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Abstract
Background T helper (Th) cell cytokine imbalances have been associated with the pathophysiology of
chronic obstructive pulmonary disease (COPD), including the Th1/Th2 and Th17/Treg paradigms.
Clarifying cytokine pro�les during COPD acute exacerbation (AE) and their relationships with clinical
manifestations would help in understanding the pathogenesis of disease and improve clinical
management.

Methods Patients admitted to the hospital with AEs of COPD from January 2017 to August 2017 were
included in this study, and follow-up was conducted after discharge (every 30 days, for a total of 120
days). Sputum samples of patients at different time points (including at admission, discharge, and
follow-up) were collected, and sputum cytokine pro�ling (12 cytokines in total) was performed using a
Luminex assay. Clinical data of patients were collected by a uni�ed electronic medical record form.

Results A total of 87 patients with COPD were enrolled, aged 72 ± 8.5 years, among whom 1, 12, 32, and
42 cases exhibited GOLD stage I, II, III, and IV, respectively. According to the cytokine pro�les at admission,
patients were divided into three clusters by a k -means clustering algorithm, namely, Th1 high Th17 high
(n=26), Th1 low Th17 low (n=56), and Th1 high Th17 low (n=5), which revealed distinct clinical
characteristics. Patients with Th1 high Th17 low pro�le had a signi�cantly longer length of non-invasive
ventilation time and length of hospital stay than patients with Th1 high Th17 high pro�le (7 vs. 0 days, 22
vs. 11 days, respectively, p < 0.05), and had the highest AE frequency. Sputum levels of Th17 cytokines
(IL-17A, IL-22, and IL-23) during AE were negatively correlated with AE frequency in the last 12 months ( r
= -0.258, -0.289 and -0.216, respectively, p < 0.05). Moreover, decreased sputum IL-17A levels were
independently associated with increased AE frequency, whith an OR (95% CI) of 0.975 (0.958 - 0.993) and
a p = 0.006.

Conclusion Th1/Th17 imbalance during AE is associated with the severity of COPD. Decreased Th17
cytokine expression is correlated with increased AE frequency. The Th1/Th17 balance may be a speci�c
target for the therapeutic manipulation of COPD.

Trial registration: ClinicalTrials.gov ID: NCT03236480.

Background
Chronic obstructive pulmonary disease (COPD) is a major global health issue affecting approximately
10% of people over 40 years old [1]. It is a chronic airway in�ammatory disease characterized by
persistent and poorly reversible air�ow limitation.

Different T-helper (Th) cell cytokines have been identi�ed in the pathogenesis of COPD. Th1 cytokines,
such as interferon γ (IFN-γ), tumor necrosis factor α (TNF-α) and interleukin 2 (IL-2), are critical pro-
in�ammatory cytokines that activate macrophages, NK cells, and CD8 + T cells. They drive neutrophilic
in�ammation, promote pathogen clearance, and even lead to tissue destruction [2, 3]. Th2 cytokines (e.g,
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IL-4, IL-5, IL-13, and IL-17E) are associated with immunity against extracellular parasites, allergy and
airway hypersensitivity [2]. IL-4 mediates the production of IgE in B cells. IL-5 and IL-17E promote the
differentiation, recruitment and survival of eosinophils in the airway, whereas IL-13 promotes the
induction of airway hypersensitivity [2, 4]. Recent studies revealed that COPD patients with high a Th2
cytokine response had increased eosinophil counts, increased bronchodilator responsiveness and
improved response to ICS treatment [5–7]. IL-6, IL-1β, IL-21, and IL-23 are essential for the differentiation,
function and survival of Th17 cells, which produce mainly IL-17A, IL-21, IL-22, and IL-23 [8]. IL-17A and IL-
22 induce epithelial cells to produce antimicrobial peptides, chemokines, and granulocyte growth factors
to promote neutrophil accumulation in the airway [9]. T regulatory cells (Treg) suppress the proliferation
and cytokine production of other T cells through the creation of anti-in�ammatory cytokines, such as IL-
10 and TGF-β [10]. Several studies have shown an impaired balance between Treg cytokines and Th17
cytokines in COPD. Increased Th17 cytokines and decreased Treg cytokines were found in COPD patients
in the stable stage, and Th17 and Treg cytokines were both evaluated during an exacerbation, with an
increased Th17/Treg cytokine ratio [11–14].

Studies have shown that high levels of TNF-α and IL-17A are negatively correlated with pulmonary
function in COPD [12, 15, 16]. However, therapies targeting these cytokines (in�iximab and etanercept
against TNF-α and CNTO 6785 against IL-17) have not shown promising effects in COPD patients, such
as an improvement in pulmonary function and symptom scores or a decrease in exacerbations [17–21].
Notably, an increase in infection and respiratory tract cancers was observed in these trials. Therefore,
further studies are needed on the pro�les of cytokines and the relationship between cytokines and clinical
manifestations in COPD patients.

This study aimed to determine the airway Th cell cytokine pro�les during COPD exacerbation and
decubation, and the relationships between cytokines and clinical features.

Methods
Study populations

Patients diagnosed with acute exacerbations of COPD and hospitalized in Ningde City Hospital and
Peking University People's Hospital from January 2017 to August 2017 were consecutively enrolled in the
study (ClinicalTrials.gov ID, NCT03236480).

COPD was diagnosed according to the criteria of the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) [22]: (1) a history of exposure to cigarette smoke or other risk factors for the disease; (2)
symptoms such as dyspnea, chronic cough and/or sputum production; and (3) a post-bronchodilator
�xed ratio of forced expiratory volume in one second (FEV1) / forced vital capacity (FVC) less than 0.70.
COPD severity was assessed using spirometry criteria outlined by the GOLD guidelines [22]: 1) GOLD
stage 1, FEV1% predicted is greater than or equal to 80%; 2) GOLD stage 2, FEV1% predicted is greater
than or equal to 50%, but less than 80%; 3) GOLD stage 3, FEV1 % predicted is greater than or equal to
30%, but less than 50%; and 4) GOLD stage 4, FEV1% predicted is less than 30%. An exacerbation of
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COPD was de�ned as an acute event characterized by a worsening of the patient’s respiratory symptoms
that were beyond normal day-to-day variations and led to a change in medication [22].

The exclusion criteria were the presence of signi�cant respiratory disease other than COPD, such as
asthma, pulmonary tuberculosis, interstitial lung disease, or lung cancer.

For patients hospitalized before May 1st, 2017 (cohort A), clinical data during hospitalization were
collected using a standard electronic medical record. For patients enrolled after May 1st 2017 (cohort B),
additional follow-up for 120 days was requested. Follow-up forms, including smoking status, clinical
symptom, and medication questions, were completed every 30 days. Before collecting any data, written
informed consent was obtained from all patients. The Ethics Committee of Peking University People's
Hospital approved the study. The screening and follow-up process is shown in Figure 1.

Sputum sample collection and preservation

Spontaneous sputum samples were collected in the �rst 24 hours after admission and 24 hours before
discharge. In cohort B, sputum samples were also collected every 30 days during the 120-day follow-up.
Sputum specimens were discharged into sterile cups and then incubated with 1× volume 0.1%
dithiothreitol (DTT) at 37℃ for 30 minutes. After that, samples were mixed with an equal volume (to the
DTT solution) of sterile normal saline, rocked for 5 minutes, and then centrifuged at 12000 rpm for 10
minutes at room temperature [23, 24]. The supernatants were stored at -80 °C and transported in dry ice to
the laboratory in Peking University People’s Hospital.

Cytokine measurements

Twelve cytokines, including Th1 (TNF-α, IFN-γ, and IL-2), Th2 (IL-4, IL-5, and IL-17E), Th17 (IL-6, IL-17A, IL-
21, IL-22, and IL-23) and Treg (IL-10) cytokines were measured using a Luminex Human Magnetic Assay
Kit (LXSAHM-12; R&D Systems, Minneapolis, MN, USA) according to the manufacturer’s instructions.
Mean �uorescence intensity calculated from duplicates of each sample was collected using a Luminex
200 System (Luminex, Austin, TX, USA). The detection sensitivity was 1000 �uorochromes per
microsphere. A seven-point standard curve including the blank, was used to calculate sample cytokine
concentrations. The lower limits of detection (LOD) for speci�c analytes ranged from 0.98-92.78 pg/ml
based on the manufacturer’s speci�cations.

Statistical analysis

We restricted our analyses to cytokines for which < 30% of samples were below the LOD [25]. The
percentages of measurements below the LOD for the 12 cytokines were as follows: TNF-α, 0.4%; IFN-γ,
23.5% (47.1% at admission); IL-2, 37.6%; IL-4, 7.3%; IL-5, 1.7%; IL-17E, 2.6%; IL-6, 0.4%; IL-17A, 0%; IL-21,
29.5% (42.5% at admission); IL-22, 15.4%; IL-23, 0.9%; and IL-10, 28.6% (32.2% at admission). Thus, IL-2
levels at all 6-time points and IFN-γ, IL21, and IL-10 levels at admission were excluded from further
analysis. Then we imputed values below the LOD by a value of one-half of the LOD [26]. After imputation,
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the normality of the imputed data was assessed using the Kolmogorov-Smirnov test. Subsequently, to
evaluate whether the Th cell cytokines in sputum could be partitioned into clusters with distinct cytokine
phenotypes, k-means partitional clustering [27] was employed based on the cytokine levels of all subjects
at admission. The elbow method [28] was used to determine the optimal k number of clusters using the R
package “NbClust” [29]. Spearman's rank correlation was performed to analyze the associations between
cytokine levels and clinical parameters. Binary logistic regression was used to determine the risk factors
affecting the frequency of acute exacerbations.

Generally, categorical variables are presented as numbers (percentages), parametric continuous variables
are presented as the mean ± SD, and nonparametric continuous variables are presented as median and
interquartile ranges (25th and 75th percentiles). Continuous nonparametric data were analyzed using the
Mann-Whitney U or Kruskal-Wallis test and continuous parametric data were analyzed using Student’s t-
test or one-way analysis of variance (ANOVA). All categorical data were analyzed using a chi-square or
Fisher’s exact test. All analyses were performed in SPSS Statistics (version 25.0). A two-sided p-value
<0.05 was considered statistically signi�cant; con�dence intervals (CIs) were set at 95%.

Results
Population characteristics

A total of eighty-seven patients (82 men and �ve women) were included in the study, 64 in cohort A and
23 in cohort B, with a mean age of 72 ± 8.5 years. Individually, 13, 32, and 42 patients were classi�ed as
GOLD stages 1~2, 3, and 4, respectively. A total of 16 patients (18.4%) received assisted ventilation
during hospitalization, and two died (2.3%). As shown in Table 1, there were no signi�cant differences in
age, sex, smoking history, or the prevalence of comorbidities and complications among patients at
different GOLD stages, except for the incidence of non-invasive ventilation, which was signi�cantly higher
in patients at GOLD stage 4.

Sputum levels of T helper cell cytokines during hospitalization

To understand changes in Th cell cytokines during COPD exacerbations, we compared the levels of
cytokines at admission and discharge. As shown in Figure 2, the levels of Th1 (TNF-α), Th2 (IL-17E), and
Th17 (IL-17A and IL-22) cell cytokines at admission were signi�cantly higher than those at discharge, and
IL-22 and TNF-α exhibited the most signi�cant changes with 2.8-fold and 2.0-fold increases, respectively.
IL-10 content was low both during AEs and at the 120-day follow-up, indicating a defective IL-10 response
in COPD patients, as previously reported [16]. No signi�cant differences in sputum levels of cytokines
were observed among different GOLD stages. Likewise, no signi�cant differences were observed in
clinical classi�cations based on age, sex, or disease complications such as respiratory failure, cor
pulmonale, etc. (all p > 0.05, data not shown).

Cluster analysis revealed three distinct Th cell cytokine pro�les



Page 7/23

To evaluate whether sputum samples from all subjects at admission could be partitioned into clusters
with distinct Th cell cytokine pro�les, we utilized a k-means clustering algorithm. This approach yielded
three separate cytokine clusters (as shown in Figure 3), with 26, 56, and �ve patients in cluster 1, cluster 2,
and cluster 3, respectively.

The Kruskal-Wallis test revealed that 7 out of 8 cytokines were signi�cantly different among the clusters
(all p < 0.01, as shown in Additional �le 1). We further performed pairwise comparisons. As shown in
Figure 4, Th1 (TNF-α), Th2 (IL-17E), and Th17 (IL-6, IL-17A, and IL-22) cell cytokine expression
signi�cantly differed from each other. In cluster 3, the highest levels of TNF-α and IL-6 (~25.9-fold and
~107.7-fold compared to those in the lowest cluster, respectively) and the lowest level of IL-17A (~0.2-
fold compared to that in the highest cluster) were observed. Meanwhile, the highest levels of IL-17A, IL-22,
and IL-17E (approximately 4.3-fold, 2.7-fold, and 3.5-fold compared to those in the lowest cluster,
respectively) were observed in cluster 1. Notably, the levels of IL-6, a cytokine that promotes Th17 cell
differentiation, were highest in cluster 3 (p < 0.001), while the primary effector cytokines of Th17 cells, IL-
17A and IL-22, were the lowest (p < 0.001). The data indicated IL-17A and IL-22 de�ciencies in the COPD
patients of cluster 3. In general, we identi�ed three distinct Th cell cytokine pro�les through cluster
analysis, which were termed “Th1highTh17high

” (cluster 1), “Th1lowTh17low
” (cluster 2), and

“Th1highTh17low
” (cluster 3).

We assumed that differential cytokine expression is associated with different clinical characteristics. We
compared the clinical data among these three clusters (Table 2 and Figure 3). As shown in Table 2, the
overall distributions of GOLD stages in distinct clusters were similar to each other. However, patients in
cluster 3 (“Th1highTh17low”) suffered from the most extended length of hospital stay and the longest
length of non-invasive ventilation (Kruskal-Wallis test, p = 0.019 and p = 0.011, respectively). Moreover,
they had the lowest body mass index (BMI) and the highest AE frequency (Kruskal-Wallis test, p = 0.002,
and p = 0.035, respectively).

Spearman correlation analysis between clinical manifestations and cytokines revealed that AE frequency
was negatively correlated with sputum levels of Th17 cytokines (IL-17A, IL-22, and IL-23) and Th2
cytokines (IL-17E) (all p < 0.05), as shown in Figure 5. In addition, the level of IL-6 was positively
correlated with the length of non-invasive ventilation (r = 0.254, p < 0.05).

Th17 cytokine expression levels were related to AE frequency in COPD patients

We further analyzed the correlations between sputum levels of cytokines and AE frequency. As shown in
Table 3, in patients with high AE frequency (more than two times in the previous 12 months), the levels of
IL-17A and IL-22 were signi�cantly lower than those in patients with a relatively low AE frequency (≤ 2
times in the previous 12 months) (p = 0.036 and 0.019). Table 3 also lists other variables that exhibited
signi�cant differences between patients with a high AE frequency and those with a low AE frequency,
including the incidence of chronic cor pulmonale, GOLD stage, modi�ed British Medical Research Council
(mMRC) scores, 6-minute walking test results, COPD assessment test (CAT) scores and the levels of IL-23,
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and we also included the levels of IL-17E which were correlated with AE frequency. We further performed
backward stepwise logistic regression to analyze the independent relationship between Th17 cytokines
(IL-17A and IL-22) and high AE frequency. As shown in Table 3, reduced sputum levels of IL-17A were an
independent risk factor for high AE frequency, with an OR (95% CI) of 0.975 (0.958-0.993) and a p =
0.006.

Levels of IL-17A and IL-22 over the 120-day follow-up

We assumed that reduced expression levels of IL-17A and IL-22 indicated higher frequencies of AE.
Values of four-time points during the 120-day follow up were further assessed. As shown in Figure 6,
patients who revealed lower levels of IL-22 and IL-17A suffered a higher incidence of AE in the next 30
days, although without statistical signi�cance. The tendency remained the same for IL-22 at all four-time
points of follow-up, while IL-17A only maintained the trend 90 days after discharge.

Discussion
In the present study, we characterized the Th cell cytokine pro�les, including those for Th1, Th2, and Th17
cells and Treg, in sputum samples of 87 COPD patients during acute exacerbations. We identi�ed three
distinct Th cell cytokine pro�les during AE, including Th1highTh17high, Th1lowTh17low, and Th1highTh17low

pro�les, which exhibited signi�cantly different clinical outcomes. The Th1highTh17low pro�le during AE
was associated with increased duration of NPPV, lengths of hospital stay, and AE frequency. Moreover,
decreased sputum IL-17A levels were independently associated with increased AE frequency to more than
twice per year. We also identi�ed that defective IL-22 expression in COPD might persist and indicate acute
exacerbations in the short term.

Consistent with previous studies, our study showed that high expression of Th1 cytokines during
exacerbations was related to poor prognosis, which might be due to the role of Th1 cytokines in
promoting in�ammatory responses, mucus secretion, and tissue destruction. We found that the levels of
TNF-α exhibited the most signi�cant change during exacerbation among Th1 cytokines. As an essential
pro-in�ammatory cytokine, TNF-α plays a critical role in the stable stage and during AE of COPD. An
animal study showed that TNF-α was associated with cigarette-induced airway macrophage and
neutrophil in�ux, production of matrix metalloproteinase (MMP), and the development of emphysema
[30]. There is an increase in the levels of TNF-α in both induced sputum and serum in patients with stable
COPD, with a further rise during exacerbations [15, 31]. Singh et al. [15] found that elevated serum levels
of TNF-α in patients with stable COPD were related to reduced predicted FEV1%. The evidence above
indicates that TNF-α is closely correlated with disease progression and prognosis in COPD patients.
However, in patients with either stable COPD or exacerbations, anti-TNF therapies have not been proven
effective and might be associated with increased pulmonary infections and lung cancer [17–20].

Another pro-in�ammatory cytokine, IL-6, was related to the poor prognosis of COPD patients in our study.
IL-6 is a recognized biomarker of in�ammation. Hurst et al. [32] found that levels of IL-6 in the serum and
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airway during exacerbation were correlated with other in�ammatory markers, such as leukocyte count,
myeloperoxidase (MPO) and c-reactive protein (CRP). Pinto-Plata et al. [33] reported that the levels of IL-6
were signi�cantly correlated with changes in dyspnea and FEV1 in patients hospitalized for exacerbation
of COPD. Our results are consistent with the above studies, implying that severe in�ammatory response
during exacerbation leads to a poor clinical outcome.

We determined Th17 cytokine levels in COPD patients during and after exacerbation and found that IL-
17A and IL-22 contents increased signi�cantly during an exacerbation, which was consistent with results
from other studies [11, 34, 35]. Furthermore, we found that COPD severity was correlated with Th17
cytokine levels in sputum during exacerbation and those who cannot produce su�cient IL-17A and IL-22
suffer from a severe course, implying that Th17 cytokines play a protective role during exacerbation. This
�nding seems to be contradictory with previous studies, in which Th17 cytokines play a harmful role in
the pathogenesis and progression of COPD, such as being involved in neutrophilic in�ammation in the
lung [35], alveolar cell apoptosis [36], airway �brosis [37], emphysema development [38] and pulmonary
function decline [12, 16, 34]. Most exacerbations of COPD are caused by infection. Nontypeable
Haemophilus in�uenzae (NTHi) and Streptococcus pneumonia (S. pneumonia) are the most common
bacteria associated with COPD exacerbation.[39] Th17 cells play an important role in host defense
against pathogens in the lung, including bacteria, viruses and fungi. IL-17A and IL-22, the primary
cytokines produced by Th17 cells, induce neutrophil and macrophage recruitment, antimicrobial peptides
production and airway epithelial repair during infection [40, 41]. It has been con�rmed in animal models
and human immune cells that Th17 cells and cytokines are activated and participate in host defense and
clearance of pathogens during infection with NTHi and S. pneumonia.[42–45] Therefore, our results
suggest that Th17 cytokine levels increase during exacerbation and participate in the host defense
against pathogens, and patients with low levels of Th17 cytokines have a prolonged course and
increased severity of disease conditions.

The correlation between Th17 cytokines and AE frequency in COPD patients has not been investigated in
previous studies. Our �ndings showed that a high AE frequency is correlated with decreased sputum
Th17 cytokine levels during exacerbation and that a low level of IL-17A is a risk factor for frequent AE. We
infer that the anti-infection function of Th17 cytokines can reduce the risk of infection in patients with
COPD, thereby reducing AE frequency. This hypothesis is supported by clinical data from patients with
psoriasis who were treated with secukinumab, an anti-IL-17A antibody, who showed an elevated rate of
infection, especially respiratory disease [46]. Furthermore, an increased rate of exacerbation was
observed in another clinical trial in which patients with COPD were treated with CNTO 6785, another anti-
IL-17 antibody [21]. These results imply that the role of Th17 cytokines in COPD is quite complicated.
Although the Th17 cytokine response is related to chronic pulmonary in�ammation and airway
remodelling in COPD patients, it is vital to resist pathogens and prevent infection and frequent
exacerbation. Previous studies that found that Th17 cytokines promoted disease progression were based
mostly on results in the stable stage. Our studies showed that decreased levels of IL-17A and IL-22 during
exacerbations were related to course severity and AE frequency. This result implies that Th17 cytokines
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might play different roles in the stable stage and exacerbation stage, and subsequent studies need to pay
attention to this difference.

Our study showed that patients with Th1highTh17low pro�les had a worse prognosis than those with
Th1highTh17high patterns. This result suggests that among patients who had high levels of Th1 cytokines,
those who could produce su�cient Th17 cytokines would have better clinical outcomes than those who
could not. In other words, patients with a Th1/Th17 imbalance have the worst clinical manifestations. We
hypothesize that the Th1/Th17 imbalance is due mainly to some COPD patients having an impaired
ability to produce a Th17 response (especially IL-17A and IL-22 production), which results in increased
susceptibility to infection, thereby leading to increased exacerbation severity and frequency. Andelid et al.
[47] found that IL-17 concentrations in the blood were markedly lower in stable COPD patients than in
non-smoker control subjects; the group of Barczyk et al.[48] reported lower levels of IL-17 in the sputum of
COPD patients than in that of chronic bronchitis patients. This �nding suggests that the Th17 pathway
could be impaired in COPD patients. Pichavant et al.[43] found an increase in IL-17 and IL-22 levels in
BAL and lung lysates of air-exposed mice but not in those of CS (cigarette smoke) -exposed mice after S.
pneumonia challenge, and they found the same defect in PBMCs from COPD patients. Furthermore, in
that study, they found reduced levels of IL-17-producing NK and NKT cells and IL-22-producing
conventional T cells, NK cells, NKT-like cells, and Lin-negative cells in CS-exposed mice. All of the above
evidence, as well as our study, suggests that COPD patients have different abilities to produce Th17
responses, which may be one of the reasons for poor clinical trial results, and further clinical trials should
take this fact into account to select patients who may bene�t from anti-Th17 cytokine treatment.

The limitation of our study is that we did not determine the cytokine pro�les in the sputum of healthy
people, and the difference in Th17 cytokine levels between COPD patients and healthy people could not
be clari�ed. Our follow-up did not have enough patients or a su�cient period, so further study is needed.

Conclusion
Our study determined the cytokine pro�les in the sputum of patients with COPD. We identi�ed three
distinct Th cell cytokine pro�les during AE, namely Th1highTh17high, Th1lowTh17low, and Th1highTh17low

patterns, which exhibited signi�cantly different clinical outcomes. Th1/Th17 imbalance during AE is
associated with the severity of COPD. Su�cient Th17 cytokine responses (production of IL-17A and IL-22,
especially IL-17A) can reduce the frequency and severity of the exacerbation. The Th1/Th17 balance may
be a speci�c target for therapeutic manipulation of COPD.
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Tables
Table 1 Clinical characteristics of the patients according to GOLD stages.

GOLD

stage 1, 2

(n = 13)

GOLD

stage 3

(n = 32)

GOLD

stage 4

(n = 42)

p-value

74.08 ± 6.291 73.22 ± 9.882 70.40 ± 7.908 0.239

12 (92.3%) 29 (90.6%) 41 (97.6%) 0.354

21.17 ± 2.43 20.93 ± 2.69 22.00 ± 3.16 0.281

27.88 ± 21.60 27.72 ± 24.89 36.26 ± 25.91 0.289

7 (53.8%) 14 (43.8%) 12 (28.6%) 0.181

       

litus 1 (7.7%) 4 (12.5%) 7 (16.7%) 0.764

mia 0 (0.0%) 0 (0.0%) 3 (7.1%) 0.379

rt disease 5 (38.5%) 6 (18.8%) 13 (31.0%) 0.323

ey disease 0 (0.0%) 2 (6.3%) 0 (0.0%) 0.265

on frequency

onths

2 (1-4) 2 (1-5) 3 (2.75-6.25) 0.094

       

atory failure 3 (23.1%) 7 (21.9%) 6 (14.3%) 0.631

atory failure 3 (23.1%) 9 (28.1%) 11 (26.2%) 0.940

ventilation 0 (0.0%) 2 (6.3%) 13 (31%) 0.004

bation 0 (0.0%) 0 (0.0%) 2 (4.8%) 0.641

ortality 0 (0.0%) 0 (0.0%) 2 (4.8%) 0.641

pital stay, days 13 (9-20) 11 (10-15) 13 (11-16) 0.367

Pulmonary function parameters (FEV1/FVC and FEV1) are values after the use of a bronchodilator at the acute stage.
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GOLD, Global Initiative for Chronic Obstructive Lung Disease; BMI, body mass index; FVC, forced vital capacity; FEV1, forced

expiratory volume in one second.

Table 2 Clinical characteristics of the patients in three clusters.



Page 17/23

Cluster 1

(n = 26)

Cluster 2

(n = 56)

Cluster 3

(n = 5)

p-value

71.54 ± 8.941 72.38 ± 8.616 70.00 ± 6.364 0.799

24 (92.3%) 54 (96.4%) 4 (80.0%) 0.188

20.67 ± 3.49 22.13 ± 2.21 17.51 ± 3.59 0.002

27.17 ± 24.39 34.04 ± 23.95 32.00 ± 40.87 0.518

10 (38.5%) 23 (41.1%) 0 (0.0%) 0.237

       

litus 2 (7.7%) 10 (17.9%) 0 (0.0%) 0.412

mia 0 (0.0%) 3 (5.4%) 0 (0.0%) 0.622

rt disease 9 (34.6%) 13 (23.2%) 2 (40.0%) 0.402

ey disease 2 (7.7%) 0 (0.0%) 0 (0.0%) 0.199

51.4 ± 9.9 a 47.9 ± 9.5 b 45.0 ± 14.7 0.271

d 32.8 (25.3-45.7) a 29.5 (18.1-45.1) b 27.4 (19.2-47.2) 0.230

       

4 (15.4%) 8 (14.3%) 1 (20.0%) 0.889

9 (34.6%) 22 (39.3%) 1 (20.0%) 0.810

13 (50.0%) 26 (46.4%) 3 (60.0%) 0.823

on frequency

onths

2 (1-3) 3 (2-5.75) 4 (1-7) 0.040

       

atory failure 3 (15.4%) 12 (21.4%) 0 (0.0%) 0.651

atory failure 7 (26.9%) 15 (26.8%) 1 (20.0%) 1.000

ventilation 3 (11.5%) 9 (16.1%) 3 (60.0%) 0.050

n-invasive

ays

0 (0-0) 0 (0-0) 7 (0-18) 0.011

bation 1 (3.8%) 0 (0.0%) 1 (20.0%) 0.037

ortality 1 (3.8%) 0 (0.0%) 1 (20.0%) 0.037

pital stay, days 11 (9-14.25) 13 (11-15.75) 22 (15-23.5) 0.019

Pulmonary function parameters (FEV1/FVC and FEV1) are values after the use of a bronchodilator at acute stage.

a n = 22; b n = 51.



Page 18/23

GOLD, Global Initiative for Chronic Obstructive Lung Disease; BMI, body mass index; FVC, forced vital capacity; FEV1, forced

expiratory volume in one second; TNF, tumor necrosis factor; IL, interleukin.

Table 3 Univariate analysis and multivariate regression to identify independent factors that correlated with high AE frequency.

Variable Univariate analysis Multivariate logistic regression

P OR (95% CI) P OR (95% CI)

Age, yrs 0.084 1.047 (0.993-1.104)    

Male 0.991 1.010 (0.160-6.379)    

Chronic cor pulmonale 0.005 5.647 (1.517-21.016)    

GOLD 4 0.003 4.000 (1.591-10.056)    

mMRC score > 2 <0.001 5.500 (2.143-14.118)    

6MWD < 250m 0.001 4.705 (1.858-11.912)    

CAT score > 20 <0.001 8.140 (2.859-23.178) <0.001 12.965 (3.293-51.049)

IL-17A, pg/ml 0.036 0.986 (0.973-0.999) 0.006 0.975 (0.958-0.993)

IL-22, pg/ml 0.019 0.984 (0.970-0.997)    

IL-23, pg/ml 0.039 0.998 (0.997-1.000)    

IL-17E, pg/ml 0.114 0.999 (0.998-1.000)    

GOLD, global initiative for chronic obstructive lung disease; mMRC, modified British Medical Research Council; 6MWD, 6-minute

walking distance; CAT, COPD assessment test; IL, interleukin.

Figures
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Figure 1

Flowchart of the study population.
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Figure 2

Levels of cytokines at admission and discharge. * p < 0.05, ** p < 0.01, *** p < 0.001. TNF, tumor necrosis
factor; IFN, interferon; IL, interleukin.
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Figure 3

Grouping using k-means clustering (A) and clinical features across the three clusters (B)~(D). According
to the levels of cytokines at admission, 87 patients were divided into three clusters (cluster 1, cluster 2
and cluster 3, painted in red, green and blue, respectively, in the �gure) using a k-means clustering
algorithm.
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Figure 4

Levels of cytokines at admission across the three clusters. TNF, tumor necrosis factor; IL, interleukin.

Figure 5

Spearman correlation analysis between clinical features and the levels of cytokines at admission. r is the
correlation coe�cient. IL, interleukin.
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Figure 6

Levels of Th17 cytokines during the 120-day follow-up.
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