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Background: Novel biomarkers and targeted treatments are needed for patients with chronic obstructive pul-
monary disease (COPD).
Objective: To test the hypothesis that high plasma immunoglobulin (Ig)E concentrations associate with
increased risk of exacerbation and mortality in individuals with COPD in the general population.
Methods: Among 46,598 adults in the Copenhagen General Population Study, we included 1559 with COPD,
defined as forced expiratory volume in 1 second/forced vital capacity < 0.70 and forced expiratory volume in 1
second < 80% predicted in individuals aged ≥ 40 years with chronic respiratory symptoms and smoking exposure
≥ 10 pack-years, and without asthma. We assessed risk of future severe exacerbation and all-cause mortality
according to baseline plasma IgE ≥ 76 IU/mL, a clinical cutoff for omalizumab treatment in severe asthma.
Results: During 14 years of follow-up (median, 6.9; interquartile range, 3.4), we recorded 224 severe exacerba-
tions and 434 deaths in 1559 individuals with COPD. Individuals with COPD with IgE ≥ 76 IU/mL vs those with <
76 IU/mL had a multivariable adjusted hazard ratio (HR) of 1.43 (95% confidence interval, 1.07-1.89) for severe
exacerbation and 1.30 (1.05-1.62) for all-cause mortality. Compared with individuals with IgE < 76 IU/mL and
blood eosinophils < 300 cells/mL, the multivariable adjusted HR for severe exacerbation was 1.12 (0.76-1.67) for
those with IgE < 76 IU/mL and blood eosinophils ≥ 300 cells/mL, 1.62 (1.17-2.24) for IgE ≥ 76 IU/mL and blood
eosinophils < 300 cells/mL, and 1.06 (0.63-1.77) for those with IgE ≥ 76 IU/mL and blood eosinophils ≥ 300 cells/
mL. Corresponding HRs for all-cause mortality were 1.27 (0.99-1.63), 1.47 (1.14-1.88), and 1.17 (0.83-1.64),
respectively.
Conclusion: High plasma IgE was associated with an increased risk of severe exacerbation and all-cause mortal-
ity in individuals with COPD in the general population, independent of blood eosinophils.
© 2022 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. This is an open access arti-
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Introduction

Worldwide, chronic obstructive pulmonary disease (COPD) is a
prevalent disease and one of the leading causes of mortality, a sce-
nario likely to persist for many years.1 A well-known complication of
COPD is exacerbations, defined as acute worsening of symptoms that
results in additional therapy and/or hospital admissions.2 Exacerba-
tions accelerate disease progression and are responsible for increased
healthcare use, so COPD treatment mainly focuses on preventing
exacerbations.3 However, exacerbations are difficult to predict, and
clinicians require biomarkers for risk stratification of patients eligible
for preventive treatment. These biomarkers should reflect the hetero-
geneity of COPD exacerbations, and blood eosinophils have gained
increased attention because this biomarker predicts not only future
exacerbation risk but also treatment response to inhaled corticoste-
roids.4 Nonetheless, additional biomarkers are necessary because
blood eosinophils alone seem insufficient for risk stratification in
COPD. Given asthma and COPD share some pathophysiological mech-
anisms, a logical approach would be to investigate well-known bio-
markers for asthma in COPD and vice versa. Indeed, the role of
immunoglobulin (Ig)E in asthma is well established.5 Treatment with
monoclonal antibodies specifically lowering plasma IgE concentra-
tions reduces the risk of exacerbations in patients with severe
asthma,6,7 and has shown promising results in asthma-COPD
overlap.8,9 Interestingly, overexpression of IgE receptors also has
been observed in COPD,10−12 and high IgE concentration has been
associated with previous exacerbation history and lung function
decline in a subset of individuals with COPD.13,14 Thus, plasma IgE
could be a potential novel biomarker for predicting risk of future
exacerbations in a subset of patients with COPD. We therefore tested
the hypothesis that high plasma IgE concentrations are associated
with an increased risk of exacerbation and mortality in individuals
with COPD in the general population.
Methods

Study Design and Participants

We investigated 46,598 individuals aged 20 to 100 years with
complete information on lung function and plasma IgE concentra-
tions from the Copenhagen General Population Study, a contempo-
rary Danish population-based prospective cohort initiated in 2003
with ongoing enrollment.15−17 Participants were randomly selected
from the national Danish Civil Registration System, which records all
individuals living in Denmark with a unique identification number
(Central Person Registration number) provided at birth or immigra-
tion, to reflect the adult Danish population (response-rate »45%). All
participants provide written informed consent, complete a question-
naire, undergo a physical examination, and give blood for biochemi-
cal analyses. The study was approved by Copenhagen University
Hospital−Herlev and Gentofte and a Danish ethical committee
(approval number: H-KF-01-144/01) and was conducted according to
the Declaration of Helsinki.
Chronic Obstructive Pulmonary Disease and Immunoglobulin E

We identified 1559 individuals with COPD defined as a prebron-
chodilator forced expiratory volume in 1 second (FEV1)/forced vital
capacity < 0.70, and FEV1 < 80% of predicted in individuals aged ≥
40 years with chronic respiratory symptoms and smoking exposure
≥ 10 pack-years, and without self-reported asthma (Fig 1).18 Pre-
dicted values were calculated according to internally derived refer-
ence equations based on a subsample of 11,288 healthy
asymptomatic never-smoking individuals, with age and height as
covariates separately for men and women.19,20
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Total IgE concentrations were measured on frozen or fresh plasma
samples, as described previously.21,22 Plasma samples for measure-
ment of approximately the first 8,000 consecutive participants were
collected during the period of 2004 to 2005 and stored at �80°C until
2011 to 2012, when samples were thawed and analyzed. Plasma
samples collected from 2011 and onward of the last ~ 39,000 conse-
cutive participants were analyzed immediately after blood draw.
Plasma IgE concentrations were measured with the DiaS IgE FS assay
(DiaSys, Holzheim, Germany), a particle-enhanced immunoturbidi-
metric assay with a lowest detection limit of 1 IU/mL and a measure-
ment range of 1 to 1000 IU/mL. For concentrations above the
maximal limit of the assay, samples were diluted, and the measure-
ment was repeated. Analyses were subjected to daily precision test-
ing using internal quality control material and monthly accuracy
testing using an external quality control program. Immunoglobulin E
concentrations from frozen plasma samples were calibrated to con-
centrations from fresh plasma samples, as done previously.21,22 How-
ever, the median levels for fresh and frozen samples only differed by
8 IU/mL. High and low concentrations of plasma IgE were defined by
76 IU/mL clinical cutoff based on results from Bousquet et al, who
have investigated data from 7 randomized controlled trials with
omalizumab, a monoclonal antibody specifically lowering plasma IgE
concentrations, where a level of 76 IU/mL was suggestive of a detect-
able response to treatment that reduced asthma exacerbation rates.23
Exacerbation and All-Cause Mortality

Severe exacerbations were defined as acute emergency depart-
ment visits and/or hospital admissions with a primary diagnosis of
COPD (International Classification of Diseases, Tenth Revision [ICD]-
10: J41-J44). Information was obtained from the national Danish
Patient Registry, which records all public and private hospital con-
tacts in Denmark, recorded from baseline until December 2018.24

Information on vital status was obtained from the national Danish
Civil Registration System, which records date of death for all individ-
uals resident in Denmark, recorded from baseline until December
2018.25 Thus, exacerbations and deaths are 2 different clinical out-
comes obtained through 2 different national Danish registries and
were unrelated. Because follow-up was done using the above-men-
tioned register linkage based on the unique Central Person Registra-
tion number provided to everyone at birth or immigration, no person
was lost to follow-up, and individuals who emigrated were censored
at the date of emigration.26 All diagnoses recorded in the registries
are made by medical doctors according to Danish national laws using
the World Health Organization’s ICD-codes.
Statistical Analyses

For group comparisons, Wilcoxon’s rank-sum and Pearson’s x2 tests
were used. A histogram was used to illustrate the distribution of plasma
IgE concentrations. Probability of severe exacerbation and all-cause
mortality was determined using the Kaplan-Meier estimator, and differ-
ences were assessed using a log-rank test. Cox proportional hazard
regression with age as the underlying timescale (= age adjustment) and
left truncation (= delayed entry) was used to determine risk of severe
exacerbation and all-cause mortality. Analyses were multivariable
adjusted for potential confounders, that is, age (as timescale), sex, body
mass index, smoking status, cumulative tobacco consumption (pack-
years), atopy, treatment with airway medication (self-reported use vs
nonuse), physical activity, socioeconomic status, cardiovascular disease
including ischemic heart disease (ICD-8: 410-414 and ICD-10: I20-I25),
stroke (ICD-8: 432-435 and ICD-10: I60, I61, I63-I64, G45), heart failure
(ICD-8: 427.09-427.11 and ICD-10: I50), and atrial fibrillation (ICD-8:
427.93-427.94 and ICD-10: I48), diabetes (ICD-8: 249-250 and ICD-10:
E10-E14), high-sensitive C-reactive protein (hsCRP), and blood
y Library from ClinicalKey.com by Elsevier on October 17, 
on. Copyright ©2022. Elsevier Inc. All rights reserved.



Figure 1. Distribution of plasma IgE in individuals with COPD in the Copenhagen General Population Study. COPD, chronic obstructive pulmonary disease; IgE, immunoglobulin E.
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eosinophils. We performed stratified analyses according to blood eosi-
nophils because this is an important biomarker for predicting future
exacerbations and treatment response to inhaled corticosteroids in
patients with COPD. We also tested for potential interaction between
plasma IgE and blood eosinophils using Wald’s test for interaction.
Some individuals lacked information on some of the covariates, so we
performed multivariate imputation using chained equations to fill out
the missing values; however, the results were similar without imputa-
tion. In a sensitivity analysis, we excluded individuals with plasma IgE
≥ 700 IU/mL because these cases may represent other comorbid
conditions.27,28 Analyses were performed using STATA/SE 13.1 for
Figure 2. Flowchart. COPD, chronic obstructive pulmonary disease; FEV1, forced exp

Downloaded for Anonymous User (n/a) at Copenhagen Universit
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Windows (StataCorp, College Station, Texas), and a 2-sided P value <
.05 was considered significant.
Results

Prevalence and Characteristics

In 1559 individuals with COPD, 446 (29%) had plasma IgE ≥
76 IU/mL (Fig. 1 and 2). Individuals with COPD with IgE ≥ 76 IU/mL vs
those with < 76 IU/mL had a higher body mass index, tobacco con-
sumption, hsCRP, and blood eosinophils, and had more atopy and
iratory volume in 1 second; FVC, forced vital capacity; IgE, immunoglobulin E.

y Library from ClinicalKey.com by Elsevier on October 17, 
on. Copyright ©2022. Elsevier Inc. All rights reserved.



Table 1
Baseline Characteristics of Individuals With COPD According to Plasma IgE in the Copenhagen General Population Study

Main general characteristics COPD with IgE < 76 IU/mLN = 1113 COPD with IgE ≥ 76 IU/mLN = 446

Age, y 68.1 (61.1-74.9) 66.7 (61.0-74.0)
Male sex, n (%) 580 (52) 296 (66)a

BMI, kg/m2 25.6 (23.3-28.9) 26.4 (23.4-29.6)b

Active smoking, n (%) 511 (46) 228 (51)
Tobacco consumption, pack-y 36 (25-50) 40 (25-55)b

Low physical activity, n (%) 133 (12) 67 (15)
Poor socioeconomic status, n (%) 371 (33) 137 (31)
Atopy, n (%) 205 (18) 111 (25)a

Cardiovascular disease, n (%) 275 (25) 119 (27)
Diabetes, n (%) 95 (9) 51 (11)
Clinical respiratory characteristics
Treatment with airway medication, n (%) 212 (19) 82 (18)
Symptoms
Dyspnea, n (%) 905 (81) 360 (81)
mMRC ≥ 2, n (%) 384 (35) 163 (37)
Chronic mucus hypersecretion, n (%) 352 (32) 162 (36)
Wheezing, n (%) 570 (51) 239 (54)
Cough, n (%) 380 (34) 177 (40)b

Any, n (%) 1113 (100) 446 (100)
Lung function
FEV1, L 1.80 (1.41-2.18) 1.85 (1.44-2.24)
FEV1 predicted, % 66 (56-74) 64 (54-73)b

FVC, L 2.98 (2.41-3.62) 3.20 (2.51-3.79)b

FVC predicted, % 85 (75-92) 85 (74-93)
FEV1/FVC 0.62 (0.55-0.66) 0.60 (0.53-0.65)b

FEV1 50%-79% of predicted, n (%) 945 (85) 363 (81)
FEV1 30%-49% of predicted, n (%) 154 (14) 75 (17)
FEV1 < 30% of predicted, n (%) 14 (1) 8 (2)

Inflammatory biomarkers
hsCRP, mg/L 1.72 (1.03-3.48) 2.09 (1.15-4.42)b

Blood eosinophils, cells/mL 0.18 (0.11-0.27) 0.21 (0.14-0.32)a

IgE, IU/mL 20 (8-37) 186 (105-446)a

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; hsCRP, high-sensitive C-
reactive protein; IgE, immunoglobulin E; mMRC, modified Medical Research Council Dyspnea Scale.
NOTE. Data presented as median (25th and 75th percentiles), or number (percent).
aP value < .005 and bP value < .05 when compared with individuals with COPD with IgE < 76 IU/mL, obtained fromWilcoxon's rank-sum or Pearson's x2 tests.
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cough (Table 1). Only slightly lower lung function could be detected
in those with IgE ≥ 76 IU/mL vs those with < 76 IU/mL. However, no
differences were detected regarding age, sex, active smoking, low
physical activity, poor socioeconomic status, cardiovascular disease,
diabetes, treatment with airway medication, or other symptoms.
Median (25th to 75th percentiles) alpha-1 antitrypsin levels were
25.2 mmol/L (22.3-28.2) overall, while median alpha-1 antitrypsin
levels were 25.1 mmol/L (22.3-27.9) in those with IgE < 76 IU/mL and
25.6 mmol/L (22.6-28.8) in those with IgE ≥ 76 IU/mL.
Prognosis

During 14 years of follow-up (median, 6.9; interquartile range,
3.4), we recorded 224 severe exacerbations and 434 deaths in
1559 individuals with COPD (Fig 3). Individuals with COPD with
IgE ≥ 76 IU/mL vs those with < 76 IU/mL had a multivariable
adjusted hazard ratio (HR) of 1.43 (95% confidence interval, 1.07-
1.89) for severe exacerbation and 1.30 (1.05-1.62) for all-cause
mortality (Fig 4). Results were similar when excluding individuals
with plasma IgE ≥ 700 IU/mL with HRs of 1.44 (1.07-1.93) for
severe exacerbation and 1.31 (1.04-1.65) for all-cause mortality.
Compared with individuals with IgE < 76 IU/mL and blood eosi-
nophils < 300 cells/mL, multivariable adjusted HR for severe
exacerbation was 1.12 (0.76-1.67) for those with IgE < 76 IU/mL
and blood eosinophils ≥ 300 cells/mL, 1.62 (1.17-2.24) for IgE ≥
76 IU/mL and blood eosinophils < 300 cells/mL, and 1.06 (0.63-
1.77) for those with IgE ≥ 76 IU/mL and blood eosinophils ≥ 300
cells/mL (Fig 5). Corresponding HRs for all-cause mortality were
1.27 (0.99-1.63), 1.47 (1.14-1.88), and 1.17 (0.83-1.64), respec-
tively. Although no interaction could be detected between plasma
Downloaded for Anonymous User (n/a) at Copenhagen Universit
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IgE and blood eosinophils on risk of severe exacerbation (P for
interaction = .11), a statistically significant negative interaction
was present on risk of all-cause mortality (P for interaction = .04).
Discussion

Using a contemporary Danish population-based prospective
cohort, we tested the hypothesis that high plasma IgE concentra-
tions are associated with an increased risk of exacerbation and
mortality in individuals with COPD in the general population. We
found that more than a quarter of individuals with COPD in the
general population had a high IgE concentration of ≥ 76 IU/mL. A
high plasma IgE concentration in individuals with COPD was
associated with a 40% increased risk of severe exacerbation and
30% increased risk of all-cause mortality independent of blood
eosinophils. These findings suggest that plasma IgE concentration
may be a potential prognostic biomarker and treatment target for
a subset of patients with COPD.

A potential role of IgE in COPD exacerbations seems biologically
plausible. Although the pathogenic mechanisms linking IgE to asthma
were once believed to be strictly confined to atopic asthma, it is now
increasingly recognized that IgE also may have a role in nonatopic
asthma.29 It has been hypothesized that dendritic cells in nonatopic
asthma show enhanced cross-linking with IgE receptors and thereby
suppress antiviral activity.30 Anti-IgE treatment may therefore reduce
risk of viral exacerbations. In a randomized controlled trial of omali-
zumab in atopic asthma, treatment decreased the risk and duration
of rhinovirus infection.30 Similar mechanisms could be present in
COPD. In fact, a virus can often be isolated from the airways of
y Library from ClinicalKey.com by Elsevier on October 17, 
on. Copyright ©2022. Elsevier Inc. All rights reserved.



Figure 3. Probability of exacerbation and all-cause mortality in individuals with COPD according to plasma IgE in the general population. Based on the Copenhagen General Popula-
tion Study. Kaplan-Meier estimator and log-rank test used. COPD, chronic obstructive pulmonary disease; IgE, immunoglobulin E.
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patients with COPD during an exacerbation, and rhinovirus is
accepted as the most important viral trigger of COPD
exacerbations.31,32 We therefore speculate that the association of
plasma IgE concentration with exacerbation risk in COPD could rep-
resent viral airway disease exacerbations and that anti-IgE treatment
possibly could target these exacerbations in a subset of COPD
patients. More specifically, the mechanisms, in viral airway disease
exacerbations in COPD, are probably related to interferon production
and antiviral response rather than virus-specific IgE.
Downloaded for Anonymous User (n/a) at Copenhagen Universit
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There is now compelling evidence that blood eosinophils are a
marker for not only disease severity, including higher exacerbation
rates in patients with COPD, but also inhaled corticosteroid treatment
response. We were not able to show that individuals with higher
blood eosinophils further stratified by IgE had higher risk of severe
exacerbation or all-cause mortality, although higher blood eosino-
phils are associated with higher risk of severe exacerbation or all-
cause mortality in the Copenhagen General Population Study.4,33,34

The main issue is probably the relatively low statistical power in
y Library from ClinicalKey.com by Elsevier on October 17, 
on. Copyright ©2022. Elsevier Inc. All rights reserved.



Figure 4. Risk of exacerbation and all-cause mortality in individuals with COPD according to plasma IgE in the general population. Based on the Copenhagen General Population
Study. Cox proportional hazard regression with multivariable adjustment for age (as timescale), sex, body mass index, smoking status, cumulative tobacco consumption (pack-
years), atopy, treatment with airway medication, physical activity, socioeconomic status, cardiovascular disease, diabetes, high-sensitive C-reactive protein, and blood eosinophils
was used. CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; IgE, immunoglobulin E.

Figure 5. Risk of exacerbation and all-cause mortality in individuals with COPD according to plasma IgE and blood eosinophils in the general population. Based on the Copenhagen
General Population Study. Cox proportional hazard regression with multivariable adjustment for age (as timescale), sex, body mass index, smoking status, cumulative tobacco con-
sumption (pack-years), atopy, treatment with airway medication, physical activity, socioeconomic status, cardiovascular disease, diabetes, and high-sensitive C-reactive protein
was used. CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; IgE, immunoglobulin E.
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stratified analyses, as evidenced by the wide confidence intervals for
those with IgE < 76 IU/mL and blood eosinophils ≥ 300 cells/mL and
those with IgE ≥ 76 IU/mL and blood eosinophils ≥ 300 cells/mL.
Thus, we should be careful about interpreting the results in relation
to blood eosinophils and IgE combined. However, we believe that the
mechanisms driving exacerbations through plasma IgE are different
from those driving blood eosinophils, and we believe that plasma IgE
may be a marker for a subset of COPD patients similar to blood eosi-
nophils, which is compatible with the known heterogeneity of
patients with COPD.

A recent study found an association between blood eosinophils and
fraction of exhaled nitrix oxide (FeNO) with annual asthma exacerba-
tion rate in patients with asthma randomized to the placebo arm of 7
randomized controlled trials, but no association could be detected
between plasma IgE and annual asthma exacerbation rate.35 Interest-
ingly, the association between IgE and annual asthma exacerbation rate
did not improve after combining with atopy, thereby suggesting IgE is
less predictive regarding exacerbations in patients with asthma than
are blood eosinophils and FeNO, and perhaps is a weaker marker for
type-2 inflammation. Immunoglobulin E also has been speculated to
have a role in nonatopic asthma involving viral infections, which could
be extrapolated to COPD.29 Importantly, the mentioned study includes
highly selected younger and older patients with asthma and with < 10
pack-years of smoking history, which differs substantially from the
present study population consisting of older symptomatic individuals
with ≥ 10 pack-years of smoking history and with COPD, randomly
selected from the general population.

Strengths of the present study include randomly selected individ-
uals with COPD from a large contemporary population-based pro-
spective cohort and information on severe exacerbations and all-
cause mortality without losses to follow-up. Furthermore, we had
information on several important potential confounders.

Potential limitations should be considered when interpreting our
findings. First, we used pre- instead of postbronchodilator spirometric
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values to diagnose COPD. Thus, some individuals may have reversible
airflow limitation, suggesting the presence of undiagnosed asthma.
However, by defining moderate-to-severe airflow limitation in a popu-
lation of older symptomatic smokers, we have likely identified most
COPD cases correctly.18 In addition, a severe COPD exacerbation diagno-
sis, defined as acute emergency department visit and/or hospital admis-
sion with a primary diagnosis of COPD in the national Danish Patient
Registry, has previously been shown to have a high positive predictive
value of 92% for the diagnosis of COPD.36 Although a diagnosis of COPD
does not exclude a diagnosis of asthma, we believe that the presence of
asthma alone in our study population should be relatively low, and it is
unlikely that the admixture of a few asthma cases with COPD cases had
a major influence on the association of plasma IgE with the outcome of
interest. Second, IgE is strongly related to asthma, and although individ-
uals with asthma were excluded, some may still have undiagnosed
comorbid asthma (sometimes referred to as asthma-COPD overlap).
Individuals with asthma-COPD overlap have a poorer prognosis than
individuals with COPD and asthma alone.16 Third, we had only a single
measurement of plasma IgE, which could lead to random error in classi-
fication owing to possible measurement error or seasonal variation.
However, such misclassification would only bias our results toward the
null and is unlikely to explain the positive findings. Fourth, atopy was
based on self-report, and we did not have information on Immuno-
CAP for specific IgE, which therefore makes it difficult for us to inter-
pret, especially for individuals with total IgE levels 200 to 600 IU/mL.
In theory, some of these individuals could have had atopy, allergic
fungal disease, parasitic infections, lymphoreticular neoplasia, or
other IgE-producing inflammatory disorders. Because parasitic infec-
tions and lymphoreticular neoplasia have a very low prevalence in
the Danish general population, we believe that these conditions can
be excluded.

The present study may have some clinical implications. A random-
ized intervention trial of omalizumab in COPD was withdrawn
because the investigators were unable to recruit eligible subjects.37
y Library from ClinicalKey.com by Elsevier on October 17, 
on. Copyright ©2022. Elsevier Inc. All rights reserved.



496 Y. Çolak et al. / Ann Allergy Asthma Immunol 129 (2022) 490−496
However, that trial had rather narrow inclusion criteria, such as a
total IgE of 30 to 700 IU, presence of atopy (defined through a positive
skin prick- or radioallergosorbent test), FEV1 30 to 64% of predicted,
and a smoking history ≥ 20 pack-years. In contrast, our findings sug-
gest that more than a quarter of individuals with COPD in the general
population with FEV1 < 80% predicted and a smoking history ≥ 10
pack-years have a plasma IgE concentration of ≥ 76 IU/mL, and that
these individuals, compared with those with < 76 IU/mL, experience
an increased risk of severe exacerbation and all-cause mortality inde-
pendent of information on self-reported atopy or blood eosinophils.
Thus, a plasma IgE concentration of 76 IU/mL may be used to identify
some patients with COPD who will likely benefit from anti-IgE treat-
ment, provided that a treatment effect can be demonstrated in an
appropriately designed randomized intervention trial.

In conclusion, high plasma IgE was associated with an increased risk
of severe exacerbation and all-cause mortality in individuals with COPD
in the general population independent of blood eosinophils. Our find-
ings suggest that plasma IgE concentration may be a potential prognos-
tic biomarker and treatment target for a subset of COPD patients.
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15. Çolak Y, Afzal S, Nordestgaard BG, Lange P, Vestbo J. Importance of early
COPD in young adults for development of clinical COPD: findings from the
Copenhagen general population study. Am J Respir Crit Care Med. 2021;203
(10):1245–1256.
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