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Abst rac t
Introduction: Meta-analysis was used to investigate the relationship between peripheral blood eosinophil (EOS) 
levels, clinical characteristics, and prognosis in chronic obstructive pulmonary disease (COPD)patients in previous 
literature. 
Aim: To analyse the correlation between peripheral blood EOS levels and clinical characteristics and prognosis 
of patients with COPD using meta-analysis. 
Material and methods: In databases such as PubMed, Embase, Web of Science, Cochrane Library, China National 
Knowledge Infrastructure (CNKI), and Wan Fang Data, literature related to the clinical characteristics or prognosis 
of COPD patients with high-level EOS published before July 2023 was searched for meta-analysis.
Results: Through computer search and screening, 29 articles were ultimately included. The meta-analysis results 
showed that compared to conventional EOS levels, COPD patients with high EOS levels had a lower proportion 
of GOLD III–IV grade patients (OR = 00.78, 95% CI (0.68, 0.88), p < 0.001), lower CAT scores (OR = –1.01, 95% CI 
(–1.75, –0.28), p = 0.007), shorter hospital stay (OR = –1.33, 95% CI (–1.52, –1.14), p < 0.001), and lower mortality 
rate (OR = 0.53, 95% CI (0.42, 0.66), p < 0.001). The readmission rate was low (OR = 0.40, 95% CI (0.33, 0.48),  
p < 0.001), and there was no statistically significant difference in FEV1%pred (OR = –0.55, 95% CI (–1.33, 0.23),  
p = 0.17), higher FEV1/FVC values (OR = –0.45, 95% CI (–1.08, 0.18), p = 0.160), and mechanical ventilation usage 
rate (OR = 0.89, 95% CI (0.65, 1.21), p = 0.450) among COPD patients with different EOS levels. 
Conclusions: The levels of peripheral blood EOS in COPD patients are related to lung function, respiratory symp-
toms, etc.; Moreover, COPD patients with high-level EOS have shorter hospital stays, lower mortality and readmis-
sion rates. Therefore, ESO can be used as an auxiliary indicator for clinical symptom diagnosis of COPD patients 
and as an auxiliary indicator for predicting prognosis.
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Introduction

Chronic obstructive pulmonary disease (COPD) is an 
irreversible progressive airway obstructive disease that 
belongs to preventable diseases; the global incidence 
rate is about 4–10%. The main clinical symptoms of pa-
tients are dyspnoea, cough, expectoration, etc. [1]. China 
is a country with a high incidence of COPD, with mid-
dle-aged and elderly people as the main disease group. 
The incidence rate of COPD in middle-aged people over 
40 years old is about 13.7%, and that in elderly people 
over 60 years old is 27%. COPD has a certain mortality 
rate, which is often caused by the patient’s condition 
entering an acute exacerbation phase, increased inflam-
matory reactions in the respiratory system, aggravating 
the degree of airflow restriction, leading to worsening 
of hypoxia symptoms, and ultimately inducing respira-

tory failure. COPD has the characteristic of recurrent 
attacks, especially in severe COPD patients, with an av-
erage of about 2 acute exacerbations per year. This re-
current attack can cause a significant burden on the pa-
tient’s physical health, psychological state, and economic 
situation. Therefore, it is of great clinical significance 
to seek biomarkers that can predict the clinical symp-
toms and prognosis of patients with acute exacerbation 
of COPD [2, 3].

Eosinophils (EOS) are a component of white blood cells 
derived from bone marrow hematopoietic stem cells, ac-
counting for approximately 1% to 4% of white blood cells. 
Previously, it was believed in clinical practice that after 
COPD patients entered the acute exacerbation phase, 
a large amount of neutrophil-related inflammatory fac-
tors were released, and an increase in EOS count levels 
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was observed in 40% of COPD patients during the acute 
exacerbation phase [4]. Research has found that peripheral 
blood EOS count can reflect the degree of airway inflamma-
tory response in COPD patients to a certain extent, and is 
of great value for studying the onset and prognosis of COPD 
patients in the acute exacerbation stage [5, 6]. With the im-
provement of clinical researchers’ understanding of EOS, 
more and more studies have confirmed a strong correlation 
between peripheral blood EOS count and the development 
and prognosis of acute exacerbation of COPD. 

Aim

Therefore, based on previous relevant results, this 
study summarizes the relationship between peripheral 
blood EOS levels and the clinical development and prog-
nosis of COPD patients. 

Material and methods

Literature retrieval strategy

The literature search was conducted in English da-
tabases such as PubMed, Embase, Web of Science, 
Cochrane Library, etc. using English search terms such 
as “COPD”, “AECOPD”, “chronic obstructive pulmonary 
disease”, “Eosinophils”, “Eosinopenia”, “Eosinophilia”, 
“Eosinophil”, etc.. Then, literature search was conducted 
in Chinese databases such as CNKI and Wan Fang Data 
using search terms such as “chronic obstructive pulmo-
nary disease”, “chronic obstructive pulmonary disease”, 
“acute exacerbation of chronic obstructive pulmonary 
disease”, “COPD”, “AECOPD”, “eosinophils”, and “EOS”. 
From the establishment of the database until July 2023, 
all published articles were searched.

Inclusion and exclusion criteria

Inclusion criteria: (1) The study subjects are adult and 
meet the diagnostic criteria for COPD; (2) Adopting cross-
sectional or retrospective studies; (3) Group comparison 
based on peripheral blood EOS levels, with 2% as the cut-
off level; (4) Including at least one pathological or prog-
nostic indicator; (5) Chinese or English literature.

Exclusion criteria: (1) Articles published in the form of re-
views, meta-analyses, and conference abstracts; (2) Clinical 
research on non-human subjects such as animal experi-
ments and cell culture; (3) Repeated publication of articles; 
(4) Incomplete data; (5) Unable to obtain complete article 
content.

Literature screening and information extraction

Literature screening was jointly and independently 
performed by two researchers, and the selected articles 
were imported into ENDNOTE X9 software for manage-
ment; firstly, they read the title and abstract, preliminarily 
screened the articles that did not meet the requirements, 
and then carefully read the content of the articles for de-

tailed screening. Two researchers checked the inclusion 
and screening results of the articles, and conducted in-
ternal discussions and analysis of the articles with dif-
ferences. If necessary, a third party could make a ruling.

Information extraction. Two researchers jointly and 
independently extracted information, which was mainly 
divided into three aspects: (1) article features, includ-
ing publication time, first author of published articles, 
etc.; (2) characteristics of the research object, including 
the number of patients included, grouping situation, 
number of patients in each group, gender, age, etc.;  
(3) characteristics of outcome indicators. This study mainly 
included GOLD grading, FEV1%pred, FEV1/FVC, length 
of stay, mortality rate, readmission rate, mechanical ventila-
tion usage rate, and CAT score. If multiple time periods of in-
dicator levels were given in the article, the level of the pa-
tient’s acute exacerbation period indicator was the main 
one, followed by the level at admission or before treatment.

Risk assessment of literature bias

The Cochrane bias risk assessment tool was used to 
evaluate the bias risk of the articles included. The degree 
of bias risk for each dimension was divided into three 
levels: low risk, unclear risk, and high risk. Two research-
ers continued to independently evaluate and compare 
the results. If there were differences in the evaluation 
results, negotiation and discussion were conducted. If 
a unified result could not be obtained, a third-party re-
searcher was sought for final evaluation.

Statistical analysis

Statistical analysis was conducted using RevMan 
5.3 software, and binary variables such as GOLD grad-
ing, mortality rate, readmission rate, and mechanical 
ventilation usage rate in the articles were represented 
by the number of cases (n) and it used odds ratio (OR) 
for effect quantity consolidation, and continuous vari-
ables such as FEV1%pred, FEV1/FVC, hospital stay, CAT 
score, etc. were represented by mean difference (MD) or 
standard mean difference (SMD). If the data provided 
in the study were median and quartile, the median was 
converted to mean, quartile range, and quartile interval 
to standard deviation, and the 95% confidence interval 
(95% CI) was calculated. I2 and P evaluation were used 
to test the heterogeneity between studies, and an analy-
sis effect model was selected based on heterogeneity.  
I2 < 50% or p > 0.1 represented no significant heteroge-
neity and a fixed effect model was selected. I2 ≥ 50% or  
p ≤ 0.1 represented significant heterogeneity and a ran-
dom effect model was selected.

Results

Literature search and screening results

A total of 3069 references were obtained through 
computer retrieval, with 1964 remaining after removing 
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duplicate references. 1749 articles were excluded through 
reading titles and abstracts, and 187 articles were exclud-
ed after reading the entire text. Finally, 29 articles were 
included, as shown in Figure 1.

Basic characteristics and quality evaluation
of articles included 

Among the 29 articles ultimately included, 11 were in 
English and 18 were in Chinese. The basic characteristics 
of the articles are detailed in Table 1 [7–35], and the qual-
ity evaluation of the articles is shown in Figure 2.

Meta-analysis results
Meta-analysis of different EOS levels in disease-
related indicators of COPD patients

There are a total of 14 articles comparing the “GOLD 
grading” indicators of COPD patients with different levels 
of EOS. The forest map demonstrates that among COPD 
patients with high levels of EOS, the proportion of pa-
tients with grade III–IV GOLD grading is relatively low  
(p < 0.05), as shown in Figure 3. There are a total of  
15 articles comparing the “FEV1%pred” indicators 
of COPD patients with different EOS levels. The forest 
map demonstrates that the FEV1%pred levels of COPD 
patients with different EOS high levels are basically 
the same (p > 0.05), as shown in Figure 4. There are a to-
tal of 15 articles containing “FEV1/FVC” indicator pairs for 
COPD patients with different EOS levels. The forest map 
demonstrates that the FEV1/FVC levels of COPD patients 
with different EOS high levels are basically the same  
(p > 0.05), as shown in Figure 5. There are 5 articles com-
paring the “CAT score” indicators of COPD patients with 
different EOS levels. The forest map demonstrates that 
the CAT score of COPD patients with high EOS levels is 
lower (p < 0.05), as shown in Figure 6. The meta-analysis 
results of different EOS levels in the disease-related indi-
cators of COPD patients showed that except for the “CAT 
score” indicator, the heterogeneity test results of other 

indicators showed heterogeneity between studies, 
and a random effects model was adopted for analysis. 
The “CAT score” indicator was analysed using a fixed ef-
fects model, as shown in Table 2.

Meta-analysis of prognostic indicators related
to different levels of EOS in COPD patients

There are a total of 18 articles comparing the “hospi-
tal stay” indicators of COPD patients with different lev-
els of EOS. The forest map demonstrates that patients 
with high levels of EOS have a shorter hospital stay  
(p < 0.05), as shown in Figure 7. There are 14 articles com-
paring the “mortality rate” indicators of COPD patients 
with different levels of EOS. The forest map demonstrates 
that patients with high levels of EOS have a lower mortal-
ity rate (p < 0.05), as shown in Figure 8. There are a total 
of 6 articles comparing the “readmission rate” indicators 
of COPD patients with different levels of EOS. The forest 
map demonstrates that patients with high levels of EOS 
have a lower readmission rate (p < 0.05), as shown in 
Figure 9. There are 5 articles comparing the “mechani-
cal ventilation usage rate” indicators of COPD patients 
with different EOS levels. The  forest map demon-
strates the differences in mechanical ventilation usage 
rate among COPD patients with different EOS levels  
(p > 0.05), as shown in Figure 10. The meta-analysis re-
sults of different EOS levels in the disease-related indica-
tors of COPD patients showed that the heterogeneity test 
results of all indicators showed heterogeneity between 
studies, and a random effects model was adopted for 
analysis, as shown in Table 3.

Discussion

The epidemiological investigation results show that 
with a cutoff value of 2% for peripheral blood EOS, 
the detection rate of EOS induced airway inflammation 
in patients with acute exacerbation of COPD is about 

Figure 1. Flow chart of PRISMA 
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Table 1. Basic characteristics of articles included 

Number Included studies Time Sample 
size

Sample size Age Male proportion Outcome 
indicatorsEOS%

≥ 2%
EOS%
< 2%

EOS% 
≥ 2%

EOS% 
< 2%

EOS% 
≥ 2%

EOS% 
< 2%

1 Bélanger [7] 2018 479 173 306 68.7 ±9.4 69.1 ±9.4 98 151 

2 Choi [8] 2019 736 190 546 71.6 ±10.5 72.5 ±8.9 140 378 

3 Cui [9] 2021 1566 668 898 69 ±9.63 69 ±8.89 555 702 

4 Cuneyt [10] 2015 647 62 585 – – 51 472 

5 Disantostefano [11] 2016 948 634 314 – – 425 185 

6 Emine [12] 2018 10593 4056 6537 67 (59–75) 69 (61–77) 2931 4325 

7 Lv [13] 2021 174 76 98 64.74 ±9.55 66.43 ±10.26 54 97 

8 Prins [14] 2017 207 39 168 70.4 ±8.7 69.7 ±11.5 23 78 

9 Tang [15] 2020 247 97 150 72 ±11.11 72 ±8.89 74 119 

10 Wu [16] 2020 625 176 449 74.9 ±11.74 76.89 ±10.09 166 384 

11 Zeng [17] 2021 703 312 391 75.8 ±9.7 76.2 ±9.2 272 344 

12 Fu [18] 2018 109 50 59 64.04 ±10.53 68.02 ±11.10 29 39 

13 Liu [19] 2017 148 37 111 69.5 ±5.5 71.5 ±5.6 29 95 

14 Liu [20] 2023 116 47 69 66.96 ±10.27 67.75 ±10.91 30 43 

15 Bie [21] 2022 184 68 116 69 ±8 70 ±8 34 67 

16 Wu [22] 2016 149 37 112 – – 30 96 

17 Ji [23] 2020 140 48 50 65.7 ±5.7 67.1 ±7.4 39 40 

18 Cui [24] 2020 216 92 124 67.5 ±7.2 66.1 ±6.3 70 82 

19 Zhang [25] 2018 68 34 34 66.21 ±7.64 67.41 ±6.71 26 22 

20 Peng [26] 2018 122 36 52 66.9 ±7.7 67.9 ±8.4 – – 

21 Zeng [27] 2017 559 241 318 74.9 ±9.3 75.3 ±8.8 2003 273 

22 Li [28] 2020 120 56 64 67.51 ±11.97 69.83 ±10.42 56 59 

23 Wang [29] 2019 197 41 156 73.8 ±5.9 73.6 ±5.7 34 116 

24 Dong [30] 2021 88 25 63 72 ±8 72 ±8 18 43 

25 Fei [31] 2017 82 16 66 74.4 ±8.1 74.7 ±8.3 11 45 

26 Zheng [32] 2016 729 276 453 71.1 ±9.9 72.5 ±10.2 202 306 

27 Guo [33] 2020 157 78 79 67.74 ±8.27 70.43 ±7.80 51 51 

28 Jin [34] 2017 318 45 273 74.04 ±7.86 75.12 ±8.93 34 213 

29 Lu [35] 2017 1200 420 780 67.2 ±8.9 69.1 ±8.6 64 68 

GOLD grading;  FEV1% pred;  FEV1/FVC;  Hospital stay;  Mortality rate;  Readmission rate;  Mechanical ventilation usage rate;  CAT score.

Figure 2. Risk bias of study inclusion
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Low risk of bias Unclear risk of bias High risk of bias
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Study or subgroup EOS% ≥ 2% EOS% < 2% Weight 
(%) 

Odds ratio
M-H, fixed, 95% CI

                                  Odds ratio
                               M-H, fixed, 95% CIEvents Total Events Total 

Belanger 2018 80 173 153 306 11.8 0.86 [0.59, 1.25] 

Choi 2019 93 190 305 546 16.0 0.75 [0.54, 1.05] 

Disantostefano 2016 46 634 15 314 3.7 1.56 [0.86, 2.84] 

Lv 2021 35 76 53 98 5.0 0.72 [0.40, 1.32] 

Zeng 2021 177 312 224 391 17.1 0.98 [0.72, 1.32] 

Fu 2018 16 50 31 59 3.8 0.43 [0.19, 0.93] 

Liu 2017 30 37 95 111 1.8 0.72 [0.27, 1.92] 

Bie 2022 34 68 91 116 6.7 0.27 [0.14, 0.53] 

Wu 2016 31 37 97 112 1.6 0.80 [0.29, 2.24] 

Cui 2020 43 92 69 124 6.2 0.70 [0.41, 1.20] 

Zeng 2017 109 241 173 318 16.2 0.69 [0.49, 0.97]

Wang 2019 19 41 86 156 3.8 0.70 [0.35, 1.40]

Dong 2021 12 25 35 63 2.1 0.74 [0.29, 1.87]

Guo 2020 36 78 41 79 4.4 0.79 [0.42, 1.49] 

Total (95% CI)  2054 2793 100.0 0.78 [0.68, 0.88]

Total events 761 1468

Heterogeneity: c2 = 20.63, df = 13 (p = 0.08); I2 = 37% 

Test for overall effect: Z = 3.80 (p = 0.0001)  

Figure 3. GOLD grading (III–IV) forest map of COPD patients with different EOS levels

Favours [control]Favours [experimental] 
0.2	 0.5	 1	 2	 5

Figure 4. Forest map of FEV1%pred in COPD patients with different EOS levels

Study or subgroup EOS% ≥ 2% EOS% < 2% Weight 
(%)

Mean difference
IV, fixed, 95% CI

            Mean difference
             IV, fixed, 95% CIMean SD Total Mean SD Total 

Belanger 2018  52 17.44 173 50.7 16.5 306 6.0 1.30 [–1.09, 4.49] 

Choi 2019 50.9 18  190 50  19.6  546  6.6  0.90 [–2.14, 3.94] 

Lv 2021 56.27 22.31  76 55.64  24.23  98  1.3  0.63 [–6.31, 7.57] 

Prins 2017 50.6 16 39  44.6 16.6  168  1.9  6.00 [0.39, 11.61] 

Tang 2020 40 14.07  97 34.5  16.52  150  4.1 5.50 [1.65, 9.35] 

Wu 2020 47.2 17.7  176 48.55  17.69  449  6.4 –1.35 [–4.43, 1.73] 

Liu 2017 42.98 0.57  37 43.96  11.1  111  14.1  –0.98 [–3.05, 1.09] 

Liu 2023 52.62 6.78  47 64.51  6.32  69  10.2 –11.89 [–14.34, –9.44] 

Ji 2020 55.7 15.1  48 50.8  16.8  50  1.5 4.90 [–1.42, 11.22] 

Cui 2020 42.4 18.3  92 38.6  17.2  124  2.6 3.80 [–1.01, 8.61] 

Li 2020 39.17 12.76  56 35.9  10.84  64  3.3 3.27 [–1.00, 7.54] 

Wang 2019 53 14.2  41 48.05  12.35  156  2.7 4.95 [0.19, 9.71] 

Dong 2021 51 5  25  50 5  63 11.3  1.00 [–1.32, 3.32] 

Guo 2020 52.46 17.91  78 52.1  1.6  79  3.8 0.36 [–3.63, 4.35] 

Lu 2017 52.8 13.6  420 53.4  12.9  780  24.2 –0.60 [–2.18, 0.98]

Total (95% CI)  1595 3213 100.0 –0.55 [–1.33, 0.23]

Heterogeneity: c2 = 116.14, df = 14 (p < 0.00001); I2 = 88% 

Test for overall effect: Z = 1.38 (p = 0.17)   –10	 –5	 0	 5	 10

Figure 5. Forest map of FEV1/FVC in COPD patients with different EOS levels

Study or subgroup EOS% ≥ 2% EOS% < 2% Weight 
(%) 

Mean difference
IV, fixed, 95% CI

Mean difference
IV, fixed, 95% CIMean SD Total Mean SD Total 

Belanger 2018 47 12.9 173 47 11.6 306 7.3 0.00 [–2.32, 2.32] 

Choi 2019 49.1 12 190 48.3 12.4 546 9.9 0.80 [–1.20, 2.80] 

Cui 2021 50 14.81 668 50 14.81 898 17.9 0.00 [–1.48, 1.48] 

Lv MY 2021 58.74 10.14 76 57.22 11.32 98 3.9 1.52 [–1.68, 4.72] 

Prins 2017 42.5 13.6 39 39.9 12.4 168 1.8 2.60 [–2.06, 7.26] 

Tang 2020 53 11.85 97 53 12.59 150 4.1 0.00 [–3.10, 3.10] 

Wu 2020 50.9 12.7 176 53.12 13.02 449 7.9 –2.22 [–4.45, 0.01] 

Ji 2020 50.2 11.7 48 47.6 10.4 50 2.0 2.60 [–1.79, 6.99] 

Cui 2020 48.4 18.3 92 38.6 17.2 124 1.7 9.80 [4.99, 14.61] 

Peng 2018 50.9 14.2 36 45.1 11 52 1.3 5.80 [0.28, 11.32] 

Zeng 2017 48.6 10.8 241 47.6 11.3 318 11.6 1.00 [–0.84, 2.84] 

Wang 2019  54.78 12.02 41 49.36 10.23 156 2.4 5.42 [1.41, 9.43] 

Dong 2021 49 5 25 48 4 63 8.2 1.00 [–1.19, 3.19] 

Guo 2020 53.09 9.67 78 54.24 9.8 79 4.2 –1.15 [–4.20, 1.90] 

Lu 2017 46.8 13.6 420 53.4 12.9 780 15.7 –6.60 [–8.18, –5.02] 

  

Total (95% CI) 2400 4237 100.0 –0.45 [–1.08, 0.18]

Heterogeneity: c2 = 102.15, df = 14 (p < 0.00001); I2 = 86% 

Test for overall effect: Z = 1.41 (p = 0.16) –10	 –5	 0	 5	 10

Favours [control]

Favours [control]

Favours [experimental] 

Favours [experimental] 
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Table 2. Meta-analysis results of different EOS levels in disease-related indicators of COPD patients

Index Number of articles 
included 

Heterogeneity test results Effect mode Meta-analysis results

P-value I2 (%) OR (95% CI) P-value

GOLD grading 14 0.080 37 Random pattern 0.78 (0.68, 0.88) < 0.001

FEV1%pred 15 < 0.001 88 Random pattern –0.55 (–1.33, 0.23) 0.170

FEV1/FVC 15 < 0.001 86 Random pattern –0.45 (–1.08, 0.18) 0.160

CAT score 5 0.99 0 Fixed pattern –1.01 (–1.75, –0.28) 0.007

Study or subgroup EOS% ≥ 2% EOS% < 2% Weight 
(%) 

Mean difference
IV, fixed, 95% CI

Mean difference
IV, fixed, 95% CIMean SD Total Mean SD Total 

Lv MY 2021 22.46 3.3 76 23.55 3.54 98 52.4 –1.09 [–2.11, –0.07] 

Liu 2017 18 4 37 19 6 111 18.8 –1.00 [–2.71, 0.71] 

Ji 2020 24.6 5 48 25.8 5.1 50 13.7 –1.20 [–3.20, 0.80] 

Guo 2018 24.6 5.2 36 25.3 6.3 52 9.4 –0.70 [–3.11, 1.71] 

Li 2020 24.85 8.37  56 25.29 8.91 64  5.7 –0.44 [–3.53, 2.65]

Total (95% CI)   253  375 100.0 –1.01 [–1.75, –0.28]

Heterogeneity: c2 = 0.25, df = 4 (p = 0.99); I2 = 0%  

Test for overall effect: Z = 2.69 (p = 0.007)  

Figure 6. Forest map of CAT scores in COPD patients with different EOS levels

Favours [control]Favours [experimental] 

–4	 –2	 0	 2	 4

Study or subgroup EOS% ≥ 2% EOS% < 2% Weight  
(%) 

Mean difference
IV, fixed, 95% CI

Mean difference
IV, fixed, 95% CIMean SD Total Mean SD Total 

Choi 2019 8 5.9 190 11.2 10.5 546 2.4 –3.20 [–4.42, –1.98] 

Cui 2021 9 2.96 668 9 3.7 898 33.2 0.00 [–0.33, 0.33] 

Lv MY 2021 9.62 2.8 76 11.82 3.03 98 4.8 –2.20 [–3.07, –1.33] 

Wu 2020 8.81 5.95 176 10 7.12 449 3.0 –1.19 [–2.29, –0.09] 

Zeng 2021 10.5 5 312 11.9 6.1 391 5.4 –1.40 [–2.22, –0.58] 

Fu 2018 8.9 2.8 50 10.8 5.2 59 1.5 –1.90 [–3.44, –0.36] 

Liu 2017 9.8 3 37 12.1 1.9 111 3.4 –2.30 [–3.33, –1.27] 

Liu 2023 15.55 4.68 47 11.62 3.16 69   1.5 3.93 [2.40, 5.46]

Wu 2016 10.2 2.9 37 11.3 2.8 112 3.2 –1.10 [–2.17, –0.03] 

Cui 2020 10.1 5.3 92 14.5 8.7 124 1.0 –4.40 [–6.28, –2.52] 

Zhang 2018 7.44 1.93 34 8.82 1.7 34    4.8 –1.38 [–2.24, –0.52]

Zeng 2017 10.59 4.94 241 11.58 5.81 318 4.5  –0.99 [–1.88, –0.10]

Li 2020 10 2.22 56 11 2.96 64 4.2  –1.00 [–1.93, –0.07]

Dong 2021 8 0.9 25 11.2 1.5 63 13.8  –3.20 [–3.71, –2.69]

Fei 2017 13.6 4.2 16 17 5.7 66 0.6 –3.40 [–5.88, –0.92] 

Zheng 2016 9.5 3.7 276 11.4 5.7 453   7.8 –1.90 [–2.58, –1.22]

Guo 2020 9.1 1.86 78 12.18 3.55 79 4.6 –3.08 [–3.96, –2.20] 

Jin 2017 13.98 44.38 45 16.96 9.11 273 0 –2.98 [–15.99, 10.33

Total (95% CI) 2456 4027 100.0 –1.33 [–1.52, –1.14]

Heterogeneity: c2 = 207.94, df = 17 (p < 0.00001); I2 = 92%   

Test for overall effect: Z = 13.69 (p < 0.00001)   Favours [control]Favours [experimental] 
–10	 –5	 0	 5	 10

Figure 7. Forest map of hospital stay for COPD patients with different EOS levels

40%, indicating a close relationship between peripheral 
blood EOS levels and the development of the patient’s 
condition [36]. Meanwhile, in 2020, the American Tho-
racic Society (ATS) recommended in its COPD treatment 
guidelines [37] that peripheral blood EOS ≥ 2% be used 
as the standard for glucocorticoid inhalation therapy in 
patients with acute exacerbation of COPD, indicating that 
peripheral blood EOS is also involved in COPD treatment.

Meta-analysis of the correlation between
peripheral blood EOS levels and lung function
in COPD patients

The meta-analysis results in this study showed that 
compared to conventional EOS levels, COPD patients 
with high EOS levels had a lower proportion of patients 
with grade III–IV GOLD grading and lower CAT scores. 
However, COPD patients with different EOS levels had 
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Study or subgroup EOS% ≥ 2% EOS% < 2% Weight
(%) 

Odds ratio
M-H, fixed, 95% CI

Odds ratio
M-H, fixed, 95% CIEvents Total Events Total 

Belanger 2018  17  173  52  306  40.4 0.53 [0.30, 0.95] 

Lv M Y 2021  11  76  29  98  25.9  0.40 [0.19, 0.87] 

Wu 2020  18  176  43  449  25.9  1.08 [0.60, 1.92]

Liu 2023  12  47  7  69  5.0  3.04 [1.09, 8.42]

Cui 2020  10  92  3  124  2.7  4.92 [1.31, 18.42]

Total (95% CI)   564   1046  100.0  0.89 [0.65, 1.21]

Total events 68 134

Heterogeneity: c2 = 19.45, df = 4 (p = 0.0006); I2 = 79%

Test for overall effect: Z = 0.76 (p = 0.45)   

Figure 10. Forest map of mechanical ventilation usage in COPD patients with different EOS levels

0.05	 0.2	 1	 5	 20

Table 3. Meta-analysis of prognostic indicators related to different levels of EOS in COPD patients

Index Number of articles 
included

Heterogeneity test results Effect mode Meta-analysis results

P-value I2 (%) OR (95% CI) P-value

Hospital stay 18 < 0.001 92 Random pattern –1.33 (–1.52, –1.14) < 0.001

Mortality rate 14 0.060 40 Random pattern 0.53 (0.42, 0.66) < 0.001

Readmission rate 6 < 0.001 91 Random pattern 0.40 (0.33, 0.48) < 0.001

Mechanical ventilation 
usage rate

5 < 0.001 79 Random pattern 0.89 (0.65, 1.21) 0.450

Study or subgroup EOS% ≥ 2% EOS% < 2% Weight 
(%) 

Odds ratio
M-H. fixed, 95% CI

Odds ratio
M-H, fixed, 95% CIEvents Total Events Total 

Belanger 2018 16 173 34 306 10.0 0.82 [0.44, 1.52] 

Choi 2019  4 190  28  546  6.4  0.40 [0.14, 1.15] 

Cuneyt 2015  8 62  146  585  10.9  0.45 [0.21, 0.96] 

Emine 2018  3 4056  29  6537  10.0  0.17 [0.05, 0.55] 

Lv MY 2021  2 76  11  98  4.2  0.21 [0.05, 1.00] 

Prins 2017  1 39  13  168  2.1  0.31 [0.04, 2.47] 

Wu 2020  0 176  4  449  1.1  0.28 [0.02, 5.24]

Liu 2023  5 47  17  69  5.5  0.36 [0.12, 1.07] 

Ji 2020  0 48  0  50  Not estimable  

Zhang 2018  2 34  9  34  3.8  0.17 [0.03, 0.88] 

Fei 2017  1 16  20  66  3.3  0.15 [0.02, 1.24] 

Zheng 2016  2 276  10  453  3.4  0.32 [0.07, 1.49] 

Jin 2017  5 45  75  273  8.5  0.33 [0.13, 0.87] 

Lu 2017  53 420  112  780  30.8  0.86 [0.61, 1.22] 

Total (95% CI)    5658  10414  100.0  0.53 [0.42, 0.66] 

Total events 102 508 

Heterogeneity: c2 = 20.12, df = 12 (p = 0.06); I2 = 40% 

Test for overall effect: Z = 5.44 (p < 0.00001) 

Figure 8. Forest plot of mortality rates in COPD patients with different EOS levels

Favours [control]

Favours [control]

Favours [experimental] 

Favours [experimental] 

0.02	 0.1	 1	 10	 50

Study or subgroup EOS% ≥ 2% EOS% < 2% Weight 
(%) 

Odds ratio
M-H fixed, 95% CI

Odds ratio
M-H, fixed, 95% CIEvents Total Events Total 

Belanger 2018  98  173  160  306 13.8  1.19 [0.82, 1.74]

Prins 2017  10  39  46  68 3.6  0.91 [0.41, 2.02] 

Liu 2023  19  47  44  69  5.9  0.39 [0.18, 0.83] 

Ji 2020  20  48  32  50 5.1  0.40 [0.18, 0.91] 

Zhang 2018  2  34  9  34 2.3  0.17 [0.03, 0.88] 

Lu 2017  117  420  497  780  69.3  0.22 [0.17, 0.28] 

Total (95% CI)  761  1407  100.0  0.40 [0.33, 0.48]

Total events  266   788

Heterogeneity: c2 = 58.33, df = 5 (p < 0.00001); I2 = 91%   

Test for overall effect: Z = 9.77 (p < 0.00001)   

Figure 9. Forest map of readmission rates of COPD patients with different EOS levels

0.05	 0.2	 1	 5	 2
Favours [control]Favours [experimental] 
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similar levels of FEV1%pred and FEV1/FVC. Fu et al. [18, 
23] pointed out in their study that the proportion of pa-
tients with high EOS levels in the GOLD grading of COPD 
patients at levels III-IV was higher than that of patients 
with conventional EOS levels. This is consistent with 
the results of this study, indicating that the respiratory 
resistance symptoms of COPD patients with high EOS 
levels are relatively lower than those of patients with 
conventional EOS levels. However, the results of this 
study are inconsistent with those of Liu et al. [19, 21, 22, 
29, 33], which may be related to the number of subjects 
included in different studies and the age of patients. Bé-
langer et al. [7] pointed out in their study that there was 
no difference in FEV1%pred and FEV1/FVC levels between 
COPD patients with high EOS levels and those with con-
ventional EOS levels, which is consistent with the results 
of this study. There is no significant correlation between 
serum EOS levels and respiratory resistance symptoms 
in COPD patients, which is inconsistent with the com-
parison results of the “GOLD grading” index in this study. 
The reason for this result is that the meta-analysis re-
sults of the two outcome indicators are not completely 
the same, there may be differences in the results. At 
the same time, this study also included the “CAT score” 
as an outcome measure, which is a subjective evalua-
tion scale for evaluating the impact of COPD patients’ 
quality of life in clinical practice. In this study, COPD pa-
tients with high EOS levels had lower CAT scores, indicat-
ing that COPD patients with high EOS levels had milder 
clinical symptoms, consistent with the results of Turato 
et al. [38]. Based on the above theoretical analysis results, 
it is inferred that the process of COPD patients entering 
the acute exacerbation phase is weakly related to the in-
crease in EOS levels, but an increase in EOS levels is ben-
eficial for improving the clinical symptoms of patients.

Meta-analysis of the correlation between
peripheral blood EOS levels and prognosis
in COPD patients

The meta-analysis results in this study showed that 
compared to conventional EOS levels, COPD patients 
with high EOS levels had shorter hospital stays, lower 
mortality rates, and lower readmission rates. However, 
there was no statistically significant difference in me-
chanical ventilation usage among COPD patients with 
different EOS levels. EOS has the ability to regulate in-
nate and adaptive immunity in the human body to com-
bat infection and inflammatory reactions. Studies have 
shown that peripheral blood EOS count levels decrease 
with acute bacterial infections [39]. Therefore, COPD pa-
tients with high EOS levels have higher immune function, 
faster recovery, shorter hospital stay, lower mortality and 
readmission rates. Research has shown that the level 
of EOS at patient admission may have a potential predic-
tive effect on all-cause mortality at 30 days of follow-up 
[40]. In addition, research has been conducted on the use 

of Benralizumab to prevent the deterioration of COPD 
and reduce mortality [41].

Conclusions

The level of peripheral blood EOS count can to some 
extent reflect the condition of patients with acute exac-
erbation of COPD and predict the prognosis. When the 
peripheral blood EOS is ≥ 2%, the patient's condition is 
relatively more stable and the prognosis is more ideal.

Funding sources

None.

Conflict of interest

The authors declare no conflict of interest.

References

1.	 Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy 
for the diagnosis, management and prevention of chronic 
obstructive lung disease. Am Thorac Soc Respirol 2017; 22: 
575-601. 

2.	 Wang C, Xu J, Yang L, et al. Prevalence and risk factors 
of chronic obstructive pulmonary disease in China: a na-
tional cross-sectional study. Lancet 2018; 391: 1706-17. 

3.	 Baker JR, Donnelly LE. Leukocyte function in COPD: clinical 
relevance and potential for drug therapy. Int J Chron Ob-
struct Pulmon Dis 2021; 16: 2227-42. 

4.	Sulku J, Janson C, Melhus H, et al. A cross-sectional study 
assessing appropriateness of inhaled corticosteroid treat-
ment in primary and secondary care patients with COPD in 
Sweden. Int J Chron Obstruct Pulmon Dis 2019; 14: 2451-60.

5.	 Wen Y, Lin R, Yang J. Correlation between different levels 
of exhaled nitric oxide and inflammatory phenotype in pa-
tients with chronic obstructive pulmonary disease. J Clin 
Pathol Sci 2019; 39: 299-306.

6.	Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy 
for the diagnosis, management, and prevention of chronic 
obstructive lung disease 2017 report. GOLD Executive Sum-
mary. Am J Resp Crit Care 2017; 195: 557-82.

7.	 Bélanger M, Couillard S, Courteau J, et al. Eosinophil counts 
in first COPD hospitalizations: a comparison of health ser-
vice utilization. Int J COPD 2018; 13: 3045-54.

8.	Choi J, Oh JY, Lee YS, et al. The association between blood 
eosinophil percent and bacterial infection in acute exacerba-
tion of chronic obstructive pulmonary disease. Int J Chronic 
Obstr 2019; 14: 953-9.

9.	Cui Y, Zhan Z, Zeng Z, et al. Blood eosinophils and clinical 
outcomes in patients with acute exacerbation of chronic 
obstructive pulmonary disease: a propensity score match-
ing analysis of real-world data in China. Front Med 2021; 
6: 653777.

10.	Cuneyt S, Zuhal K, Huriye T, et al. Does eosinophilic COPD 
exacerbation have a better patient outcome than non-eo-
sinophilic in the intensive care unit? Int J Chronic Obst Pulm 
Dis 2015; 10: 1837-46.

11.	 Disantostefano RL, Hinds D, Van Le H, et al. Relationship 
between blood eosinophils and clinical characteristics in 



Advances in Dermatology and Allergology 2, April/2024

Meta-analysis of peripheral blood eosinophils in clinical testing of chronic obstructive pulmonary disease patients

163

a cross-sectional study of a US population-based COPD co-
hort. Respir Med 2016; 112: 88-96.

12.	 Emine A, Zuhal K, Sinem G, et al. Neutrophil to lymphocyte 
ratio is a better indicator of COPD exacerbation severity in 
neutrophilic endotypes than eosinophilic endotypes. Int  
J COPD 2018; 13: 2721-30.

13.	 Lv MY, Qiang LX, Li ZH, et al. The lower the eosinophils, 
the stronger the inflammatory response? The relationship 
of different levels of eosinophils with the degree of inflam-
mation in acute exacerbation chronic obstructive pulmonary 
disease (AECOPD). J Thorac Dis 2021; 13: 232-43.

14.	 Prins HJ, Duijkers R, Lutter R, et al. Blood eosinophilia as 
a marker of early and late treatment failure in severe acute 
exacerbations of COPD. Respir Med 2017; 131: 118-24.

15.	 Tang B, Huang D, Wang J, et al. Relationship of blood eo-
sinophils with fractional exhaled nitric oxide and pulmo-
nary function parameters in chronic obstructive pulmonary 
Disease (COPD) exacerbation. Med Sci Monit 2020; 26: 
e921182. 

16.	Wu CW, Lan CC, Hsieh PC, et al. Role of peripheral eosino-
philia in acute exacerbation of chronic obstructive pulmo-
nary disease. World J Clin Cases 2020; 8: 2727-37.

17.	 Zeng Q, Wang H, Wang K, et al. Eosinophilic phenotype was 
associated with better early clinical remission in elderly but 
not middle-aged patients with acute exacerbations of COPD. 
Int J Clin Practice 2021; 75: e14415. 

18.	 Fu J, Mi D, Jin R, et al. Clinical observation of eosinophils in 
acute exacerbation of chronic obstructive pulmonary dis-
ease. Chin J Labor Diagnosis 2018; 22: 61-3.

19.	Liu Z. Clinical efficacy of glucocorticoids in the treatment 
of acute exacerbation of chronic obstructive pulmonary dis-
ease with eosinophilia in peripheral blood. Pract J Cardiac 
Cerebral Pneumal Vasc Dis 2017; 25: 95-7.

20.	Liu T, Peng M, Liu W, et al. Correlation between peripheral 
blood eosinophil count and exhaled nitric oxide and progno-
sis in patients with acute exacerbation of chronic obstruc-
tive pulmonary disease. Chin J Gerontol 2023; 43: 817-21.

21.	 Bie J, Du Y. Correlation analysis between different levels 
of eosinophils and pulmonary function in patients with 
acute exacerbation of chronic obstructive pulmonary dis-
ease and pulmonary arterial hypertension. Shanxi Med J 
2022; 51: 1020-3. 

22.	Wu Y, Zhao Y, Fan X, et al. Clinical significance of blood eo-
sinophils in stratified treatment of hospitalized patients 
with acute exacerbation of chronic obstructive pulmonary 
disease. J Clin Pulm Med 2016; 21: 1941-3.

23.	Ji S, Peng Y, Zhao X, et al. Clinical characteristics and prog-
nosis analysis of patients with eosinophilia phenotype in 
chronic obstructive pulmonary disease. China J Modern Med 
2020; 30: 98-103. 

24.	Cui Y, Liu Z. Correlation analysis between peripheral blood 
eosinophil levels and clinical prognosis in patients with 
acute exacerbation of chronic obstructive pulmonary dis-
ease. J Modern Labor Med 2020; 35: 129-32. 

25.	Zhang Y, Li N, Fan Y, et al. The value of peripheral blood eo-
sinophil levels in evaluating the prognosis of AECOPD pa-
tients. Shaanxi Med J 2018; 47: 561-3.

26.	Peng Y, Ling L, Miao Y, et al. Clinical characteristics analysis 
of patients with acute exacerbation of chronic obstructive 
pulmonary disease accompanied by increased eosinophils in 
peripheral blood. Int J Respir Sci 2018; 38: 1453-9.

27.	Zeng Q, Wang X, Li S, et al. The occurrence and clinical char-
acteristics of elevated eosinophils in patients with acute ex-
acerbation of chronic obstructive pulmonary disease. Chin 
Med J 2017; 97: 3166-70.

28.	Li R, Wang Y, Wang H, et al. The correlation between blood 
eosinophil count and the efficacy and prognosis of hormone 
therapy in acute exacerbation of chronic obstructive pulmo-
nary disease. Chin J Prim Med Pharm 2020; 27: 2561-6.

29.	Wang J, Chen B, Zhu S. The relationship between the per-
centage of eosinophils in peripheral blood at admission and 
the short-term acute exacerbation and recurrence of chronic 
obstructive pulmonary disease in patients with acute ex-
acerbation after discharge. Pract J Cardiac Cerebral Pneum 
Vasc Dis 2019; 27: 46-50.

30.	Dong Y. The relationship between eosinophil levels in pe-
ripheral blood and bacterial infection during acute exacer-
bation of chronic obstructive pulmonary disease. Chin Med 
Clin Pract 2021; 21: 3130-2.

31.	 Fei H, Li C, Song J, et al. The therapeutic effect and survival 
status of different serum Eos levels in AECOPD patients.  
J Clin Res 2017; 34: 2443-5.

32.	Zheng C, Li L, Huang K. Correlation analysis between periph-
eral blood eosinophils and clinical outcomes of hospitalized 
patients with acute exacerbation of chronic obstructive pul-
monary disease. Chin J Clin Phys 2016; 44: 42-4. 

33.	Guo R, Ling M. Clinical study on the relationship between 
serum eosinophil levels and acute exacerbation of chronic 
obstructive pulmonary disease. Int J Respir Sci 2020; 40: 
1073-7. 

34.	Jin X, Chen B, Wang Y, et al. Study on the efficacy and prog-
nosis evaluation of peripheral blood eosinophils in patients 
with severe chronic obstructive pulmonary disease in acute 
exacerbation stage. J Wuhan Univ 2017; 38: 475-8.

35.	Lu Z, Yang G, Jin J, et al. Analysis of the relationship be-
tween eosinophil levels and prognosis in acute exacerba-
tion of chronic obstructive pulmonary disease. J Clin Pulm 
Med 2017; 22: 407-10.

36.	Hasegawa K, Camargo CA. Prevalence of blood eosinophilia 
in hospitalized patients with acute exacerbation of COPD. 
Respirology 2016; 21: 761-4.

37.	Nici L, Mammen MJ, Charbek E, et al. Pharmacologic man-
agement of chronic obstructive pulmonary disease. An Of-
ficial American Thoracic Society Clinical Practice Guideline. 
Am J Respir Crit Care Med 2020; 201: e56-e69.

38.	Turato G, Semenzato U, Bazzan E, et al. Blood eosinophilia 
neither reflects tissue eosinophils nor worsens clinical out-
comes in chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med 2018; 197: 1216-9.

39.	Wang Q. Clinical significance and analysis of procalcitonin 
hypersensitive C-reactive protein and eosinophils in chronic 
obstructive pulmonary disease. Chin Med Clin Pract 2020; 
20: 425-6.

40.	Salai G, Vrazic H, Kovacevic I, et al. Investigating the role 
of obstructive pulmonary diseases and eosinophil count at 
admission on all-cause mortality in SARS-CoV-2 patients. 
Wiener Klinische Wochenschrift 2023; 135: 235-43.

41.	 Criner GJ, Celli BR, Brightling CE, et al. Benralizumab for 
the prevention of COPD exacerbations. N Engl J Med 2019; 
381: 1023-34.


