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Background: The AtyPical Asthma in China (APAC) cohort is a multi-center prospective, observational cohort set-up to investigate the clinical, pathophysiological features, prognosis, and mechanisms of cough variant asthma (CVA).

Objectives: To present the characteristics of newly physician-diagnosed adults with CVA (n = 328) compared to mild-moderate classic asthma (CA, n = 206).

Methods and Main Results: CVA subjects showed a higher proportion of female (67.1 vs. 55.3%, P = 0.0084), abnormal laryngopharyngeal sensations (71 vs. 51%, p < 0.0001) than CA, but presented with near normal spirometry and higher methacholine PD20-FEV1 values [4.2 (1, 8.6) vs. 0.8 (0.4, 4.7), P < 0.0001]. Lower fractional exhaled nitric oxide (FENO) levels [38.5 (19.8, 72.5) vs. 53. (28.5, 92.2), P = 0.0019], blood eosinophil counts [0.2 (0.1, 0.4) vs. 0.3 (0.2, 0.5), P = 0.0014], and sputum eosinophils [2.3 (0.3, 8.0) vs. 12.2 (2, 34.5), p < 0.0001] were found in CVA. Despite lower total serum IgE levels in CVA, there was similar proportion of atopy in both groups. The prevalence of cough in CA was 86.4%, while CVA reported more severe cough on Visual Analog Scale, Cough Evaluation Test, and Leicester Cough Questionnaire, similar anxiety and depression scores but better asthma control scores as reflected by Asthma Control Test compared to CA. No correlation was found between cough assessment outcomes and sputum eosinophil count, blood eosinophil count, FENO, spirometry variables, or PD20-FEV1.

Conclusion: Cough variant asthma is distinctive from classic asthma in regard to clinical features, lung function, and airway inflammation. Quality of life is badly impaired as well in spite of better asthma control scores.
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INTRODUCTION

Bronchial asthma is characterized by wheeze, dyspnea, chest tightness, and cough, and by variable expiratory airflow limitation (1). While cough occurs usually in association with wheeze and dyspnea in patients with classic asthma (CA), it can also present as the sole manifestation of asthma as first described by Corrao and colleagues in cough variant asthma (CVA) (2). CVA has been recognized as specific form of asthma that is usually diagnosed by bronchial hyperresponsiveness (BHR) and/or diurnal variability in lung function (1, 3, 4). CVA has also been identified as one of the most common causes of chronic cough (ranging from 10 to 42%) (5, 6). According to the onset, triggers, severity, airway inflammation or response to treatment, asthma can be divided into different phenotypes, such as early-onset or late-onset, severe asthma, steroid-resistant asthma, or eosinophilic asthma. By contrast, CVA, one of the most common phenotypes of asthma remains ill-understood partly due to the lack of appreciation that an isolated cough may be caused by asthma (1).

Although some studies have shown that CVA shares similarities with CA in terms of BHR and airway eosinophilic inflammation (7, 8), others have reported milder BHR and airway inflammation in CVA (9). Such discrepancies maybe partly due to reports from single centers, their retrospective design, and the small sample size studied. Another consideration is the lack of information on the inflammation accompanying CVA. Cough associated with asthma can be troublesome and can be a prominent symptom, and the therapeutic efficacy of asthma therapies on cough can be variable in both CVA and CA, which can result in potentially significant physical, psychological, and social morbidity (10–12). The discovery of new treatment targets of asthmatic cough and identification of treatable traits suited to individualized treatment have been hindered by a poor understanding of the physiological, pathological, and molecular mechanisms of asthmatic cough.

To address these issues, we set up the AtyPical Asthma in China (APAC) cohort, a multi-center prospective, observational cohort, with the aim of (i) investigating the clinical features, airway inflammation and prognosis of CVA, (ii) identifying multidimensional phenotypes, treatable traits, and new treatment targets of CVA, and (iii) thereby improving the evaluation and treatment strategies of atypical asthma. In this study, with the aim of investigating the distinct characteristics of CVA, we present the cross-sectional assessment of patients with CVA and those suffering from mild-moderate CA from the APAC cohort consisted of analyses of baseline clinical features, lung function, blood, and airway inflammatory measurements.



METHODS


Study Design and Subjects

This was a multicenter, prospective, observational cohort study for newly physician-diagnosed adult CVA recruited from outpatient clinics of 17 centers located in nine provinces of China. From December 2017 to February 2020, consecutive newly physician-diagnosed adult CVA and CA subjects were recruited at a ratio of 2:1. Eligible subjects underwent a baseline visit with (1) detailed medical history and physical examination recorded in a standard case report frame; (2) completion of Asthma Control Test (ACT), Cough Evaluation Test (CET), Cough Visual Analog Scale (VAS), Leicester Cough Questionnaire (LCQ), Self-rating Anxiety Scale (SAS), and Self-Rating Depression Scale (SDS); (3) performance of spirometry and assessment of variable airflow limitation; and (4) induced sputum test, fractional exhaled nitric oxide (FENO), chest radiograph, and hematological profiles. The control-based asthma management according to the Global Initiative for Asthma (GINA) guidelines and the Chinese Guidelines for Diagnosis and Management of Cough (2015) (4) were used as general principles of treatment, and asthma management was the responsibility of the physicians at the recruitment sites. The participants with CVA were reviewed monthly after enrollment for at least 6 months.

The diagnosis of asthma was made according to Global Initiative for Asthma (GINA) guidelines and Chinese Guidelines for Diagnosis and Management of Cough (2015) (1, 4). CVA was diagnosed on the basis of (1) chronic cough as the sole or predominant symptom lasting for more than 8 weeks, (2) evidence of variable airflow limitation [positive bronchial challenge test (fall in FEV1 from the baseline of ≥ 20% with 12.8 μmol of methacholine or with 7.8 μmol of histamine), or positive bronchodilator reversibility test (increase in FEV1 ≥ 12% and 200 ml from the baseline)], and (3) cough improved with anti-asthmatic therapy during the follow-up (4). A diagnosis of CA was accepted based on variable respiratory symptoms, such as wheeze, shortness of breath, chest tightness and/or cough, and evidence of variable airflow limitation. Exclusion criteria included (1) experiencing respiratory tract infection within the previous 4 weeks; (2) receiving antiasthma medications within the previous 4 weeks, including oral or inhaled corticosteroid, leukotriene receptor antagonist, or antihistamine agents; (3) obvious abnormality of chest imaging; (4) suspected other causes of chronic cough; and (5) pregnancy, breast-feeding, usage of angiotensin converting enzyme inhibitors drug, history of drug or alcohol abuse, other pulmonary disease, or significant comorbidity likely to influence the conduct of the study.

The local ethics committees at each center approved the study. The research was registered on Chinese Clinical Trial Registry (ChiCTR1800014845). All the participants signed informed consent to participate.



Assessment

The serum levels of total and specific IgE antibodies were measured by ImmunoCap (Phadia AB, Uppsala, Sweden). Specific IgE antibody levels to common allergens, including dust mite (Dermatophagoidespteronyssinus and Dermatophagoidesfarina), cockroach, mold mix (Penicillium, Cladosporium, Aspergillus, Candida, Alternaria and Helminthosporiumcarposaprum), mixed weed pollens (ragweed, mugwort, dandelion, oxeye daisy, and golden rod), and mixed dander (cat, dog, cattle, and horse) were measured. Atopy was defined as at least one positive specific IgE (>0.35 KU/L) to any of these allergens.

Spirometry and bronchial challenge test were performed according to the current ATS/ERS guidelines (13, 14). The provocative cumulative dose of methacholine causing a 20% fall in FEV1 (PD20-FEV1) was used as a measure for BHR.

FENO was measured in accordance with the standard procedure (15). Briefly, the subjects were informed to exhale to the residual air position, and then inhale deeply via a mouthpiece and then exhale with a constant flow (0.05 L/s) for 10 s using NIOX VERO (Aerocrine Company, Sweden).

Sputum was induced and processed as described previously (4). Briefly, sputum was induced with 3% saline. Sputum plugs were selected and mixed with four times its volume of 0.1% dithiothreitol. The cell smear was stained with hematoxylin-eosin. The differential cell count was obtained by counting 400 non-squamous cells.

ACT was used for assessment of asthma control (16). The cough VAS is a 100-mm scale on which the patients indicated the severity of cough. CET is a validated 5-item test to evaluate the full impact of chronic cough with regard to physical, social, and psychological aspects (17). Cough-related quality of life was assessed by LCQ that contained 19 items divided into three domains (physical, psychological, and social) (18). The SAS and SDS were used for general anxiety and depression assessment, respectively.



Statistical Analysis

Data were expressed as frequency (percentage), mean ± standard deviation or median, and interquartile range [25%, 75%]. Missing data were not imputed. Statistical comparisons between groups were performed with independent sample t-test for normally distributed data, Mann–Whitney U test for skewed data, and Chi-square tests or Fisher's exact test for categorical variables. The correlation of two parameters was tested with Spearman's correlation test and was plotted through the “corrplot” R package. All analyses were conducted using R software Version 3.6.3 (http://CRAN.R-project.org, R Foundation, Vienna, Austria).




RESULTS


Demographic Characteristics

From December 2017 to February 2020, 422 newly physician-diagnosed CVA and 243 newly physician-diagnosed CA were recruited. Of the recruited participants, 131 participants were excluded for lacking of variable airflow limitation, cough lasting <8 weeks in physician-diagnosed CVA, withdrew, or other reasons (Figure 1). A total of 328 subjects with CVA and 206 subjects with CA were finally included for the following analysis.


[image: Figure 1]
FIGURE 1. A consort diagram. CVA, cough variant asthma; CA, classic asthma; FENO, fractional exhaled nitric oxide.


Compared with patients with CA, the proportion of female (67.1 vs. 55.3%, P = 0.0084) was higher and in patients with CVA. There was no significant difference in body mass index, duration of disease, smoking history, educational status, past history of allergies, or family history of asthma between CVA and CA (Table 1).


Table 1. Demographic characteristics of subjects.
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Clinical Features and Comorbidities

Cough was a very common symptom in CA with prevalence of up to 86.4%. Compared with CA, the proportion of patients who experienced itchy throat (52.4 vs. 37.4%, P = 0.0009), itching below the throat (13.1 vs. 6.8%, P = 0.0311) or pharyngeal foreign body sensation (26.2 vs. 18.4%, P = 0.0494) was higher in CVA. More patients with CVA (71 vs. 51%, P < 0.0001) experienced abnormal laryngopharyngeal sensations (itchy throat, itching below the throat, pharyngeal foreign body sensation, or frequent throat clearing). There was no significant difference between CA and CVA, in terms of runny nose, postnasal dripping, sneezing, nasal congestion, hyposmia, acid regurgitation, heartburn, or belching (Table 2).


Table 2. Clinical features and comorbidities of subjects.

[image: Table 2]

Allergic rhinitis was common in both CVA (43.3%) and CA (48.1%). The prevalence of sinusitis, eczema, gastro-esophageal reflux disease or other comorbidities was <10%, with no significant difference reported in both groups (Table 2).



Subjective Questionnaire Assessment

The ACT score reflected poor asthma control in both groups, but the ACT score of CA was significantly lower than that of CVA (16.2 ± 3.8 vs. 18.2 ± 3.4, P < 0.0001). Cough of CVA was slightly more severe than that of CA (VAS: 53.7 ± 21.7 vs. 45.5 ± 29.5, P = 0.0004; CET: 13.5 ± 4.1 vs. 12.4 ± 5, P = 0.0067). The cough-specific quality of life reflected by LCQ was lower in CVA, while general anxiety and depression reflected by SAS and SDS scores, respectively, were similar between CVA and CA (Table 3).


Table 3. Questionnaire assessment.
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Lung Function and Inflammatory Biomarkers

FEV1 (% predicted), FVC (% predicted), and the FEV1/FVC ratio of the patients with CVA were nearly normal and were significantly higher than that in patients with CA (Table 4). The PD20-FEV1 values in CVA were higher than that in CA [4.2 (1, 8.6) vs. 0.8 (0.4, 4.7), P < 0.0001].


Table 4. Lung function and inflammatory features.
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Compared to CA, there was significantly lower FENO [38.5 (19.8, 72.5) vs. 53 (28.5, 92.2), P = 0.0019, Figure 2A], blood eosinophil count [0.2 (0.1, 0.4) vs. 0.3 (0.2, 0.5), P = 0.0014, Figure 2B], and sputum eosinophil count [2.3 (0.3, 8.0) vs. 12.2 (2, 34.5), P < 0.0001, Figure 2C] in CVA. Similarly, the proportion of sputum eosinophilia (≥ 2.5%), elevated FENO (≥ 25 ppb), or elevated blood eosinophil count (≥0.3 *109) in CVA was significantly lower than that of CA respectively (Table 4). The proportion of elevated FENO, sputum, or blood eosinophils was 73.1% in CVA, which was significantly lower than that in CA (82.3%). Although lower total serum IgE values [106.6 (35.3, 269.5) vs. 160.6 (67.8, 412.8), P = 0.0013] were present in CVA, there was a similar proportion of atopy in both groups.


[image: Figure 2]
FIGURE 2. Violin-boxplots of (A) fractional exhaled nitric oxide (FENO, ppb), (B) blood eosinophil count per 109 (Blood-Eos), and (C) sputum eosinophil % (Sputum-Eos) between cough variant asthma (CVA) and classic asthma (CA). The boxes represent median and interquartile range values. Raw data are denoted by black dots, each representing one subject. *Refers to p < 0.05.




Medications

At entry, initial treatment was similar between CVA and CA. About 95.7% of CVA and 93.7% of CA were prescribed with inhaled corticosteroids in combination with long-acting beta two agonists. Within the CVA and CA groups, 53.2 and 52.4%, respectively, received leukotriene receptor antagonists, and 14.6 and 8.5%, respectively, received antihistamines therapy.



Correlation Analysis

There was no significant correlation between cough assessment outcomes (VAS or CET) and indexes of airway inflammation (sputum eosinophils, blood eosinophils, and FENO), spirometry variables or PD20-FEV1 (Figure 3A). ACT was weakly but significantly correlated with FEV1 (% predicted), the FEV1/FVC ratio, and sputum eosinophils, respectively. PD20-FEV1 showed weak correlation with sputum eosinophil count. However, those correlations were not found when CVA (Figure 3B) or CA (Figure 3C) was analyzed separately.


[image: Figure 3]
FIGURE 3. Correlation among inflammatory indexes, lung function, and questionnaire assessments in all the subjects (A), the subjects with cough variant asthma (B), and the subjects with classic asthma (C). *Refers to p < 0.05. FEV1%, forced expiratory volume in 1 s, % predicted; FVC, forced vital capacity, % predicted; Blood-Eos, blood eosinophil count; FENO, fractional exhaled nitric oxide; Sputum-Eos, sputum eosinophil count; ACT, asthma control test; VAS, cough visual analog scale; CET, cough evaluation test; PD20-FEV1, provocative cumulative dose of methacholine causing a 20% fall in FEV1. The size of the circle and the intensity of the color represent the correlation coefficient, with the larger size and deeper color indicating a higher correlation coefficient value; a red color indicates a positive correlation, while blue color indicates a negative correlation.





DISCUSSION

In this large APAC asthma cohort, we compared patients with newly physician-diagnosed CVA with mild-moderate classic asthma in terms of baseline clinical features, lung function, and inflammatory characteristics. CVA showed female predominance, higher incidence of abnormal laryngeal symptoms, higher ACT scores and slightly more severe cough, while CVA had better lung function, milder BHR, and less severe eosinophilic inflammation as reflected by sputum eosinophil counts, blood eosinophil counts, and FENO, compared with CA. There were comparable proportions of atopy, comorbidities, and accompanying symptoms, as well as a similar degree of general anxiety and depression between CVA and CA.

Asthma and atopic conditions are usually more prevalent in women as from adolescence (19). Compared with CA, while there was a similar proportion of atopy, female predominance in patients with CVA was observed in the current study, as we previously reported (20, 21). The patients with chronic cough also showed female predominance, which might be related to the heightened cough sensitivity reported in females (22). In the current study, we found a similar incidence of rhinitis in CVA and CA. We have recently reported the prevalence of rhinitis in patients with CVA to be 47.1% (21), compared to 43.3% in the current study. There was no significant difference between these two conditions in terms of the incidence of sinusitis, allergic eczema, gastro-esophageal reflux disease, or other comorbidities, indicating that comorbidities may play a little role in the clinical and pathophysiologic differences between CVA and CA.

Sputum eosinophils, blood eosinophils, and FENO are used as biomarkers of airway eosinophilic or Type 2 inflammation (1, 23). We found a high proportion of CVA with sputum and blood eosinophilia, and elevated FENO, as has been previously reported (7–9, 24). But eosinophilic inflammation was milder in CVA compared to CA. However, other studies have reported that there was no significant difference in blood sputum eosinophilia between CA and CVA (7, 8, 24), which may have been due to the small sample size of these studies (12 to 41 subjects per group). Lower FENO in CVA compared to CA has also been reported in other studies (9, 25), together with the proportion of airway eosinophilic inflammation in CVA being significantly lower than that in CA. Nearly one-quarter of patients with newly diagnosed CVA in APAC had non-eosinophilic inflammation according to sputum eosinophil counts, FENO, or blood eosinophil counts. Apart from this large sample size from our multi-center study, another strength of our data is the “natural state” of illness since all our subjects were newly diagnosed CA and CVA who had not received standard anti-asthmatic treatment previously.

There are also conflicting reports regarding BHR with studies showing comparable levels (7, 8, 24), while others showed milder BHR in CVA (9). These differences may be attributed to the different populations and small sample size as well. We found that BHR was milder in CVA than in CA, and we found that sputum eosinophils correlated with BHR. However, the relationship between eosinophils and BHR has been questioned since the anti-IL-5 antibody failed to suppress BHR in spite of a significant reduction in sputum eosinophils (26). There are other potential factors that can contribute to BHR, such as abnormalities of airway smooth muscle, presence of airway remodeling and non-eosinophilic inflammation, and abnormalities in the neural control of the airway caliber (27). However, none of these by themselves fully explain BHR.

Anxiety and depression are common and are comorbidities associated with uncontrolled asthma (28). Compared with CA, the patients with CVA showed comparable general anxiety and depression with slightly worse cough related to quality of life in our data. One study has reported that the patients with CVA were more depressed and anxious than patients with CA (29), suggesting that cough caused similar impact on quality of life in patients with CVA as with CA in spite of minimal or no report of wheeze or dyspnea in CVA. These co-morbid psychological conditions should be considered in the patients with CVA. CVA showed better asthma control status than CA, as assessed by ACT. However, cough is not a symptom that is measured in the ACT questionnaire (16). Increased cough frequency is an indicator of a more severe and difficult to control disease in asthma (30, 31). In addition, the ACT score was only mildly correlated with spirometry or airway inflammation for the whole asthma group, but there was no correlation when CVA or the CA group was analyzed separately, which may lead to an underestimation of the CVA control. Cough frequency reflected asthma control independent of airflow obstruction and inflammation (31). Therefore, the asthma control status of CVA or of cough-predominant asthma should be assessed thoroughly with the inclusion of cough, which is not currently the case.

In this study, the patients with CVA had nearly normal spirometry, which was significantly better compared to the patients with CA. The near-normal spirometric indices with milder bronchial responsiveness are likely factors that account for the absence of wheezing in CVA (32, 33). Cough in the patients with CA was also common. Although CVA presented with more severe cough than in CA, the difference was very modest and was less than the minimal clinically important difference, suggesting that cough was also a bothersome feature of CA, which is not captured on ACT scores. The general assumption underlying the mechanisms of asthmatic cough is that the cough reflex is stimulated by airway inflammatory mediators, mucus, and bronchoconstriction (34). Allergen-induced bronchoconstriction and airway eosinophilia result in increased cough reflex sensitivity associated with an increased cough (35). CVA also showed heightened cough response to bronchoconstriction, and coughing occurred with even mild bronchoconstriction (36). Muscarinic receptor stimulation, bronchoconstriction or bronchodilatation may have no direct effect on the sensitivity of the cough receptors (37). BHR, spirometry, and airway inflammation did not correlate with indices of cough severity, indicating that these parameters may not account for the clinical differences found between CVA and CA.

Neural dysfunction is a feature of asthma as demonstrated by the exaggerated capsaicin-evoked cough responses in asthmatics (38). Furthermore, features of laryngeal hypersensitivity, such as tickle in the throat, throat clearing, and irritation in the throat, are common in patients with chronic cough (39, 40), together with an abnormal sensation in the laryngeal area frequently associated with cough hypersensitivity (40, 41). Compared with CA, a higher proportion of the patients with CVA experience cough-related laryngopharyngeal symptoms, indicating cough hypersensitivity in CVA. In addition, abnormal pharyngeal sensations were distinct features of CVA, irrespective of sex and age (Supplementary E-Table 1). Although we did not measure cough challenge sensitivity, such as capsaicin inhalation challenge, cough hypersensitivity has been reported to be enhanced in the patients with CVA (11, 20), as well as in CA (38). Therefore, cough hypersensitivity may underlie the asthmatic cough. Cough related to cough hypersensitivity is likely resistant to the mainstay treatment consisting of inhaled corticosteroids and/or add on beta 2 agonists, which successfully relieve airway inflammation and airflow obstruction (42). We previously found that heterogeneity of cough hypersensitivity mediated by TRPV1 and TRPA1 was presented in the patients with chronic refractory cough (43). The heterogeneity underlying the development and persistence of chronic cough and cough hypersensitivity begins with the multiple peripheral and central neural pathways capable of eliciting cough and extends to the phenotypic and endotypic presentations that can vary between individual asthmatics with cough (44). Central neuromodulators, such as gabapentin, amitriptyline, and pregabalin, as well as the antagonists of the P2X3 receptor, mainly expressed on the C fibers of the primary afferent sensory nerves, are promising antitussives (45). These neuromodulators and new medications that targeted cough hypersensitivity may improve refractory asthmatic cough. A better understanding of how heterogeneity of cough hypersensitivity is expressed across CA and CVA is needed, which would unveil the pathophysiological and molecular mechanisms of asthmatic cough and facilitate the development of more personalized clinical approaches to manage asthmatic cough.

There are some limitations to our study. First, medical history and symptom assessment were assessed by questionnaires, which may be prone to recall bias. Second, the cough features were only measured by subjective questionnaires with lack of objective measures, such as cough count monitoring or cough reflex sensitivity test. The use of such objective measures of cough would be helpful to understand the asthmatic cough more completely. Third, the success rate in obtaining adequate quality sputum for analysis was only in the 57–62% range, which may lead to bias in the assessment of airway inflammation.

In conclusion, we describe the clinical characteristics of newly physician-diagnosed cough variant asthma in one of the largest cohorts of CVA from a multi-center study in China using standard questionnaires with evaluation of cough, airflow obstruction, bronchial hyperresponsiveness, and biomarkers of inflammation. A higher proportion of females, abnormal pharyngeal symptoms, better lung function, milder bronchial hyperresponsiveness, less severe airway eosinophilic inflammation, together with the absence of wheeze, distinguishes CVA from CA. To enable better understanding of disease mechanisms, it would be important to characterize the cough and cough hypersensitivity that spans across both CA and CVA. In addition, cough is a symptom that should be assessed as part of asthma control.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Institutional Ethics Committee of the First Affiliated Hospital of Guangzhou Medical University (no. 201675). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

KL, HS, NZ, and RoC: conception and design. WZ, FW, YZ, LL, WLi, FY, ZJ, YD, SL, JL, YY, YJ, CQ, LZ, MC, ZQ, HL, RuC, WL, JX, XY, GS, and DS: recruiting subjects and acquisition of data. MJ, KL, WZ, HS, and NZ: analysis and interpretation. KL, WZ, HS, NZ, and KC: critical review and editing. All authors participated in manuscript writing and editing and read and approved the final manuscript.



ACKNOWLEDGMENTS

The authors thank all the patients who participated in this study, and they also thank Jie Gao, Yi He, Dengyuan Li, Jingman Qiu, Ruibin Wang, Zhenming Huang, Yanyan Xu, Xiaotao Hu, Yuanbin Chen, Mingjuan Zhou, Lei Wu, Feiting Fan, Han Xie, Wen Hua, Huaqiong Huang, Na Li, Yaqing Huang, Jinkai Liu, Bin Shen, Zhangwei Qiu, Jindun Ding, Xiaoting Xu, Minghang Wang, Yanmin Shi, Xinmin Tu, Hongyu Long, Ying Nong, Jie He, Yuping Jia, Xiaoyan Zhang, Yongming Zhang, Qing Zhang, Chunxiao Li, Zhencui Ren, Qingqing Han, Xue Li, Xiaowei Gong, Xuefeng Yuan, Yinghan Long, Qiaoling Liang, Mengjie Feng, Dandan Chen, Danna Wang, Hu Liu, Jiahui Lei, Yali Xiao, Jing Xie, Cuiyi Chen, Yu'e Huang, Li Yu, Xianghuai Xu, Cuiqin Shi, Li Cong, Lanyue Hu, Jun Zhou, Li Song, Chunmei Yun, Huifang Song, Cuicui Liu, Di Wu, Yanqing Xie, Yiqiu Zhu, Qiaoli Chen, Yufang Tang, Shuqi Deng, Nan Li, Mingtong Lin, Keheng Xiang, Zien Feng, Wenbin Ding, and Jiaqi Zhang for assistance with the recruiting subjects.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.807385/full#supplementary-material



ABBREVIATIONS

APAC, AtyPical Asthma in China; CA, classic asthma; CVA, cough variant asthma; BHR, bronchial hyperresponsiveness; ACT, asthma control test; CET, cough evaluation test; VAS, visual analog scale; LCQ, leicester cough questionnaire; SAS, self-rating anxiety scale; SDS, self-rating depression scale; FENO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MMEF, maximum mid-expiratory flow; PD20-FEV1, the accumulated provocative dose resulting in a 20% decrease in FEV1; Blood-Eos, blood eosinophils; Sputum-Eos, sputum eosinophils; BMI, body mass index.



REFERENCES

 1. Global Initiative for Asthma,. Global Strategy for asthma management prevention (2020 Update). Available online at: www.ginasthma.org (accessed September 22, 2020).

 2. Corrao WM, Braman SS, Irwin RS. Chronic cough as the sole presenting manifestation of bronchial asthma. N Engl J Med. (1979) 300:633. doi: 10.1056/NEJM197903223001201

 3. Dicpinigaitis PV. Chronic cough due to asthma: ACCP evidence-based clinical practice guidelines. Chest. (2006) 129:75S−79S. doi: 10.1378/chest.129.1_suppl.75S

 4. Asthma Workgroup Chinese Society Respiratory Diseases (CSRD) Chinese Medical Association. Guidelines for Diagnosis and Management of Cough (2015). Chin J Tubere Respir Dis. (2016) 39:323–354 (Article in Chinese). doi: 10.3760/cma.j.issn.1001-0939.2016.05.003

 5. Chung KF, Pavord ID. Prevalence, pathogenesis, and causes of chronic cough. Lancet. (2008) 371:1364–74. doi: 10.1016/S0140-6736(08)60595-4

 6. Lai K, Chen R, Lin J, Huang K, Shen H, Kong L, et al. A prospective, multicenter survey on causes of chronic cough in china. Chest. (2013) 143:613–20. doi: 10.1378/chest.12-0441

 7. Niimi A, Amitani R, Suzuki K, Tanaka E, Murayama T, Kuze F. Eosinophilic inflammation in cough variant asthma. Eur Respir J. (1998) 11:1064–9. doi: 10.1183/09031936.98.11051064

 8. De Diego A, Martinez E, Perpina M, Nieto L, Compte L, Macian V, et al. Airway inflammation and cough sensitivity in cough-variant asthma. Allergy. (2005) 60:1407–11. doi: 10.1111/j.1398-9995.2005.00609.x

 9. Shimoda T, Obase Y, Kishikawa R, Iwanaga T, Miyatake A, Kasayama S. The fractional exhaled nitric oxide and serum high sensitivity C-reactive protein levels in cough variant asthma and typical bronchial asthma. Allergol Int. (2013) 62:251–7. doi: 10.2332/allergolint.12-OA-0515

 10. Côté A, Russell RJ, Boulet L, Gibson PG, Lai K, Irwin RS, et al. Managing chronic cough due to asthma and NAEB in adults and adolescents: CHEST guideline and expert panel report. Chest. (2020) 158:68–96. doi: 10.1016/j.chest.2019.12.021

 11. Dicpinigaitis PV, Dobkin JB, Reichel J. Antitussive effect of the leukotriene receptor antagonist zafirlukast in subjects with Cough-Variant asthma. J Asthma. (2002) 39:291–7. doi: 10.1081/JAS-120002285

 12. Kamimura M, Izumi S, Hamamoto Y, Morita A, Toyota E, Kobayashi N, et al. Superiority of nebulized corticosteroids over dry powder inhalers in certain patients with cough variant asthma or cough-predominant asthma. Allergol Int. (2012) 61:411–7. doi: 10.2332/allergolint.11-OA-0357

 13. Graham BL, Steenbruggen I, Miller MR, Barjaktarevic IZ, Cooper BG, Hall GL, et al. Standardization of spirometry 2019 update. An official american thoracic society and european respiratory society technical statement. Am J Resp Crit Care. (2019) 200:e70–88. doi: 10.1164/rccm.201908-1590ST

 14. Coates AL, Wanger J, Cockcroft DW, Culver BH, Carlsen K, Diamant Z, et al. ERS technical standard on bronchial challenge testing: general considerations and performance of methacholine challenge tests. Eur Respir J. (2017) 49:1601526. doi: 10.1183/13993003.01526-2016

 15. ATS/ERS ATS/ERS recommendations for standardized procedures for the online and offline measurement of exhaled lower respiratory nitric oxide and nasal nitric oxide 2005. Am J Resp Crit Care. (2005) 171:912–30. doi: 10.1164/rccm.200406-710ST

 16. Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. Development of the asthma control test: a survey for assessing asthma control. J Allergy Clin Immun. (2004) 113:59–65. doi: 10.1016/j.jaci.2003.09.008

 17. Zhan W, Zhang L, Jiang M, Chen M, Yuan X, Sun J, et al. A new simple score of chronic cough: Cough evaluation test. BmcPulm Med. (2020) 20:68. doi: 10.1186/s12890-020-1106-1

 18. Birring SS, Prudon B, Carr AJ, Singh SJ, Morgan MD, Pavord ID. Development of a symptom specific health status measure for patients with chronic cough: Leicester Cough Questionnaire (LCQ). Thorax. (2003) 58:339–43. doi: 10.1136/thorax.58.4.339

 19. Ridolo E, Incorvaia C, Martignago I, Caminati M, Canonica GW, Senna G. Sex in respiratory and skin allergies. Clin Rev Allergy Immunol. (2019) 56:322–32. doi: 10.1007/s12016-017-8661-0

 20. Lai K, Long L, Yi F, Tang J, Chen Z, Chen F, et al. Age and sex distribution of chinese chronic cough patients and their relationship with capsaicin cough sensitivity. Allergy Asthma Immunol Res. (2019) 11:871. doi: 10.4168/aair.2019.11.6.871

 21. Lai K, Zhan W, Li H, Yi F, Peng W, Zhou J, et al. The predicative clinical features associated with chronic cough that has a single underlying cause. J Allergy Clin Immunol Pract. (2021) 9:426–32. doi: 10.1016/j.jaip.2020.06.066

 22. Morice AH, Jakes AD, Faruqi S, Birring SS, McGarvey L, Canning B, et al. A worldwide survey of chronic cough: a manifestation of enhanced somatosensory response. Eur Respir J. (2014) 44:1149–55. doi: 10.1183/09031936.00217813

 23. Frøssing L, Silberbrandt A, Von Bülow A, Backer V, Porsbjerg C. The prevalence of subtypes of type 2 inflammation in an unselected population of patients with severe asthma. J Allergy Clin Immunol Pract. (2020) 9:1267–75. doi: 10.1016/j.jaip.2020.09.051

 24. Yoo Y, Koh YY, Kang H, Yu J, Nah KM, Kim CK. Sputum eosinophil counts and eosinophil cationic protein levels in cough-variant asthma and in classic asthma, and their relationships to airway hypersensitivity or maximal airway response to methacholine. Allergy. (2004) 59:1055–62. doi: 10.1111/j.1398-9995.2004.00655.x

 25. Tajiri T, Niimi A, Matsumoto H, Ito I, Oguma T, Otsuka K, et al. Prevalence and clinical relevance of allergic rhinitis in patients with classic asthma and cough variant asthma. Respiration. (2014) 87:211–8. doi: 10.1159/000355706

 26. Leckie MJ, Brinke AT, Khan J, Diamant Z, O'Connor BJ, Walls CM, et al. Effects of an interleukin-5 blocking monoclonal antibody on eosinophils, airway hyper-responsìveness, and the late asthmatic response. Lancet. (2000) 356:2144–8. doi: 10.1016/S0140-6736(00)03496-6

 27. Berend N, Salome CM, King GG. Mechanisms of airway hyperresponsiveness in asthma. Respirology. (2008) 13:624–31. doi: 10.1111/j.1440-1843.2008.01330.x

 28. Ciprandi G, Schiavetti I, Rindone E, Ricciardolo FLM. The impact of anxiety and depression on outpatients with asthma. Ann Allergy Asthma Immunol. (2015) 115:408–14. doi: 10.1016/j.anai.2015.08.007

 29. Saito N, Itoga M, Tamaki M, Yamamoto A, Kayaba H. Cough variant asthma patients are more depressed and anxious than classic asthma patients. J Psychosom Res. (2015) 79:18–26. doi: 10.1016/j.jpsychores.2015.03.011

 30. Mincheva R, Ekerljung L, Bjerg A, Axelsson M, Popov TA, Lundbäck B, et al. Frequent cough in unsatisfactory controlled asthma–results from the population-based West Sweden Asthma Study. Resp Res. (2014) 15:79. doi: 10.1186/1465-9921-15-79

 31. Marsden PA, Satia I, Ibrahim B, Woodcock A, Yates L, Donnelly I, et al. Objective cough frequency, airway inflammation, and disease control in asthma. Chest. (2016) 149:1460–6. doi: 10.1016/j.chest.2016.02.676

 32. Koh YY, Chae SA, Min KU. Cough variant asthma is associated with a higher wheezing threshold than classic asthma. Clin Exp Allergy. (1993) 23:696–701. doi: 10.1111/j.1365-2222.1993.tb01796.x

 33. Mochizuki H, Arakawa H, Tokuyama K, Morikawa A. Bronchial sensitivity and bronchial reactivity in children with cough variant asthma. Chest. (2005) 128:2427–34. doi: 10.1378/chest.128.4.2427

 34. Turcotte SE, Lougheed MD. Cough in asthma. Curr Opin Pharmacol. (2011) 11:231–7. doi: 10.1016/j.coph.2011.04.008

 35. Satia I, Watson R, Scime T, Dockry RJ, Sen S, Ford JW, et al. Allergen challenge increases capsaicin-evoked cough responses in patients with allergic asthma. J Allergy Clin Immunol. (2019) 144:788–95. doi: 10.1016/j.jaci.2018.11.050

 36. Ohkura N, Fujimura M, Nakade Y, Okazaki A, Katayama N. Heightened cough response to bronchoconstriction in cough variant asthma. Respirology. (2012) 17:964–8. doi: 10.1111/j.1440-1843.2012.02208.x

 37. Fujimura M, Sakamoto S, Kamio Y, Matsuda T. Effects of methacholine induced bronchoconstriction and procaterol induced bronchodilation on cough receptor sensitivity to inhaled capsaicin and tartaric acid. Thorax. (1992) 47:441–5. doi: 10.1136/thx.47.6.441

 38. Satia I, Tsamandouras N, Holt K, Badri H, Woodhead M, Ogungbenro K, et al. Capsaicin-evoked cough responses in asthmatic patients: evidence for airway neuronal dysfunction. J Allergy Clin Immun. (2017) 139:771–9. doi: 10.1016/j.jaci.2016.04.045

 39. Won H, Kang S, Kang Y, An J, Lee J, Lee SM, et al. Cough-Related laryngeal sensations and triggers in adults with chronic cough: symptom profile and impact. Allergy Asthma Immunol Res. (2019) 11:622. doi: 10.4168/aair.2019.11.5.622

 40. Song W, Kim J, Jo E, Lee S, Kim M, Yang M, et al. Capsaicin cough sensitivity is related to the older female predominant feature in chronic cough patients. Allergy Asthma Immunol Res. (2014) 6:401. doi: 10.4168/aair.2014.6.5.401

 41. Vertigan AE, Gibson PG. Chronic refractory cough as a sensory neuropathy: evidence from a reinterpretation of cough triggers. J Voice. (2011) 25:596–601. doi: 10.1016/j.jvoice.2010.07.009

 42. Niimi A, Fukumitsu K, Takeda N, Kanemitsu Y. Interfering with airway nerves in cough associated with asthma. Pulm Pharmacol Ther. (2019) 59:101854. doi: 10.1016/j.pupt.2019.101854

 43. Long L, Yao H, Tian J, Luo W, Yu X, Yi F, et al. Heterogeneity of cough hypersensitivity mediated by TRPV1 and TRPA1 in patients with chronic refractory cough. Respiratory Res. (2019) 20:112. doi: 10.1186/s12931-019-1077-z

 44. Mazzone SB, Chung KF, McGarvey L. The heterogeneity of chronic cough: a case for endotypes of cough hypersensitivity. Lancet Respir Med. (2018) 6:636–46. doi: 10.1016/S2213-2600(18)30150-4

 45. Mukae H, Kaneko T, Obase Y, Shinkai M, Katsunuma T, Takeyama K, et al. The Japanese respiratory society guidelines for the management of cough and sputum (digest edition). Respir Investig. (2021) 59:270–90. doi: 10.1016/j.resinv.2021.01.007

Conflict of Interest: The authors declare that this study received funding from AstraZeneca. The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Lai, Zhan, Wu, Zhang, Lin, Li, Yi, Jiang, Dai, Li, Lin, Yuan, Jiang, Qiu, Zhao, Chen, Qiu, Li, Chen, Luo, Xie, Guo, Jiang, Yang, Shi, Sun, Chen, Chung, Shen and Zhong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-807385-t002.jpg
All subjects

Cough 506 (24.8%)
Concomitant symptoms

Runny nose 140 (26.2%)
Postnasal dipping 44 (8.2%)
Sneezing 219 (41.0%)
Nasal itching 142 (26.6%)
Hyposmia 37 (6.9%)
Nasal congestion 154 (28.8%)
Itchy throat 249 (46.6%)

Itching below the 57 (10.7%)
throat

Pharyngeal foreign 124 (23.2%)
body sensation

Frequent throat 106 (19.9%)
clearing

Abnormal 338 (63.3%)
laryngopharyngeal

sensations®

Acid regurgitation 71 (18.3%)
Heartburn 17 (3:2%)
Belching 31(5.8%)
Comorbidities

Rhinitis 241 (45.1%)
Sinusitis 44 (8.2%)
Eczema 29 (5.4%)
GERD 13 (2.4%)
0sA 6(1.1%)
Hypertension 47 8.9%)

CVA

328(100.0%)

89 (27.1%)
26 (7.9%)
131 (39.9%)
76 (23.2%)
20(6.1%)
89 (27.1%)
172 (52.4%)
43(13.1%)

86 (26.2%)

71 (21.6%)

233 (71.0%)

46 (14.0%)
92.7%)
20(6.1%)

142 (43.3%)
24(7.3%)
18 (5.5%)
11(3.4%)

4(1.2%)
29(8.8%)

CA

178 (86.4%)

51(24.8%)
18(8.7%)
83 (42.7%)
66 (32.0%)
17 (8.3%)
65 (31.6%)
77 (87.4%)
14 (6.8%)

33(18.4%)

35 (17.0%)

105 (51.0%)

25 (12.4%)
8(3.9%)
11 (5.3%)

99 (48.1%)
20(9.7%)
11 (5.4%)
2(1.0%)
2(1.0%)
18 (8.9%)

P value

<0.0001

0.6123
0.8649
0.5856
0.0310
0.4357
03177
0.0009
0.0311

0.0494

0.2295

<0.0001

0.6208
0.6334
0.8615

0.3232
0.4141
1.0000
0.1469
1.0000
1.0000

Date are presented as n (percentage). VA, cough variant asthma; CA, classic asthme;
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