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ABSTRACT
Background: As a surrogate for eosinophilic activation, eosinophil‐derived neurotoxin (EDN) is a potential clinical biomarker. 
However, EDN levels and discriminatory ability in different asthma phenotypes are unknown. We quantified serum and nasal 
lavage fluid (NLF) EDN levels and assessed the potential to differentiate clinically defined asthma phenotypes in an adult‐ 
representative sample.
Methods: A total of 1499 serum and 386 NLF samples from individuals with current asthma obtained from the West Sweden 
Asthma Study were analyzed for EDN. Eosinophilic asthma was defined as blood eosinophil count of ≥ 300 cells/mm3, T2‐high 
asthma was defined as blood eosinophil count of ≥ 300 cells/mm3 or fractional exhaled nitric oxide (FeNO) levels of ≥ 25 ppb. 
Other asthma phenotypes were defined based on presence of atopy, chronic rhinosinusitis (CRS), nasal polyposis, and obesity.
Results: Subjects with eosinophilic asthma had higher serum and NLF EDN levels than those with non‐eosinophilic asthma. In 
ROC analyses, serum EDN provided excellent discrimination between eosinophilic and non‐eosinophilic asthma (area under 
curve [AUC] = 0.84, 95% CI = 0.82–0.86); the corresponding AUC for NLF EDN was 0.67 (95% CI = 0.62–0.73). Serum and NLF 
EDN were higher in atopic asthma, T2‐high asthma, and asthma with nasal polyposis compared to their counterparts, but not in 
asthma with CRS. The highest absolute values of serum and NLF EDN were observed in the high eosinophil + FeNO group, 
followed by the high‐eosinophil‐only and high‐FeNO‐only groups.
Conclusion: Both serum and NLF EDN were higher in those with eosinophilic compared to non‐eosinophilic asthma. However, 
only serum EDN appears to distinguish eosinophilic asthma in ROC analyses.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the 
original work is properly cited.
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1 | Introduction

Asthma is a common airway disease characterized by chronic 
airway inflammation and airway hyperresponsiveness [1]. Dis
ease course and clinical outcomes vary among individuals with 
different characteristics [2, 3]. Therefore, the need to accurately 
characterize asthma phenotypes has increasingly become perti
nent [2, 3].

Clinically useful biomarkers are needed for asthma phenotyping 
[4]. Eosinophil‐derived neurotoxin (EDN), an eosinophil 
granule protein, has recently emerged as one of such potential 
biomarkers, with the ability to reflect eosinophilic activation [5]. 
In previous studies, individuals with asthma had higher EDN 
levels than those without asthma [6, 7]. However, only a few 
studies have quantified EDN levels in adult asthma phenotypes 
so far [8, 9]. In one such study, serum EDN levels were higher in 
adults with eosinophilic asthma compared to those with mixed 
granulocytic and neutrophilic asthma [8]. Serum EDN was also 
able to discriminate adults with asthma and high blood eosin
ophil levels [9]. Previous literature has also shown that children 
with atopic asthma have higher serum EDN levels; however, 
these findings have not yet been confirmed in a representative 
adult sample [10, 11].

In addition to eosinophilic and atopic asthma, EDN warrants 
further investigation as a potential biomarker for coexistence of 
chronic rhinosinusitis (CRS) and asthma, given the underlying 
eosinophilic inflammation in the pathogenesis of both diseases 
[12]. Previously, presence of CRS has been associated with high 
eosinophil count in those with severe asthma [13]; however, EDN 
levels have not been investigated in the same context. Consid
ering that there is a strong association between asthma and CRS, 
particularly with nasal polyposis, EDN could be a potential 
biomarker to identify these specific patient subgroups [14–18].

While evidence elucidating the role of EDN in asthma pheno
typing is sparse, to the best of our knowledge, no previous 
population‐based study has determined levels of serum and nasal 
lavage fluid (NLF) EDN in different asthma phenotypes and 
whether EDN can potentially discriminate between different 
asthma phenotypes. The aim of the current study was to (i) 
quantify serum and NLF EDN levels in different clinically defined 
asthma phenotypes in a general population‐representative adult 
sample, and (ii) to determine the ability of serum and NLF EDN to 
differentiate between different asthma phenotypes in such a 
population.

2 | Methods

2.1 | Ethics Approval

Ethical approval for West Sweden Asthma Study (WSAS) was 
acquired from the Swedish Ethical Review Authority and Ethics 
Committee of the University of Gothenburg (034–08, 593–08, 
052/16, 906/16). All participants gave written informed consent 
to participate in the current study.

2.2 | Study Population

Study participants were obtained from WSAS, an ongoing 
population‐based representative longitudinal cohort study. 

Residents of western Sweden (Västra Götaland region) who 
aged between 16 and 75 years old, were randomly invited to 
participate a postal questionnaire (Supporting Information S1: 
Figures E1 and E2). Postal questionnaires were sent to a random 
population of 30,000 subjects in 2008, of which 18,087 (62%) 
participated. Of the responders, 2006 (a random sample and 
asthma sample) individuals participated in a detailed clinical 
investigation. Incident asthma cases from the follow‐up of the 
first investigation were also included. In 2016, another non‐ 
overlapping random sample of adults was invited to complete 
a similar postal questionnaire. Of 50,000 subjects invited, 24,534 
(50%) participated. A random sample and asthma sample were 
invited for clinical investigations, of which 953 individuals had 
been examined up until the onset of the COVID‐19 pandemic. 
Serum EDN analysis was performed in subjects with available 
serum samples from both clinical investigations (n = 2939), 
while NLF EDN analysis was only performed in the first clinical 
investigation due to sample and cell count availability (n = 878) 
[19]. Among them, individuals with current asthma were 
included in the present study (Supporting Information S1: 
Figure E1 and E2). Detailed study protocol and characteristics of 
the study have been previously reported [19–21].

2.3 | Serum and NLF EDN Measurements

EDN analysis in serum and NLF samples was conducted using 
the ImmunoCAP EDN kit (research use only) in line with 
manufacturer instructions (Phadia AB, Thermo Fisher Scienti
fic, Uppsala, Sweden). The standard operating procedures for 
serum and NLF samples have been described previously [19]. 
The distribution of serum and NLF EDN levels, and related 
factors to high EDN levels were detailedly presented in a pre
vious paper [19].

2.4 | Blood Eosinophil Count, NLF Cell 
Percentage, and Fractional Exhaled Nitric Oxide 
(FeNO) Measurement

As previously described, blood samples were collected into EDTA 
tubes for complete blood count and transferred to the Clinical 
Chemistry Laboratory of Sahlgrenska University Hospital [22]. 
NLF eosinophil percentage were calculated within all cell types. 
Lastly, FeNO measurement was performed at 50 mL/s flow rate 
by NIOX VERO (Aerocrine, Morrisville, NC) device [22].

2.5 | Definition of Current Asthma and Asthma 
Phenotypes

Current asthma was defined as the presence of physician‐diag
nosed/ever asthma and at least one of: (i) self‐reported symp
toms (wheezing and/or attacks of shortness of breath during the 
last 12 months), (ii) asthma medication use during the past 
12 months, and (iii) a positive bronchodilator response at the 
clinical visit. Of the 2939 subjects whose samples were analyzed 
for serum EDN levels, 1499 (51%) reported current asthma 
(Supporting Information S1: Figure E1). Among those who had 
available NLF EDN analysis (n = 878), 386 (44%) reported 
current asthma (Supporting Information S1: Figure E2).

The following asthma phenotypes were defined among those 
with current asthma:
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2.5.1 | Eosinophilic Asthma

High blood eosinophil count (≥ 300 cells/mm3).

2.5.2 | Atopic Asthma

Allergic sensitization (positive skin prick test [≥ 3 mm] or 
specific immunoglobulin E (IgE) positivity [≥ 0.35 kUA/L]) to 
common aeroallergens (please see Supporting Information S1
for details).

2.5.3 | Atopic Eosinophilic Asthma

High blood eosinophil count (≥ 300 cells/mm3) and atopy. 
Those with high blood eosinophil count without atopy was 
classified as “non‐atopic eosinophilic asthma”.

2.5.4 | Type 2 (T2)‐High Asthma

Either high blood eosinophil count (≥ 300 cells/mm3) or high 
FeNO (≥ 25 ppb) or both. In addition, we performed sensitivity 
analysis for T2‐high asthma (T2‐high asthma with atopy) by a 
broadened set of criteria based on presence of any of the 
following: high blood eosinophil count (≥ 300 cells/mm3) or 
high FeNO (≥ 25 ppb) or presence of atopy.

Subgroups were also formed for (i) high‐eosinophil‐only (blood 
eosinophil count ≥ 300 cells/mm3 and FeNO < 25 ppb), (ii) high‐ 
FeNO‐only (FeNO ≥ 25 ppb and blood eosinophil count < 300 
cells/mm3), (iii) high eosinophil + FeNO (blood eosinophil 
count ≥ 300 cells/mm3 and FeNO ≥ 25 ppb), and (iv) low 
eosinophil + FeNO (blood eosinophil count < 300 cells/mm3 and 
FeNO < 25 ppb).

2.5.5 | Asthma With Chronic Rhinosinusitis (CRS)

Those with self‐reported CRS based on affirmative response to 
at least two of the following symptoms, present for more 
than 12 weeks in the past year: nasal blockage, nasal secretion, 
facial pain/pressure, and smell impairment. Further, at least one 
of the self‐reported symptoms needed to be either nasal 
blockage or nasal secretion [23, 24].

2.5.6 | Asthma With Nasal Polyposis

Self‐reported nasal polyposis.

2.5.7 | Asthma With CRS and Nasal Polyposis (CRSwNP)

Self‐reported CRS and self‐reported nasal polyposis. Those with 
self‐reported CRS, without self‐reported nasal polyposis were 
defined as “asthma with CRS without nasal polyposis (CRSsNP)”.

2.5.8 | Obese Asthma

Those with body mass index (≥ 30 kg/m2).

2.6 | Statistical Analysis

NLF EDN levels below the lower limit of detection as well as 
missing values for blood eosinophil count and FeNO levels were 
imputed (Please see Supporting Information S1 for details). De
tails of the employed imputation methods have been previously 

described [19]. Non‐parametric tests (Mann‐Whitney‐U or 
Kruskal Wallis) was used to compare EDN levels in asthma 
phenotypes due to non‐normal distribution of the serum and 
NLF EDN levels. Receiver operating characteristic (ROC) anal
ysis was used and area under curve (AUC) was calculated to 
evaluate the ability of EDN to discriminate between asthma 
phenotypes. Optimal cut‐off values based on Youden index, 
sensitivity, specificity, positive predictive value, and negative 
predictive value were calculated using pROC package [25]. AUC 
levels equal or higher than 0.9 were determined as outstanding 
discrimination, < 0.9–≥ 0.8 excellent discrimination, < 0.8 to 
≥ 0.7 as acceptable discrimination, < 0.7 to > 0.5 as poor 
discrimination, and 0.5 as no discrimination based on previous 
literature [26]. Logistic regression analysis was performed to 
evaluate the association between asthma phenotypes and EDN 
levels. EDN levels were divided into 4 quartiles and 1st quartile 
was the referent group. A two‐sided p‐value was set at < 0.05 to 
indicate statistical significance. The data analyses were per
formed in SPSS, version 29 (IBM Corp) and R, version 4 
(R Foundation for Statistical Computing, Vienna, Austria), 
and GraphPad Prism, version 10 (GraphPad Software, San 
Diego, CA).

3 | Results

3.1 | Baseline Characteristics of Study 
Participants

Of 1499 subjects with current asthma, the mean age (SD) was 49.5 
(15.6) years and 61.6% were females (Supporting Information S1: 
Table E1). Eosinophilic asthma was present in 31.2% of subjects, 
while 55.5% had atopic asthma, 50.3% had T2‐high asthma, and 
18.5% had atopic eosinophilic asthma. In addition, 20.8% had 
asthma with CRS, while 17.3% had asthma with nasal polyposis. 
Eosinophilic, atopic, and T2‐high asthma were more prevalent 
among males than females (Supporting Information S1: Table 
E2). In the subsample for NLF EDN, 386 subjects reported 
current asthma (Supporting Information S1: Table E1), of 
which 35.5% had eosinophilic and 67.1% had atopic asthma. 
The overlapping degree between T2‐high asthma and eosino
philic asthma was presented in Supporting Information S1: 
Figure E3.

3.2 | EDN Levels in Eosinophilic Versus Non‐ 
Eosinophilic Asthma

Those with eosinophilic asthma had significantly higher serum 
(62.5 [44.5–88.9] μg/L vs. 30.3 [21.8–42.6] μg/L) and NLF (14.1 
[5.5–37.6] μg/L vs. 6.3 [2.7–12.7] μg/L) EDN levels than those 
with non‐eosinophilic asthma (Table 1). Also, NLF eosinophil 
percentage and FeNO levels were significantly higher in eosin
ophilic asthma (Table 1). These differences remained the same 
in males and females in sex‐stratified analyses.

In ROC analysis, serum EDN yielded an AUC of 0.84 (0.82–0.86) 
in differentiating eosinophilic from non‐eosinophilic asthma 
(Figure 1). Sex‐stratified analyses yielded similar AUC value in 
males and females (Supporting Information S1: Table E3). On 
the other hand, NLF EDN had a lower AUC (0.67 [0.62–0.73]) 
(Figure 1). In sex‐stratified analysis for NLF EDN, AUC was 0.67 
for males and 0.68 for females (Supporting Information S1: 
Table E3).
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As a sensitivity analysis, ROC analyses were repeated for 
eosinophilic asthma using a threshold of ≥ 150 cells/mm3 for 
blood eosinophils (Supporting Information S1: Figure E4). 
Serum and NLF EDN gave similar AUC values (0.81 [0.78–0.83] 
and 0.67 [0.62–0.73], respectively) (Supporting Information S1: 
Figure E4).

Lastly, higher EDN levels were also associated with increased 
odds of eosinophilic asthma in adjusted models (Supporting 
Information S1: Table E4).

3.3 | EDN Levels in Atopic Asthma Versus Non‐ 
Atopic Asthma

Serum EDN levels were higher in those with atopic asthma than 
in those with non‐atopic asthma (37.1 [25.4–57.1] μg/L vs. 34.3 
[22.6–52.1] μg/L), however, this finding did not remain signifi
cant in sex‐stratified analyses (Table 1). NLF EDN levels and NLF 

eosinophil percentages were also higher in subjects with atopic 
asthma than subjects with non‐atopic asthma in all participants, 
as well as among males and females separately (Table 1).

Both serum and NLF EDN did not yield an acceptable 
discrimination to differentiate atopic from non‐atopic asthma in 
ROC analysis (AUC 0.54 [0.51–0.58] and AUC 0.67 [0.61–0.73], 
respectively) (Supporting Information S1: Tables E5 and E6). 
This trend was also similar in males and females (Supporting 
Information S1: Tables E5 and E6).

3.4 | EDN Levels in Atopic Eosinophilic Asthma 
Versus Non‐Atopic Eosinophilic Asthma

Both serum EDN levels and blood eosinophil counts were 
comparable between those with atopic eosinophilic and non‐ 
atopic eosinophilic asthma (Table 2). On the other hand, NLF 
EDN levels (16.8 [7.8–45.1] μg/L vs. 9.0 [3.3–17.1] μg/L) and 

TABLE 1 | Serum and NLF biomarker levels in relation to eosinophilic asthma and atopic asthma.

Subjects with current asthma

Non‐eosinophilic 
asthma

Eosinophilic 
asthma (blood 

eosinophil count 
[≥ 300 cells/mm3 ]

p‐ 
value

Non‐atopic asthma Atopic asthma

p‐valueN
Median 
(Q1, Q3) N

Median 
(Q1, Q3) N

Median 
(Q1, Q3) N

Median 
(Q1, Q3)

Blood eosinophil count (cells/mm3)

All 
participants

1032 125 (100–200) 467 400 (300–500) < 0.001 436 200 (100–300) 832 200 (100–300) 0.022

Males 370 150 (100–200) 206 400 (300–500) < 0.001 129 200 (100–300) 364 200 (100–300) 0.054
Females 662 110 (100–200) 261 400 (300–500) < 0.001 307 200 (100–280) 468 200 (100–300) 0.335

FeNO, ppb

All 
participants

1028 17.1 (12.0–26.0) 466 26.9 (17.0–48.5) < 0.001 436 17.0 (11.6–24.6) 827 21.0 (14.0–35.0) < 0.001

Males 368 21.6 (14.7–32.5) 206 33.7 (20.2–57.3) < 0.001 129 20.0 (14.1–28.3) 362 26.8 (16.5–45.3) < 0.001
Females 660 15.4 (11.0–22.9) 260 23.8 (15.0–41.6) < 0.001 307 15.2 (10.9–22.6) 465 18.9 (12.1–27.0) < 0.001

Serum EDN levels (μg/L)

All 
participants

1032 30.3 (21.8–42.6) 467 62.5 (44.5–88.9) < 0.001 436 34.3 (22.6–52.1) 832 37.1 (25.4–57.1) 0.014

Males 370 33.6 (24.4–46.6) 206 70.9 (51.3–99.4) < 0.001 129 36.9 (25.7–55.8) 364 42.1 (29.6–66.6) 0.051
Females 662 28.0 (20.6–40.2) 261 54.3 (39.7–80.0) < 0.001 307 33.1 (21.8–49.9) 468 33.5 (23.0–50.5) 0.513

NLF eosinophil percentage (%)

All 
participants

249 0 (0–1.0) 137 1.0 (0–4.3) < 0.001 124 0 (0–0.5) 259 0.5 (0–3.0) < 0.001

Males 104 0.3 (0–1.5) 63 1.0 (0–4.0) 0.005 47 0 (0–0.5) 119 1.0 (0–2.5) < 0.001
Females 145 0 (0–0.5) 74 1.0 (0–5.0) < 0.001 77 0 (0–0) 140 0.5 (0–3.0) < 0.001

NLF EDN level (μg/L)

All 
participants

249 6.3 (2.7–12.7) 137 14.1 (5.5–37.6) < 0.001 124 5.0 (2.0–10.4) 259 11.1 (4.5–23.8) < 0.001

Males 104 8.3 (4.3–19.2) 63 17.7 (8.7–43.6) < 0.001 47 7.6 (2.9–12.7) 119 13.9 (6.1–31.3) < 0.001
Females 145 5.2 (2.1–11.7) 74 11.6 (4.8–22.7) < 0.001 77 3.8 (0–9.3) 140 8.1 (3.4–16.8) < 0.001

Note: Mann‐Whitney U test was performed to compare biomarker levels in asthma phenotypes. Significant p‐values were shown in bold.
Abbreviations: EDN, eosinophil‐derived neurotoxin; FeNO, fractional exhaled nitric oxide; NLF, nasal lavage fluid; Q, quartile.
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NLF eosinophil percentage (1.7 [0–5.5]% vs. 0 [0–1.3]%) were 
significantly higher in atopic eosinophilic than non‐atopic 
eosinophilic asthma, both in males and females (Table 2). 

NLF EDN had an AUC of 0.68 (0.58–0.77) to differentiate atopic 
eosinophilic asthma and non‐atopic eosinophilic asthma (Sup
porting Information S1: Table E6).

FIGURE 1 | Receiver operating characteristic (ROC) curve of serum EDN level and NLF EDN level to distinguish eosinophilic asthma (blood 
eosinophil count ≥ 300 cells/mm3). AUC was presented as AUC with 95% CI in parenthesis. Optimal threshold values were calculated based on 
Youden index and presented with specificity and sensitivity in parenthesis. AUC, area under curve; EDN, eosinophil‐derived neurotoxin; NLF, 
nasal lavage fluid; NPV, negative predictive value; PPV, positive predictive value.

TABLE 2 | Serum and NLF biomarker levels in those with atopic eosinophilic asthma compared to those with non‐atopic eosinophilic asthma.

Non‐atopic eosinophilic 
asthma Atopic eosinophilic asthma

p‐valueN Median (Q1, Q3) N Median (Q1, Q3)

Blood eosinophil count (cells/mm3)

All participants 112 400 (300–430) 277 400 (300–500) 0.678

Males 37 400 (300–480) 135 400 (300–500) 0.882
Females 75 400 (300–400) 142 400 (300–500) 0.613

FeNO, ppb

All participants 112 21.0 (12.2–32.5) 276 28.5 (19.0–52.1) < 0.001

Males 37 26.4 (18.0–43.8) 135 37.3 (20.2–60.1) 0.055
Females 75 18.8 (11.0–28.3) 141 25.0 (17.6–42.7) < 0.001

Serum EDN levels (μg/L)

All participants 112 60.4 (45.7–80.2) 277 59.5 (41.3–86.5) 0.831

Males 37 67.7 (53.2–88.5) 135 65.4 (47.0–95.1) 0.619
Females 75 53.7 (40.3–77.2) 142 52.5 (38.2–77.7) 0.992

NLF eosinophil percentage (%)

All participants 41 0 (0–1.3) 95 1.7 (0–5.5) < 0.001

Males 16 0 (0–1.0) 47 1.5 (0–4.5) 0.020
Females 25 0 (0–1.5) 48 2.5 (0–9.5) 0.002

NLF EDN level (μg/L)

All participants 41 9.0 (3.3–17.1) 95 16.8 (7.8–45.1) 0.001

Males 16 9.3 (7.1–18.6) 47 24.5 (8.7–58.7) 0.047
Females 25 7.6 (2.0–16.6) 48 12.6 (7.4–39.5) 0.012

Note: Mann‐Whitney U test was performed to compare biomarker levels in asthma phenotypes. Significant p‐values were shown in bold.
Abbreviations: EDN, eosinophil‐derived neurotoxin; FeNO, fractional exhaled nitric oxide; NLF, nasal lavage fluid; Q, quartile.
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3.5 | EDN Levels in T2‐High Versus T2‐Low 
Asthma

Subjects with T2‐high asthma had higher serum (49.7 [33.6–74.8] 
μg/L vs. 28.2 [20.9–40.3] μg/L) and NLF (11.2 [4.5–25.8] μg/L vs. 
6.1 [2.5–12.3] μg/L) EDN levels than those with T2‐low asthma 
(Table 3). AUC was 0.76 (0.74–0.79) for serum EDN and 0.64 
(0.59–0.70) for NLF EDN between these subgroups (Figure 2). 
Sex‐stratified ROC curves (Supporting Information S1: Table E3) 
indicated similar AUC values for both serum and NLF EDN in 
males and females.

In addition, we performed sensitivity analysis for T2‐high asthma, 
including presence of atopy in addition to blood eosinophil and/ 
or FeNO. Similarly, serum and NLF EDN levels were significantly 
higher in T2‐high asthma with atopy (Supporting Information S1: 
Table E7). In ROC analyses, the AUC value of serum EDN was 
0.68 (0.65–0.72), whereas the AUC value of NLF EDN was 0.69 
(0.63–0.76) (Supporting Information S1: Tables E5 and E6).

3.6 | EDN Levels in CRS, Nasal Polyposis, and 
CRSwNP

Serum and NLF EDN levels did not differ between subjects 
having asthma with versus without concomitant CRS (Sup
porting Information S1: Table E8). Similarly, blood eosinophil 
count, NLF eosinophil percentage, and FeNO levels were 
similar between both groups.

Subjects with nasal polyposis had higher serum (40.0 [27.8–62.5] 
μg/L vs. 36.6 [24.4–56.8] μg/L) and NLF (12.5 [5.8–24.2] μg/L vs. 
8.0 [2.9–17.2] μg/L) EDN levels than subjects without nasal 
polyposis. Serum EDN level and blood eosinophil count did not 
differ between asthma with CRSwNP in comparison to asthma 
with CRSsNP (Supporting Information S1: Table E8). On the 
other hand, NLF EDN levels were higher in the asthma with 
CRSwNP group than asthma with CRSsNP group (13.3 
[6.0–58.7] μg/L vs. 7.7 [2.4–14.1] μg/L). ROC analyses for serum 
and NLF EDN did not show an acceptable discrimination to 
differentiate asthma with CRS, nasal polyposis, or CRSwNP 
(Supporting Information S1: Tables E5 and E6).

3.7 | EDN Levels in Obese Asthma

Serum and NLF EDN levels were comparable between those 
with non‐obese and obese asthma (Supporting Information S1: 
Table E9).

3.8 | Comparison of EDN Levels in Relation to 
Other T2 Biomarkers

Both serum and NLF EDN levels were highest in those with 
high blood eosinophil and high FeNO levels (high eosinophil +
FeNO group), followed by those with high‐eosinophil‐only, 
high‐FeNO‐only, and low eosinophil + FeNO, respectively 
(Figure 3). This finding remained the same in the sex‐stratified 

TABLE 3 | Serum and NLF biomarker levels in those with T2‐high asthma compared to those with T2‐low asthma.

T2‐low asthma T2‐high asthma
p‐valueN Median (Q1, Q3) N Median (Q1, Q3)

Blood eosinophil count (cells/mm3)

All participants 741 100 (100–200) 754 300 (200–400) < 0.001

Males 215 100 (100–200) 359 300 (200–400) < 0.001
Females 526 100 (100–200) 395 300 (200–400) < 0.001

FeNO, ppb

All participants 741 14.0 (10.5–18.8) 753 31.5 (22.9–47.9) < 0.001

Males 215 16.0 (12.0–19.2) 359 34.0 (25.7–53.0) < 0.001
Females 526 13.8 (10.0–18.3) 394 28.5 (19.8–43.7) < 0.001

Serum EDN levels (μg/L)

All participants 741 28.2 (20.9–40.3) 754 49.7 (33.6–74.8) < 0.001

Males 215 32.4 (24.0–45.3) 359 52.6 (34.5–77.4) < 0.001
Females 526 26.8 (20.0–38.0) 395 48.0 (32.9–70.7) < 0.001

NLF eosinophil percentage (%)

All participants 172 0 (0–0.9) 210 0.5 (0–3.5) < 0.001

Males 59 0 (0–1.0) 106 1.0 (0–3.1) 0.006
Females 113 0 (0–0.5) 104 0 (0–4.0) < 0.001

NLF EDN level (μg/L)

All participants 172 6.1 (2.5–12.3) 210 11.2 (4.5–25.8) < 0.001

Males 59 8.2 (4.6–16.2) 106 14.7 (5.1–35.4) 0.011
Females 113 4.6 (2.1–11.2) 104 9.1 (3.7–18.3) < 0.001

Note: Mann‐Whitney U test was performed to compare biomarker levels in asthma phenotypes. Significant p‐values were shown in bold.
Abbreviations: EDN, eosinophil‐derived neurotoxin; FeNO, fractional exhaled nitric oxide; NLF, nasal lavage fluid; Q, quartile.
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analysis (Supporting Information S1: Table E10). In multiple 
comparison tests, serum and NLF EDN levels of high 
eosinophil + FeNO group were comparable with the high‐ 
eosinophil‐only group. Nevertheless, high eosinophil + FeNO 
group had significantly higher serum and NLF EDN compared 
to the high‐FeNO‐only group.

4 | Discussion

4.1 | Summary of Key Findings

Subjects with eosinophilic asthma had higher serum and NLF 
EDN levels than subjects with non‐eosinophilic asthma. ROC 
analyses suggested excellent discrimination for serum EDN to 

FIGURE 2 | Receiver operating characteristic (ROC) curve for serum EDN level and NLF EDN level to distinguish T2‐high asthma 
(FeNO ≥ 25 ppb or blood eosinophil count ≥ 300 cells/mm3). AUC was presented as AUC with 95% CI in parenthesis. Optimal threshold values 
were calculated based on Youden index and presented with specificity and sensitivity in parenthesis. AUC, area under curve; EDN, eosinophil‐ 
derived neurotoxin; NLF, nasal lavage fluid; NPV, negative predictive value; PPV, positive predictive value.

FIGURE 3 | Serum and NLF EDN levels by low versus high blood eosinophil count and/or FeNO levels. Adjusted p‐values were calculated by 
Dunn's multiple comparison test. This analysis was performed in those with complete data with both for blood eosinophil count and FeNO. EDN, 
eosinophil‐derived neurotoxin; FeNO, fractional exhaled nitric oxide, NLF, nasal lavage fluid.
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distinguish eosinophilic from non‐eosinophilic asthma and 
acceptable discrimination to distinguish T2‐high from T2‐low 
asthma, but this was not the case for NLF EDN. Serum and 
NLF EDN levels were also higher in those with atopic than those 
with non‐atopic asthma. Interestingly, only NLF, but not serum, 
EDN levels were significantly elevated in atopic eosinophilic 
asthma compared to non‐atopic eosinophilic asthma. EDN levels 
also differed in asthma phenotypes defined by the presence of 
nasal polyposis, but not by the presence of CRS or obesity. Sub
jects with T2‐high asthma had higher serum and NLF EDN 
levels. Both serum and NLF EDN levels were numerically 
highest in the high eosinophil + FeNO group, followed by the 
high‐eosinophil‐only, and high‐FeNO‐only groups.

4.2 | Strengths and Limitations

To the best of our knowledge, this is the first study to quantify 
serum and NLF levels in adult asthma phenotypes in a 
population‐based setting. WSAS consists of general population‐ 
representative adult cohorts providing generalizable findings 
to source asthma populations. In addition, EDN levels were 
measured in both nasal and blood samples, providing compre
hensive data reflecting both local and systemic inflammation. On 
the other hand, it should be noted that cross‐sectional design of 
the current study does not imply any causal relationship. 
Therefore, current results should be interpreted with caution. 
Future longitudinal studies can also investigate EDN as a 
monitoring marker given the previous studies suggesting that 
EDN could reflect disease activity and monitor treatment 
response [27–29]. Specifically, in a post‐hoc analysis of the 
MENSA study, baseline EDN levels were able to predict treat
ment response to mepolizumab [29]. Accordingly, both treat
ment response and indicators of asthma control, including lung 
function and medication use, needs further investigation, 
particularly with longitudinal setting. Considering the applica
bility advantages of EDN, including the short‐ and long‐term 
stability and lack of circadian rhythm, it could provide addi
tional benefits in comparison with blood eosinophil count [5, 30].

One of the main limitations of this study is the lack of bronchial 
or sputum samples, considered as the gold standard evaluation 
of eosinophilic asthma [31]. However, as a commonly used 
biomarker in both research and clinical settings, blood eosino
phil count is a surrogate marker for sputum eosinophilia [32]. In 
addition, repeated measures design for blood eosinophil count is 
needed to address stability problems, as intrinsic and seasonal 
factors might lead to within‐subject variation [33]. The same 
factors might even affect sputum analysis. In a previous study, 
one in three subjects with mild‐to‐moderate asthma had inter
mittent sputum eosinophilia and approximately half of subjects 
had persistent non‐eosinophilic asthma [34], suggesting a pos
sibility of false negative eosinophilic asthma in our study. It 
should be also noted that NLF eosinophil percentage was 
calculated within all cell types, not limited to leukocytes. In 
addition, EDN levels can be adjusted for albumin, total protein 
or exogenous markers in nasal samples in future studies to 
improve standardization and diagnostic accuracy [35, 36]. 
Lastly, as we previously discussed, information on the presence 
of CRS and nasal polyposis was collected through a self‐reported 
questionnaire [19]. The definition of CRS conceptualized based 
on the epidemiological definitions that were previously 

proposed [23]. However, clinical assessment of CRS and nasal 
polyposis with radiologic or endoscopic evaluation could pro
vide a more objective assessment [24].

4.3 | Comparison With Previous Findings

We previously revealed that current asthma was related to high 
serum EDN levels, but serum EDN showed a poor discrimina
tory performance in distinguishing current asthma in ROC an
alyses [19]. However, considering the heterogeneity in asthma, 
these findings might not be applicable to each recognized 
asthma phenotype. Therefore, in the current study, we exam
ined the relation of EDN to different asthma phenotypes, 
particularly focusing on eosinophilic asthma. Not surprisingly, 
serum EDN yielded an AUC of 0.84 for eosinophilic asthma, 
while it did not show same performance to differentiate other 
asthma phenotypes. Atopy was also a factor related to high EDN 
in previous studies [7, 19, 37]. Although atopic asthma had 
higher serum and NLF EDN levels than non‐atopic asthma in 
our study, ROC analyses did not yield an acceptable discrimi
natory performance to distinguish these two phenotypes.

To date, only a few studies have investigated the role of EDN as 
biomarker in eosinophilic asthma [8, 9, 38, 39]. Our results are 
in line with previous findings using eosinophilic asthma/ 
wheezing definitions based on sputum cell count [8, 38]. Those 
with eosinophilic asthma had higher serum EDN levels than 
mixed granulocytic and neutrophilic asthma in a previous study 
in adults [8]. Similarly, serum EDN levels were numerically 
higher in those with high sputum eosinophil count among 
children with recurrent wheezing, although this difference did 
not reach statistical significance [38]. In addition, these two 
studies were derived from hospital setting with a modest sample 
size [8, 38]. Our findings support previous literature by 
demonstrating that both serum and NLF EDN levels are higher 
in those with eosinophilic than in those with non‐eosinophilic 
asthma in a representative adult asthma sample.

Similar to our findings, a previous study has suggested that 
serum EDN is a predictor to differentiate asthma with blood 
eosinophilia (> 350 cells/mm3) in adults, with an AUC of 0.83 
[9]. Our findings revealed similar AUC for serum EDN (0.84). 
Although NLF EDN was also higher in eosinophilic asthma, it 
showed poorer discrimination between eosinophilic and non‐ 
eosinophilic asthma. These findings did not change notably 
when stratifying the analysis by sex. Interestingly, the optimal 
threshold values for both serum EDN and NLF EDN numeri
cally differed between both sexes as males had higher threshold 
values. Our previous findings also indicated a significant dif
ference between sex categories regardless of asthma and atopy 
status [19]. Cut‐off values obtained in the current study should 
be further confirmed in independent larger samples.

In our present study, those with atopic asthma had significantly 
higher serum and NLF EDN levels than those with non‐atopic 
asthma. Increased NLF EDN and nasal eosinophil percentage 
was also observed between atopic eosinophilic asthma and non‐ 
atopic eosinophilic asthma. However, it was not the case for 
serum EDN levels. This finding was also consistent with a 
previous study on preschool wheeze suggesting no significant 
difference in urinary EDN levels between children with 
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eosinophilia alone and those with eosinophilia and atopy [39]. A 
previous study suggested that nasal epithelium might have 
different Th2 gene expression from bronchial epithelium [40]. 
In addition, eosinophilic asthma definition was based on blood 
eosinophil count in the current study. Future studies with 
sputum or bronchoalveolar lavage eosinophil counts might 
provide a more robust comparison for nasal and serum EDN 
levels. Altogether, it can be argued that nasal samples might 
better reflect presence of atopy than serum samples; however 
further research is needed to confirm these findings.

Serum and NLF EDN levels were comparable between the 
asthma with CRS and the asthma without CRS groups in the 
present study. CRS is also a heterogenous condition where both 
T2 and non‐T2 inflammation pathways are implicated, hence it 
might need further investigation in detailed subgroups [16, 41]. 
A recent genome‐wide association study showed that there are 
both shared and distinct pathways between CRSwNP and 
asthma [42]. Interestingly, those with nasal polyposis had 
increased serum and NLF EDN levels, primarily in males. In 
line with our findings, nasal polyposis was also associated with 
high eosinophil count in adult‐onset asthma [43]. Nevertheless, 
the presence of CRS was defined based on self‐report of cardinal 
symptoms through a questionnaire; therefore, these findings 
should be interpreted carefully. Clinical evaluation of CRS and 
nasal polyposis with radiologic and endoscopic examination is 
needed to provide more robust evidence. Lastly, our sample size 
was insufficient to reach robust findings despite some pre
liminary results in these subgroups.

Our results reveal that those with T2‐high asthma have higher 
serum and NLF EDN levels than those with T2‐low asthma. 
After stratification based on FeNO and blood eosinophil counts 
in mutually exclusive groups, serum and NLF EDN levels were 
highest in the high eosinophil + FeNO group, followed by the 
high‐eosinophil‐only and the high‐FeNO‐only groups, respec
tively. Eosinophil levels are associated with IL‐5‐related path
ways and FeNO reflects IL‐4/IL‐13‐related pathways [5]. It can 
be argued that eosinophil count and FeNO showed an addi
tional effect on EDN levels. In a recent study, the high 
eosinophil + FeNO group demonstrated a better treatment 
response to anti‐IL‐5 treatments [44]. Considering the frequent 
overlap between both pathways, future studies should focus on 
clinical outcomes and treatment response in these subgroups.

5 | Conclusion

Subjects with eosinophilic asthma, atopic asthma, T2‐high 
asthma, and asthma with nasal polyposis have elevated levels 
of serum and NLF EDN compared with those without these 
asthma phenotypes. However, only serum EDN appears to yield 
excellent discrimination between eosinophilic asthma and non‐ 
eosinophilic asthma, as well as acceptable discrimination be
tween T2‐high and T2‐low asthma.
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