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A B S T R A C T

Background: Eosinophils are thought to be associated with the frequency and severity of acute exacerbations
of chronic obstructive pulmonary disease (AECOPD); however, the role of eosinophilic inﬂammation in
AECOPD is still incompletely understood.
Objectives: To investigate the relationship between different levels of blood eosinophils and clinical features,
including comorbidities, therapy, and prognosis, and to further explore the optimal eosinophilic cutoff.
Methods: We retrospectively collected and analyzed medical data, laboratory ﬁndings, chest CT images, treatment, and three-year follow-up data from 984 AECOPD patients with different blood eosinophil (EOS) levels:
EOS%<2%, 2%; EOS%<3%, 3%; eosinophil counts<100 cells/L, 100 cells/L.
Results: The prevalence of eosinophilia was 36.48% of EOS2% (359 cases), 22.87% of EOS3% (225 cases), and
48.48% with eosinophil counts100 cells/ml (477 cases). EOS was associated with comorbidities, including
pulmonary heart disease, arrhythmia (atrial ﬁbrillation), laboratory testing and clinical treatment, including
respiratory failure, airway limitation, infectious inﬂammation, rate of antibiotic use, systemic glucocorticoids,
and three mortality rates. The ROC curve showed that the indicators of AUC0.5 included chest CT imaging
(emphysema 1.8% or 100/ml, bronchitis, 1.7% or 100/ml), osteoporosis (2.4% or 140/ml), mental illness
6.1% (or 400/ml), dust exposure (2.2% or 240/ml) and ex-smoker (1.3% or 100/ml).
Conclusions: The relatively higher EOS group (2% or 100/ml) was associated with fewer complications,
mild airﬂow limitation, a tendency of noninfectious inﬂammation, and lower 3-year mortality. Eosinophils
can not only guide clinical treatment but also be an indicator of predicting clinical outcome and prognosis in
AECOPD patients.
© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
Chronic obstructive pulmonary disease (COPD) is currently one of
the top three causes of death worldwide.1 Many people die from its
acute exacerbation and its comorbidities.2 There is signiﬁcant clinical
heterogeneity in patients with acute exacerbation of COPD
(AECOPD),3 which has attracted the attention of researchers, and
some biomarkers are being explored. Blood eosinophilia (EOS) is considered to be a marker of the therapeutic effect of COPD.4 However,
the whole role of EOS in AECOPD is unclear. Numerous studies have
shown the relationship between eosinophilia and clinical outcomes
of patients with AECOPD.5 However, the evidence lacks consensus,
and the research thresholds are controversial.
Several studies have shown that high EOS counts are associated
with more frequent exacerbations5,6 and predict the response of

* Corresponding author.
E-mail address: wry0526@163.com (W. Ruiying).

patients with AECOPD to glucocorticoid therapy.5,7 Petite et al.8 evaluated patients with AECOPD and blood EOS 200 cells/mL and/or
2% had a lower risk of hospital stay (LOS) and death.9 Meanwhile,
Dai G et al. indicated that viral-dominant infections may be the main
cause of eosinophilic AECOPD.10 The increased EOS count was closely
related to pulmonary function, and the cutoff value was 2.963%.11
However, less attention has been given to the association between
eosinophils and all comorbidities and prognosis in AECOPD. Yu
et al.12 found that respiratory failure was higher when the EOS count
was 100/ml, but the EOS count was not related to the prognosis at
1-year of AECOPD. Patients with low EOS levels (<2%) develop severe
inﬂammation and increased mortality.13 Therefore, different cutoff
values of EOS may be useful biomarkers to predict the clinical features and prognosis of patients with AECOPD.
Another controversial aspect is the criteria for cutoff of blood EOS
counts for diagnostic purposes. Most AECOPD studies used 200
cells/mL and/or 2% as the threshold to identify hypereosinophilic
patients.14,15 Other studies on eosinophils in AECOPD followed the
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criteria of EOS%< 2% and EOS counts < 200 cells/mL, EOS% 2%-2.99%
and/or EOS counts of 200-299 cells/mL, EOS%3% and/or EOS counts
€ llerova
 et al. analyzed clinical characteristics
of 300 cells/uL.10 Mu
and exacerbations based on EOS counts (<150 and 150 cells/mL)
and using four categories (<150, 150 <300, 300 <500, and
500 cells/mL).16 There is no uniform criterion for the cutoff of blood
EOS in AECOPD.
Therefore, based on the different grouping methods of EOS commonly used at present, this study further evaluated the correlation
between blood EOS levels and inﬂammatory indices, pulmonary
function, chest CT images, complications, related treatments, and 3year mortality in AECOPD patients in the real world. The optimal cutoff of EOS was also explored.

Statistical analyses
Data are presented as the mean § standard deviation and number
(percentage). The chi-square test and Fischer’s exact test were used
to analyze the association of clinical-laboratory-prognosis parameters with AECOPD. Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the predictive value of EOS biomarkers in differentiating comorbidities from AECOPD. SPSS 17.0
was used (SPSS Institute, Chicago, IL, USA). Statistical signiﬁcance
was set at a P value less than 0.05.
Results
Baseline characteristics of AECOPD patients

Methods
Study design and data sources
This was a retrospective observational study in which we
screened the medical records of patients with AECOPD in the Department of Respiratory and Critical Care Medicine of Shanxi Bethune
Hospital from September 1, 2013 to July 31, 2017. AECOPD patients
were divided into three different groups according to their blood
eosinophil level at the time of the index hospitalization. This study
was approved by the Ethics Review Committee of Shanxi Bethune
Hospital. All participants signed informed consent forms and agreed
to the use of the data.
Study population
The inclusion criteria were as follows: patients aged > 40 years
who had been hospitalized for COPD (main diagnosis ICD-10
J44.100). Also, patients’ lung function tests satisﬁed the diagnosis of
COPD: a postbronchodilator forced expiratory volume in one second
(FEV1)/forced vital capacity (FVC) ratio < 0.7, in accordance with
2020 GOLD guidelines.1 The exclusion criteria were deﬁned according to the history of asthma, allergic diseases, hypereosinophilia,
blood system-related diseases, and parasitic infections, use of longterm oral corticosteroid, and having received oral or intravenous glucocorticoid administration within 48 h before admission. After three
years, we followed up with the patients and recorded the information.

Between September 1, 2013 and July 31, 2017, a total of 1562
AECOPD patients were hospitalized. After screening, data for a
total of 984 patients were analyzed (Fig. 1). Table 1 summarizes
the main demographic and clinical characteristics of the 984
patients in this study. They were mostly men (77.6%), with a
mean age of 70.83 (SD 9.61) years and blood eosinophils of 130
(SD 150) cells/ml. The percentage of male patients in the EOS2%
group was greater than that in the EOS<2% group (81.74% vs.
76.05%, P < 0.05). There was a signiﬁcant difference in age
between the two groups (EOS<2% 71.29§9.72 vs. EOS2% 70.03§
9.36, P < 0.001). Eosinophils are relatively lower for those aged
more than 80 years (Fig. 2). The proportion of patients in the
EOS<100/ml group (507/51.52%) was the highest.
EOS was associated with comorbidities (pulmonary heart disease,
arrhythmia)
Table 2 summarizes the 10 comorbidities of the 984 patients,
which mainly includes chronic pulmonary heart disease (557/
56.61%), coronary heart disease (99/10.06%), all kinds of arrhythmias
(121/12.3%), obstructive sleep apnea-hypopnea syndrome (OSHAS),
and cancer.
The EOS>2% or >3% group had less complicated pulmonary heart
disease (P < 0.01), arrhythmia (P < 0.01), and atrial ﬁbrillation

Blood eosinophil level
Three different categories were used in this study. According to
different eosinophil counts, AECOPD patients were classiﬁed into the
<100 cells/L or 100 cells/L group. Two groups were divided according to the different percentages of eosinophils: EOS%<2%, 2%;
EOS%<3%, 3%.
Parameters
Clinical data, laboratory test parameters, and follow-up information were collected from the medical records. The clinical data
included demographic characteristics, smoking history, body mass
index, comorbidities, use of antibiotic glucocorticoids, and ventilator
treatment during hospitalization. Laboratory test parameters
included pulmonary function tests, white blood cell counts, neutrophil and lymphocyte counts, C-reactive protein (CRP) levels, D-dimer
levels, procalcitonin (PCT), arteriole blood gas analysis, and chest CT
imaging. Follow-up information included survival rate, patients'
annual admissions to the hospital, their ability to schedule life, and
their family's willingness to follow up.

Fig. 1. A ﬂowchart for screening patients *represents signiﬁcant differences compared
with other groups, red represents signiﬁcant differences from all other black groups.
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Table 1
Baseline characteristics of AECOPD patients.
Variables

Total

EOS%
<2%

Total number of
patients
Gender
Male
Female
Age
<60 years
60-70
70-80
80
Smoking history
Never
Current
Ex-smoker
Smoking index
(pack-year)
<100
100-400
400
Dust exposure
Yes
No

984

625 (63.52%)

764 (78.12%) 473 (76.05%)
214 (21.88%) 149 (23.95%)
625
134 (13.62%) 77 (12.32%)
274 (27.85%) 177 (28.32%)
374 (38.01%) 220 (35.20%)
202 (20.53%) 151 (24.16%)

2%

<3%

EOS count
3%

<0.1

0.2-0.25

0.25-0.3

0.3

359 (36.48%) 759 (77.13%) 225 (22.87%) 507 (51.52%) 148 (15.04%) 98 (9.96%)

65 (6.61%)

48 (4.88%)

118 (11.99%)

291 (81.74%)
65 (18.26%)
359
57 (15.88%)
97 (27.02%)
154 (42.90%)
51 (14.21%)

592 (78.31%) 172 (77.48%) 381 (75.45%)
164 (21.69%) 50 (22.52%) 124 (24.55%)
507
99 (13.04%) 35 (15.56%) 58 (11.44%)
213 (28.06%) 61 (27.11%) 151 (29.78%)
283 (37.29%) 91 (40.44%) 181 (35.70%)
164 (21.61%) 38 (16.89%) 117 (23.08%)

0.1-0.15

0.15-0.2

123 (83.67%)
24 (16.33%)
148
24 (16.22%)
38 (25.68%)
52 (35.14%)
34 (22.97%)

78 (80.41%)
19 (19.59%)
98
15 (15.31%)
18 (18.37%)
51 (52.04%)
14 (14.29%)

50 (78.12%)
14 (21.88%)
65
9 (13.85%)
22 (33.85%)
24 (36.92%)
10 (15.38%)

42 (87.50%)
6 (12.50%)
48
7 (14.58%)
12 (25.00%)
20 (41.67%)
9 (18.75%)

90 (76.92%)
27 (23.08%)
118
21 (17.80%)
33 (27.97%)
46 (38.98%)
18 (15.25%)

24 (16.22%)
76 (51.35%)
48 (32.43%)
148

19 (19.39%)
46 (46.94%)
33 (33.67%)
98

14 (21.54%)
32 (49.23%)
19 (29.23%)
65

7 (14.58%)
24 (50.00%)
17 (35.42%)
48

34 (28.81%)
47 (39.83%)
37 (31.36%)
118

252 (25.61%) 172 (27.52%) 80 (22.28%) 192 (25.30%) 60 (26.67%) 144 (28.40%) 29 (19.59%)
101 (10.26%) 57 (9.12%)
44 (12.26%) 74 (9.75%)
27 (12.00%) 42 (8.28%)
22 (14.86%)
631 (64.13%) 396 (63.36%) 235 (65.46%) 493 (64.95%) 138 (61.33%) 321 (63.31%) 97 (65.54%)

21 (21.43%)
11 (11.22%)
66 (67.35%)

16 (24.62%) 7 (14.58%) 35 (29.66%)
7 (10.77%) 5 (10.42%) 14 (11.86%)
42 (64.62%) 36 (75.00%) 69 (58.47%)

227 (23.07%) 151 (24.16%) 76 (21.17%) 169 (22.27%) 58 (25.78%)
434 (44.41%) 272 (43.52%) 162 (45.13%) 339 (44.66%) 95 (42.22%)
323 (32.83%) 202 (32.32%) 121 (33.70%) 251 (33.07%) 72 (32.00%)

129 (25.44%)
209 (41.22%)
169 (33.33%)
507

16 (1.63%)
7 (1.12%)
9 (2.51%)
10 (1.32%)
6 (2.67%)
7 (1.38%)
2 (1.35%)
0 (0.00%)
1 (1.54%)
2 (4.17%)
4 (3.39%)
968 (98.37%) 618 (98.88%) 350 (97.49%) 749 (98.68%) 219 (97.33%) 500 (98.62%) 146 (98.65%) 98 (100.00%) 64 (98.46%) 46 (95.83%) 114 (96.61%)

Fig. 2. Demographic characteristics based on different EOS groups *represents signiﬁcant differences compared with other groups, red represents signiﬁcant differences from all other
black groups.
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Table 2
Comorbidities of AECOPD patients.
Variables

Total

EOS%
<2%

2%

<3%

3%

<0.1

0.1-0.15

0.15-0.2

0.2-0.25

0.25-0.3

0.3

359 (36.48%)

759 (77.13%)

225 (22.87%)

507 (51.52%)

148 (15.04%)

98 (9.96%)

65 (6.61%)

48 (4.88%)

118 (11.99%)

182 (50.70%)
177 (49.30%)

450 (59.29%)
309 (40.71%)

107 (47.56%)
118 (52.44%)

312 (61.54%)
195 (38.46%)

;
81 (54.73%)
67 (45.27%)

54 (55.10%)
44 (44.90%)

31 (47.69%)
34 (52.31%)

19 (39.58%)
29 (60.42%)

60 (50.85%)
58 (49.15%)

26 (7.24%)
333 (92.76%)

83 (10.94%)
676 (89.06%)

16 (7.11%)
209 (92.89%)

55 (10.85%)
452 (89.15%)

13 (8.78%)
135 (91.22%)

12 (12.24%)
86 (87.76%)

5 (7.69%)
60 (92.31%)

5 (10.42%)
43 (89.58%)

9 (7.63%)
109 (92.37%)

31 (8.64%)
328 (91.36%)

107 (14.10%)
652 (85.90%)

14 (6.22%)
211 (93.78%)

73 (14.40%)
434 (85.60%)

20 (13.51%)
128 (86.49%)

12 (12.24%)
86 (87.76%)

2 (3.08%)
63 (96.92%)

5 (10.42%)
43 (89.58%)

9 (7.63%)
109 (92.37%)

11 (3.06%)
348 (96.94%)

53 (6.98%)
706 (93.02%)

6 (2.67%)
219 (97.33%)

43 (8.48%)
464 (91.52%)

6 (4.05%)
142 (95.95%)

3 (3.06%)
95 (96.94%)

1 (1.54%)
64 (98.46%)

2 (4.17%)
46 (95.83%)

4 (3.39%)
114 (96.61%)

9 (2.51%)
350 (97.49%)

33 (4.35%)
726 (95.65%)

4 (1.78%)
221 (98.22%)

23 (4.54%)
484 (95.46%)

4 (2.70%)
144 (97.30%)

3 (3.06%)
95 (96.94%)

3 (4.62%)
62 (95.38%)

1 (2.08%)
47 (97.92%)

3 (2.54%)
115 (97.46%)

55 (15.32%)
304 (84.68%)

124 (16.34%)
635 (83.66%)

31 (13.78%)
194 (86.22%)

77 (15.19%)
430 (84.81%)

26 (17.57%)
122 (82.43%)

18 (18.37%)
80 (81.63%)

8 (12.31%)
57 (87.69%)

9 (18.75%)
39 (81.25%)

17 (14.41%)
101 (85.59%)

96 (26.74%)
263 (73.26%)

235 (30.96%)
524 (69.04%)

63 (28.00%)
162 (72.00%)

165 (32.54%)
342 (67.46%)

36 (24.32%)
112 (75.68%)

29 (29.59%)
69 (70.41%)

22 (33.85%)
43 (66.15%)

11 (22.92%)
37 (77.08%)

35 (29.66%)
83 (70.34%)

26 (7.24%)
333 (92.76%)

57 (7.51%)
702 (92.49%)

20 (8.89%)
205 (91.11%)

39 (7.69%)
468 (92.31%)

16 (10.81%)
132 (89.19%)

5 (5.10%)
93 (94.90%)

1 (1.54%)
64 (98.46%)

6 (12.50%)
42 (87.50%)

10 (8.47%)
108 (91.53%)

13 (3.62%)
346 (96.38%)

15 (1.98%)
744 (98.02%)

10 (4.44%)
215 (95.56%)

11 (2.17%)
496 (97.83%)

2 (1.35%)
146 (98.65%)

4 (4.08%)
94 (95.92%)

3 (4.62%)
62 (95.38%)

0 (0.00%)
48 (100.00%)

5 (4.24%)
113 (95.76%)

30 (8.36%)
329 (91.64%)

66 (8.70%)
693 (91.30%)

20 (8.89%)
205 (91.11%)

50 (9.86%)
457 (90.14%)

10 (6.76%)
138 (93.24%)

3 (3.06%)
95 (96.94%)

4 (6.15%)
61 (93.85%)

7 (14.58%)
41 (85.42%)

12 (10.17%)
106 (89.83%)

7 (1.95%)
352 (98.05%)

12 (1.58%)
747 (98.42%)

5 (2.22%)
220 (97.78%)

9 (1.78%)
498 (98.22%)

2 (1.35%)
146 (98.65%)

0 (0.00%)
98 (100.00%)

0 (0.00%)
65 (100.00%)

0 (0.00%)
48 (100.00%)

6 (5.08%)
112 (94.92%)
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Total number of patients
984
625 (63.52%)
Comorbidities
Chronic pulmonary heart disease
Yes
557 (56.61%)
375 (60.00%)
No
427 (43.39%)
250 (40.00%)
Coronary heart disease
Yes
99 (10.06%)
51 (8.16%)
No
885 (89.94%)
574 (91.84%)
Arrhythmology
Yes
121 (12.30%)
90 (14.40%)
No
863 (87.70%)
535 (85.60%)
Atrial ﬁbrillation
Yes
59 (6.00%)
48 (7.68%)
No
925 (94.00%)
577 (92.32%)
OSAHS
Yes
37 (3.76%)
28 (4.48%)
No
947 (96.24%)
597 (95.52%)
Cancer
Yes
155 (15.75%)
100 (16.00%)
No
829 (84.25%)
525 (84.00%)
Hypertension
Yes
298 (30.28%)
202 (32.32%)
No
686 (69.72%)
423 (67.68%)
Diabetes
Yes
77 (7.83%)
51 (8.16%)
No
907 (92.17%)
574 (91.84%)
Osteoporosis
Yes
25 (2.54%)
12 (1.92%)
No
959 (97.46%)
613 (98.08%)
Gastroesophageal reﬂux
Yes
86 (8.74%)
56 (8.96%)
No
898 (91.26%)
569 (91.04%)
Mental illness
Yes
17 (1.73%)
10 (1.60%)
No
967 (98.27%)
615 (98.40%)

EOS count
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(P < 0.05). There were no signiﬁcant differences in the other comorbidities between the two groups. According to different eosinophil
count groups, except for chronic pulmonary heart disease (P < 0.05)
and atrial ﬁbrillation (P < 0.05), there were no signiﬁcant differences
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in other complications among all groups. Within groups, we found
that the relatively higher EOS group had a lower incidence of pulmonary heart disease and atrial ﬁbrillation than the EOS <100/ml group
(Fig. 3).

Fig. 3. Comorbidities based on different EOS groups *represents signiﬁcant differences compared with other groups, red represents signiﬁcant differences from all other black groups.
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Table 3
Laboratory testing and clinical treatment of AECOPD patients.
Variables

Total

EOS%
<2%

Total number of
984
625 (63.52%)
patients
Chest computed tomography (CT)
Emphysema
Yes
504 (51.22%) 331 (52.96%)
No
480 (48.78%) 294 (47.04%)
Bronchitis
Yes
430 (43.70%) 246 (39.36%)
No
554 (56.30%) 379 (60.64%)
FEV1/pred
<30
831 (84.45%) 554 (88.64%)
30-50
65 (6.61%)
31 (4.96%)
50-80
68 (6.91%)
30 (4.80%)
80
20 (2.03%)
10 (1.60%)
Type II respiratory failure
Yes
396 (40.37%) 279 (44.78%)
No
585 (59.63%) 344 (55.22%)
White blood cell count
<4
46 (4.67%)
21 (3.36%)
4-10
760 (77.24%) 451 (72.16%)
10
178 (18.09%) 153 (24.48%)
NEU%
<40
14 (1.42%)
6 (0.96%)
40-75
603 (61.28%) 291 (46.56%)
75
367 (37.30%) 328 (52.48%)
LYM%
<20
573 (58.23%) 435 (69.60%)
20-50
406 (41.26%) 187 (29.92%)
50
5 (0.51%)
3 (0.48%)
CRP
<8
627 (63.72%) 364 (58.24%)
8
357 (36.28%) 261 (41.76%)
D-dimer
984
<500
823 (83.64%) 494 (79.04%)
500
161 (16.36%) 131 (20.96%)
PCT
984
<0.1
866 (88.01%) 535 (85.60%)
0.1-0.5
86 (8.74%)
61 (9.76%)
0.5
32 (3.25%)
29 (4.64%)
antibiotic
Yes
772 (78.46%) 522 (83.52%)
No
212 (21.54%) 103 (16.48%)
Inhaled corticosteroids
Yes 827 (84.04%)
526 (84.16%)
No 157 (15.96%)
99 (15.84%)
Systemic glucocorticoids
Yes
108 (10.98%) 84 (13.44%)
No
876 (89.02%) 541 (86.56%)
Ventilator
Yes
266 (27.03%) 209 (33.44%)
No
718 (72.97%) 416 (66.56%)

2%

<3%

EOS count
3%

<0.1

0.1-0.15

0.15-0.2

359 (36.48%) 759 (77.13%) 225 (22.87%) 507 (51.52%) 148 (15.04%) 98 (9.96%)

0.2-0.25

0.25-0.3

0.3

65 (6.61%)

48 (4.88%)

118 (11.99%)

149 (41.50%) 377 (49.67%) 127 (56.44%) 232 (45.76%) 93 (62.84%)
210 (58.50%) 382 (50.33%) 98 (43.56%) 275 (54.24%) 55 (37.16%)

47 (47.96%) 39 (60.00%) 26 (54.17%) 67 (56.78%)
51 (52.04%) 26 (40.00%) 22 (45.83%) 51 (43.22%)

184 (51.25%) 322 (42.42%) 108 (48.00%) 196 (38.66%) 77 (52.03%)
175 (48.75%) 437 (57.58%) 117 (52.00%) 311 (61.34%) 71 (47.97%)

39 (39.80%) 34 (52.31%) 25 (52.08%) 59 (50.00%)
59 (60.20%) 31 (47.69%) 23 (47.92%) 59 (50.00%)

277 (77.16%)
34 (9.47%)
38 (10.58%)
10 (2.79%)

81 (82.65%)
9 (9.18%)
6 (6.12%)
2 (2.04%)

658 (86.69%)
42 (5.53%)
46 (6.06%)
13 (1.71%)

173 (76.89%)
23 (10.22%)
22 (9.78%)
7 (3.11%)

450 (88.76%)
23 (4.54%)
27 (5.33%)
7 (1.38%)

129 (87.16%)
6 (4.05%)
9 (6.08%)
4 (2.70%)

117 (32.68%) 322 (42.54%) 74 (33.04%) 236 (46.64%) 58 (39.46%)
241 (67.32%) 435 (57.46%) 150 (66.96%) 270 (53.36%) 89 (60.54%)

51 (78.46%)
4 (6.15%)
10 (15.38%)
0 (0.00%)

34 (70.83%)
9 (18.75%)
3 (6.25%)
2 (4.17%)

86 (72.88%)
14 (11.86%)
13 (11.02%)
5 (4.24%)

26 (26.53%) 25 (38.46%) 12 (25.00%) 39 (33.33%)
72 (73.47%) 40 (61.54%) 36 (75.00%) 78 (66.67%)

25 (6.96%)
28 (3.69%)
18 (8.00%)
27 (5.33%)
9 (6.08%)
6 (6.12%)
3 (4.62%)
1 (2.08%)
0 (0.00%)
309 (86.07%) 567 (74.70%) 193 (85.78%) 360 (71.01%) 125 (84.46%) 81 (82.65%) 55 (84.62%) 40 (83.33%) 99 (83.90%)
25 (6.96%)
164 (21.61%) 14 (6.22%)
120 (23.67%) 14 (9.46%)
11 (11.22%) 7 (10.77%) 7 (14.58%) 19 (16.10%)
8 (2.23%)
9 (1.19%)
5 (2.22%)
6 (1.18%)
1 (0.68%)
1 (1.02%)
2 (3.08%)
2 (4.17%)
2 (1.69%)
312 (86.91%) 400 (52.70%) 203 (90.22%) 226 (44.58%) 107 (72.30%) 76 (77.55%) 53 (81.54%) 38 (79.17%) 103 (87.29%)
39 (10.86%) 350 (46.11%) 17 (7.56%)
275 (54.24%) 40 (27.03%) 21 (21.43%) 10 (15.38%) 8 (16.67%) 13 (11.02%)
138 (38.44%) 493 (64.95%) 80 (35.56%) 353 (69.63%) 81 (54.73%)
219 (61.00%) 262 (34.52%) 144 (64.00%) 151 (29.78%) 66 (44.59%)
2 (0.56%)
4 (0.53%)
1 (0.44%)
3 (0.59%)
1 (0.68%)

42 (42.86%) 28 (43.08%) 16 (33.33%) 53 (44.92%)
56 (57.14%) 37 (56.92%) 32 (66.67%) 64 (54.24%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
1 (0.85%)

263 (73.26%) 462 (60.87%) 165 (73.33%) 283 (55.82%) 108 (72.97%) 66 (67.35%) 48 (73.85%) 35 (72.92%) 87 (73.73%)
96 (26.74%) 297 (39.13%) 60 (26.67%) 224 (44.18%) 40 (27.03%) 32 (32.65%) 17 (26.15%) 13 (27.08%) 31 (26.27%)
329 (91.64%) 616 (81.16%) 207 (92.00%) 386 (76.13%) 132 (89.19%) 93 (94.90%) 62 (95.38%) 44 (91.67%) 106 (89.83%)
30 (8.36%)
143 (18.84%) 18 (8.00%)
121 (23.87%) 16 (10.81%) 5 (5.10%)
3 (4.62%)
4 (8.33%)
12 (10.17%)
331 (92.20%) 659 (86.82%) 207 (92.00%) 428 (84.42%) 136 (91.89%) 88 (89.80%) 63 (96.92%) 46 (95.83%) 105 (88.98%)
25 (6.96%)
71 (9.35%)
15 (6.67%)
54 (10.65%) 9 (6.08%)
9 (9.18%)
2 (3.08%)
2 (4.17%)
10 (8.47%)
3 (0.84%)
29 (3.82%)
3 (1.33%)
25 (4.93%)
3 (2.03%)
1 (1.02%)
0 (0.00%)
48
3 (2.54%)
250 (69.64%) 615 (81.03%) 157 (69.78%) 425 (83.83%) 121 (81.76%) 68 (69.39%) 50 (76.92%) 28 (58.33%) 80 (67.80%)
109 (30.36%) 144 (18.97%) 68 (30.22%) 82 (16.17%) 27 (18.24%) 30 (30.61%) 15 (23.08%) 20 (41.67%) 38 (32.20%)
301 (83.84%) 642 (84.58%) 185 (82.22%) 430 (84.81%) 126 (85.14%) 83 (84.69%) 56 (86.15%) 39 (81.25%) 93 (78.81%)
58 (16.16%) 117 (15.42%) 40 (17.78%) 77 (15.19%) 22 (14.86%) 15 (15.31%) 9 (13.85%) 9 (18.75%) 25 (21.19%)
24 (6.69%)
91 (11.99%) 17 (7.56%)
71 (14.00%) 13 (8.78%)
5 (5.10%)
5 (7.69%)
6 (12.50%) 8 (6.78%)
335 (93.31%) 668 (88.01%) 208 (92.44%) 436 (86.00%) 135 (91.22%) 93 (94.90%) 60 (92.31%) 42 (87.50%) 110 (93.22%)
57 (15.88%) 230 (30.30%) 36 (16.00%) 182 (35.90%) 29 (19.59%) 18 (18.37%) 9 (13.85%) 10 (20.83%) 18 (15.25%)
302 (84.12%) 529 (69.70%) 189 (84.00%) 325 (64.10%) 119 (80.41%) 80 (81.63%) 56 (86.15%) 38 (79.17%) 100 (84.75%)

Eos was associated with infectious index and treatment
Table 3 shows the relevant laboratory results and treatment of the
984 patients. There were 18.09% of patients with white blood cells
(WBCs) higher than 10*109/L (mean value 7.71§3.26), 36.28% with
increased C-reactive protein (mean value 20.76§41.68), 11.99% with
higher procalcitonin (PCT) and 40.2% with type II respiratory failure.
Chest CT imaging ﬁndings included mainly emphysema (51.22%) and
chronic bronchitis (48.78%). There were 10.98% of patients who
received systemic glucocorticoids, with 27.03% of patients treated
with a ventilator. A total of 78.45% of patients were given antibiotics.
In contrast, the EOS<2% group had a heavier airﬂow limitation
(88.64% vs. 77.16%, P < 0.01), relatively higher D-dimer (20.96% vs.
8.36%, P < 0.01), a signiﬁcantly higher burden of infectious inﬂammation (assessed by CT, WBC, CRP, PCT), and respiratory failure

(P < 0.05). On CT imaging, either emphysema (58.5% vs. 47.04%,
P < 0.001) or bronchitis (51.25% vs. 39.36%, P < 0.001) was more pronounced on chest CT imaging in the >2% group. The use of ventilators
and systemic glucocorticoids in the EOS2% group was lower than in
the EOS<2% group. When the EOS% cutoff was 3%, the statistical
results were similar to 2%, except for CT ﬁndings and the use of
systemic glucocorticoids. According to different eosinophil count
groups, FEV1/pred%, WBC, CRP, PCT, D-dimer, type II respiratory
failure and chest CT imaging, ventilators, antibiotics, and systemic
glucocorticoids were signiﬁcantly different among the groups (all
P < 0.05). Within groups, the EOS<100/ml group had signiﬁcantly
more severe lung function, higher rates of respiratory failure, a
higher burden of infectious inﬂammation, and higher use of ventilators and systemic glucocorticoids (P < 0.05) (Supplementary
Fig. 1 and Fig. 4).
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Fig. 4. Clinical treatment based on different EOS groups *represents signiﬁcant differences compared with other groups, red represents signiﬁcant differences from all other black
groups.
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Table 4
Three years follow-up of AECOPD patients.
Variables

Total

EOS%
<2%

Total number

984

625 (63.52%)

EOS count

2%

<3%

3%

<0.1

0.1-0.15

0.15-0.2

0.2-0.25

0.25-0.3

0.3

359 (36.48%)

759 (77.13%)

225 (22.87%)

507 (51.52%)

148(15.04%)

98(9.96%)

65(6.61%)

48(4.88%)

118(11.99%)

of patients
Follow-up 441
Gender
Male

342(77.55%)

210(75.27%)

132(81.48%)

263(77.13%)

79(79.00%)

174(74.68%)

42(80.77%)

41(80.39%)

26(78.79%)

20(100.00%)

39(75.00%)

Female

99(22.45%)

69(24.73%)

30(18.52%)

78(22.87%)

21(21.00%)

59(25.32%)

10(19.23%)

10(19.61%)

7(21.21%)

0(0.00%)

13(25.00%)

<60

64(14.55%)

33(11.87%)

31(19.14%)

41(12.06%)

23(23.00%)

28(12.07%)

4(7.69%)

7(13.73%)

6(18.18%)

5(25.00%)

14(26.92%)

60-70

116(26.36%)

76(27.34%)

40(24.69%)

94(27.65%)

22(22.00%)

65(28.02%)

13(25.00%)

10(19.61%)

12(36.36%)

5(25.00%)

11(21.15%)

Age

70-80

168(38.18%)

102(36.69%)

66(40.74%)

134(39.41%)

34(34.00%)

87(37.50%)

21(40.38%)

27(52.94%)

9(27.27%)

8(40.00%)

16(30.77%)

>=80

92(20.91%)

67(24.10%)

25(15.43%)

71(20.88%)

21(21.00%)

52(22.41%)

14(26.92%)

7(13.73%)

6(18.18%)

2(10.00%)

11(21.15%)

No

248(57.01%)

142(51.26%)

106(67.09%)

175(52.24%)

73(73.00%)

117(50.43%)

27(54.00%)

30(61.22%)

22(70.97%)

11(55.00%)

41(77.36%)

Yes

187(42.99%)

135(48.74%)

52(32.91%)

160(47.76%)

27(27.00%)

115(49.57%)

23(46.00%)

19(38.78%)

9(29.03%)

9(45.00%)

12(22.64%)

Death

Re-admission
<2

192(82.05%)

106(77.94%)

86(87.76%)

131(78.92%)

61(89.71%)

82(74.55%)

21(87.50%)

26(86.67%)

17(80.95%)

9(90.00%)

37(94.87%)

2

42(17.95%)

30(22.06%)

12(12.24%)

35(21.08%)

7(10.29%)

28(25.45%)

3(12.50%)

4(13.33%)

4(19.05%)

1(10.00%)

2(5.13%)

Daily Living ability (outdoor activity)
No

12(4.84%)

10(6.94%)

2(1.92%)

11(6.21%)

1(1.41%)

8(6.78%)

1(3.70%)

1(3.23%)

0(0.00%)

0(0.00%)

2(5.00%)

Yes

236(95.16%)

134(93.06%)

102(98.08%)

166(93.79%)

70(98.59%)

110(93.22%)

26(96.30%)

30(96.77%)

21(100.00%)

11(100.00%)

38(95.00%)

Follow-up intention
NO

431(97.51%)

270(96.77%)

161(98.77%)

331(97.07%)

100(99.01%)

226(97.00%)

51(98.08%)

50(98.04%)

32(96.97%)

20(100.00%)

52(98.11%)

Yes

11(2.49%)

9(3.23%)

2(1.23%)

10(2.93%)

1(0.99%)

7(3.00%)

1(1.92%)

1(1.96%)

1(3.03%)

0(0.00%)

1(1.89%)

EOS is associated with mortality according to the follow-up after three
years
Table 4 summarizes the contents of the follow-up data after
three years. A total of 441 patients were enrolled in the followup study, and 543 patients declined. A total of 187 (42.99%)

patients had died. Of the 248 patients with survival information,
17.95% were hospitalized more than twice per year due to
AECOPD. There were relatively fewer deaths in the EOS2% or 3%
group at follow-up (P < 0.01). According to the different eosinophil count groups, compared to the 200EOS<250/ml and 300/
ml groups, the EOS<100/ml group had relatively higher deaths at

Fig. 5. Exploring the predictive value of eosinophils with AUC>0.5.
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Table 5
Results of ROC curve.
Variables

Cutoff value(%)

AUC

Sensitivity

Speciﬁcity

Positive Predictive Value

negative predictive value

chisq

ﬁsher

Ex-smoker
Dust exposure
Osteoporosis
Mental illness
bronchitis

1.3
2.2
2.4
6.1
1.7

0.505
0.552
0.602
0.583
0.551

0.546
0.562
0.52
0.294
0.486

0.52
0.673
0.709
0.943
0.639

0.473
0.028
0.045
0.083
0.511

0.592
0.989
0.983
0.987
0.616

0.04019
0.06044
0.02389
0.002503
9.03E-05

0.04608
0.08667
0.02423
0.0003983
0.0001035

follow-up (49.57% vs. 29.03%, P < 0.05; 49.57% vs. 22.64%,
P < 0.01) (Supplementary Fig. 2)..
Exploring the predictive value of eosinophils with AUC>0.5
There is currently no uniform eosinophil threshold to identify the
clinical features of AECOPD, and further analysis was conducted to
explore the predictive value of eosinophils. Of all the clinical variables, the ROC curve showed that the indicators of AUC0.5 included
chest CT imaging ﬁndings, osteoporosis, mental illness, dust exposure, and ex-smoker status (Fig. 5). Statistical analyses of all AECOPD
patients were conducted again according to the optimal eosinophil
threshold determined by the ROC curve. We found that if the EOS%
was 1.8% (or 100/ml), it was more associated with chest CT with
emphysematous manifestations and 1.7% (or 100/ml) with a bronchitis phenotype (P < 0.01). If the EOS% was 1.3% (or 100/ml), it
was more associated with ex-smoker status. If the EOS% was 6.1%
(or 400/ml), it was more associated with mental disease (P < 0.05).
If the EOS% was 2.4% (or 140/ml), it was more associated with
osteoporosis (P < 0.05). If the EOS% was 2.2% (or 240/ml), it was
more associated with dust exposure (P < 0.05). However, the proportions of these three comorbidities measured by different thresholds
were low (Table 5).
Discussion
The study fully evaluated the role of eosinophils in AECOPD. We
found that the EOS group (2% or 3% or 100/ml.) was associated
with a tendency toward noninfectious inﬂammation, mild airﬂow
limitation, fewer comorbidities, and lower 3-year mortality.
Our ﬁndings are consistent with previous studies on infection and
antibiotics. The EOS, CRP, and PCT have high clinical guiding value in
judging the type of infection and predicting the treatment effect for
AECOPD.7,17 19 Many studies used the EOS grouping method (EOS%<
2% and/or EOS counts < 200 cells/m; EOS% 2%-2.99% and/or EOS
counts 200-299 cells/mL; EOS%  3% and/or EOS counts  300 cells/
mL) and believed that the hypereosinophilic group (2% or 200
cells/mL)
had
a
tendency
toward
noninfectious
inﬂammation.10,14,20,21 However, the mechanism of EOS and infection
in AECOPD is unclear. Eosinophils may phagocytize bacteria through
phagocytosis similar to neutrophils,22,23 and eosinophil granule protein has antibacterial properties.27 29 Eosinophils in infection may be
related to the initiation of the innate immune response to pathogens
by releasing extracellular DNA traps24 and expressing speciﬁc pattern
recognition receptors.25,26 Bacterial infection may inﬂuence corticosteroid responsiveness by changing the inﬂammatory response of
neutrophils and eosinophils.30,31
Some studies have shown that blood eosinophils can guide systemic corticosteroid exposure in AECOPD,7,32,33,36 and systemic corticosteroids can improve clinical outcomes in AECOPD associated with
serum eosinophils 2%34 or 0.34*109 cells/L.35 However, other studies found that systemic glucocorticoids did not improve ICU mortality
and shorten LOS,40 and the failure rate was almost 14.5 39%.37 39
Systemic glucocorticoids also increase the risk of side effects. EOS2%
in severe AECOPD patients requires a lower systemic corticosteroid
dose.41 Inhaled corticosteroids alone can replace systemic

corticosteroids in AECOPD treatment.42 In our study, 84.04% of
patients received aerosolized glucocorticoids, and 10.98% of patients
received systemic glucocorticoids. The EOS group ( 2% or 3%) used
lower doses of steroids. It could be that the low eosinophil group had
more symptoms and a worse response to systemic corticosteroids.
There is still a gap between the implementation of international
guidelines and our treatment in the management of AECOPD. The
mechanism between eosinophils and glucocorticoids is relatively
clear.43,44
There are few studies on AECOPD that address comorbidities or
that follow-up with patients. We found that hypereosinophilia ( 2%
or 3% or 100/ml) was associated with less cor pulmonale, respiratory failure, and atrial ﬁbrillation, which was similar to previous studies, with EOS >2% or 340/ul.11,45,46 However, there is no relevant
research to analyze the types of arrhythmias that were observed.
Meanwhile, the prognostic indicators of AECOPD patients are being
explored. Eosinopenia (<50/mL) was a powerful predictor of 12month20 or 18-month mortality.47 Patients with eosinophils larger
than 150/mL had lower all-cause mortality.48 We followed up with
patients after 3 years and found that low eosinophil levels (<100/mL
or <2%) were associated with higher mortality. Eosinophils can be
used as a prognostic indicator of mortality in AECOPD. In addition,
this study found that chest CTs showed more obvious emphysema
or bronchitis with EOS 100/ml. Researchers15 found that QCT
measures for emphysema were higher in the sputum eosinophil
group (1.25%). Smoking COPD subjects are more likely to
develop emphysema and have fewer eosinophils.49 Emphysema
does not seem to be associated with eosinophils,50 which was
inconsistent with our result. Our study did not further distinguish
the severity of chest CT results. Therefore, the relationship
between EOS and chest CT phenotypes remains unclear, and further subgroup analyses are needed.
Hypereosinophils seem to play a protective role in AECOPD infection, comorbidity and three-year prognosis. However, there are some
limitations to the study. First, it was a retrospective design with a single-center study. There were missing data on some clinical features
and the design lacked more performance metrics. Second, the sample
was relatively small, and the proportion of patients who participated
in follow-up was low. The predictive value of EOS by the ROC curve
was unstable. Further validation in large samples is needed. Third,
we did not further evaluate the severity of chest CT subtypes. Fourth,
we did not collect EOS in AECOPD patients' sputum, so it is difﬁcult to
directly compare the consistency of the relationship between sputum
specimens in the relevant literature and our study. We will continue
to collect relevant clinical data on patients with AECOPD, further
explore the relationship between EOS and AECOPD through multicenter research, and conduct subgroup analyses of CT phenotypes. In
the future, we will elaborate on the mechanism of EOS in AECOPD in
combination with basic research.
Conclusions
Our study compared common eosinophil classiﬁcation methods
for the ﬁrst time and discussed the optimal threshold of AECOPD
using an ROC curve. The group with relatively high EOS levels (2%
or 100/ml) was associated with fewer complications, mild airﬂow
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restriction, a tendency toward noninfectious inﬂammation, and less
3-year mortality. In particular, the critical value of EOS of 100/ml
seems to be more clinically relevant to AECOPD. Eosinophils can not
only guide clinical treatment but also be used as an index to predict
the clinical outcome and prognosis of AECOPD patients
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