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BACKGROUND: Exacerbation risk of patients with COPD is thought to be influenced by type 2
inflammation, with blood eosinophil counts and fractional concentration of exhaled nitric
oxide (FEno) as potential biomarkers.

RESEARCH QUESTION: Are there different associations of blood eosinophils and Feno with
exacerbation risk and severity in COPD, indicating a different role of local inflammation vs
systemic factors?

STUDY DESIGN AND METHODS: Data were taken from 3 visits (1.5 years apart) of the
longitudinal COPD and Systemic Consequences—-Comorbidities Network (COSYCONET)
cohort, comprising a broad range of clinical and functional assessments. We determined the
relationships between eosinophil counts and Feno vs exacerbations, defined either via cate-
gorization to Global Initiative for Chronic Obstructive Lung Disease group E (= 2 moderate
or = 1 severe), or as = 1 severe exacerbation in the year before each visit. Analyses were
performed via generalized linear models.

RESULTS: The final data set included 384, 255, and 206 patients at visits 6, 7, and 8,
respectively. According to the multivariable analyses, exacerbation risk defined via Global
Initiative for Chronic Obstructive Lung Disease group E was associated with elevated values
(= 25 ppb) of Feno (P = .003; OR, 1.90), but not eosinophil counts. In contrast, the risk for
severe exacerbations was linked to eosinophils, but not to Feno. This relationship was
expressed as either elevated risk with counts = 100 and < 300 M/L (P = .017; OR, 1.98) or as
reduced risk (P = .046; OR, 0.57) < 100 M/L. The results were robust against the inclusion of
patients who actively smoke or with the comorbidity of asthma.

INTERPRETATION: Our observations suggest a differential role of type 2-related biomarkers
FENo and eosinophils for exacerbation risk and severity. FENo seemed superior regarding a
broad range of exacerbations predominantly involving local airway events, whereas systemic
eosinophils played a larger role in severe exacerbations. The findings also suggest that a low
eosinophil count might indicate a low risk of severe exacerbations, whereas highly elevated
counts did not play a statistical role.
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Take-Home Points

Study Question: Are blood eosinophil counts and
fractional concentration of exhaled nitric oxide
(FeNo) associated with exacerbation risk and severity
in patients with COPD?

Results: Exacerbation risk as defined in terms of
Global Initiative for Chronic Obstructive Lung Dis-
ease group E allocation was associated with elevated
FENO concentration, whereas the risk for severe
exacerbation was linked to blood eosinophils.
Interpretation: Findings suggest a differential role of
type 2-related inflammation as indicated by the
biomarkers Feno and eosinophils for COPD exacer-
bation risk and severity.

Exacerbations are considered important adverse events

in patients with COPD.'” Studies have revealed that
type 2 inflammation plays a role not only in asthma,’
but also in COPD, and is linked to increased lung
function decline.” Elevated eosinophil counts have been
associated with an increased risk for readmission after
exacerbation,” and COPD subgroups reveal a link
between eosinophilic inflammation and the risk or
severity of exacerbations.”” Based on this, novel
treatment strategies”’ use compounds capable of
attenuating eosinophilic inflammation, specifically
biologicals targeting various cytokines. For this purpose,
antibodies against IL-13, IL-4, IL-5, and thymic stromal
lymphopoietin have been studied. Results were partially
equivocal,™” but favorable effects on the frequency of
moderate and severe exacerbations were found.'’""”
Usually, eosinophil counts in peripheral blood are

considered as an easily accessible marker of the
propensity to respond to this kind of treatment, with
different clinical cutoff values, similar to those proposed
for asthma."”

It is also known that type 2 inflammation of the
respiratory tract is linked to elevated values of fractional
concentration of exhaled nitric oxide (Feno).'*'®
Therefore, in principle, FENo could also serve as an
indicator of eosinophil-related exacerbation risk."®
Indeed, several studies found this type of association,
in addition to that with blood eosinophil counts.'”* Fexo
has even been reported to be superior to eosinophil
counts regarding its link to exacerbation risk,”" in
accordance with data on the absence of a significant
relationship between Fexo and blood eosinophils.'”
However, even a lower frequency of moderate and severe

17,18

exacerbations in patients with elevated values of FEno has
been described.”” On the 1 hand, these results underline
the complexity of COPD pathophysiology; on the other
hand, they raise the question whether the associations
depend on the severity of exacerbations.

It might be argued, for example, that FENo more closely
reflects local conditions within the respiratory tract than
blood eosinophils that might be more indicative of
systemic alterations. Based on this, one might further
assume that FENO better matches the overall risk for
exacerbations, including those focused on the airways,
whereas blood eosinophil counts better match the risk
for severe exacerbations that are more likely to include a
systemic component. To test this hypothesis, we
investigated whether the association between blood
eosinophil counts, Feno, and exacerbations depends on
exacerbation severity. For this purpose, we first took the

ABBREVIATIONS: FeNo = fractional concentration of exhaled nitric
oxide; GLM = generalized linear model; GOLD = Global Initiative for
Chronic Obstructive Lung Disease; SGRQ = St. George’s Respiratory
questionnaire; VAS = visual analog scale
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definition of Global Initiative for Chronic Obstructive
Lung Disease (GOLD) group E*’ to signify the
occurrence of at least = 2 moderate or = 1 severe
exacerbation per year; we second had the explicit

requirement of at least 1 severe exacerbation. The
dataset used for the analysis was that of the longitudinal
COPD and Systemic Consequences—-Comorbidities
Network (COSYCONET) COPD cohort.”*

Study Design and Methods
Study Population

Patients of the German multicenter COSYCONET
cohort were included. The cohort included patients
with postbronchodilator spirometric COPD grades 1 to
4 according to GOLD,”>” and patients of the former
GOLD grade 0°>?” (ie, individuals with chronic bron-
chitis who did not fulfill the criterion of the ratio of
FEV, to FVC < 0.7). The study protocol, inclusion
and exclusion criteria, and panel of assessments per-
formed at each study visit have been published previ-
ously.” The present analysis was based on data from
visits 6, 7, and 8, which took place 6, 7.5, and 9 years,
respectively, after the recruitment visit. This selection
was because only at these visits were blood eosinophil
counts and values of FeNo available in numbers suffi-
cient for analysis. All visits were subject to the require-
ment that patients were in a stable clinical condition
and potential previous exacerbations had occurred at
least 4 weeks prior. The study was approved by the
ethics committees of all participating study centers,
and was performed according to the revised Declaration
of Helsinki. All participants gave their written informed
consent.

Assessments

Anthropometric information including height, weight,
and smoking status (active) was obtained using standard
procedures™; from height and weight, BMI was
computed. Forced spirometry after inhalation of bron-
chodilators™* was performed according to recommenda-
tions.”®% 1t comprised the determination of FEV, FVC,
and the ratio FEV,/FVC. To evaluate the results, pre-
dicted values of the Global Lung Function Initiative

0,31
were used.””

The modified Medical Research Council dyspnea score’
was used for the categorization of patients into GOLD
groups A/B/E,”” whereby exacerbation risk was evalu-
ated as proposed by GOLD and used in previous ana-
lyses of COSYCONET data.””® A positive history
according to group E was assumed with at least 2 mod-
erate exacerbations or at least 1 severe exacerbation in
the previous year, and the occurrence of severe
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exacerbations was also recorded separately. Health-
related quality of life was assessed with the St. George’s
Respiratory questionnaire (SGRQ) with its 3 subscores
addressing activity, symptoms, and impact.”” Generic
quality of life was determined with the EuroQoL-5-
dimension questionnaire, using its visual analog scale
(VAS) in the present analysis. We did not include data
from the COPD Assessment Test because of its high
redundancy with the other questionnaires in the multi-
variable analyses.

Blood eosinophil counts (absolute values, M/L) were
determined from samples acquired at each study visit
and analyzed in the local laboratories of the study cen-
ters. Correspondingly, the values of Feno (ppb) were
derived from measurements at a standard expiratory
flow rate of 50 mL/s,”®
ments. As measuring devices, the study centers used
the Aerocrine Niox (737 assessments), Bedfont
NObreath (15 assessments), Ecomedics Analyzer CLD
88 sp (19 assessments), and Medisoft FENO + (72 assess-
ments); no information was available for 2 measure-
ments. These devices are widely distributed in clinical
practice, and there is no hint that they show systematic
differences of relevant magnitude in their measured
values.

as average of 2 valid measure-

Statistical Analysis

For data description, numbers and percentages were
computed, and mean values and SDs. In case of Feno
and eosinophil counts, values were logarithmically
transformed to achieve a more symmetrical data distri-
bution. Accordingly, geometric mean values and SDs
were computed for these 2 variables, with geometric
SDs to be interpreted as variability factors. For blood
eosinophil counts, we also defined a categorical variable
with 3 values indicating whether counts were < 100 M/L,
= 100 and < 300 M/L, or = 300 M/L; for Feno, we had a
binary variable indicating whether values were = 25 ppb.
Comparisons were performed by generalized linear
models (GLMs) using the repeated measurements design
for corresponding variables, with a logit link for the bi-
nary outcomes at the respective visit of either being cate-
gorized as GOLD group E, or of at least 1 severe
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exacerbation in the previous year. In the analyses, major
anthropometric and clinical characteristics that could be
reasonably linked to exacerbation risk were included as

covariates. Statistical significance was assumed at P <
.05, and all analyses were performed using the SPSS soft-
ware package (Version 29; IBM).

Results

Patient Description

At visit 6, 776 patients participated in COSYCONET,
whereas at visits 7 and 8, 492 and 375 patients,
respectively, took part in the assessments. Of these
patients, 714, 439, and 321 had complete data (as
required for Table 1, except FENO) including eosinophil
counts at visits 6, 7, and 8, respectively. When
additionally requiring FENO measurements, the
respective numbers of patients were reduced to 384, 255,
and 206, originating from 14 study centers. These
patients comprised the final study population, and their

characteristics at visits 6, 7, and 8 are given in Table 1.
There was a trend over time toward lower prevalence of
GOLD group E and of severe exacerbations, but this was
not statistically significant in the multivariable analyses
(subsequently discussed).

Association Between Exacerbations and Single
Markers

Univariate analyses taking into account the repeated
measurements via GLM, revealed that there were no
significant associations between GOLD group E and sex,
age, BMI (either continuous, or 3 categories: low,
medium, or high, defined via cutoff values of 20 and

TABLE 1 | Characteristics of the Patients at Visits 6, 7, and 8

Variable Visit 6 (n = 384) Visit 7 (n = 255) Visit 8 (n = 206)
Sex, M/F 231 (60.2)/153 (39.8) 151 (59.2)/104 (40.8) 123 (59.7)/83 (40.3)
Age, y 69.5 [8.0] 70.7 [8.0] 71.5 [8.1]

BMI, kg/m? 26.7 [5.0] 26.9 [5.3] 27.3 [5.1]

BMI < 20 kg/m? 30 (7.8) 25 (9.8) 20 (9.7)

BMI = 30 kg/m? 93 (24.2) 65 (25.5) 60 (29.1)

Smoking (current) 61 (15.9) 41 (16.1) 30 (14.6)

FEV; % predicted 57.9 [21.3] 59.5 [21.4] 61.8 [21.9]

FVC % predicted 82.8[19.2] 83.1[20.0] 84.5[19.9]

GOLD grade 0/1/2/3/4

GOLD group A/B/E

Severe exacerbation

SGRG total

SGRQ activity

SGRQ impact

SGRQ symptoms

EQ-5D-VAS

Leukocytes, G/L

Eos, M/L?

Eos < 100, 100-300, = 300 M/L

Feno, ppb?®
Feno = 15 ppb
Feno = 25 ppb

43 (11.2)/40 (10.4)/
143 (37.2)/128 (33.3)/30
(7.8)

180 (46.9)/106 (27.6)/98
(25.5)

49 (12.8)

38.7 [19.7]
54.7 [26.3]
25.3 [20.3]
50.1 [21.4]
58.3 [19.1]
7.7 [2.5]

153.1 [2.6]

91 (23.7)/216 (56.3)/
77 (20.1)

15.0 [2.0]
183 (47.7)
86 (22.4)

30 (11.8)/30 (11.8)/
106 (41.6)/70 (27.5)/

31 (15.0)/27 (13.1)/
78 (37.9)/61 (29.6)/

19 (7.5) 9 (4.4)

124 (48.6)/78 (30.6)/53 | 100 (48.5)/65 (31.6)/41
(20.8) (19.9)

28 (11.0) 19 (9.2)

36.9 [19.6] 38.9 [20.3]

52.7 [27.8] 56.0 [28.7]

24.1 [18.8] 25.0 [19.3]

46.9 [21.2] 50.0 [22.4]

59.2 [19.0] 58.2 [20.6]

7.8 [2.3] 7.7 [2.1]

144.9 [2.6] 144.2 [2.6]

68 (26.7)/134 (52.5)/ 49 (23.8)/118 (57.3)/
53 (20.8) 39 (18.9)

15.2 [2.0] 15.9 [1.9]

129 (50.6) 115 (55.8)

56 (22.0) 44 (21.4)

Data are presented as absolute No. (%), arithmetic mean [SD], or as otherwise indicated. Eos = blood eosinophils, EQ-5D-VAS = visual analog scale of the
European Quality of Life 5 Dimensions Questionnaire; F = female; Feno = fractional concentration of exhaled nitric oxide; GOLD = Global Initiative for

Chronic Obstructive Lung Disease; M = male; SGRQ = St. George’s Respiratory questionnaire.
2Geometric mean [SD]. Note that geometric SDs are to be interpreted as variability factors and not as additive terms.
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Figure 1 - A, Percentages of patients in either GOLD group A/B or group E (elevated exacerbation history) showing FENo values either < 15 ppb, or of
at least 25 ppb, or in between 15 and 25 ppb. There was a statistically significant association with exacerbations (P < .001). B, Percentages of patients
with the 3 categories of blood eosinophil counts (<100, = 100 to < 300, = 300 M/L) among those in whom either no severe exacerbations occurred,
or severe exacerbations occurred. FENo = fractional concentration of exhaled nitric oxide; GOLD = Global Initiative for Chronic Obstructive

Lung Disease.

30 kg/m”), active smoking, blood eosinophils (either
continuous with logl0-transformed values, or 3
categories), SGRQ impact score, or GOLD grades 1 and
2. There were, however, associations with GOLD grades
3 and 4 (either separate or combined, P < .001 each),
SGRQ activity and symptoms scores (P < .001 each),
VAS (P < .001), blood leukocytes (P = .004), log10 of
Feno (P = .002), and the binary category of FEno = 25
ppb (P < .001).

Regarding severe exacerbations, only GOLD grades 3
and 4 (either separate or combined, P < .001 each),
SGRQ activity and symptoms scores (P = .002 each),
VAS (P < .001), blood leukocytes (P < .001), and
eosinophils = 100 and < 300 M/L (P = .028) showed
statistically significant associations. When testing the
lowest category < 100 M/L against its complement,
there was a borderline significant dependence (P = .059,
Fisher exact text).

The relationships between GOLD group E and different
FENo ranges and between severe exacerbations and
different eosinophil ranges are illustrated in Figure 1.

Multiple Risk Factors of Exacerbations in Terms of
GOLD Group E

To account for the simultaneous relationship of
predictors to outcome variables, we used the GLM with
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a number of simultaneous predictors. The results are
shown in Table 2. Significant predictors (P < .05 each)
were GOLD grades 3 and 4, SGRQ activity and
symptoms scores, and FENo = 25 ppb (P < .003). There
was, however, no association of this type of
exacerbations with blood eosinophil counts.

Multiple Risk Factors of Severe Exacerbations

The analysis was performed in the same way as for
GOLD group E, and the results are shown in Table 3.
The SGRQ activity and symptoms scores were
significantly (P < .05 each) linked to severe
exacerbations, and leukocyte counts and the counts of
blood eosinophils being = 100 and < 300 M/L. On the
contrary, there was no significant dependence of Feno
with any of the cutoff values.

Sensitivity Analyses

Because it is possible that the predictive value of
eosinophil counts and Feno depends on the presence of
the comorbidity asthma, we repeated the analysis while
including the patient-reported physician-based
diagnosis of asthma, which was recorded in 23.4% of
patients. This did not alter the pattern of significant
associations and left the respective regression
coefficients (ORs) essentially unaffected. Moreover, we
compared various cutoff values for FENo because a
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TABLE 2 | Results of the Longitudinal Logistic Regression Analysis With the History of Exacerbations in 1 Year as
Defined in GOLD Group E (= 1 Severe or = 2 Moderate) as the Dependent Variable, Based on Data From

Visits 6, 7, and 8

Regression

Coefficient OR
Variable Estimate SEM Estimate Lower 95% CI Limit | Upper 95% CI Limit P Value
Visit 8 -0.337 0.216 0.714 0.467 1.090 .119
Visit 7 —-0.130 | 0.205 0.878 0.588 1.311 .524
Sex, female 0.330 0.221 1.391 0.901 2.147 .136
Age per 10y -0.084 | 0.141 0.920 0.697 1.214 .555
BMI < 20 kg/m? -0.015 0.326 0.985 0.519 1.867 .963
BMI = 30 kg/m? -0.130 0.242 0.878 0.546 1.412 .592
Smoking active -0.398 | 0.323 0.672 0.357 1.265 .218
GOLD grade 3/4 vs 0/1/2 0.563 | 0.213 1.757 1.158 2.665 .008
SGRQ activity per 10 score points 0.172 | 0.062 1.188 1.051 1.343 .006
SGRQ impact per 10 score points -0.022 0.077 0.978 0.841 1.138 774
SGRQ symptoms per 10 score points 0.309 | 0.061 1.362 1.210 1.534 .001
EQ-5D-VAS per 10 of 100 mm —-0.054 0.062 0.948 0.839 1.071 .389
Leukocytes, G/L 0.066 | 0.044 1.068 0.980 1.165 .135
Blood eosinophils = 300 M/L 0.408 0.301 1.504 0.834 2.712 175
Blood eosinophils = 100 and < 300 M/L 0.336 | 0.243 1.399 0.868 2.254 .168
Feno = 25 ppb 0.640 0.219 1.896 1.235 2.911 .003

Regression coefficients, corresponding ORs (= exp (coefficient)), their 95% CIs, and P values for each coefficient are shown. Statistically significant
predictors are marked in boldface font. The corrected quasi-likelihood of the model regarding the independence criterion (QICC) was 760.481, indicating a
slightly improved overall fit when compared with 768.460 for a model without eosinophils and Feno. EQ-5D-VAS = visual analog scale of the European
Quality of Life 5 Dimensions Questionnaire; Feno = fractional concentration of exhaled nitric oxide; GOLD = Global Initiative for Chronic Obstructive Lung

Disease; SGRQ = St. George's Respiratory questionnaire.

traditional receiver operating characteristics analysis was
not feasible because of the repeated-measures design.
Regarding the association with GOLD group E, similar
results for FENo = 25 ppb but with a lower level of
significance were obtained, when using cutoff values of
20 ppb (P = .023) or 15 ppb (P = .011) for Feno,
whereas regarding severe exacerbations, the lack of
association with FENo remained. Thus, the association of
exacerbations in terms of GOLD group E was fairly
robust against the choice of the specific cutoff value of
Feno.

The category GOLD group E included both moderate
and severe exacerbations, thereby showing some overlap
with the category of severe exacerbations; it was chosen
primarily as a convenient and well-introduced
definition. When repeating the analysis with a category
comprising only moderate exacerbations as defined in
GOLD group E but excluding severe exacerbations,
essentially the same results regarding Feno and
eosinophils were obtained. Moreover, the pattern of
significant associations with FENo and eosinophils
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remained the same when excluding patients who
currently smoke from the analysis. When simplifying
the 3 categories of eosinophils by a binary category of
eosinophils being < 100 M/L, this was statistically
significant (P = .046) for severe exacerbations, with an
OR of 0.57. This result emphasized a lower risk for
severe events with low eosinophil numbers, but no role
for elevated numbers.

Discussion

In the present work, we found that an elevated COPD
exacerbation risk as defined via GOLD group E was
associated with elevated Feno values but not with blood
eosinophil counts, indicating the diagnostic superiority
of Feno in this regard. The critical level of Feno was 25
ppb, and the likelihood of belonging to GOLD group E
was about twice as high as in the case when Feno was <
25 ppb. GOLD group E requires at least 2 moderate or at
least 1 severe exacerbation in the previous year; thus, it is
not homogeneous. We then hypothesized that severe
exacerbations would be more closely linked to
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TABLE 3 | Results of the Longitudinal Logistic Regression Analysis With the Occurrence of At Least 1 Severe
Exacerbation in 1 Year as the Dependent Variable, Based on Data From Visits 6, 7, and 8

Regression

Coefficient OR
Variable Estimate SEM Estimate | Lower 95% CI Limit | Upper 95% CI Limit P Value
Visit 8 —0.484 | 0.306 0.616 0.338 1.122 113
Visit 7 -0.054 0.269 0.948 0.559 1.606 .842
Sex, female —0.034 | 0.283 0.967 0.555 1.683 .906
Age per 10y 0.079 0.193 1.082 0.741 1.579 .684
BMI < 20 kg/m? -0.601 | 0.541 0.548 0.190 1.583 .266
BMI = 30 kg/m? —0.458 0.295 0.632 0.355 1.127 .120
Smoking active —0.429 0.416 0.651 0.288 1.474 .303
GOLD grade 3/4 vs 0/1/2 0.514 | 0.303 1.673 0.923 3.030 .090
SGRQ activity per 10 score points 0.365 0.081 1.441 1.228 1.690 <.001
SGRQ impact per 10 score points -0.170 0.096 0.844 0.699 1.018 .076
SGRQ symptoms per 10 score points 0.236 | 0.078 1.266 1.086 1.476 .003
EQ-5D-VAS per 10 of 100 mm 0.041 | 0.072 1.042 0.905 1.200 .566
Leukocytes, G/L 0.148 0.049 1.159 1.053 1.276 .003
Blood eosinophils = 300 M/L 0.137 0.410 1.147 0.513 2.565 .738
Blood eosinophils = 100 and < 300 M/L 0.685 0.287 1.984 1.130 3.484 .017
Feno = 25 ppb 0.356 0.280 1.428 0.824 2.473 .204

Regression coefficients, corresponding ORs (= exp (coefficient)), their 95% CIs, and P values for each coefficient are shown. Statistically significant
predictors are marked in boldface font. The corrected quasi-likelihood of the model regarding the independence criterion was 520.763, indicating a very
slight improvement of fit compared with 522.779 for a model without Feno and eosinophils. EQ-5D-VAS = visual analog scale of the European Quality of Life
5 Dimensions Questionnaire; Feno = fractional concentration of exhaled nitric oxide; GOLD = Global Initiative for Chronic Obstructive Lung Disease;

SGRQ = St. George's Respiratory questionnaire.

eosinophils compared with Feno, and this was
confirmed. Noteworthy enough, the range relevant for
elevated risk was 100 to 300 M/L, and there was no
increasing risk with values > 300 M/L, which is often
used in therapeutic decisions.”'""'* Conversely, the
results could be interpreted in the way that eosinophil
counts < 100 M/L were relevant, indicating a decrease in
the risk for severe exacerbations by nearly factor 2. In
view of the known variability of high eosinophil
counts,””* these observations seem interesting. They
naturally raise the question of whether it would be more
adequate to exclude patients from type 2-targeted
therapies via low eosinophil counts than to include them
via high eosinophil counts. Our study was not designed
to address this question, but the results might lead to
further considerations and possible retrospective
analyses of available data.

Because eosinophils and Feno are both related to type 2
inflammation, which is particularly important in
asthma, it was natural to ask whether the presence of
asthma as a comorbidity affected the results. About
23% of patients reported this comorbidity, but the
results in terms of FENo, eosinophils, and their
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associations with GOLD group E or severe exacerbations
remained essentially the same if asthma was introduced
as a predictor into the analyses or these patients were
excluded. In our presentation, we preferred to exclude
asthma as a predictor because of the known difficulties
encountered in real clinical practice when determining
the presence of this comorbidity.

In a similar manner, the specific cutoft value for Feno
was not essential for its different relationship to GOLD
group E vs severe exacerbations. A comparison of cutoff
values revealed that 25 ppb showed the most significant
association with GOLD group E, irrespective of the
inclusion of patients who actively smoke, which could
affect the measurement of Feno.*' In conclusion, the role
of Feno regarding GOLD group E was not hampered by
the inclusion of patients who actively smoke, which was
about 15% in the present study population, and the
relationship between Feno and GOLD group E was
therefore fairly robust.

This is relevant because among the easily accessible
markers of airway inflammation, undoubtedly Feno is
the most feasible tool. The use of spontaneous sputum,
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for example, heavily depends on sample quality,** and
that of induced sputum requires expertise, time, and
resources that are not normally available in clinical
practice. Moreover, the use of bronchial biopsies and
bronchoalveolar lavage fluid is limited to dedicated
studies and completely unrealistic for broad-scale
routine purposes.

Regarding severe exacerbations but not GOLD group E,
we also found a significant role of leukocyte counts. It is
undisputable that leukocytes play a role for the course of
the disease and exacerbations, as shown in many studies
and demonstrated for mortality in COSYCONET data.”’
This association is plausible because it can be assumed
that particularly severe exacerbations are associated with
mortality; thus, leukocyte counts are linked to both of
them. The findings on overall leukocyte counts also
match the observation that eosinophil counts were
associated with severe exacerbations only, but not with
the more general exacerbation risk as defined via GOLD
group E.

The comparison of eosinophil counts vs FENoO is
probably related to the distinction between local and
systemic inflammation. This was the starting point of
our analyses comprising eosinophils and Feno on the
one hand, and GOLD group E and severe exacerbations
on the other hand. It would also have been of interest to
include mild exacerbations; however, the number of
these exacerbations as reported in COSYCONET was
low and raised the suspicion that either such
exacerbations were rare or that they were underreported.
In any case, our findings demonstrated that the
distinction between moderate to severe and severe
exacerbations was already sufficient to reveal differential
roles for an airway marker and a systemic marker. The
dominant role of systemic effects in severe exacerbations
was also supported by the observation that their
occurrence did not depend on spirometric GOLD
grades, specifically GOLD grades 3 and 4, in contrast
with the exacerbations defined via GOLD group E.
These explanations remain speculative but seem
plausible and could be the starting point for more
detailed analyses.

Although generic quality of life as quantified by the
EuroQoL-5-dimension questionnaire (EQ-5D) visual
analog scale (VAS) was no longer associated with
exacerbations in the multivariable analyses, the SGRQ
activity and symptoms scores remained significant
compared with the univariate analyses. Interestingly, the
SGRQ impact score was not correlated with
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exacerbations, possibly because this score has some
dependence on questions that are prone to adaptation of
the patients’ perception to their impairments, in contrast
with the more objective questions defining the SGRQ
activity and symptoms scores. This underlines the
clinical usefulness of the SGRQ, particularly in the
absence of functional data and the relevance of
distinguishing between its subscores.

An obvious limitation of our results is that they are
descriptive in nature because of the observational design
of the analyses. Despite this, they might add to the
current discussion on the usefulness of biomarkers for
treatment decisions, particularly regarding compounds

4,11,12,44
Our results are

that address type 2 inflammation.
in line with previous findings that FENo may play a role
in such decisions.”>*>** They also support the role of
blood eosinophil counts that is broadly accepted but at
the same time suggest that the role of high counts™®
might be reconsidered. It is well known that eosinophil
counts are rather variable,”*° and this variability has
also been demonstrated for COSYCONET patients.”’ As
suggested by our data, a potential alternative could be to
use the presence of low eosinophil counts (< 100 M/L)
to conclude that the risk of severe exacerbations is
reduced and therefore compounds addressing such
exacerbations via systemic type 2 inflammation might be
less effective in these patients. At present, however, this
only remains an intriguing speculation that must be
further tested. A potential objection to our results could
be that we included all patients with complete data at a
specific visit but with potentially < 3 visits. Because of
the reduction in case numbers, it was not possible to
perform an alternative analysis using only patients with
3 study visits. However, we consider it unlikely that this
had an effect because the major selective loss of patients
in COSYCONET appears to have occurred over the first
few visits. Moreover, it is not likely that the use of
different (validated) Feno analyzers by different study
centers affected the results because the distribution of
FENo values was not associated with these devices.

Interpretation

A retrospective analysis of data from a COPD cohort
showed that the generic exacerbation risk as defined via
GOLD group E correlated with elevated values of Feno,
but not with blood eosinophil counts. In contrast, the
risk for severe exacerbations correlated with blood
eosinophil counts, but not with Feno. This correlation
was expressed in the fact that lower counts were
associated with a lower risk of severe exacerbations,
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whereas highly elevated counts did not play a statistical
role. These findings are intriguing but need to be verified

in further studies.

Funding/Support

COSYCONET is supported by the German Federal
Ministry of Education and Research (BMBF)
Competence Network Asthma and COPD (ASCONET)

from AstraZeneca GmbH, Bayer Schering Pharma AG,
Boehringer Ingelheim Pharma GmbH & Co KG, Chiesi

GmbH, GlaxoSmithKline, Grifols Deutschland GmbH,
MSD Sharp & Dohme GmbH, Mundipharma GmbH,
Novartis Deutschland GmbH, Pfizer Pharma GmbH,

and performed in collaboration with the German Center
for Lung Research (DZL). The project is funded by the

BMBF [Grant 01 GI 0881] and DZL [Grant
82DZLI05B2]. It is also supported by unrestricted grants

None declared.

Sanofi-Aventis Deutschland GmbH, Takeda Pharma
Vertrieb GmbH & Co KG, and Teva GmbH for patient
investigations and laboratory measurements.

Financial/Nonfinancial Disclosures

Acknowledgments

Author contributions: P. A. and R. J. take
responsibility for the content of the
manuscript, including the data and analysis.
All authors of this manuscript meet all of the
following criteria required for authorship, as
they (1) made a significant contribution to
the work reported, whether that was in the
conception, study design, execution,
acquisition of data, analysis and
interpretation, or in all of these areas; (2)
have drafted or written, or substantially
revised or critically reviewed the article; (3)
have agreed on CHEST Pulmonary as the
journal to which the article was submitted;
(4) reviewed and agreed on all versions of the
article before submission, and in future
regarding revision, the final version accepted
for publication, and any significant changes
introduced at the proofing stage; and (5)
agree to take responsibility and be
accountable for the contents of the article.

Role of sponsors: The funding body had no
involvement in the design of the study, or the
collection, analysis, or interpretation of the
data.

Other contributions: We thank all
COSYCONET study centers, especially all
study nurses and physicians, for their
excellent and enduring work in data
collection, and all patients who were willing
to participate in this study over an extended
period of time. The data management and
quality assurance support provided by
CAPNETZ STIFTUNG is gratefully
acknowledged.

References

1. Vestbo J, Anderson JA, Brook RD, et al.
Fluticasone furoate and vilanterol and
survival in chronic obstructive pulmonary
disease with heightened cardiovascular
risk (SUMMIT): a double-blind
randomised controlled trial. Lancet.
2016;387(10030):1817-1826.

2. Kunisaki KM, Dransfield MT,
Anderson JA, et al. Exacerbations of
chronic obstructive pulmonary disease
and cardiac events. A post hoc cohort
analysis from the SUMMIT randomized

chestpulmonary.org

10.

11.

12.

clinical trial. Am J Respir Crit Care Med.
2018;198(1):51-57.

. Vogelmeier CF, Roman-Rodriguez M,

Singh D, Han MK, Rodriguez-Roisin R,
Ferguson GT. Goals of COPD treatment:
focus on symptoms and exacerbations.
Respir Med. 2020;166:105938.

. Brusselle G, Bracke K. Targeting immune

pathways for therapy in asthma and
chronic obstructive pulmonary disease.
Ann Am Thorac Soc. 2014;11(suppl 5):
$322-5328.

. Colak Y, Afzal S, Marott JL, Vestbo J,

Nordestgaard BG, Lange P. Type-2
inflammation and lung function decline in
chronic airway disease in the general
population. Thorax. 2024;79(4):349-358.

. Hegewald M]J, Horne BD, Trudo F, et al.

Blood eosinophil count and hospital
readmission in patients with acute
exacerbation of chronic obstructive
pulmonary disease. Int ] Chron Obstruct
Pulmon Dis. 2020;15:2629-2641.

. Pavord ID, Chanez P, Criner GJ, et al.

Mepolizumab for eosinophilic chronic
obstructive pulmonary disease. N Engl J
Med. 2017;377(17):1613-1629.

. Criner GJ, Celli BR, Brightling CE, et al.

Benralizumab for the prevention of COPD
exacerbations. N Engl | Med.
2019;381(11):1023-1034.

. Singh D, Brightling CE, Rabe KF, et al.

Efficacy and safety of tezepelumab versus
placebo in adults with moderate to very
severe chronic obstructive pulmonary
disease (COURSE): a randomised,
placebo-controlled, phase 2a trial. Lancet
Respir Med. 2025;13(1):47-58.

Pavord ID, Chapman KR, Bafadhel M,
et al. Mepolizumab for eosinophil-
associated COPD: analysis of METREX
and METREO. Int ] Chron Obstruct
Pulmon Dis. 2021;16:1755-1770.

Bhatt SP, Rabe KF, Hanania NA, et al.
Dupilumab for COPD with type 2
inflammation indicated by eosinophil
counts. N Engl ] Med. 2023;389(3):
205-214.

Bhatt SP, Rabe KF, Hanania NA, et al.
Dupilumab for COPD with blood
eosinophil evidence of type 2

13.

15.

16.

17.

18.

19.

20.

21.

22.

inflammation. N Engl ] Med.
2024;390(24):2274-2283.

Hanania NA, Castro M, Bateman E, et al.
Efficacy of dupilumab in patients with
moderate-to-severe asthma and persistent
airflow obstruction. Ann Allergy Asthma
Immunol. 2023;130(2):206-214.e202.

. Donohue JF, Herje N, Crater G,

Rickard K. Characterization of airway
inflammation in patients with COPD
using fractional exhaled nitric oxide levels:
a pilot study. Int ] Chron Obstruct Pulmon
Dis. 2014;9:745-751.

Maniscalco M, Fuschillo S, Mormile I,

et al. Exhaled nitric oxide as biomarker of
type 2 diseases. Cells. 2023;12(21):
37947596.

Malerba M, Radaeli A, Olivini A, et al.
Exhaled nitric oxide as a biomarker in
COPD and related comorbidities. Biomed
Res Int. 2014;2014:271918.

Alcazar-Navarrete B, Ruiz Rodriguez O,
Conde Baena P, Romero Palacios PJ,
Agusti A. Persistently elevated exhaled
nitric oxide fraction is associated with
increased risk of exacerbation in COPD.
Eur Respir J. 2018;51(1):29348180.

Schumann DM, Papakonstantinou E,
Kostikas K, Grize L, Tamm M, Stolz D.
Variability of fractional exhaled nitric
oxide is associated with the risk and
aetiology of COPD exacerbations.
Respirology. 2023;28(5):445-454.

Xu X, Zhou L, Tong Z. The relationship of
fractional exhaled nitric oxide in patients
with AECOPD. Int ] Chron Obstruct
Pulmon Dis. 2023;18:3037-3046.

Keeratichananont W, Kaenmuang P,
Geater SL, Denyuk R, Kanchanakanok C.
Correlation of fractional exhaled nitric
oxide (FeNO) and clinical outcomes in
patients with chronic obstructive
pulmonary disease: a prospective cohort
study. Respir Med. 2024;229:107682.

Alcazar-Navarrete B, Diaz-Lopez JM,
Garcia-Flores P, et al. T2 biomarkers as
predictors of exacerbations of chronic
obstructive pulmonary disease. Arch
Bronconeumol. 2022;58(8):595-600.

Liu X, Zhang H, Wang Y, et al. Fractional
exhaled nitric oxide is associated with the


http://refhub.elsevier.com/S2949-7892(25)00056-X/sref1
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref1
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref1
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref1
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref1
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref1
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref1
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref2
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref2
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref2
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref2
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref2
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref2
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref2
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref3
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref3
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref3
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref3
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref3
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref4
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref4
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref4
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref4
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref4
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref5
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref5
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref5
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref5
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref5
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref6
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref6
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref6
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref6
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref6
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref6
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref7
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref7
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref7
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref7
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref8
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref8
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref8
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref8
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref9
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref9
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref9
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref9
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref9
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref9
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref9
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref10
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref10
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref10
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref10
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref10
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref11
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref11
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref11
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref11
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref11
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref12
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref12
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref12
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref12
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref12
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref13
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref13
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref13
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref13
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref13
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref14
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref14
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref14
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref14
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref14
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref14
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref15
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref15
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref15
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref15
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref16
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref16
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref16
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref16
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref17
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref17
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref17
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref17
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref17
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref17
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref18
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref18
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref18
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref18
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref18
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref18
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref19
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref19
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref19
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref19
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref20
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref20
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref20
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref20
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref20
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref20
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref20
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref21
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref21
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref21
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref21
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref21
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref22
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref22
https://chestpulmonary.org

23.

24.

25.

26.

27.

28.

29.

30.

severity of stable COPD. COPD.
2020517(2):121-127.

Agusti A, Celli BR, Criner GJ, et al. Global
Initiative for Chronic Obstructive Lung
Disease 2023 report: GOLD executive
summary. Am ] Respir Crit Care Med.
2023;207(7):819-837.

Karch A, Vogelmeier C, Welte T, et al.
The German COPD cohort
COSYCONET: aims, methods and
descriptive analysis of the study
population at baseline. Respir Med.
2016;114:27-37.

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 summary. Am ] Respir
Crit Care Med. 2017;195(5):557-582.

Pauwels RA, Buist AS, Ma P, Jenkins CR,
Hurd SS; GOLD Scientific Committee.
Global strategy for the diagnosis,
management, and prevention of chronic
obstructive pulmonary disease: National
Heart, Lung, and Blood Institute and
World Health Organization Global
Initiative for Chronic Obstructive Lung
Disease (GOLD): executive summary.
Respir Care. 2001;46(8):798-825.

Wan ES, Fortis S, Regan EA, et al.
Longitudinal phenotypes and mortality in
preserved ratio impaired spirometry in the
COPDGene Study. Am ] Respir Crit Care
Med. 2018;198(11):1397-1405.

Criee CP, Baur X, Berdel D, et al.
[Standardization of spirometry: 2015
update. Published by German
Atemwegsliga, German Respiratory
Society and German Society of
Occupational and Environmental
Medicine]. Pneumologie. 2015;69(3):
147-164.

Stanojevic S, Graham BL, Cooper BG,

et al. Official ERS technical standards:
Global Lung Function Initiative reference
values for the carbon monoxide transfer
factor for Caucasians. Eur Respir J.
2017;50(3):28893868.

Quanjer PH, Tammeling GJ, Cotes JE,
Pedersen OF, Peslin R, Yernault JC. Lung
volumes and forced ventilatory flows.
Report Working Party Standardization of
Lung Function Tests, European
Community for Steel and Coal. Official
Statement of the European Respiratory
Society. Eur Respir ] Suppl. 1993;16:5-40.

10 Original Research

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Quanjer PH, Stanojevic S, Cole TJ, et al.
Multi-ethnic reference values for
spirometry for the 3-95-yr age range: the
global lung function 2012 equations. Eur
Respir J. 2012;40(6):1324-1343.

Fletcher CM. Standardised questionnaire
on respiratory symptoms: a statement
prepared and approved by the MRC
Committee on the Aetiology of Chronic
Bronchitis (MRC breathlessness score).
BM]J. 1960;2:1662.

Trudzinski FC, Kahnert K,

Vogelmeier CF, et al. Combined effects of
lung function, blood gases and kidney
function on the exacerbation risk in stable
COPD: results from the COSYCONET
cohort. Respir Med. 2019;154:18-26.

Alter P, Lucke T, Watz H, et al.
Cardiovascular predictors of mortality and
exacerbations in patients with COPD. Sci
Rep. 2022;12(1):21882.

Alter P, Kahnert K, Trudzinski FC, et al.
Disease progression and age as factors
underlying multimorbidity in patients
with COPD: results from COSYCONET.
Int ] Chron Obstruct Pulmon Dis. 2022;17:
1703-1713.

Alter P, Stoleriu C, Kahnert K, et al.
Characteristics of current smokers versus
former smokers with COPD and their
associations with smoking cessation
within 4.5 years: results from
COSYCONET. Int ] Chron Obstruct
Pulmon Dis. 2023;18:2911-2923.

Jones PW, Quirk FH, Baveystock CM,
Littlejohns P. A self-complete measure of
health status for chronic airflow
limitation. The St. George’s Respiratory
Questionnaire. Am Rev Respir Dis.
1992;145(6):1321-1327.

Olin AC, Bake B, Toren K. Fraction of
exhaled nitric oxide at 50 mL/s: reference
values for adult lifelong never-smokers.
Chest. 2007;131(6):1852-1856.

Kaenmuang P, Navasakulpong A,

Geater SL, Densrisereekul S, Juthong S.
Blood eosinophil count stability and
clinical outcomes in patients with chronic
obstructive pulmonary disease in a high
endemic area of parasitic infection: a
prospective study. Chronic Obstr Pulm
Dis. 2024;11(4):350-358.

Maniscalco M, Candia C, Ambrosino P,
Tovine A, Fuschillo S. Chronic obstructive
pulmonary disease’s eosinophilic
phenotype: clinical characteristics,

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

biomarkers and biotherapy. Eur ] Intern
Med. 2025;131:27-35.

Hou XF, Hou CG. Association between
acute tobacco exposure and fractional
exhaled nitric oxide in patients with
chronic obstructive pulmonary disease:
National health and Nutrition
Examination Survey (NHANES) 2007-
2012. Respir Med. 2024;234:107831.

Holz O, Seiler T, Karmeier A, et al.
Assessing airway inflammation in clinical
practice - experience with spontaneous
sputum analysis. BMC Pulm Med. 2008;8:
5.

Trudzinski FC, Jorres RA, Alter P, et al.
Associations of oxygenated hemoglobin
with disease burden and prognosis in
stable COPD: results from COSYCONET.
Sci Rep. 2020;10(1):10544.

Watz H, Tetzlaff K, Wouters EF, et al.
Blood eosinophil count and exacerbations
in severe chronic obstructive pulmonary
disease after withdrawal of inhaled
corticosteroids: a post-hoc analysis of the
WISDOM trial. Lancet Respir Med.
2016;4(5):390-398.

Fan X, Zhao N, Yu Z, et al. Clinical utility
of central and peripheral airway nitric
oxide in aging patients with stable and
acute exacerbated chronic obstructive
pulmonary disease. Int ] Gen Med.
2021;14:571-580.

Bafadhel M, Pavord ID, Russell REK.
Eosinophils in COPD: Just another
biomarker? Lancet Respir Med. 2017;5(9):
747-759.

Van Rossem I, Vandevoorde J, Hanon S,
Deridder S, Vanderhelst E. The stability of
blood eosinophils in stable chronic
obstructive pulmonary disease: a
retrospective study in Belgian primary
care. BMC Pulm Med. 2020;20(1):200.

Long GH, Southworth T, Kolsum U, et al.
The stability of blood eosinophils in
chronic obstructive pulmonary disease.
Respir Res. 2020;21(1):15.

Park SC, Saiphoklang N, Phillips J, et al.
Three-month variability of commonly
evaluated biomarkers in clinically stable
COPD. Int ] Chron Obstruct Pulmon Dis.
2023;18:1475-1486.

Greulich T, Mager S, Lucke T, et al.
Longitudinal stability of blood eosinophil
count strata in the COPD COSYCONET
cohort. Int | Chron Obstruct Pulmon Dis.
2018;13:2999-3002.

[ 3#3 CHEST Pulmonary SEPTEMBER 2025 |


http://refhub.elsevier.com/S2949-7892(25)00056-X/sref22
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref22
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref23
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref23
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref23
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref23
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref23
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref24
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref24
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref24
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref24
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref24
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref24
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref25
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref25
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref25
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref25
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref25
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref25
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref26
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref27
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref27
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref27
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref27
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref27
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref28
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref28
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref28
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref28
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref28
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref28
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref28
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref28
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref29
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref29
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref29
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref29
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref29
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref29
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref30
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref30
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref30
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref30
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref30
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref30
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref30
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref30
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref31
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref31
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref31
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref31
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref31
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref32
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref32
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref32
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref32
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref32
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref32
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref33
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref33
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref33
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref33
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref33
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref33
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref34
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref34
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref34
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref34
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref35
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref35
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref35
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref35
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref35
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref35
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref36
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref36
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref36
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref36
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref36
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref36
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref36
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref37
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref37
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref37
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref37
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref37
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref37
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref38
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref38
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref38
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref38
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref39
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref39
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref39
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref39
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref39
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref39
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref39
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref39
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref40
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref40
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref40
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref40
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref40
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref40
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref41
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref41
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref41
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref41
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref41
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref41
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref41
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref42
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref42
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref42
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref42
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref42
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref43
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref43
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref43
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref43
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref43
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref44
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref44
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref44
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref44
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref44
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref44
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref44
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref45
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref45
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref45
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref45
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref45
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref45
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref46
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref46
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref46
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref46
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref47
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref47
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref47
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref47
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref47
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref47
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref48
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref48
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref48
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref48
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref49
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref49
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref49
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref49
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref49
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref50
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref50
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref50
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref50
http://refhub.elsevier.com/S2949-7892(25)00056-X/sref50

	Relationship Between the Levels of Feno, Blood Eosinophils, and the Severity of Exacerbations in Patients With COPD
	Study Design and Methods
	Study Population
	Assessments
	Statistical Analysis

	Results
	Patient Description
	Association Between Exacerbations and Single Markers
	Multiple Risk Factors of Exacerbations in Terms of GOLD Group E
	Multiple Risk Factors of Severe Exacerbations
	Sensitivity Analyses

	Discussion
	Interpretation
	Funding/Support
	Financial/Nonfinancial Disclosures
	Acknowledgments
	References


