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Obesity frequently complicates the pathobiology, 
diagnosis, and management of asthma. Traditionally, obese 
asthma patients have been classified as presenting either 
early-onset obese asthma, characterized by atopy and type 2 
inflammation, or late-onset, noneosinophilic, obese asthma [1]. 
Obese asthma syndrome reflects these heterogeneous 
phenotypes in obesity-associated asthma [2]. 

In late-onset obesity-associated asthma, dominant non-T2 
neutrophilic inflammation is likely driven by cytokines such 
as IL-17A and TGF-β, key mediators of neutrophilic airway 
inflammation. However, studies suggest more marked recruitment 
of eosinophils to the lung in obese asthma patients than in their 
lean counterparts, with higher eosinophil levels in the airway 
submucosa despite low sputum eosinophils. Hence, the role of 
eosinophils in obese asthma syndrome remains unclear [3-6].

Weight loss, either through diet or through bariatric 
surgery (BS), has a beneficial effect on asthma control, 
reducing exacerbations and improving lung function in patients 
with asthma and comorbid obesity [2]. 

We hypothesized that the beneficial effects of weight 
loss are independent of the characteristics of the underlying 
inflammatory pattern. We aimed to evaluate the effect of weight 
loss on several cytokines and on CD4+ T-cell phenotypes in 
patients with nonobese asthma (NOA) and patients with obese 
asthma (OA), before and after BS.

Thirty-five asthma patients (21 OA with body mass index 
[BMI] ≥30 kg/m2 and 14 NOA <30 kg/m2) and 33 age- and 
sex-matched healthy controls (HCs) (BMI <25 kg/m2) were 
included. Patients with biological asthma treatments were 
excluded. We measured various cytokines and classified 
patients as having a type 1 helper T cell (TH1), TH17 (non-T2 

inflammation), or TH2 (T2 inflammation) inflammatory pattern, 
according to the presence of each of their most representative 
cytokines, that is, IFN-γ, IL-4, and IL-17A, respectively. The 
study was approved by the Ethics Committee of Hospital Clínic, 
Barcelona, Spain (2018/4015) (See Supplementary Files). 

We first analyzed cytokine expression. NOA and OA 
patients presented higher levels of IFN-γ, IL-17A, and thymic 
stromal lymphopoietin (TSLP) (all P<.005) than HCs. NOA 
patients also had higher levels of IL-13 and IL-1b than HCs, 
and OA patients presented higher levels of IL-8 than both 
NOA patients and HCs (all P<.005). Significant correlations 
between BMI, cytokines, and pulmonary function were found 
(see supplementary files). 

Second, we analyzed CD4+ T lymphocyte phenotypes, 
namely, TH1, TH17 (non-T2), and TH2 (T2), by measuring the 
median fluorescence intensity of IFN-γ, IL-4, and IL-17A, 
respectively. A predominantly TH2 inflammatory profile was 
observed in asthma groups compared to HCs; the difference 
was statistically significant only in NOA patients (P=.0260). 
TH17-mediated inflammation was more pronounced in OA 
than in NOA patients (P=.0080). No differences were found 
in the TH1 inflammatory signature between HCs, NOA, and 
OA patients (Figure, A). 

Analysis of the levels of IFN-γ, IL-4, and IL-17A in OA 
patients identified 3  clusters: cluster 1, which comprised 
patients with high IL-17 but low IL-4 and IFN-γ; cluster 2, 
which comprised patients with high IL-17 and IL-4 and low 
IFN-γ levels; and cluster 3, which comprised patients with low 
IL-17, IL-4, and IFN-γ levels.

Six months after BS, TH2, and TH17 inflammation 
decreased significantly (both P=.0313). TH1 inflammation 
remained unchanged (Figure, B).

In this preliminary study, we assessed the inflammatory 
profiles of OA and NOA patients and report 3 main findings. 
First, patients with asthma (both OA and NOA) present a high 
dispersion of cytokine serum levels. Second, in some patients, 
various cytokine profiles may combine, leading them to be 
grouped into different asthma clusters. And third, weight loss 
after BS, reduced inflammation independently of the obese 
asthma cluster.

Regarding proinflammatory cytokines, INF-γ and IL-17A 
levels were higher in OA and NOA patients than in HCs, 
probably reflecting an underlying inflammatory environment 
with a TH1 and TH17 response in all the asthma patients, 
independently of their BMI [3]. 

Only NOA patients presented higher IL-13 levels than 
HCs, suggesting, together with a higher eosinophil count than 
HCs and OA patients, a T2-driven response, in contrast to the 
more commonly dominant non-T2 (TH1 and TH17) responses 
found in obesity-related asthma [7]. This is supported by 
previous findings from our group [8], where IL-5, a crucial 
marker of T2 inflammation, was only significantly increased 
in NOA patients. 
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Figure. Median fluorescence intensity (MFI) of IFN-γ, IL-4, and IL-17 median fluorescence intensity (MFI) in CD4+ T-cell subsets. A, Baseline comparison 
of MFI between healthy controls (HC) (squares), nonobese asthma patients (NOA) (triangles), and obese asthma patients (OA) (circles). OA patients 
are grouped up into 3 clusters based on their cytokine predominance profile. Cluster 1 (blank circle) patients have high IL-17 but low IL-4 and IFN-γ. 
Cluster 2 (filled circle) comprises patients with high IL-17 and IL-4 and low IFN-γ. Cluster 3 (crossed circle) comprises patients with low IL-17, IL-4 
and IFN-γ. B, MFI in obese asthma patients before (V1) and 6 months after bariatric surgery (V2). TH indicates helper T. V1, visit 1; V2, visit 2. Data are 
presented as median (IQR) and individual values..

OA and NOA patients had higher levels of the alarmin 
TSLP. In addition, a positive correlation was observed between 
TSLP and BMI, consistent with TSLP playing its role higher 
up in the inflammatory cascade than other cytokines and, 
therefore, being present in different asthma clusters. 

Analysis of CD4+ TH profiles and the different asthma 
clusters in the study population reveals interesting results. 
First, we found 3 clusters that group patients with different 
inflammatory profiles. Cluster 1 comprised patients with 
high IL-17 but low IL-4 and IFN-γ levels, suggesting a 
predominance of TH17 inflammation, as reported elsewhere 
for obese asthma patients [3,9]. Cluster 2 comprised patients 
with high IL-17 and IL-4 and low IFN-γ levels, thus revealing 
a mixed TH17 and TH2 inflammatory profile. Consequently, 
different inflammatory patterns may coexist in the same 
individual, with both TH2 and TH17 cytokines playing a 
role in the pathogenesis of obesity-related asthma. Finally, 

patients with low IL-17, IL-4, and IFN-γ levels made up 
Cluster 3, where other cytokines may have been responsible 
for the underlying inflammation. This lack of representation 
of a TH1 profile may be a potential limitation of the study. 
However, all these results reflect the complexity of obese 
asthma syndrome [2,10].

The effect of BS was studied at 6 months in OA patients. 
Although IFN-γ values remained unchanged, IL-4 and 
IL- 17A levels decreased significantly after BS. Weight loss, 
achieved through lifestyle changes, GLP-1 agonists, or BS 
reduces asthma exacerbations, airway hyperresponsiveness, 
and systemic inflammation, improving obesity-related 
asthma regardless of the predominant endotype [2,11,12]. In 
summary, despite the limited number of patients included, our 
results lay the foundation for further research and emphasize 
that different endotypes may coexist in the same patient, 
potentially explaining variability in response to treatment. 
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Most importantly, regardless of the cluster an obese asthma 
patient belongs to, weight loss improves their inflammatory 
profile.
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