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Abstract 

Background  Contrast-induced nephropathy (CIN) is a significant complication in acute coronary syndrome (ACS) 
patients undergoing percutaneous coronary intervention (PCI). The role of the stress hyperglycemia ratio (SHR) 
as a predictor of CIN and mortality in these patients remains unclear and warrants investigation.

Objective  To assess the relationship between SHR and CIN, as well as its impact on short-term mortality in ACS 
patients undergoing PCI.

Methods  We conducted a retrospective cohort study using the MIMIC-IV database, including 552 ACS patients. 
SHR was calculated as the ratio of admission glucose to estimated average glucose from hemoglobin A1c. CIN 
was defined as a ≥ 0.5 mg/dL or ≥ 25% increase in serum creatinine within 48 h of PCI. Logistic regression and spline 
models were used to analyze the association between SHR and CIN, while Kaplan–Meier curves assessed 30-day 
mortality.

Results  Higher SHR levels were independently associated with increased CIN risk (OR 2.36, 95% CI: 1.56–3.57, 
P < 0.0001). A J-shaped relationship was observed, with CIN risk rising sharply when SHR exceeded 1.06. SHR 
was also a predictor of higher 30-day mortality (P < 0.0001). Subgroup analysis revealed a stronger SHR-CIN association 
in non-diabetic patients.

Conclusion  SHR is an independent predictor of CIN and short-term mortality in ACS patients undergoing PCI. It 
offers potential for risk stratification and clinical decision-making, especially in non-diabetic patients.

Keywords  Stress hyperglycemia ratio, Contrast-induced nephropathy, Acute coronary syndrome, Percutaneous 
coronary intervention, Short-term mortality

Background
Acute coronary syndrome (ACS) remains a leading cause 
of global mortality, underscoring the necessity of effec-
tive reperfusion therapies such as percutaneous coronary 
intervention (PCI) [1]. PCI has markedly improved ACS 
management by reducing ischemic complications and 
enhancing survival rates. However, the use of contrast 
agents during the procedure elevates the risk of contrast-
induced nephropathy (CIN), characterized by acute renal 
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function deterioration [2]. The incidence of CIN varies 
widely, ranging from less than 1% to 50%, influenced by 
patient characteristics, comorbidities, procedural factors, 
and diagnostic criteria. High-risk groups, including older 
adults, patients with heart failure, chronic kidney disease 
(CKD), or diabetes combined with CKD, exhibit CIN 
rates up to 55% [3, 4]. CIN is associated with extended 
hospital stays, increased need for renal replacement ther-
apy, and higher mortality. Currently, effective preventive 
strategies are lacking, highlighting the critical need for 
early identification of risk factors to improve outcomes in 
vulnerable patient populations.

In recent years, the stress hyperglycemia ratio (SHR) 
has emerged as a novel glycemic metric, offering a pre-
cise assessment of acute hyperglycemic states by account-
ing for baseline glucose control through hemoglobin 
A1c (HbA1c) levels [5]. Unlike absolute blood glucose 
measurements, SHR provides a more accurate identifica-
tion and quantification of stress-induced hyperglycemia, 
which is particularly relevant in critically ill patients. 
Previous studies have demonstrated that elevated SHR is 
associated with adverse cardiovascular outcomes in both 
diabetic and non-diabetic populations [6–9]. Despite 
these findings, the relationship between SHR and CIN in 
PCI-treated ACS patients remains insufficiently explored.

Given the growing clinical interest in SHR as a prog-
nostic indicator, we hypothesize that SHR may play 
a crucial role in predicting the development of CIN 
and mortality in ACS patients undergoing PCI. Utiliz-
ing Medical Information Mart for Intensive Care IV 
(MIMIC-IV) database, this study aims to investigate the 
relationship between SHR and CIN, as well as its impact 
on both short-term and long-term mortality. By explor-
ing these associations, our research seeks to provide new 
insights into the prognostic value of SHR and its poten-
tial application in clinical practice, ultimately contribut-
ing to improved renal and overall clinical outcomes for 
high-risk patient cohorts.

Methods
Data source
This study leveraged the MIMIC-IV 3.0 database, which 
contains de-identified clinical data for 94,458 patients 
admitted to the intensive care units (ICUs) of Beth Israel 
Deaconess Medical Center between 2008 and 2022 [10, 
11]. The database encompasses a wide range of clini-
cal information, including demographic details, diagno-
ses, laboratory results, medication records, procedures, 
and outcomes, with a primary focus on critically ill ICU 
patients. Access to the MIMIC-IV 3.0 database was 
obtained after completing the required credentialing 
process via PhysioNet, which included the successful 
completion of the Collaborative Institutional Training 

Initiative (CITI) Program’s “Data or Specimens Only 
Research” course (certification No. 63998837) and agree-
ing to the data use terms. As all data are de-identified, 
patient consent was not necessary. This research was 
conducted in accordance with ethical standards for uti-
lizing publicly available de-identified datasets.

Patient selection
Patients meeting the following inclusion criteria were 
included in the study: (1) diagnosis of Acute Myocardial 
Infarction (AMI), including both ST-Elevation Myocar-
dial Infarction (STEMI) and Non-ST Elevation Myocar-
dial Infarction (NSTEMI), confirmed by ICD-9/10 codes; 
(2) first admission to the ICU during hospitalization. 
Patients meeting the following exclusion criteria were 
excluded: (1) age < 18 years; (2) ICU length of stay < 1 
day; (3) did not undergo PCI during hospitalization; (4) 
estimated glomerular filtration rate (eGFR) < 30 mL/
min/1.73m2, indicating end-stage renal disease (ESRD); 
(5) missing discharge status or follow-up data; (6) miss-
ing key clinical data, including admission blood glucose, 
HbA1c, or renal function (serum creatinine, urine out-
put). Finally, a total of 552 patients were included in the 
MIMIC-IV database. (Fig. 1).

Data extraction and definitions
Data extraction was performed using Navicat Premium 
(Version 16.1.15) with SQL. The study examined various 
variables categorized as follows: (1) Demographics: Age, 
gender. (2) comorbidities (hypertension (HTN), diabetes 
mellitus (DM), congestive heart failure (CHF), cerebro-
vascular disease, atrial fibrillation (AF), chronic pulmo-
nary disease (CPD), peripheral vascular disease (PVD)), 
(3) procedure information (PCI (including percutaneous 
transluminal coronary angioplasty, insertion of non-drug-
eluting coronary artery stent, insertion of drug-eluting 
coronary artery stent), extracorporeal membrane oxy-
genation (ECMO), intra-aortic balloon pump (IABP), and 
continuous renal replacement therapy (CRRT)), (4) labo-
ratory (white blood cell (WBC) count, albumin levels, 
serum creatinine (Scr), admission blood glucose, HbA1c, 
troponin T (TnT) and creatine kinase-MB (CK-MB), (5) 
vasoactive drugs (dobutamine, dopamine, epinephrine, 
norepinephrine, phenylephrine, milrinone, vasopressin), 
(6) Disease Severity Scores: Charlson Comorbidity Index 
(CCI), Acute Physiology Score III (APS III), Simplified 
Acute Physiology Score II (SAPS II), Oxford Acute Sever-
ity of Illness Score (OASIS), and Sequential Organ Failure 
Assessment (SOFA).

SHR was calculated as [(admission glucose (mg/dl))/ 
(28.7 × HbA1c (%)−46.7)], admission glucose and HbA1c 
were obtained directly from MIMIC IV. This study uti-
lizes the Modification of Diet in Renal Disease (MDRD) 
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equation to estimate the eGFR. The specific formula is as 
follows: eGFR = 186 × (Scr − 1.154) × (age − 0.203) × (0.742 
if female), where Scr refers to serum creatinine, measured 
in mg/dL, and age is expressed in years [12]. CIN was 
defined as an increase in serum creatinine of ≥ 0.5 mg/dL 
or ≥ 25% from baseline within 48 h PCI. Baseline creati-
nine was determined from ICU day 1 measurements. For 
variables with missing values less than 20%, data imputa-
tion was performed using a random forest approach [13].

Outcomes
The primary outcome was short-term survival, defined as 
30-day all-cause mortality, determined by the recorded 
date of death and discharge date in the MIMIC IV 
database.

Statistical analysis
All statistical analyses were performed using R software 
(version 4.4.1). Continuous variables were assessed for 
normality using the Shapiro–Wilk test. Normally dis-
tributed variables were summarized as mean ± standard 
deviation (SD) and compared using one-way analysis of 
variance (ANOVA), while non-normally distributed vari-
ables were reported as median with interquartile range 
(IQR) and compared using the Wilcoxon rank-sum test. 

Categorical variables were summarized as counts with 
percentages and compared using the chi-squared test. 
Logistic regression models were utilized to investigate 
the relationship between SHR and CIN, with odds ratios 
(ORs) and 95% confidence intervals (CIs) reported. Three 
models were constructed: the crude model included SHR 
alone; Model 1 adjusted for STEMI, diabetes mellitus 
(DM), and hypertension (HTN), reflecting the impact 
of baseline disease states on the SHR-CIN association; 
Model 2 incorporated additional adjustments for pro-
cedural factors, including stent placement and vessel 
involvement, to explore the influence of PCI complex-
ity on CIN risk. Restricted cubic spline (RCS) regres-
sion models were applied to assess potential non-linear 
relationships between SHR and CIN. Knots were placed 
at the 25th, 50th, and 75th percentiles of the SHR distri-
bution to ensure adequate flexibility in modeling while 
avoiding overfitting. A likelihood ratio test was per-
formed to assess non-linearity, and SHR was analyzed 
as a continuous variable if no significant non-linear 
association was observed. Subgroup analyses were con-
ducted for predefined variables, including sex, age group 
(< 60 vs. ≥ 60 years), STEMI, DM, HTN, CHF, and stent 
placement status. Stratified logistic regression models 
were fitted for each subgroup to quantify the strength of 

Fig. 1  Flow chart of the inclusion of the study population; PCI, percutaneous coronary intervention; CIN, contrast-induced nephropathy
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the SHR-CIN relationship within specific clinical strata. 
Baseline characteristics were compared between CIN 
groups and across SHR tertiles. Interaction tests were 
performed to evaluate whether the relationship between 
SHR and CIN was modified by predefined clinical vari-
ables, including DM, stent placement, and other demo-
graphic or procedural factors. Likelihood ratio tests were 
used to compare models with and without interaction 
terms, such as SHR × DM or SHR × stent placement, to 
test for heterogeneity in the SHR-CIN association across 
subgroups. A significant interaction term indicated 
that the effect of SHR on CIN risk varied by subgroup. 
Short-term survival outcomes were evaluated using 
Kaplan–Meier curves, with differences between groups 
assessed using the log-rank test. For patients with hospi-
tal stays ≤ 30 days, stratified survival analyses were con-
ducted to account for potential confounding effects. All 
statistical tests were two-sided, and significance was set 
at P < 0.05.

Results
Baseline characteristics of study individuals
The study included 552 patients, with 210 in the CIN 
group and 342 in the non-CIN group (Table 1). SHR lev-
els were significantly higher in the CIN group compared 
to the non-CIN group (P < 0.001). The CIN group had a 
higher prevalence of CHF and AF, with elevated disease 
severity scores, including SOFA, APS III, SAPS II, and 
CCI (P < 0.05). While no significant differences were 
observed in STEMI or DM between the groups, the CIN 
group showed significantly worse renal function, inflam-
matory response, and myocardial injury, as reflected 
by higher levels of baseline creatinine, WBC, TnT, and 
CK-MB (P < 0.05). Procedural complexity was greater in 
the CIN group, as evidenced by increased use of vasoac-
tive drugs, ECMO, IABP, and CRRT (P < 0.05). Addition-
ally, the CIN group experienced longer hospital and ICU 
stays, along with significantly higher 30-day in-hospital 
mortality compared to the non-CIN group (P < 0.05).

When stratified by SHR quartiles (Q1–Q3), SHR val-
ues demonstrated a linear increase from Q1 (0.86 [0.78–
0.92]) to Q3 (1.47 [1.31–1.68]; P < 0.0001) (Table  2). 
Compared to the Q1 group, the Q3 group exhibited 
significantly higher prevalence of comorbidities such as 
CHF, DM, AF, CVD, CPD, CVD and PVD, elevated dis-
ease severity scores including SOFA, APS III, SAPS II, 
and CCI, as well as increased levels of myocardial injury 
markers (TnT, CK-MB) and inflammatory indicators 
(WBC) (P < 0.05). Additionally, renal function param-
eters (BUN, baseline creatinine), electrolyte levels (K), 
and coagulation function (INR) were markedly wors-
ened in the Q3 group (P < 0.05). In terms of therapeutic 
interventions, the Q3 group had a significantly higher 

proportion of patients receiving vasoactive medications, 
IABP, and CRRT, and experienced longer hospital and 
ICU stays compared to the Q1 group (P < 0.05). Finally, 
the in-hospital mortality rate was significantly elevated in 
the Q3 group (21.74%) compared to the Q1 group (9.24%; 
P < 0.0001).

In summary, patients with CIN and those in the high-
est SHR quartile exhibited worse clinical and biochemi-
cal profiles, longer hospital and ICU stays, and higher 
mortality rates. These findings underscore the complex 
relationship between SHR and CIN, warranting further 
investigation.

Association between SHR and CIN
Logistic regression models demonstrated that SHR was 
independently associated with an elevated risk of CIN 
(Table 3). In the unadjusted model, each unit increase in 
SHR correlated with a 2.25-fold higher risk of CIN (95% 
CI: 1.51–3.36, P < 0.0001). This association remained 
robust after adjustment for STEMI, DM, and HTN (OR 
2.39, 95% CI: 1.59–3.59, P < 0.0001), as well as procedural 
complexity factors, including stent placement and ves-
sel involvement (OR 2.36, 95% CI: 1.56–3.57, P < 0.0001). 
When stratified by quartiles (Q1–Q3), SHR in Q3 was 
associated with a markedly increased risk of CIN com-
pared to Q1 (OR 2.52, 95% CI: 1.63–3.89, P < 0.0001) 
(Fig.  2), demonstrating a clear dose–response relation-
ship across quartiles (P for trend < 0.0001). Restricted 
cubic spline analysis further confirmed the J-shaped 
association between SHR and CIN (P-overall = 0.0002). 
When SHR exceeded the threshold value of 1.06, the inci-
dence of CIN increased significantly. These findings high-
light SHR as a continuous and independent predictor of 
CIN, with a critical inflection point that underscores its 
prognostic value (Fig. 3).

Association between SHR and LOS
In addition, our study found that patients with elevated 
SHR also experienced longer LOS in the hospital. The 
prolonged LOS likely reflects the increased complexity 
of managing these patients, as their critical illness often 
requires extended monitoring and more intensive treat-
ments. Elevated SHR could therefore serve as a marker 
not only for predicting CIN and short-term mortality but 
also for identifying patients who are likely to experience 
prolonged hospitalization, further highlighting its clinical 
utility in predicting overall disease severity and recovery 
trajectory.

Subgroup analysis
To further evaluate the robustness of the association 
between elevated SHR levels and the risk of incident 
CIN, we performed subgroup analyses stratified by 
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Table 1  Baseline characteristics of patients stratified by the presence of CIN

Variables Total
(n = 552)

non-CIN
(n = 342)

CIN
(n = 210)

P

SHR 1.06(0.92,1.30) 1.03(0.90,1.20) 1.16(0.97,1.47) < 0.0001

Sex,% 0.28

  Female 178(32.25) 104(30.41) 74(35.24)

  Male 374(67.75) 238(69.59) 136(64.76)

Age,years 67.75(59.10,77.02) 66.99(58.17,77.10) 69.17(61.58,76.96) 0.10

SOFA 2.00(1.00,5.00) 2.00(1.00,3.00) 4.00(1.25,7.00) < 0.0001

APS3 33.00(26.00,44.00) 31.00(25.00,38.00) 38.00(30.00,52.00) < 0.0001

SAPSII 30.00(23.00,37.00) 28.00(21.25,35.00) 34.00(26.00,44.00) < 0.0001

OASIS 28.00(22.00,33.00) 26.00(22.00,31.00) 31.00(25.00,36.75) < 0.0001

CCI 5.00(3.00,7.00) 5.00(3.00,7.00) 5.00(4.00,7.00) 0.01

CHF,% < 0.01

  no 296(53.62) 201(58.77) 95(45.24)

  yes 256(46.38) 141(41.23) 115(54.76)

STEMI,% 0.14

  no 150(27.17) 85(24.85) 65(30.95)

  yes 402(72.83) 257(75.15) 145(69.05)

DM,% 0.32

  no 383(69.38) 243(71.05) 140(66.67)

  yes 169(30.62) 99(28.95) 70(33.33)

AF,% < 0.01

  no 416(75.36) 271(79.24) 145(69.05)

  yes 136(24.64) 71(20.76) 65(30.95)

CVD,% 0.21

  no 501(90.76) 315(92.11) 186(88.57)

  yes 51(9.24) 27(7.89) 24(11.43)

CPD,% 0.47

  no 441(79.89) 277(80.99) 164(78.10)

  yes 111(20.11) 65(19.01) 46(21.90)

PVD,% 0.10

  no 483(87.50) 306(89.47) 177(84.29)

  yes 69(12.50) 36(10.53) 33(15.71)

HTN,% 0.58

  no 164(29.71) 105(30.70) 59(28.10)

  yes 388(70.29) 237(69.30) 151(71.90)

RBC,m/uL 4.09 ± 0.67 4.11 ± 0.65 4.05 ± 0.71 0.29

Hb,g/dL 12.33 ± 1.97 12.42 ± 1.94 12.17 ± 2.01 0.16

PLT,K/uL 218.00(174.00,260.00) 219.00(175.00,261.00) 211.00(173.00,257.00) 0.83

WBC,K/uL 11.50(8.80,14.43) 11.10(8.40,13.28) 12.60(9.80,16.10) < 0.0001

BUN,mg/dL 18.00(14.00,26.00) 17.00(13.00,24.00) 20.00(14.00,30.00) < 0.01

Na,mmol/L 138.00(137.00,140.00) 139.00(137.00,140.00) 138.00(136.00,140.00) 0.36

K,mmol/L 4.20(4.00,4.50) 4.20(4.00,4.40) 4.30(4.00,4.80) < 0.001

INR 1.20(1.10,1.38) 1.20(1.10,1.30) 1.20(1.10,1.40) 1.00

Baseline Cr,mg/dL 0.90(0.70,1.10) 0.90(0.80,1.10) 0.90(0.70,1.18) 0.85

TnT,ng/mL 2.43(0.93,5.99) 2.25(0.90,5.37) 3.00(1.03,6.89) < 0.01

CK_MB,ng/mL 90.00(27.00,203.05) 83.00(25.00,183.75) 106.00(36.25,257.35) < 0.01

LOS hospital,days 5.05(3.08,8.99) 4.19(3.01,7.64) 6.51(3.83,11.19) < 0.001

LOS ICU,days 2.17(1.46,4.04) 2.01(1.37,3.18) 3.04(1.79,5.32) < 0.0001

Hospital mortality,% < 0.0001

no 501(90.76) 325(95.03) 176(83.81)
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demographic factors and clinical histories (Fig.  4). The 
positive association between SHR and CIN remained 
significant in most subgroups, confirming SHR’s role as 
a reliable predictor across different clinical groups. Inter-
action tests using likelihood ratio tests revealed that a 
history of diabetes and stent implantation significantly 
modified the SHR-CIN relationship (interaction P < 0.05). 
Specifically, while SHR was strongly associated with CIN 
in non-diabetic patients, no significant relationship was 
observed in diabetic patients. This suggests that chronic 

metabolic conditions in diabetes, such as insulin resist-
ance and renal microvascular damage, may attenuate the 
kidneys’ response to acute hyperglycemia, reducing the 
predictive value of SHR in this population. Moreover, 
stent implantation enhanced the association between 
SHR and CIN. The increased procedural complexity and 
potential vascular injury associated with PCI may exacer-
bate renal injury in the presence of elevated SHR. These 
findings suggest that patients undergoing complex PCI 
procedures, particularly those with stent placement, may 

SHR Sstress hyperglycemia ratio, SOFA Sequential Organ Failure Assessment, APS3 Acute Physiology Score III, SAPSII Simplified Acute Physiology Score II, OASIS Oxford 
Acute Severity of Illness Score, GCS Glasgow Coma Scale, CCI Charlson Comorbidity Index, CHF Congestive heart failure, STEMI ST-elevated myocardial infarction, DM 
Diabetes mellitus, AF Atrial fibrillation, CVD Cerebrovascular disease, CPD Chronic pulmonary disease, PVD Peripheral vascular disease, HTN Hypertension, RBC Red 
blood cells (m/uL), Hb Hemoglobin (g/dL), PLT Platelets (K/uL), WBC White blood cells (K/uL), BUN Blood urea nitrogen (mg/dL), Na sodium (mmol/L), K Potassium 
(mmol/L), INR International normalized ratio, Baseline Cr Baseline creatinine (mg/dL), TnT Cardiac troponin T (ng/mL), CK_MB Creatine kinase-MB (ng/mL), ECMO 
Extracorporeal membrane oxygenation, IABP Intra-aortic balloon pump, Stent1 Single stent placement during PCI, Stent2 Two stents placed during PCI; Stentmoere, 
more than two stents placed during PCI; Vessel1, single vessel treated during PCI; Vessel2, two vessels treated during PCI; Vesselmoere, more than two vessels treated 
during PCI. Mortality refers to in-hospital mortality within 30 days of admission

Table 1  (continued)

Variables Total
(n = 552)

non-CIN
(n = 342)

CIN
(n = 210)

P

yes 51(9.24) 17(4.97) 34(16.19)

Vasoactive,% < 0.0001

no 387(70.11) 269(78.65) 118(56.19)

yes 165(29.89) 73(21.35) 92(43.81)

ECMO,% 0.03

no 545(98.73) 341(99.71) 204(97.14)

yes 7(1.27) 1(0.29) 6(2.86)

IABP,% 0.03

no 450(81.52) 289(84.50) 161(76.67)

yes 102(18.48) 53(15.50) 49(23.33)

CRRT,% < 0.001

no 539(97.64) 341(99.71) 198(94.29)

yes 13(2.36) 1(0.29) 12(5.71)

Stent1,% 0.15

no 335(60.69) 199(58.19) 136(64.76)

yes 217(39.31) 143(41.81) 74(35.24)

Stent2,% 0.25

no 459(83.15) 279(81.58) 180(85.71)

yes 93(16.85) 63(18.42) 30(14.29)

Stentmoere,% 0.55

no 498(90.22) 306(89.47) 192(91.43)

yes 54(9.78) 36(10.53) 18(8.57)

Vessel1,% 0.02

no 218(39.49) 122(35.67) 96(45.71)

yes 334(60.51) 220(64.33) 114(54.29)

Vessel2,% 0.90

no 497(90.04) 307(89.77) 190(90.48)

yes 55(9.96) 35(10.23) 20(9.52)

Vesselmoere,% 0.23

no 537(97.28) 330(96.49) 207(98.57)

yes 15(2.72) 12(3.51) 3(1.43)
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Table 2  Baseline characteristics of study participants stratified by SHR

Variables Total
(n = 552)

Q1
(n = 184)

Q2
(n = 184)

Q3
(n = 184)

P

SHR 1.06(0.92,1.30) 0.86(0.78,0.92) 1.06(1.01,1.12) 1.47(1.31,1.68) < 0.0001

Sex,% 0.17

  Female 178(32.25) 68(36.96) 51(27.72) 59(32.07)

  Male 374(67.75) 116(63.04) 133(72.28) 125(67.93)

Age,years 67.75(59.10,77.02) 67.55(58.66,77.04) 66.64(58.35,75.97) 68.80(61.58,77.39) 0.14

SOFA 2.00(1.00,5.00) 2.00(1.00,3.25) 2.00(1.00,3.00) 4.00(2.00,7.00) < 0.0001

APS3 33.00(26.00,44.00) 32.00(24.00,39.00) 30.00(24.00,37.25) 39.00(31.00,54.00) < 0.0001

SAPSII 30.00(23.00,37.00) 28.00(21.75,35.00) 28.00(21.75,33.00) 35.00(27.00,48.25) < 0.0001

OASIS 28.00(22.00,33.00) 25.00(21.00,31.00) 26.00(22.00,32.00) 31.00(26.00,37.00) < 0.0001

CCI 5.00(3.00,7.00) 5.00(3.00,7.00) 4.00(3.00,6.00) 6.00(4.00,7.25) < 0.0001

CHF,% < 0.0001

  no 296(53.62) 120(65.22) 113(61.41) 63(34.24)

  yes 256(46.38) 64(34.78) 71(38.59) 121(65.76)

STEMI,% 0.46

  no 150(27.17) 56(30.43) 48(26.09) 46(25.00)

  yes 402(72.83) 128(69.57) 136(73.91) 138(75.00)

DM,% < 0.01

  no 383(69.38) 115(62.50) 144(78.26) 124(67.39)

  yes 169(30.62) 69(37.50) 40(21.74) 60(32.61)

AF,% < 0.0001

  no 416(75.36) 150(81.52) 152(82.61) 114(61.96)

  yes 136(24.64) 34(18.48) 32(17.39) 70(38.04)

CVD,% 0.02

  no 501(90.76) 168(91.30) 174(94.57) 159(86.41)

  yes 51(9.24) 16(8.70) 10(5.43) 25(13.59)

CPD,% 0.02

  no 441(79.89) 144(78.26) 159(86.41) 138(75.00)

  yes 111(20.11) 40(21.74) 25(13.59) 46(25.00)

PVD,% 0.01

  no 483(87.50) 166(90.22) 167(90.76) 150(81.52)

  yes 69(12.50) 18(9.78) 17(9.24) 34(18.48)

HTN,% 0.43

  no 164(29.71) 53(28.80) 61(33.15) 50(27.17)

  yes 388(70.29) 131(71.20) 123(66.85) 134(72.83)

RBC,m/uL 4.09 ± 0.67 4.01 ± 0.63 4.20 ± 0.69 4.06 ± 0.68 0.02

Hb,g/dL 12.33 ± 1.97 12.04 ± 1.84 12.66 ± 1.94 12.28 ± 2.10 0.01

PLT,K/uL 218.00(174.00,260.00) 217.00(170.50,262.25) 218.00(175.00,256.50) 219.50(174.75,263.00) 0.98

WBC,K/uL 11.50(8.80,14.43) 9.90(8.28,11.83) 11.30(8.60,13.23) 13.90(10.70,16.23) < 0.0001

BUN,mg/dL 18.00(14.00,26.00) 17.00(13.00,24.00) 16.00(13.00,21.00) 23.00(17.00,33.00) < 0.0001

Na,mmol/L 138.00(137.00,140.00) 139.00(137.00,140.00) 138.00(136.00,140.00) 138.00(136.00,140.55) 0.56

K,mmol/L 4.20(4.00,4.50) 4.20(4.00,4.40) 4.20(3.98,4.40) 4.30(4.00,4.70) < 0.001

INR 1.20(1.10,1.38) 1.20(1.10,1.30) 1.20(1.10,1.30) 1.30(1.10,1.43) < 0.0001

Baseline Cr, mg/dL 0.90(0.70,1.10) 0.90(0.70,1.10) 0.90(0.70,1.10) 1.00(0.80,1.40) < 0.0001

TnT,ng/mL 2.43(0.93,5.99) 1.95(0.74,4.19) 2.28(0.98,6.64) 3.21(1.31,8.24) < 0.001

CK_MB,ng/mL 90.00(27.00,203.05) 61.90(23.75,145.00) 97.20(36.75,221.15) 110.00(29.75,258.25) < 0.001

LOS hospital,days 5.05(3.08,8.99) 4.69(3.03,7.87) 4.13(2.89,6.95) 6.78(3.91,12.29) < 0.0001

LOS ICU,days 2.17(1.46,4.04) 2.07(1.31,3.45) 1.92(1.40,3.12) 3.08(2.00,5.40) < 0.0001

Hospital mortality,% < 0.0001

  no 501(90.76) 178(96.74) 179(97.28) 144(78.26)
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Table 2  (continued)

Variables Total
(n = 552)

Q1
(n = 184)

Q2
(n = 184)

Q3
(n = 184)

P

  yes 51(9.24) 6(3.26) 5(2.72) 40(21.74)

Vasoactive,% < 0.0001

  no 387(70.11) 138(75.00) 150(81.52) 99(53.80)

  yes 165(29.89) 46(25.00) 34(18.48) 85(46.20)

ECMO,% 0.01

  no 545(98.73) 183(99.46) 184(100.00) 178(96.74)

  yes 7(1.27) 1(0.54) 6(3.26)

IABP,% 0.01

  no 450(81.52) 153(83.15) 159(86.41) 138(75.00)

  yes 102(18.48) 31(16.85) 25(13.59) 46(25.00)

CRRT,% < 0.001

  no 539(97.64) 183(99.46) 183(99.46) 173(94.02)

  yes 13(2.36) 1(0.54) 1(0.54) 11(5.98)

Stent1,% 0.26

  no 335(60.69) 110(59.78) 105(57.07) 120(65.22)

  yes 217(39.31) 74(40.22) 79(42.93) 64(34.78)

Stent2,% 0.76

  no 459(83.15) 150(81.52) 155(84.24) 154(83.70)

  yes 93(16.85) 34(18.48) 29(15.76) 30(16.30)

Stentmoere,% 0.48

  no 498(90.22) 168(91.30) 168(91.30) 162(88.04)

  yes 54(9.78) 16(8.70) 16(8.70) 22(11.96)

Vessel1,% < 0.01

  no 218(39.49) 76(41.30) 57(30.98) 85(46.20)

  yes 334(60.51) 108(58.70) 127(69.02) 99(53.80)

Vessel2,% 0.07

  no 497(90.04) 164(89.13) 173(94.02) 160(86.96)

  yes 55(9.96) 20(10.87) 11(5.98) 24(13.04)

Vesselmoere,% 0.08

  no 537(97.28) 181(98.37) 181(98.37) 175(95.11)

  yes 15(2.72) 3(1.63) 3(1.63) 9(4.89)

Table 3  Association Between SHR and CIN in Logistic Regression Models

The crude model included SHR alone. Model 1 was adjusted for STEMI, DM, and HTN. Model 2 was further adjusted for STEMI, DM, HTN, stent placement, and vessel 
involvement

Variables Crude model Model 1 Model 2

95%CI P 95%CI P 95%CI P

CIN ~ SHR 2.25(1.51,3.36) < 0.0001 2.39(1.59,3.59) < 0.0001 2.36(1.56,3.57) < 0.0001

CIN ~ SHRQ

  Q1 ref ref ref

  Q2 0.88(0.56,1.37) 0.57 0.91(0.58,1.43) 0.69 0.92(0.58,1.45) 0.72

  Q3 2.36(1.55,3.61) < 0.0001 2.44(1.59,3.73) < 0.0001 2.52(1.63,3.89) < 0.0001

P for trend(character2integer) < 0.0001 < 0.0001 < 0.0001

P for trend (Median value) < 0.0001 < 0.0001 < 0.0001
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be at higher risk for CIN when SHR levels are elevated. 
These results were further illustrated by forest plots, 
which confirmed that the SHR-CIN association was 
stronger in non-diabetic patients and those with stent 
implants. This underscores the need to consider diabe-
tes and procedural complexity when evaluating SHR as a 
prognostic tool in clinical practice.

SHR and Mortality
Survival analysis revealed a significant association 
between SHR levels and 30-day in-hospital mortality 
(P < 0.0001; Fig.  5). Kaplan–Meier curves demonstrated 
a clear stratification of survival probabilities across 
SHR quartiles, with higher SHR values associated with 
increased mortality risk. Patients in the lowest SHR quar-
tile (Q1) exhibited the highest survival probability, while 
those in the highest quartile (Q3) experienced a marked 
reduction in survival over time. The observed gradient in 

survival curves highlights the prognostic value of SHR as 
an independent predictor of short-term mortality.

Discussion
Diabetes and preoperative blood glucose levels are now 
recognized as independent risk factors for CIN [14, 15]. 
However, existing studies suggest that fluctuations in 
blood glucose levels are associated with higher cardiovas-
cular event risks than sustained hyperglycemia [16, 17]. 
Among patients with acute coronary syndrome (ACS), 
the body is often in a state of intense stress, triggered by 
factors such as surgery, interventional therapy, and medi-
cation use. Stress responses are typically accompanied by 
the release of hyperglycemic hormones, including cor-
tisol, adrenaline, and glucagon. While these hormonal 
responses are intended to manage short-term stress, pro-
longed stress states may lead to maladaptive physiologi-
cal responses, particularly in ACS-PCI patients, where 

Fig. 2  Association Between SHR and CIN in Logistic Regression Models; The crude model included SHR alone. Model 1 was adjusted for STEMI, DM, 
and HTN. Model 2 was further adjusted for STEMI, DM, HTN, stent placement, and vessel involvement

Fig. 3  RCS Analysis of SHR and CIN Association
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acute hyperglycemia can exacerbate disease severity 
[18]. SHR reflects the extent of rapid blood glucose ele-
vation under acute stress conditions and provides more 
sensitive and specific predictive information than tradi-
tional glucose levels. Therefore, SHR is a critical metric 
for ACS-PCI patients. Previous studies have shown that 
SHR correlates with disease severity and in-hospital mor-
tality in critically ill patients [5, 19]. Additionally, it has 
been identified as a predictor of adverse outcomes in 
trauma, acute coronary syndromes, and acute ischemic 
stroke [9, 20–22]. Recent studies have also emphasized 
SHR’s prognostic value in a broader clinical context. 
For example, a meta-analysis revealed that higher SHR 
values significantly increase the risks of major adverse 
cardiovascular and cerebrovascular events (MACCE), 
as well as both short-term and long-term mortality in 
acute myocardial infarction patients [23]. Additionally, 
findings from a Chinese multicenter study showed that 
elevated SHR is associated with adverse long-term out-
comes in coronary artery disease patients, particularly 
those with chronic kidney disease (CKD) [24]. These 
studies highlight the important role of SHR in risk strati-
fication for cardiovascular outcomes in high-risk patient 

populations. Moreover, recent data from the MIMIC-IV 
database found that elevated SHR is strongly associated 
with increased in-hospital and 1-year mortality in sep-
sis patients, further reinforcing the broad applicability 
of SHR as a prognostic tool [25]. Similarly, a machine 
learning-based study demonstrated that SHR is an inde-
pendent predictor of 28-day all-cause mortality in ICU 
patients with CHF, outperforming traditional metrics 
such as blood glucose and HbA1c [26]. This illustrates the 
robust utility of SHR across various critical conditions.

In this study, SHR levels were significantly higher in the 
CIN group compared to the non-CIN group. Moreover, 
we observed a J-shaped linear relationship between SHR 
and CIN, with a sharp increase in CIN risk when SHR 
exceeded a threshold of 1.06. The mechanisms underly-
ing the relationship between SHR elevation and CIN are 
likely multifactorial. Previous research has demonstrated 
that blood glucose fluctuations impair endothelial func-
tion and exacerbate inflammation, further damaging 
renal microvasculature and increasing CIN risk [27, 28]. 
Additionally, stress responses associated with ACS-PCI, 
particularly oxidative stress and mitochondrial dys-
function, may further predispose the kidneys to injury 

Fig. 4  Forest Plot of Subgroup Analyses for the Association Between SHR and CIN; Subgroups include sex (male, female), age (≥ 60, < 60 years), 
STEMI (presence or absence of ST-segment elevation myocardial infarction), DM (diabetes mellitus), HTN (hypertension), CHF (congestive heart 
failure), and stent placement status (yes or no). Interaction P-values indicate whether the association between SHR and CIN differs significantly 
among subgroups
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[29–31]. Stress-induced hyperglycemia may also disrupt 
the balance between nitric oxide (NO) bioavailability and 
reactive oxygen species (ROS) accumulation in endothe-
lial cells, leading to endothelial dysfunction and increased 
CIN susceptibility [32, 33]. Furthermore, hyperglycemia 
may stimulate advanced glycation end-products (AGEs), 
causing microvascular damage and subsequent glomeru-
losclerosis, further escalating CIN risk [34, 35].

Although the relationship between SHR and CIN 
was significant in the overall patient population, we 
found notable differences among subgroups. Nota-
bly, the association between SHR and CIN was more 
pronounced in non-diabetic patients. The predictive 
effect of stress hyperglycemia on outcomes in diabetic 
versus non-diabetic patients remains controversial. 
Some studies suggest that stress hyperglycemia pre-
dicts worse outcomes in non-diabetic patients with 
intracerebral hemorrhage [36–38]. The rationale for 
focusing on non-diabetic versus diabetic patients lies 
in the distinct metabolic adaptations associated with 
chronic hyperglycemia in diabetic patients. Prolonged 
exposure to high glucose levels in diabetes induces 
renal adaptations, including glomerular hypertrophy 
and increased mesangial matrix expansion, which may 

blunt the kidneys’ sensitivity to acute glucose fluctua-
tions [39]. Additionally, chronic hyperglycemia leads 
to insulin resistance and microvascular complica-
tions, further attenuating the impact of stress-induced 
hyperglycemia on renal function [40]. As a result, acute 
hyperglycemia may exert a relatively weaker effect 
on renal injury in diabetic patients, while in non-dia-
betic patients, the absence of these chronic adapta-
tions likely amplifies the renal impact of acute glucose 
surges. This disparity underscores the importance of 
baseline metabolic states in modifying the SHR-CIN 
relationship and highlights the need for subgroup-
specific risk assessments. Furthermore, our study also 
revealed that patients with stent implantation had a 
higher CIN risk than those without stents. These find-
ings highlight the need for heightened vigilance regard-
ing acute glucose fluctuations, particularly elevated 
SHR, in non-diabetic patients during CIN risk assess-
ment, which may inform subsequent therapeutic deci-
sions. This complexity emphasizes the potential role of 
SHR in guiding therapeutic interventions, especially in 
non-diabetic patients. For instance, SGLT-2 inhibitors, 
such as dapagliflozin and empagliflozin, have shown 
potential not only in reducing fasting glucose levels but 

Fig. 5  Kaplan–Meier Curves for 30-Day Mortality by SHR Quartiles; Higher SHR quartiles show significantly lower survival probabilities (P < 0.0001); 
SHR, stress hyperglycemia ratio
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also in improving lipid profiles, such as lowering LDL 
cholesterol and triglycerides while increasing HDL 
cholesterol [41]. Further research is needed to explore 
how integrating SHR with the use of SGLT-2 inhibitors 
in predictive models may refine patient management 
strategies and optimize therapeutic decision-making.

Beyond CIN prediction, our study explored the short-
term prognostic value of SHR in ACS-PCI patients. 
Our results showed that elevated SHR was associated 
with significantly higher short-term mortality. This find-
ing underscores the dual importance of SHR as a bio-
marker for predicting both CIN and broader outcomes 
in ACS-PCI patients. Acute hyperglycemia impacts 
patient prognosis through mechanisms such as oxida-
tive stress, endothelial dysfunction, and systemic inflam-
matory responses [42]. These pathological changes 
not only heighten CIN risk but may also contribute to 
multi-organ failure, increasing short-term mortality. Spe-
cifically, patients with elevated SHR often exhibit more 
severe pathological states [43, 44]. In our study, patients 
with elevated SHR presented with more comorbidities, 
including CHF, DM, AF, CVD, CPD, and PVD, along-
side significantly higher disease scores (e.g., SOFA, SAPS 
II, OASIS). These factors collectively exacerbate disease 
severity and complicate treatment, resulting in worse 
outcomes. Additionally, patients with elevated SHR 
required more intensive interventions, such as ECMO, 
IABP, and CRRT, reflecting the severity of their critical 
illness and multi-organ dysfunction. The need for such 
advanced interventions further complicates recovery, 
emphasizing the prognostic significance of SHR.

Limitations
Our research has several limitations. First, we did not 
account for potential ICU complications, such as infec-
tions or exposure to nephrotoxic drugs, which may have 
influenced the SHR-CIN relationship. Additionally, data 
on fluid intake and hemodynamic status, both critical 
for assessing CIN risk, were not systematically collected. 
Hypovolemia, in particular, can exacerbate renal hypop-
erfusion, increasing CIN risk. The single-center design 
limits the generalizability of our findings, and multi-
center studies are needed to validate these results. More-
over, our analysis focused on short-term outcomes, while 
long-term effects, such as chronic kidney disease or over-
all survival, were not assessed. Another limitation is the 
significant missing data for BMI (> 20%), which led to its 
exclusion from the analysis. As BMI may influence SHR’s 
predictive value, its omission could have impacted our 
findings. Finally, the severity and progression of comor-
bidities were not fully considered, which may have con-
founded the results. Future studies should address these 

factors to provide a more comprehensive understanding 
of SHR’s prognostic role.

Future directions
SHR holds promise as a routine clinical monitoring 
tool, aiding in the early identification of high-risk PCI 
patients and guiding personalized treatment, especially 
in non-diabetic individuals. Future research should fur-
ther explore SHR’s clinical application. Moreover, as BMI 
may influence stress-induced hyperglycemia and the pre-
dictive accuracy of SHR, it is important to investigate its 
impact across different body types. Furthermore, right 
ventricular infarction, through increased right heart load 
and hypovolemia, may elevate CIN risk. Research should 
also evaluate the predictive value of SHR in this specific 
subgroup of patients.

Conclusion
In conclusion, the SHR emerges as a significant and 
independent predictor of CIN and short-term mortality 
in ACS patients undergoing PCI. These findings under-
score the importance of acute glycemic stress as a key 
factor influencing renal and overall patient outcomes 
in the context of PCI. SHR holds promise as a valuable 
biomarker for risk stratification and guiding preventive 
interventions, thereby contributing to enhanced clinical 
management and improved patient prognosis. Continued 
research is essential to validate these findings and explore 
targeted strategies to mitigate the adverse effects of 
stress-induced hyperglycemia in this vulnerable patient 
population.

Abbreviations
ACS	� Acute Coronary Syndrome
AF	� Atrial Fibrillation
AMI	� Acute Myocardial Infarction
ANOVA	� Analysis of Variance
APS3	� Acute Physiology Score III
BMI	� Body Mass Index
BUN	� Blood Urea Nitrogen (mg/dL)
CCI	� Charlson Comorbidity Index
CHF	� Congestive Heart Failure
CKD	� Chronic Kidney Disease
CK-MB	� Creatine Kinase-MB (ng/mL)
CIN	� Contrast-Induced Nephropathy
CPD	� Chronic Pulmonary Disease
CRRT​	� Continuous Renal Replacement Therapy
CVD	� Cerebrovascular Disease
DM	� Diabetes Mellitus
ECMO	� Extracorporeal Membrane Oxygenation
eGFR	� Estimated Glomerular Filtration Rate
GCS	� Glasgow Coma Scale
Hb	� Hemoglobin (g/dL)
HbA1c	� Hemoglobin A1c
HTN	� Hypertension
IABP	� Intra-Aortic Balloon Pump
ICU	� Intensive Care Unit
INR	� International Normalized Ratio
IQR	� Interquartile Range



Page 13 of 14Zhao et al. BMC Cardiovascular Disorders          (2025) 25:135 	

K	� Potassium (mmol/L)
LOS	� Length of Stay
MACCE	� Major Adverse Cardiovascular and Cerebrovascular Events
Na	� Sodium (mmol/L)
OASIS	� Oxford Acute Severity of Illness Score
OR	� Odds Ratio
PCI	� Percutaneous Coronary Intervention
PLT	� Platelets (K/uL)
PVD	� Peripheral Vascular Disease
RCT​	� Randomized Controlled Trial
RBC	� Red Blood Cells (m/uL)
RCS	� Restricted Cubic Spline
SAPSII	� Simplified Acute Physiology Score II
SHR	� Stress Hyperglycemia Ratio
SOFA	� Sequential Organ Failure Assessment
STEMI	� ST-Elevated Myocardial Infarction
TnT	� Cardiac Troponin T (ng/mL)
WBC	� White Blood Cells (K/uL)
Stent1	� Single stent placement during PCI
Stent2	� Two stents placed during PCI
Stentmoere	� More than two stents placed during PCI
Vessel1	� Single vessel treated during PCI
Vessel2	� Two vessels treated during PCI
Vesselmoere	� More than two vessels treated during PCI

Acknowledgements
Not applicable.

Clinical Trial Number
Not applicable.

Authors’ contributions
Yanlong Zhao contributed to the data collection, analysis, and drafting of 
the manuscript. Yuanyuan Zhao and Shuai Wang participated in manuscript 
writing and provided additional edits. Zhenxing Fan, Yanling Wang, and 
Fangyan Liu guided the overall structure of the article and assisted in figure 
preparation. Zhi Liu supervised the study, critically reviewed and revised the 
manuscript, and provided essential guidance in writing. All authors have 
read and approved the final manuscript. Each author agrees to be personally 
accountable for their own contributions and to ensure that questions related 
to the accuracy or integrity of any part of the work, even if not directly con-
tributed by them, are appropriately investigated and resolved.

Funding
This work was financially supported by grants from the National Natural Sci-
ence Foundation of China (No.62172288).

Data Availability
The datasets used in this study are publicly available from the MIMIC-IV data-
base [https://doi.org/10.13026/hxp0-hg59]. Access to the database requires 
registration and successful completion of the CITI program.

Declarations

Ethics approval and consent to participate
This study was conducted using the publicly available, de-identified Medical 
Information Mart for Intensive Care IV (MIMIC-IV) database, which does not 
require individual patient consent. Ethical approval for the use of the MIMIC-IV 
database was obtained by completing the Collaborative Institutional Training 
Initiative (CITI) Program’s “Data or Specimens Only Research” course (Certifica-
tion No. 63998837).

Consent for publication
This study does not include any data from individual persons.

Competing interests
The authors declare no competing interests.

Received: 20 December 2024   Accepted: 14 February 2025

References
	1.	 Nie S, Zhang S, Zhao Y, Li X, Xu H, Wang Y, Wang X, Zhu M. Machine Learn-

ing Applications in Acute Coronary Syndrome: Diagnosis, Outcomes and 
Management. Adv Ther. 2025;42(2):636–65.

	2.	 He H, Chen XR, Chen YQ, Niu TS, Liao YM. Prevalence and predictors of 
contrast-induced nephropathy (CIN) in patients with ST-segment eleva-
tion myocardial infarction (STEMI) undergoing percutaneous coronary 
intervention (PCI): a meta-analysis. J Interv Cardiol. 2019;2019:2750173.

	3.	 Jones DA, Beirne AM, Kelham M, Wynne L, Andiapen M, Rathod KS, 
Parakaw T, Adams J, Learoyd A, Khan K, et al. Inorganic nitrate benefits 
contrast-induced nephropathy after coronary angiography for acute cor-
onary syndromes: the NITRATE-CIN trial. Eur Heart J. 2024;45(18):1647–58.

	4.	 Mohebi R, Karimi Galougahi K, Garcia JJ, Horst J, Ben-Yehuda O, Rad-
hakrishnan J, Chertow GM, Jeremias A, Cohen DJ, Cohen DJ, et al. Long-
term clinical impact of contrast-associated acute kidney injury following 
PCI: an ADAPT-DES substudy. JACC Cardiovasc Interv. 2022;15(7):753–66.

	5.	 Roberts GW, Quinn SJ, Valentine N, Alhawassi T, O’Dea H, Stranks SN, 
Burt MG, Doogue MP. Relative hyperglycemia, a marker of critical illness: 
introducing the stress hyperglycemia ratio. J Clin Endocrinol Metab. 
2015;100(12):4490–7.

	6.	 Xi W, Liao W, Li J, Yang Y, Guo T, Jiang Q, Yang A. The association between 
stress hyperglycemia ratio and nonalcoholic fatty liver disease among 
U.S. adults: A population-based study. Nutr Metab Cardiovasc Dis. 
2024:103780. https://​doi.​org/​10.​1016/j.​numecd.​2024.​10.​018. 

	7.	 Cui K, Fu R, Yang J, Xu H, Yin D, Song W, Wang H, Zhu C, Feng L, Wang Z, 
et al. The impact of fasting stress hyperglycemia ratio, fasting plasma glu-
cose and hemoglobin A1c on in-hospital mortality in patients with and 
without diabetes: findings from the China acute myocardial infarction 
registry. Cardiovasc Diabetol. 2023;22(1):165.

	8.	 Ding L, Zhang H, Dai C, Zhang A, Yu F, Mi L, Qi Y, Tang M. The prognostic 
value of the stress hyperglycemia ratio for all-cause and cardiovascular 
mortality in patients with diabetes or prediabetes: insights from NHANES 
2005–2018. Cardiovasc Diabetol. 2024;23(1):84.

	9.	 Yang J, Zheng Y, Li C, Gao J, Meng X, Zhang K, Wang W, Shao C, Tang YD. 
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(4):947–56.

	10.	 Johnson AEW, Bulgarelli L, Shen L, Gayles A, Shammout A, Horng S, 
Pollard TJ, Hao S, Moody B, Gow B, et al. MIMIC-IV, a freely accessible 
electronic health record dataset. Sci Data. 2023;10(1):1.

	11.	 MIMIC-IV (version 3.0). https://​doi.​org/​10.​13026/​hxp0-​hg59.
	12.	 Cheng S, Shen H, Han Y, Han S, Lu Y. Association between stress hypergly-

cemia 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(1):363.

	13.	 Stekhoven DJ, Buhlmann P. MissForest–non-parametric missing value 
imputation for mixed-type data. Bioinformatics. 2012;28(1):112–8.

	14.	 Silver SA, Shah PM, Chertow GM, Harel S, Wald R, Harel Z. Risk predic-
tion models for contrast induced nephropathy: systematic review. BMJ. 
2015;351:h4395.

	15.	 Stolker JM, McCullough PA, Rao S, Inzucchi SE, Spertus JA, Maddox TM, 
Masoudi FA, Xiao L, Kosiborod M. Pre-procedural glucose levels and the 
risk for contrast-induced acute kidney injury in patients undergoing 
coronary angiography. J Am Coll Cardiol. 2010;55(14):1433–40.

	16.	 Xia J, Xu J, Hu S, Hao H, Yin C, Xu D. Impact of glycemic variability on the 
occurrence of periprocedural myocardial infarction and major adverse 
cardiovascular events (MACE) after coronary intervention in patients 
with stable angina pectoris at 6months follow-up. Clin Chim Acta. 
2017;471:196–200.

	17.	 Nusca A, Lauria Pantano A, Melfi R, Proscia C, Maddaloni E, Contuzzi R, 
Mangiacapra F, Palermo A, Manfrini S, Pozzilli P, et al. Glycemic variability 
assessed by continuous glucose monitoring and short-term outcome in 
diabetic patients undergoing percutaneous coronary intervention: an 
observational pilot study. J Diabetes Res. 2015;2015:250201.

	18.	 Zhang GG, Zhang XD, Gao HZ, Lin YX, Zheng ZQ. Exploration and 
comparison of stress hyperglycemia-related indicators to predict clinical 

https://doi.org/10.1016/j.numecd.2024.10.018
https://doi.org/10.13026/hxp0-hg59


Page 14 of 14Zhao et al. BMC Cardiovascular Disorders          (2025) 25:135 

outcomes in patients with spontaneous intracerebral hemorrhage. 
Neurosurg Rev. 2024;47(1):887.

	19.	 Lee TF, Drake SM, Roberts GW, Bersten A, Stranks SN, Heilbronn LK, Man-
goni AA, Burt MG. Relative hyperglycemia is an independent determinant 
of in-hospital mortality in patients with critical illness. Crit Care Med. 
2020;48(2):e115–22.

	20.	 Yang Y, Kim TH, Yoon KH, Chung WS, Ahn Y, Jeong MH, Seung KB, Lee SH, 
Chang K. The stress hyperglycemia ratio, an index of relative hypergly-
cemia, as a predictor of clinical outcomes after percutaneous coronary 
intervention. Int J Cardiol. 2017;241:57–63.

	21.	 Wei QC, Chen YW, Gao QY, Ren KD, Liu YB, He F, Shi JT, Jiang J. Associa-
tion of stress hyperglycemia with clinical outcomes in patients with 
ST-elevation myocardial infarction undergoing percutaneous coronary 
intervention: a cohort study. Cardiovasc Diabetol. 2023;22(1):85.

	22.	 Mi D, Li Z, Gu H, Jiang Y, Zhao X, Wang Y, Wang Y. Stress hyperglycemia is 
associated with in-hospital mortality in patients with diabetes and acute 
ischemic stroke. CNS Neurosci Ther. 2022;28(3):372–81.

	23.	 Karakasis P, Stalikas N, Patoulias D, Pamporis K, Karagiannidis E, Sagris M, 
Stachteas P, Bougioukas KI, Anastasiou V, Daios S, et al. Prognostic value 
of stress hyperglycemia ratio in patients with acute myocardial infarction: 
a systematic review with Bayesian and frequentist meta-analysis. Trends 
Cardiovasc Med. 2024;34(7):453–65.

	24.	 Wu J, Liu J, Yuan Z, Tang S, Zhang W, Xiang Y, Chen J, Lin Q, Guo W, He Y, 
et al. Effects of stress hyperglycemia ratio upon long-lasting prognosis in 
coronary artery disease patients with or lacking chronic renal impair-
ment: findings from a Chinese multi-center observational study. Diabetol 
Metab Syndr. 2024;16(1):316.

	25.	 Zhang S, Shen H, Wang Y, Ning M, Zhou J, Liang X, Chang Y, Gao W, Li T. 
Association between stress hyperglycemia ratio and all-cause mortality in 
critically ill patients with sepsis: results from the MIMIC-IV database. Eur J 
Med Res. 2025;30(1):42.

	26.	 Li XH, Yang XL, Dong BB, Liu Q. Predicting 28-day all-cause mortality in 
patients admitted to intensive care units with pre-existing chronic heart 
failure using the stress hyperglycemia ratio: a machine learning-driven 
retrospective cohort analysis. Cardiovasc Diabetol. 2025;24(1):10.

	27.	 Gorst C, Kwok CS, Aslam S, Buchan I, Kontopantelis E, Myint PK, Heatlie G, 
Loke Y, Rutter MK, Mamas MA. Long-term glycemic variability and risk of 
adverse outcomes: a systematic review and meta-analysis. Diabetes Care. 
2015;38(12):2354–69.

	28.	 Cavalot F. Do data in the literature indicate that glycaemic variability is 
a clinical problem? Glycaemic variability and vascular complications of 
diabetes. Diabetes Obes Metab. 2013;15 Suppl 2:3–8.

	29.	 Xu L, Zhou Y, Wang G, Bo L, Jin B, Dai L, Lu Q, Cai X, Hu L, Liu L, et al. The 
UDPase ENTPD5 regulates ER stress-associated renal injury by mediating 
protein N-glycosylation. Cell Death Dis. 2023;14(2):166.

	30.	 Couto SMF, da Fonseca CD, Watanabe M, de Fatima Fernandes Vattimo 
M. Protection of coenzyme Q10 against contrast-induced acute kidney 
injury in male diabetic rats. Diabetol Metab Syndr. 2021;13(1):69.

	31.	 Dungan KM, Braithwaite SS, Preiser JC. Stress hyperglycaemia. Lancet. 
2009;373(9677):1798–807.

	32.	 Lee TF, Tommasi S, Bersten A, Heilbronn LK, Sotgia S, Zinellu A, Carru C, 
Mangoni AA, Burt MG. Does hyperglycemia affect arginine metabolites 
in critically ill patients? A prospective cohort and in vitro study. Diabetol 
Metab Syndr. 2023;15(1):68.

	33.	 Prabhakar S, Starnes J, Shi S, Lonis B, Tran R. Diabetic nephropathy is asso-
ciated with oxidative stress and decreased renal nitric oxide production. J 
Am Soc Nephrol. 2007;18(11):2945–52.

	34.	 Tuleta I, Frangogiannis NG. Diabetic fibrosis. Biochim Biophys Acta Mol 
Basis Dis. 2021;1867(4):166044.

	35.	 Shan Y, Lin M, Gu F, Ying S, Bao X, Zhu Q, Tao Y, Chen Z, Li D, Zhang 
W, et al. Association between fasting stress hyperglycemia ratio and 
contrast-induced acute kidney injury in coronary angiography patients: a 
cross-sectional study. Front Endocrinol (Lausanne). 2023;14:1300373.

	36.	 Stead LG, Jain A, Bellolio MF, Odufuye A, Gilmore RM, Rabinstein A, Chan-
dra R, Dhillon R, Manivannan V, Serrano LA, et al. Emergency department 
hyperglycemia as a predictor of early mortality and worse functional out-
come after intracerebral hemorrhage. Neurocrit Care. 2010;13(1):67–74.

	37.	 Passero S, Ciacci G, Ulivelli M. The influence of diabetes and hypergly-
cemia on clinical course after intracerebral hemorrhage. Neurology. 
2003;61(10):1351–6.

	38.	 Yoon JA, Kim DY, Sohn MK, Lee J, Lee SG, Lee YS, Han EY, Joo MC, Oh GJ, 
Han J, et al. Effect of stress hyperglycemia and intensive rehabilitation 
therapy in non-diabetic hemorrhagic stroke: Korean stroke cohort for 
functioning and rehabilitation. Eur J Neurol. 2016;23(11):1658–65.

	39.	 Cashmore BA, Cooper TE, Evangelidis NM, Green SC, Lopez-Vargas P, Tun-
nicliffe DJ. Education programmes for people with chronic kidney disease 
and diabetes. Cochrane Database Syst Rev. 2024;8(8):CD007374.

	40.	 Ricciardi CA, Gnudi L. Kidney disease in diabetes: from mecha-
nisms to clinical presentation and treatment strategies. Metabolism. 
2021;124:154890.

	41.	 Meybodi SMM, Karimi MA, Mousazadeh K, Khorsand K, Masoumi S, 
Pakmehr SA, Anar MA, Samadi N, Poudineh M, Rahmanian M, et al. 
The influence of SGLT-2 inhibitors on lipid profiles in heart failure 
patients: a systematic review and meta-analysis. Am J Cardiovasc Dis. 
2024;14(6):295–305.

	42.	 Lin J, Chen Y, Xu M, Chen J, Huang Y, Chen X, Tang Y, Chen J, Jiang J, Liao 
Y, et al. Association and predictive ability between significant periopera-
tive cardiovascular adverse events and stress glucose rise in patients 
undergoing non-cardiac surgery. Cardiovasc Diabetol. 2024;23(1):445.

	43.	 Lai W, Meng Y, Zhou Y, Zhang T, Zhang B, Huang Z, Gao Z. Association of 
stress hyperglycemia ratio with presence and severity of chronic kidney 
disease among US adults with diabetes mellitus. Front Endocrinol (Laus-
anne). 2024;15:1446390.

	44.	 Han J, Wang R, Bai L, Liu Y, Liao M, Zhang L, Liu L, Qi B. Impact of serum 
carotenoids on cardiovascular mortality risk in middle-aged and elderly 
adults with metabolic syndrome. Front Nutr. 2024;11: 1465972.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association between stress hyperglycemia ratio and contrast-induced nephropathy in ACS patients undergoing PCI: a retrospective cohort study from the MIMIC-IV database
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Data source

	Patient selection
	Data extraction and definitions
	Outcomes
	Statistical analysis

	Results
	Baseline characteristics of study individuals
	Association between SHR and CIN
	Association between SHR and LOS
	Subgroup analysis
	SHR and Mortality

	Discussion
	Limitations
	Future directions

	Conclusion
	Acknowledgements
	References


