (log-rank 
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Characteristics
Total
(N = 4369) ln (PIV) ≤ 6.72 (N = 2221) ln (PIV) > 6.72 (N = 2148) P

Demographic

 Age, years 65.2(16.1) 63.9(15.9) 66.4(16.1) 0.649

 Sex (male, n) 2489(57.0) 1271(57.2) 1218(56.7) 0.727

 Ethnicity (white, n) 2847(65.2) 1430(64.4) 1417(66.0) 0.272

 Weight 84.9(25.3) 84.8(23.7) 85.0(26.9) < 0.0001

Comorbidities

 Myocardial infarction 672(15.4) 329(14.8) 343(15.9) 0.290

 Congestive heart failure 1072(24.5) 488(22.0) 584(27.2) < 0.0001

 Chronic pulmonary disease 1068(24.4) 490(22.1) 578(26.9) < 0.0001

 Diabetes 1151(26.3) 592(26.6) 559(26.0) 0.636

 Cerebrovascular disease 659(15.1) 312(14.0) 347(16.2) 0.052

Severity scores

 Charlson comorbidity index 5(3–6) 5(3–6) 5(4–7) 0.0002

 First day of SOFA 7(4–10) 7(5–10) 7(4–10) 0.0945

 SAPSII 39(32–49) 38(31–48) 40(33–50) 0.0001

Vital signs

 SBP, mmHg 11.6(103.9–122.0) 111.4(103.9-121.2) 111.8(104.0-123.0) 0.2971

 DBP, mmHg 61.2(55.6–68.2) 60.9 (55.5–67.7) 61.5(55.8–68.6) 0.1007

 MBP, mmHg 75.8(70.7–82.6) 75.6(70.5–82.4) 75.9(71.1–83.0) 0.0913

 Heart rate, beats/min 86.4(76.1–99.0) 84.9(75.3–97.9) 87.7(76.7-100.5) 0.0002

 Respiratory rate, beats/min 19.5(17.2–22.6) 19.0(16.8–22.2) 19.9(17.6–23.0) 0.0001

 Temperature, °C 36.9(36.7–37.3) 36.9(36.7–37.2) 36.9(36.7–37.3) 0.0197

 SpO2, % 97.2(95.7–98.6) 97.4(95.9–98.7) 97.1(95.5–98.5) 0.0001

Laboratory parameters

 WBC, cell/mm3 12.6(9.2–16.8) 10.9(8.0-14.8) 14.2(10.8–18.6) 0.0001

 Haemoglobin, mg/dL 10.5(9.0-12.2) 10.5(9.0–12.0) 10.6(9.1–12.3) 0.0701

 Anion gap, mEq/L 15.0(12.5–17.5) 14.5(12.0–17.0) 15.0(13.0-17.5) 0.0001

 Bicarbonate, mEq/L 22.0(19.5–24.5) 22.0(19.5–24.5) 22.0(19.5–24.5) 0.9534

 Chloride, mEq/L 104.0(100.0-107.0) 104.5(101.0-107.5) 103.0(99.0-106.5) 0.0001

 Sodium, mEq/L 138.5(136.0-141.0) 139(136.0-141.5) 138.5(135.5–141.0) 0.0001

 Potassium, mEq/L 4.2(3.85–4.6) 4.2(3.85–4.55) 4.2(3.9–4.65) 0.0066

 Calcium, mg/dL 8.3(7.8–8.7) 8.3(7.8–8.7) 8.3(7.9–8.7) 0.1634

 Creatinine, mg/dL 1.0(0.75–1.4) 0.95(0.75–1.35) 1.0(0.75–1.45) 0.0229

 BUN, mg/dL 19.0(13.5–30) 18.0(13.0–28.0) 20.5(14.0–32.0) 0.0001

 PT, sec 14.4(12.7–17.0) 14.4(12.8–17.1) 14.4(12.7–16.9) 0.2052

 Glucose, mg/dL 134(113.7-164.3) 132.2(113.5-162.2) 135.0(114.0-166.3) 0.0573

 Albumin, g/dL 3.4(2.8–3.9) 3.5(2.9-4.0) 3.3(2.7–3.7) 0.0001

Outcome

 RRT 311(7.1) 155(7.0) 156(7.3) 0.715

 Invasive ventilation 1584(36.3) 779(35.1) 805(37.5) 0.099

 Septic shock 2637(60.4) 1326(59.7) 1311(61.0) 0.369

 LOS ICU 5.1(3.1–9.6) 4.8(3.0-8.9) 5.6(3.4–10.3) 0.0001

 LOS hospital 11.7(7.1–19.8) 11.1(6.8–19.2) 12.3(7.6–20.3) 0.0008

 28-day mortality 888(20.3) 360(16.2) 528(24.9) < 0.0001

 90-day mortality 1137(26.0) 464(20.9) 673(31.3) < 0.0001

Table 1. Baseline characteristics and outcomes of patients with sepsis-associated acute kidney injury 
stratified by Ln (PIV). Continuous variables are presented as the means (SDs) or medians (quartiles), whereas 
categorical variables are presented as absolute numbers (percentages). SBP, systolic blood pressure; DBP, 
diastolic blood pressure; MBP, mean blood pressure; SpO2, pulse oxygen saturation; SOFA, sequential organ 
failure assessment; SAPS II, simplified acute physiology score II; WBC, white blood cell; BUN, blood urea 
nitrogen; PT, prothrombin time; RRT, renal replacement therapy; LOS, length of stay.
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Fig. 2. Feature selection for predicting short-term mortality risk via the Boruta algorithm. The horizontal axis 
represents the name of each variable, and the vertical axis represents the Z value of each variable. The box plot 
shows the Z value of each variable during model calculation. The green boxes represent important variables, 
and the red boxes represent unimportant variables. SBP, systolic blood pressure; DBP, diastolic blood pressure; 
MBP, mean blood pressure; SpO2, pulse oxygen saturation; MI, myocardial infarction; CHF, congestive heart 
failure; CD, cerebrovascular disease; CPD, chronic pulmonary disease; RRT, renal replacement therapy; CCI, 
Charlson comorbidity index; SOFA, Sequential Organ Failure Assessment score; SAPS II, simplified acute 
physiology score II; WBC, white blood cell; BUN, blood urea nitrogen; PT, prothrombin time.
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Fig. 4. Kaplan–Meier plots for short-term mortality by ICU admission ln (PIV) strata.

 

Fig. 3. Nonlinear relationships between ln (PIV) and short-term mortality rates in patients with sepsis-
associated acute kidney injury.

 

ln (PIV)
Model1
HR (95% CI) P value

Model2
HR (95% CI) P value

Model3
HR (95% CI) P value

Model4
HR (95% CI) P value

28-day mortality 1.141 (1.088,1.196) < 0.0001 1.125 (1.073,1.180) < 0.0001 1.088(1.041,1.138) < 0.0001 1.057 (1.009,1.106) 0.019

ln (PIV) ≤ 6.72 0.872(0.804,0.946) 0.001 0.868(0.800,0.941) 0.001 0.931(0.851,1.019) 0.119 0.921(0.840,1.011) 0.083

ln (PIV) > 6.72 1.231(1.117,1.356) < 0.0001 1.228(1.113,1.354) < 0.0001 1.123(1.019,1.238) 0.020 1.089(1.035,1.204) 0.035

90-day mortality 1.157 (1.109,1.206) < 0.0001 1.140 (1.093,1.189) < 0.0001 1.108 (1.064,1.153) < 0.0001 1.075 (1.032,1.120) < 0.0001

ln (PIV) ≤ 6.72 0.875(0.813,0.942) < 0.0001 0.870(0.809,0.936) < 0.0001 0.936(0.865,1.013) 0.101 0.930(0.858,1.008) 0.078

ln (PIV) > 6.72 1.279(1.175,1.392) < 0.0001 1.273(1.169,1.387) < 0.0001 1.170(1.074,1.273) < 0.0001 1.140(1.044,1.245) 0.003

Table 2. Associations between the Ln (PIV) and all-cause mortality in SA-AKI patients according to different 
models.  HR, hazard ratio; CI, confidence interval; model 1: unadjusted model. model 2: adjusted for age, sex, 
ethnicity, and weight. model 3: adjusted for variables included in model 2 + cerebrovascular disease, SBP, heart 
rate, respiratory rate, temperature, SpO2, the Charlson comorbidity index, the SOFA score, the SAPSII score, 
septic shock, invasive ventilation and RRT. model 4: adjusted for variables included in model 3 + white blood 
cell count, haemoglobin, anion gap, calcium, blood urea nitrogen, potassium, creatinine, prothrombin time, 
glucose and albumin.
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test, P < 0.0001), suggesting that higher ln (PIV) levels at admission are associated with increased short-term 
mortality risk.

Subgroup analysis
To explore potential clinical heterogeneity, we conducted interaction and stratified analyses (Fig. 5). We assessed 
the relationships between ln (PIV) and 28-day and 90-day mortality in different subgroups of SA-AKI patients 
stratified by age (< 65  years and ≥ 65  years), sex, ethnicity, history of myocardial infarction, congestive heart 
failure, cerebrovascular disease, chronic pulmonary disease, diabetes, invasive ventilation, and septic shock. 
Significant interaction effects were observed only in the diabetes subgroup (P < 0.05) for both 28-day and 90-
day mortality. No significant interactions were found in the other subgroups. The results indicated that, in the 
diabetes subgroup, higher ln (PIV) levels were associated with an increased risk of short-term mortality.

Sensitivity analysis
The results of the sensitivity analysis are presented in Table 3. After patients with a history of myocardial infarction 
were excluded, the hazard ratios (HRs) for 28-day and 90-day mortality were 1.078 (95% CI 1.024–1.134) and 
1.095 (95% CI 1.047–1.145), respectively. After excluding patients with cerebrovascular disease, the HRs for 
28-day and 90-day mortality were 1.056 (95% CI: 1.004–1.110) and 1.071 (95% CI 1.024–1.120), respectively. 
Additionally, after patients with an ICU stay of less than 2 days were excluded, the HRs for 28-day and 90-day 
mortality remained consistent at 1.058 (95% CI 1.009–1.108) and 1.077 (95% CI 1.033–1.1230), respectively. We 
also analysed ln PIV) as a categorical variable on the basis of tertiles, and the associations between ln PIV and 
28-day and 90-day mortality in SA-AKI patients remained stable.

Discussion
In this study, we first analysed the relationship between PIV and 28-day mortality in patients with SA-AKI. 
The results revealed that higher ln (PIV) values were significantly associated with increased 28-day all-cause 
mortality in SA-AKI patients, and this relationship remained significant after adjusting for multiple confounders. 
Furthermore, we found a distinct nonlinear relationship between ln (PIV) and 28-day mortality. Specifically, 

Fig. 5. Effect size of ln (PIV) on short-term mortality in prespecified and exploratory subgroups. The effect 
size was adjusted for age, sex, ethnicity, weight, cerebrovascular disease, Charlson comorbidity index, SOFA 
score, SAPSII score, septic shock, invasive ventilation, RRT, SBP, heart rate, respiratory rate, temperature 
SpO2, white blood cell count, haemoglobin, anion gap, potassium, blood urea nitrogen, calcium, creatinine, 
prothrombin time, glucose and albumin, with the exception of the subgroup variable.
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when ln (PIV) exceeded 6.72, the risk of death increased sharply, whereas below this threshold, the difference 
in mortality risk was not statistically significant. Kaplan‒Meier survival analysis further confirmed this finding, 
showing that patients with high ln (PIV) values (T3 group) had significantly higher mortality rates. Sensitivity 
analyses demonstrated the robustness of this conclusion across different subgroups, suggesting that ln (PIV) 
could serve as an independent predictor of short-term mortality in SA-AKI patients. These findings provide a 
novel perspective for risk assessment and prevention strategies in SA-AKI patients.

In contrast to previous studies that focused on the application of PIV in cancer and cardiovascular events, 
limited research has explored the relationship between PIV and SA-AKI. Giovanni Fuca et al. first proposed 
PIV as a new systemic inflammatory marker in 2020 and reported that PIV could predict survival outcomes 
in patients with metastatic colorectal cancer12. Similarly, studies on locally advanced head and neck squamous 
cell carcinoma (HNSCC) have indicated that higher PIV values are associated with poorer overall survival and 
disease-free survival, suggesting that PIV may serve as a prognostic marker for HNSCC24. Bektas Murat et al. 
reported that PIV demonstrated good prognostic value for all-cause mortality at one month and one year in 
patients with STEMI (ST-elevation myocardial infarction) and was positively correlated with long-term all-cause 
and cardiovascular mortality in hypertensive patients25. Although these studies have confirmed the prognostic 
value of PIV in cancer and cardiovascular diseases, the role of PIV in sepsis and SA-AKI has not received much 
attention. Xu HB et al. reported that PIV was significantly associated with short-term mortality risk in sepsis 
patients, suggesting that PIV may have applications in the prognostic assessment of sepsis and SA-AKI patients9. 
Our study further supports this view, showing that higher PIV values are associated with higher short-term 
mortality, and the potential of ln (PIV) as an independent prognostic factor warrants further attention.

Sepsis, a critical illness involving immune and inflammatory responses, is one of the major causes of AKI26. 
The occurrence of sepsis involves complex immune and inflammatory responses, and PIV, a novel index, has 
gradually attracted increasing attention in the clinic12. By combining the neutrophil, platelet, monocyte, and 
lymphocyte counts, PIV reflects the systemic immune and inflammatory status of the body27,28. In sepsis, 
neutrophil counts increase, but their antimicrobial functions are often suppressed, leading to reduced pathogen 
clearance and an increased risk of secondary infections29. Monocytes play an important role in immune 
responses, and their numbers and functions change during sepsis30,31. Platelets are involved in haemostasis 
and can modulate inflammation through interactions with immune cells32. In sepsis, lymphocyte apoptosis, 
particularly that of T cells, increases, leading to immune suppression and an impaired response to infections33,34. 
Therefore, elevated PIV reflects abnormal systemic immune and inflammatory responses, which may affect 
the occurrence and mortality risk of SA-AKI through several mechanisms: (1) Immune and inflammatory 
dysregulation: the systemic inflammatory response triggered by sepsis may exacerbate acute kidney injury. 
Elevated PIV suggests immune dysfunction or an excessive inflammatory response, which can aggravate kidney 
damage and increase mortality risk1. (2) Neutrophil dysfunction: Despite the increased neutrophil count in 
sepsis, antimicrobial functions, such as antibacterial activity and delayed apoptosis, are often suppressed, leading 
to decreased pathogen clearance and an increased risk of secondary infections. The increase in neutrophils 
in PIV may reflect this dysfunction and thereby exacerbate AKI35. (3) Platelet function: Platelet activation 
and aggregation in sepsis can lead to microvascular thrombosis, resulting in tissue ischaemia and organ 
damage. Elevated platelet counts in PIV may indicate their role in inappropriate immune responses, thereby 
increasing the risk of organ failure and death36. (4) Lymphocyte apoptosis and immune suppression: Increased 
lymphocyte apoptosis, particularly of T cells, in sepsis leads to immune suppression, impairing the ability to 
respond effectively to secondary infections and aggravating kidney injury. The changes in lymphocytes in PIV 
may reflect the degree of immune suppression, influencing the occurrence and mortality risk of SA-AKI37. (5) 

ln (PIV)

28-day mortality 90-day mortality

HR(95% CI) P HR(95% CI) P

Excluding participants with myocardial infarction (N = 3697)

 Model 1.078(1.024,1.134) 0.004 1.095(1.047,1.145) < 0.0001

 ln (PIV) ≤ 6.72 0.948(0.855,1.052) 0.318 0.961(0.878,1.051) 0.382

 ln (PIV) > 6.72 1.071(1.060,1.196) 0.020 1.138(1.034,1.252) 0.008

Excluding participants with cerebrovascular disease (N = 3710)

 Model 1.056(1.004,1.110) 0.035 1.071(1.024,1.120) 0.003

 ln (PIV) ≤ 6.72 0.878(0.795,0.969) 0.010 0.889(0.815,0.970) 0.008

 ln (PIV) > 6.72 1.103(1.008,1.232) 0.041 1.158(1.052,1.275) 0.003

Exclude all individuals with LOS ICU less than 2 days (N = 4335)

 Model 1.058(1.009,1.108) 0.019 1.077(1.033,1.123) < 0.0001

 ln (PIV) ≤ 6.72 0.921(0.838,1.012) 0.086 0.930(0.857,1.010) 0.084

 ln (PIV) > 6.72 1.092(1.006,1.210) 0.019 1.144(1.046,1.250) 0.003

Table 3. Sensitivity analyses. HR, hazard ratio; CI, confidence interval; ref, reference; adjusted for age, sex, 
ethnicity, weight, cerebrovascular disease, Charlson comorbidity index, SOFA score, SAPSII score, septic 
shock, invasive ventilation, RRT, SBP, heart rate, respiratory rate, temperature, SpO2, white blood cell count, 
haemoglobin, anion Gap, potassium, blood Urea nitrogen, calcium, creatinine, prothrombin time, glucose and 
albumin.
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Microvascular injury and organ failure: Sepsis-induced microvascular injury and increased permeability result 
in oedema, haemodynamic instability, and inadequate organ perfusion. The cells in PIV, particularly neutrophils 
and platelets, may be involved in this microvascular injury, and as the kidneys are highly perfused organs, they 
are particularly susceptible to microvascular dysfunction, thereby exacerbating SA-AKI and increasing mortality 
risk38.

Although our study suggests that ln (PIV) is an important predictor of 28-day mortality in SA-AKI patients, 
there are several limitations. First, the retrospective design limits the establishment of causal relationships. 
Although we performed multivariable adjustments and subgroup analyses, potential confounding factors may 
still influence the results. Moreover, this study collected data only within the first 24 h of admission, including 
blood cell counts (lymphocytes, neutrophils, platelets, and monocytes). Missing PIV data may impact the 
accuracy of the results. We assessed only the baseline ln (PIV) and did not consider the impact of its dynamic 
changes on patient outcomes. Finally, this study was conducted at a single centre, and future multicentre studies 
are needed to further validate the utility of ln (PIV) as a prognostic biomarker, particularly its application in 
high-risk populations and its underlying mechanisms, providing more targeted guidance for clinical treatment 
decisions.

Conclusion
In conclusion, this cohort study revealed that a higher ln (PIV) is closely associated with increased 28-day all-
cause mortality in patients with SA-AKI. These findings suggest that ln (PIV) may serve as a potential index for 
early risk assessment, but further research is needed to validate the results.

Data availability
The data used in this study are third-party data from the MIMIC-IV v2.2 database. These data are publicly avail-
able from PhysioNet (https://mimic.physionet.org/) upon registration and completion of the required training 
in human subjects research, specifically the CITI program. The authors confirm that they did not have any spe-
cial access privileges to these data that others would not have.
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