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Scientific  Letter

Methodology Employed to Develop the Airway

Mucus Secretion Test (T-SEC): A Questionnaire

to Evaluate Airway Mucus Hypersecretion in

Patients With Asthma

To the Director,

Asthma, a chronic inflammatory disease of the airways, is  associ-

ated with airway mucus hypersecretion (AMH) due to mechanisms

such as increased mucin secretion and plasma exudation medi-

ated by interleukins (ILs) 4,  9, and 13.  These ILs  participate in

inflammation through metaplasia of goblet cells, which are key

drivers of mucociliary dysfunction and biofilm formation.1–6 The

current definition of AMH, dating to 1965, refers to patients with

chronic obstructive pulmonary disease (COPD) and chronic bron-

chitis: presence of productive cough lasting more than 3 months for

more than 2 consecutive years.7 In  those patients, the importance

of  AMH has led to the development of questionnaires such as the

Cough and Sputum Assessment Questionnaire (CASA-Q),8 focused

on evaluating cough and sputum descriptively (frequency, severity,

etc.) and on determining impact on activities of daily living. How-

ever, the CASA-Q was not designed for, nor has it been validated

Table 1A

Delphi first round. Detailed results for each T-SEC item.

Item Median Evaluation Consensus

1 Introductory text Clinical relevance 8 Appropriate Agreement

Understandability 9 Appropriate Agreement

2 When your health is  such that your asthma is  stable and

you are not  experiencing a crisis situation, such as a cold,

do you produce sputum (phlegm)?

Clinical relevance 9 Appropriate Agreement

Understandability 9 Appropriate Agreement

3 When your health is  such that your asthma is  stable and

you are not  experiencing a crisis situation, such as a cold,

how often do you produce sputum (phlegm)?

Clinical relevance 8 Appropriate Agreement

Understandability 9 Appropriate Agreement

4 When your health is  such that your asthma is  stable and

you are not  experiencing a crisis situation, such as a cold,

when do you produce sputum (phlegm)?

Clinical relevance 8 Appropriate Agreement

Understandability 8 Appropriate Agreement

5 When your health is  such that your asthma is  stable and

you are not  experiencing a crisis situation, such as a cold,

approximately what volume of sputum (phlegm) do you

produce in a  day?

Clinical relevance 8 Appropriate Agreement

Understandability 8 Appropriate Agreement

6 When your health is  such that your asthma is  stable and

you are not  experiencing a crisis situation, such as a cold,

what is  your sputum like?

Clinical relevance 8 Appropriate Agreement

Understandability 8 Appropriate Agreement

7 When your health is  such that your asthma is  stable and

you are not  experiencing a crisis situation, such as a cold,

how easy is it for you to  expectorate (produce phlegm)?

Clinical relevance 8 Appropriate Agreement

Understandability 8 Appropriate Agreement

8 When you have an  asthma attack, e.g., due to  a cold, do you

see  changes in your sputum (phlegm) production?

Clinical relevance 8 Appropriate Agreement

Understandability 8 Appropriate Agreement

9 When you have an  asthma attack, e.g., due to  a cold, do you

see  changes in your sputum (phlegm)?

Clinical relevance 9 Appropriate Agreement

Understandability 9 Appropriate Agreement

in, patients with asthma, in whom AMH  is especially relevant, as

not only is it treatable, it is a  risk factor associated with greater

asthma severity, exacerbations, respiratory functional impairment,

mortality, and less responsiveness to corticosteroid treatment.9–12

However, no instrument is as yet available for objective assess-

ment of AMH, which justifies the development and validation of  a

specific AMH  questionnaire for patients with asthma. Our objec-

tive  was to  develop a  questionnaire to specifically evaluate AMH

in  patients with asthma. Our study was  approved by the Clinical

Research Ethics Committee (Code: IIBSP-TSC-2022-09).

Our Airway Mucus Secretion Test (T-SEC), designed to assess

AMH  in patients with asthma, was developed in  2 phases, following

a design as previously used for other asthma questionnaires and

projects, such as the Test  of Adherence to  Inhalers13 and a  set of

care quality indicators for severe asthma units.14

In phase 1, an executive committee composed of 8 asthma

experts from 5 Spanish hospitals developed an initial draft ver-

sion with 12 questions, tested on 10 patients with asthma to obtain

their opinions. Based on their feedback, certain questions were cor-

rected, modified, or amplified. The results were next presented

as part of the Asthma Integrated Research Programme (PII) of

the Spanish Society of Pulmonology and Thoracic Surgery (SEPAR)
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Table  1A

(Continued)

Item Median Evaluation Consensus

10 When you have an asthma attack, e.g., due to  a cold, what

colour change do  you see in your sputum (phlegm)?

Clinical relevance 8  Appropriate Agreement

Understandability 8  Appropriate Agreement

11 When you have an asthma attack, e.g., due to  a cold, what

volume change do you see in your sputum (phlegm)?

Clinical relevance 8  Appropriate Agreement

Understandability 8  Appropriate Agreement

12 When you have an asthma attack, e.g., due to  a cold, what

density/viscosity change do you see in your sputum

(phlegm)?

Clinical relevance 7  Appropriate Agreement

Understandability 8  Appropriate Agreement

13 To what extent does sputum (phlegm) production affect

you?

Clinical relevance 8  Appropriate Agreement

Understandability 8  Appropriate Agreement

14 How does sputum (phlegm) production make you feel? Clinical relevance 8  Appropriate Agreement

Understandability 8  Appropriate Agreement

15 Has the patient had, in the last 12  months, 2 or more asthma attacks,

whether treated on  an  outpatient basis with systemic corticosteroids

and/or antibiotics, or requiring hospitalization?

Clinical relevance 9  Appropriate Agreement

16 In the patient’s last spirometry, was FEV1/FVC < 70%? Clinical relevance 9  Appropriate Agreement

17 Is  the patient an active smoker? Clinical relevance 9  Appropriate Agreement

18 Does the patient have any other disease that explains their airway mucus

hypersecretion (bronchiectasis, respiratory infection, COPD)?

Clinical relevance 9  Appropriate Agreement

during its winter meeting in Tarragona (Spain) in February 2022,

when pulmonologists and other healthcare providers (such as

nurses) with expertise or an interest in asthma were invited

to participate in development phase 2. Input from patients and

from SEPAR PII  participants led to the draft questionnaire being

expanded to 15 questions.

Phase 2 consisted of a Delphi survey, with 31 and 29 pan-

ellists participating in the first and second round, respectively,

using an interactive platform.15 The participating pulmonologists

and other healthcare providers originated in  10 different Spanish

autonomous regions, and most (77.9%, n =  24) had over 10 years’

experience in asthma management (no patients participated in the

Delphi survey). The Rand Healthcare Corporation-University of Cal-

ifornia (Rand/UCLA) methodology16 was  used to analyze Delphi

panel consensus. This internationally recognized method combines

the best available scientific evidence with the collective judgement

of experts.

In the first Delphi round, panellists anonymously evaluated 18

items, 2 to evaluate the introductory questions and 16 potential

questionnaire items. Clinical relevance and understandability

were scored on a 9-point Likert scale (9 =  total agreement, 1 =  total

disagreement).17 Based on median scores, the items were classi-

fied as appropriate (agreement median 7–9), unclear (agreement

median 4–6 or any median reflecting disagreement), or inap-

Table 1B

Delphi second round (dichotomous responses). Detailed results for each T-SEC item.

Item Question Responses n (%)

1 Choose the option that you think patients will best

understand between the two proposals for

referring to “bronchial hypersecretion” in the

T-SEC

A.  Mucus (phlegm) production 10 (34.5%)

B.  Expectoration (coughing up phlegm) 19 (65.5%)

2 Choose  the wording that you consider most

appropriate for the T-SEC

A. When your health is  such that your asthma is stable and you are not

experiencing a  crisis situation, such as a  cold, do you produce sputum

(phlegm)?

16 (51.2%)

B.  When your health is  such that your asthma is  stable (there is no crisis),

do  you produce sputum (phlegm)?

13 (44.8%)

3 Choose  the wording that you consider most

appropriate for the T-SEC

A. Is the patient an active smoker? 2  (6.9%)

B.  Is the patient an active or ex-smoker? 27 (93.1%)

4 Choose  the wording for response “c” that you

consider most appropriate for the T-SEC

A.  Mid-sized coffee cup (30–125 mL)  9  (31%)

B.  Espresso-coffee cup or white-coffee cup (30–125 mL)  20 (69%)

5 Choose  the question and responses that you

consider most appropriate for the T-SEC

A.  When you have an asthma attack, e.g., due to a  cold, do you see  changes

in your sputum (phlegm) production? RESPONSES: a. YES b. NO

10 (34.5%)

B.  When you have an asthma attack, e.g.,  due  to a  cold, do you see changes

in your sputum (phlegm) production? RESPONSES: a. YES, I start or

continue to produce sputum in a crisis situation b. NO,  I don’t produce

sputum in a crisis situation.

19 (65.5%)

6 Choose  the question and responses that you

consider most appropriate for the T-SEC

A.  When you have an asthma attack, e.g., due to a  cold, do you see  changes

in your sputum (phlegm)? RESPONSES a.  YES, the colour, volume and/or

thickness of the sputum has changed b. NO, the sputum is the same

16 (51.2%)

B.  ALL the following statements:

i. STATEMENT: When you have an asthma attack, e.g., due to  a  cold, do you

see changes in your sputum (phlegm)? RESPONSES a.  YES, the colour,

volume and/or thickness of the sputum has changed b. NO, the sputum is

the  same

ii. STATEMENT: When you have an  asthma attack, e.g., due to a cold, does

the  colour of your sputum (phlegm) change? RESPONSES: a. The colour is

clearer b. The colour is darker c. There is no change

iii.  STATEMENT: When you have an asthma attack, e.g., due to a  cold, what

volume change do you see in your sputum (phlegm)? RESPONSES a. The

volume is  less  b.  The volume is greater c. There is  no  change

iv. STATEMENT: When you have an asthma attack, e.g., due to  a cold, how

does the thickness of your sputum (phlegm) change? RESPONSES a. It is

less  thick b. It is  thicker c. There is  no  change

13 (44.8%)
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Fig. 1. T-SEC: English translation and original version in Spanish.

propriate (agreement median 1–3). Agreement was defined as

scoring within the range containing the median by at least two

thirds of the panel, disagreement as scoring outside that range by

under a third of the panel, and neutrality as neither agreement nor

disagreement. All  first Delphi round items obtained a  median of 7

or >7, reflecting appropriateness and 100% consensus (Table 1A).

No item was rated as inappropriate or unclear, and there was no

disagreement regarding any item.

In the second Delphi round, with a  view to  reaching a con-

sensus on questionnaire structure and wording and reducing the

number of questions (to facilitate clinical use), panellists were

asked to respond dichotomously to a smaller set of 6  questions

(Table 1B). The completed Delphi survey resulted in a  T-SEC ques-

tionnaire consisting of 6 single-select multiple-choice questions

(Fig. 1). Responses are scored from lowest to  highest, reflecting least

to  greatest AMH  severity, using a scale to  be defined on validating

the questionnaire in phase 3.

A  further 2 exploratory questions were also posed to the experts,

regarding the best options for referring to  AMH  from the patients’

perspective, and the most appropriate time frame for administering

the questionnaire. In their first round responses, panellists ranked

both “mucus (phlegm) production” and “expectoration (remov-
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ing phlegm)” highest in terms of referring to AMH  (22.6%, n =  7),

and 3 months as the best time frame (77.4%, n =  24). In the second

round, the best option to refer to AMH  from the patients’ perspec-

tive was considered to be “expectoration (coughing up phlegm)”

(65.5%, n = 19). Finally, the same experts met  again to choose the

questions that would form part of the T-SEC, based on the Delphi

results, Likert scores, and the panellists’ comments.

As far as we  are aware, the T-SEC questionnaire, described in

this letter, is the first such instrument to  evaluate AMH  in patients

with asthma. Consisting of 7 questions agreed upon by experts in

asthma and scored high to  low to reflect AMH  severity, T-SEC is  cur-

rently in development phase 3,  consisting of its validation through

a statistical-psychometric analysis.

An evident limitation of this study is that we advance report-

ing the questionnaire without the corresponding validation study,

currently underway. However, given the growing interest in  under-

standing AMH  in  asthma, and particularly severe asthma, it seemed

important not to delay unduly. Another limitation is the lack of a

gold standard to  measure AMH, and hence, the quantity of phlegm

(mL  and/or grams) produced in 24 h18 is calculated and scored

according to a scale established by lung CT.19,20 Another limitation

of the study is that only Spanish professionals participated, given

that the study is  part of a  national project.

The interest of this letter is the lack of a specific instrument to

assess AMH  in patients with asthma. T-SEC is the first such instru-

ment developed for this purpose. The fact that AMH  in asthma is

treatable makes it important to have a reliable, objective, and spe-

cific means of assessing asthma that can easily and rapidly be used

in routine clinical practice.

In conclusion, in  T-SEC we describe the first questionnaire

specifically developed to  evaluate AMH  in  patients with asthma,

part of a project undertaken by  a group of SEPAR asthma experts.

T-SEC is composed of 7 single-select multiple-choice questions,

scored high to  low to reflect AMH  severity. Its  administration in

clinical practice will facilitate rapid and easy AMH  detection in

patients with asthma.
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Blanco, Núria Marina Malanda, Rocío Magdalena Díaz Campos,

Sylvia Sánchez Cuellar, Teresa Bigorra.

References

1. Crespo-Lessmann A, Mateus E, Torrejón M,  Belda A, Giner J, Vidal S,
et  al. Asthma with bronchial hypersecretion: expression of mucins and toll-
like  receptors in sputum and blood. J  Asthma Allergy. 2017;10:269–76,
http://dx.doi.org/10.2147/JAA.S142200.

2. Laoukili J, Perret E, Willems T,  Minty A, Parthoens E, Houcine O, et  al. IL-13 alters
mucociliary differentiation and ciliary beating of human respiratory epithelial
cells. J Clin Invest. 2001;108:1817–24, http://dx.doi.org/10.1172/JCI13557.

3.  Reader JR, Hyde DM,  Schelegle ES, Aldrich MC,  Stoddard AM,  McLane
MP,  et al. Interleukin-9 induces mucous cell metaplasia indepen-
dent  of inflammation. Am J  Respir Cell Mol  Biol. 2003;28:664–72,
http://dx.doi.org/10.1165/rcmb.2002-0207OC.

4. Atherton HC, Jones G, Danahay H. IL-13-induced changes in the goblet cell
density of human bronchial epithelial cell cultures: MAP kinase and phos-
phatidylinositol 3-kinase regulation. Am J  Physiol Lung Cell Mol  Physiol.
2003;285:9, http://dx.doi.org/10.1152/ajplung.00089.2003.

5. Kuperman DA,  Huang X, Koth LL, Chang GH, Dolganov GM, Zhu Z, et  al.
Direct effects of interleukin-13 on  epithelial cells cause airway hyper-
reactivity and mucus overproduction in asthma. Nat Med. 2002;8:885–9,
http://dx.doi.org/10.1038/nm734.

6. Le Floc’h A, Allinne J, Nagashima K,  Scott G, Birchard D,  Asrat S, et  al.
Dual blockade of IL-4 and IL-13 with dupilumab, an IL-4R� antibody, is
required to broadly inhibit type 2 inflammation. Allergy. 2020;75:1188–204,
http://dx.doi.org/10.1111/all.14151.

7. Definition and classification of chronic bronchitis for clinical and epidemiolog-
ical purposes. A report to the medical research council by their committee on
the  aetiology of chronic bronchitis. Lancet. 1965 10;1:775–9.

8. Crawford B, Monz B, Hohlfeld J, Roche N, Rubin B,  Magnussen H, et al. Develop-
ment and validation of a  cough and sputum assessment questionnaire. Respir
Med.  2008;102:1545–55, http://dx.doi.org/10.1016/j.rmed.2008.06.009.

9. Lange P, Parner J,  Vestbo J, Schnohr P, Jensen G. A 15-year follow-up study of ven-
tilatory function in adults with asthma. N Engl J  Med. 1998 22;339:1194–200,
http://dx.doi.org/10.1056/NEJM199810223391703.

10. Aikawa T, Shimura S, Sasaki H, Ebina M,  Takishima T.  Marked goblet
cell  hyperplasia with mucus accumulation in the airways of patients
who  died of severe acute asthma attack. Chest. 1992;101:916–21,
http://dx.doi.org/10.1378/chest.101.4.916.

11. Ordonez CL, Khashayar R, Wong HH, Ferrando R, Wu R, Hyde DM,  et al.  Mild and
moderate asthma is  associated with airway goblet cell hyperplasia and abnor-

189

dx.doi.org/10.2147/JAA.S142200
dx.doi.org/10.1172/JCI13557
dx.doi.org/10.1165/rcmb.2002-0207OC
dx.doi.org/10.1152/ajplung.00089.2003
dx.doi.org/10.1038/nm734
dx.doi.org/10.1111/all.14151
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00003-6/sbref0135
dx.doi.org/10.1016/j.rmed.2008.06.009
dx.doi.org/10.1056/NEJM199810223391703
dx.doi.org/10.1378/chest.101.4.916


E. Palones, J.L. García-Rivero, C. Cisneros et al. Archivos de Bronconeumología 60 (2024) 186–190

malities in mucin gene expression. Am J  Respir Crit Care Med. 2001;163:517–23,
http://dx.doi.org/10.1164/ajrccm.163.2.2004039.

12. Martínez-Rivera C,  Crespo A, Pinedo-Sierra C,  García-Rivero JL, Pallarés-
Sanmartín A, Marina-Malanda N, et al. Mucus hypersecretion in asthma
is  associated with rhinosinusitis, polyps and exacerbations. Respir Med.
2018;135:22–8, http://dx.doi.org/10.1016/j.rmed.2017.12.013.

13. Plaza V, Fernández-Rodríguez C, Melero C, Cosío BG,  Entrenas LM,  de Llano
LP, et al. Validation of the ‘Test of the Adherence to  Inhalers’ (TAI) for
asthma and COPD patients. J  Aerosol Med  Pulm Drug Deliv. 2016;29:142–52,
http://dx.doi.org/10.1089/jamp.2015.1212.

14. Crespo-Lessmann A, Marqués-Espi JA, Dominguez-Ortega J, Perez de Llano L,
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