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Abstract

Background
Whether the patients admitted in intensive care unit (ICU) due to acute exacerbation of chronic
obstructive pulmonary disease (AECOPD) would bene�t from systemic corticosteroid treatment remains
controversial. In this study, we aim to investigate the relationship between the systemic corticosteroid
treatment and mortality in patients with severe AECOPD, using the public Medical Information Mart for
Intensive Care III database (MIMIC III).

Methods
The baseline characteristics, laboratory examination and prognosis of AECOPD patients were retrieved
from MIMIC III. Multivariate logistic regression was used to analyze the association between systemic
corticosteroid treatment and prognosis. Propensity score matching (PSM) was employed to validate our
�ndings.

Results
A total of 882 patients were included in our study, of which 293 patients (33.22%) underwent systemic
glucocorticoid (GC) treatment. 30-day mortality was not reduced by treatment with systemic
corticosteroid in this study. The adjusted odds ratio (OR) was 1.296 (95% CI: 0.907–1.852, p = 0.155) and
1.243 (95% CI: 0.867–1.782, p = 0.236) in the logistic regression model 1 and model 2 respectively.
Similar results were replicated after PSM (OR 1.144, 95% CI: 0.744–1.759, p = 0.541). In the subgroup of
patients with initial eosinophil concentration ≥ 0.35%, corticosteroid treatment resulted in worse
outcomes compared with non-GC group. The adjusted odds ratio of 30-day mortality and in-hospital
mortality for glucocorticoid therapy were 1.691 (95% CI: 1.002–2.855, p = 0.049) and 2.247 (95% CI:
1.218–4.147, p = 0.010) respectively.

Conclusion
Our study observed that Systemic corticosteroid therapy did not improve the mortality of severe AECOPD
patients in ICU and aggravated the mortality of patients with high eosinophils. The results need to be
veri�ed in randomized controlled trials.

Background
Chronic obstructive pulmonary disease (COPD) is one of the top three causes of death worldwide [1].
Exacerbations play an important role in COPD progression and accelerate the decline in lung function of
the patients, resulting in reduced physical activity and an increased risk of death [2–4]. Treatments for
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acute exacerbation of chronic obstructive pulmonary disease (AECOPD) includes antibiotics,
bronchodilators, corticosteroids and respiratory support (https://goldcopd.org/2021-gold-reports/).

The best available evidence on the e�cacy of systemic corticosteroid therapy on the outcomes of
AECOPD is summarized by Walters et al. in a cochrane meta-analysis of randomized controlled trials
which contained sixteen studies [5]. It found that patients treated with systemic corticosteroids either
injections or tablets compared with dummy treatment were less likely to experience treatment failure (122
fewer people per 1000 treated) with high quality evidence but corticosteroid treatment did not reduce the
mortality up to 30 days [5]. However, most of the studies with regard to systemic corticosteroids for
AECOPD excluded people who had signs of a very severe exacerbation or consistent with signi�cant co-
morbidity. Only two of them [6, 7] involved the patients mechanically ventilated or admitted to the
intensive care unit (ICU). The results of these two studies were contradictory to some extent. The
multicenter Spanish randomized study by Alia et al. included 83 patients and showed that a 10-day
course of intravenous methylprednisolone treatment reduced the duration of mechanical ventilation by 1
day and the rate of noninvasive ventilation (NIV) failure (0% vs 37%; p = 0.004) [6]. The multicenter
Tunisian randomized study by Abroug et al. included 217 patients and showed that a 10-day course of
oral prednisone treatment didn’t reduce the risk of NIV (relative risk 1.25, 95% CI 0.56–2.8; p = 0.59), as
well as the median mechanical ventilation duration and intensive care unit length of stay [7]. Meanwhile,
steroid treatment had no impact on ICU mortality and induced an increased risk of hyperglycaemic
episodes in these two studies [6, 7]. Both of these two studies were stopped before their completion of the
planned sample size because of a slow inclusion rate.

To date, whether the bene�t from systemic corticosteroids to AECOPD patients obtained from non-ICU
studies could promote to critically ill patients in ICU is uncertain. This study aims to evaluate the
associations between the use of systemic corticosteroids and mortality in severely ill patients with
AECOPD, and to explore whether the associations varied between different types of AECOPD, such as
eosinophil (EOS) typing.

Methods
Study Design and Data Source

This study used a retrospective cohort design based on a publicly available critical care database called
the Medical Information Mart for Intensive Care III (MIMIC-III) [8]. The MIMIC-III (v1.4) database contains
58976 admissions of 46520 patients at the Beth Israel Deaconess Medical Center between 2001 and
2012. One author (TYP) obtained access to the database and was responsible for data extraction. Since
MIMIC-III project was approved by the Institutional Review Boards of Beth Israel Deaconess Medical
Center (Boston, MA) and the Massachusetts Institute of Technology (Cambridge, MA), institutional review
board (IRB) approval from our institution was exempted.

Data Extraction and Participants
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Data extraction was performed on BigQuery and reference codes could be accessed from the MIMIC Code
Repository [9] (https://github.com/MIT-LCP/mimiccode). We obtained the related information on patients
who were diagnosed as AECOPD on discharge using AECOPD ICD-9-CM code 491.21. The patients with
missing data (basic information or blood eosinophil concentrations) were excluded. The de�nition of
AECOPD was episodes of worsening of respiratory symptoms that results in additional therapy [10].
Eosinophil initial was de�ned es the �rst record value of blood eosinophil concentrations of each hospital
admission. Eosinophil max was de�ned as the maximum value during the hospitalization and eosinophil
mean the arithmetic mean of all values during hospitalization. Some patients had multiple admissions to
hospital. For these patients, only the most recent hospital was used [11]. The detailed process of data
extraction is shown in Figure 1. We collected the following variables for the �rst day of ICU admission:
age at the time of hospital admission, gender, admission type, sequential organ failure assessment
(SOFA) score [12], simpli�ed acute physiology score II (SAPS II) [13] and systemic in�ammatory response
syndrome (SIRS) score [14]. Severity of illness scores were from the materialized views generated by the
code from the github website (https://github.com/MIT-LCP/mimic-code/tree/master/concepts) and were
calculated based on the data obtained within the �rst 24 h of each patient’s ICU’s stay. Comorbidities in
categories proposed by Elixhauser et al. [15] used an algorithm by Quan et al. [16].

All the prescription records of systemic glucocorticoids (GC) are extracted and then merged into the
patient information of AECOPD. In brief, the codes provided in Supplementary material 1 was used to
extract the glucocorticoid prescription records from table PRESCRIPTION. Then, systemic glucocorticoid
prescription records for patients diagnosed with AECOPD was extracted and merged into the basic
information table. Cream, eye drops, suppository, inhalation and nasal spray types of glucocorticoids are
excluded. 

Outcomes

The primary outcome was 30-day mortality. The secondary outcomes included in-hospital mortality and
hospital length of stay (LOS). Since a patient might have more than one admission, hospital mortality
and length of hospital stay were determined only by the recent hospital admission. For patients who were
discharged alive, the date of death was from the social security database. The hospital LOS was strati�ed
into two levels based on the median: hospital LOS level 1 (≤8 days) and level 2 (>8 days).

Statistical Analysis

Data were described as median (25th–75th percentiles), or numbers (percentages) according to types of
variables. Univariate analysis was carried out between survivors and non-survivors, systemic
corticosteroid treatment group and non-systemic corticosteroid treatment group to screen variables
associated with 30-day mortality and systemic corticosteroid usage. The Wilcoxon rank-sum test was
performed for the continuous variable comparisons between groups. Comparisons for categorical
variables were made using the chi-square test or Fisher’s exact test as appropriate.
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The logistic regression models were selected to explore the relationship between systemic corticosteroid
therapy and outcomes. Potential confounders were chosen based on univariate analysis and clinical
experience. Two multivariate modes were used to adjust potential confounders: (1) model 1, variables
were adjusted for age (years), Elixhauser comorbidity score, SAPS II, SIRS, invasive mechanical
ventilation, and initial value of eosinophil concentration; (2) model 2, the same as model 1, but SAPS II
was replaced with SOFA and the Elixhauser comorbidity score replaced with speci�c comorbidities,
including cardiac arrhythmias, liver disease, metastatic cancer, solid tumor, coagulopathy, obesity, drug
abuse and psychoses.

Subgroup analysis was performed by restricting to patients with different EOS initial concentration. Two
cut-off values were tried (EOS initial concentration < 0.35% or ≥ 0.35%, EOS initial concentration < 2% or
≥ 2%). 

Relationship between the route of administration of systemic corticosteroids and outcomes was explored
by categorizing GC group according to administration route (intravenously, orally, or combination of
intravenous and oral administration). 

Propensity score matching (PSM) was employed to validate our �ndings. Propensity score (PS) measures
the probability of a patient being assigned to systemic GC treatment. The propensity score for an
individual was estimated based on the given covariates of SOFA score, SAPS II score, SIRS score,
eosinophil initial concentration, congestive heart failure, peripheral vascular disease, hypertension, other
neurologic disorder, hypothyroidism, obesity, blood loss anemia, depression using a logistic regression
model. One-to-one nearest neighbor matching with a calliper width of 0.02 was applied in the present
study. P-values between the and the GC cohort and non-GC cohort were calculated to assess the balance
between groups after matching. Logistic regression was then performed to adjust for residual imbalance
by including parameters with p < 0.05 and potential confounders judged by clinical expertise.

Data analyses were performed by STATA 15.1 and SPSS 22 software; a two-tailed p < 0.05 was
considered statistically signi�cant.

Results

Baseline Characteristics and Outcomes
MIMIC-III contained 943 unique subjects with 1,198 hospital admissions due to AECOPD, and a total of
882 patients were included �nally in our cohort. The baseline characteristics of included patients are
summarized in Table 1. As expected, survivors in 30-day had lower Elixhauser comorbidity scores
(median 10 vs. 14, p < 0.001), SOFA scores (median 3 vs. 5, p < 0.001), and SAPS II score (median 35vs.
45, p < 0.001) than non-survivors. Variables of eosinophils were signi�cantly higher for survivors than
non-survivors in 30 days. The use of invasive mechanical ventilation was signi�cantly more frequent in
the non-survivor group and less systemic corticosteroid treatment was observed for the survivor group
[211 (30.94%) vs. 82 (41.00%); p = 0.008].
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Table 1
Comparisons of Baseline Characteristics Between Survivors and Non-Survivors

Variable Survivors

(n = 682)

Non-Survivors

(n = 200)

Total

(n = 882)

P

Gender, male, n (%) 337 (49.41) 98 (49.00) 435 (49.32) 0.918

Admission age [median (IQR)] 72 (65, 80) 79 (72, 84) 74 (66, 81) < 0.001

Admission type, n (%)       0.102

Elective 15 (2.20) 1 (0.50) 16 (1.81 )  

Emergency 659 (96.63) 194 (97.00) 853 (96.71)  

Urgent 8 (1.17) 5 (2.50) 13 (1.47)  

Admission period, n (%)       0.094

Before 2008 336 (49.27) 112 (56.00) 448 (50.79)  

2008–2012 346 (50.73) 88 (44.00) 434 (49.21)  

Elixhauser comorbidity score [median
(IQR)]

10 (6,16) 14 (9,19) 11.5 (7,17) < 0.001

Comorbidities, n (%)        

Congestive Heart Failure 368 (53.96) 113 (56.50) 481 (54.54) 0.526

Arrhythmia 276 (40.47) 115 (57.50) 391 (44.33) < 0.001

Valve Disorder 87 (12.76) 35 (17.50) 122 (13.83) 0.088

Pulmonary Circulation Disorder 100 (14.66) 21 (10.50) 121 (13.72) 0.132

Peripheral Vascular Disease 65 (9.53) 21 (10.50) 86 (9.75) 0.685

Hypertension 400 (58.65) 109 (54.50) 509 (57.71) 0.296

Paralysis 14 (2.05) 2 (1.00) 16 (1.81) 0.546

Other neurologic disorder 64 (9.38) 25 (12.50) 89 (10.09) 0.198

Diabetes 169 (24.78) 43 (21.50) 212 (24.04) 0.340

Diabetes with Complications 36 (5.28) 8 (4.00) 44 (4.99) 0.465

Hypothyroidism 79 (11.58) 21 (10.50) 100 (11.34) 0.671

Renal Failure 125 (18.33) 41 (20.50) 166 (18.82) 0.490

Liver Disease 34 (4.99) 21 (10.50) 55 (6.24) 0.005

Ulcer 7 (1.03) 3 (1.50) 10 (1.13) 0.703
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Variable Survivors

(n = 682)

Non-Survivors

(n = 200)

Total

(n = 882)

P

AIDS 4 (0.59) 1 (0.50) 5 (0.57) 1.000

Lymphoma 9 (1.32) 5 (2.50) 14 (1.59) 0.330

Cancer Metastases 26 (3.81) 20 (10.00) 46 (5.22) 0.001

Solid Tumor 28 (4.11) 17 (8.50) 45 (5.10) 0.013

Rheumatoid Arthritis 27 (3.96) 6 (3.00) 33 (3.74) 0.530

Coagulopathy 47 (6.89) 28 (14.00) 75 (8.50) 0.002

Obesity 61 (8.94) 9 (4.50) 70 (7.94) 0.041

Weight Loss 33 (4.84) 16 (8.00) 49 (5.56) 0.086

Fluid and Electrolyte Disorder 310 (45.45) 103 (51.50) 413 (46.83) 0.132

Blood Loss Anemia 22 (3.23) 6 (3.00) 28 (3.17) 0.873

De�ciency Anemia 35 (5.13) 7 (3.50) 42 (4.76) 0.341

Alcohol Abuse 50 (7.33) 11 (5.50) 61 (6.92) 0.369

Drug Abuse 36 (5.28) 2 (1.00) 38 (4.31) 0.009

Psychoses 37 (53.96) 3 (56.50) 40 (54.54) 0.019

Depression 103 (15.10) 22 (11.00) 125 (14.17) 0.144

Severity of illness [median (IQR)]

SOFA score 3 (2,5) 5 (3,7) 4 (2,6) < 0.001

SAPS II score 35 (29,43) 45 (36,65) 37 (30,46) < 0.001

SIRS score 3 (2,3) 3 (3,4) 3 (2,4) 0.001

Invasive mechanical ventilation, n (%) 262 (38.24) 106 (53.00) 368 (41.72) < 0.001

Eosinophils, % [median (IQR)]

Eosinophil initial 0.5
(0.1,1.5)

0.2 (0,1.0) 0.4
(0.1,1.3)

< 0.001

Eosinophil max 1.0
(0.3,2.2)

0.7 (0.15,1.4) 1.0
(0.3,2.0)

< 0.001

Eosinophil mean 0.6
(0.2,1.4)

0.358
(0.1,1.0)

0.5
(0.2,1.3)

< 0.001

Hospital LOS, day [median (IQR)] 8 (5,14) 8 (4,13) 8 (5,14) 0.015
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Variable Survivors

(n = 682)

Non-Survivors

(n = 200)

Total

(n = 882)

P

Systemic corticosteroids treatment,n (%) 211 (30.94) 82 (41.00) 293 (33.22) 0.008

IQR interquartile range, SOFA sequential organ failure assessment, SAPSII Simpli�ed Acute Physiology
Score II, SIRS systemic in�ammatory response syndrome, LOS length of stay

Of the study cohort, 293 patients had been exposed to systemic glucocorticoid treatment, and the
remaining 589 patients did not have prescription records for systemic glucocorticoids. Table 2 shows the
baseline characteristics for the GC and non-GC groups before and after propensity score matching. In
general, patients in the GC group were more critically ill than the non-GC group, with signi�cantly higher
SOFA score (median 4 vs. 3; p = 0.002) and SAPS II score (median 40 vs. 37; p = 0.009). Patients in the GC
group were more likely to be enrolled during 2000–2008. Admissions times due to AECOPD were
balanced between the two groups.
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Table 2
Baseline characteristics comparing the GC group and non-GC group before and after propensity score

matching
Variable Before matching After matching P

  Non-GC (n 
= 589)

GC (n = 
293)

Non-GC (n 
= 258)

GC (n = 
258)

Before After

Gender, male, n (%) 291
(49.41)

144
(49.15)

128
(49.61)

125
(48.45)

0.942 0.792

Admission age [median
(IQR)]

74 (66, 82) 75 (67,
80)

73,5 (65,
82)

75 (67,
80)

0.790 0.570

Admission type, n (%)         0.408 0.071

Elective 13 (2.21) 3 (1.02) 5 (1.94) 3 (1.16)    

Emergency 556
(96.10)

287
(97.95)

246
(95.35)

43 (254)    

Urgent 10 (1.70) 3 (1.02) 7 (2,71) 1 (0.39)    

Admission period, n (%)         < 
0.001

< 
0.001

Before 2008 198
(33.62)

250
(85.32)

160
(62.02)

221
(85.66)

   

2008–2012 391
(66.38)

43
(14.68)

98 (37.98) 37
(14.34)

   

Elixhauser comorbidity
score [median (IQR)]

11 (5,17) 12
(8,16)

11.5 (7, 16) 12 (8,
16)

0.197 0.633

Comorbidities, n (%)            

Congestive Heart Failure 305
(51.78)

176
(60.07)

145
(56.20)

146
(56.59)

0.020 0.929

Arrhythmia 264
(44.82)

127
(43.34)

113
(43.80)

109
(42.25)

0.677 0.722

Valve Disorder 85 (14.43) 37
(12.63)

32 (12.40) 32
(12.40)

0.465 1.000

Pulmonary Circulation
Disorder

88 (14.94) 33
(11.26)

38 (14.73) 29
(11.24)

0.135 0.239

Peripheral Vascular Disease 69 (11.71) 17
(5.80)

17 (6.59) 17
(6.59)

0.005 1.000

Hypertension 368
(62.48)

141
(48.12)

127
(49.22)

135
(52.33)

< 
0.001

0.481

Paralysis 13 (2.21) 3 (1.02) 3 (1.16) 2 (0.78) 0.215 1.000
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Variable Before matching After matching P

Other neurologic disorder 69 (11.71) 20
(6.83)

13 (5.04) 19
(7.36)

0.023 0.273

Diabetes 150
(25.47)

62
(21.16)

66 (25.58) 56
(21.71)

0.519 0.300

Diabetes with
Complications

31 (5.26) 13
(4.44)

9 (3.49) 12
(4.65)

0.595 0.504

Hypothyroidism 78 (13.24) 22
(7.51)

29 (11.24) 21
(8.14)

0.011 0.234

Renal Failure 114
(19.35)

52
(17.75)

44 (17.05) 47
(18.22)

0.565 0.729

Liver Disease 41 (6.96) 14
(4.78)

18 (6.98) 12
(4.65)

0.207 0.259

Ulcer 7 (1.19) 3 (1.02) 4 (1.55) 2 (0.78) 0.828 0.411

AIDS 5 (0.85) 0 (0.00) 4 (1.55) 0 (0.00) 0.176 0.124

Lymphoma 8 (1.36) 6 (2.05) 4 (1.55) 6 (2.33) 0.440 0.523

Cancer Metastases 30 (5.09) 16
(5.46)

12 (4.65) 15
(5.81)

0.817 0.553

Solid Tumor 26 (4.41) 19
(6.48)

9 (3.49) 15
(5.81)

0.188 0.210

Rheumatoid Arthritis 25 (4.24) 8 (2.73) 7 (2.71) 8 (3.10) 0.264 0.793

Coagulopathy 47 (7.89) 28
(9.56)

26 (10.08) 22
(8.53)

0.429 0.544

Obesity 57 (9.68) 13
(4.44)

16 (6.20) 13
(5.04)

0.007 0.566

Weight Loss 36 (6.11) 13
(4.44)

12 (4.65) 9 (3.49) 0.306 0.504

Fluid and Electrolyte
Disorder

282
(47.88)

131
(44.71)

113
(43.80)

114
(44.19)

0.375 0.929

Blood Loss Anemia 13 (2.21) 15
(5.12)

9 (3.49) 10
(3.88)

0.020 0.815

De�ciency Anemia 29 (4.92) 13
(4.44)

12 (4.65) 10
(3.88)

0.749 0.663

Alcohol Abuse 44 (7.47) 17
(6.80)

13(5.04) 15
(5.81)

0.358 0.698

Drug Abuse 27 (4.58) 11
(3.75)

10 (3.88) 8 (3.10) 0.568 0.631
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Variable Before matching After matching P

Psychoses 36 (6.11) 4 (1.37) 14 (5.43) 4 (1.55) 0.001 0.016

Depression 105
(17.83)

20
(6.83)

12 (4.65) 20
(7.75)

< 
0.001

0.144

Severity of illness [median
(IQR)]

           

SOFA score 3 (2,6) 4 (2,6) 3 (2,6) 4 (2,6) 0.002 0.269

SAPS II score 37 (29,45) 40
(32,47)

38 (31,47) 39
(31,46)

0.009 0.502

SIRS 3 (2,3) 3 (2,4) 3 (2,4) 3 (2,4) 0.003 0.606

Invasive mechanical
ventilation, n (%)

220
(37.35)

148
(50.51)

123
(47.67)

119
(46.12)

< 
0.001

0.724

Eosinophils, %            

Eosinophil initial 0.6
(0.1,1.6)

0.2 (0,1) 0.4
(0.1,1.3)

0.3 (0,1) < 
0.001

0.098

Eosinophil max 1.0
(0.3,2.3)

0.7
(0.2,1.7)

0.9
(0.2,2.2)

0.7
(0.2,1.9)

0.001 0.267

Eosinophil mean 0.6
(0.222,1.6)

0.35
(0.1,0.9)

0.5
(0.15,1.33)

0.35
(0.1,1.0)

< 
0.001

0.031

Hospital LOS, day 7 (4,12) 9 (5,17) 8 (5,13) 9 (5,17) < 
0.001

0.067

30-day mortality 118
(20.03)

82
(27.99)

59 (22.87) 69
(26.74)

0.010 0.359

Hospital admission times,
mean (min, max)

1.312
(1,19)

1.235
(1,10)

1.442
(1,19)

1.213
(1,10)

0.140 0.059

Multiple admissions 110
(18.68)

43
(14.68)

53 (20.54) 38
(14.73)

0.140 0.083

IQR interquartile range, SOFA sequential organ failure assessment, SAPSII Simpli�ed Acute Physiology
Score II, SIRS systemic in�ammatory response syndrome, LOS length of stay

The results of multivariate logistic regression analyses for primary outcome and secondary outcomes are
shown in Table 3 and Fig. 2. In multivariate model 1, covariates were adjusted for age (years), Elixhauser
comorbidity score, SAPS II, SIRS, invasive mechanical ventilation, and initial value of eosinophil
concentration (Supplementary Table 1). In model 2, covariates were adjusted for age (years), cardiac
arrhythmias, liver disease, metastatic cancer, solid tumor, coagulopathy, obesity, drug abuse and
psychoses, SOFA, SIRS, mechanical ventilation, and initial value of eosinophil concentration
(Supplementary Table 2). The multivariate logistic regression analyses showed there was no statistically
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signi�cant difference between patients treated with systemic corticosteroids and the control group with
regard to the main end-point, namely 30-day mortality in this study cohort, as well as in-hospital mortality.
The adjusted odds ratio (OR) of 30-day mortality for systemic corticosteroid treatment was 1.296 (95% CI:
0.907–1.852, p = 0.155) in model 1 and 1.243 (95% CI: 0.867–1.782, p = 0.236) in model 2. However, a
signi�cant negative effect of systemic corticosteroid treatment in terms of hospital length of stay was
found from the multivariate logistic regression analyses (Fig. 2) with an adjusted odds ratio of 1.583
(95% CI: 1.160–2.162; p = 0.004) in model 1 and 1.561 (95% CI: 1.133–2.149; p = 0.006) in model 2.

 

Table 3
Association between systemic corticosteroids treatment and outcomes using multivariate logistic

regression analyses
Outcomes Multivariate Model 1 Multivariate Model 2

  OR 95% CI P OR 95% CI p

30-day mortality 1.296 0.907 1.852 0.155 1.243 0.867 1.782 0.236

In-hospital mortality 1.466 0.986 2.180 0.059 1.398 0.936 2.089 0.102

Hospital LOS (> 8days) 1.583 1.160 2.162 0.004 1.561 1.133 2.149 0.006

Multivariate model 1: adjusted for age (years), Elixhauser comorbidity score, SAPS II, SIRS, invasive
mechanical ventilation, and initial value of eosinophil concentration, and mean VIF was 1.09 for 30-day
mortality. Multivariate model 2: adjusted for age (years), SOFA, SIRS, invasive mechanical ventilation, and
initial value of eosinophil concentration, cardiac arrhythmias, liver disease, metastatic cancer, solid tumor,
coagulopathy, obesity, drug abuse and psychoses, and mean VIF was 1.07 for 30-day mortality.

Subgroups Analyses
Association of GC use and outcomes in subgroups by using multivariate logistic regression analysis is
shown in Table 4. The results showed that systemic corticosteroid treatment may be a risk factor for
death in hospital in the subgroup with EOS initial concentration ≥ 2% (OR 6.645; 95% CI 1.537–28.723; p 
= 0.011). Meanwhile, as shown in Table 4, there was no difference regarding mortality in the steroid-
treated and control groups in the subgroup of patients with initial eosinophil concentration < 0.35%. In the
subgroup of patients with initial eosinophil concentration ≥ 0.35%, corticosteroid treatment resulted in
worse outcomes with the adjusted odds ratio 1.691 (95% CI: 1.002–2.855, p = 0.049) and 2.247 (95% CI:
1.218–4.147, p = 0.010) of 30-day mortality and in-hospital mortality respectively.
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Table 4
Association of GC use and outcomes in subgroups using multivariate logistic regression

analyses
Subgroup Outcomes OR 95%CI P

  30-day mortality 1.018 0.622 1.666 0.944

EOS < 0.35 (n = 404) In-hospital mortality 1.107 0.656 1.867 0.703

  Hospital LOS (> 8days) 1.664 1.068 2.593 0.024

  30-day mortality 1.691 1.002 2.855 0.049

EOS ≥ 0.35 (n = 478) In-hospital mortality 2.247 1.218 4.147 0.010

  Hospital LOS (> 8days) 1.555 1.000 2.417 0.050

  30-day mortality 1.252 0.859 1.824 0.243

EOS < 2 (n = 727) In-hospital mortality 1.370 0.905 2.074 0.136

  Hospital LOS (> 8days) 1.531 1.094 2.144 0.013

  30-day mortality 2.718 0.930 7.945 0.068

EOS ≥ 2 (n = 155) In-hospital mortality 6.645 1.537 28.723 0.011

  Hospital LOS (> 8days) 2.055 0.910 4.641 0.083

EOS initial initial value of eosinophil concentration

The logistic regression was adjusted for age (years), Elixhauser comorbidity score, SAPS II, SIRS, invasive
mechanical ventilation.

In this study, intravenous administration did not signi�cantly affect 30-day mortality compared to oral
administration (p = 0.101). However, a signi�cantly negative effect on 30-day and in-hospital mortality
was observed when comparing intravenous administration to co-administration method (intravenous
administration and oral administration) as shown in Table 5.
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Table 5
Association of the route of administration and outcomes in GC group

Comparison Outcomes OR 95%CI P

  30-day mortality 2.252 0.834 6.075 0.109

PO (n = 59) vs IV (n = 64) In-hospital mortality 3.021 1.009 9.044 0.048

  Hospital LOS (> 8days) 1.326 0.559 3.145 0.521

  30-day mortality 1.194 0.503 2.832 0.687

Combination (n = 170) vs PO In-hospital mortality 0.818 0.293 2.284 0.701

  Hospital LOS (> 8days) 0.442 0.228 0.855 0.015

  30-day mortality 1.432 1.019 2.013 0.039

Combination (n = 170) vs IV In-hospital mortality 1.460 1.027 2.075 0.035

  Hospital LOS (> 8days) 0.726 0.528 0.997 0.048

PO oral administration, IV intravenous administration 

The logistic regression was adjusted for age (years), Elixhauser comorbidity score, SAPS II, SIRS, invasive
mechanical ventilation, initial value of eosinophil concentration.

Propensity Score Analysis
The 258 patients who did not received systemic corticosteroid treatment were matched to 258 patients
who received systemic corticosteroid treatment by PSM. After PSM, the imbalance in the covariates
between the non-GC and GC groups was signi�cantly minimized (Table 2). Since there were still residual
imbalances between GC and non-GC groups, multivariate logistic regression was then used. As shown in
Table 6, systemic corticosteroid treatment was not associated with improved 30-day mortality in overall
population (OR = 1.144, 95% CI: 0.744–1.759; p = 0.541). However, the adjusted OR showed a close to
statistically adverse effect on hospital LOS when comparing the GC group to non-GC group (OR = 1.395,
95% CI: 0.964–2.019; p = 0.077) (Table 6). Variable importance with respect to 30-day mortality is shown
in Supplementary Table 3.
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Table 6
ORs of systemic corticosteroids treatment for outcomes after

propensity score matching
Outcomes OR 95%CI P

30-day mortality 1.144 0.744 1.759 0.541

In-hospital mortality 1.281 0.796 2.063 0.308

Hospital LOS (> 8days) 1.395 0.964 2.019 0.077

The logistic regression was adjusted for SAPS II, SIRS, invasive mechanical ventilation, mean value of
eosinophil concentration and psychoses.

Discussion
In this retrospective cohort study based on a large critical care database MIMIC-III (v1.4), we found that
systemic corticosteroid treatment did not decrease 30-day mortality or shorten hospital length of stay in
critically ill patients with AECOPD in ICU.

Biologically, glucocorticoids can relieve airways in�ammation and in return reduce the airways resistance
to improve the dyspnea and the work of breathing [17]. The use of systemic glucocorticoids has been
recommended during COPD exacerbations by GOLD 2021 (https://goldcopd.org/2021-gold-reports/). One
strong available evidence is a cochrane meta-analysis which summarized the e�cacy of systemic
corticosteroid therapy on the outcomes of AECOPD [5]. The results of this review showed bene�cial
effects of systemic corticosteroid treatment on treatment failure, relapse by one month and shortening
length of stay in AECOPD hospital inpatients not requiring assisted ventilation outside ICU. Meanwhile,
30-day mortality was not reduced by treatment with systemic corticosteroid compared with placebo.
However, it is important to realize that treatments developed outside the ICU may not prove effective in
the ICU and even if such approaches provide bene�t for critically ill patients, the risk-bene�t calculus may
be different [18].

There have been two researches conducted double-blind, multicenter, placebo-controlled randomized
trials comparing corticosteroids with placebo to document the value of these agents in the treatment of
severe AECOPDs requiring ventilatory support in ICU. However, the results of these two studies are
contradictory. Alia et al. [6] reported a signi�cant reduction in the median duration of mechanical
ventilation (3 days vs 4 days; p = 0.04), a trend toward a shorter median length of ICU stay (6 days vs 7
days; p = 0.09), and signi�cant reduction in the rate of NIV failure (0% vs 37%; p = 0.04) associated with
corticosteroid treatment. Abroug et al. [7] observed similar median mechanical ventilation duration (6
days vs 6 days; p = 0.87), similar intensive care unit length of stay (9 days vs 8 days; p = 0.88) and no
statistical difference NIV failure rate (15.7% vs 12.7%; p = 0.59) between the steroid-treated and control
group. The different results may be explained by the different routes of corticosteroid steroid used in the
studies and the severity of AECOPD (more severe respiratory acidosis and hypercapnia in the latter).
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Combining these two studies, the review by Walters et al. [5] drew the conclusion that there was no
difference in length of ICU stay and the duration of assisted ventilation for corticosteroid treatment
compared with the control for AECOPD patients requiring assisted ventilation in the ICU setting.

Short-term administration of systemic glucocorticoids may cause secondary infections, hyperglycemia,
and a range of mood and behavioral changes [19]. Adverse effects of the long-term therapy include
osteoporosis, hypertension, myopathy, and adrenal insu�ciency [19–22]. Increased risk of hyperglycemia
requiring treatment following systemic glucocorticoid usage was both reported by Alia et al. [6] and
Abroug et al. [7]. The risk–bene�t balance of systemic steroids is negative from the results of the study
by Abroug et al. [7]. In this study, we observed no statistically signi�cant difference in 30-day mortality
and in-hospital mortality between systemic corticosteroid group and the control group (Table 3 and
Fig. 2). In addition, patients received systemic corticosteroid treatment had a greater chance of being
hospitalized for more than eight days from the multivariate logistic regression (Table 3 and Fig. 2). The
result was similar after PSM (Table 6). Taken the side effects into consideration, we recommend that the
systematic administration of corticosteroids in severe COPD exacerbation in ICU needs to be cautious.

Some randomized studies showed that therapy with oral prednisolone is equally effective to intravenous
administration of glucocorticoids [23, 24]. A pharmacoepidemiological cohort study conducted at 414 US
hospitals involving almost 80,000 AECOPD patients to a non–intensive care setting demonstrated that
the risk of treatment failure (in-hospital mortality, initiation of mechanical ventilation, or readmission for
AECOPD within 30 days of discharge) among patients treated with low doses of oral steroids was not
worse than for those treated with high dose intravenous therapy [25]. However, the study regarding the
route of steroid administration with AECOPDs in ICU has not been carried out. In this cohort study, oral
administration presented similar e�cacy with intravenous and the combined administration, with no
difference in 30-day mortality and hospital LOS (> 8days). Besides, patients receiving intravenous steroids
had higher risk of death within 30 days or in hospital, as well as a greater probability to stay in hospital
for more than 8 days compared to the combined administration. Real-world information reminds us that
studies with regard to steroids treatment should not be limited to the comparison of oral and intravenous
administration, the co-administration method should also be included.

Eosinophil levels may be a helpful marker to predict outcomes in AECOPD and to direct corticosteroid
therapy during exacerbations [26–29]. Singh et al. [30] assessed the prevalence of eosinophilic
in�ammation in COPD subjects and found that 37% of the COPD subjects had blood eosinophil counts
persistently ≥ 2%. However, the prevalence of eosinophilic in�ammation in COPD subjects requiring ICU
admission has not been well de�ned. In this cohort study, only 17.57% of the subjects with a COPD
exacerbation requiring ICU had a peripheral blood initial eosinophil concentration greater than 2% and the
median of initial blood eosinophil concentrations was 0.4% which was lower than other researches [31–
33] aimed at AECOPD. A previous study drew the receiver operating characteristic (ROC) curve for the
prediction of in-hospital mortality by eosinophil concentrations in hospital admissions diagnosed with
AECOPD in MIMIC-III v1.4 database [34]. The area under the ROC curve for initial eosinophil concentration
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was 0.608 and the discriminatory eosinophil thresholds were 0.35% (sensitivity = 0.59, speci�city = 0.61)
for in-hospital mortality [34]. Thus, the cut-off value 0.35% was also used to distinguish subgroups.

Lower-eosinophilic patients were found to experienced poorer clinical outcomes in a prospective,
multicenter, observational cohort study [31]. In addition, a retrospective observational cohort study
showed that COPD exacerbations with acute respiratory failure requiring ICU admission had a shorter
median length of ICU stay and lower mortality with a peripheral eosinophil level > 2% [24]. Similar results
appeared in our research. As shown in Supplementary Table 1, increased blood eosinophil level was
associated with decreased 30-day mortality in our study (OR = 0.688, 95% CI: 0.688–0.946, p = 0.008).

Targeting corticosteroid therapy in a subgroup of exacerbations dependent on the peripheral eosinophil
count may be helpful to reduce inappropriate use of systemic corticosteroids [35]. Recent studies
suggested that glucocorticoids may be more e�cacious to treat acute COPD exacerbations in patients
with higher levels of blood eosinophils ( ≥ 2%) [26–29]. However, things seem to be different in ICU. Little
evidence was found that systemic corticosteroids provided bene�t in patients with a blood eosinophil
initial concentration < 2% in our study Table 4. What’s more, in the subgroup with a blood eosinophil initial
concentration ≥ 2%, patients treated with systemic corticosteroids had a signi�cantly increased in-
hospital mortality compared with non-GC group (OR = 6.645, 95% CI: 1.537–28.723, p = 0.011). When the
cut-off value set to 0.35%, the effect of eosinophil level on the e�cacy of glucocorticoids on the mortality
of severe AECOPD patients was more apparent. As shown in Table 4, there was no difference regarding
30-day mortality and in-hospital mortality in the steroid-treated and control groups in the subgroup of
patients with initial eosinophil concentration < 0.35%. Critically, in the subgroup of patients with initial
eosinophil concentration ≥ 0.35%, corticosteroid treatment resulted in worse outcomes compared with
non-GC group. The adjusted odds ratio of 30-day mortality and in-hospital mortality for glucocorticoid
therapy were 1.691 (95% CI: 1.002–2.855, p = 0.049) and 2.247 (95% CI: 1.218–4.147, p = 0.010)
respectively.

Therefore, recommendation of systemic corticosteroid treatment is not supported in critically severe
AECOPD with a high blood eosinophil initial concentration in ICU by these results until a more precise
evidence emerges. More researches are needed to explore the cut-off value for eosinophils and the
reasons for the con�icting results between ICU patients and non-ICU patients.

Although this study was relatively considerable sample size, it has several limitations. First, our research
is a database-based retrospective single-center study. The inherent bias could not be avoided. Outcomes
in this study only included 30-day mortality, in-hospital mortality and hospital LOS (> 8days), which were
not as �exible as randomized controlled trials. Second, systemic steroids use in the 30 days prior to
hospital admission was unknown. This may cause some bias in the results though it is closer to the real
world. Third, only blood eosinophil concentrations were considered in this study because the numeric
value of the blood eosinophil counts was hugely lacked in the MIMIC-III database. The subgroup analysis
will be more complete if blood eosinophil counts were considered together.
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Conclusion
In this cohort study, our results showed that systemic corticosteroid therapy was not associated with
improved mortality in critically ill patients with acute exacerbations of chronic obstructive pulmonary
disease. Patients who have received glucocorticoid therapy with AECOPD in the ICU have a higher
probability of being hospitalized for more than eight days. In the subgroup of critically ill patients with
high blood eosinophil concentration, corticosteroid treatment resulted in worse outcomes compared with
non-GC group. Administration of systemic steroids in severe AECOPDs in ICU should be very cautious,
especially for patients with high eosinophils. Further randomized controlled trials are needed to con�rm
these results.
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Figure 1

Flow chart of patient selection

Figure 2

Forest plot showing the effect of systemic corticosteroid treatment on outcomes
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