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Background: Inhaled corticosteroid (ICS)-containing regimens
are the mainstay for treating asthma despite usually being
ineffective in noneosinophilic asthma (NEA). Data on the
prevalence of NEA versus eosinophilic asthma (EA) in mild-to-
moderate asthma are limited.
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Objective: We performed a systematic review of the prevalence
of mild-to-moderate asthma in adolescents and adults using
sputum inflammatory cell analysis and their responses to ICS.
Methods: We searched electronic databases (PubMed, Scopus,
EMBASE, Cochrane) for studies in adolescents and adults with
mild-to-moderate asthma. The primary outcome was the
prevalence of asthma subtypes based on sputum inflammatory
cell analysis, categorized into EA and NEA. The secondary
outcome involved comparing asthma outcomes between
different subtypes after ICS therapy. Certainty of evidence was
reported for each pooled analysis.
Results: Eighteen studies involving 3,533 adolescents and
adults with mild-to-moderate asthma were reviewed. The
pooled prevalence (95% confidence interval) of NEA was
estimated at 40.39% (27.54, 53.93) in patients with ICS naive
with very low certainty of evidence. On reevaluating
sputum cytology, the disease of approximately 20% to 30% of
patients initially diagnosed as NEA transitioned to the EA
subtype. EA patients showed significant improvements in
asthma symptoms after ICS therapy: forced expiratory
volume in 1 second (standardized mean difference, 0.79; 95%
confidence interval, 0.30, 1.27), and airway
hyperresponsiveness (standardized mean difference, 1.34;
95% confidence interval, 0.29, 2.40). NEA patients exhibited
limited response.
Conclusion: A high proportion of adolescents and adults with
mild-to-moderate asthma were identified with NEA subtype
disease, which exhibited a poor response to ICS. A thorough
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Abbreviations used

AHR: Airway hyperresponsiveness

BEC: Blood eosinophil counts

CI: Confidence interval

EA: Eosinophilic asthma

FENO: Fractional exhaled nitric oxide

FEV1: Forced expiratory volume in 1 second

GRADE: Grading of Recommendations, Assessment, Development,

and Evaluation

ICS: Inhaled corticosteroids

NEA: Non-EA

PC20: Provocative concentration causing 20% decrease in FEV1

PRISMA: Preferred Reporting Items for Systematic Reviews and

Meta-analysis

SMD: Standardized mean difference
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diagnostic evaluation before initiating treatment should be
integrated into clinical practice.
Registered in PROSPERO (CRD42023484334) (J Allergy Clin
Immunol Global 2025;4:100366.)
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Mild asthma is defined as beingwell controlled with steps 1 and
2, while moderate asthma needs step 3 treatment according to the
Global Initiative for Asthma (aka GINA) guideline.1 The recom-
mended therapy for steps 1 to 3 relies on inhaled corticosteroid
(ICS)-based regimens, including ICS monotherapy, ICS-
formoterol, and ICS–long-acting b2 agonists.1 These treatment
regimens are generally initiated according to disease severity
characterized by symptoms, history of exacerbation, and lung
function rather than routinely evaluating asthma subtypes.

Sputum cytology is a tool to assess airway inflammation in
asthma by classifying it into eosinophilic, neutrophilic, mixed
granulocytic (increased number of both eosinophils and neutro-
phils), and paucigranulocytic (decreased number of both eosino-
phils and neutrophils) subtypes.2,3 The 2 most common subtypes
were paucigranulocytic and eosinophilic, with a prevalence in 2
large studies of 40% to 52% and 38% to 42%, while mixed
granulocytic and neutrophilic were 3% to 5% and 4% to 15%,
respectively.4,5 These findings emphasized a significant prevalence
of the noneosinophilic subtype, observed in certain asthma patients
onmultiple assessments of sputum cytology onvarious occasions.6

The disease of individuals with eosinophilic asthma (EA)
typically exhibits favorable responses to ICS, whereas non-EA
(NEA) disease often demonstrates limited responses.7,8 However,
a small randomized placebo-controlled study reported that ICS
was also effective in mildly uncontrolled NEA.9 Consequently,
various asthma subtypes that potentially differ in their airway
immunopathology need diverse therapeutic interventions. The
use of ICS as ‘‘a one size fits all’’ treatment approach in some
asthma subtypes may yield minimal clinical benefit and increase
overall health care resource utilization. Furthermore, ICS admin-
istered in patients with NEA may modify the microbial composi-
tion and increase airway bacterial load.10

We conducted a systematic review and meta-analysis to assess
the subtype prevalence of adolescents and adults with mild-to-
moderate asthma stratified by sputum cytology. Additional
objectives were to evaluate asthma outcomes of each subtype
after ICS treatment.
METHODS
This systematic review and meta-analysis followed the

Cochrane Handbook for Systematic Reviews of Intervention
and reported in compliance with the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) state-
ment.11,12 The review protocol was registered in PROSPERO
(CRD42023484334).
Data sources and search strategy
A predefined search strategy comprehensively gathered

relevant literature, covering inception dates to December 2023
across databases, including PubMed/MEDLINE, Scopus,
EMBASE, and the Cochrane Central Register of Controlled
Trials. We used specific keywords and controlled vocabulary
terms for each database (eg, MeSH headings for PubMed and
EMTREE for EMBASE), as shown in Tables E1 to E4 in this
article’s Online Repository available at www.jaci-global.org.
In addition, we reviewed references from prior systematic reviews
and meta-analyses on this topic. Any pertinent studies identified
during reference reviews but missed in the electronic database
searches were also included.
Study selection and outcomes
Any randomized controlled trials, cohort, or cross-sectional

studies that fulfilled the following criteria were included in this
review: (1) studies involving adolescents and/or adults, 12 years
of age or older, with mild-to-moderate asthma, (2) studies
reporting data that can be used to estimate the subtype prevalence
of the enrolled asthma patients stratified by sputum inflammatory
cell types (mandatory, for our primary objective), and (3) studies
reporting data concerning the efficacy of ICS compared to
placebo or no intervention (optional, for our secondary objective).
Exclusion criteria were studies with no abstract, no available full
text, or duplicated studies.

The primary outcome was the prevalence of mild-to-moderate
asthma subtypes among adolescents and adults, categorized by
sputum inflammatory cells in EA and NEA. The percentages and
95% confidence intervals (CIs) of each subtype prevalence were
estimated. Additional outcomes were the treatment responses
measured by the changes in asthma symptoms, lung function
measured by forced expiratory volume in 1 second (FEV1), and
airway hyperresponsiveness (AHR) measured by provocative
concentration causing a 20% decrease in FEV1 (PC20) of each
mild-to-moderate asthma subtype.
Screening
After eliminating duplicate studies, 2 investigators (C.W. and

A.N.) independently screened records using ASReview (Utrecht
University, Utrecht, Netherlands), the open-source machine-
learning model for prioritizing relevant records.13 A sample of
both relevant and irrelevant records was included for model
training. The model then ranked all records by their relevance
to the review topics, from most to least relevant. Previous reports
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concerning ASReview’s performance indicated that screening
approximately 33% of the total records resulted in very few
missed eligible studies.13-15 Therefore, on the basis of prespeci-
fied author consensus, our 2 reviewers reasonably extended the
screening to up to 50% of the records to ensure comprehensive
coverage of eligible studies. Any disagreements that occurred
during screening were resolved by consulting the corresponding
author.
Data extraction
Two investigators (C.W. and P.C.) independently extracted data

from included studies with regard to study authorship, year of
publication, study period, country/location, language, study
design, inclusion and exclusion criteria, population type (ie,
children and/or adults), patient demographics including age and
sex, potential effect modifiers (eg, the severity of the disease),
number of patients in each subtype, primary outcome, treatment
response, and study conclusion. Any discrepancy during the data
extraction was resolved through discussion with the correspond-
ing author.
Risk of bias assessment
For the primary objective, 2 authors (K.S. and P.W.) indepen-

dently evaluated the methodological quality of the included
studies. The risk of bias of included studies was evaluated using
a tool specifically modified for prevalence studies.16,17 The
following 7 domains were assessed:

1. National population representativeness.
2. Adequacy of sampling frame.
3. Likelihood of selection bias.
4. Likelihood of nonresponse bias.
5. Acceptability of outcome definition.
6. Appropriateness of data collection methods.
7. Adequacy of study period.

Each domainwas rated as low or high risk (including thosewith
unclear information).

For the secondary objective, 2 authors (K.S. and P.W.)
independently evaluated the quality of each included study using
the Newcastle-Ottawa Scale quality assessment tool.18

Any disagreement was resolved by consulting with a clinical
epidemiologist (P.P.) and a clinical allergist (T.T.).
Data synthesis and analysis
All analyses were conducted by Stata 17 (StataCorp), and

P < .05 was considered statistically significant. For the primary
objective, the prevalence of NEA subtype in mild-to-moderate
asthma patients receiving and not receiving ICS (ICS naive or
mixed ICS naive and ICS withdrawal), along with their corre-
sponding 95% CIs, were estimated by random-effects meta-
analysis via the ‘metaprop’ command in Stata.17 The statistical
heterogeneity of the pooled effect was assessed by the Cochrane
Q test and the I2 statistic. I2 statistic values of more than 75%
indicated significant statistical heterogeneity.19

For the secondary objective, if feasible, the pooled differences
in ICS treatment responses among patients in each subtype
were performed using DerSimonian-Laird random-effects
meta-analysis.We estimated the pooled odds ratio or standardized
mean difference (SMD), depending on outcome type. A treatment
effect with a SMD of 0.2, 0.5, and 0.8 thresholds was considered a
small, medium, and large effect, respectively.20 A leave-one-out
sensitivity analysis was conducted to examine the robustness of
the main result.

The Egger test was used to assess for publication bias, and
P <.05 indicated significant publication bias. Assessment of pub-
lication bias was carried out when the number of studies equaled
or exceeded 10.
Certainty of evidence
Two investigators (K.S. and P.W.) independently evaluated the

quality of evidence regarding the pooled differences in ICS
responses using Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE).21 There were 4 levels
of evidence certainty: high, moderate, low, or very low. The
quality of evidence depends on the study design, risk of bias,
consistency, directness, and precision of the findings.
RESULTS

Search result
A total of 4,653 records were identified from 4 databases. After

removing duplicates and screening records, 18 studies involving
3,533 adolescents and adults with mild-to-moderate asthma were
included in this systematic review. The PRISMA flow diagram is
shown in Fig 1.
Characteristics of included studies
The included studies varied in design, encompassing 1 double-

blind crossover study,22 4 randomized double-blind studies,23-26 9
prospective cohort studies,8,27-34 and 4 cross-sectional
studies.35-38 The prevalence of asthma subtype was documented
across 10 studies for individuals not receiving ICS,8,22-24,32-37 3
for those prescribed ICS,25,26,38 and 5 encompassing both ICS
receipt and nonreceipt.27-31 The summary of characteristics and
asthma subtype prevalence in included studies involving patients
with mild-to-moderate asthma not receiving ICS are presented in
Table I. The most common cutoff for classifying sputum eosino-
philia in included studies was >_3%,23,25,26,31,33-36,38 followed by
>_2%.22,27-30,37 The comparison of asthma outcomes between
EA and NEA after treatment with ICS is summarized in Table
II. Table E5 in the Online Repository available at www.jaci-
global.org summarizes the studies’ inclusion and exclusion
criteria, as well as clinical features and other factors that may
affect asthma subtypes. Regarding the inclusion criteria, asthma
was diagnosed on the basis of the presence of chronic respiratory
symptoms and consistent pulmonary function tests, with or
without the AHR test. Some studies included current smokers
and individuals with a history of long-term smoking,24,25,31,35-38

Four of 18 studies reassessed sputum cytology, while the remain-
ing studies performed sputum cytology only once.28-31

http://www.jaci-global.org
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FIG 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) flow diagram of

included and excluded studies.
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Risk of bias assessment of included studies

focusing on subtype prevalence
Fig 2 and Fig E1 in the Online Repository available at www.

jaci-global.org summarize the assessment of the risk of bias in in-
dividual studies. Most studies had a low risk of bias relative to the
study population’s being representative of the target population,
consecutive or random sampling, nonresponse bias, outcome defi-
nition, consistency of data collection, and prevalence period.
However, more than half of the included studies had a high risk
of bias specific to the study population’s being representative of
the national population.
Prevalence of NEA subtype in patients not receiving

ICS therapy
Eight studies8,23,24,27,31-34 involving 668 patients with ICS

naive and 7 studies22,28-30,35-37 involving 1,066 patients with
mixed ICS naive and ICS withdrawal assessed asthma sub-
type prevalence. The duration of the ICS withdrawal period
ranged from 2 to 12 weeks. The estimated pooled prevalence
(95% CI) of NEA in patients with ICS naive was 40.39%
(27.54, 53.93), and in those with mixed ICS naive and ICS
withdrawal, it was 46.96% (32.62, 61.56), as shown in Fig
3, A and B.

http://www.jaci-global.org
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TABLE I. Characteristics of included studies in mild-to-moderate asthma patients not receiving ICS at time of sputum cytology

Study Year

Study type

(no. of

participants)

Age

(years)

Asthma

severity

Baseline FEV1

(% predicted)

Previous ICS

receipt

Cutoff for

sputum

eosinophilia

Prevalence (no.)

EA NEA

Mirsadraee23 2021 Randomized,

double blind (52)

44.6 6 18.5 Moderate 69.3 6 5.4 ICS naive >_3% 44 (23) 56 (29)

Lazarus22 2019 Double blind,

crossover (366)

EA 31.1 6 14.2;

NEA 31.2 6 13.8

Mild EA 89.5 6 10.8;

NEA 92.7 6 12.4

ICS naive or

withdrawal

ICS at least

3 wk

>_2% 25 (74) 75 (221)

Nyenhuis27 2017 Prospective

cohort (298)

31.9 6 10.0* Mild to

moderate

85.5 6 13.2* ICS naive >_2% 36 (106) 64 (192)

G�orska35 2017 Cross-sectional (24) 51 (31.0-60.5)� Mild to

moderate

88.5 (75.5-97)� ICS naive or

withdrawal

ICS at least

6 wk

>_3% 54 (13) 21 (5)

Obase36 2016 Cross-sectional (78) 41.7, 48.5§ Mild to

moderate

100, 106§ ICS naive or

withdrawal

ICS at least

2 wk

>_3% 58 (45) 42 (33)

Cianchetti37 2014 Cross-sectional (129) 37.8 6 15.0 Mild to

moderate

89.9 6 15.2 ICS naive or

withdrawal

ICS at least

12 wk

>2% 65 (84) 35 (45)

McGrath28 2012 Multicenter,

prospective

cohort (350)

30 (25-38)� Mild to

moderate

83.8 6 13.3 ICS naive or

withdrawal

ICS at least

2 wk

>_2% 36 (126) 64 (224)

Hancox29 2012 Prospective

cohort (25)

39.5 6 11.8 Mild to

moderate

NR ICS naive or

withdrawal

ICS at least

4 wk

>_2% 68 (17) 32 (8)

Cowan30 2010 Prospective

cohort (94)

43.0 6 13.0 Mild to

moderate

88.0 6 16.0 Withdrawal ICS

until loss of

asthma control

or 28 d

>_2% 67 (63) 33 (31)

Bacci31 2006 Prospective

cohort (67)

EA 32.0 6 11.0;

NEA 45.0 6 15.0

Moderate EA 87.9 6 15.4;

NEA 90.2 6 17.3

ICS naive >_3% 75 (50) 25 (17)

Jayaram24 2005 Randomized,

placebo

controlled

(88)

34.7 6 10.7* Mild 75.9 6 17.7* ICS naive >_3.5% 57 (50) 43 (38)

Basyigit32 2004 Prospective

cohort (45)

EA 56.3 6 15.0;

NEA 54.0 6 11.5

Moderate EA 75.6 6 22.4;

NEA 73.4 6 16.4

ICS naive >_5% 73 (33) 27 (12)

Green8 2002 Prospective

cohort (49)

EA 45.0 6 22.0;

NEA 57.0 6 21.0

Mild EA 89.0 6 2.4;

NEA 82.0 6 5.7

ICS naive >1.9% 78 (38) 22 (11)

Godon33 2002 Prospective

cohort (46)

EA 30.7 6 11.0;

NEA 34.3 6 11.6

Mild EA 80.4 6 15.5;

NEA 79.6 6 22.3

ICS naive >_1% 74 (34) 26 (12)

>_3% 54 (25) 46 (21)

Pavord34 1999 Prospective

cohort (23)

EA 53.0;

NEA 45.0

Mild EA 86.2;

NEA 81.3

ICS naive >_3% 61 (14) 39 (9)

Data are presented as means 6 SDs unless otherwise indicated.

NR, Not reported.

*Overall means and SDs were calculated from reported subgroup via Jamie Decoster method.

�Median (interquartile 25, 75).

§95% CI
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Prevalence of NEA subtype in patients receiving ICS
Eight studies encompassing 2,109 patients with mild-to-

moderate asthma receiving ICS assessed the asthma subtype
prevalence (see Table E6 in the Online Repository available at
www.jaci-global.org).25-31,38 ICS dosages varied, with 2
studies26,28 using low dose, 3 studies27,29,38 using medium dose,
and 3 studies25,30,31 using high dose. The estimated pooled
prevalence of NEAwas 69.68% (95% CI, 60.34, 78.30) (see Fig
E2 in the Online Repository).

The analysis of sputum inflammatory cells in 4
studies23,27,29,30 subcategorized mild-to-moderate asthma
into EA, neutrophilic asthma, mixed granulocytic asthma,

http://www.jaci-global.org


TABLE II. Clinical characteristics and asthma outcomes compared between EA and NEA after receiving ICS

Study Year

Asthma subtype

after receiving ICS

ICS receipt

and duration

Outcomes after

receiving ICS

EA NEA Symptoms

FEV1

(% predicted) AHR

McGrath28 2012 22 (109) 78 (377) Beclomethasone

160 mg/d or

triamcinolone

800 mg/d for

4-6 wk

EA: significant improvement in asthma symptoms

and FEV1; NEA: no significant improvement

NR

Cowan30 2010 42 (37) 58 (51) Fluticasone

propionate

1000 mg/d for

28 days

ACQ, ACT, and AQLQ

were significantly

improved in EA

than NEA

EA

d Before 2.2 6 0.8 L

d After 2.9 6 0.8 L

d D 34.0 6 26.0%

NEA

d Before 2.7 6 0.9 L

d After 2.9 6 0.9 L

d D 7.0 6 7.0%

EA (PC20,* mg/mL)

d Before 10.2 (6.0, 17.4)�
d After 141.9 (80.9, 248.9)�
d Doubling dose D 3.8 6 3.0

NEA

d Before 53.9 (26.9, 108.0)�
d After 188.5 (90.3, 393.7)�
d Doubling dose D 1.8 6 2.2

Godon33 2002 NR NR Fluticasone propionate

250 mg twice daily

for 1 mo

Symptom score,

b2-agonist

provided, and

quality of life

improved in both

EA and NEA

EA

d Before 77.3 6 14.8

d After 88.6 6 13.2

d D 11.3 (7.4, 15.3)�
NEA

d Before 83.5 6 21.1

d After 90.4 6 19.5

d D 6.9 (1.2, 12.5)�

EA (PC20,� mg/mL)

d Before 0.05 (0.05)§

d After 1.1 (0.9)§

d Doubling dose D 2.0 (1.5, 2.6)�
NEA

d Before 0.3 (0.3)§

d After 2.9 (2.5)§

d Doubling dose D 1.7 (0.9, 2.4)�

Green8 2002 NR NR Budesonide 400

mg twice

daily for 2 mo

VAS symptom

scores were

significantly

improved in

EA than NEA

d FEV1 significantly

increased in only EA

d D mean 0.21 (0.03,

0.39; P 5 .03)

d Doubling dose PC20 was

significant increased in EA

than NEA.

d D mean 1.1 (0.1, 2.2; P 5 .03)

Bacci31 2006 31 (21) 69 (46) Beclomethasone

diproprionate

500 mg twice

daily for 4 wk

Symptom score and

b2-agonist used were

improved in both

EA and NEA

EA

d Before 87.9 6 15.4

d After 96.9 6 14.5

d D 9.0 6 15.0

NEA

d Before 90.2 6 17.3

d After 91.2 6 20.0

d D 1.0 6 18.8

EA (PC20, mg)

d Before 135.0 6 2.8

d After 218.0 6 5.2

d Doubling dose D NR

NEA

d Before 121.0 6 3.7

d After 185.0 6 5.2

d Doubling dose D NR

Pavord34 1999 NR NR Budesonide

400 mg twice

daily for 2 mo

Improvement of VAS

symptom scores

was observed

only in EA

EA

d D 0.1 (25.0, 289.0) L�
NEA

d D 0.1 (2193.0, 394.0) L�

EA (PC20,� mg/mL)

d Doubling dose D 2.1 (1.3, 3)�
NEA

d Doubling dose D 0 (21.2, 1.2)�

Data are presented as means 6 SDs unless otherwise indicated. Doubling dose is difference in PC20 expressed by difference in doubling dose of adenosine monophosphate or

methacholine.

ACQ, Asthma Control Questionnaire; ACT, asthma control test; AQLQ, Asthma Quality of Life Questionnaire; NR, not reported; VAS, visual analog score.

*Adenosine monophosphate challenge test.

�Mean or mean difference with 95% CI.

�Methacholine challenge test.

§Median (interquartile range).
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and paucigranulocytic asthma using specific definitions (see
Table E7 in the Online Repository available at www.jaci-
global.org). The predominant subtype of NEAwas paucigranu-
locytic asthma in both patients receiving and not receiving ICS,
with a prevalence ranging from 28% to 53%. Mixed granulo-
cytic asthma was the least common subtype, with a prevalence
of 2% to 8%.
Stability of asthma subtypes on reassessing

sputum cytology
Among asthma patients not receiving ICS, McGrath et al28

conducted sputum cytology 2 to 4 times over a 1-year study period
and found that 47% had persistent NEA and 22% had persistent
EA. Notably, 31% of patients exhibited sputum eosinophilia at
least once during the study, a condition referred to as intermittent
EA.

Three studies29-31 reported the prevalence of EA and NEA
before and after ICS receipt (see Table E8 in the Online Reposi-
tory available at www.jaci-global.org). The NEA subtype became
more prevalent across all 3 studies after ICS treatment. Disease of
approximately 20% to 30% of patients initially classified as being
NEA transitioned to the EA subtype over time. Given the limited
effectiveness of ICS in treating NEA, it is plausible that this tran-
sition occurred independent of ICS therapy. This finding is partic-
ularly noteworthy compared to the prevalence of intermittent EA
reported by McGrath et al.28
Clinical features and biomarkers associated with

sputum eosinophilia
Table E9 in the Online Repository available at www.jaci-

global.org summarizes studies evaluating the association between
sputum eosinophilia, clinical features, and biomarkers. McGrath
et al28 reported that EA was associated with younger age, lower
body mass index, and more frequent AHR. In contrast, NEA
was linked to older age, nonatopic status, longer disease duration,
and current smoking.32,34

Frossing et al38 found that high blood eosinophil counts (BEC)
and fractional exhaled nitric oxide (FENO) demonstrated a modest
yet statistically significant agreement with sputum eosinophilia
(k 5 0.21, P 5 .0002; k 5 0.20, P 5 .0005, respectively). Simi-
larly, McGrath et al28 reported that high BEC had a sensitivity of
72% and a specificity of 69%, while high FENO had a sensitivity of
64% and a specificity of 73%. Additionally, Cowan et al30 identi-
fied an association between elevated FENO levels and sputum
eosinophilia, favoring ICS response.
Risk of bias assessment of included studies

focusing on ICS responses
Table E10 in the Online Repository available at www.jaci-

global.org summarizes the risk of bias assessment of 9 studies
using the Newcastle-Ottawa Scale. Eight studies with no serious
concerns on population selection and exposure ascertainment
were rated as high quality.8,27-33 Only 1 study was rated as low
quality due to population selection.34
Comparison of ICS responses between EA and NEA

subtypes
Improvement of asthma symptoms. Six

studies8,28,30,31,33,34 compared ICS responses between EA and
NEA subtypes using the improvement of asthma symptoms
(Table II). Five studies demonstrated a significantly greater
improvement in asthma symptoms and control favoring EA
thanNEA subtypes, while Bacci et al31 andGodon et al33 reported
a significantly comparable decrease in asthma symptoms in both
subtypes. Quantitative analysis could not be conducted because of
the use of different measures to assess asthma symptoms across
the studies.

Improvement of lung function. Six studies8,28,30,31,33,34

assessed the improvement of FEV1 after ICS treatment, but
only 3 studies30,31,33 reported sufficient data for quantitative
analysis. The pooled estimate of FEV1 improvement was signifi-
cantly greater in EA than in NEA subtypes (SMD 0.79; 95% CI,
0.30, 1.27) as illustrated in Fig 4. The result of the leave-one-out
sensitivity analysis did not differ from the main result (see Fig E3
in the Online Repository available at www.jaci-global.org).

Improvement of AHR. Five studies8,30,31,33,34 assessed
AHR after ICS treatment but only 2 studies30,33 reported the
PC20 changes from baseline at 4 weeks, and 2 studies8,34 at 8
weeks for quantitative analysis. The pooled effects estimated at
both time points for the improvement of AHR were significantly
in favor of EA compared to the NEA subtypes. In a pooled
analysis of 4 studies involving 212 patients, the overall changes
from baseline in PC20 were significantly greater in EA than in
NEA subtypes (SMD 1.34; 95% CI, 0.29, 2.40), as shown in
Fig 5. The subgroup analysis by the duration of ICS treatment
demonstrated a consistent treatment effect. A leave-one-out
sensitivity analysis result revealed a similar effect to the main
result (see Fig E4 in the Online Repository available at www.
jaci-global.org).
GRADE assessment for primary and secondary

outcomes
Table III summarizes the GRADE assessment for the NEA

prevalence and treatment responses to ICS. For the NEA preva-
lence, the certainty of evidence was rated as very low in patients
who were ICS naive and those with mixed ICS naive and ICS
withdrawal, while that was rated as low in those receiving ICS.
For FEV1 outcomes, the certainty of evidence was rated as low,
while for PC20 outcomes, it was rated as very low.
DISCUSSION
This systematic review involved 18 studies with a total of 3,533

patients. Our meta-analysis revealed a prevalence of NEA sub-
type in adolescents and adults with mild-to-moderate asthma who
were ICS naive at 40% and in those who were receiving ICS at
69%. Reevaluation of sputum cytology revealed that approxi-
mately 20% to 30% of disease initially diagnosed as NEA
transitioned to the EA subtype. EA demonstrated a favorable
response to ICS, whereas NEA exhibited limited effectiveness.

The subtype prevalence of adults and adolescents with mild-to-
moderate asthma displays considerable heterogeneity across
studies, influenced by several factors. First, variation arose from
the different thresholds used to define sputum eosinophilia.
However, most studies included in this review used the

http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org


FIG 2. Risk of bias assessment of included studies. Green indicates low risk of bias of each domain; red,
high risk.
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recommended standardizing threshold of 2% to 3% sputum
eosinophils, which should reasonably represent the optimal
cutoff.39 Second, asthma medications, particularly ICS and
systemic corticosteroids, potentially modify airway inflammatory
cell profiles by reducing eosinophils and increasing neutrophils.40

Consequently, subtype prevalence in patients who are ICS naive
and have no history of systemic corticosteroids treatment should
reflect a more valid subtype than in those receiving such



FIG 3. Forest plots showing pooled noneosinophilic subtype prevalence of adolescents and adults with

mild-to-moderate asthma who were (A) ICS naive and who were (B) ICS naive with ICS withdrawal.
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FIG 4. Forest plot showing pooled SMD of mean changes from baseline in FEV1 after treatment with ICS

compared between EA and NEA.

FIG 5. Forest plot showing pooled SMD of mean changes from baseline in provocative concentration

causing 20% decrease in FEV1 (PC20) after ICS treatment compared between EA and NEA.
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medication. Third, inflammatory cell types are generally suscep-
tible to various factors, including age, body mass index, and
smoking status. This systematic review demonstrated that EA
was associated with younger age, lower body mass index, and
increased AHR. In contrast, NEAwas linked to older age, nona-
topic status, overweight, smoking, and longer disease duration.
These factors may account for the transition from NEA to EA
observed in some individuals in our study. In contrast, as indicated
by previous evidence,41 certain patients initially identified as
NEA may retain this classification on subsequent evaluation.
Fourth, before diagnosing NEA, it is crucial to exclude airway
infections, bronchiectasis, chronic obstructive pulmonary dis-
eases, and other conditions that mimic asthma.41,42

Despite being a promising biomarker, sputum cytology is
usually impractical in clinical settings. In pursuit of alternative
biomarkers, Covar et al43 examined BEC, FENO, and total IgE
levels in untreatedmild asthma and found the area under the curve
within the range of 0.7 to 0.8, indicating their moderate correla-
tion with sputum eosinophilia. The sensitivity and specificity of
BEC and FENO to predict sputum eosinophilia were also reported



TABLE III. GRADE quality rating of pooled outcomes

Analysis

Certainty

assessment

No. of

patients Effect

Certainty Importance

No. of

studies

Study

design

Risk of

bias Inconsistency Indirectness Imprecision

Other

considerations EA NEA

Relative

(95% CI)

Absolute

(95% CI)

NEA subtype

prevalence of

mild-to-moderate

asthma with

ICS naive

8 Multi

design*

Not

serious

Serious� Not

serious

Serious� None§ 668{ 329 — EP 40.39

(27.54, 53.93)

⨁���
Very low

Critical

NEA subtype

prevalence of

mild-to-moderate

asthma with

mixed ICS-naive

and ICS

withdrawal

7 Multi

design*

Not

serious

Serious� Not

serious

Serious� None§ 1,066{ 618 — EP 46.96

(32.62, 61.56)

⨁���
Very low

Critical

NEA subtype

prevalence of

mild-to-moderate

asthma

receiving ICS

8 Multi

design*

Not

serious

Serious� Not

serious

Not

serious�
None§ 2,109{ 1,639 — EP 69.68

(60.34, 78.30)

⨁⨁��
Low

Critical

FEV1 (% predicted)

changes from

baseline

(follow-up at

4 weeks)

3 Observational

studies

Not

serious

Not

serious

Not

serious

Not

serious�
None§ 140 67 — SMD 0.79

(0.30, 1.27)

⨁⨁��
Low

Critical

PC20 doubling dose

(mg/mL) changes

from baseline

(follow-up

at 41 weeks)

4 Observational

studies

Not

seriousk
Serious� Not

serious

Not

serious�
None§ 142 70 — SMD 1.34

(0.29, 2.40)

⨁���
Very low

Important

EP, Estimated prevalence.

*Prevalence was not directly affected by study design. Therefore, certainty of pooled outcomes was not rated down.

�There was a statistically high level of heterogeneity across studies.

�Pooled result was considered precise if CI width (2 sides) did not exceed 20% in prevalence outcome or crossed more than 3 thresholds for secondary outcomes (FEV1 [% predicted] and PC20).

§Publication bias was not assessed because there were too few studies to permit analysis.

{Total patients.
kOne of 4 studies was rated as low quality. Sensitivity analysis by removing high-risk studies confirmed primary result to be robust.
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at only 60% to 70%.28 Some individuals with asthma might
exhibit increased FENO and/or total IgE levels without sputum
eosinophilia, while others may have sputum eosinophilia without
concurrent blood eosinophilia, implying potential independence
among these biomarkers.38 The correlation of those 3 biomarkers
(BEC, FENO, and total IgE) was generally weaker in mild-to-
moderate asthma than in severe asthma.38 These observations
align with the findings of Couillard et al,44 which demonstrated
that blood and sputum biomarkers delineate distinct compart-
ments of airway inflammation.

Concerning biomarkers in predicting ICS responses, Pavord
et al45 have recently conducted a post hoc analysis using data from
the NOVEL START46 study in adults with mild asthma. They
found that high baseline BEC was positively associated with
the effectiveness of ICS, whereas, at low BEC, ICS tended to
perform worse than short-acting b2-agonists.

45 In contrast, ICS-
formoterol was effective regardless of baseline BEC.45 Another
post hoc analysis using data from the SIENA study22 found that
none of BEC, FENO, or sputum eosinophilia had an excellent
correlation with ICS responses.47 Given the challenge of identi-
fying a single biomarker specific to sputum eosinophilia,
combining easily measured biomarkers such as BEC, FENO, and
total IgE with a thorough assessment of clinical features is essen-
tial for accurate asthma subtype classification.

To our knowledge, this is the first comprehensive systematic
review and meta-analysis on subtype prevalence and ICS
response that is based on sputum cytology in adolescents and
adults with mild-to-moderate asthma. We have identified that
NEA affects a considerable proportion of asthma patients. A shift
to the EA subtype was observed in approximately 20% to 30% of
cases initially classified as NEA after repeating sputum cytology.
Given the limited effectiveness of ICS therapy in managing NEA,
it is essential to explore alternative treatment options. However,
there were some limitations. First, the number of included studies
was small. However, we performed a comprehensive search,
encompassing 4 databases, and did not impose exclusion criteria
based on date or language of publication. Second, the included
studies differed in their methodologies, potentially contributing to
the statistical heterogeneity observed in this review. Third, the
prevalence of NEA may have been overestimated because of a
single sputum cytology assessment in most studies, which likely
led to an underdiagnosis of patients with transient sputum
eosinophilia. Additionally, the inclusion of patients who currently
smoke and those with a history of long-term smoking in some
studies may also have contributed to the high reported prevalence
of NEA and inadvertently included individuals with asthma–
chronic obstructive pulmonary disease overlap in the study
populations. Fourth, some outcome values used during ICS
responsiveness analysis were not directly reported in the included
original articles, so they had to be extracted from graphs, imputed,
or calculated from reported surrogated values. This potentially
affected the quality of data and the pooled results. However, we
believe that the impact is minimal because standardmethods were
used as references. In addition, leave-one-out sensitivity analyses
for all outcomes showed minimal differences compared to the
main results.

In conclusion, on the basis of sputum cytology analysis, our
systematic review revealed varying prevalence rates of EA and
NEA among adolescents and adults with mild-to-moderate
asthma. A transition from NEA to EA could occur in some
patients over time. EA responded favorably to ICS, whereas NEA
lacked similar benefits. The impracticality of sputum cytology in
clinical settings underscores the importance of integrating clinical
phenotypes and alternative biomarkers during the initial assess-
ment to steer proper management strategies.
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Key messages

d NEA exists in a significant proportion of adolescents and
adults with mild-to-moderate asthma.

d Some patients may experience a shift from NEA to EA
over time, necessitating a comprehensive diagnostic
assessment in clinical practice resulting from the varying
response to ICS across asthma subtypes.
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