
ISSN 1806-3756© 2021 Sociedade Brasileira de Pneumologia e Tisiologia

https://dx.doi.org/10.36416/1806-3756/e20220183
J Bras Pneumol. 2022;48(6):e20220183

ORIGINAL ARTICLE

1/7

ABSTRACT
Objective: Whether blood eosinophils (bEOS) in chronic obstructive pulmonary disease 
(COPD) are associated with disease progression is a topic of debate. We aimed to 
evaluate whether the differential white blood cell (WBC) count, symptoms and treatment 
may predict lung function decline and exacerbations in COPD patients. Methods: We 
retrospectively examined stable COPD patients with a minimum follow-up of 3 years 
at our outpatients’ clinic. We collected information about lung volumes (FEV1, FVC), 
the total and differential WBC count, acute exacerbations of COPD (number in the 
12 months before the beginning of the study=AE-COPD-B, and during the follow-
up=AE-COPD-F), smoking status and treatment. FEV1 decline and AE-COPD-F were 
described by using a generalized linear model and a 2-level random intercept negative 
binomial regression, respectively. The models included eosinophil and neutrophil counts 
as potential predictors and were adjusted by sex, age, smoking status, AE-COPD-B, 
treatment with bronchodilators and inhaled corticosteroids (ICS). Results: Sixty-eight 
patients were considered, 36 bEOS- (<170 cells/μL, the median value) and 32 bEOS+ 
(≥170 cells/μL). ∆FEV1 was higher in bEOS+ than bEOS- (34.86 mL/yr vs 4.49 mL/yr, 
p=0.029). After adjusting for potential confounders, the eosinophil count was positively 
(β=19.4; CI 95% 2.8, 36.1; p=0.022) and ICS negatively (β=-57.7; CI 95% -91.5,-23.9; 
p=0.001) associated with lung function decline. bEOS were not found to be associated 
with the number of AE-COPD-F. Conclusion: In stable COPD patients, a higher level of 
blood eosinophils (albeit in the normal range) predicts a greater FEV1 decline, while ICS 
are associated with a slower progression of airflow obstruction.
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INTRODUCTION

Lung function decline is one of the most important 
features of the natural history in patients with Chronic 
Obstructive Pulmonary Disease (COPD). It is estimated 
that mean FEV1 decline is about 20-40 mL/year and 
that there are two subgroups of patients, called “faster 
decliners” and “slower decliners”(1).

Systemic and pulmonary inflammation may contribute 
to this decline. The primary involvement of neutrophils, 
whose levels are higher in the airways of COPD patients 
and are positively associated with airflow obstruction 
is common knowledge.(2) Moreover, even if eosinophils 
are the predominant granulocyte population in subjects 
with asthma, recent evidence suggests the presence of 
eosinophilic inflammation in a subgroup of COPD patients.(3) 
Eosinophils in the airways correlate with their blood 
levels and this correlation, albeit weak, is significant.(4)

COPD patients have more circulating eosinophils than 
the non-COPD smoker population,(5) even though it is not 
clear whether this result is clinically relevant, as well as 
statistically significant. The blood eosinophil count can 
predict the risk of having an acute exacerbation. In the 
Copenhagen Study,(6) a blood eosinophil count with more 
than 340 cells/μL was associated with an almost 2 times 
higher risk of incurring severe exacerbations. In addition, 
the greatest risk of having an increased concentration of 
circulating eosinophils during exacerbations is related to 
a greater eosinophil count during the stability phase.(7)

The literature supports the notion that blood eosinophils 
could be a predictor of response to corticosteroid therapy in 
patients with acute exacerbations of COPD (AE-COPD).(7,8) 
During an acute exacerbation, COPD patients with an 
eosinophil count greater than 2% of the total white blood 
cells (WBC) have a low probability of relapse if they are 
treated with systemic corticosteroid.(9) However, there 
are no prospective randomized studies that examine the 

Correspondence to:
Ernesto Crisafulli. Dipartimento di Medicina, Università di Verona, Largo L.A. Scuro, 10, 37134, Verona (VR), Italia. 
Tel.: +39 045 8128146. E-mail: ernesto.crisafulli@univr.it
Financial support: None.

https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-9527-5952
https://orcid.org/0000-0002-1381-990X
https://orcid.org/0000-0002-1429-6282
https://orcid.org/0000-0002-4113-035X
https://orcid.org/0000-0003-0456-0278
https://orcid.org/0000-0001-5775-9614
https://orcid.org/0000-0003-3263-6671
https://orcid.org/0000-0001-7298-7084


J Bras Pneumol. 2022;48(6):e202201832/7

Circulating eosinophil levels and lung function decline in stable chronic obstructive pulmonary disease:  
a retrospective longitudinal study 

role of the blood eosinophil count as a predictor of a 
response therapy during stable COPD.(10) Only few 
studies have investigated the association between the 
progression of airflow obstruction and blood eosinophils, 
with discordant results.(11-16) Thus, we conducted a 
longitudinal retrospective study aimed to investigate 
whether factors such as clinical characteristics, laboratory 
data and treatment were associated with FEV1 decline 
over time, focusing our attention on the differential 
count of circulating leukocytes.

METHODS

We conducted a retrospective observational study 
using the last 5-year data in the database of the 
outpatient clinic at the University Hospital of Verona. 
A total of 239 patients with COPD were considered. 
The diagnosis was based on the GOLD criteria.(17) 
The study was approved by the Ethic Committee of 
our Institution.

We selected patients with the following characteristics: 
1) a stable phase of the disease, i.e., no AE-COPD and 
no change in the treatment in the previous 3 months; 
2) a blood eosinophil count lower than 450 cells/μL 
(upper normal limit of our laboratory); 3) a minimum 
follow-up of 3 years. We excluded patients with other 
lung diseases, such as lung cancer, interstitial lung 
diseases, asthma, pulmonary resection, and pulmonary 
infections. We also excluded patients with diseases 
related to atopy (such as rhinitis) and those with 
unacceptable spirometry.(18)

Demographic information, including sex, age, height, 
weight, and smoking habit were collected from the 
patient’s medical record. Medical history and prescribed 
therapies for the respiratory disease (LABA, Long-acting 
β2-Agonists; LAMA, Long-acting Muscarinic Antagonists; 
Inhaled Corticosteroids, ICS) were also recorded. 
A patient was on therapy with LABA, LAMA or ICS when 
he/she took these drugs (alone or in combination) at 
the beginning of the observation period.

The values of spirometry parameters (Forced Expiratory 
Volume in 1 second, FEV1 L; Forced Vital Capacity, FVC 
L) were registered. Lung function decline (mL/year) was 
expressed as the FEV1 value at the beginning minus 
the FEV1 value at the end of the observational period, 
divided by the years of follow-up (∆FEV1, mL/yr).

Information on exacerbations, dyspnea (modified 
MRC scale(19)) were also available. An AE-COPD was 
defined as the worsening of respiratory symptoms 
requiring antibiotic or oral corticosteroid treatment.(17) 
AE-COPD-F was the number of exacerbations at the 
control visits performed during the follow-up period. 
AE-COPD-B was the number of exacerbations in the 
12-months preceding the beginning of the period of 
observation.

Statistical analysis
The data are shown as means ± SD, or as median with 

interquartile range (IQR) as appropriate. The t-test or 
the Wilcoxon-Mann-Whitney test were used to assess 

the differences of continuous variables between groups 
of patients, accordingly. The chi-square test was used 
for the comparison of data expressed as percentages.

A multivariate generalized linear model was used to 
evaluate the association between the eosinophil and 
neutrophil blood count (independent variables) and 
∆FEV1 (mL/yr) (dependent variable), controlling for 
sex, age, smoking status (active smoker vs former 
smoker) (Model I). At a later stage, baseline treatment 
with bronchodilators, ICS and number of AE-COPD-B 
were included in the model (Model II).

The association between the eosinophil and neutrophil 
blood count (independent variables) and AE-COPD-F 
(dependent variable) was assessed by using a 2-level 
random intercept negative binomial regression, with 
level 1 units (visits) nested into level 2 units (patients), 
adjusting for sex and age at baseline (Model III). 
Another model was fitted to the data adding to the 
previous model as independent variables treatment 
with bronchodilators, treatment with ICS at baseline 
and number of AE-COPD-B (Model IV). The estimated 
coefficients of the negative binomial regression were 
expressed as incidence rate ratios (IRR) and 95% 
confidence intervals were provided. Model III and 
IV were not adjusted for smoking habits, because 
the number of current smokers at baseline was very 
limited (n=5 out of 68 COPD patients) and none of 
them reported exacerbations in the follow-up.

The goodness-of-fit was assessed using the Akaike 
information criterion (AIC)(20) and the Bayesian 
information criterion (BIC):(21) the best performances 
in predicting FEV1 decline and the rate of exacerbations 
during follow-up were identified by the lowest AIC 
and BIC, when comparing model I with model II and 
model III with model IV.

The p value less than 0.05 was statistically significant.

The statistical analysis and graphs were processed 
using STATA/IC 16.1.

RESULTS

Two-hundred-and-thirty-nine medical records of 
COPD patients were analyzed. A total of 171 patients 
were excluded (Figure 1): 73 patients did not have 
a follow-up of at least 3 years (among them 11 had 
died); the blood eosinophil count of 75 patients was 
missing; 23 were not in a stable phase of the disease.

In total, 68 patients were included in the analysis 
(age 71.1±6.6 years; 18 (26.5%) females). The mean 
follow-up was 50.1±16.3 months. The median blood 
eosinophil count was 170 (IQR:115-260) cells per μL. 
Based on this value, the patients were divided into two 
groups, one with less than (36 patients, bEOS- group) 
and one with at least (32 patients, bEOS+) 170 blood 
eosinophils/μL.

The demographic and clinical characteristics of the 
COPD patients in the study are reported in the Table 1. 
Age, BMI, and male/female distribution were similar 
in the two groups. Active smokers were present in 
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the bEOS- group only, whereas the median value of 
pack year was higher, although not significantly, in the 

bEOS+ group. The number of AE-COPD-B tended to be 
higher in EOS+, even though the difference between 

Figure 1. Selection of COPD patients in the study.

Table 1. Characteristics of the study population at baseline.

Total
(N= 68)

EOS –
(N= 36)

EOS +
(N= 32) p value

Gender, n (%) NS
- Male 50 (73.5%) 27 (75.0%) 23 (71.9%)
- Female 18 (26.5%) 9 (25.0%) 9 (28.1%)
Mean Age 71.0 (6.6) 71.0 (7.0) 71.1 (6.3) NS
Median BMI (Kg/m2) 26.7 (24.6;29.7) 25.3 (24.4;29.5) 27.5 (26.0;29.7) NS
Median pack years 30.8 (10;48) 27.5 (0;46.5) 32 (16.5;60) NS
Smoking Habit, n (%) 0.055*
- Ex-smoker 63 (92.6%) 31 (86.1%) 32 (100%)
- Smoker 5 (7.4%) 5 (13.9%) 0 (0%)
Median mMRC 1 (1;2) 1 (1;2) 1 (1;2) NS
Chronic bronchitis, n (%) 26 (41.3%) 13 (39.4%) 13 (43.3%) NS
Median AE-COPD-B 1 (0;2) 1 (0;2) 1 (0;2) NS
LABA, n (%) 38 (61.3%) 18 (54.6%) 20 (69.0%) NS
LAMA, n (%) 27 (43.6%) 14 (42.5%) 13 (44.8%) NS
ICS, n (%) 22 (35.5%) 13 (39.4%) 9 (31.0%) NS
Mean FEV1 (L) 1.55 (0.67) 1.58 (0.72) 1.52 (0.62) NS
Mean FEV1 (% pred) 63.79 (21.37) 65.14 (23.14) 62.28 (19.5) NS
Mean FVC (L) 2.86 (0.80) 2.85 (0.86) 2.89 (0.74) NS
Mean FVC (% pred) 98.75 (21.23) 99.17 (22.18) 98.29 (20.47) NS
Mean FEV1/FVC (L) 52.91 (12.69) 53.90 (13.67) 51.81 (11.62) NS
Median White blood cell count (109/μL) 7030 (5890;8080) 7040 (6030;7830) 6930 (5890;8280) NS
Median Neutrophil count(109/μL) 3990 (3320;4990) 3960 (3430;5020) 4050 (2930;4900) NS
Median Eosinophil count (109/μL) 170 (120;260) 130 (90;160) 270 (220;300) <0.001
Median Lymphocyte count (109/μL) 1960 (1510;2450) 2050 (1500;2610) 1880 (1580;2300) NS
Data are presented as mean ± SD or median (IQR). EOS-: eosinophil count < 170 cells/μL; EOS+: eosinophil count 
≥ 170/μL; BMI: Body Mass Index; mMRC: modified Medical Research Council dyspnea scale; AE-COPD-B: Number 
of Acute Exacerbation of Chronic Obstructive Pulmonary Disease in the 12 months prior the beginning of the study; 
LABA: Long-acting β2-Agonists; LAMA: Long-acting Muscarinic Antagonists; ICS: Inhaled Corticosteroids; FEV1, 
Forced Expiratory Volume in 1 second; FVC, Forced Vital Capacity. *The Fisher test was used for this comparison 
because the expected counts were not greater than 5 in all cells.
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the groups was not statistically significant. The mMRC 
dyspnea scale and the use of LAMAs, LABAs and ICSs 
was comparable in bEOS+ and bEOS-. At the beginning 
of the study, the mean values of FVC, FEV1 as well 
as leucocyte, neutrophil and lymphocyte counts were 
similar in the two groups.

When considering the whole sample, the mean 
∆FEV1 and the mean FVC annual decline resulted 
in 18.78 ± 58.25 mL/year and 9.5±125 mL/year, 
respectively. The ∆FEV1 was significantly higher in 
bEOS+ (34.86±50.33) than bEOS- (4.49±61.69) 
(p=0.029). On the contrary, no statistically significant 
difference was found in terms of the FVC annual 
change between the two groups (p=0.393). During 
the follow up, the median number of exacerbations 
was not significantly different between EOS+ and 
EOS- (median:0, IQR:0-2 in EOS- and median:0, 
IQR:0-1 in EOS+; p=0.868).

After adjusting for sex, age and smoking habits at 
baseline, the eosinophils turned out to be significantly 
associated with ∆FEV1 either when only neutrophils and 
eosinophils were considered as possible determinants 
(β=16.9; CI 95% 2.0,31.8; p=0.026) (Model I, Table 2) 
or in the complete model (β=19.4; CI 95% 2.8,36.1; 
p=0.022) (Model II, Table 2). Figure 2 shows the 
observed and adjusted mean of ∆FEV1 by eosinophil 
count in the complete model: in the case of an 
increase in the eosinophil count of 100 cells per μL the 
FEV1 decline was expected to increase by 19.4 mL/y. 
ICS treatment was found to be associated with a reduced 
lung function decline (β=-57.7; CI 95% -91.5,-23.9; 
p=0.001) (Model II, Table 2).

After adjusting for sex and age at baseline, the 
neutrophil count was found to be significantly 
associated with the number of AE-COPD-F when 
only neutrophils and eosinophils were considered as 
possible determinants: the estimated rate ratio of 
exacerbations for an increase in the neutrophil count of 
100 cells/μL was 1.03 (CI 95% 1.00,1.07; p=0.032), 
i.e. holding all other variables in the model constant, 
the increase in the neutrophil count seems to increase 
the expected number of exacerbations by 3%. When 
baseline treatment with bronchodilators and with ICS 

and AE-COPD-B were included in the model (Model 
IV, Table 3), neither the eosinophil nor the neutrophil 
counts were significantly associated with the rate 
of exacerbations, whereas baseline treatment with 
bronchodilators resulted in a significant increase in 
the rate of exacerbations (estimated IRR=15.02, CI 
95% 1.65,136.67).

The complete models (Model II and Model IV) had 
the best fitness, as shown by the lowest AIC and BIC 
(Table 2, Table 3).

DISCUSSION

The results of this retrospective, longitudinal study 
in COPD patients show that blood eosinophils are 
associated with a faster decline in FEV1. On the contrary, 
the blood eosinophil count does not predict a higher 
risk of exacerbations.

The association between eosinophilic inflammation 
and lung function decline has been investigated in 
few studies with contrasting results. One study, in 
agreement with our results, found that an eosinophil 
blood count greater than 2% was associated with 

Table 2. Multivariate Linear Regression Model, considering FEV1 decline over time (∆FEV1, mL/yr) as the outcome.

Model I Model II

Dependent variable: ∆ FEV1 (mL/yr) β CI 95% p value β CI 95% p value

Eosinophils (100 cells/μL) 16.9 2.0,31.8 0.026 19.4 2.8,36.1 0.022
Neutrophils (100 cells/μL) 0.2 -1.0,1.3 0.795 0.8 -0.4,1.9 0.192
Bronchodilator 23.6 -14.7,61.9 0.227
ICS -57.7 -91.5,-23.9 0.001
AE-COPD-B 1.7 -11.4,14.9 0.797
Goodness of fit measures
AIC 10.968 10.881
BIC 193171.6 126148.3
Model adjusted for age at baseline, sex, smoking status (active smoker vs former smoker).

Figure 2. Observed (hollow circles) and adjusted mean 
(line) of delta FEV1 by Eosinophil count (*100 cells/μL). 
The means are adjusted for age at baseline, sex, smoking 
status (active smoker vs former smoker), bronchodilator 
use, ICS use and baseline number of exacerbations.



Ferrari M, Pizzini M, Cazzoletti L, Ermon V, Spelta F, De Marchi S, Dalle Carbonare LG, Crisafulli E

J Bras Pneumol. 2022;48(6):e20220183 5/7

a faster decline of FEV1.
(11) Also, in a more recent 

paper,(15) it was shown that a blood eosinophil count 
of ≥300 cells/µL was an independent risk factor for 
accelerated lung function decline in a large Canadian 
cohort of older adults from the general population. On 
the contrary, in the ECLIPSE study,(13) COPD patients 
with a blood eosinophil count higher or lower than 2% 
had a similar FEV1 decline in the 3-year follow-up. The 
HOKKAIDO COPD cohort study(14) reported that COPD 
patients with higher levels of circulating eosinophils 
maintained FEV1 levels that were substantially stable 
over a period of 5 years, whereas a higher emphysema 
level and a greater circulating neutrophil count were 
predictors for a more rapid FEV1 decline. Ethnic and 
environmental differences between our and the Japanese 
study may account for the contrasting results. More 
recently, one study(22) demonstrated that in COPD 
patients with a high blood eosinophil count (≥350 
cells/μL), the exacerbations were associated with the 
subsequent acceleration of FEV1 decline. In addition, 
the association between eosinophils in the sputum 
and lung function decline is uncertain. One study(23) 
found that both the neutrophil and eosinophil count 
in the sputum were related to FEV1 decline in COPD. 
Another study(24) reported the association between 
eotaxin-1 (a chemokine inducing eosinophil activation) 
in lung lavage and a faster progression of the disease 
in COPD patients.(11)

We failed to find an association between the blood 
eosinophil count and the risk of exacerbation, in 
agreement with two group of authors,(25,26) but in 
contrast to other studies reporting a role of circulating 
eosinophils in predicting the onset of AE-COPD.(27-30) In 
the present study, the circulating neutrophil count was 
associated with exacerbations during the follow-up, 
although this was true only in the model in which 
sex and age, but not treatments, were considered as 
confounders. This result partially supports a recent 
study suggesting that a high blood neutrophil count may 
provide a useful indicator of the risk of exacerbations 
in COPD patients.(31)

Our retrospective study does not reach reliable 
conclusions regarding the possible effect of inhaled 

Table 3. Multivariate Linear Regression Model, considering the number of exacerbations in the previous 12 months 
during follow up period (AE-COPD-F, N°/yr) as the outcome.

Model III Model IV
Dependent variable: Number of 
exacerbations during follow up

IRR CI 95% p value IRR CI 95% p value

Eosinophils (100 cells/μL) 1.28 0.87,1.90 0.214 1.15 0.75,1.74 0.524
Neutrophils (100 cells/μL) 1.03 1.00,1.07 0.032 1.01 0.98,1.04 0.393
Bronchodilator 15.02 1.65,136.67 0.016
ICS 1.06 0.45,2.52 0.889
AE-COPD-B 1.33 0.94,1.88 0.113
Goodness of fit measures
AIC 295.852 257.894
BIC 315.066 284.338
Model adjusted for age at baseline and sex.

drugs on the decline of respiratory function and 
exacerbations. However, it is worth noting the finding of 
a negative association between ICS and FEV1 decline, 
which may suggest a slowing-down effect of inhaled 
corticosteroids on the disease progression. The positive 
association between treatment with bronchodilators 
and the rate of exacerbations during the follow-up has 
no clear explanation. In our study, almost all patients 
were treated with a combination of drugs and only a 
minority of them were being treated with either LAMA 
or LABA alone, so that we are unable to evaluate the 
separate effect of the two types of bronchodilators. 
While keeping in mind this limit, we hypothesize that 
patients with more frequent exacerbations at baseline, 
and consequently with a higher risk of developing 
exacerbations in the follow-up, are more frequently 
treated. The use of medications may also explain the lack 
of an association between AE-COPD-B and AE-COPD-F. 
We are aware that only prospective, randomized studies 
are necessary to definitively clarify this point.

The blood eosinophil count is influenced by several 
factors, such as diurnal, seasonal, and hormonal 
variations.(32,33) Moreover, fluctuation in the disease and 
treatment may increase this variability.(32) Therefore, 
it has been pointed out that a single estimation of the 
eosinophil count, as in the case of our study, would 
be unlikely to reflect the overall pattern of blood 
eosinophilia.(34) However, a group of authors have 
shown that the proportion of COPD patients with a 
stable eosinophil count in a six-month time interval is 
high (93%) for subjects with a mean age of 70 years.
(5) The variability is even more limited for an absolute 
eosinophil count lower than 340 cells/μL, which is 
similar to that found in our patients.(5) Finally, in the 
present study the eosinophil count was measured in 
a stable phase of the disease, at the same hour of the 
day, after an overnight fasting, all factors that may 
have further reduced the count variability.

Our study has some limitations. Other than the ones 
connected to its retrospective observational design, 
the choice of selecting patients in a stable phase of 
disease and the numerous exclusion criteria prevent 
from extending the findings to COPD patients with 
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different characteristics. Another limitation is the small 
number of the patients, that may explain the lack of 
some associations, such as between eosinophils and 
exacerbations. However, the sample size was large 
enough to support the hypothesis of a relationship 
between eosinophils and FEV1 decline.

We considered an exacerbation to be ongoing when 
the patient reported the use antibiotics or corticosteroid 
after the worsening of symptoms, regardless of 
admission to an emergency room or hospitalization. 
Therefore, our results cannot be applied to the severe 
exacerbations (i.e., requiring hospitalization) or to the 
mild ones (i.e., those producing only a slight variation 
of the usual treatment).

We acknowledge that FEV1 decline was calculated on 
only two points at the beginning and at the end of the 
observational period. A higher number of measurements 
might have provided a more reliable value of functional 
change. However, lung function tests were performed 
during a stable phase of disease, adopting the criteria 

of the ATS technical statement,(16) a fact that enabled 
us to obtain high quality data.

In conclusion, our results suggest that in patients 
with stable COPD, a higher level of blood eosinophils 
(albeit in the normal range) predicts a greater 
decline in FEV1 over time, but not a higher number of 
exacerbations. Furthermore, ICS therapy seems to 
attenuate the progression of airflow obstruction, even 
though prospective randomized studies are needed to 
confirm these results.
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