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Association between the stress 
hyperglycemia ratio and mortality 
in patients with acute ischemic 
stroke
Yaxin Zhang 1, Xinxin Yin 1, Tingting Liu 2, Wenwen Ji 2 & Guangdong Wang 2*

The stress hyperglycemia ratio (SHR) is established as a reliable marker for assessing the severity 
of stress-induced hyperglycemia. While its effectiveness in managing patients with Acute Ischemic 
Stroke (AIS) remains to be fully understood. We aim to explore the relationship between SHR and 
clinical prognosis in AIS patients and to assess how diabetes status influences this relationship. In this 
study, we analyzed data from the Medical Information Mart for Intensive Care (MIMIC-IV) database, 
selecting patients with AIS who required ICU admission. These patients were categorized into tertiles 
based on their SHR levels. We applied Cox hazard regression models and used restricted cubic spline 
(RCS) curves to investigate relationships between outcomes and SHR. The study enrolled a total of 
2029 patients. Cox regression demonstrated that a strong correlation was found between increasing 
SHR levels and higher all-cause mortality. Patients in the higher two tertiles of SHR experienced 
significantly elevated 30-day and 90-day mortality rates compared to those in the lowest tertile. 
This pattern remained consistent regardless of diabetes status. Further, RCS analysis confirmed a 
progressively increasing risk of all-cause mortality with higher SHR levels. The findings indicate that 
SHR is association with increased 30-day and 90-day mortality among AIS patients, underscoring its 
potential value in risk stratification. Although the presence of diabetes may weaken this association, 
significant correlations persist in diabetic patients.
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Acute Ischemic Stroke (AIS) is a severe neurological condition caused by disturbances in cerebral blood circula-
tion, with ischemic events accounting for 60–70% of all  strokes1. These disturbances often lead to catastrophic 
outcomes, including significant neurological deficits and severe cognitive and physical impairments. Notably, up 
to 60% of severely affected patients either experience disability or die within 90 days of the  event2,3.

Stress hyperglycemia, a metabolic response to physiological stress, exacerbates stroke complications and 
contributes to an overall poor prognosis, serving as a crucial predictive  marker4. Stress hyperglycemia induces 
adverse metabolic reactions, vascular endothelial dysfunction, and immune-inflammatory responses, all of which 
worsen outcomes in patients with acute brain  injuries5. However, assessing stress hyperglycemia has traditionally 
been challenging due to variable baseline glucose levels, which can lead to inaccuracies in measuring stress levels.

In 2015, Roberts et al. introduced the stress hyperglycemia ratio (SHR), a method that improves the accuracy 
of stress hyperglycemia assessments by adjusting blood glucose measurements based on baseline levels deter-
mined by  HbA1c6. The SHR provides a more precise evaluation by taking into account individual variations 
in glucose metabolism. Typically, the SHR can range from values below 1.0 (indicating below-normal glucose 
metabolism) to higher values that indicate varying degrees of hyperglycemia, depending on the patient’s base-
line HbA1c and acute glucose levels. For instance, an SHR value below 1.0 may suggest hypoglycemia or other 
metabolic abnormalities, a value around 1.0 suggests normal glucose metabolism, while higher values indicate 
significant stress-induced hyperglycemia. While prior research primarily focused on SHR’s predictive capacity 
for adverse outcomes in  sepsis7 and coronary artery  disease8, recent studies have expanded its value to predict-
ing stroke recurrence, onset, and mortality in AIS  patients9. Despite these advances, the reliability of SHR in 
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AIS patients admitted to the intensive care unit (ICU), who often suffer complex pathophysiological profiles, 
remains uncertain.

Diabetes alters glucose homeostasis, potentially affecting the predictive accuracy of the SHR. Conversely, 
in non-diabetic patients, an elevated SHR observed upon admission may indicate significant stress-induced 
hyperglycemia, which could adversely affect prognosis, necessitating rigorous monitoring and intervention. 
Therefore, it is imperative to evaluate the prognostic value of SHR in patients with AIS separately based on their 
diabetic status.

In this study, we aimed to investigate the relationship between SHR and all-cause mortality in this vulnerable 
patient group. Additionally, we sought to determine whether SHR holds predictive value in AIS patients both 
with and without diabetes. Our findings have the potential to guide more effective clinical interventions and 
medical management strategies.

Materials and methods
Database introduction
The data for this study were derived from the Medical Information Mart for Intensive Care IV (MIMIC-IV, 
v2.2) database. MIMIC-IV (v2.2) is a comprehensive, population-based, critical care database that is publicly 
 available10. It encompasses extensive data from over 60,000 ICU admissions, making it one of the most robust 
repositories of critical care information globally. This dataset includes not only demographic details, vital signs, 
laboratory findings, medication records, and clinical notes but also complex physiological waveforms and imag-
ing reports, providing a holistic view of patient care. The corresponding author (Guangdong Wang, Record ID: 
60106105) was authorized to use the MIMIC-IV database after completing the National Institutes of Health’s 
online education program.

Population selection criteria
This study focused on patients diagnosed with AIS, as classified by the ICD-9 and ICD-10. Exclusion criteria 
were as follows: (1) patients under 18 years; (2) patients not on their first ICU admission; (3) ICU stays shorter 
than 24 h; and (4) absence of SHR values. After applying these criteria, 2029 patients who met the inclusion 
requirements were selected and subsequently categorized into three groups based on their SHR values (Fig. 1).

Data extraction and SHR calculation
Data extraction from the MIMIC-IV database was performed using PostgreSQL, covering a broad spectrum of 
clinical parameters. Collected demographic information included gender, age, and race. Recorded vital signs 
comprised heart rate, mean blood pressure (MBP), respiratory rate, and blood oxygen saturation (SpO2). Comor-
bidities such as hypertension, heart failure, arterial fibrillation, myocardial infarction, chronic pulmonary disease, 
diabetes and renal disease were documented. Laboratory parameters included hemoglobin, platelets, white blood 
cells (WBC), blood urea nitrogen (BUN), creatinine, sodium, potassium, international normalized ratio (INR), 
prothrombin time (PT), and activated partial thromboplastin time (APTT). Severity of disease was assessed 
using indices like the Charlson Index, Glasgow Coma Scale (GCS), Sequential Organ Failure Assessment (SOFA), 

Fig. 1.  Flowchart of the study.
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Acute Physiology Score (APS III), Simplified Acute Physiology Score (SAPS II), and the National Institutes 
of Health Stroke Scale (NIHSS).Therapies documented included antiplatelet, anticoagulation, thrombolysis, 
mechanical thrombectomy. The SHR was calculated with the  formula6: SHR = (admission blood glucose (mg/
dL))/(28.7 × HbA1c(%) − 46.7).

Handling missing data
Table S1 presents the missing data metrics for this study. For variables with fewer than 10 missing entries (e.g., 
MBP, respiratory rate, SPO2, GCS, hemoglobin, platelets, WBC), the mean or median values were used as sub-
stitutes. For variables such as INR, PT, and APTT, where missing data constituted less than 10% of the total, 
multiple imputation methods were employed to fill in the gaps.

Outcomes
The primary outcomes were 30-day and 90-day all-cause mortality, and the secondary outcomes were hospital 
mortality, length of hospital stay and ICU stay.

Statistical Analysis
For variables exhibiting a normal distribution, mean ± SD were presented and subjected to Analysis of Variance 
(ANOVA). Variables not conforming to normal distribution were assessed using the Mann–Whitney U test or 
Kruskal–Wallis test as appropriate. Categorical variables were expressed as counts and percentages and analyzed 
via the χ2 test or Fisher’s exact test when necessary. Kaplan–Meier survival analysis was employed to investigate 
the association between SHR and overall mortality, with differences evaluated using the log-rank test.

Univariate Cox regression analysis identified risk factors, which were then used in a multivariate Cox propor-
tional hazards regression model to quantify the influence of SHR on overall mortality among patients with AIS. 
SHR was included as both a categorical variable (with the lowest level, T1, as the reference) and a continuous 
variable. The trend P value was also calculated. Three models were developed to analyze clinically significant 
factors, reporting hazard ratios (HR) and 95% confidence intervals (CIs). Additionally, we divided patients into 
two groups based on diabetes status and conducted the same multivariate analyses for each subgroup. Restricted 
cubic splines (RCS) explored potential nonlinear relationships between SHR and clinical outcomes.

A sensitivity analysis was conducted to explore the associations between the SHR and mortality outcomes 
in patients with AIS, considering the availability of NIHSS scores. Patients were divided into two groups: those 
with available NIHSS scores (n = 362) and those without (n = 1667). Additionally, subgroup analyses stratified 
by age, gender, hypertension, heart failure, arterial fibrillation, myocardial infarction, diabetes, antiplatelet and 
anticoagulation therapy assessed the consistency of SHR’s prognostic value for primary outcomes.

All statistical analyses were conducted using R software (version 4.4.1) and SPSS (version 26.0). A P value 
below 0.05 was deemed to indicate statistical significance.

Results
Patient Characteristics
The baseline characteristics of the 2029 AIS patients are detailed in Table 1.The cohort’s median age was 72 years 
(IQR: 61–82), with 996 males and 1033 females. The median SHR was 1.01 (IQR: 0.88–1.19). Patients were 
stratified into three tertiles based on SHR at ICU admission: Tertile 1 (T1: 0.31–0.92), Tertile 2 (T2: 0.92–1.12), 
Tertile 3 (T3: 1.12–4.37). Higher SHR tertiles were associated with older age, higher heart rate, respiratory rate, 
WBC, BUN, creatinine levels, and more frequent use of thrombolysis therapy. These patients also had higher 
rates of heart failure, myocardial infarction, diabetes, and renal disease, along with higher disease severity scores. 
Conversely, they had lower MBP, hemoglobin levels, platelet counts, sodium, potassium, APTT and use of 
antiplatelet therapy compared to lower tertiles. The comparison between T3 and T1–2 groups revealed similar 
trends (Table S2).

Table S3 contrasted the 90-day survivors with non-survivors. Non-survivors were older and predominantly 
female, with higher heart rate, respiratory rate, WBC, BUN, creatinine, INR, and PT, and were less likely to 
require antiplatelet and anticoagulation therapy. They also had a higher prevalence of heart failure, myocardial 
infarction and renal disease, with significantly higher disease severity scores. SHR levels were notably higher in 
non-survivors (1.1 vs. 1.0, P < 0.001), with SHR distribution by clinical outcomes depicted in Fig. S1c,d.

Clinical outcomes across SHR tertiles
The study’s overall 30-day and 90-day mortality rates were 19.9% and 25.7%, respectively (Table 1). The T3 
group experienced notably longer hospital stays (9.82 days vs. 7.59 days, P < 0.001) and ICU stays (4.10 days vs. 
3.00 days, P < 0.001), along with a higher hospital mortality rate (22.9% vs. 11.4%, P < 0.001), compared to the 
T1-2 group (Table S2). Mortality rates across SHR tertiles showed that higher tertiles faced significantly increased 
30-day and 90-day mortality rates (Fig. S1a,b). In addition, SHR is positively correlated with disease severity 
scores such as GCS, SOFA, APS III and SAPS II (Fig. S2). Kaplan–Meier curves (Fig. 2) confirmed that higher 
SHR significantly increased mortality risk (log-rank P < 0.001).

Association between SHR and primary outcomes
Cox proportional hazards analysis, adjusting for confounders from Table S4 (P < 0.05), indicated that patients 
in the second and third SHR tertiles had a significantly increased mortality risk at 30 and 90 days compared to 
the first tertile (Table 2). The trend of HR values across SHR tertiles is shown in Fig. 3a,b. RCS regression mod-
els confirmed that mortality risk increased nonlinearly with rising SHR levels (Fig. 3c,d). Multivariate logistic 
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regression analysis highlighted significant predictors of hospital mortality, including age, SPO2, heart failure, 
SOFA, WBC, BUN, SHR, antiplatelet therapy and anticoagulation therapy (Table S5).

In patients with diabetes, the highest SHR tertile significantly increased the risk of 30-day and 90-day mortal-
ity compared to the lowest tertile, a pattern also seen in non-diabetic patients (Table 3).

Table 1.  Baseline characteristics according to SHR tertiles. MBP, mean blood pressure; SP02, blood oxygen 
saturation; GCS, Glasgow Coma Scale; SOFA, Sequential Organ Failure Assessment; APS III, Acute Physiology 
Score III; SAPS II, Simplified Acute Physiology Score II; WBC, white blood cells; BUN, blood urea nitrogen; 
INR, international normalized ratio; PT, prothrombin time; APTT, activated partial thromboplastin time.

Characteristic Overall (N = 2029) T1 (N = 676) T2 (N = 676) T3 (N = 677) P value

Age (year) 72 (61, 82) 69 (59, 82) 73 (61, 83) 73 (62, 82) 0.022

 Male (n%) 996 (49.1) 343 (50.7) 337 (49.9) 316 (46.7) 0.291

Race (n%) 0.809

 Other 782 (38.5) 260 (38.5) 255 (37.7) 267 (39.4)

 White 1247 (61.5) 416 (61.5) 421 (62.3) 410 (60.6)

Vital signs

 Heart rate (beats/min) 79 (70,  90) 77 (68, 86) 78 (69, 90) 83 (74, 95) < 0.001

 MBP (mmHg) 86 (77,  95) 87 (79, 97) 87 (78, 97) 84 (75, 93) < 0.001

 Respiratory rate (beats/min) 19 (17,  21) 18 (17, 20) 19 (17, 21) 19 (17, 22) < 0.001

 SPO2 (%) 97 (96,  98) 97 (96, 98) 97 (96, 98) 97 (96, 99) 0.008

Comorbidities

 Hypertension (n%) 1098 (54.1) 364 (53.9) 365 (54.0) 369 (54.5) 0.968

 Heart failure (n%) 508 (25.0) 175 (25.9) 140 (20.7) 193 (28.5) 0.003

 Arterial fibrillation (n%) 1491 (73.5) 508 (75.2) 496 (73.4) 487 (71.9) 0.407

 Myocardial infarction (n%) 340 (16.8) 107 (15.8) 94 (13.9) 139 (20.5) 0.004

 Chronic pulmonary disease (n%) 382 (18.8) 129 (19.1) 115 (17.0) 138 (20.4) 0.278

 Diabetes (n%) 705 (34.7) 246 (36.4) 199 (29.4) 260 (38.4) 0.001

 Renal disease (n%) 392 (19.3) 132 (19.5) 108 (16.0) 152 (22.5) 0.010

Score

 Charlson index 7 (5, 8) 6 (5, 8) 6 (4, 8) 7 (5, 9) < 0.001

 GCS 14 (11, 15) 14 (12, 15) 14 (11, 15) 14 (10, 15) 0.100

 SOFA 3 (2, 5) 3 (1, 5) 3 (1, 4.25) 4 (2, 7) < 0.001

 APSIII 37 (28, 50) 35 (25, 45) 35 (27, 46) 45 (32, 58) < 0.001

 SAPSII 33 (26, 41) 31 (24, 39) 32 (25, 39) 37 (29, 46) < 0.001

Laboratory tests

 Hemoglobin (g/L) 11.5 (9.6, 13.1) 11.9 (10.2, 13.4) 11.7 (10.1, 13.1) 10.8 (8.8, 12.6) < 0.001

 Platelets (K/uL) 197 (152, 249) 204 (158, 255) 199 (152, 247) 190 (140, 245) 0.002

 WBC (K/uL) 9.0 (7.1, 11.8) 8.4 (6.8, 10.5) 9.0 (7.1, 11.3) 9.8 (7.5, 13.0) < 0.001

 BUN (mg/dL) 16 (12, 23) 15 (11, 22) 16 (12, 22) 18 (12, 27) < 0.001

 Creatinine (mg/dL) 0.9 (0.7, 1.2) 0.9 (0.7, 1.2) 0.8 (0.7, 1.1) 0.9 (0.7, 1.3) < 0.001

 Sodium (mEq/L) 139 (136, 141) 139 (136, 141) 139 (136, 141) 138 (135, 141) < 0.001

 Potassium (mmol/L) 3.9 (3.6, 4.2) 3.9 (3.6, 4.2) 3.9 (3.6, 4.2) 3.8 (3.5, 4.2) 0.007

 INR 1.1 (1, 1.2) 1.1 (1.0, 1.3) 1.1 (1.0, 1.2) 1.1 (1.0, 1.3) 0.163

 PT (s) 12.4 (11.4, 13.7) 12.3 (11.4, 13.8) 12.3 (11.3, 13.5) 12.4 (11.4, 13.8) 0.310

 APTT (s) 27.6 (25.2, 30.8) 28.1 (25.6, 31.2) 27.5 (25.2, 30.6) 27.1 (24.7, 30.4) < 0.001

Therapy

 Antiplatelet (n%) 1630 (80.3) 545 (80.6) 561 (83.0) 524 (77.4) 0.034

 Anticoagulation (n%) 541 (26.7) 192 (28.4) 180 (26.6) 169 (25.0) 0.359

 Thrombolysis (n%) 227 (11.2) 64 (9.5) 71 (10.5) 92 (13.6) 0.044

 Mechanical thrombectomy (n%) 179 (8.8) 54 (8.0) 73 (10.8) 52 (7.7) 0.084

Outcomes

 Hospital stay (days) 8.14 (4.72, 15.06) 7.75 (4.21, 13.91) 7.28 (4.34, 13.07) 9.82 (5.56, 17.81) < 0.001

 ICU stay (days) 3.21 (1.91, 6.71) 2.92 (1.74, 5.98) 3.07 (1.92, 6.01) 4.10 (2.17, 7.91) < 0.001

 Hospital mortality (n%) 309 (15.2) 64 (9.5) 90 (13.3) 155 (22.9) < 0.001

 30-day mortality (n%) 404 (19.9) 86 (12.7) 121 (17.9) 197 (29.1) < 0.001

 90-day mortality (n%) 522 (25.7) 119 (17.6) 159 (23.5) 244 (36.0) < 0.001
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Sensitivity analysis
The sensitivity analysis demonstrated that an elevated SHR is significantly associated with increased 30-day and 
90-day mortality in patients with AIS, and this association is significant both when adjusted and not adjusted 
for NIHSS scores (Table S6).

Subgroup analysis
Subgroup analysis across various demographics and medical conditions (Fig. 4) consistently demonstrated that 
higher SHR levels were associated with an increased risk of mortality across age, gender, hypertension, heart 
failure, arterial fibrillation, myocardial infarction, diabetes, and antiplatelet therapy subgroups (all P for interac-
tion > 0.05). However, in the anticoagulation therapy subgroup, there was a significant interaction between SHR 
and 90-day mortality (P for interaction = 0.022).

Fig. 2.  Kaplan–Meier survival analysis curves for all-cause mortality. (a) Kaplan–Meier survival analysis curves 
for 30-day mortality. (b) Kaplan–Meier survival analysis curves for 90-day mortality.

Table 2.  Association of SHR and the risk of all-cause mortality. Model 1: adjusted for age, gender, 
hypertension, heart failure, myocardial infarction and renal disease. Model 2: adjusted for age, gender, 
hypertension, heart failure, myocardial infarction, renal disease, antiplatelet and anticoagulation therapy. 
Model 3: adjusted for age, gender, hypertension, heart failure, myocardial infarction, renal disease, antiplatelet 
therapy, anticoagulation therapy, MBP, SPO2, GCS, SOFA, hemoglobin, WBC, BUN, creatinine, INR and PT.

Categories

Model1 Model2 Model3

HR (95% CI) P value P for trend HR (95% CI) P value P for trend HR (95% CI) P value P for trend

30-day mortality

SHR (continuous) 2.77 (2.21–3.48) < 0.001 2.30 (1.85–2.86) < 0.001 1.88 (1.46–2.44) < 0.001

SHR (tertiles) < 0.001 < 0.001 < 0.001

 T1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

 T2 1.42 (1.08–1.88) 0.012 1.48 (1.12–1.95) 0.006 1.41 (1.06–1.86) 0.017

 T3 2.39 (1.85–3.08) < 0.001 2.39 (1.86–3.08) < 0.001 1.94 (1.49–2.53) < 0.001

90-day mortality

SHR (continuous) 2.49 (2.00–3.11) < 0.001 2.20 (1.78–2.71) < 0.001 1.71 (1.34–2.18) < 0.001

SHR (tertiles) < 0.001 < 0.001

 T1 1.00 (Reference) 1.00 (Reference) < 0.001 1.00 (Reference)

 T2 1.37 (1.08–1.74) 0.009 1.43 (1.12–1.81) 0.004 1.37 (1.08–1.75) 0.009

 T3 2.19 (1.76–2.73) < 0.001 2.24 (1.80–2.79) < 0.001 1.83 (1.46–2.30) < 0.001
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Fig. 3.  HR (95% CI) for all-cause mortality according to SHR tertiles after adjusted for age, gender, 
hypertension, heart failure, myocardial infarction, renal disease, antiplatelet therapy, anticoagulation therapy, 
MBP, SPO2, GCS, SOFA, hemoglobin, WBC, BUN, creatinine, INR and PT. The T1 is the reference. (a) HR 
(95% CI) for 30d-mortality according to SHR tertiles. (b) HR (95% CI) for 90d-mortality according to SHR 
tertiles. RCS curve of SHR with all-cause mortality. (c) RCS curve for 30-day mortality. (d) RCS curve for 90-day 
mortality.

Table 3.  Associations of SHR with outcomes in patients with and without diabetes. # Adjusted for age, gender, 
hypertension, heart failure, myocardial infarction, renal disease, antiplatelet therapy, anticoagulation therapy, 
MBP, SPO2, GCS, SOFA, hemoglobin, WBC, BUN, creatinine, INR and PT.

Categories

AIS with diabetes AIS without diabetes

HR# HR#

HR (95% CI) P value P for trend HR (95% CI) P value P for trend

30-day mortality

SHR (continuous) 1.82 (1.14–2.93) 0.013 1.93 (1.42–2.61) < 0.001

SHR (tertiles) 0.013 < 0.001

 T1 1.00 (Reference) 1.00 (Reference)

 T2 0.98 (0.60–1.58) 0.928 1.66 (1.16–2.37) 0.006

 T3 1.63 (1.08–2.46) 0.021 2.23 (1.57–3.19) < 0.001

90-day mortality

SHR(continuous) 1.55 (1.02–2.37) 0.041 1.73 (1.29–2.32) < 0.001

SHR(tertiles) 0.013 < 0.001

 T1 1.00 (Reference) 1.00 (Reference)

 T2 1.07 (0.71–1.60) 0.753 1.48 (1.09–2.01) 0.013

 T3 1.55 (1.08–2.22) 0.018 1.93 (1.42–2.61) < 0.001



7

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20962  | https://doi.org/10.1038/s41598-024-71778-5

www.nature.com/scientificreports/

Discussion
Our results indicate that the SHR serves as a potent predictor of mortality in patients with AIS. The signifi-
cant association between elevated SHR levels and increased mortality, particularly noted in the higher tertiles, 
highlights its role in identifying patients at elevated risk of adverse outcomes. This association persists across 
various subgroups, illustrating SHR’s robustness as a clinical marker. Importantly, while diabetes status appears 
to modulate the strength of this relationship, the influence of SHR on mortality remains significant even among 
diabetic patients. This underscores the potential of SHR to enhance risk stratification and guide more tailored 
therapeutic strategies, regardless of underlying diabetes, thereby optimizing ICU management and potentially 
improving survival outcomes.

AIS remains a significant cause of mortality and disability  worldwide11. Despite advances in secondary preven-
tion strategies, many patients continue to experience adverse outcomes. One of the critical challenges in treating 
AIS is the limited time window available for effective vascular recanalization, which benefits only a subset of 
 patients1. Consequently, addressing modifiable risk factors associated with AIS is crucial. Among these factors, 
stress hyperglycemia is noteworthy. One such critical factor is stress hyperglycemia, which manifests as an eleva-
tion in blood glucose levels above baseline during acute events such as stroke or  injury12. Approximately half 
of AIS patients experience stress  hyperglycemia13; however, its definition varies across studies, which typically 
measure it using random or fasting blood glucose levels at admission. This condition, occurring in both diabetic 
and non-diabetic individuals, is associated with the incidence and severity of stroke and serves as a prognos-
tic indicator of unfavorable  outcomes14,15. The underlying mechanisms involve fluctuations in blood glucose 
levels that may accelerate reactive oxygen species production in mitochondria, leading to vascular endothelial 
 apoptosis16,17. This exacerbates cerebral perfusion impairment, intensifies ischemic brain damage, and worsens 
neurological deficits. Critical illness triggers increased production of counterregulatory hormones such as cortisol 
and catecholamines, which raise glucose levels by antagonizing  insulin18. Concurrently, systemic inflammation 
releases cytokines like TNF-α and IL-6 that impair insulin signaling, thereby exacerbating  hyperglycemia19. 
Insulin resistance also typically increases during critical illnesses, and in some cases, pancreatic dysfunction 
may further impair insulin  secretion20. Additionally, ICU nutritional strategies, particularly the administration 
of parenteral glucose, can intensify these effects if caloric inputs exceed metabolic demands or insulin  capacity21.

However, due to the lack of reliable indicators for evaluating stress-induced hyperglycemia, the research 
results of stress-induced hyperglycemia in acute stroke are inconsistent. To address these issues, the SHR was 
introduced by Roberts et al. in  20156. Unlike stress-induced blood glucose, SHR measures immediate fluctuations 

Fig. 4.  Forest plots of HR for the 30-day and 90-day mortality in different subgroups. HR was adjusted for age, 
gender, hypertension, heart failure, myocardial infarction, renal disease, antiplatelet therapy, anticoagulation 
therapy, MBP, SPO2, GCS, SOFA, hemoglobin, WBC, BUN, creatinine, INR and PT.
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and is adjusted for the average estimated blood glucose levels from the patient’s first three months, thus reflect-
ing the relative changes during stress compared to baseline levels. This correction makes SHR a more reliable 
indicator for assessing the intensity of stress-induced hyperglycemia, enhancing its clinical relevance. Zhu et al.15 
found that the risk of stroke recurrence in patients with AIS increases with higher SHR; in addition, SHR is also 
associated with the short-term prognosis of cerebral anterior circulation vascular occlusion after thrombectomy 
 treatment22, which provides a reference for the efficacy evaluation of mechanical thrombectomy for stroke; Li 
et al.23 showed that SHR increases the risk of hemorrhagic transformation in AIS, and increases the degree of 
neurological deficit in AIS. Li and Yuan et al.23,24 showed that SHR, independent of diabetes status, was linked 
to a higher probability of severe neurological deficit and mortality within a year in the AIS. Our study corrobo-
rates these findings, underscoring SHR as an independent predictor of short-term outcomes in AIS patients. A 
higher SHR is indicative of an increased prognostic risk, reinforcing its value as a crucial clinical metric in the 
management of AIS.

Severe patients exhibiting acute stress reactions are predisposed to develop stress hyperglycemia, complicating 
the management of blood sugar levels. Extensive research, particularly in ICU settings, has traditionally linked 
stress hyperglycemia with adverse clinical  outcomes25,26. However, recent investigations challenge this associa-
tion, suggesting a more complex relationship. For example, a retrospective study found that sepsis patients with 
stress-induced hyperglycemia exhibited lower ICU mortality compared to those with  normoglycemia27. Bellomo 
et al. propose that stress-induced hyperglycemia and the accompanying insulin resistance are evolutionary 
adaptations, activated under stress to supply critical energy to the immune system and  brain28. This perspective 
suggests that mild to moderate stress hyperglycemia (7.8–12 mmol/L) may confer a protective effect, diverging 
from the detrimental impacts traditionally associated with diabetic hyperglycemia. Consequently, stringent 
glucose control might not only lack benefit but could also precipitate risks such as hypoglycemia. The 2009 
AACE/ADA consensus has shifted to recommend less restrictive glucose targets of 7.8–10 mmol/L for critically 
ill patients, advising against lowering blood glucose below 6.1 mmol/L29.

In our findings, monitoring the SHR can play a role in reducing the all-cause for AIS patients admitted to ICU. 
In ICU setting, managing stress hyperglycemia involves adopting a balanced approach to glycemic control. Cur-
rent strategies include maintaining blood glucose levels within a specific target range using insulin therapy, with 
a preference for intravenous administration due to its  adjustability30. Additionally, recent studies have suggested 
that GLP-1 receptor agonists (GLP-1 RAs) could offer advantages over traditional insulin therapy for managing 
stress hyperglycemia in AIS. GLP-1 RAs not only help regulate blood glucose but also provide neuroprotective 
benefits, which are crucial for AIS patients. Despite these promising findings, more clinical research is needed 
to fully understand the benefits of GLP-1 RAs and establish comprehensive treatment  protocols31. Nutritional 
management, emphasizing enteral over parenteral nutrition, plays a crucial role in mitigating hyperglycemia 
by carefully controlling carbohydrate intake to meet but not exceed energy  requirements32. Continuous glucose 
monitoring is emerging as a tool to enhance real-time glucose management, although its efficacy in the ICU 
setting continues to be  evaluated33.

Our subgroup analysis observed a significant interaction between SHR and 90-day mortality in the anticoagu-
lation therapy subgroup (P for interaction = 0.022). In this subgroup, elevated SHR was significantly associated 
with an increased risk of death (HR 1.79, 95% CI 1.40–2.29), whereas in the no therapy group, high SHR did 
not significantly affect mortality risk (HR 0.61, 95% CI 0.24–1.55). Several mechanisms might explain these dif-
ferential impacts. Anticoagulants like warfarin can affect liver function and interfere with vitamin K pathways, 
potentially altering glucose metabolism and exacerbating the adverse effects of  hyperglycemia34. Elevated SHR 
in this context could reflect a dysregulated metabolic state that contributes to higher mortality. Additionally, AIS 
triggers inflammatory and coagulation pathways. In patients receiving anticoagulation therapy, the interaction 
between these pathways and high glucose levels might be more detrimental. Hyperglycemia enhances platelet 
activation and  aggregation35, which, when combined with anticoagulation, could lead to unstable coagulation 
dynamics, increasing the risk of hemorrhagic complications or recurrent thrombotic events. These findings 
emphasize the importance of stringent glucose monitoring and control in patients on anticoagulation therapy 
to reduce the increased risk of mortality in AIS care.

Our study offers a comprehensive examination of the impact of the SHR on patient outcomes in AIS, analyz-
ing a robust cohort of 2029 patients and ensuring a broad representation across diverse demographics. However, 
several potential limitations should be considered: Firstly, although we selected AIS patients admitted to the 
ICU, our study lacks specific data reflecting the severity of AIS, such as the NIHSS scores and detailed imaging 
information. These metrics are critical for accurately assessing stroke severity and may significantly influence 
patient outcomes. The absence of these data points limits our ability to fully adjust for stroke severity in our 
analyses. Secondly, we did not collect information on whether patients were on glucose-lowering medications 
or insulin prior to ICU admission. Pre-existing glycemic management could have a significant impact on SHR 
levels and subsequent patient outcomes. Thirdly, our study focused on the impact of baseline SHR on patient 
prognosis. While baseline SHR provides valuable initial insights, a dynamic assessment of SHR over the course of 
ICU stay could offer more comprehensive information on the relationship between glycemic control and patient 
outcomes. Continuous monitoring of SHR might reveal temporal patterns and fluctuations that are critical for 
understanding and managing stress-induced hyperglycemia in AIS patients.

In conclusion, our findings extend the utility of the SHR to patients with AIS who required ICU admis-
sion, demonstrating its potential as a valuable tool for stratifying risk of all-cause mortality within this patient 
population. Routine monitoring of the SHR may enhance clinical decision-making and management of AIS. 
Nevertheless, to substantiate these results, multicenter, prospective studies are imperative for thorough validation.
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Data availability
The data that support the findings of this study are available from MIMIC-IV. Access to the database can be 
obtained through PhysioNet at https:// physi onet. org/ conte nt/ mimic iv/2. 2/.
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