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Abstract

with EA (18.2%) (p=10.016).

Background: The inflammatory phenotypes of asthma predict the treatment response and prognosis. The pheno-
type distributions differ depending on the geographical region. This study aimed to assess the distribution of different
inflammatory phenotypes among asthma patients in Jilin Province, China.

Methods: A total of 255 patients with asthma were recruited from Jilin Province, China for this cross-sectional study.
Each patient underwent sputum induction following clinical assessment and peripheral blood collection. Inflamma-
tory phenotypes were classified according to the inflammatory cell counts in the sputum.

Results: Paucigranulocytic asthma (PGA) was the most common inflammatory phenotype (52.2%), followed by
eosinophilic asthma (EA, 38.3%), mixed granulocytic asthma (MGA, 5.2%), and neutrophilic asthma (NA, 4.3%). NA was
more common among patients over 45 years old and those who were treated with higher doses of inhaled corti-
costeroids (ICS), but was less common following antibiotics treatment (p < 0.05). The proportion of patients with EA
decreased as the ICS treatment dose and time increased (p = 0.038). Patients with uncontrolled asthma had higher
numbers of sputum eosinophils and neutrophils (p < 0.05). Patients with severe asthma had a higher percentage of
sputum neutrophils (p <0.05). A greater proportion of patients with NA had severe asthma (60%) compared to those

Conclusions: The most common asthma inflammatory cell phenotype in Jilin Province, China is PGA, followed by EA,
MGA, and NA. The low prevalence of NA in Jilin Province compared to other countries and also other regions in China
might be due to excessive antibiotic use and irregular ICS treatment in this region.
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Background

Asthma is a complex and heterogeneous disease. Asth-
matic airway inflammation is characterized by the
infiltration of different types of inflammatory cells
(neutrophils, eosinophils, T lymphocytes, etc.) in the
airway tissue and the secretion of a variety of inflam-
matory mediators and cytokines. This leads to airway
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hyperresponsiveness and reversible airflow limitation [1,
2]. Based on the different types of inflammatory cells that
dominate in the induced sputum, asthma can be divided
into four inflammatory phenotypes: eosinophilic asthma
(EA), neutrophilic asthma (NA), mixed granulocytic
asthma (MGA), and paucigranulocytic asthma (PGA) [3].

EA has long been considered the most “typical” type
of asthmatic airway inflammation, characterized by
the infiltration of eosinophils as well as IgE-mediated
mast cell activation [2]. EA generally presents with mild
inflammation and good responsiveness to treatment with
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glucocorticoids [4]. Existing epidemiological evidence
indeed shows that EA is the most common inflamma-
tory phenotype in many regions [5, 6], but NA is more
common in some regions [7, 8]. Approximately half of
the patients with mild-to-moderate or refractory asthma
experience persistent non-eosinophilic inflammation [9,
10]. Unlike EA patients, patients with NA respond poorly
to glucocorticoid treatment even when their condition
is only mild to moderate [9], and more easily develop
severe asthma or refractory asthma, which is character-
ized by persistent airway limitation [11]. It is therefore
important that patients with asthma receive individual-
ized treatment according to their specific inflammatory
phenotype.

Jilin Province in northeast China is a relatively low eco-
nomically developed region with a cold climate and heavy
air pollution [12-14]. A study showed that the prevalence
of asthma in Northeast China is 1.69%, second only to
the 2.3% in South-west China, and significantly higher
than other areas in China [15]. Furthermore, patients
diagnosed with asthma in Northeast China have poorer
control of the disease [16]. We hypothesized that these
observations might be due to differences in the distribu-
tion of inflammatory phenotypes among asthma patients
in this region. To the best of our knowledge, there have
been very few reports (e.g., the study by Gai et al. [7]) on
the distributions of different inflammatory phenotypes of
asthma throughout China. The present study therefore
aimed to characterize the distribution of asthma inflam-
matory phenotypes in Jilin province, China, to facilitate
personalized asthma treatment and management.

Methods

Study patients and design

Patients diagnosed with asthma were recruited from
the Department of Respiratory Medicine at the Second
Hospital of Jilin University for this cross-sectional study.
The hospital also contains the Jilin Provincial Institute
of Respiratory Diseases and is a regional center that
serves patients from the entire Jilin province as well as a
research center.

The patient inclusion criteria were as follows:
age > 18 years; diagnosis of asthma in accordance with
the 2012 Global Initiative for Asthma (GINA) criteria
[17]; and stable condition without acute exacerbation.
The patient exclusion criteria were as follows: preg-
nancy; cognitive impairment; malignancy, type 2 dia-
betes, active tuberculosis, autoimmune diseases, kidney
and liver failure, heart failure, cerebrovascular diseases,
chronic obstructive pulmonary disease (COPD) (except
for asthma and COPD overlap [ACO], or pulmonary
diseases (except for asthma). Smoking history was not
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an inclusion criterion. Age- and sex-matched healthy
volunteers > 18 years old with no clinical signs or his-
tory of asthma or other autoimmune diseases were
recruited as healthy controls.

Basic clinical information, such as smoking history,
asthma treatment, and body mass index (BMI) were
collected for all participants. The participants under-
went lung function measurements and their asthma
control and quality of life were assessed using standard-
ized validated questionnaires. The study protocol was
approved by the ethics committee of the Second Hos-
pital of Jilin University (2016-34), and all patients pro-
vided informed consent to participate.

Lung function measurements

All participants performed three peak flow maneuvers
to ensure the correct technique was used. The fraction
of exhaled nitric oxide (FENO) was measured using the
Nano Coulomb Breath Analyzer (Sunvou-CA2122) fol-
lowing the European Respiratory Society/American
Thoracic Society (ERS/ATS) guidelines [18]. Spirom-
etry was performed using a rolling seal spirometer in
accordance with the ERS/ATS guidelines [19] and the
bronchodilator response was assessed 15 min after the
inhalation of 400 pg of albuterol.

Asthma control and quality of life

All enrolled patients completed the following stand-
ardized validated questionnaires: six-item Asthma
Control Questionnaire (ACQ6) [20], Asthma Control
Test Questionnaire (ACT) [21], Asthma Quality of Life
Questionnaire (AQLQ) [22], and Hospital Anxiety and
Depression scale (HADS) [23].

Uncontrolled asthma and severe asthma were
defined according to the 2019 GINA guidelines [24].
Uncontrolled asthma fulfills one or two of the fol-
lowing criteria: (1) poor symptom control (frequent
symptoms or reliever use, activity limited by asthma,
night waking due to asthma); (2) frequent exacer-
bations (> 2/year) requiring oral corticosteroids or
serious exacerbations (> 1/year) requiring hospitali-
zation. Severe asthma refers to uncontrolled asthma
despite adherence to the maximal optimized therapy
or asthma that worsens when high-dose treatment
is reduced. Low, medium, and high doses of inhaled
corticosteroids (ICS) were defined as a daily dose
of budesonide (or equivalent) of 200-400 pg, 400-
800 pg, and >800 pg, respectively [25]. Atopy was
defined as the presence of at least one common aer-
oallergen (e.g., cat, dog, house dust mites, grass pol-
len, tree pollen, and a mixture of molds) [26].
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Induced sputum collection and inflammatory phenotype
classification

Induced sputum was collected and processed using
validated methods [27, 28]. Briefly, all patients under-
went sputum induction with 4.5% hypertonic saline for
15 min. The sputum samples obtained were treated with
dithiothreitol and the cells were resuspended in phos-
phate-buffered saline. The suspension (60 pm) was then
filtered and the total leukocyte cell count (inflammatory
cell count x 0.02/quadrant, TCC) was evaluated. Single-
cell smears were prepared using cytospin and stained
with May-Grunwald Giemsa. Differential counts of the
inflammatory cell eosinophils, neutrophils, macrophages,
and lymphocytes were manually obtained from 400 non-
squamous cells under a light microscope.

The presence of eosinophilic inflammation was defined
as> 3% eosinophils in the induced sputum and the pres-
ence of neutrophilic inflammation was defined as>61%
neutrophils in the induced sputum, based on published
criteria [3]. Accordingly, the following four inflamma-
tory phenotypes were identified: EA (sputum eosino-
phils>3%), NA (sputum neutrophils>61%), MGA
(sputum eosinophils >3% and neutrophils>61%), and
PGA (sputum eosinophils < 3% and neutrophils <61%).

Statistical analysis

IBM SPSS Statistics, version 25.0, was used for statis-
tical analysis in this study. Data are expressed as the
mean =+ standard deviation (SD) or median (interquartile
range). Subgroups were compared using one-way analysis
of variance (ANOVA) with a least significant difference
test or a Kruskal-Wallis test, accompanied by Bonfer-
roni correction. Categorical variables are presented as
proportions of observations, and were analyzed using the
chi-squared test. Spearman correlation coefficients were
used to identify correlations between the clinical charac-
teristics of patients. Differences with p<0.05 were con-
sidered statistically significant.

Results

Demographic, functional, and inflammatory characteristics
of patients with asthma vs healthy person

In total, 255 patients with asthma and 22 healthy volun-
teers were enrolled in this study (Table 1). Basic demo-
graphic variables, including average age, BMI, male/
female ratio, and percentage of smokers were not sig-
nificantly different between the healthy volunteers and
asthma patients (p>0.05). Compared with the healthy
controls, the predicted forced expiratory volume in 1 s
(FEV1) and FEV1/Forced vital capacity (FVC) in asthma
patients were significantly lower (p<0.05). The success
rates of sputum induction in both asthmatic patients and
healthy volunteers were higher than 80%. The average
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Table 1 Demographic, clinical, and inflammatory characteristics
in patients with asthma and healthy person

Characteristic Control Asthma p value
N 22 255 -

Age, years 54+14 51£14 NS
Sex (M/F) 11/11 116/140 NS
BMI (kg/m?) 237426 237434 NS
Ex-smokers (n) (pack- 10 (5.8 (44,6.6)) 104 (203(9.8,37.0)) NS
years)

Pre-FVC 33(27,4.0) 29(2.2,36) <0.001
Pre-FEV1 27(22,32) 1.7(1.1,24) NS
FEV1/FVC (%) 792462 60.1+£1338 <0.001
FEV1% predicted 78 (74.6,82.4) 64.3(41.2,82.9) 0.002
Sputum TCC (10%/mL) 24 (14,5.1) 3(1.8,5.8) NS
Sputum eosinophils (%) 0.1 (0, 0.4) 2(0.2,9.9 <0.001
Sputum neutrophils (%) 9.6 (4.1, 22.1) 1.6(0.2,11.6) 0.030
Sputum macrophages 84 (72.4,90.6) 814 (46.8,93.9) NS

(%)

Sputum lymphocytes 2(1,4.2) 23(06,7.2) NS

(%)

Data are presented as mean =+ SD or median (range). BMI, body mass index;
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; TCC, total cell
count; NS, non-significant

percentage of sputum eosinophils in the asthma group
was significantly higher than that in the healthy control
group (p<0.001), but the average percentage of sputum
neutrophils was lower (»p =0.03) (Table 1). The percent-
age of sputum macrophages in the control group was not
significantly different from that in the asthma group, but
was significantly lower than the percentage in the PGA
group (p=0.03).
Distribution of inflammatory phenotypes among patients
with asthma
Among the asthma cases (Fig. 1a), 120 (52.2%) were cat-
egorized as PGA, 88 (38.3%) as EA, 12 (5.2%) as MGA,
and 10 (4.3%) as NA. The prevalence of NA was signifi-
cantly higher among patients >45 years old than among
those <45 years old (p=0.002). EA was also significantly
higher among patients>45 years old, but to a lesser
degree (Fig. 1b). NA was more common in smokers than
in non-smokers, but the difference did not reach statisti-
cal significance (p=0.075). There was no significant dif-
ference in the distribution of inflammatory phenotypes
between patients with BMI>24 (overweight/obesity)
and those with BMI < 24 (normal weight) (Fig. 1b).
Among the asthma patients, 125 (48.1%) received treat-
ment with ICS in the past year. Interestingly, the propor-
tion of patients with NA gradually increased as the ICS
dose increased, and NA was markedly more common
in patients treated with ICS than in those who did not
receive ICS treatment (p<0.05) (Fig. 2a). Conversely,
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Fig. 1 The distribution of four inflammatory phenotypes among patients with asthma and different subgroups. (a) The distribution of asthma
inflammatory phenotype in all subjects. (b) Distribution characteristics of the inflammatory phenotype of asthma in different groups divided by
age group, BMI classification, and smoking history. BMI, body mass index; NA, neutrophilic asthma; EA, eosinophilic asthma; PGA, paucigranulocytic
asthma; MGA, mixed granulocytic asthma; ICS, inhaled corticosteroid

the proportion of patients with EA gradually decreased
with higher ICS doses (p=0.038). The prevalence of NA
was highest among those who received regular ICS treat-
ment for 3—6 months, compared with the prevalence in
patients who used ICS treatment for more than 6 months
or less than 3 months and those who did not receive ICS
treatment. On the other hand, the proportion of patients
with EA gradually decreased as the length of ICS treat-
ment increased (p<0.05) (Fig. 2b). In addition, the ICS
treatment dose was positively correlated with the spu-
tum neutrophil percentage (r=0.168, p=0.03) (Fig. 2d),
but not significantly correlated with the sputum eosino-
phil percentage in patients with asthma (p>0.05) (data
not shown). Compared to patients who were treated by
an asthma specialist for less than 3 months, those who
underwent specialist treatment for 3 months or more
had a significantly greater proportion of NA, but a lower
proportion of EA (p=0.014) (Fig. 2c). Furthermore, the
proportion of NA among patients who did not receive
treatment with antibiotics during the previous month
was 4.5%, but the number dropped to 0 among those who
received continuous treatment (p <0.05).

Demographic and clinical characteristics according

to inflammatory phenotypes

The male/female ratio and average BMI did not differ
between patients with the four inflammatory phenotypes
(p>0.05), but patients with NA had a higher average age
and higher proportions of current smoker and ex-smoker

compared with the other groups (»p=0.001) (Table 2).
There was no atopic asthma in the NA group, which was
significantly different from the findings in other groups
(EA, 45%; MGA, 40%; PGA, 36%) (p<0.05). Trigger-
ing factors and complications/comorbidities were not
significantly different among the four groups (p>0.05).
The prevalence of severe asthma in patients with NA
was 60%, which was significantly higher than the 18.2%
among patients with EA (p=0.016). Both the NA and
EA groups included a higher proportion of patients who
exhibited uncontrolled asthma compared to the propor-
tion in the other groups (p=0.049). In addition, in the
previous year, patients with NA required the highest
daily ICS dose on average, while the PGA group required
the lowest (p=0.015) (Table 2). The EA group had the
highest average ACQ6 and HAD scores, and the low-
est ACT score, but the differences between the groups
were not statistically significant (p>0.05). Patients with
PGA showed a tendency for better lung function (FEV,/
FVC and FEV,% predicted), but this difference was not
statistically significant either. Patients in the EA group
had higher FeNO levels compared to those in the NA
and PGA groups (p=0.005). Patients with EA also had
greater numbers of blood eosinophils, lymphocytes, and
basophils, but a lower percentage of neutrophils, com-
pared to those with NA (p <0.05).
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Fig. 2 Changes in the proportions of four asthma phenotypes in different asthma treatment groups. NA, neutrophilic asthma; EA, eosinophilic
asthma; PGA, paucigranulocytic asthma; MGA, mixed granulocytic asthma; ICS, inhaled corticosteroid

Clinical and inflammatory characteristics of patients

with uncontrolled vs. controlled asthma

There were 170 (73%) patients with uncontrolled asthma
and 63 (27%) patients with controlled asthma in this
study (Table 3). The male/female ratio and average age
between the two groups were not significantly different
(p>0.05). However, the average BMI was lower among
patients with uncontrolled asthma than among those
with controlled asthma (p=0.031), whereas the number
of smokers and smoking pack-years were significantly
higher (p<0.05). There were higher proportions of NA
and EA, but a lower proportion of PGA in the uncon-
trolled asthma group (p<0.05). Interestingly, patients
with uncontrolled asthma had higher percentages of
eosinophils and neutrophils in their sputum, but a lower

percentage of macrophages than those with controlled
asthma (p <0.05). There were no significant differences in
blood eosinophil, neutrophil, or basophil counts between
the two groups (p>0.05), but the blood lymphocyte
count was significantly higher in the uncontrolled asthma
group (p<0.022).

There were 45 (26.6%) cases of severe asthma in the
uncontrolled asthma group, but only one (1.6%) in the
controlled asthma group (p<0.001). Although the pre-
dicted FEV1% was similar in both groups, patients with
uncontrolled asthma had distinctly lower pre-FEV1/
FVC% and post-FEV1/FVC% compared to those with
controlled asthma (p<0.05). In addition, the symptoms,
activity, emotion, and environment assessed with the
global AQLQ score were all significantly lower in the




Shi et al. BMC Pulmonary Medicine (2021) 21:364 Page 6 of 11
Table 2 The demographic and clinical characteristics according to the inflammatory phenotype
NA EA MGA PGA p value

N 10 88 12 120 <0001
Sex (M/F) 5/5 37/51 5/7 62/58 055
Age (years) 60+ 7 464141 57410 52413 0.001
BMI 243437 239435 243436 239432 NS
Smoking history <0.001

Never smoker, N (%) 2 (20%) 5 55 (62.5%)* 7 (58.3%)* 68 (56.7%)*

Current smoker, N (%) 3 (30%) 1% 22 (25%)* 3 (25%)* 29 (24.1%)*

Ex-smoker, N (%) 5 (50%) "5 11 (12.5%)* 2(16.7%)* 23 (19.2%)*
Pack-years 9.8 (0, 50) 0(0,15.5) 135(0,2423) 0(0,19.1) NS
Diagnosis age (years) 544137 44 13x%x 51410 444 15" 0.010
Atopy, N (%) 0 (0%)'* 22 (45%)* 2 (40%)* 21 (36%)* NS
Triggering factors (Y/N) 9/ 81/7 9/3 99/21 NS
Complications and comorbidities (Y/N) 8/2 42/42 5/5 62/50 NS
Severe asthma, N (%) 6 (60%)** % 16 (18.200) 1%+ 1(8.3%)!I#9 20 (16.7%)!** 0016
Uncontrolled asthma, N (%) 8 (88.9%) 69 (81%) 6 (66.7%) 70 (64.8%) 0.049
ICS daily dose 400 (400, 800)**% 200 (0, 400)! 100 (0, 400)! 0 (0, 400)! 0015
FEV1/FVC (%) 5734141 6154127 60.14+16.9 6204144 NS
FEV1% predicted 6424247 6344219 60.5430.7 7184233 NS
FeNO (ppd) 30.0(17.0,85.0) 52.5(32.6,99.7)"1 45.4(26,94.2) 31.8 (204, 62.1) 0.005
Blood eosinophils (107/L) 0.22 (0.1,03)" 04(0.2,06)I 0.20(0.1,0.4) 0.17(0.1,03)" <0.001
Blood eosinophils (%) 38(13,53) 5228921 26(1.0,5.7) 22(1,42)" <0.001
Blood neutrophils (10%/L) 47(30,96) 4(33,5.1) 45(35,60) 44(33,58) NS
Blood neutrophils (%) 70+11.0% 56.1410.1%* 63.6+9.7" 609+ 1171 <0.001
Blood lymphocytes (10%/L) 16(13,2.1) 24(19,28) 2(1.9,25) 2(17,26) 0.024
Blood lymphocytes (%) 2434754 313497% 266496 2864103 0.04
Blood basophils (10%/1) 0(0,0.04) 0.04 (0,0.1)*** 0(0,001)* 0(0,005)" 0.009
Blood basophils (%) 0(0,07) 0.5 (0, 1.2) *** 00,0 0(0,07)" 0.008
ACQ6 14409 18410 16413 15410 NS
ACT 178443 162443 177449 179448 NS
Global AQLQ 42425 50£1.1 52414 51411 NS
HAD 1.0(0,10) 35(0,11) 25(0,205) 25(0,9) NS

NA, neutrophilic asthma; EA, eosinophilic asthma; MGA, mixed granulocytic asthma; PGA, paucigranulocytic asthma; BMI, body mass index; ICS, inhaled corticosteroid;
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; AQLQ, Asthma Quality of Life Questionnaire; HADS, Hospital Anxiety and Depression scale; NS, non-

significant
p<0.01: *vs NA, fvs EA, *vs PA, Svs MGA. p <0.05: lvs NA, Tvs PA, *vs EA, **vs MA

uncontrolled group (p<0.001). Furthermore, the HAD
scores of patients with uncontrolled asthma were sig-
nificantly higher (p<0.001). Compared with the con-
trolled asthma group, more patients in the uncontrolled
asthma group suffered from chronic obstructive pulmo-
nary disease (COPD), persistent cough, and exacerba-
tion (p<0.005), but the frequency of other complications
and comorbidities (such as rhinitis, nasal polyps, etc.)
was similar between the two groups (p>0.05). The pro-
portions of patients who received their asthma diagnosis
more than one year earlier were not significantly differ-
ent between the two groups (p >0.05). However, the pro-
portions of patients receiving ICS or ICS + Long-acting

p2-adrenergic receptor agonist (LABA) treatment was
significantly lower in the uncontrolled asthma group
(p<0.05), whereas the proportion that persistently used
a short-acting B2 receptor agonist (SABA) was higher
(p=0.016). Patients with uncontrolled asthma were
treated with lower ICS doses, but the difference was not
statistically significant (p=0.191). A significantly higher
proportion of patients were treated by a specialist for
more than 3 months in the uncontrolled asthma group
compared to the corresponding proportion in the con-
trolled group (p=0.031).
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Table 3 Demographic, clinical, and inflammatory characteristics of patients with controlled and uncontrolled asthma
Characters Uncontrolled Controlled p value
N 170 63 -
Age (years) 504127 474129 NS
Sex (F, %) 98 (58%) 34 (54.8%) NS
BMI (kg/mz) 237433 249+35 0.031
Smokers (N, %) 78 (46.2%) 18 (29%) 0.019
-Pack-years 0.8(0,22) 0(0,4.9) 0014
NA (N, %) 8 (5.2%) 1(1.7%) 0.020
A (N, %) 69 (45.1%) 16 (27.1%) <0.001
PGA (N, %) 70 (45.8%) 39 (66.1%) 0.003
MGA (N, %) 6 (3.9%) 3(5.1%) 0513
Severe asthma (N, %) 45 (26.6%) 1 (1.6%) <0.001
Asthma diagnosis > 1 year (N, %) 103 (61.3%) 38 (61.3%) NS
Asthma specialist treatment >3 m (N, %) 86 (51.2%) 41 (67.2%) 0.031
ICS treatment (N, %) 80 (47.1%) 37 (58.7%) 0.013
ICS treatment 3-6 m (N, %) 10 (5.9%) 3 (21%) 0.008
ICS+ LABA (N, %) 61 (36.1%) 34 (54.8%) 0.010
ICS dose (ug) 0 (0, 400) 250 (0, 400) NS
SABA treatment 33 (19.5%) 4 (6.5%) 0.016
Exacerbation (N, %) 58 (34.3%) 8 (12.9%) 0.001
Persistent cough (N, %) 62 (36.9%) 7(11.3%) <0.001
COPD (N, %) 13 (7.9%) 0 (0%) 0.033
Pre-FEV1/FVC% 5084128 65+148 0.003
FEV1% predicted 65.7+252 674+26.7 NS
Post- FEV1/FVC% 63.5+132 683+1438 0.010
Global AQLQ 47+£12 6.1+09 <0.001
HADS 5(0,11) 0(0,4.7) <0.001
White blood cells (10°/L) 80+£25 72+19 0.026
Blood eosinophils (10°/L) 0.22(0.1,0.5) 0.2 (0.1,0.5) NS
Blood neutrophils (10°/L) 43(34,54) 3.7(3.1,5.8) NS
Blood lymphocytes (10°/L) 23+09 21+£07 0.022
Blood basophils (10%/L) 0(0,0.1) 0(0,0.8) NS
Sputum TCC (10%/mL) 29(1.8,54) 33(2.1,76) NS
Sputum macrophages (%) 82 (49.7,93) 926 (73.7,97.5) 0.010
Sputum neutrophils (%) 2(02,11.2) 04(0,1.7) 0.012
Sputum eosinophils (%) 29(05,94) 3(0,3.9) 0.003
Sputum lymphocytes (%) 16(0.5,4.8) 1.7(0.1,2.9) NS

BMI, body mass index; NA, neutrophilic asthma; EA, eosinophilic asthma; PGA, paucigranulocytic asthma; MGA, mixed granulocytic asthma; ICS, inhaled corticosteroid;
LABA, long-acting 32-adrenergic receptor agonists; SABA, short-acting 32 receptor agonist; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volume in 1 s; FVC, forced vital capacity; AQLQ, Asthma Quality of Life Questionnaire; HADS, Hospital Anxiety and Depression scale; TCC, total cell count; NS: non-

significant

Clinical and inflammatory characteristics of patients

with severe and non-severe asthma

A relatively small proportion of the asthma patients
included in this study had severe asthma (19.1%)
(Table 4). There was no difference in the female/male
ratio, average BMI, and smoking history between the
severe and non-severe asthma groups, but the average
age was higher in the severe asthma group (p<0.001).

The severe asthma group included a significantly higher
proportion of patients with NA, but a lower proportion
of those with PGA (p<0.001). Compared with the non-
severe asthma group, patients with severe asthma had
slightly higher percentages of neutrophils and eosino-
phils in the sputum, but the difference was not statisti-
cally significant (p>0.05). The inflammatory cells in the
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Table 4 Demographic, clinical, and inflammatory characteristics of patients with severe/non-severe asthma
Characters Severe asthma Non-severe asthma p value
N 49 207 -
Age (years) 54+10 47+13 <0.001
Sex (F, %) 28 (57.1%) 112 (54.1%) NS
BMI (kg/m?) 239438 24433 NS
Smokers (N, %) 19 (38.8%) 85 (41.1%) NS
NA (N, %) 6 (14%) 4(2.1%) <0.001
EA (N, %) 16 (37.2%) 73 (38.6%) 0512
PGA (N, %) 20 (46.5%) 101 (53.4%) <0.001
MGA (N, %) 1(2.3%) 11 (5.8%) 0.006
Asthma diagnosis > 1 year (N, %) 41 (83.7%) 108 (56.5%) <0.001
Asthma specialist treatment >3 m (N, %) 42 (85.7%) 93 (48.9%) <0.001
Allergic conjunctivitis (N, %) 4 (8.3%) 21 (11.1%) 0.049
ICS dose (ug) 500 (400, 500) 0 (0, 250) <0.001
ICS+LABA (N, %) 38 (77.6%) 58 (28%) <0.001
Exacerbation (N, %) 37 (75.5%) 66 (34.6%) <0.001
Pre-FEV1/FVC% 5424123 634133 <0.001
FEV1% predicted 5564206 689426 0.002
Post- FEV1/FVC% 576+£123 66.6+13.6 <0.001
Global AQLQ 45415 52411 0.020
ACT scores 154+£42 176+4.6 0.005
<15 21 (45.7%) 67 (36.2%) 0.012
16-20 18 (39.1%) 50 (27%) 0.012
21-25 7(15.2%) 68 (36.8%) 0012
HAD 3(0,11) 3(0,9) NS
Blood eosinophils (10%/L) 0.2(0.1,0.5) 0.24(0.3,0.6) NS
Blood neutrophils (10°/L) 35(3,54) 43(34,55) NS
Blood lymphocytes (10%/L) 22(18,28) 2.1(18,26) NS
Blood basophils, (10%/L) 0(0,0.04) 0(0,0.1) 0.044
Sputum TCC (1 0%/mL) 29(1.8,54) 3.2(1.8,5.7) NS
Sputum macrophages (%) 82.6(49.1,93) 85.1(57.5,95.6) NS
Sputum neutrophils (%) 22(0,16.3) 1(0,6.7) NS
Sputum eosinophils (%) 2.9(0.5,99) 2.2(0.2,7.5) NS
Sputum lymphocytes (%) 14(0,6.5) 1.7 (0.5,45) NS

BMI, body mass index; NA, neutrophilic asthma; EA, eosinophilic asthma; PGA, paucigranulocytic asthma; MGA, mixed granulocytic asthma; ICS, inhaled corticosteroid;
LABA, Long-acting 32-adrenergic receptor agonists; SABA, Short-acting 32 receptor agonist; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volume in 1 s; FVC, forced vital capacity; AQLQ, Asthma Quiality of Life Questionnaire; HADS, Hospital Anxiety and Depression scale; TCC, total cell count; NS, non-

significant

differential blood count were not significantly different
between the two groups (p > 0.05).

Patients with severe asthma had clearly worse lung
function, poorer asthma control (based on the ACT
scores), and lower global AQLQ scores (especially in
the “Activity” section) (p < 0.05). However, there was no
significant difference in the HAD scores between the
two groups. The severe asthma group had a higher pro-
portion of patients who received their asthma diagnosis
more than one year earlier and were treated by a spe-
cialist for more than 3 months compared to the non-
severe asthma group (p<0.05). In addition, a higher

proportion of patients received ICS or ICS+LABA
treatment in the severe asthma group (p<0.001), and
they were also treated with higher ICS doses (p <0.001).

Discussion

This cross-sectional study explored in detail the distribu-
tion of four different inflammatory phenotypes among
asthma patients in Jilin Province in northeast China.
Our study showed that the most common inflammatory
phenotype was PGA (52.2%), followed by EA (38.3%),
MGA (5.2%), and NA (4.3%). ICS treatment, older
age, and smoking could increase sputum neutrophilic
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inflammation in patients with asthma [29-32]. The aver-
age age of patients with NA was the highest among the
four asthma inflammatory phenotype groups in this
study, and the prevalence of NA was higher among older
patients. This confirmed previously published observa-
tions that sputum neutrophils in asthma increase with
age [30]. In addition, smoking has also been shown to
increase sputum neutrophilia [32]. In our study, smoking
and overweight/obese patients exhibited a larger propor-
tion of NA. However, the difference was not statistically
significant (p >0.05), possibly due to the inadequate sam-
ple size. Interestingly, the NA group received the highest
average ICS treatment dose in the past year, and the neu-
trophil percentage in the sputum was positively corre-
lated with the ICS treatment dose. However, since this is
a cross-sectional study, it is difficult to conclude that ICS
treatment increases sputum neutrophilia or that patients
with sputum neutrophilia require higher doses of ICS.
A previously published study suggested that the former
might be the case as ICS can inhibit neutrophil apoptosis
[33].

Notably, our results were significantly different from a
previous report in Australia that showed that NA, EA,
and PGA were present in 41%, 28%, and 31% of patients
with asthma, respectively [8]. Moreover, our results were
also distinctly different from a report from Beijing, China,
which showed that the proportions of the four inflamma-
tory phenotypes were 34.9% for NA, 34.9% for EA, 23.8%
for MGA, and 6.3% for PA [7]. It is interesting that the
proportion of NA was only 4.3% in our study, despite the
fact that patients with asthma in our study had a higher
average age (51+14 vs 47+17.6) and included a larger
proportion of smokers (40.65 vs 19.6%), both factors that
should have increased the proportion of NA [30, 32]. This
may be related to the specific conditions in Northeast
China.

Many reports have indicated that the abuse of anti-
biotics is a serious social problem in China [34]. Many
regions in China have an extremely high frequency and
intensity of antibiotics use [35-37]. The problem is espe-
cially severe in rural China, where individuals have low
levels of knowledge on the use of antibiotics [38]. Most
of the patients in our study came from remote rural areas
in Northeast China, where the level of medical services
is limited and the education level is low [39]. Research
has shown that prudent antibiotic use during infancy
might be beneficial for reducing the incidence of pedi-
atric asthma by preserving the gut microbial community
[40]. However, another study found that oral azithromy-
cin treatment for 48 weeks could reduce asthma exacer-
bation in adults with persistent symptomatic asthma and
improved quality of life [41]. Our results showed that
antibiotic treatment significantly reduced the proportion
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of NA. Reasonable application of antibiotics might be a
useful add-on therapy for asthma. Further, the abuse of
antibiotics may be a reason for the lower proportion of
NA in our region. In addition, there are significant dif-
ferences in climate between the southern, northern, east-
ern, and western regions in China. Environmental factors
might also affect the distribution of asthma inflammatory
phenotypes.

Our study revealed that the disease severity is higher
in patients with NA compared to the severity in those
with EA. While 60% of patients with NA had severe
asthma, the corresponding percentage was 18.2 for those
with EA. Most patients with severe asthma in this study
had been diagnosed more than one year earlier or were
treated with a higher daily dose of ICS. This indicates
an association between sputum neutrophilia and severe
asthma. Similarly, a previous report also concluded that
sputum neutrophil counts were correlated with more
severe asthma phenotypes [11, 42]. However, in our
study, the prevalence of severe asthma was low (19.1%).
This might be one of the reasons for the low proportion
of patients with NA found in our study.

Sputum eosinophilia is known to be correlated with
uncontrolled asthma [43]. Although the difference was
not significant (p>0.05), the average ACQ6 and HAD
scores were highest in the EA group, while the ACT score
was the lowest in our study. Both the NA and EA groups
had a higher proportion of patients who exhibited uncon-
trolled asthma. Similarly, the sputum eosinophil and
neutrophil percentages as well as the proportions of EA
and NA in patients with uncontrolled asthma were sig-
nificantly higher in our study. A national cross-sectional
study showed that asthma was largely underdiagnosed
and undertreated in China, and the proportion of asthma
respondents using ICS therapy was only 5.6%, which
was much lower than those in European countries [44].
In our study, although 73% of patients exhibited uncon-
trolled asthma, only 47.1% of patients in the uncontrolled
asthma group had been treated with ICS in the past year.
In addition, fewer patients (51.2%) in the uncontrolled
asthma group had been treated by a specialist for more
than 3 months or received regular ICS treatment. A high
number of patients in the uncontrolled asthma group
persistently used SABA and low-dose ICS treatment.
Thus, we speculate that irregular use of ICS and poor
asthma control may be the main reasons for the higher
proportion of EA in our study.

Exposure to diesel exhaust gas is known to signifi-
cantly increase neutrophilic inflammation and reduce
lung function in asthmatics [45, 46]. However, most
of the patients in our study were from rural areas in
Northeast China, where the main air pollutants are par-
ticulates from straw and coal burning [47], rather than
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traffic pollution. Importantly, the burning of agricultural
residues is associated with various respiratory symptoms
(cough, wheezing, chest tightness, shortness of breath)
and respiratory diseases such as asthma [48-51]. An
epidemiological study in our region showed that there
is an association between ambient air pollution (mainly
including straw and coal burning) and allergic rhinitis
[52]. Therefore, straw and coal burning may be the rea-
son for more eosinophilic inflammation in patients with
asthma in our study. In addition, our study showed that
the percentage of sputum macrophages in patients with
PGA was significantly higher than that in healthy con-
trols. We suspect that the air pollution in our region
could have increased macrophages in the sputum of
patients with asthma, thereby increasing the proportion
of individuals with PGA in this region.

Conclusions

The most common asthma inflammatory cell phenotype
in Jilin Province, China is PGA, followed by EA, MGA,
and NA. The low prevalence of NA in Jilin Province is
strikingly different from the reported prevalence in other
countries and other regions in China. Excessive antibiotic
use in this region and irregular asthma ICS treatment
may be the main reasons for the unique distribution of
asthma inflammatory phenotypes.
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