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The Stress Hyperglycemia Ratio (SHR) has emerged as a prognostic indicator associated with adverse 
outcomes in a variety of diseases. Nevertheless, the relationship between SHR and the prognosis of 
individuals with chronic obstructive pulmonary disease (COPD) has yet to be clarified. This research 
examines the association between SHR and outcomes in COPD patients. This study employed the 
Medical Information Mart for Intensive Care (MIMIC-IV) database to identify patients with COPD 
requiring admission to the intensive care unit, categorizing them into quartiles according to SHR levels. 
The outcomes assessed encompassed in-hospital mortality and ICU mortality. The analysis utilized 
Cox proportional hazards regression, enhanced by restricted cubic splines, to explore the association 
between SHR and the clinical manifestations present in patients diagnosed with COPD. The study 
included 1157 COPD patients. The mortality rates were 10.11% for in-hospital, and 7.09% for ICU, 
respectively. The analysis of Kaplan-Meier (K-M) curves revealed a noteworthy correlation between 
elevated SHR levels and an augmented risk of mortality in both hospital and ICU environments. 
Patients with COPD who were in the highest SHR index quartile were at the highest risk of dying, 
according to a Cox proportional hazards regression analysis (hospital, HR: 1.88,95%CI:1.09–3.25, 
P = 0.002; ICU: HR: 3.64, 95%CI:1.79–7.42, P < 0.001). Restricted cubic spline (RCS) analysis revealed a 
U-shaped association between the SHR index and both in-hospital and ICU mortality rates. Elevated 
SHR levels in COPD patients are significantly linked to a higher mortality risk in both hospitalized 
and ICU settings. The SHR index serves as a valuable tool for assessing in-hospital outcomes in COPD 
patients and holds potential to aid in screening high mortality risk COPD patients. 
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COPD ranks among the prevalent chronic respiratory conditions1. Airway obstruction, inflammation, and 
alveolar destruction lead to symptoms like dyspnea, cough, and sputum production2. Currently, COPD ranks 
as the fourth most significant cause of mortality worldwide, affecting over 350 million people worldwide, with 
more than 35 million deaths annually3,4. Thus, COPD has become a significant public health issue. COPD not 
only causes direct human suffering but also escalates the risk of lung cancer, cardiovascular diseases, and other 
prominent causes of death by a factor of two to four, thereby imposing a considerable burden on both individuals 
and society5–7. As a result, poor prognosis of COPD patients is frequently encountered in intensive care units 
(ICUs). A study indicates that critically ill COPD patients have a markedly increased mortality risk compared 
to non-COPD patients8. This finding emphasizes the significant mortality risk that COPD poses to individuals 
who are in severe condition. The incidence of hospitalized acute exacerbations of COPD among ICU admissions 
ranges from 2–19%9,10. The importance of metabolism in chronic lung disorders has been highlighted by recent 
research, which connects it to the higher incidence, prevalence, or severity of COPD11. This link has prompted 
speculation that glycemic factors might directly influence lung function and disease progression.
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Studies have found that hyperglycemia can lead to a significant increase in inflammatory factors in the 
serum of COPD patients, associated with a marked decline in pulmonary function. In certain acute clinical 
situations, patients may experience stress hyperglycemia, marked by a temporary rise in blood glucose levels 
due to physiological stress, often indicating disease severity12,13. According to research, critically ill patients often 
have stress-induced hyperglycemia, which is linked to a higher risk of death. Stress hyperglycemia indicates the 
initial blood glucose level, but plasma glucose is influenced by various factors, including prior blood glucose 
levels. Therefore, to better reflect the actual blood glucose state of patients, the SHR has been proposed14,15. This 
indicator assesses an individual’s stress-induced blood glucose level relative to their prior glucose management. 
It indirectly indicates disease severity and the body’s stress response capability. Accurate SHR calculation enables 
doctors to effectively manage patients’ blood glucose levels, minimizing adverse effects and enhancing the 
prognosis for critically ill COPD patients.

Research on the SHR in COPD patients, particularly those critically ill with poor prognosis, remains 
incomplete. Using information from the MIMIC-IV database, the aim of this study is to investigate the 
independent influence of the SHR ratio on mortality rates in both the hospital and ICU environments.

Method
Source of data
Data sourced from the publicly available MIMIC-IV database is examined in this retrospective analysis. This 
dataset covers 450,000 hospital admissions at Beth Israel Deaconess Medical Center in Boston, Massachusetts, 
from 2008 to 2019. Comprehensive records including patient demographics, lab results, prescription drugs, vital 
signs, surgery, illness diagnosis, medication administration, and follow-up survival status are available in the 
database.

We obtained access to the data by completing the NIH training on human research participant protection 
and passing the CITI exam (ID:12899457). The requirement for informed consent was deemed unnecessary due 
to the absence of protected health information within the database, as all patient data have been anonymized.

Study design
Of the 23,818 COPD patients (utilizing ICD9 codes: 49120, 49121, 49122, 496 and ICD10 codes: J44, J440, J441, 
J449) from the MIMIC-IV database were included in our research. ICD codes for the diseases are provided in 
Supplementary Table 1. Patients were excluded if they: (1) had previous ICU admissions; (2) lacked HbA1c 
and blood glucose data post-admission; (3) stayed in the ICU for under 24  h. After meeting the inclusion 
requirements, 1,157 patients were split up into four groups based on their SHR quartiles (Fig. 1).

Data extraction
R was used to extract the data (version 4.4.2). The study analyzed variables grouped into demographics, Age, 
sex, and body mass index (BMI) are among the characteristics taken into account, BMI was calculated using the 
standard formula: body weight (kg)/height2(m). Myocardial infarction (MI), heart failure (HF), cerebrovascular 
illness, liver disease, diabetes mellitus (DM), cancerous tumors, and hypertension were among the patients’ prior 
medical conditions. Heart rate (HR), mean blood pressure (MBP), systolic and diastolic blood pressure (SBP and 
DBP, respectively), and body temperature are all considered vital indicators. Laboratory parameters encompass 
mean glucose levels, hemoglobin A1c (HbA1c), platelet count, white blood cell count (WBC), Prothrombin 
time (PT), partial thromboplastin time (PTT), creatinine levels, blood urea nitrogen (BUN), and international 
normalized ratio (INR). All vital signs and laboratory parameters were measured within 24  h of admission. 
Furthermore, hospital and intensive care unit death rates, length of stay (LOS). The Charlson Comorbidity Index 
(CCI), Simplified Acute Physiology Score II (SAPS II), Oxford Acute Severity of Illness Score (OASIS), Systemic 
Inflammatory Response Syndrome (SIRS), and Sequential Organ Failure Assessment (SOFA) were among the 
scores used to evaluate the severity of the disease. Upon admission, prior to any therapeutic interventions, blood 
biochemical variables were initially assessed. Variables having more than 20% missing data were not included in 
the study. The random forest approach was used to do data imputation for those with missing values less than 
20%.

Outcome
ICU all-cause mortality was the study’s main endpoint, while in-hospital all-cause mortality was its secondary.

SHR
The SHR was determined using the formula: SHR = admission blood glucose (mg/dl)/(28.7 × HbA1c (%) 
− 46.7)16.

Statistical analysis
The incidence of both main and secondary outcomes, stratified by SHR, was assessed using K-M curves. The 
association between the SHR index and both in-hospital and ICU mortality was evaluated using univariate Cox 
analysis, univariate Cox regression results are presented in Supplementary Table 2. Clinically relevant variables 
or variables with univariate relationships to the outcomes were included in multivariate Cox proportional 
hazards regression models. The proportional hazards hypothesis in multivariate Cox regression analysis was 
evaluated using Schoenfeld residual test (Supplementary Fig. 1). The number of available events was carefully 
taken into consideration when choosing the final model variables.

Only the SHR index was used in Model 1. Model 2 included adjustments for age, sex, HR, MBP, MI, 
Cerebrovascular disease, plt, and WBC. Model 3 further adjusted for age, sex, HR, MBP, MI, Cerebrovascular 
disease, plt, WBC, INR, SOFA, and CCI. In all models, the reference group was the SHR index’s Q2 group.
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To get a better understanding of the SHR index’s dose-response connection to the risks of main and secondary 
outcomes, we further analyzed the SHR index as a continuous variable, employing RCS. The non-linear 
association between the SHR index and the rates of in-hospital and intensive care unit mortality was examined 
for inflection points using a recursive algorithm. Leveraging the inflection point identified via stratified Cox 
regression, we employed a two-segment Cox proportional-hazards model to examine the association between 
the SHR index and mortality. Stratified analyses were performed considering gender, age, HR, MI, DM, and 
cerebrovascular disease history.

Statistical analyses were done using R software (version 4.4.2), with a significance threshold set at P < 0.05.

Results
Clinical profiles of participants
In this research, 1,157 COPD patients who met the inclusion criteria were found by looking through data from 
94,458 individuals in the MIMIC-IV database. 49.01% of the participants were female, and their average age was 
68.84 years. Upon admission, participants were divided into four groups according on their SHR index quartiles: 
Q1 (0.307–0.927), Q2 (0.928–1.103), Q3 (1.104–1.334), and Q4 (1.335–4.242). Individuals in the group with the 
highest SHR score (Q4) were older and had greater MI prevalence rates, HF, liver disease, DM, hypertension, 
and malignant tumors. Their vital signs, including weight and heart rate, along with laboratory indicators like 
creatinine, BUN, WBC, INR, PT, and PTT, were significantly elevated compared to other groups (Table 1).

Group Q4 exhibited significantly higher disease severity scores, including CCI, APSIII, and SOFA, at ICU 
admission and during hospitalization compared to the other three groups, and also experienced the longest 

Fig. 1.  Study flowchart. MIMIC, Medical Information Mart for Intensive Care; ICU, Intensive Care Unit; SHR, 
stress hyperglycemia ratio.
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variable
Total
(n = 1157)

Q1
(n = 291)

Q2
(n = 288)

Q3
(n = 286)

Q4
(n = 292) P value

Demographics

age, years 68.84 ± 14.58 66.67 ± 16.40 70.28 ± 13.67 70.14 ± 13.79 68.29 ± 14.05 < 0.01

Gender, male 590(50.99) 142(48.80) 150(52.08) 147(51.40) 151(51.71) 0.85

BMI 29.83 ± 7.33 30.07 ± 7.18 29.50 ± 7.10 29.18 ± 6.93 30.56 ± 8.03 0.11

Vital signs

height, cm 1.68 ± 0.09 1.67 ± 0.08 1.68 ± 0.09 1.68 ± 0.09 1.68 ± 0.09 0.35

weight, kg 84.04 ± 26.06 82.98 ± 27.98 83.26 ± 24.05 83.74 ± 24.93 86.16 ± 27.07 0.44

HR, beats/min 82.63 ± 15.35 82.03 ± 15.07 81.28 ± 15.36 82.16 ± 15.53 85.02 ± 15.25 0.02

SBP, mmHg 123.87 ± 17.81 124.97 ± 17.87 127.59 ± 19.27 122.40 ± 16.90 120.55 ± 16.36 < 0.0001

DBP, mmHg 66.73 ± 12.10 68.19 ± 12.18 68.37 ± 12.52 65.75 ± 11.98 64.61 ± 11.35 < 0.001

MBP, mmHg 83.10 ± 11.86 84.21 ± 12.37 85.24 ± 12.53 81.85 ± 11.41 81.10 ± 10.63 < 0.0001

temperature, ℃ 36.85 ± 0.42 36.85 ± 0.36 36.88 ± 0.39 36.81 ± 0.41 36.85 ± 0.51 0.29

Past medical history

MI 293(25.32) 60(20.62) 60(20.83) 81(28.32) 92(31.51) < 0.01

HF 491(42.44) 112(38.49) 113(39.24) 122(42.66) 144(49.32) 0.03

Cerebrovascular disease 418(36.13) 114(39.18) 130(45.14) 101(35.31) 73(25.00) < 0.0001

Liver disease 114(9.85) 20(6.87) 18(6.25) 33(11.54) 43(14.73) < 0.01

DM 494(42.70) 160(54.98) 106(36.81) 102(35.66) 126(43.15) < 0.0001

Hypertension 503(43.47) 122(41.92) 132(45.83) 128(44.76) 121(41.44) 0.65

cancer 90(7.78) 16(5.50) 24(8.33) 22(7.69) 28(9.59) 0.31

Laboratory indicators

Glucose, mg/dl 153.36 ± 58.45 132.26 ± 49.91 130.81 ± 41.40 149.83 ± 43.89 200.09 ± 66.04 < 0.0001

HBA1c 6.62 ± 1.96 7.88 ± 2.77 6.33 ± 1.46 6.16 ± 1.29 6.11 ± 1.32 < 0.0001

SHR 1.16 ± 0.35 0.79 ± 0.11 1.01 ± 0.05 1.20 ± 0.07 1.63 ± 0.32 < 0.0001

Platelets, 10^9/L 247.48 ± 95.59 251.95 ± 98.73 245.66 ± 94.16 250.60 ± 87.22 241.78 ± 101.62 0.56

WBC, 10^9/L 13.05 ± 6.49 11.64 ± 5.73 12.11 ± 6.18 13.06 ± 5.80 15.37 ± 7.47 < 0.0001

BUN, mg/dl 28.82 ± 22.79 28.42 ± 22.16 26.34 ± 21.24 27.52 ± 22.31 32.96 ± 24.84 < 0.01

creatinine, mg/dl 1.52 ± 1.54 1.46 ± 1.27 1.41 ± 1.54 1.39 ± 1.40 1.81 ± 1.86 < 0.01

INR, s 1.44 ± 0.83 1.38 ± 0.66 1.35 ± 0.50 1.45 ± 0.88 1.57 ± 1.12 < 0.01

PT, s 15.73 ± 9.55 14.90 ± 7.04 15.27 ± 9.61 15.65 ± 8.78 17.10 ± 11.98 0.03

PTT, s 49.44 ± 34.79 45.42 ± 30.44 48.56 ± 34.04 49.14 ± 34.69 54.60 ± 38.97 0.01

Disease severity score

SOFA score 3.90 ± 3.01 3.52 ± 2.79 3.32 ± 2.68 3.85 ± 2.82 4.91 ± 3.43 < 0.0001

SAPSII score 34.47 ± 12.30 32.79 ± 11.56 33.15 ± 11.00 34.62 ± 12.23 37.29 ± 13.76 < 0.0001

OASIS score 30.98 ± 8.36 29.73 ± 8.22 30.63 ± 7.82 31.29 ± 7.83 32.28 ± 9.30 < 0.01

CCI score 6.67 ± 2.84 6.47 ± 2.99 6.74 ± 2.65 6.76 ± 2.71 6.72 ± 2.99 0.57

SIRS score 2.36 ± 0.91 2.24 ± 0.85 2.20 ± 0.92 2.37 ± 0.92 2.64 ± 0.89 < 0.0001

Length Of Stay (LOS)

Los hospital day 10.63 ± 10.06 8.85 ± 7.28 10.85 ± 11.17 11.07 ± 9.89 11.75 ± 11.21 < 0.01

Los icu day 4.91 ± 6.39 4.23 ± 5.32 5.37 ± 7.56 5.12 ± 6.90 4.93 ± 5.51 0.17

Outcomes

Hospital Death, n (%) 117(10.11) 20(6.87) 18(6.25) 32(11.19) 47(16.10) < 0.001

ICU Death, n (%) 82(7.09) 15(5.15) 11(3.82) 20(6.99) 36(12.33) < 0.001

Table 1.  Baseline characteristics of patients grouped according to SHR index quartiles. Values are presented 
as number (%) or mean ± standard deviation. BMI, body mass index; HR, heart rates; SBP, systolic blood 
Pressure; DBP, Diastolic Blood Pressure; MBP, Mean Arterial Pressure; MI, Myocardial Infarction; HF, Heart 
Failure; DM, Diabetes Mellitus; SHR, Stress Hyperglycemia Ratio; WBC, White Blood Cell Count; BUN, Blood 
Urea Nitrogen; PT, Prothrombin Time; PTT, Partial Thromboplastin Time; CCI, Charlson Comorbidity Index; 
SAPS II, Simplified Acute Physiology Score II; OASIS, Oxford Acute Severity of Illness Score; SIRS, Systemic 
Inflammatory Response Syndrome; SOFA, Sequential Organ Failure Assessment.
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hospital stay. Group Q4 exhibited significantly higher in-hospital and ICU mortality rates compared to other 
groups (12.33% vs. 5.15%, 3.83%, and 6.99%, P < 0.001).

Study outcomes
The K-M curves depicted in Fig.  2 revealed disparities in 30-day and 90-day mortality across the four SHR 
quartile groups, both within hospital and ICU settings. Interestingly, compared to patients in the lower SHR 
quartiles, those in the highest SHR quartile (Q4) had substantially decreased survival probability at the 30- and 
90-day points (P < 0.05).

We utilized two Cox regression models for analysis (Table 2). After adjusting for age, sex, HR, MBP, MI, 
Cerebrovascular disease, plt, and WBC, the hazard ratios (HR) and 95% confidence intervals (CI) for ICU 
mortality were calculated. SHR was categorized into quartiles Q1, Q2, Q3, and Q4, with Q2 serving as the 

Variables

crude model Model 1 Model 2

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

hospitalized patients

Q2 1.00(ref) 1.00(ref) 1.00(ref)

Q1 1.32(0.71,2.47) 0.38 1.44(0.77,2.71) 0.26 1.32(0.70,2.48) 0.39

Q3 1.77(1.01,3.10) 0.05 1.68(0.95,2.96) 0.08 1.64(0.93,2.91) 0.09

Q4 2.38(1.40,4.04) 0.001 2.04(1.19,3.50) 0.01 1.88(1.09,3.25) 0.02

ICU patients

Q2 1.00(ref) 1.00(ref) 1.00(ref)

Q1 2.02(0.94,4.37) 0.07 2.46(1.12,5.44) 0.03 2.33(1.05,5.16) 0.04

Q3 2.13(1.02,4.43) 0.04 2.04(0.96,4.33) 0.06 2.09(0.98,4.47) 0.06

Q4 3.96(2.01,7.79) < 0.0001 3.79(1.87,7.68) < 0.001 3.64(1.79,7.42) < 0.001

Table 2.  Cox proportional hazard models for hospital and ICU all-cause mortality. HR: Hazard Ratio, CI: 
Confidence Interval; crude model: crude; model 1: Adjust for age, sex, HR, MBP, MI, Cerebrovascular disease, 
plt, WBC; model 2: Adjust for age, sex, HR, MBP, MI, Cerebrovascular disease, plt, WBC, INR, SOFA, CCI.

 

Fig. 2.  Kaplan–Meier curves illustrate cumulative survival probability up to 28 and 90 days for in-hospital and 
ICU patients stratified by SHR quartiles: (A) 28-day in-hospital mortality, (B) 90-day in-hospital mortality, (C) 
28-day ICU mortality, and (D) 90-day ICU mortality.

 

Scientific Reports |        (2025) 15:32892 5| https://doi.org/10.1038/s41598-025-18058-y

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


reference group (HR = 1.00). The hazard ratios for the other quartiles were Q1: 2.46 (95% CI: 1.12, 5.44), 
Q3: 2.04 (95% CI: 0.96, 4.33), and Q4: 3.79 (95% CI: 1.87, 7.68). After controlling for age, sex, HR, MBP, MI, 
Cerebrovascular disease, plt, WBC, INR, SOFA, and CCI, the HR and 95% CI for different SHR index categories, 
using HR = 1.00 as the reference for ICU mortality, were 2.33 (1.05, 5.16), 2.09 (0.98, 4.47), and 3.64 (1.79, 7.42).
The findings suggest that SHR indices above 1.103 and at or below 0.927 elevate the mortality risk in hospitalized 
and ICU patients.

Nonlinear relationship detection
The analysis of RCS has revealed a nonlinear association between the SHR index and mortality risk in 
both hospitalized patients and those in the ICU. More precisely, The SHR index demonstrated a U-shaped 
relationship in its correlation with ICU and hospital mortality, which remained the same after adjusting for the 
aforementioned covariates (Fig. 3B). A similar relationship was observed in the analysis of hospitalized patients 
(Fig. 3A).

In the model for ICU mortality risk, after adjusting for the aforementioned covariates, we found that the P 
for Log-likelihood ratio was < 0.05 for all three models, with an inflection point of 0.976.A similar phenomenon 
was also observed in the model for in-hospital mortality risk (Tables 3 and 4).

Upon reaching or surpassing a SHR value of 0.976, each one-unit increase in the SHR level corresponded to 
a 257.5% rise in the risk of mortality in the ICU (P < 0.001; 95% CI: 2.230 to 5.729). In a comparable manner, 
an increase of one unit in SHR was associated with a 182% heightened risk of in-hospital mortality (P < 0.0001; 
95% CI: 1.803 to 4.411).

Subgroup analyses
Subgroup analyses were performed to evaluate the consistency of the relationship between SHR levels and all-
cause mortality among patients in the ICU and those hospitalized under various conditions, including gender, 
age, HR, DM, CI, MI, and cerebrovascular disease. In females and individuals over 65, the HR for mortality 
in hospitalized and ICU patients were significantly higher in Q4 compared to Q1 (P < 0.05). In ICU patients 
with elevated SHR levels, significant hazard ratios for mortality were observed, regardless of the presence of 
cerebrovascular disease (P < 0.05). In hospitalized patients, irrespective of their diabetes or cerebrovascular 
disease status, the mortality hazard ratios were found to be significant (P < 0.05). Nonetheless, no statistical 
significance was detected among the hospitalized and ICU patients in the Q2 and Q3 groups (Fig. 4).

Discussion
Previous studies have reported an association between SHR and COPD patients17, here, we applied the 
internationally validated SHR formula to investigate its relationship with outcomes in hospitalized and ICU 
patients. The results indicate a U-shaped relationship between SHR and mortality rates in these contexts, 
suggesting that beyond a specific threshold, higher SHR levels correlate with increased mortality in these 
settings. In our cohort, the Q2 group (SHR ≈ 0.928–1.103) exhibited the lowest mortality risk, suggesting this 
range represents a metabolically optimal state. These findings support the use of SHR within this interval to 
identify and stratify high-risk patients, but prospective validation is required.

Stress hyperglycemia is a frequent temporary physiological reaction in patients with acute or critical 
conditions, typically engaging the hypothalamic-pituitary and sympathetic nervous systems, resulting in 
insulin resistance, inflammation, and significant glucose metabolic disturbances18,19. However, relying solely 
on the blood glucose levels at admission to assess the stress-induced hyperglycemic response is insufficient for 
a comprehensive evaluation, as it overlooks the blood glucose fluctuations in patients with long-term chronic 
diabetes. Therefore, we introduced SHR to assess the hyperglycemia induced by stress responses. Studies have 
found that SHR has significant predictive power for mortality risk in patients with atrial fibrillation (AF), 
coronary heart disease, severe infections, and critical conditions caused by surgery or trauma14,20–22. In critically 
ill coronary heart disease patients, SHR exhibits a J-shaped correlation with both in-hospital and ICU mortality 
rates22. Furthermore, SHR also shows a nonlinear relationship with critically ill patients with severe infections14. 
Thus, SHR is linked to certain infectious and cardiovascular factors.

Studies have found that infusing glucose into animals for 3 h significantly impairs their immune function and 
activates cytokines. During hyperglycemia, glucose non-enzymatically glycates proteins, leading to the formation 
of advanced glycation end products (AGEs)23. AGEs have the capacity to bind to receptors located on the surface 
of lung cells, thereby activating inflammatory signaling pathways and releasing more inflammatory factors, such 
as TNF-α and IL-624,25. Elevated blood sugar levels prompt monocytes to increase IL-6 production and release. 
Increased serum IL-6 levels can worsen insulin resistance, inducing the liver to secrete glucose, thereby leading 
to hyperglycemia26. It can worsen lung inflammation, resulting in heightened airway hyperresponsiveness and 
restricted airflow27. Furthermore, studies have shown that hyperglycemia may suppress the body’s immune 
function, reducing the phagocytic and bactericidal capabilities of white blood cells, making COPD patients 
more susceptible to respiratory infections28,29. Respiratory infections are an important trigger for the acute 
exacerbation of COPD, and infections can worsen airway inflammation and airflow limitation, creating a vicious 
cycle30,31. Numerous studies have shown that high blood sugar levels may have pro-inflammatory effects. The 
study reveals that a SHR of 0.987 corresponds to the lowest mortality risk for COPD patients. Therefore, lower 
blood sugar levels are beneficial for reducing the mortality risk in COPD patients, while too low or too high 
blood sugar levels can increase the mortality risk.

Additionally, COPD patients may also develop a state of hyperglycemia32. COPD is characterized by systemic 
inflammation, characterized by heightened levels of inflammatory mediators including tumor necrosis factor 
(TNF) and C-reactive protein (CRP)33. These factors can disruption in the insulin signaling pathway can lead 
to insulin resistance and consequently, increased blood glucose levels34. Secondly, hypoxemia is a common 
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complication in COPD patients. Hypoxia-inducible factor (HIF) is activated under hypoxic conditions, 
promoting glycogenolysis and gluconeogenesis, thereby increasing glucose production35. Lastly, under hypoxic 
conditions, there is a decrease in the absorption and utilization of glucose by peripheral tissues, such as muscles. 
Additionally, in patients with acute exacerbation and critical conditions of COPD, glucocorticoids are commonly 

Fig. 3.  RCS of SHR index with hospital (A) and ICU(B) all-cause mortality. SHR, stress hyperglycemia ratio; 
f0, crude model; f1: Adjust for age, sex, HR, MBP, MI, Cerebrovascular disease, plt, WBC; f2: Adjust for age, 
sex, HR, MBP, MI, Cerebrovascular disease, plt, WBC, INR, SOFA, CCI.
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used. Glucocorticoids also reduce tissue glucose uptake and utilization, while promoting glycogenolysis and 
gluconeogenesis, further increasing blood glucose levels36.

In summary, our study demonstrates that SHR can aid clinicians in identifying patients at higher risk of 
adverse outcomes and thereby facilitating better glycemic control in clinical practice. Compared to other 
prognostic tools, SHR is characterized by its ease of calculation and accessibility, requiring only routine 
laboratory tests at admission, making it a rapid and cost-effective tool for prognostic assessment in clinical 
practice37. Additionally, we found that both elevated and low SHR levels are associated with increased mortality 
risk in COPD patients. First, elevated SHR increases mortality risk in COPD patients, possibly due to underlying 
pathological mechanisms such as oxidative stress and immune dysfunction38. However, we also found that low 
SHR levels increase mortality risk in COPD patients. Low SHR may be associated with hypoglycemia, which 
typically activates the sympathetic-adrenal system, increasing the risk of cardiovascular diseases and thereby 
potentially increasing mortality risk in COPD patients39. Second, low SHR may also be associated with high 
HbA1c, indicating poor glycemic control before admission. Poor glycemic control significantly reduces lung 
function and increases infection risk40,41, both of which can increase mortality risk in COPD patients, consistent 
with our findings.

This study has several limitations. First, the analysis relied on the single-center, retrospective MIMIC-IV 
database, and the cohort was predominantly composed of US patients with limited racial diversity, which may 
restrict the generalizability of our findings to the global COPD population. Second, the database lacks detailed 
information on inpatient glycaemic management—such as insulin dosage, protocols, and dynamic adjustments—
that could directly modify SHR values and their clinical implications. Third, SHR was calculated using only 
admission glucose and HbA1c, introducing potential measurement error; future studies should incorporate 
serial glucose measurements and dynamic SHR to capture its temporal variability. Despite extensive covariate 
adjustment and subgroup analyses, residual confounding cannot be completely excluded. In addition, because 
our study is observational, the U-shaped association between SHR and mortality cannot be interpreted as causal, 
and prospective cohorts are needed to confirm directionality. Finally, the underlying biological mechanisms that 
might explain this non-linear pattern remain speculative, and dedicated mechanistic experiments are required 
to elucidate how both low and high SHR values could influence patient outcomes.

Conclusion
This study concludes that SHR exhibits a U-shaped relationship with in-hospital and ICU mortality in COPD 
patients, where elevated SHR is significantly linked to a higher mortality risk. Our findings provide a foundation 
for future prospective studies and clinical trials.

ICU-death f0 f1 f2

standard cox regression 2.954(1.894,4.608) < 0.0001 2.746(1.640,4.600) < 0.001 2.664(1.575,4.505) < 0.001

two-piecewise linear regression IP = 0.976 IP = 0.976 IP = 0.976

SHR < IP 0.064(0.004,1.083) 0.057 0.123(0.003,4.594) 0.256 0.306(0.005,18.473) 0.572

SHR ≥ IP 3.575(2.230,5.729) < 0.001 4.025(2.325,6.967) < 0.0001 3.925(2.209,6.975) < 0.0001

p for Log-likelihood ratio 0.010 < 0.01 < 0.01

Table 4.  Threshold effect analysis of SHR index on ICU all-cause mortality in COPD patients. ICU: Intensive 
care unit; IP: Inflection point; SHR, stress hyperglycemia ratio; f0, crude model; f1: Adjust for age, sex, HR, 
MBP, MI, Cerebrovascular disease, plt, WBC; f2: Adjust for age, sex, HR, MBP, MI, Cerebrovascular disease, 
plt, WBC, INR, SOFA, CCI.

 

hospital-death f0 f1 f2

standard cox regression 2.483(1.666,3.699) < 0.0001 2.094(1.321,3.319) 0.002 2.001(1.254,3.195) 0.004

two-piecewise linear regression IP = 1.016 IP = 1.016 IP = 1.016

SHR < IP 0.144(0.014,1.432)0.098 0.178(0.019,1.661)0.130 0.296(0.026,3.299) 0.322

SHR ≥ IP 2.82(1.803,4.411) < 0.0001 2.82(1.660,4.791) < 0.001 2.727(1.561,4.762) < 0.001

p for Log-likelihood ratio 0.048 0.027 0.057

Table 3.  Threshold effect analysis of SHR index on hospital all-cause mortality in COPD patients. IP: 
Inflection point; SHR, stress hyperglycemia ratio; f0, crude model; f1: Adjust for age, sex, HR, MBP, MI, 
Cerebrovascular disease, plt, WBC; f2: Adjust for age, sex, HR, MBP, MI, Cerebrovascular disease, plt, WBC, 
INR, SOFA, CCI.
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Data availability
The data in the study was provided by the Medical Information Mart for Intensive Care IV (MIMIC-IV 3.0), and 
the following licenses/restrictions apply: To obtain access to these files, you are required to be a credentialed user, 
finish necessary training as well as sign the project data use agreement. The datasets used and analyzed during 
the current study available from the corresponding author on reasonable request.
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