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Abstract: Acute hyperglycemia is a common finding in patients presenting to emergency 

departments (EDs) with acute exacerbation of chronic obstructive pulmonary disease (AECOPD). 

Several studies have argued against the association between hyperglycemia at admission and 

adverse outcomes in patients with diabetes and an acute illness. Recent studies have shown 

that glucose-related variables (eg, glycemic gaps and stress hyperglycemia ratios) that are 

adjusted for glycated hemoglobin levels can indicate the severity of a variety of diseases. The 

objective of this study was to assess whether these hemoglobin A1c (HbA1c)-based adjusted 

average glycemic variables were associated with unfavorable outcomes in patients admitted 

to a hospital with AECOPD. We found that 1) pulmonary infection is a major risk factor for 

AECOPD; 2) a higher glycemic gap and modified stress hyperglycemia ratio were associated 

with the development of acute respiratory failure (ARF) in patients with diabetes admitted 

to an ED because of AECOPD; and 3) the glycemic gap and modified stress hyperglycemia 

ratio had superior discriminative power over acute hyperglycemia and HbA1c for predicting 

the development of ARF, although the HbA1c-adjusted glycemic variables alone were not 

independent risk factors for ARF.

Keywords: chronic obstructive pulmonary disease, diabetes mellitus, acute respiratory failure, 

glycated hemoglobin, hyperglycemia, glycemic gap, stress hyperglycemia ratio

Introduction
Approximately 10% of patients with diabetes mellitus (DM) have concomitant chronic 

obstructive lung disease (COPD),1,2 and hyperglycemia occurs in 89% of patients 

with COPD during acute respiratory failure (ARF) requiring mechanical ventilation. 

One of the most important risk factors for hyperglycemia is a premorbid diagnosis 

of DM.3,4 Patients with DM and acute exacerbation of COPD (AECOPD) frequently 

(50%–80% of patients) presented with hyperglycemia during their hospital stay and 

experienced longer hospital stays and higher mortality rates compared with patients 

without DM.5 Stress-induced hyperglycemia (SIH) is common in patients with criti-

cal illnesses.6 SIH is attributed to the presence of excess levels of counter-regulatory 

hormones and anti-inflammatory cytokines and increased gluconeogenesis and hepatic 

insulin resistance.7,8 Hypoxia acutely causes glucose intolerance, and a factor that likely 

mediates this effect is an elevated release of epinephrine.9 Recent evidence suggests 

that DM can worsen the progression and prognosis of COPD because of the direct 

effects of hyperglycemia on lung physiology, inflammation, or bacterial infection 
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susceptibility.10 Although acute hyperglycemia is generally 

believed to promote worse outcomes in a variety of acute 

illnesses, studies have reported inconsistent results regarding 

the correlation between hyperglycemia and adverse outcomes 

in acutely ill patients with pre-existing DM.

Recent studies have shown that several hemoglobin 

A1c (HbA1c)-adjusted glycemic variables, including an 

elevated glycemic gap and the stress hyperglycemia ratio, 

which controls baseline blood glucose levels, are better 

biomarkers for identifying patients at a higher risk of certain 

critical illnesses.11–15 Nonetheless, few studies have applied 

HbA1c-based glycemic variables to assess disease severity 

and outcomes in patients with DM and AECOPD. We hypoth-

esize that HbA1c-based adjustments of acute hyperglycemia-

related variables are associated with the severity of AECOPD. 

The aim of the present study was to explore whether three 

HbA1c-based adjustments of hyperglycemia-related variables 

were correlated with adverse outcomes in patients presenting 

to an emergency department (ED) with AECOPD.

Materials and methods
Patients
We conducted a retrospective observational study of consecu-

tive patients admitted for COPD between January 1, 2013, 

and November 31, 2015. The institutional review board for 

human investigations of a tertiary referral medical center (the 

Tri-Service General Hospital in this study) approved this study 

and waived the requirement for informed consent because the 

medical records were de-identified, and the study was retro-

spective in nature. The methods were in accordance with the 

approved guidelines. Patients with COPD were identified by 

searching for the International Classification of Diseases (9th 

revision) codes 490–492, 494, and 496. The identified patients 

were then manually reviewed to select only those patients with 

COPD who also had blood glucose level data from their initial 

presentation and HbA1c level data within 1 month before or 

immediately after their admission. Patients were excluded if 

they were younger than 18 years old, had incomplete data, pre-

sented with hypoglycemia (blood glucose ,70 mg/dL), were 

diagnosed with diabetic ketoacidosis or a hyperosmolar hyper-

glycemic state, received a blood transfusion, or had obvious 

patch opacity on their chest radiography. We retrospectively 

collected patients’ medical records to determine age, gender, 

underlying comorbidities (including coronary artery diseases, 

chronic kidney disease, congestive heart failure, cerebrovascu-

lar accident, and malignancy), and laboratory data, including 

the blood glucose level upon initial presentation, the HbA1c 

level (measured within 1 month before or after admission), 

and the duration of the hospital stay. Smoking was defined 

as ever-smoking. DM was considered present if a patient had 

been discharged from a hospital with a diagnosis of type 1 

or type 2 DM, had at least one prescription for insulin or an 

oral antidiabetic agent, and/or had an HbA1c level of 6.5% 

in the preceding 2 months. AECOPD was defined as an acute 

change in symptoms from baseline dyspnea, coughing, and/or 

sputum production that was beyond normal day-to-day varia-

tion. All the medical records were reviewed retrospectively to 

establish classifications of COPD using the Global Initiative 

for Chronic Obstructive Lung Disease (GOLD) guidelines. 

We retrospectively assessed the symptoms, degree of airflow 

limitation, and risk of exacerbations to classify the patients 

into GOLD A, B, C, and D categories. The patients were 

further classified into two groups: patients in the GOLD C 

and D categories, who were considered the high-risk group, 

and patients in the GOLD A and B categories, who were clas-

sified as the low-risk group. Patients who were treated with 

antibiotics because of the presence of purulent sputum during 

an exacerbation were considered to have a pulmonary infec-

tion.16 ARF was defined as severe dyspnea, respiratory distress, 

hypoxemia (arterial oxygen partial pressure ,60 mmHg), or 

hypercapnia (arterial carbon dioxide partial pressure .60 

mmHg) on room air, or a requirement of noninvasive or 

invasive mechanical ventilation.

Determination of the blood glucose 
levels and HbA1c-based adjusted 
glycemic variables
The blood glucose level on admission was defined as the 

level determined within 20 minutes after admission to the 

ED with AECOPD. HbA1c assays were performed using a 

high-performance liquid chromatography system (Primus 

CLC 385; Primus Corporation, Kansas City, MO, USA) in 

the central laboratory. The following formula was used to 

convert HbA1c levels to the estimated A1c-derived average 

glucose (ADAG) levels: 28.7× HbA1c - 46.7.17 The glycemic 

gap, which represents changes in blood glucose levels during 

the index event, was calculated from the glucose level at ED 

admission minus the ADAG level. The stress hyperglycemia 

ratio was calculated from the blood glucose level at ED 

admission divided by the ADAG level,15 whereas the modi-

fied stress hyperglycemia ratio was the blood glucose level 

at ED admission divided by the HbA1c value.

Statistical analysis
Continuous data are expressed as the mean ± standard devia-

tion and were analyzed using a two-tailed Student’s t-test. 

Categorical data are expressed as frequencies (%) and were 

evaluated using the chi-square or Fisher’s exact test. A one-way 
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analysis of variance was used to assess the significance of 

various characteristics, laboratory data, and adverse out-

comes. A post hoc analysis was performed using the Bonfer-

roni test. The correlations between the HbA1c-based adjusted 

glycemic variables and COPD classification were evalu-

ated using the Spearman’s rank correlation coefficient (r). 

A receiver–operator characteristic (ROC) curve was plotted 

to analyze the discriminative power of the predictive tools, 

and the area under the ROC (AUROC) curve and its 95% 

confidence interval were than calculated. Univariable and 

multivariable regression analyses were performed to identify 

the risk factors associated with the development of adverse 

outcomes. Variables with P-values ,0.05 in the univariable 

analysis were included in the multivariable regression analy-

sis. The data were analyzed using the Statistical Package for 

the Social Sciences version 22.0 statistical software (SPSS, 

Inc., Chicago, IL, USA) and MedCalc statistical software 

(MedCalc Software, Ostend, Belgium), and differences with 

P-values ,0.05 were considered statistically significant.

Results
Demographic data and clinical outcomes
We initially identified 302 patients with DM who presented 

to the ED with AECOPD. Patients were excluded because of 

incomplete data (n=27), hypoglycemia (n=11), and diabetic 

ketoacidosis or a hyperosmolar hyperglycemic state (n=13). 

Incomplete data were mainly related to a lack of ordered 

HbA1c levels (n=16). We enrolled 251 patients after the 

chart review. The demographic data and AECOPD-related 

clinical features of the enrolled patients are shown in Table 1. 

As expected, compared with the patients in the high-risk 

COPD group, the patients in the low-risk COPD group had 

significantly lower glycemic gaps and modified stress hyper-

glycemia ratios, indicating a lower degree of SIH, but did not 

have lower stress hyperglycemia ratios (Table 2). Compared 

with patients who did not present with ARF, patients with 

ARF had a significantly higher prevalence of corticosteroid 

use, exhibited concurrent pulmonary infections, and had 

higher glycemic gaps, higher stress hyperglycemia ratios, 

and longer hospital stays (Table 3).

Association among acute hyperglycemia, 
HbA1c-based adjusted glycemic variables, 
and AECOPD
The associations among the glycemic gap, stress hypergly-

cemia ratio, modified stress hyperglycemia ratio, and COPD 

classification are shown in Figure 1. These three HbA1c-

based adjusted glycemic variables were significantly and 

positively correlated with the COPD severity classification. 

As shown in Table 4, a multivariable regression analysis 

revealed that pulmonary infection was the major determi-

nant for the development of ARF. HbA1c-based adjusted 

glycemic variables were not independent risk factors for 

the development of ARF. Compared with the blood glucose 

level at admission (0.550, 95% CI: 0.486–0.612), the gly-

cemic gap, stress hyperglycemia ratio, and modified stress 

Table 1 Characteristics of the enrolled patients

Characteristic N=251

Age (years) 76.0±12.6
Gender (male) 211 (84.1%)
Corticosteroid use 101 (40.2%)
Congestive heart failure 44 (17.5%)
Coronary artery disease 85 (33.9%)
High-risk group 179 (71.3%)
Malignancy 32 (12.7%)
Cerebrovascular accident 39 (15.5%)
Pulmonary infection 84 (33.5%)
Chronic kidney disease 60 (23.9%)
Smoking 214 (85.3%)
Blood glucose at admission, mg/dL 225.9±148.6
Hemoglobin A1c, % 7.9±2.1
Glycemic gap, mg/dL 45.9±123.3
Stress hyperglycemic ratio 1.3±1.4
Modified stress hyperglycemia ratio 277.2±14.1
Acute respiratory failure 35 (13.9%)
Hospital stay (days) 9.4±13.1

Note: Data presented as mean ± SD or n (%).

Table 2 Comparison of patients who were admitted to the ED 
with AECOPD in the low- or high-risk groups

Variable High-risk 
(n=179)

Low-risk 
(n=72)

P-value

Age (years) 75.9±12.4 76.2±13.1 0.87
Gender (male) 155 (86.6%) 56 (77.8%) 0.08
Chronic steroid use 89 (49.7%) 12 (16.7%) ,0.01*
Congestive heart failure 31 (17.3%) 13 (11.1%) 0.89
Coronary artery disease 58 (32.4%) 27 (37.5%) 0.44
Cerebrovascular accident 27 (15.1%) 12 (16.7%) 0.75
Malignancy 21 (11.7%) 11 (15.3%) 0.45
Pulmonary infection 58 (32.6%) 26 (36.1%) 0.59
Chronic kidney disease 45 (25.1%) 15 (20.8%) 0.47
Smoking 160 (89.4%) 54 (75.0%) ,0.01*
Blood glucose at 
admission, mg/dL

244.0±160.3 181.0±102.2 ,0.01*

Hemoglobin A1c, % 8.1±2.0 7.5±2.1 0.03*
Glycemic gap, mg/dL 58.8±133.0 13.7±87.6 ,0.01*
Stress hyperglycemia ratio 1.4±1.6 1.1±0.5 0.11
Modified stress 
hyperglycemia ratio

29.2±14.8 24.1±11.5 ,0.01*

Acute respiratory failure 31 (17.3%) 4 (5.6%) 0.02*
Hospital stay (days) 9.8±10.0 8.4±18.8 0.42

Notes: Data presented as mean ± SD or n (%). *P,0.05.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease; ED, emergency department.
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hyperglycemia ratio had greater AUROC values (AUROC: 

0.612, 95% CI: 0.548–0.672, P=0.02; AUROC: 0.610 95% 

CI: 0.550–0.673, P=0.01; and AUROC: 0.612, 95% CI: 

0.549–0.673, P=0.01, respectively) for the development of 

ARF in the pairwise comparison (Figure 2).

Association between corticosteroid use 
and chronic blood glucose control
As shown in Table 5, corticosteroid use was not associated with 

significant changes in blood glucose control (corticosteroid 

users vs non-corticosteroid users: 7.8%±1.7% vs 7.9±2.3, 

P=0.843). To further decipher the association among blood 

glucose, corticosteroid use, and ARF development, we reclas-

sified the patients and found that the HbA1c-based glycemic 

variables were significantly different in patients with and 

without ARF who were also corticosteroid users, whereas these 

variables were not significantly different in patients with and 

without ARF who were not corticosteroid users (Figure 3).

As shown in Table 6, corticosteroid users were signifi-

cantly more prevalent in the high-risk COPD group, showed 

a greater likelihood of developing coronary artery disease, 

and were more likely to smoke than non-corticosteroid users. 

However, significant differences were not observed in HbA1c 

levels, acute hyperglycemia, and HbA1c-based adjusted 

glycemic variables between these two groups. As shown in 

Table 7, there were statistically significant differences regard-

ing glycemic gaps and stress hyperglycemia ratios related 

to the association between HbA1c-based adjusted glycemic 

variables and chronic blood glucose control.

Discussion
The major findings of the present study are as follows: 

1) pulmonary infection is the major risk factor for AECOPD; 

2) a higher glycemic gap and modified stress hyperglyce-

mia ratio were associated with the development of ARF in 

patients with DM admitted to the ED because of AECOPD; 

3) the glycemic gap and modified stress hyperglycemia ratio 

had superior discriminative power relative to that of acute 

hyperglycemia and HbA1c for predicting the development 

of ARF, although the HbA1c-adjusted glycemic variables 

alone were not independent risk factors for ARF; and 

4) corticosteroid use did not significantly increase HbA1c 

levels, the values of HbA1c-derived variables, or the devel-

opment of acute hyperglycemia.

DM is a risk factor for AECOPD.18 Patients with DM and 

AECOPD frequently (50%–80% of patients) presented with 

hyperglycemia during their hospital stay and experienced 

longer hospital stays and higher mortality rates than patients 

without DM.19,20 Hyperglycemia could have adverse effects 

on the lungs because it can promote the glycosylation of 

connective tissues, a decline in pulmonary elastic recoil, 

Table 3 Comparison of patients who were admitted to the ED 
with AECOPD with or without ARF

Variable ARF (n=35) No ARF (n=216) P-value

Age (years) 77.5±11.6 75.8±12.8 0.46
Gender (male) 29 (82.9%) 182 (84.3%) 0.83
Corticosteroid use 19 (54.3%) 82 (38.0%) 0.07
Congestive heart failure 8 (22.9%) 36 (16.7%) 0.37
Coronary artery disease 15 (42.9%) 70 (32.4%) 0.23
Malignancy 3 (8.6%) 29 (13.4%) 0.42
Cerebrovascular accident 4 (11.4%) 35 (16.2%) 0.47
Pulmonary infection 18 (51.4%) 66 (30.7%) 0.02*
Chronic kidney disease 6 (17.1%) 54 (25.0%) 0.31
Smoking 32 (91.4%) 182 (84.3%) 0.27
Blood glucose at 
admission, mg/dL

246.9±179.6 222.6±143.2 0.37

Hemoglobin A1c, % 7.3±1.3 8.0±2.1 0.06
Glycemic gap, mg/dL 84.3±115.7 39.7±115.7 0.05*
Stress hyperglycemia ratio 1.5±0.8 1.3±1.4 0.22
Modified stress 
hyperglycemia ratio

32.8±17.7 26.9±13.3 0.02*

Hospital stay (days) 18.3±17.0 8.0±11.8 ,0.01*

Notes: Data presented as mean ± SD or n (%). *P,0.05.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease; ARF, acute respiratory failure; ED, emergency department.

Figure 1 Glycemic gaps, stress hyperglycemia ratios, modified stress hyperglycemia ratios, and COPD classifications.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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weakness, and/or inflammation in respiratory muscles, and a 

susceptibility to bacterial infection.21–24 SIH could be attrib-

uted to the presence of excess levels of counter-regulatory 

hormones and inflammatory cytokines and to increases in 

gluconeogenesis and hepatic insulin resistance.6,7,25 Because 

the severity of SIH is positively correlated with disease 

severity, SIH could be used to predict the outcomes of criti-

cally ill patients. Acute fluctuations in blood glucose levels 

generally reflect disease severity; however, blood glucose 

levels measured during acute events could reflect either 

chronic blood glucose control, acute fluctuations in blood 

glucose, or both in patients with DM. In investigations of the 

association between SIH and adverse outcomes in AECOPD 

patients, the complex and confounding effects of corticos-

teroid use should also be further considered. Therefore, SIH 

itself should be clarified and redefined, specifically in patients 

with DM. HbA1c levels are characterized by lower biological 

variability, and they are relatively unaffected by acute stress. 

Thus, the possible influence of long-term glycemic control 

on disease severity or outcome could be controlled by 

using HbA1c-based adjustments. A history of DM but not 

hyperglycemia impacts the long-term mortality associated 

with AECOPD.26 Our previous work showed an association 

between elevated glycemic gaps and adverse outcomes in 

patients with DM presenting with liver abscesses, community- 

acquired pneumonia, and acute myocardial infarction, as 

well as the outcomes of critically ill patients who were 

admitted to intensive care units (ICUs).11–14 Consistent with 

Table 4 Univariable and multivariable regression analyses for developing ARF

Variable Univariable Multivariable

HR (95% CI) P-value Model 1

Variable HR (95% CI) P-value

Age 1.011 (0.981–1.042) 0.46 Age 1.013 (0.980–1.046) 0.45
Gender (male) 1.108 (0.427–2.870) 0.83 Gender (male) 1.032 (0.371–2.872) 0.95
Corticosteroid use 1.941 (0.945–3.985) 0.07 High-risk group 2.918 (0.935–9.106) 0.07
Congestive heart failure 1.481 (0.623–3.523) 0.37 Pulmonary infection 2.482 (1.164–5.295) 0.02*
Coronary artery disease 1.564 (0.756–3.238) 0.23 Glycemic gap 1.002 (0.999–1.005) 0.12
High-risk group 3.561 (1.209–10.487) 0.02*
Malignancy 0.605 (0.174–2.102) 0.42
Cerebrovascular accident 0.667 (0.222–2.009) 0.47
Pulmonary infection 2.390 (1.160–4.928) 0.02*
Chronic kidney disease 0.621 (0.245–1.575) 0.31 Model 2
Smoking 1.993 (0.577–6.878) 0.27 Variable HR (95% CI) P-value
Blood glucose at admission 1.001 (0.999–1.003) 0.37 Age 1.012 (0.980–1.046) 0.46
Hemoglobin A1c, % 0.811 (0.650–1.001) 0.06 Gender (male) 1.013 (0.363–2.824) 0.98
Glycemic gap 1.003 (1.000–1.005) 0.05* High-risk group 2.910 (0.933–9.075) 0.07
Stress hyperglycemia ratio 1.078 (0.886–1.311) 0.45 Pulmonary infection 2.507 (1.175–5.348) 0.02*
Modified stress 
hyperglycemia ratio

1.026 (1.003–1.050) 0.03* Modified stress 
hyperglycemia ratio

1.023 (0.999–1.048) 0.06

Notes: *P,0.05. Multivariable analysis included all variables with P-values ,0.05 from the univariable analysis, age and gender. Model 1: incorporating glycemic gap; model 2: 
incorporating modified stress hyperglycemia ratio into multivariable analysis.
Abbreviations: ARF, acute respiratory failure; CI, confidence interval; HR, hazard ratio.

Figure 2 ROC of acute hyperglycemia, HbA1c level, glycemic gap, stress 
hyperglycemia ratio, modified stress hyperglycemia ratio, and acute respiratory 
failure development in patients presenting to the ED with AECOPD.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease; AUC, area under the curve; CI, confidence interval; ED, emergency 
department; HbA1c, hemoglobin A1c; ROC, receiver–operator characteristic.
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these results, we again found that elevated glycemic gaps 

and modified stress hyperglycemia ratios were associated 

with the development of ARF in patients with DM during 

AECOPD. Although the discriminative power of the glyce-

mic gap and stress hyperglycemia ratio for predicting the 

development of ARF in AECOPD patients was limited, we 

propose that HbA1c-adjusted glycemic variables rather than 

acute hyperglycemia and HbA1c levels alone should be used 

as an indicator of disease severity in patients with DM.

A multivariable regression analysis showed that pulmo-

nary infection rather than HbA1c-based adjusted glycemic 

variables was the major determinant for the development 

Figure 3 Effects of corticosteroid use on acute hyperglycemia, HbA1c levels, glycemic gaps, stress hyperglycemia ratios, and modified stress hyperglycemia ratios in patients 
who were admitted to the ED with AECOPD.
Note: *P,0.05.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; ED, emergency department; HbA1c, hemoglobin A1c.

Table 5 Comparison of the characteristics of patients with AECOPD during chronic corticosteroid use with or without the 
development of ARF

Variable Corticosteroid users Non-corticosteroid users

ARF (n=19) No ARF (n=82) P-value ARF (n=16)  No ARF (n=134) P-value

Age (years) 76.7±12.5 75.2±12.4 0.62 78.3±10.7 76.1±13.0 0.52
Gender (male) 14 (73.7%) 71 (86.6%) 0.17 15 (93.8%) 111 (88.1%) 0.26
Congestive heart failure 4 (21.1%) 18 (22.0%) 0.93 4 (25.0%) 18 (13.4%) 0.22
Coronary artery disease 6 (31.6%) 21 (25.6%) 0.60 9 (56.3%) 49 (36.6%) 0.13
High-risk group 19 (100%) 70 (78.7%) 0.08 12 (75.0%) 78 (58.2%) 0.20
Malignancy 2 (10.5%) 12 (14.6%) 0.64 1 (6.3%) 17 (12.7%) 0.45
Cerebrovascular accident 2 (10.5%) 9 (11.0%) 0.96 2 (12.5%) 26 (19.4%) 0.50
Pulmonary infection 8 (42.1%) 21 (25.6%) 0.15 10 (62.5%) 45 (33.8%) 0.03*
Chronic kidney disease 2 (20.5%) 24 (29.3%) 0.09 4 (25.0%) 20 (22.4%) 0.81
Smoking 18 (94.7%) 74 (90.2%) 0.56 14 (87.5%) 108 (80.6%) 0.50
Blood glucose at admission, mg/dL 203.9±87.5 242.6±142.1 0.49 298.0±242.4 219.4±144.3 0.22
Hemoglobin A1c, % 7.1±1.1 8.1±1.8 0.02* 7.6±1.6 8.0±2.4 0.49
Glycemic gap, mg/dL 47.4±97.4 42.1±121.9 0.86 128.0±205.7 38.2±121.1 0.01*
Stress hyperglycemia ratio 1.4±0.7 1.2±0.6 0.30 1.6±0.85 1.3±0.8 0.52
Modified stress hyperglycemia ratio 29.6±14.1 27.4±13.8 0.53 36.5±21.0 26.6±13.1 0.01*
Hospital stay (days) 19.7±11.9 8.7±17.5 0.02* 17.9±22.0 7.5±6.3 ,0.01*

Notes: Data presented as mean ± SD or n (%). *P0.05.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; ARF, acute respiratory failure.
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of ARF in DM patients during AECOPD. Our results also 

showed that those HbA1c-based adjusted glycemic variables 

could reflect the occurrence of an ARF. However, those 

HbA1c-based adjusted glycemic variables are not inde-

pendent risk factors for developing ARF in patients with 

DM during AECOPD, whereas pulmonary infection is an 

independent risk factor. A previous study reported that the 

susceptibility to bacterial infection could represent a life-

threatening complication associated with hyperglycemia 

in COPD patients with DM,27 and this result is consistent 

with our finding that pulmonary infection is a cardinal risk 

factor for the development of ARF. Indeed, our previous 

study showed that patients with an elevated glycemic gap 

had an odds ratio of 3.84 for the incidence of combined 

adverse outcomes. The incorporation of the glycemic gap 

into existing pneumonia severity scores could increase the 

discriminative performance for predicting the development 

of adverse outcomes.11

Inhaled or systemic corticosteroid therapy is a factor that 

potentially affects the glycemic profile. Systemic corticos-

teroid therapy is frequently applied to patients in high-risk 

COPD groups or during AECOPD to shorten the recovery 

time, improve pulmonary function and oxygenation, reduce 

the risk of early relapse and treatment failure, and decrease 

the length of the hospital stay.16,28 However, whether corti-

costeroid therapy is associated with hyperglycemia in patients 

with DM during AECOPD remains controversial. Although 

studies have indicated that corticosteroid therapy increases 

the risk of hyperglycemia in all individuals with an under-

lying respiratory disease,29,30 other studies have argued that 

corticosteroid treatment does not have a significant effect on 

the HbA1c levels in patients with DM and AECOPD.31,32 As 

expected, we also found that patients in the high-risk COPD 

group had a higher rate of developing ARF and were more 

likely to use corticosteroids.33 However, the use of corticos-

teroids should not significantly elevate the blood glucose 

levels in patients with DM. Another noteworthy finding is 

that corticosteroid users had a higher rate of coronary artery 

disease. One study indicated that treatment with high-dose 

glucocorticoids (daily dose .7.5 mg of prednisolone equiva-

lent) appeared to be associated with an increased risk for 

cardiovascular disease. The adverse effects of corticosteroids 

on cardiovascular risk factors might be related to their effects 

on blood pressure, blood glucose levels, and lipid profile 

control and comorbidities.34

When estimating SIH, we suggest that chronic blood 

glucose control and any other factor that might influence 

physiological stress, such as corticosteroid use, should be 

considered in addition to absolute blood glucose levels. 

We further analyzed the associations among blood glu-

cose levels, corticosteroid use, and ARF development. 

Corticosteroid-using patients who developed ARF had sig-

nificantly lower HbA1c levels and longer hospital stays than  

non-corticosteroid-using patients, whereas non-corticosteroid-

using patients who developed ARF had significantly higher 

glycemic gaps and modified stress hyperglycemia ratios, 

higher risks of pulmonary infection, and longer hospital stays 

than corticosteroid-using patients. It is worth noting that in 

Table 6 Comparison of the characteristics of corticosteroid 
users versus non-corticosteroid users among AECOPD patients

Variable Corticosteroid 
users, (n=101)

Non-corticosteroid 
users, (n=150)

P-value

Age (years) 75.5±12.3 76.3±12.8 0.95
Gender (male) 85 (84.2%) 126 (84.0%) 0.97
Congestive 
heart failure

22 (21.8%) 22 (14.7%) 0.15

Coronary 
artery disease

27 (26.7%) 58 (38.7%) 0.05*

High-risk group 89 (88.1%) 90 (60.0%) ,0.01*
Malignancy 14 (13.9%) 17 (12.7%) 0.67
Cerebrovascular 
accident

11 (10.9%) 28 (18.7%) 0.10

Pulmonary infection 29 (28.7%) 76.3±12.8 0.19
Chronic 
kidney disease

26 (25.7%) 34 (22.7%) 0.58

Smoking 92 (91.1%) 122 (81.3%) 0.03*
Blood glucose at 
admission, mg/dL

223.2±113.5 227.8±158.4 0.81

Hemoglobin A1c, % 7.9±1.7 7.9±2.3 0.84
Glycemic gap, mg/dL 43.1±117.3 47.8±127.5 0.77
Stress 
hyperglycemia ratio

1.2±0.6 1.3±1.7 0.49

Modified stress 
hyperglycemia ratio

27.6±13.8 27.6±14.4 0.91

Acute 
respiratory failure

19 (18.8%) 16 (10.7%) 0.19

Hospital stay (days) 10.5±17.0 8.6±9.7 0.26
Mortality 2 (2.0%) 4 (2.7%) 0.73

Notes: Data presented as mean ± SD or n (%). *P,0.05.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease.

Table 7 The association between HbA1c-based adjusted 
glycemic variables and chronic blood glucose control

Variable HbA1c 
,7%, 
(n=100)

7%# HbA1c 
,9%, 
(n=92)

HbA1c 
$9%, 
(n=59)

P-value

Glycemic gap 23.8±76.7 35.6±101.0 99.3±188.5 ,0.01*
Stress 
hyperglycemia ratio

1.2±0.6 1.2±0.6 1.4±0.7 0.10

Modified stress 
hyperglycemia ratio

24.6±12.2 27.5±12.8 33.4±17.2 ,0.01*

Notes: Data presented as mean ± SD. *P,0.05. 
Abbreviation: HbA1c, hemoglobin A1c.
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corticosteroid users, these HbA1c-based adjusted glycemic 

variables were not significantly different between patients 

with and without ARF. In addition, lower HbA1c levels were 

observed in patients with ARF and patients in the high-risk 

group. Although these findings might seem counterintuitive, 

they were consistent with the proposed “diabetes paradox,” 

in which glycemic control is not independently associated 

with illness severity in critically ill patients with DM.35,36 

Previous studies have shown that in patients with high (.9%) 

levels of HbA1c, there was an inverse relationship between 

glycemic control and mortality – higher blood glucose levels 

during ICU stays were associated with lower mortality 

even after adjusting for possible confounding factors.36,37 

Although patients who were classified as being at high risk 

had significantly higher HbA1c levels, glycemic gaps, and 

modified stress hyperglycemia ratios, patients who developed 

ARF showed a trend toward lower HbA1c levels but still 

had significantly higher glycemic gaps and modified stress 

hyperglycemia ratios. The possible adverse consequences 

regarding more stringent glycemic control in patients with 

DM have been further illustrated in the Action in Diabetes 

and Vascular Diseases: Preterax and Diamicron Modified 

Release Controlled Evaluation (ADVANCE) and Action 

to Control Cardiovascular Risk in Diabetes (ACCORD) 

studies.38,39 Several hypothetical reasons have been proposed 

to explain the lack of an association between HbA1c levels 

and patient outcomes, including physiological and cellular 

readjustments in response to hyperglycemia and the potential 

effects of hypoglycemia.40 Hypoglycemia increases platelet 

aggregation and fibrinogen formation, which may accelerate 

vascular damage in the lung and thereby result in a higher risk 

for in-hospital complications and longer hospitalizations.41–43 

In addition to chronic blood glucose control, hypoglycemia 

and glycemic variability are also independent factors for 

mortality in critically ill patients.36 A previous study also 

revealed that HbA1c levels lower than 6.0% and higher 

than 10% were associated with an increased risk of COPD 

in patients with type 2 DM.32 Systemic corticosteroid admin-

istration may suppress inflammation, alleviate endogenous 

stress, and hinder subsequent SIH. These effects may explain 

why glycemic gaps and stress hyperglycemia ratios were 

not significantly different among the corticosteroid users 

and indicated diminished physiological stress because of 

AECOPD. Another relevant issue is that elevated blood 

HbA1c levels lead to an overestimation of SaO
2
 based on 

SpO
2
, suggesting that arterial blood gas analysis may be 

needed for assessing type 2 DM patients with poor glycemic 

control during the treatment of hypoxemia.44

Limitations
Our study has several limitations. First, it was a retrospec-

tive study; therefore, it may have been subject to selection 

bias. Second, the adequacy of acute glycemic control during 

hospitalization might have influenced the outcomes. We did 

not specifically address treatments regarding DM manage-

ment and corticosteroid dosage, which might have impacted 

glycemic control and disease progression. A recent meta-

analysis showed no mortality benefit of tight glycemic control 

in critically ill patients, although a fivefold greater incidence 

of hypoglycemia was observed compared with the effects of 

mild or very mild control.45 We could not elucidate the asso-

ciation between the HbA1c-adjusted hyperglycemic variables 

and hyperinsulinemia because serum insulin levels were 

not routinely determined in AECOPD patients. We believe 

that a prospective study that incorporates DM management, 

corticosteroid dosage, serum insulin levels, insulin resistance, 

and adrenocorticotropic hormone data in conjunction with 

measurements of glycemic gaps and stress hyperglycemia 

ratios in patients with or without diabetes should be con-

ducted to clarify the interactions between corticosteroid use, 

HbA1c, and SIH and to justify the usefulness of HbA1c-based 

adjusted glycemic variables as biomarkers.

Conclusion
Higher HbA1c-based adjusted glycemic variables were 

associated with a high risk of COPD and the development 

of ARF in patients presenting to an ED with AECOPD. We 

conclude that both the glycemic gap and modified stress 

hyperglycemia ratio could be used to assess illness severity 

in patients presenting with AECOPD.
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