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Aims

This study investigated the predictive value of the stress hyperglycemia ratio (SHR) for acute kidney injury (AKI) and mortality in cardiogenic shock (CS).





Methods

A retrospective analysis was conducted on patients with CS from the Medical Information Mart for Intensive Care IV database based on SHR values. The primary outcome was AKI incidence, with in-hospital and 90-day mortality as secondary outcomes in the subgroup with AKI. Logistic regression assessed the relationship between SHR and AKI as well as in-hospital mortality, while Cox regression was employed to evaluate 90-day mortality. Restricted cubic spline curves were utilized to explore nonlinear associations.





Results

Among 378 patients with CS, 56.9% developed AKI. Elevated SHR was associated with a higher risk of AKI (OR 2.58, 95% CI 1.44–4.81). In the AKI subgroup, SHR exhibited a U-shaped relationship with mortality (P for non-linearity < 0.05). An SHR above 1.26 was linked to increased in-hospital (OR 2.74, 95% CI 1.35–5.80) and 90-day mortality (HR 2.84, 95% CI 1.95–4.13).





Conclusions

SHR is independently associated with both AKI and mortality in CS. A U-shaped curve suggests that optimal glycemic control may improve patient outcomes. Prospective studies are needed to validate these findings and further investigate SHR as a prognostic marker.
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1 Introduction

Cardiogenic shock (CS) is a life-threatening condition characterized by significantly reduced cardiac output, severe hypotension, and inadequate end-organ perfusion, leading to persistently high morbidity and mortality despite advancements in diagnostics, pharmacotherapy, and early reperfusion strategies (1–3). CS most commonly complicates acute myocardial infarction (AMI), affecting approximately 5–10% of AMI cases, but can also arise from heart failure (HF), severe valvular diseases, or myocarditis (4). Among its many complications, acute kidney injury (AKI) poses a particularly formidable challenge. AKI exacerbates the risk of adverse clinical events and serves as a strong prognostic indicator, signaling a considerably worse outcome (5–7). In CS, the presence of AKI is associated with approximately a six-fold increase in in-hospital mortality risk, underscoring the critical importance of early identification of high-risk individuals (8). Early detection allows for timely intervention, potentially preventing irreversible organ damage and improving both immediate and long-term outcomes.

In critically ill patients, stress-induced hyperglycemia (SIH)—an acute spike in blood glucose triggered by physiological or psychological stress—has garnered significant attention as a key prognostic factor (9). However, simple admission blood glucose (ABG) values can be influenced by chronic dysglycemia, thus obscuring the true extent of acute metabolic disruptions. Beyond transient hyperglycemia, emerging evidence links SIH to both AKI and adverse cardiovascular outcomes, suggesting its potential role in shaping the clinical course of critically ill patients (10). Despite these insights, current CS management guidelines remain primarily focused on hemodynamic support and addressing underlying etiologies, offering limited guidance on glycemic control (11).

To address this gap, the stress hyperglycemia ratio (SHR) was introduced as a more nuanced measure of acute glycemic stress (12). By combining ABG with long-term glycemic indicators such as Hemoglobin A1c (HbA1c), SHR provides a relative assessment of acute hyperglycemia adjusted for baseline glycemic status. Elevated SHR has been consistently linked to poor outcomes in coronary artery disease, atrial fibrillation (AF), and HF (13–17). Furthermore, SHR has demonstrated superior predictive value compared to ABG alone for in-hospital and intensive care unit (ICU) mortality in CS (18), and recent studies have associated SHR with the incidence of AKI in critically ill patients (19). Whether this association specifically holds for patients with CS, who face a uniquely high risk for both cardiac and renal complications, remains uncertain. This study aims to clarify the relationship between SHR and AKI in patients with CS admitted to the ICU, potentially advancing early risk stratification, guiding targeted interventions, and improving patient outcomes.




2 Methods



2.1 Data source

This retrospective observational study utilized data from the Medical Information Mart for Intensive Care IV (MIMIC-IV; version 3.0, 2008–2022), a publicly available critical care database collected at Beth Israel Deaconess Medical Center, Boston, Massachusetts, USA (20). MIMIC-IV contains time-stamped clinical data for patients treated in the ICU. After completing the required Collaborative Institutional Training Initiative program, one author (Liqin Zhuang; certification no. 67404818) obtained authorized access to the database and extracted all relevant variables. All records in MIMIC-IV are fully anonymized. The study adheres to the principles of the Declaration of Helsinki and was approved by the relevant review board, which waived the requirement for individual informed consent due to the use of de-identified data.




2.2 Study population

Patients aged 18 years or older with a diagnosis of CS, admitted to the ICU, were included in the analysis. The diagnosis of CS was confirmed using relevant ICD-9/10 codes. AKI was defined according to widely accepted clinical practice guidelines, which include any of the following: an increase in serum creatinine by ≥ 0.3 mg/dL (or ≥ 26.5 μmol/L) within 48 hours; an increase in serum creatinine to ≥ 1.5 times the baseline value within the prior 7 days; or urine output ≤ 0.5 mL/kg/h for 6 hours (21). Only the first ICU admission was considered for patients with multiple admissions. Patients with hospitalizations of less than 24 hours (n = 305) or missing ABG or HbA1c measurements (n = 1,758) were excluded. After applying these criteria, the final cohort comprised 378 patients (Figure 1).

[image: Flowchart showing patient selection from the MIMIC-IV database. Initially, 2441 patients with CS and first ICU admission were identified. Exclusions included age under 18 years (0 patients), missing data on ABG or HbA1c (1758 patients), and a hospital stay of less than 24 hours (305 patients). Finally, 378 patients were enrolled and divided into four quartiles: Quartile 1 (0.40–1.00), Quartile 2 (1.00–1.21), Quartile 3 (1.21–1.47), and Quartile 4 (1.47–3.10).]
Figure 1 | Flowchart of the study. MIMIC-IV, Medical Information Mart for Intensive Care IV; ICU, Intensive Care Unit; ABG, Admission Blood Glucose; HbA1c, Hemoglobin A1c; CS, Cardiogenic Shock; SHR, Stress Hyperglycemia Ratio.




2.3 Data extraction

Data were extracted using structured query language via PostgreSQL (version 16.2) and Navicat Premium (version 16), retrieving information from the first 24 hours of ICU admission. Within this timeframe, demographic data and vital signs (age, gender, body mass index [BMI], blood pressure, heart rate, respiratory rate, oxygen saturation) were collected, along with severity of illness indices (Sequential Organ Failure Assessment [SOFA], Acute Physiology and Chronic Health Evaluation III [APACHE III], Systemic Inflammatory Response Syndrome, Oxford Acute Severity of Illness Score, Glasgow Coma Scale), and laboratory parameters (white blood cell count, platelets, red blood cell distribution width [RDW], electrolytes, ABG, HbA1c, coagulation profiles, bilirubin, blood urea nitrogen [BUN], and creatinine). Comorbidity information—atrial fibrillation (AF), cardiac arrest, hypertension, HF, AMI, chronic kidney disease (CKD), diabetes, old myocardial infarction (OMI), and dyslipidemia—was also recorded, along with intervention data (e.g., mechanical ventilation, percutaneous coronary intervention [PCI], coronary artery bypass grafting) and prescribed therapies (e.g., insulin, dobutamine, dopamine, epinephrine, norepinephrine) administered during hospitalization. Variables with more than 25% missing data were excluded, and missing values for other variables were imputed using a random forest approach to maintain data integrity. The SHR was calculated as [ABG (mg/dL)]/[28.7 × HbA1c (%) – 46.7] (12).





2.4 Outcome events

The primary outcome was the incidence of AKI in patients with CS during hospitalization. The secondary outcomes were in-hospital and 90-day mortality rates among CS patients who developed AKI.




2.5 Statistical analysis

Normality of continuous variables was assessed using the Shapiro–Wilk test. Continuous variables were summarized as mean ± standard deviation or median (interquartile range) based on distribution; categorical data were presented as frequencies (percentages). For group comparisons, chi-square or Fisher’s exact test was used for categorical variables, and Student’s t-test or Wilcoxon rank-sum test for continuous variables, as appropriate. Multicollinearity was assessed using the Variance Inflation Factor, with a threshold of 5 for excluding collinear predictors. Patients were stratified into four groups based on SHR values. Kaplan-Meier curves and log-rank tests were used to compare 90-day survival across SHR-defined groups. Multivariate logistic and Cox regression analyses were conducted to evaluate the relationships between SHR and AKI incidence, in-hospital mortality, and 90-day mortality, reporting odds ratios (ORs) or hazard ratios (HRs) with 95% confidence intervals (CIs). The unadjusted model included SHR only, while the fully adjusted model accounted for age, gender, BMI, platelets, potassium, total bilirubin, BUN, creatinine, AF, hypertension, CKD, and OMI. Restricted cubic spline (RCS) models were employed to assess nonlinear associations between SHR and the risk of AKI, in-hospital mortality, and 90-day mortality. Subgroup analyses examined variations in the SHR-AKI association by age (< 65 vs. ≥ 65 years), gender, and key comorbidities (AF, AMI, CKD, cardiac arrest, HF, hypertension, diabetes). All statistical analyses were conducted using R (version 4.3.3), with statistical significance set at a two-sided P-value < 0.05.





3 Results



3.1 Clinical characteristics at ICU admission

A total of 378 patients with CS were included, with a median age of 69.0 years (IQR, 60.0–78.0), and 63.0% (238/378) were male. The median SHR was 1.21 (1.00–1.47), and 56.9% (215/378) of patients developed AKI during hospitalization. Patients were stratified into quartiles based on SHR values: Q1 (0.40–1.00), Q2 (1.00–1.21), Q3 (1.21–1.47), and Q4 (1.47–3.10), with median SHR values of 0.87 (0.78–0.93), 1.12 (1.07–1.16), 1.30 (1.25–1.38), and 1.70 (1.57–1.93), respectively. Clinical characteristics at ICU admission across these quartiles were summarized in Table 1. The majority of patients with CS had a history of AMI or HF. Compared to lower SHR quartiles, patients in the Q4 group were younger, exhibited more severe illness at admission, and had higher rates of cardiac arrest and AMI. They also had elevated white blood cell counts, ABG, anion gap, and creatinine levels, along with increased use of insulin and dopamine (all P < 0.05).


Table 1 | Clinical characteristics at ICU admission across SHR quartiles.
	Variables
	Quartile 1 (N = 95)
	Quartile 2 (N = 95)
	Quartile 3 (N = 94)
	Quartile 4 (N = 94)
	P



	Demographics


	Age, years
	69.0 [56.5;79.5]
	71.0 [63.0;76.5]
	69.5 [60.0;78.0]
	68.0 [61.0;77.0]
	0.748


	Gender, male, n(%)
	60 (63.2%)
	52 (54.7%)
	64 (68.1%)
	62 (66.0%)
	0.243


	Body mass index, kg/m2
	28.0 [24.0;30.8]
	26.9 [24.7;31.1]
	27.4 [24.8;31.7]
	27.9 [24.1;33.3]
	0.816


	Vital signs


	Heart rate, bpm
	86.0 [75.7;102]
	85.0 [74.8;95.0]
	83.9 [76.2;91.3]
	89.9 [79.0;104]
	0.033


	Systolic blood pressure, mmHg
	109 [102;116]
	108 [102;115]
	107 [101;114]
	106 [101;112]
	0.301


	Diastolic blood pressure, mmHg
	66.7 [61.4;73.1]
	65.4 [60.3;71.0]
	65.1 [60.1;71.6]
	66.5 [59.8;73.4]
	0.878


	Scoring systems


	SOFA score
	5.00 [3.00;8.00]
	6.00 [2.50;9.00]
	6.50 [4.00;9.00]
	7.00 [5.00;10.0]
	0.001


	APACHE III score
	42.0 [34.0;58.0]
	46.0 [36.0;54.0]
	44.0 [34.2;54.8]
	56.0 [43.5;74.5]
	<0.001


	SIRS score
	3.00 [2.00;3.00]
	3.00 [2.00;3.00]
	3.00 [3.00;3.00]
	3.00 [3.00;4.00]
	<0.001


	OASIS score
	31.0 [26.0;37.0]
	34.0 [29.0;40.0]
	33.5 [28.0;38.0]
	37.0 [31.0;43.0]
	<0.001


	GCS score
	15.0 [14.0;15.0]
	15.0 [15.0;15.0]
	15.0 [15.0;15.0]
	15.0 [15.0;15.0]
	0.564


	Laboratory results


	White blood cell count, K/uL
	10.6 [7.95;13.4]
	13.6 [10.9;16.1]
	14.2 [11.5;17.7]
	15.8 [12.9;19.3]
	<0.001


	Platelets count, K/uL
	188 [141;242]
	199 [158;267]
	196 [156;244]
	210 [170;273]
	0.090


	Red blood cell distribution width, %
	14.6 [13.6;16.1]
	14.1 [13.4;15.2]
	14.3 [13.4;15.5]
	14.0 [13.3;15.1]
	0.201


	Serum sodium, mEq/L
	139 [136;140]
	138 [136;140]
	138 [136;140]
	138 [135;140]
	0.439


	Serum potassium, mEq/L
	4.10 [3.86;4.38]
	4.18 [3.91;4.56]
	4.28 [4.02;4.55]
	4.25 [3.93;4.70]
	0.080


	Admission blood glucose, mg/dL
	116 [102;158]
	134 [122;150]
	156 [144;173]
	214 [174;259]
	<0.001


	HbA1c, %
	6.30 [5.70;9.35]
	5.80 [5.50;6.25]
	5.70 [5.50;6.00]
	5.70 [5.20;6.20]
	<0.001


	Anion gap, mmol/L
	14.5 [12.0;16.1]
	14.5 [12.6;16.0]
	15.0 [13.1;17.0]
	16.6 [14.4;19.5]
	<0.001


	Partial thromboplastin time, s
	51.3 [34.5;73.3]
	49.0 [35.9;67.6]
	52.5 [39.5;72.8]
	56.7 [39.0;84.4]
	0.193


	Total Bilirubin, μmol/L
	0.71 [0.50;1.22]
	0.70 [0.50;1.17]
	0.67 [0.45;1.04]
	0.65 [0.40;0.99]
	0.786


	Blood urea nitrogen, mg/dL
	25.0 [17.2;43.3]
	24.5 [17.5;40.8]
	25.4 [18.0;38.1]
	26.7 [19.0;40.5]
	0.675


	Creatinine, μmol/L
	1.19 [0.92;1.77]
	1.20 [0.94;1.90]
	1.38 [0.96;2.00]
	1.52 [1.05;2.22]
	0.032


	SHR
	0.87 [0.78;0.93]
	1.12 [1.07;1.16]
	1.30 [1.25;1.38]
	1.70 [1.57;1.93]
	<0.001


	Comorbidities, n (%)


	Atrial fibrillation
	40 (42.1%)
	41 (43.2%)
	47 (50.0%)
	48 (51.1%)
	0.491


	Acute kidney injury:
	45 (47.4%)
	47 (49.5%)
	58 (61.7%)
	65 (69.1%)
	0.006


	Cardiac arrest:
	8 (8.42%)
	13 (13.7%)
	16 (17.0%)
	27 (28.7%)
	0.002


	Hypertension:
	65 (68.4%)
	78 (82.1%)
	66 (70.2%)
	69 (73.4%)
	0.145


	Heart failure
	76 (80.0%)
	70 (73.7%)
	76 (80.9%)
	69 (73.4%)
	0.467


	Chronic kidney disease
	28 (29.5%)
	23 (24.2%)
	26 (27.7%)
	22 (23.4%)
	0.752


	Acute myocardial infarction:
	42 (44.2%)
	53 (55.8%)
	51 (54.3%)
	66 (70.2%)
	0.004


	Old myocardial infarction:
	18 (18.9%)
	11 (11.6%)
	10 (10.6%)
	8 (8.51%)
	0.146


	Diabetes:
	45 (47.4%)
	36 (37.9%)
	22 (23.4%)
	40 (42.6%)
	0.005


	Ventilation
	80 (84.2%)
	84 (88.4%)
	89 (94.7%)
	82 (87.2%)
	0.142


	Medication


	Insulin
	69 (72.6%)
	63 (66.3%)
	68 (72.3%)
	79 (84.0%)
	0.046


	Dobutamine
	17 (17.9%)
	12 (12.6%)
	21 (22.3%)
	24 (25.5%)
	0.130


	Dopamine
	14 (14.7%)
	12 (12.6%)
	10 (10.6%)
	24 (25.5%)
	0.025


	Epinephrine
	16 (16.8%)
	18 (18.9%)
	20 (21.3%)
	27 (28.7%)
	0.212


	Norepinephrine
	38 (40.0%)
	45 (47.4%)
	45 (47.9%)
	54 (57.4%)
	0.121


	In-hospital mortality
	17 (17.9%)
	15 (15.8%)
	24 (25.5%)
	43 (45.7%)
	<0.001


	90-day mortality
	29 (30.5%)
	27 (28.4%)
	27 (28.7%)
	51 (54.3%)
	<0.001





SHR, the stress hyperglycemia ratio; SOFA, the Sequential Organ Failure Assessment; APACHE III, the Acute Physiology and Chronic Health Evaluation III; SIRS, the systemic inflammatory response syndrome; OASIS, the Oxford Acute Severity of Illness Score; GCS, the Glasgow Coma Scale; HbA1c, glycated hemoglobin.

Bold values indicate section headers grouping related variables, not individual variables.



Additionally, Supplementary Table S1 compared clinical characteristics at ICU admission between patients with and without AKI during hospitalization. Patients with AKI had a higher SHR (1.26 [1.03–1.54] vs. 1.15 [0.96–1.35], P = 0.002), were more frequently male, had higher BMI, and more commonly presented with AF, hypertension, CKD, OMI, diabetes, and required dobutamine and norepinephrine. They also had elevated RDW, potassium, glucose, anion gap, partial thromboplastin time, total bilirubin, BUN, and creatinine levels, along with reduced platelet counts (all P < 0.05). Furthermore, patients with AKI had higher SOFA and APACHE III scores (all P < 0.05).




3.2 Primary endpoint

A stepwise increase in AKI incidence was observed across SHR quartiles (Q1 vs. Q2 vs. Q3 vs. Q4: 47.4%, 49.5%, 61.7%, 69.1%; P = 0.006) (Table 1; Figure 2). As a continuous variable, SHR was significantly associated with AKI risk in both unadjusted (OR, 2.11; 95% CI, 1.27–3.63; P = 0.005) and fully adjusted models (OR, 2.58; 95% CI, 1.44–4.81; P = 0.002). When analyzed as a categorical variable, SHR quartiles Q3 and Q4 were significantly associated with AKI risk in both unadjusted (Q1 vs. Q2: OR, 1.09 [95% CI 0.62–1.93] P = 0.8; Q3: OR, 1.79 [95% CI 1.01–3.21] P = 0.049; Q4: OR, 2.49 [95% CI 1.38–4.55] P = 0.003) and fully adjusted models (Q1 vs. Q2: OR, 1.13 [95% CI 0.57–2.24] P = 0.73; Q3: OR, 2.25 [95% CI 1.13–4.55] P = 0.022; Q4: OR, 3.13 [95% CI 1.54–6.54] P = 0.002) (Table 2). The RCS curve demonstrated a dose-response relationship between SHR and AKI risk (P for non-linearity = 0.314) (Figure 3A). Moreover, a risk stratification analysis of SHR for the primary endpoint in subgroups by age, gender, AF, AMI, CKD, cardiac arrest, HF, hypertension, and diabetes showed consistent results, with no significant interactions (Supplementary Figure S1). Although the association between SHR and AKI appeared somewhat stronger in patients with diabetes, no statistically significant interaction was detected (P for interaction = 0.414), suggesting that the predictive value of SHR was broadly consistent irrespective of diabetes status.

[image: Bar chart showing proportions of acute kidney injury (AKI), in-hospital mortality, and ninety-day all-cause mortality across quartiles. Quartile 4 consistently has the highest proportions: 69.1% for AKI, 27.6% for in-hospital mortality, and 61.5% for ninety-day all-cause mortality.]
Figure 2 | AKI incidence, in-hospital mortality, and 90-day mortality based on SHR quartiles (Q4). AKI, Acute Kidney Injury; SHR, Stress Hyperglycemia Ratio.


Table 2 | Associations of SHR with AKI incidence.
	Categories
	Unadjusted model
	Adjusted model


	OR (95% CI)
	P-value
	OR (95% CI)
	P-value



	Continuous variable per 1 unit
	2.11 (1.27-3.63)
	0.005
	2.58 (1.44-4.81)
	0.002


	Quartile


	Q 1
	Reference
	 
	Reference
	 


	Q 2
	1.09 (0.62-1.93)
	0.8
	1.13 (0.57-2.24)
	0.73


	Q 3
	1.79 (1.01-3.21)
	0.049
	2.25 (1.13-4.55)
	0.022


	Q 4
	2.49 (1.38-4.55)
	0.003
	3.13 (1.54-6.54)
	0.002


	P for trend
	0.006
	0.006





Adjusted Model: adjusted for adjusted for age, gender, body mass index, platelets, potassium, blood urea nitrogen, total bilirubin, creatinine, atrial fibrillation, hypertension, chronic kidney disease, and old myocardial infarction.

SHR, the stress hyperglycemia ratio; OR, odds ratios; CI, confidence intervals.



[image: Three line graphs labeled A, B, and C, compare statistical relationships. Graph A, in blue, shows an increasing trend with p-value 0.314 and SHR 1.22. Graph B, in orange, depicts a U-shape with p-value 0.048 and SHR 1.26. Graph C, in green, shows a similar U-shape with p-value 0.032 and SHR 1.26. The y-axis measures odds ratio or hazard ratio (95% confidence interval) and the x-axis represents SHR.]
Figure 3 | Restricted cubic spline curve for SHR with AKI incidence (A), in-hospital mortality (B), and 90-day mortality (C). AKI, Acute Kidney Injury; SHR, Stress Hyperglycemia Ratio; OR, Odds Ratios; HR, Hazard Ratios; CI, Confidence Intervals.




3.3 Secondary endpoints

For in-hospital mortality, patients in Q4 exhibited the highest rate (50.8%) compared to Q1 (24.4%), Q2 (23.4%), and Q3 (27.6%) (P = 0.004) (Figure 2). SHR, when considered a continuous variable, was a significant predictor of in-hospital mortality in both unadjusted (OR, 2.87; 95% CI, 1.49–5.76; P = 0.002) and fully adjusted models (OR, 2.74; 95% CI, 1.35–5.80; P = 0.006). Categorical analyses similarly showed a significant association for Q4 relative to Q1 in both unadjusted (OR, 3.19; 95% CI, 1.41–7.59; P = 0.007) and fully adjusted models (OR, 3.09; 95% CI, 1.27–7.94; P = 0.015) (Table 3). The RCS curve further indicated a U-shaped relationship between SHR and in-hospital mortality (P for non-linearity = 0.048), with risk increasing when SHR surpassed 1.26 (Figure 3B).


Table 3 | Associations of SHR with in-hospital and 90-day mortality and in patients with CS and AKI.
	Categories
	Unadjusted model
	Adjusted model


	OR (95% CI)
	P-value
	OR (95% CI)
	P-value



	In-hospital mortality


	Continuous variable per 1 unit
	2.87 (1.49-5.76)
	0.002
	2.74 (1.35-5.80)
	0.006


	Quartile


	Q 1
	Reference
	 
	Reference
	 


	Q 2
	0.94 (0.36-2.48)
	>0.9
	1.09 (0.39-3.08)
	0.87


	Q 3
	1.18 (0.49-2.93)
	0.7
	1.34 (0.52-3.58)
	0.55


	Q 4
	3.19 (1.41-7.59)
	0.007
	3.09 (1.27-7.94)
	0.015


	P for trend
	0.004
	0.004






	
	HR (95% CI)
	P-value
	HR (95% CI)
	P-value



	90-day mortality
	 
	 
	 
	 


	Continuous variable per 1 unit
	2.02 (1.34-3.05)
	<0.001
	2.84 (1.95-4.13)
	<0.001


	Quartile


	Q 1
	Reference
	 
	Reference
	 


	Q 2
	0.79 (0.40-1.53)
	0.5
	0.83 (0.42-1.66)
	0.61


	Q 3
	0.77 (0.41-1.46)
	0.4
	0.93 (0.48-1.80)
	0.82


	Q 4
	1.92 (1.11-3.32)
	0.019
	2.14 (1.18-3.89)
	0.012


	P for trend
	<0.001
	<0.001





Adjusted Model: adjusted for adjusted for age, gender, body mass index, platelets, potassium, blood urea nitrogen, total bilirubin, creatinine, atrial fibrillation, hypertension, chronic kidney disease, and old myocardial infarction.

SHR, the stress hyperglycemia ratio; OR, odds ratios; HR, hazard ratios; CI, confidence intervals.



Kaplan-Meier curves revealed that patients in Q4 had the highest 90-day mortality in the overall CS cohort (Figure 4A) and the AKI subgroup (both Log-rank P < 0.001) (Figure 4B), but no such difference was observed in the non-AKI subgroup (Log-rank P = 0.18) (Supplementary Figure S2). Among patients with CS and AKI, those in the highest SHR quartile (Q4) had the highest 90-day mortality (Q4: 61.5% vs. Q1: 42.2%, Q2: 34.0%, Q3: 32.8%; P = 0.005) (Figure 2). As a continuous variable, SHR was significantly associated with 90-day mortality in both the unadjusted (HR, 2.02; 95% CI, 1.34–3.05; P < 0.001) and fully adjusted models (HR, 2.84; 95% CI, 1.95–4.13; P < 0.001). When analyzed categorically, Q4 showed a significant association with higher 90-day mortality compared to Q1 in both unadjusted (HR, 1.92; 95% CI, 1.11–3.32; P = 0.019) and fully adjusted models (HR, 2.14; 95% CI, 1.18–3.89; P = 0.012) (Table 3). The RCS curve demonstrated a U-shaped relationship (P for non-linearity = 0.032), with mortality risk increasing once SHR exceeded 1.26 (Figure 3C), suggesting that maintaining SHR levels below this inflection point may be associated with lower mortality.

[image: Kaplan-Meier survival curves are shown for different quartiles over a follow-up period of 90 days. Panel A and Panel B each display curves for SHR, Quartile 1, Quartile 2, Quartile 3, and Quartile 4. Quartile 4 has the lowest survival probability throughout the period. Log-rank tests indicate significant differences: p < 0.0001 for Panel A and p = 0.00075 for Panel B.]
Figure 4 | Kaplan-Meier survival analysis curves for 90-day mortality among the entire study CS cohort (A) and the AKI subgroup (B). P-values reflect log-rank comparisons versus Quartile 1 (reference group). SHR, Stress Hyperglycemia Ratio.






4 Discussion

This study represents the first comprehensive investigation of the association between SHR and AKI in patients with CS, demonstrating that elevated SHR values are significantly associated with increased AKI incidence and subsequent mortality in this population. A dose-response relationship was identified between SHR and AKI incidence, while a U-shaped association was observed between SHR and both in-hospital and 90-day mortality, with a critical inflection point at an SHR of 1.26. Patients with either markedly elevated or exceptionally low SHR values faced significantly higher mortality risks, and increased SHR levels were linked to a heightened susceptibility to AKI during hospitalization. These findings suggest that SHR may serve as a valuable prognostic marker in this patient population.

CS is characterized by severely diminished cardiac output, inadequate organ perfusion, and sustained tissue hypoxia (18). Despite advancements in prevention, diagnosis, and treatment, in-hospital mortality rates remain as high as 50% (5). While various prognostic factors have been identified, AKI has emerged as a key determinant of poor outcomes in CS. However, epidemiological data on AKI in CS remains limited, primarily due to the predominance of AMI cohorts, where AMI is a leading cause of CS (7). One prior study suggests that AKI incidence in CS could approach 60% (5), and MIMIC database analyses have indicated a rate of approximately 54% (22, 23). The 56.9% incidence in our study aligns closely with these estimates. AKI in these patients is associated with extended hospital stays, increased complication rates, and higher in-hospital mortality, particularly when severe renal impairment requires dialysis (6). Despite the exploration of risk assessment tools like the SOFA score (24), there remains a need for more accurate and practical biomarkers to identify high-risk patients early.

In critically ill settings, SIH has gained recognition as an indicator of metabolic stress. SIH refers to an acute rise in blood glucose in response to physiological or psychological challenges. However, ABG alone may not effectively differentiate acute hyperglycemia from chronic dysglycemia. By combining ABG with long-term glycemic control indicators such as HbA1c, SHR provides a relative measure of glycemic stress that accounts for baseline metabolic status (12). Several studies have demonstrated SHR’s predictive ability for AKI risk across diverse clinical settings. For instance, SHR outperformed ABG in predicting AKI in patients with diabetic AMI (10) and was identified as an independent AKI risk factor in critically ill diabetic patients (19). Additionally, Li et al. highlighted SHR as a significant risk factor for contrast-induced AKI in a large cohort of 19,965 patients undergoing coronary angiography (25), and Shan et al. observed a strong association between SHR and contrast-induced AKI in 3,137 patients undergoing coronary angiography or PCI (26). SHR has also been linked to AKI in patients with HF (27). Our findings that SHR closely correlates with AKI incidence in patients with CS extend the prognostic utility of SHR to this particularly vulnerable group.

SIH is prevalent in the ICU, affecting at least 50% of patients within the first 48 hours of admission (28). Unlike simple glucose measurements, SHR provides a more accurate reflection of SIH severity by capturing both acute and chronic glycemic components. Previous research has identified SHR as a potential prognostic marker for mortality in critically ill patients with AKI (29). In the present study, SHR was not only associated with AKI incidence but also exhibited a U-shaped relationship with both in-hospital and 90-day mortality in patients with CS. Similar U-shaped patterns have been observed in coronary artery disease, AF, HF, and sepsis (14, 30–32), suggesting that both severe hyperglycemia and pronounced hypoglycemia can be harmful. However, most prior studies focused on non-CS populations with different metabolic and hemodynamic profiles. In contrast, patients with CS face profound circulatory insufficiency and heightened susceptibility to renal hypoperfusion, potentially magnifying the adverse impact of dysregulated glycemia. This may indicate a unique interplay between acute metabolic stress and compromised organ perfusion in CS, underscoring the importance of maintaining balanced glycemic levels while accounting for nutritional and frailty status. Extremely low SHR values may result from insulin overuse, prolonged fasting, or inadequate nutrient intake (33, 34), and could also reflect underlying frailty or chronic malnutrition that compromises metabolic reserve and increases vulnerability to stressors (35). Therefore, careful glycemic management tailored to these specific risks may be crucial for improving renal outcomes and overall prognosis in CS.

Our findings suggest that elevated SHR indicates a state of increased metabolic and hemodynamic vulnerability in CS, thereby elevating the risk of AKI and all-cause mortality. Prolonged CS or AKI can result in irreversible organ damage, a hallmark of cardiorenal syndrome (36). Within this syndrome, SIH exacerbates hemodynamic and neurohormonal disturbances, along with inflammatory responses, further impairing renal perfusion and function (7). Acute hyperglycemia induces osmotic diuresis and intravascular volume depletion (37), amplifies inflammation and oxidative stress (38), and activates stress pathways mediated by the hypothalamic-pituitary-adrenal axis and sympathetic-adrenal system (39). These responses trigger cytokine surges, oxidative stress, diminished nitric oxide bioavailability, and endothelial damage (40). Concurrently, abnormal neurohormonal and inflammatory signals constrict the renal vasculature, reducing perfusion (41).

Under these adverse conditions, SIH has been shown in both experimental and clinical studies to drive mitochondrial dysfunction, oxidative stress, and endoplasmic reticulum (ER) stress—processes that include hyperglycemia-induced mitochondrial reactive oxygen species (ROS) production, impaired mitophagy, and activation of ER stress-mediated apoptotic pathways within renal tubular cells—ultimately leading to tubular epithelial injury (42–44). Disruptions in nitric oxide balance, excessive reactive oxygen species, and inhibited mitophagy exacerbate mitochondrial damage and endothelial dysfunction, increasing renal vulnerability (43, 45). Additionally, SIH fosters the formation of advanced glycation end-products, undermining microvascular integrity and promoting glomerulosclerosis (46). These interconnected mechanisms transform transient metabolic disturbances into persistent renal impairment, suggesting that elevated SHR, as a marker of disproportionate glycemic response, may reflect heightened susceptibility within the cardiorenal axis and highlight the potential role of SIH-driven processes, such as mitochondrial ROS production and ER stress, in AKI development among patients with CS.

From a clinical perspective, SHR integrates both chronic and acute glycemic measures, offering a practical and widely applicable tool to refine prognostic assessments. Given the routine availability of ABG and HbA1c tests, SHR can be easily incorporated into standard clinical workflows. In our study, an apparent inflection point was observed at approximately SHR = 1.26, beyond which the risk of mortality increased notably. This threshold may serve as a useful reference for identifying patients who could benefit from closer glycemic surveillance and more individualized metabolic management. However, whether glycemic interventions targeting specific SHR thresholds, such as adjusting insulin dosage or enhancing monitoring when SHR exceeds 1.26, can improve outcomes remains unclear. Although various studies suggest different cutoff values, evidence is lacking on whether SHR-guided glycemic interventions can improve clinical outcomes. Future prospective investigations are needed to determine whether SHR thresholds can serve as effective targets for optimizing glycemic control in patients with CS. The observed U-shaped association highlights the importance of maintaining balanced glycemic levels, as both excessive hyperglycemia and relative hypoglycemia appear to be linked with adverse outcomes. Additionally, SHR may complement established severity scores such as SOFA and APACHE III by incorporating metabolic stress dimensions not fully captured by traditional physiological parameters, potentially refining early risk stratification in patients with CS. Further prospective studies are needed to clarify the optimal glycemic targets in this population, to evaluate whether maintaining SHR below this inflection point can improve renal and overall outcomes, and to determine the incremental prognostic value of integrating SHR into existing models.

However, several limitations must be considered. First, as a single-center, retrospective, observational study with a limited sample size, causality cannot be established. Specifically, the retrospective design precludes clear determination of the temporal sequence between elevated SHR and worsening clinical outcomes, thereby preventing us from discerning whether higher SHR is a cause or merely a consequence of greater CS severity. Prospective validation in larger, multicenter cohorts is essential to confirm these findings and extend their applicability. Second, reliance on MIMIC database data may introduce selection bias. In particular, the exclusion of a large number of patients due to missing ABG or HbA1c measurements represents an important source of potential bias, as it may have resulted in a cohort more likely to undergo intensive glucose monitoring, thereby limiting the generalizability of our findings. Additionally, certain confounders—such as nephrotoxic drugs or detailed fluid management practices—were not fully captured. Third, the critical illness severity of these patients with CS may limit the generalizability of the results to less severe clinical contexts. Although most patients in our cohort had AMI or HF, detailed data on the exact primary etiology of CS were not available, which precluded more granular analyses by CS subtype. Moreover, the SHR cutoff value of 1.26 was identified from exploratory analysis within our cohort, and its applicability to broader patient populations requires external validation. Future large-scale, randomized trials are needed to clarify the mechanisms linking SHR and AKI in CS and to identify specific biomarkers or therapeutic targets. Ultimately, establishing SHR as a reliable prognostic marker could facilitate more personalized, data-driven clinical decision-making, improving outcomes for patients facing the challenges of CS-associated AKI.




5 Conclusion

In conclusion, this study demonstrates an association between SHR and AKI in patients with CS. Elevated SHR values are significantly associated with increased AKI incidence and subsequent mortality in patients with CS, highlighting the prognostic value of SHR for identifying high-risk individuals and underscoring the critical importance of maintaining optimal glycemic control in this clinical setting. Future research should focus on larger, multicenter, prospective studies to validate these findings.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The Institutional Review Boards at the Beth Israel Deaconess Medical Center and Massachusetts Institute of Technology have approved the data collection and the use of MIMIC-IV for research purposes. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

AC: Conceptualization, Data curation, Formal Analysis, Writing – original draft. LZ: Conceptualization, Writing – original draft, Investigation, Methodology, Software. MH: Methodology, Writing – original draft, Formal Analysis. SH: Formal Analysis, Resources, Validation, Writing – original draft. JT: Formal Analysis, Resources, Validation, Writing – original draft, Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Software, Supervision, Visualization, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.




Acknowledgments

We thank Bullet Edits Limited for the linguistic editing and proofreading of the manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in thecreation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1606819/full#supplementary-material




References

	 Garan AR, Kanwar M, Thayer KL, Whitehead E, Zweck E, Hernandez-Montfort J, et al. Complete hemodynamic profiling with pulmonary artery catheters in cardiogenic shock is associated with lower In-hospital mortality. JACC Heart Fail. (2020) 8:903–13. doi: 10.1016/j.jchf.2020.08.012, PMID: 33121702


	 Pöss J, Köster J, Fuernau G, Eitel I, de Waha S, Ouarrak T, et al. Risk stratification for patients in cardiogenic shock after acute myocardial infarction. J Am Coll Cardiol. (2017) 69:1913–20. doi: 10.1016/j.jacc.2017.02.027, PMID: 28408020


	 Tehrani BN, Truesdell AG, Psotka MA, Rosner C, Singh R, Sinha SS, et al. A standardized and comprehensive approach to the management of cardiogenic shock. JACC Heart Fail. (2020) 8:879–91. doi: 10.1016/j.jchf.2020.09.005, PMID: 33121700


	 Samsky MD, Morrow DA, Proudfoot AG, Hochman JS, Thiele H, Rao SV. Cardiogenic shock after acute myocardial infarction a review. JAMA. (2021) 326:1840–50. doi: 10.1001/jama.2021.18323, PMID: 34751704


	 Sheikh O, Nguyen T, Bansal S, Prasad A. Acute kidney injury in cardiogenic shock: a comprehensive review. Catheter Cardiovasc Interv. (2021) 98:E91–E105. doi: 10.1002/ccd.29141, PMID: 32725874


	 Adegbala O, Inampudi C, Adejumo A, Otuonye G, Akintoye E, Elsayed R, et al. Characteristics and outcomes of patients with cardiogenic shock utilizing hemodialysis for acute kidney injury. Am J Cardiol. (2019) 123:1816–21. doi: 10.1016/j.amjcard.2019.02.038, PMID: 30967283


	 Ghionzoli N, Sciaccaluga C, Mandoli G, Vergaro G, Gentile F, D’Ascenzi F, et al. Cardiogenic shock and acute kidney injury: the rule rather than the exception. Heart Fail Rev. (2021) 26:487–96. doi: 10.1007/s10741-020-10034-0, PMID: 33006038


	 van den Akker JPC, Bakker J, Groeneveld ABJ, den Uil CA. Risk indicators for acute kidney injury in cardiogenic shock. J Crit Care. (2019) 50:11–6. doi: 10.1016/j.jcrc.2018.11.004, PMID: 30465893


	 Chishiki T, Nagatomo Y, Saji M, Takei M, Goda A, Kohno T, et al. Divergent effect of blood glucose dysregulation on long-term clinical outcome in acute decompensated heart failure: a reappraisal in contemporary practice. Int J Cardiol. (2022) 365:91–9. doi: 10.1016/j.ijcard.2022.07.041, PMID: 35901906


	 Gao S, Liu Q, Chen H, Yu M, Li H. Predictive value of stress hyperglycemia ratio for the occurrence of acute kidney injury in acute myocardial infarction patients with diabetes. BMC Cardiovasc Disord. (2021) 21:157. doi: 10.1186/s12872-021-01962-2, PMID: 33781208


	 van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK, Kapur NK, et al. Contemporary management of cardiogenic shock: a scientific statement from the american heart association. Circulation. (2017) 136:e232–68. doi: 10.1161/CIR.0000000000000525, PMID: 28923988


	 Roberts GW, Quinn SJ, Valentine N, Alhawassi T, O’Dea H, Stranks SN, et al. Relative hyperglycemia, a marker of critical illness: introducing the stress hyperglycemia ratio. J Clin Endocrinol Metab. (2015) 100:4490–7. doi: 10.1210/jc.2015-2660, PMID: 26485219


	 Chen X, Yang Z, Shi R, Wang X, Li X. Stress hyperglycemia ratio association with all-cause mortality in critically ill patients with coronary heart disease: an analysis of the MIMIC-IV database. Sci Rep. (2024) 14:29110. doi: 10.1038/s41598-024-80763-x, PMID: 39582018


	 Cheng S, Shen H, Han Y, Han S, Lu Y. Association between stress hyperglycemia ratio index and all-cause mortality in critically ill patients with atrial fibrillation: a retrospective study using the MIMIC-IV database. Cardiovasc Diabetol. (2024) 23:363. doi: 10.1186/s12933-024-02462-1, PMID: 39402588


	 Wang W-J, Wang K-X, Niu J-L, Liu Y-X, Ge H-L, Shen H, et al. Association between stress hyperglycemia ratio and in-hospital outcomes: findings from the improving care for cardiovascular disease in China-acute coronary syndrome (CCC-ACS) project. J Geriatr Cardiol JGC. (2024) 21:658–68. doi: 10.26599/1671-5411.2024.06.006, PMID: 38973822


	 Hu B, Chen X, Wang Y, Wei X, Feng J, Hou L. J-shaped relationship between stress hyperglycemia ratio and 90-day and 180-day mortality in patients with a first diagnosis of acute myocardial infarction: analysis of the MIMIC-IV database. Diabetol Metab Syndr. (2024) 16:132. doi: 10.1186/s13098-024-01380-2, PMID: 38880917


	 Mohammed A-Q, Luo Y, Wang K, Su Y, Liu L, Yin G, et al. Stress hyperglycemia ratio as a prognostic indicator for long-term adverse outcomes in heart failure with preserved ejection fraction. Cardiovasc Diabetol. (2024) 23:67. doi: 10.1186/s12933-024-02157-7, PMID: 38350936


	 Tian J, Zhou T, Liu Z, Dong Y, Xu H. Stress hyperglycemia is associated with poor prognosis in critically ill patients with cardiogenic shock. Front Endocrinol. (2024) 15:1446714. doi: 10.3389/fendo.2024.1446714, PMID: 39301321


	 Ülger P, Yildiz E, Tyczynski B, Findeisen H, Kribben A, Janssen OE, et al. Effect of stress hyperglycaemia on acute kidney injury in non-diabetic critically ill patients? Int Urol Nephrol. (2023) 55:3253–9. doi: 10.1007/s11255-023-03612-2, PMID: 37160486


	 Johnson AEW, Bulgarelli L, Shen L, Gayles A, Shammout A, Horng S, et al. MIMIC-IV, a freely accessible electronic health record dataset. Sci Data. (2023) 10:1. doi: 10.1038/s41597-022-01899-x, PMID: 36596836


	 Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin Pract. (2012) 120:c179–184. doi: 10.1159/000339789, PMID: 22890468


	 Fu S, Wang Q, Chen W, Liu H, Li H. Development and external validation of a nomogram for predicting acute kidney injury in cardiogenic shock patients in intensive care unit. Int J Gen Med. (2022) 15:3965–75. doi: 10.2147/IJGM.S353697, PMID: 35431570


	 Zhang X, Xiong Y, Liu H, Liu Q, Chen S. Prediction of acute kidney injury for critically ill cardiogenic shock patients with machine learning algorithms. Int J Gen Med. (2025) 18:33. doi: 10.2147/IJGM.S489362, PMID: 39801924


	 Wang H, Kang X, Shi Y, Bai Z-H, Lv J-H, Sun J-L, et al. SOFA score is superior to APACHE-II score in predicting the prognosis of critically ill patients with acute kidney injury undergoing continuous renal replacement therapy. Ren Fail. (2020) 42:638–45. doi: 10.1080/0886022X.2020.1788581, PMID: 32660294


	 Li Y, Zhang L, Liu W, Deng J, Liu J, Zhou Y, et al. The impact of the stress hyperglycemia ratio on the risk of contrast-associated acute kidney injury in patients undergoing coronary angiography: a large real-world cohort study. Diabetol Metab Syndr. (2024) 16:107. doi: 10.1186/s13098-024-01345-5, PMID: 38773666


	 Shan Y, Lin M, Gu F, Ying S, Bao X, Zhu Q, et al. Association between fasting stress hyperglycemia ratio and contrast-induced acute kidney injury in coronary angiography patients: a cross-sectional study. Front Endocrinol. (2023) 14:1300373. doi: 10.3389/fendo.2023.1300373, PMID: 38155953


	 Li L, Ding L, Zheng L, Wu L, Hu Z, Liu L, et al. Relationship between stress hyperglycemia ratio and acute kidney injury in patients with congestive heart failure. Cardiovasc Diabetol. (2024) 23:29. doi: 10.1186/s12933-023-02105-x, PMID: 38218835


	 Plummer MP, Bellomo R, Cousins CE, Annink CE, Sundararajan K, Reddi BAJ, et al. Dysglycaemia in the critically ill and the interaction of chronic and acute glycaemia with mortality. Intensive Care Med. (2014) 40:973–80. doi: 10.1007/s00134-014-3287-7, PMID: 24760120


	 Xia W, Li C, Kuang M, Wu Y, Xu L, Hu H. Predictive value of glycemic gap and stress glycemia ratio among critically ill patients with acute kidney injury: a retrospective analysis of the MIMIC-III database. BMC Nephrol. (2023) 24:227. doi: 10.1186/s12882-023-03278-z, PMID: 37528371


	 He H-M, Zheng S-W, Xie Y-Y, Wang Z, Jiao S-Q, Yang F-R, et al. Simultaneous assessment of stress hyperglycemia ratio and glycemic variability to predict mortality in patients with coronary artery disease: a retrospective cohort study from the MIMIC-IV database. Cardiovasc Diabetol. (2024) 23:61. doi: 10.1186/s12933-024-02146-w, PMID: 38336720


	 Yan F, Chen X, Quan X, Wang L, Wei X, Zhu J. Association between the stress hyperglycemia ratio and 28-day all-cause mortality in critically ill patients with sepsis: a retrospective cohort study and predictive model establishment based on machine learning. Cardiovasc Diabetol. (2024) 23(1):163. doi: 10.1186/s12933-024-02265-4, PMID: 38725059


	 Zhou Q, Yang J, Wang W, Shao C, Hua X, Tang Y-D. The impact of the stress hyperglycemia ratio on mortality and rehospitalization rate in patients with acute decompensated heart failure and diabetes. Cardiovasc Diabetol. (2023) 22:189. doi: 10.1186/s12933-023-01908-2, PMID: 37495967


	 Qu F, Shi Q, Wang Y, Shen Y, Zhou K, Pearson ER, et al. Visit-to-visit glycated hemoglobin A1c variability in adults with type 2 diabetes: a systematic review and meta-analysis. Chin (Engl). (2022) 135(19):2294–300. doi: 10.1097/CM9.0000000000002073, PMID: 35952315


	 Yang J, Zheng Y, Li C, Gao J, Meng X, Zhang K, et al. The impact of the stress hyperglycemia ratio on short-term and long-term poor prognosis in patients with acute coronary syndrome: insight from a large cohort study in Asia. Diabetes Care. (2022) 45:947–56. doi: 10.2337/dc21-1526, PMID: 35045167


	 Muscedere J, Waters B, Varambally A, Bagshaw SM, Boyd JG, Maslove D, et al. The impact of frailty on intensive care unit outcomes: A systematic review and meta-analysis. Intensive Care Med. (2017) 43:1105–22. doi: 10.1007/s00134-017-4867-0, PMID: 28676896


	 Wenzl FA, Wang P, Arrigo M, Parenica J, Jones DJL, Bruno F, et al. Proenkephalin improves cardio-renal risk prediction in acute coronary syndromes: the KID-ACS score. Eur Heart J. (2025) 46(1):38–54. doi: 10.1093/eurheartj/ehae602, PMID: 39215600


	 Pe M, Jc P. Toward understanding tight glycemic control in the ICU: a systematic review and metaanalysis. Chest. (2010) 137(3):544–51. doi: 10.1378/chest.09-1737, PMID: 20018803


	 Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol J-P, et al. Activation of oxidative stress by acute glucose fluctuations compared with sustained chronic hyperglycemia in patients with type 2 diabetes. JAMA. (2006) 295:1681–7. doi: 10.1001/jama.295.14.1681, PMID: 16609090


	 Marik PE, Bellomo R. Stress hyperglycemia: an essential survival response! Crit Care Lond Engl. (2013) 17:305. doi: 10.1186/cc12514, PMID: 23470218


	 Beckman JA, Paneni F, Cosentino F, Creager MA. Diabetes and vascular disease: pathophysiology, clinical consequences, and medical therapy: part II. Eur Heart J. (2013) 34:2444–52. doi: 10.1093/eurheartj/eht142, PMID: 23625211


	 Kawano H, Motoyama T, Hirashima O, Hirai N, Miyao Y, Sakamoto T, et al. Hyperglycemia rapidly suppresses flow-mediated endothelium-dependent vasodilation of brachial artery. J Am Coll Cardiol. (1999) 34:146–54. doi: 10.1016/s0735-1097(99)00168-0, PMID: 10400004


	 Han Y, Xu X, Tang C, Gao P, Chen X, Xiong X, et al. Reactive oxygen species promote tubular injury in diabetic nephropathy: the role of the mitochondrial ros-txnip-nlrp3 biological axis. Redox Biol. (2018) 16:32–46. doi: 10.1016/j.redox.2018.02.013, PMID: 29475133


	 Wang J, Yue X, Meng C, Wang Z, Jin X, Cui X, et al. Acute hyperglycemia may induce renal tubular injury through mitophagy inhibition. Front Endocrinol. (2020) 11:536213. doi: 10.3389/fendo.2020.536213, PMID: 33424763


	 Vanhorebeek I, Gunst J, Ellger B, Boussemaere M, Lerut E, Debaveye Y, et al. Hyperglycemic kidney damage in an animal model of prolonged critical illness. Kidney Int. (2009) 76:512–20. doi: 10.1038/ki.2009.217, PMID: 19536085


	 Lee TF, Tommasi S, Bersten A, Heilbronn LK, Sotgia S, Zinellu A, et al. Does hyperglycemia affect arginine metabolites in critically ill patients? A prospective cohort and in vitro study. Diabetol Metab Syndr. (2023) 15:68. doi: 10.1186/s13098-023-01035-8, PMID: 37005603


	 Busch M, Franke S, Rüster C, Wolf G. Advanced glycation end-products and the kidney. Eur J Clin Invest. (2010) 40:742–55. doi: 10.1111/j.1365-2362.2010.02317.x, PMID: 20649640







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Cai, Zhuang, He, Huang and Tong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1606819-g004.jpg
Survival probability

1.0

2
o)

o
o

o
~

SHR =+ Quartile 1+ Quartile 2—+— Quartile 3—+ Quartile 4

30 60 90
Follow up time (Day)

Survival probability

1.0

o
0

O
fo)

o~
N

SHR =+ Quartile 1 Quartile 2—+— Quartile 3—+ Quartile 4

Log-rank
p = 0.00075

30 60 90
Follow up time (Day)





OEBPS/Images/fendo-16-1606819-g003.jpg
2.5

=1.26

2.0

(Q\|
o™
o
o
o
% 1L
c?
-
= 0
— —
(@]
[ € wlt
al
o
—
O < (Q\|
(109%56) HH
o O
<t N o
O 4 N
m_u I
I
% 1L
c?
-
= 0
— =]
(@]
€ it
al
o
—i
O < N
(12%S6) 4O
LO
(Q\
3N
o
o™ L .
. (Q\
©
N
% I
g v
S 0
c —]
o
[ €t
al
=)
i

< ™ @\ —

(1D%56) 4O

SHR

SHR

SHR





OEBPS/Images/fendo-16-1606819-g001.jpg
Patients with CS, first ICU admission
in MIMIC-IV database
(N =2441)

Exclusion:
1. Age < 18 years (N = 0)
2.Missing data on ABG or HbAlc (N = 1758)
3. Length of hospital stay < 24 hours (N = 305)

Finally enrolled patients

(N =378)

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(0.40-1.00) (1.00-1.21) (1.21-1.47) (1.47-3.10)






OEBPS/Images/fendo-16-1606819-g002.jpg
60

N
o

Proportion (%)

20

SHR

69.1
61.7
50.8
47.449'5
34.055 8
27.6

In-hospital mortality 90-day all-cause mortality

Outcome

Quartile 1. Quartile 2

Quartile 3. Quartile 4





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2025.1606819_cover.jpg
& frontiers | Frontiers in Endocrinology

Impact of stress hyperglycemia ratio on
acute kidney injury and mortality in patients
with cardiogenic shock: a retrospective
analysis





