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Objective: Stress hyperglycemia ratio (SHR) was introduced as an indicator of relative hyperglycaemia and is widely used for 
prognostic prediction in critically ill patients. The present study aimed to investigate the relationship between SHR and adverse clinical 
outcomes in critically ill COPD patients.
Methods: A total of 1,580 patients diagnosed with COPD were included in this retrospective cohort study. SHR = ABG (mmol/L) / 
[1.59 × HbA1c (%) - 2.59]. Primary endpoints included ICU mortality and in-hospital mortality. Secondary endpoints were acute 
exacerbation of chronic obstructive pulmonary disease (AECOPD) and acute respiratory failure (ARF). Logistic regression, Restricted 
Cubic Sample (RCS) and Receiver Operating Characteristic (ROC) were used to explore the relationship between SHR and prognosis 
of COPD patients. In addition, subgroup analyses and interaction tests were performed to investigate potential heterogeneity.
Results: Multivariate logistic regression analysis showed that elevated SHR was not associated with ICU mortality and in-hospital 
mortality. In contrast, SHR quartiles were correlated with ICU mortality and in-hospital mortality. Restricted cubic spline regression 
models showed a nonlinear correlation between SHR and both ICU mortality and in-hospital mortality (all P<0.001). In addition, 
a linear correlation was found between SHR and AECOPD and ARF, with elevated SHR associated with increased risk of AECOPD 
and ARF. ROC analyses showed that SHR was a more effective predictor of mortality and prognosis than admission blood glucose 
(ABG) and hemoglobin A1c (HbA1c) in patients with COPD, with the former being a better predictor of mortality and prognosis. In 
subgroup analyses, after adjusting for all covariates considered in the present study, the relationship between SHR and prognostic risk 
in patients with COPD remained stable across gender, age, BMI, smoking, drinking, history of hypertension, coronary heart disease, 
diabetes, and cerebrovascular disease.
Conclusion: SHR is independently associated with an increased risk of adverse clinical outcomes in critically ill COPD patients.
Keywords: stress hyperglycemia ratio, COPD, mortality, AECOPD, ARF

Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by persistent respiratory symptoms and irreversible 
airflow limitation,1 and is a preventable, controllable and treatable chronic respiratory disease. Reports show that the 
prevalence of COPD in China is 8.6% for those over 20 years of age, 13.7% for those over 40 years of age, and more 
than 27% for those over 60 years of age, which is higher than the average of the global prevalence rate of the disease 
reported at 10.3%.2 It is predicted that the prevalence of COPD will continue to rise over the next 40 years and the 
number of patients will continue to increase.2 Currently, COPD is the third leading cause of death in the world, after 
ischaemic heart disease and stroke.3 According to the World Health Organization (WHO), about 3 million people 
currently die of COPD each year.4 It is projected that by 2060, more than 5.4 million people will die annually from 
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COPD and its related diseases.5 COPD has become a respiratory disease that seriously endangers human health, poses 
a serious burden on economic development and social progress, and is a public health problem that requires urgent 
attention now and in the future.

Previous studies have found that patients with COPD experience an average of 0.5 to 3.5 acute exacerbation 
per year, with 22% to 40% of patients experiencing at least one moderate or severe exacerbation per year.6 

Repeated and frequent acute exacerbation of COPD (AECOPD) increase morbidity, mortality and deterioration of 
lung function, especially in the intensive care unit (ICU).7 Under certain conditions, AECOPD can lead to the 
development of acute respiratory failure and rapid deterioration of the patient’s condition.8 Notably, type II 
respiratory failure is the complication that leads to high mortality and the highest adverse prognosis in AECOPD 
patients, and patients with COPD complicated by respiratory failure have an increased risk of readmission after 
discharge from the hospital.9 For these reasons, the clinical course of patients with COPD may be complicated by 
the complication of multi-organ dysfunction and high mortality rates.10 Ai-Ping and colleagues found that the 
mortality rates of patients with AECOPD at 6 months, 1 year and 5 years after admission were 39.0%, 42.7% and 
75.9%, respectively.11 Therefore, identifying risk factors and predicting prognosis in patients with AECOPD is 
essential to guide early intervention.

Stress hyperglycaemia is a common complication in critically ill patients, and a hyperglycaemia environment in the 
organism exacerbates lung tissue damage and oedema, increases the area of inflammation and reduces the efficacy of 
pulmonary ventilation therapy, thus affecting the recovery of lung function.12 A retrospective study in the United 
States found that the prevalence of stress hyperglycaemia among AECOPD patients was 34.1%.13 From 
a pathophysiological point of view, the activation of the sympathetic nervous system and the hypothalamic - pituitary 
- adrenal axis results in the release of stress hormones, leading to this elevation.14 Considering that stress hypergly
caemia may be limited by factors such as poor diabetes control and diet, the stress hyperglycaemia ratio (SHR) has 
been proposed in recent years as a valuable biomarker by calculating blood glucose and haemoglobin A1c levels on 
admission, while taking into account the patient’s chronic glycaemic status in the previous two to three months 
adjusted to accurately identify and quantify the extent of stress hyperglycaemia, making more valuable predictions 
about overall health.15 The relationship between SHR and health outcomes is now a key area of interest in clinical 
research. Specifically, a large cohort study in China has established a positive correlation between SHR and the risk of 
in-hospital mortality from coronary artery disease, emphasizing the importance of this metric in predicting clinical 
outcomes.16 Furthermore, in the United States, higher SHR has been associated with significant predictors of increased 
all-cause and specific mortality in overweight and obese individuals, underscoring its potential role in assessing risk for 
a wide range of diseases.17 The relationship between SHR and the central nervous system has also been elucidated, 
with studies demonstrating a strong association with the risk of delirium,18,19 highlighting the neurological significance 
of increased glucose metabolism under stress. Given the substantial correlations between SHR and a myriad of 
disorders, providing valuable insights into the diagnosis and prognostic prediction of a wide range of diseases, its 
association with the prognosis of critically ill COPD patients has not yet been widely explored, and therefore 
a definitive review and further research is warranted.

The aim of the present study was to investigate the role of SHR ratio on the prognostic aspects of clinical outcomes in 
critically ill COPD patients and to analyse its predictive value to provide a theoretical basis for secondary prevention in 
COPD patients.

Methods
Study Population
A total of 1580 COPD patients who attended the intensive care unit of a tertiary hospital in Urumqi, Xinjiang Uygur 
Autonomous Region, from January 2018 to December 2023 were retrospectively collected. Diagnosis of COPD was 
confirmed by a spirometry using the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria, 
indicating a non-reversible ventilatory deficit (FEV 1/FVC < 0.70) following bronchodilation, with a reduction in 
the volume of forceful respiratory volume in one second (FEV 1) and forceful vital capacity (FVC).20 Patients with 
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one of the following conditions were excluded: (a) less than 18 years older; (b) less than 24 hours of hospital stay; (c) 
patients with recent use of immunosuppressants or corticosteroids; (d) patients with severe psychiatric disorders or 
chronic alcohol abuse; (e) patients with advanced liver or kidney failure, or severe coagulation disorders; (f) and lack 
of baseline data for HbA1c or admission glucose levels, or measurements not taken within 24 hours of admission. The 
flowchart for data filtering can be found in Figure S1. The study was approved by the Ethics Committee of Xinjiang 
Uygur Autonomous Region People’s Hospital (KY2023071303).

Data Collection and Definitions
Baseline data of the patients were collected from the hospital information management system, including age, gender, 
body mass index (BMI), smoking, drinking, hypertension, coronary heart disease, diabetes, history of cerebrovascular 
disease, systolic blood pressure (SBP), diastolic blood pressure (DBP), and mechanical ventilation. The degree of disease 
severity was assessed by the APACHE II score on admission, which consists of three components: acute physiology 
score, age score, and chronic health status score, and the final score is the sum of the three, with a theoretical maximum 
score of 71, and the higher the score, the more severe the condition.21 All patients had fasting venous blood drawn in the 
early morning of the following day for laboratory tests, including: hemoglobin A1c (HbA1c), the admission blood 
glucose (ABG), haemoglobin (Hb), creatinine (Cr), albumin (Alb) and C-reactive protein (CRP). The detailed variables 
were shown in Table 1.

Table 1 Comparison of Clinical Data of Four Groups

Variable Q1 (n=395) Q2 (n=395) Q3 (n=395) Q4 (n=395) Total P

Age 61(53,71) 63(50,75) 68(55,78) 71(56,80) 65(54,77) <0.001

Sex 0.832

Male 239(60.5) 237(60.0) 241(61.0) 229(58.0)

Female 156(39.5) 158(40.0) 154(39.0) 166(42.0)

BMI (kg/m2) 22.10(19.20,26.10) 22.90(20.40,26.50) 24.30(21.60,27.00) 25.40(21.80,27.20) 24.05(20.50,26.70) <0.001

<18.5 50(12.7) 25(6.3) 20(5.1) 23(5.8) 118(7.5)

18.5–23.9 195(49.4) 193(48.9) 168(42.5) 136(34.4) 692(43.8)

24.0–27.9 101(25.6) 121(30.6) 142(35.9) 172(43.5) 536(33.9)

≥28.0 49(12.4) 56(14.2) 65(16.5) 64(16.2) 234(14.8)

Smoking 116(29.4) 96(24.3) 106(26.8) 118(29.9) 436(27.6) 0.272

Drinking 58(14.7) 55(13.9) 60(15.2) 66(16.7) 239(15.1) 0.735

Hypertension 150(38.0) 143(36.2) 150(38.0) 145(36.7) 588(37.2) 0.938

Coronary heart disease 95(24.1) 96(24.3) 94(23.8) 93(23.5) 378(23.9) 0.995

Diabetes 82(20.8) 77(19.5) 88(22.3) 106(26.8) 353(22.3) 0.071

Cerebrovascular disease 58(14.7) 57(14.4) 57(14.4) 58(14.7) 230(14.6) 0.999

SBP 135(131,137) 135(130,138) 134(130,137) 134(130,137) 134(130,137) 0.306

DBP 94(83,106) 95(84,104) 93(84,104) 91(81,102) 93(83,104) 0.061

Mechanical ventilation 107(27.1) 100(25.3) 113(29.9) 159(40.3) 479(30.3) <0.001

APACHE II score on admission 22(19,24) 22(18,24) 22(19,26) 22(19,26) 0.004

HB 120(95,140) 121(99,139) 126(104,142) 121(94,138) 122(98,140) 0.053

Cr 74.50(56.00,116.60) 78.60(59.10,116.00) 76.40(59.20,118.00) 81.53(59.10,143.30) 77.90(58.53,124.43) 0.090

Alb 33.35(29.10,37.40) 34.30(30.00,37.80) 34.10(29.30,38.67) 33.72(29.30,37.46) 33.90(29.30,37.90) 0.186

CRP 20.18(6.25,65.81) 22.55(6.85,82.75) 29.65(8.52,76.35) 35.99(10.74,91.93) 26.89(8.13,77.20) <0.001

AECOPD 143(36.2) 132(33.4) 189(47.8) 229(58.0) 693(43.9) <0.001

ARF 126(31.9) 104(26.3) 152(38.5) 194(49.1) 576(36.5) <0.001

ICU mortality 21(5.3) 10(2.5) 16(4.1) 31(7.8) 78(4.9) 0.005

In hospital mortality 44(11.1) 23(5.8) 38(9.6) 60(15.2) 165(10.4) <0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; APACHE, acute physiology and chronic health exercise score; Hb, 
haemoglobin; Cr, creatinine; Alb, albumin; CRP, C-reactive protein; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; ARF, acute respiratory failure; 
ICU, intensive care unit.
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SHR Calculation and Grouping
SHR were calculated based on ABG and HBA1c at the time of the patient’s admission to the ICU. ABG was defined as 
the first available plasma glucose measurement within one day of admission. Calculation of HbA1c-adjusted glycemic 
variables HbA1c-adjusted glycemic variables were calculated as follows:22 a. ADAG= 1.59×HbA1c-2.59; b. SHR= ABG 
(mmol/L) /ADAG. Based on the quartiles of SHR (Q1-Q4), the study participants were divided into four groups: group 
Q1 (SHR≤0.76), Q2 (0.76<SHR≤0.98), Q3 (0.98<SHR≤1.50), and Q4 (SHR>1.50), with 395 cases in each group.

Definition of AECOPD
AECOPD is defined as an event characterized by increased dyspnea and/or cough and sputum that worsens in ≤14 days, 
which may be accompanied by tachypnea and/or tachycardia and is often associated with increased local and systemic 
inflammation caused by infection, pollution, or other insult to the airways.20

Definition of ARF
Acute respiratory failure (ARF) is defined as a decrease in oxygen saturation (<92%) on room air with severe respiratory 
distress or hypoxaemia (partial pressure of oxygen <60 mm Hg) and/or the need for invasive/non-invasive mechanical 
ventilation.23

Endpoints
The primary endpoint includes in-hospital mortality and ICU mortality. The secondary endpoint was AECOPD and ARF. 
All of the endpoints occurred after admitting to the ICU.

Statistical Analysis
Continuous variables conforming to a normal distribution are denoted by, and one-way ANOVA was used for comparison 
between multiple groups; continuous variables not conforming to normal distribution was expressed as M (P25, P75), and 
the non-parametric Kruskal–Wallis H-test was used for comparison between multiple groups; and categorical variables 
was described using frequency and constitutive ratios (%), and chi-square test was used for comparison between groups.

We calculated variance inflation factors (VIF) for all covariates (Table S1). Logistic regression analyses were 
performed to assess the association between SHR and risk of endpoint events. Tests for trend were calculated using 
the quartile number as a continuous variable. Spearman correlation was employed to assess the relationship between 
mortality and prognosis and the level of SHR as a continuous variable. Restricted cubic spline (RCS) modelling to assess 
the dose-response relationship between SHR and endpoint events. In addition, receiver operating characteristic (ROC) 
curves were plotted to assess the predictive utility of SHR for priority events (AECOPD, ARF, ICU mortality, and in- 
hospital mortality). Stratified analyses were performed to assess potential interactions, and subgroup analyses were 
presented via forest plots. Detailed descriptions of the statistical methods used can be found in the Supplementary 
Material. All analyses were performed in R software (version 4.1.0). P < 0.05 was used to indicate a statistically 
significant difference between the two sides.

Results
Comparison of Groups
A total of 2,054 patients were extracted from the present study and 474 patients were excluded due to lack of ABG or 
HBA1c data, resulting in a total of 1,580 patients included. Baseline characteristics are shown in Table 1. Figure S2 
provides comprehensive details of the SHR frequency distribution. The relationship between disease progression 
(AECOPD and ARF) and mortality (ICU mortality and in-hospital mortality) in patients with COPD and SHR is 
shown in Figures 1 and 2. To investigate the risk factors associated with the relationship between SHR levels and the 
duration of AECOPD, in-hospital all-cause mortality, and length of hospital stay, Pearson’s correlation analysis was 
performed (Table S2). In this analysis, AECOPD and ARF were found to be positively correlated with SHR levels, and 
ICU deaths and in-hospital deaths were not significantly correlated with SHR levels.
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SHR and Mortality
Table 2 shows the relationship between SHR and ICU mortality and in-hospital mortality. As a continuous variable, there 
was no statistically significant relationship between elevated SHR and ICU mortality and in-hospital mortality, with or 
without adjustment for confounders. However, the OR for in-hospital mortality for SHR greater than or equal to the median 
was 1.55 (95% CI, 1.11–2.18). In addition, the relationship between SHR quartiles and ICU mortality and in-hospital 
mortality was statistically significant only in terms of overall trends. We further found a significant dose-response 
relationship between SHR and ICU mortality and in-hospital mortality (P for nonlinear= 0.011 and P<0.001, Figure 3).

Figure 1 AECOPD and ARF according to the quartiles of SHR.

Figure 2 Incidence of ICU mortality and in-hospital mortality according to the quartiles of SHR.
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SHR and AECOPD/ARF
Table 3 shows the relationship between SHR and AECOPD and ARF. SHR is significantly and positively associated with 
the risk of AECOPD (per SD increase; OR, 2.28; 95% CI: 1.68–3.08) and ARF (per SD increase; OR, 2.18; 95% CI: 
1.42–3.35). Additionally, in the bivariate model, the OR for AECOPD was 2.61 (95% CI, 1.92–3.55) in the SHR greater 

Figure 3 Dose-response association between SHR and mortality in ICU COPD patients. (A) ICU mortality, (B) In-hospital mortality.

Table 2 The Relationship Between SHR and ICU Mortality and in-Hospital Mortality in Critically Ill COPD 
Patients

Exposure OR (95% CI), P-value

Crude Model  
(Model 1)

Minimally Adjusted Model  
(Model 2)

Fully Adjusted Model  
(Model 3)

ICU mortality
Continuous (per 1-SD increase) 1.40(0.93,2.13), 0.109 1.47(0.96,2.24), 0.074 1.46(0.95,2.26), 0.089

SHR median
<0.99 Reference Reference Reference

≥0.99 1.55(0.97,2.47), 0.065 1.63(1.01,2.61), 0.044 1.61(0.99,2.60), 0.053

SHR classification
Quartile 1 Reference Reference Reference

Quartile 2 0.46(0.22,1.00), 0.049 0.47(0.22,1.01), 0.053 0.47(0.22,1.02), 0.058

Quartile 3 0.75(0.39,1.46), 0.401 0.78(0.40,1.53), 0.471 0.78(0.39,1.53), 0.462
Quartile 4 1.52(0.86,2.69), 0.154 1.64(0.91,2.96), 0.098 1.65(0.91,3.01), 0.102

P 0.007 0.004 0.005

In-hospital mortality
SHR 1.34(0.99,1.81), 0.058 1.35(0.99,1.84), 0.054 1.34(0.98,1.84), 0.068

SHR median
<0.99 Reference Reference Reference

≥0.99 1.53(1.10,2.12), 0.011 1.55(1.11,2.17), 0.011 1.55(1.11,2.18), 0.011

SHR classification
Quartile 1 Reference Reference Reference

Quartile 2 0.49(0.29,0.83), 0.008 0.50(0.30,0.85), 0.010 0.52(0.30,0.88), 0.014

Quartile 3 0.85(0.54,1.34), 0.484 0.86(0.54,1.37), 0.534 0.88(0.55,1.41), 0.605
Quartile 4 1.43(0.94,2.17), 0.093 1.47(0.96,2.26), 0.077 1.50(0.97,2.32), 0.072

P <0.001 <0.001 <0.001

Notes: Model 1: Unadjusted. Model 2: Adjusted for age, sex, BMI, smoking, drinking, SBP, and DBP. Model 3: Further adjusted for 
hypertension, coronary heart disease, diabetes, cerebrovascular disease, mechanical ventilation, APACHE II score, Hb, Cr, Alb and CRP. 
Abbreviation: SHR, stress hyperglycemia ratio.
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than or equal to the median. Further, in the multivariate model, the OR for AECOPD was 2.28 (95% CI, 1.50–3.47) in the 
third quartile (Q3) and 2.51 (95% CI, 1.63–3.88) in the fourth quartile (Q4) to the first quartile (Q1). Outcomes for ARF 
remained robustly significant in the fully adjusted model. We further found a significant dose-response relationship 
between SHR with AECOPD and ARF (P for nonlinear= 0.011 and P<0.001, Figure 4).

Figure 4 Dose-response association between SHR and prognosis in critically ill patients with COPD. (A) AECOPD, (B) ARF.

Table 3 The Relationship Between SHR and AECOPD and ARF in Critically Ill COPD Patients

Exposure OR (95% CI), P-value

Crude Model  
(Model 1)

Minimally Adjusted Model  
(Model 2)

Fully Adjusted Model  
(Model 3)

AECOPD
Continuous (per 1-SD increase) 2.32(1.89,2.86), <0.001 2.26(1.82,2.80), <0.001 2.28(1.68,3.08), <0.001

SHR median

<0.99 Reference Reference Reference
≥0.99 2.10(1.72,2.58), <0.001 2.03(1.65,2.50), <0.001 2.61(1.92,3.55), <0.001

SHR classification

Quartile 1 Reference Reference Reference
Quartile 2 0.88(0.66,1.19), 0.411 0.91(0.68,1.22), 0.518 0.84(0.53,1.32), 0.45

Quartile 3 1.62(1.22,2.15), <0.001 1.60(1.20,2.14), 0.001 2.28(1.50,3.47), <0.001

Quartile 4 2.43(1.83,3.24), <0.001 2.36(1.76,3.17), <0.001 2.51(1.63,3.88), <0.001
P <0.001 <0.001 <0.001

ARF
Continuous (per 1-SD increase) 2.04(1.66,2.50), <0.001 2.07(1.67,2.56), <0.001 2.18(1.42,3.35), <0.001

SHR median

<0.99 Reference Reference Reference
≥0.99 1.90(1.54,2.34), <0.001 1.90(1.54,2.36), <0.001 3.98(2.41,6.59), <0.001

SHR classification

Quartile 1 Reference Reference Reference
Quartile 2 0.76(0.56,1.04), 0.085 0.16(0.80,1.09), 0.80 0.19(0.06,0.57), 0.003

Quartile 3 1.34(1.00,1.79), 0.053 1.37(1.02,1.85), 0.040 2.21(1.21,4.00), 0.009

Quartile 4 2.06(1.54,2.75), <0.001 2.13(1.58,2.87), <0.001 2.35(1.26,4.37), 0.007
P <0.001 <0.001 <0.001

Notes: Model 1: Unadjusted. Model 2: Adjusted for age, sex, BMI, smoking, drinking, SBP, and DBP. Model 3: Further adjusted for 
hypertension, coronary heart disease, diabetes, cerebrovascular disease, mechanical ventilation, APACHE II score, Hb, Cr, Alb and CRP. 
Abbreviation: SHR, stress hyperglycemia ratio.

International Journal of Chronic Obstructive Pulmonary Disease 2025:20                                                https://doi.org/10.2147/COPD.S520418                                                                                                                                                                                                                                                                                                                                                                                                   1209

Qiao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



ROC Analysis
To compare the superiority of the SHR with the traditional metrics ABG and HBA1c, we performed receiver operating 
characteristic curve (ROC) analyses. By calculating the area under the curve (AUC), we determined that the SHR 
predicted AECOPD with the largest AUC of 0.612. This predictive power was consistent for ARF, ICU mortality, and in- 
hospital mortality (Figure 5). These findings further emphasize the excellent predictive performance of the SHR.

Subgroup Analysis
To investigate the potential interaction of SHR and related factors on disease progression (AECOPD and ARF) and 
mortality (ICU mortality and in-hospital mortality), we further performed stratified analyses. The variables of sex, age, 
BMI, smoking, drinking, history of hypertension, history of coronary heart disease, history of diabetes, and history of 
cerebrovascular disease did not significantly alter the SHR and ICU mortality and in-hospital mortality (P>0.05 for 
interaction, Figure 6). We further performed stratified analyses to assess the relationship between SHR and disease 
progression (AECOPD and ARF) in each subgroup (Figure 7). However, no statistically significant interaction was 
observed.

Figure 5 Receiver operating characteristic (ROC) analysis of SHR, GAP, ABG, and HbA1c for predicting the prognosis of critically ill COPD patients. (A) AECOPD, (B) ARF, 
(C) ICU death, (D) In hospital death.
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Discussion
To the best of our knowledge, this is the first study to explore the relationship between SHR and clinical outcomes in COPD 
patients admitted to the ICU. The current study has two major findings. First, SHR is non-linearly associated with ICU 
mortality and in-hospital mortality. Second, among patients with CODP, those with high SHR were at higher risk of disease 
progression, specifically, higher incidence of AECOPD and ARF. Even after multiple sensitivity analyses and adjustment 
for multiple variables, the correlation between SHR and mortality and prognosis in COPD patients remained strong.

Figure 6 Stratified analyses of the association between SHR (per SD increment) and mortality in critically ill patients with COPD. (A) ICU mortality, (B) In-hospital mortality.

Figure 7 Stratified analyses of the association between SHR (per SD increment) and prognosis in critically ill patients with COPD. (A) AECOPD, (B) ARF.
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Previous studies have confirmed that critically ill COPD patients have a high glycaemic burden.24 79.0% of AECOPD 
patients experienced hyperglycaemia during hospitalization, and the prevalence of hyperglycaemia was as high as 89.0% 
in AECOPD patients treated with mechanical ventilation.13,25 And hyperglycaemia is a significant predictor of disease 
progression in COPD patients independently of diabetes, age and gender.26 Because the local glucose concentration in 
human airway secretions is extremely low, when the blood glucose concentration rises above the threshold of 6.7 to 
9.7 mmol/L, the glucose concentration in airway secretions rises by 1 to 11 mmol/L, and the high glucose state in the 
airway promotes the growth and reproduction of bacteria,27 which leads to respiratory tract infections, the innate immune 
function of the organism is disturbed, and the patient’s risk of adverse prognostic outcomes and death is Increased. 
According to Baker and colleagues, for every one mmol/L increase in blood glucose, there is a 15% increase in the risk 
of poor prognosis in patients with AECOPD.26 Therefore, the pre-existing state of stress hyperglycaemia needs to be 
taken into account when discussing the effect of hyperglycaemia on acute exacerbations in COPD patients.

SHR is a more effective quantitative indicator of stress hyperglycaemia than blood glucose levels in assessing the 
prognostic outcome of disease in critically ill patients.22 The SHR ratio, as a new biomarker, is able to accurately reflect 
changes in blood glucose levels in the presence of stress in the organism.28 Several previous studies have evaluated the 
relationship between SHR and clinical outcomes of different diseases. A meta-analysis involving 15,250 patients found 
that for every one unit increase in SHR, there was a 2.19-fold increase in the incidence of risk of death in patients with 
heart failure.29 In Japan, a multi-centre retrospective study suggest that SHR served as an independent predictor of in- 
hospital adverse cardiovascular events in patients with acute myocardial infarction.30 This indicates that SHR can be used 
as a valid biomarker for predicting adverse in-hospital clinical outcomes in critically ill populations. A large retrospective 
cohort study based on the MIMIC-IV database demonstrated that SHR was associated with increased 90-day mortality in 
patients with pulmonary hypertension in the ICU.31 A multi-centre cohort study similarly found that SHR was positively 
associated with clinical deterioration in idiopathic pulmonary arterial hypertension patients.32 The association seems to 
be partially mediated through the pathway of pulmonary vascular remodelling, suggesting that SHR may be a valuable 
indicator to provide information on the risk of respiratory disease progression.32 The present study explored the 
association between SHR and the risk of disease progression and mortality in COPD patients and concluded that SHR 
was an independent predictor of ICU mortality and in-hospital mortality in critically ill COPD patients.Elevated SHR 
was associated with an increased risk of AECOPD and ARF. Therefore, SHR is expected to be a new risk factor for early 
risk stratification of critically ill COPD patients.

Several potential mechanisms could explain the observed association between SHR and increased risk of disease 
progression and poor prognosis in critically ill COPD patients. First, oxidative stress and inflammation are key factors in 
COPD progression. In response to critically ill COPD patients, glucose levels increase rapidly in response to intracellular 
oxidative stress, which promotes the release of pro-inflammatory cytokines, such as tumour necrosis factor-alpha (TNF- 
alpha) and interleukin (IL-6), and exacerbates the body’s inflammatory response.33 Studies have shown that under stress, 
mediated by the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system, the organism’s blood glucose 
level in critically ill COPD patients temporarily increases, leading to exacerbation of respiratory infections and 
a significant increase in the incidence of AECOPD.34 The incidence of stress hyperglycaemia in critically ill patients 
has been reported to be about 43% to 50%,35 with 89% of COPD patients experiencing hyperglycaemia during disease 
exacerbation.36 Secondly, hyperglycaemia leads to disturbances in glucose metabolism and lipid metabolism, and an 
increase in the production of ketone bodies with acidic metabolites may exacerbate hypoxia and pulmonary impairment, 
ultimately leading to the development of AECOPD.37 In acute exacerbation of COPD, there is often a sharp decrease in 
lung function, and severe dyspnoea may lead to hypoxaemia, which may affect the body’s energy metabolism, prompting 
the body to rely on the glycolytic pathway to produce energy, further exacerbating the disorders of glucose metabolism in 
the body.38 The two promote and influence each other. This also suggests that SHR is a therapeutic target to alleviate the 
poor prognosis of critically ill COPD patients.

The present study pioneered the investigation of the relationship between SHR and disease progression and poor 
prognosis in critically ill COPD patients. Our study has several strengths, including a large sample size, consistent data 
collection methods, and comprehensive information on potential confounders. While these results are compelling, it is 
imperative to recognize the limits of observational data in establishing causation. First, all baseline characteristics were 
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obtained within 24 hours of ICU admission, and there is a lack of data on dynamic changes in SHR during hospitaliza
tion, requiring more in-depth investigation with larger sample sizes and longitudinal prospective studies to provide 
additional evidence for clinical diagnosis. Second, although we adjusted for a variety of known confounders, we were 
unable to exclude all potential confounders that may affect COPD, such as heritage factors. Third, the study failed to 
collect data from participants receiving glucose-lowering therapy and using medications that affect blood glucose 
concentrations, and therefore could not assess any other relationship between SHR and glucose-lowering therapy in 
patients with COPD. Finally, given that our study was limited to a Chinese population, caution is needed in generalizing 
these findings to other populations. Therefore, we hope to include a more diverse population and more comprehensive 
data in future studies to further consolidate and validate these findings.

Conclusion
The present study demonstrated that SHR was independently associated with an increased risk of AEOCOPD, ARF, ICU 
mortality and in-hospital mortality in critically ill COPD patients after adjusting for confounders. SHR can be used for 
prognostic prediction and risk stratification in critically ill patients with COPD. In the future, prospective cohort studies 
can be conducted to gain insights into the effects of changes in body glucose metabolism on disease progression and risk 
of death in critically ill patients with COPD under stress, so as to provide more effective guidance and strategies for the 
prevention and management of respiratory diseases.
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