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M Abstract

Background: Dynamic hyperinflation (DH), characterized by an abnormal increase in operative lung volumes during exercise, is associated
with breathlessness and exercise intolerance. This study aimed to evaluate the relationship between DH and control of symptoms in
patients with moderate-severe asthma.

Methods: A cross-sectional, multicenter, observational study was conducted in patients with moderate-severe asthma. DH was defined as
a decrease in inspiratory capacity after a 6-minute walk test (6MWT), and asthma control was measured using the Asthma Control Test
(ACT) and Spanish Guidelines for the Management of Asthma (GEMA). Secondary variables included sensitization to aeroallergens (prick
test), quality of life (miniAQLQ), anxiety or depression, dyspnea (MMRC), fatigue (Borg scale), and small airway dysfunction (oscillometry).
Results: Among the 154 patients analyzed, 97 (63%) had DH. ACT scores did not differ significantly between patients with and without
DH (20.8 [4.4] vs 21.7 [3.6]; P=.411). However, the percentage of patients with partially and poorly controlled asthma according to
GEMA was significantly higher in the DH group than in those without DH (40.2% vs 24.6%; P=.048). Compared with patients without
DH, patients with DH had higher dyspnea scores (0.9 [0.9] vs 0.5 [0.6]; P=.009), greater fatigue before the 6MWT (1.3 [1.9] vs 0.5 [1.1];
P=.004), higher respiratory reactance (0.7 [1.2] vs 0.4 [1.2] cmH,0/L/s; P=.032), higher depression scores (4.2 [3.7] vs 2.1[2.1], P=.002),
and lower sensitization to aeroallergens (45.4% vs 68.4%; P=.014).

Conclusion: Although no relationship was found between DH and uncontrolled asthma via the ACT, the proportion of patients with
uncontrolled asthma according to GEMA was significantly higher in the DH group.

Key words: Asthma control. Dynamic hyperinflation. Oscillometry. Dyspnea. Prevalence.
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M Resumen

Antecedentes: La hiperinflacién dindmica (HD), caracterizada por un aumento anormal en los volimenes pulmonares operativos durante
el ejercicio, se asocia con disnea e intolerancia al ejercicio. Este estudio tuvo como objetivo evaluar la relacién entre la HD y el control
clinico en pacientes con asma moderada-severa.

Métodos: Se llevé a cabo un estudio observacional, transversal y multicéntrico en pacientes con asma moderada-severa. El objetivo
principal fue determinar la relacion entre la HD, definida como una reduccion en la capacidad inspiratoria tras una prueba de caminata
de 6 minutos (6MWT), y el control del asma, medido mediante el cuestionario de control del asma (ACT) y la Guia Espafiola para el
Manejo del Asma (GEMA). Las variables secundarias incluyeron sensibilizacion a aeroalérgenos (prueba de intradermorreaccion), calidad
de vida (MiniAQLQ), ansiedad o depresion, disnea (nMRC), fatiga (escala de Borg) y disfuncion de las vias aéreas pequefias (oscilometria).
Resultados: De los 154 pacientes analizados, 97 (63%) presentaron HD. No se observaron diferencias significativas en las puntuaciones de
ACT entre los pacientes con y sin HD (20,8 + 4,4 vs. 21,7 + 3,6, p = 0,411). Sin embargo, la proporcién de pacientes con asma parcialmente
controlada o no controlada segin GEMA fue significativamente mayor en el grupo con HD en comparacidn con aquellos sin HD (40,2%
vs. 24,6%; p = 0,048). Los pacientes con HD presentaron puntuaciones mas altas de disnea (0,9 + 0,9 vs. 0,5 + 0,6; p = 0,009), mayor
fatiga antes del 6BMWT (1,3 + 1,9 vs. 0,5 + 1,1; p = 0,004), mayor reactancia respiratoria (0,7 + 1,2 vs. 0,4 + 1,2 cmH,0/L/s; p = 0,032),
puntuaciones mas elevadas de depresion (4,2 + 3,7 vs. 2,1 + 2,1; p = 0,002) y menor sensibilizacion a aeroalérgenos (45,4% vs. 68,4%;
p = 0,014) en comparacion con aquellos sin HD.

Conclusién: Aunque no se encontré una relacion significativa entre la HD y el asma no controlada segln las puntuaciones de ACT, la

proporcion de pacientes con asma no controlada segun GEMA fue significativamente mayor en el grupo con HD.
Palabras clave: Control del asma. Hiperinflacion dindmica. Oscilometria. Disnea. Prevalencia.

Summary box

e What do we know about this topic?

Dynamic hyperinflation (DH) is highly prevalent among patients with moderate-severe asthma and is closely related to symptom control

and small airway function.

How does this study impact our current understanding and/or clinical management of this topic?

This study emphasizes the significance of DH in the clinical management of moderate-severe asthma, illustrating its impact on symptom
control, dyspnea, depression, physical activity, and small airway function. It further suggests that oscillometry parameters may provide

a more effective means of assessing DH in these patients.

Introduction

Asthma is a common disease characterized by airway
inflammation, bronchial hyperresponsiveness, and airflow
limitation that affects the daily activities and quality of life
of affected patients, particularly those with severe forms [1].
Prevalence ranges from 1% to 18% depending on the country,
with more than 339 million people experiencing this condition
worldwide [2]. Inhaled corticosteroids are the primary
treatment for most patients, effectively reducing inflammation
and improving lung function [1,3]. However, a subset of
patients with uncontrolled asthma experience frequent
exacerbations and a rapid decline in lung function despite
optimal management. One of the complications of asthma is
hyperinflation, which is characterized by air trapping due to
expiratory flow limitation. Hyperinflation can be triggered both
atrest and during exercise, leading to a decrease in inspiratory
capacity [4].

Dynamic hyperinflation (DH) is characterized by
an abnormal increase in operative lung volumes during
exercise [5]. The limited evidence available to date suggests
that the prevalence of DH in patients with moderate-severe
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asthma is high, with approximately 80% exhibiting this
condition [6]. Factors such as elevated airway resistance due
to increased airway smooth muscle contraction, edema, and
hypersecretion, together with airway-parenchymal uncoupling,
lead to premature airway closure and DH in affected patients.
Those with the severe form usually develop DH during
exercise to the same extent as patients with chronic obstructive
pulmonary disease (COPD) [7,8]. DH has been reported in
patients with asthma after provocation with methacholine
or the exercise challenge test, probably reflecting induced
bronchoconstriction [9,10].

Pulmonary hyperinflation, particularly alterations in
lung volumes, has been proposed as a better predictor of
respiratory failure and exertional dyspnea than changes in
expiratory flow. It is also associated with limited functional
and exercise capacity, thereby impacting patients’ quality of
life [6,11]. Studies have shown that obese patients with asthma
experience higher DH during bronchoconstriction and that
weight loss can improve this condition by reducing abdominal
fat [10,12,13]. Additionally, it has been observed that distal
airway function correlates better with clinical symptoms and
asthma control [14]. The literature indicates that DH could be
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related to a worsening of symptom control in patients with
moderate-severe asthma, in addition to having a negative
impact on the quality of life and physical activity of affected
patients [6,11]. Therefore, the objective of the present study
was to evaluate the relationship between DH and symptom
control in patients with moderate-severe asthma using the
Asthma Control Test (ACT) questionnaire. The secondary
objective was to evaluate the relationship between DH and
respiratory symptoms, quality of life, anxiety and depression,
small airway dysfunction, and daily physical activity.

Methods
Study Design

The present work was a cross-sectional, multicenter,
nationwide, observational study performed by pulmonologists
and including patients with moderate-severe asthma. The
inclusion criteria were as follows: age between 18 and
70 years (both included); diagnosis of moderate-severe asthma
according to the criteria of the Spanish Guidelines for the
Management of Asthma (GEMA) or the Global Initiative for
Asthma (GINA) guidelines; ability to perform all the necessary
study procedures, including acceptable and reproducible
spirometry, oscillometry, and the 6-minute walk test (6MWT);
and informed consent to participate in the study. The exclusion
criteria were as follows: being a smoker or former smoker with
a cumulative smoking index of >10 pack-years; body mass
index of 230 km/m?; pregnancy; an asthma exacerbation within
the 4 weeks prior to inclusion in the study; contraindications
to the 6MWT; significant respiratory diseases other than
asthma, such as COPD, bronchiectasis, diffuse interstitial lung
disease, and tuberculosis; hyperventilation syndrome, defined
as a score >23 on the Nijmegen questionnaire; diagnosis of
anemia (hemoglobin, <11 g/dL); acute myocardial infarction
and/or unstable angina 1 month prior to inclusion in the study;
congestive heart failure; and any mental or other disability
that prevents the patient from understanding and following
the study procedures.

Study Variables and Data Collection

The main objective of the study was to compare the degree
of asthma control between asthma patients with and without
DH. The level of asthma control was assessed through the ACT,
which has been validated for patients older than 12 years and
consists of 5 questions with 5 possible answers scored from
1 (minimum score) to 5 (maximum score) [15,16]. An ACT
score >20 is indicative of well-controlled asthma, whereas a
score between 19 and 16 suggests partially controlled asthma,
and a score <15 is indicative of poorly controlled asthma.
The degree of asthma control was also classified according
to the GEMA guidelines [3], which assess the frequency of
symptoms, the need for rescue medication, lung function, and
history of exacerbations (Supplementary Table 1).

The 6MWT was performed twice in a 30-m corridor
in accordance with American Thoracic Society (ATS)
guidelines [17]. Before and immediately after the second walk,
patients were instructed on the performance of an inspiratory
capacity maneuver using a calibrated pneumotachograph.
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From at least 3 acceptable trials, the better of 2 reproducible
maneuvers (within 5% or 60 mL) was recorded for analysis.
DH was defined as a reduction in inspiratory capacity after the
6MWT with respect to the prewalk value.

Secondary variables included the following:
sociodemographic and anthropometric data; comorbidities
related to asthma; history of asthma, including date of
diagnosis, severity, degree of control, seasonality, and
current maintenance treatment; history of sensitization to
aeroallergens; quality of life measured using the Asthma
Quality of Life Questionnaire (miniAQLQ) of Juniper et
al [18,19]; score in the Hospital Anxiety and Depression
Questionnaire (HADS) [20,21]; score in the YALE Physical
Activity Survey (YPAS) [22,23]; the degree of dyspnea
measured according to the modified Medical Research Council
(mMRC) scale [24]; treatment adherence measured through
the Test of Adherence to Inhalers (TAI) [25]; and the degree
of fatigue measured by the modified Borg scale [26]. A brief
description of each scale is provided in the Supplementary
Material.

Lung function was assessed using exhaled nitric oxide
according to ATS/European Respiratory Society (ERS)
recommendations [27]. Oscillometry measurements were
performed using a multifrequency signal (5, 11, and 19 Hz)
provided by a device compliant with ERS technical standards
(Resmon Pro FULL V3, Restech) [28]. Patients underwent a
single oscillometry measurement in a seated position wearing
a nose clip with cheeks supported to decrease upper airway
shunt compliance. After excluding the first 3 breaths, at
least 10 artifact-free breaths automatically selected by the
oscillometry device were analyzed, ensuring a recording time
>30 seconds for breathing frequencies up to 20 breaths/min
and the inclusion of only complete breathing cycles. The
following oscillometry parameters were recorded: respiratory
system resistance (Rrs) and respiratory system reactance (Xrs)
at 5 Hz (RS, X5), as well as their within-breath inspiratory
components (R5insp, X5insp) and expiratory components
(RSexp, X5exp). The equations of Oostveen et al [29] were
used as reference values. Spirometry was performed after
oscillometry according to the Spanish Society of Pulmonology
and Thoracic Surgery (SEPAR) guidelines [30]. Finally, static
lung volumes were measured by plethysmography, according
to ATS/ERS recommendations [31].

Statistical Analysis

Qualitative variables were represented as absolute and
relative frequency distributions; quantitative variables were
expressed as mean (SD) or mean (IQR) according to their
distribution. In comparisons between 2 groups of patients
with continuous variables, parametric tests (#/Welch ¢) or a
nonparametric test (Mann-Whitney) were used, depending
on the characteristics of the study variables (normality and
homoscedasticity). The relationship between continuous
variables was evaluated using the Pearson or Spearman
linear correlation coefficients, depending on the normality
of the variables. The j? test or Fisher exact test was used, as
appropriate, in the analysis of the contingency tables. Statistical
significance was established at P<.05. All statistical analyses
were performed using SAS (version 9.4).
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Table 1. Baseline Sociodemographic and Clinical Characteristics of

the Sample.
Sex, No. (%)
Male
Female
Median (IQR) age, y

Median body mass index, kg/m?

Smoking history, No. (%)
Current smoker
Former smoker
Never smoker

Median (IQR) pack-years?
Comorbidities, No. (%)
Nasosinusal polyposis
Gastroesophageal reflux
Intolerance to NSAIDs
Chronic airflow limitation
Obstructive sleep apnea

Median (IQR) asthma duration®, y

Asthma severity, No. (%)
Persistent moderate
Persistent severe
Asthma control according to GEMA, No. (%)
Well controlled
Partially and poorly controlled

Exacerbations within the prior 12 months, No.
(%)

Median (IQR) number of exacerbation episodes
per patient®

Type of exacerbation®, No. (%)
Severe
Moderate

Median duration of the exacerbation episode?,
days

Level of health care, No. (%)
Primary health care
Hospital health care

Hospital admissions, No. (%)

41 (26.6)
113 (73.4)

49.5
(40.0-57.0)

253
(22.6-27.6)

0(0.0)
42 (27.3)
112(72.7)

3.2(1.3-6.5)

55 (35.7)
32(20.8)
21(13.6)
12(7.8)
2(13)

12.7
(6.0-23.1)

101 (65.6)
53 (34.4)
25(16.2)

1.0 (1.0-2.0)

27 (84.4)
5(15.6)
5.0 (5.0-9.0)

18 (60.0)
12 (40.0)
7(21.9)

Abbreviations: GEMA, Spanish Guidelines for the Management of Asthma;

NSAID, nonsteroidal anti-inflammatory drug.
*Data from 42 patients categorized as former smokers.
®Time from diagnosis until inclusion in the study.

Based on 25 patients with at least one exacerbation within the prior

12 months.
d9Based on 32 exacerbations reported by 25 patients.
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Ethics Approval and Consent to Participate

All participants provided their written informed consent to
participate. The study was approved by the Ethics Committee
of Getafe Hospital, Getafe (Madrid), Spain. The study was
conducted in accordance with the Declaration of Helsinki.

Results

Data were gathered from 154 patients, whose baseline
sociodemographic and clinical characteristics are shown in
Table 1.

Primary Objective

DH was found in 97 patients (63% [95%CI, 54.9%-
70.6%]). The median change in inspiratory capacity in this
subgroup was —190 (=350 to —90) mL, while the remaining
patients exhibited a median increase in inspiratory capacity of
150 (80-320) mL. No statistically significant differences were
observed in the ACT scores between patients with and without
DH (22.0 [18.0-24.0] vs 23.0 [20.0-24.0]; P=.411) (Figure
1A). Furthermore, no significant correlation was identified
between the mean change in inspiratory capacity during the
6MWT and ACT scores (r=0.083, P=.307). Within the DH
group, the percentage of patients with controlled asthma was
marginally lower than that of those without DH (70.1% vs
78.9%), although this difference was not statistically significant
(Figure 1B).

Dynamic Hyperinflation and Clinical Characteristics
of Asthma

In the DH group, the percentage of patients with partially
and poorly controlled asthma, according to the asthma control
level defined by GEMA, was higher than that of those without
DH (40.2% vs 24.6%; P=.048), reaching statistical significance
(Table 2).

No statistically significant differences were found between
DH and asthma duration or severity at inclusion in the study.
However, compared with patients without DH, those who
exhibited DH had lower symptom seasonality (15.5% vs
28.9%; P=.034), as well as reduced cutaneous sensitivity to
aeroallergens (45.4% vs 68.4%; P=.014) (Table 2). Moreover,
no statistically significant differences were observed between
DH and adherence (Table 2).

In terms of symptoms, dyspnea (mMRC >1) was more
prevalent among patients with DH than among those who
did not have DH (58.5% vs 42.1%; P=.024; Figure 2A).
Furthermore, DH patients had more severe dyspnea, as
evidenced by a higher dyspnea score (0.9 [0.9] vs 0.5 [0.6];
P=.009). Additionally, patients with DH had higher fatigue
levels, as assessed by the modified Borg scale prior to the
6MWT (median, 0.0 [0.0-2.0] for DH patients vs median
0.0 [0.0-0.0] for non-DH patients; P=.004). However, no
significant differences were observed in the miniAQLQ scores
between DH and non-DH patients (median, 5.4 [4.5-6.6] vs
5.7 [4.9-6.5]; P=.422) (Table 2). Similarly, no significant
differences were detected in the various dimensions of the
miniAQLQ questionnaire (Figure 2B).
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Table 2. Comparison of Anthropometric and Clinical Characteristics of Asthma Patients With and Without Dynamic Hyperinflation.?

DH patients (n=97)

Non-DH patients (n=57) PValue

Males, No. (%) 28 (28.9) 13(22.8) A1
Median (IQR) age, y 52.0 (42.0-59.0) 48.0 (39.0-55.0) .058
Median (IQR) body mass index, kg/m? 25.6 (22.6-28.0) 25.2 (22.5-26.6)
Smoking history, No. (%) .340
Current smoker 0(0.0) 0(0.0)
Former smoker 29 (29.9) 13 (22.8)
Never smoker 68 (70.1) 44(77.2)
Median (IQR) pack-years 5.0 (2.0-7.5) 1.8(0.7-4.0) .050
Mean (SD) comorbidities
Nasosinusal polyposis 36 (37.1) 19 (33.3) .636
Gastroesophageal reflux 22(22.7) 10 (17.5) 448
NSAIDs 13(13.4) 8(14.0) 912
Chronic airflow limitation 10(10.3) 2 (3.5) 212
Median (IQR) asthma duration, y 12.1(6.1-21.2) 12.9 (5.1-25.0) .639
Asthma severity, No. (%) 222
Moderate persistent 49 (50.5) 23 (40.4)
Severe persistent 48 (49.5) 34 (59.6)
Asthma control degree according to GEMA, No. (%) .048
Well controlled 58 (59.8) 43 (75.4)
Partially or poorly controlled 39 (40.2) 14 (24.6)
Exacerbations in the last 12 mo, No. (%) 15 (15.5) 10 (17.5) 0.735
Hospital admissions in the last 12 mo, No. (%) 4(4.2) 3(5.3) 710
Asthma symptoms seasonality, No. (%) 15(15.5) 17 (28.9) .034
Cutaneous sensitivity to aeroallergens, No. (%) 44 (45.4) 39 (68.4) .014
Treatment adherence, median (IQR)
TAI 10 score® 50.0 (47.0-50.0) 50.0 (47.0-50.0) 704
Level of adherence* 7172
Good adherence 50 (51.5) 32 (56.1)
Intermediate adherence 29(29.9) 14 (24.6)
Poor adherence 18 (18.6) 11(19.3)
Health-related quality of life, median (IQR) miniAQLQ score 5.4 (4.5-6.6) 5.7 (4.9-6.5) 422
Anxiety and depression components, median (IQR)
Anxiety HAD score 5.0 (3.0-7.0) 5.0 (3.0-7.5) 913
Depression HAD score 4.0 (1.0-6.5) 2.0(1.0-3.0) .002

Daily physical activity, median (IQR)
Energy expenditure

13839.0 (8101.8-19855.3)

13211.1 (8784.9-22896.6) 572

Domestics tasks 4275.0 (2370.0-6440.0) 4020.0 (2240.0-7765.5) .893
Outdoor tasks 0.0 (0.0-0.0) 0.0 (0.0-0.0) 444
Other person care tasks 0.0 (0.0-1292.5) 0.0 (0.0-500.0) 183
Free time tasks 2584.2 (1204.5-4137.3) 3369.6 (2249.6-4930.0) .019
Sedentarism, No. (%) 54 (56.3) 28 (50.0) 456

Abbreviations: DH, dynamic hyperinflation; GEMA, Spanish Guidelines for the Management of Asthma; HAD, Hospital Anxiety and Depression Scale; miniAQLQ, mini Asthma Quality

of Life Questionnaire; NSAIDs, nonsteroidal anti-inflammatory drugs; TAI, Test of Adherence to Inhalers.

“Data are shown as mean (SD), median (IQR), or No. (%) according to their type and distribution. Comparisons between groups are by t, Mann-Whitney, or x? test.
®TAI 10 score: mean (SD) of DH patients, 47.4 (5.0); mean (SD) of non-DH patients, 47.9 (3.5)

“Level of adherence: good adherence (TAI 10 score = 50), intermediate adherence (46 < TAI 10 score < 49), poor adherence (TAI 10 score < 45)
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Figure 1. Control of asthma symptoms (ACT) based on dynamic hyperinflation (DH). A, Comparison of the ACT score between DH and non-DH patients
(Mann-Whitney). B, Comparison of levels of symptomatic control between DH and non-DH patients (x?).

No differences were found for frequency of anxiety
between patients with and without DH (77.1% vs 75.0%;
P=.086) or for the reported level of anxiety (Table 2). In
contrast, depression was more frequent in patients with DH
than in those without DH (19.2% vs 1.8%; P=.007), with higher
levels of depression indicated by the HAD score (4.0 [1.0-6.5]
vs 2.0 [1.0-3.0]; P=.002) (Figure 2C and 2D).

Finally, no differences were detected in the frequency of
sedentary behaviour or in the total activity time or summary
physical activity index. However, individuals with DH
spent less time engaging in leisure activities and devoted
less energy to free-time tasks (Supplementary Figure 1 and
Table 2).

Dynamic Hyperinflation and Lung Function

As shown in Table 3, no differences were identified
between the presence or absence of DH in dynamic or static
lung volumes, exercise tolerance assessed by the 6MWT, or
exhaled nitric oxide fraction. However, with respect to the
small airway, patients with DH had higher respiratory system
reactance than patients without DH (median, 0.4 [-0.1 to 1.0]
vs 0.1 [-0.2 to 0.5] ecmH,O/L/s; P=.032) (Table 3). In turn,
the magnitude of dynamic hyperinflation (assessed as the
change in inspiratory capacity) was related to expiratory 5 Hz
resistance (RS, cmH,O/L/s) (r=0.165, P=.041) and inspiratory
5 Hzreactance (Xr, predicted %) (=—0.166; P=.041; Figure 3).
No statistically significant relationship was found between DH
and the remaining variables in oscillometry (Supplementary
Figure 1).

Discussion
According to our results, the percentage of patients

presenting DH (63%) was lower than those previously reported

J Investig Allergol Clin Immunol 2026; Vol. 36(3)
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in the literature. In a study by van der Meer et al [6] including
77 nonsmoking patients with moderate-severe asthma, 80.5%
(95%CI, 71.7%-89.4%) had DH. In the case of patients with
mild asthma, the prevalence has been estimated at 11.1%
(95%CI, 4.3%-18.0%) among those without exercise-induced
bronchoconstriction, increasing to 75.6% (95%CI, 62.8%-
88.8%) in individuals with this additional condition [32].
Regarding the relationship between DH and asthma control,
represented as the ACT score, we found no statistically
significant differences between DH and non-DH in patients
with moderate-severe asthma. However, a higher proportion
of patients with partially and poorly controlled asthma was
observed in the DH group when the degree of asthma control
was evaluated according to the GEMA guidelines. This
difference was statistically significant. Similar discrepancies
between the Asthma Control Questionnaire (ACQ) scores and
the GINA guidelines classification have been reported [33].
Although the ACT is a validated questionnaire, the study by
Olaguibel et al [33] clearly illustrates that the established
cut-off points of asthma control questionnaires may not be
adequate for daily clinical practice. Therefore, ACT cut-off
points should be adjusted to the study population to ensure
better discrimination of the level of control according to the
GEMA guidelines [33,34].

In the study by van der Meer et al [6], when the results
were analyzed linearly, the scores in all the questionnaires were
significantly related to the metronome-paced tachypnea—based
measurement of DH, since higher levels of DH correlated
with poorer scores on questionnaires such as the ACQ,
Clinical COPD Questionnaire, and the St. George Respiratory
Questionnaire. However, in our case, it must be noted that
these patients were from very specialized units in which
they are closely followed up, with less than 20% reporting
poor adherence to inhaled treatment. In addition, data were
gathered during the COVID-19 pandemic, when patients were

© 2025 Esmon Publicidad
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Figure 2. Differences between DH and non-DH patients for dyspnea (nMRC >1) (A), quality of life (MiniAQLQ score) (B), anxiety and depression (HADS
score) (C), and the percentage of patients with anxiety or depression (D).

The statistical analysis of quality of life and comparison of HAD scores of anxiety and depression were performed using the Mann-Whitney test, while
the comparisons of patient percentage with anxiety and depression and degree of dyspnea were performed using the x? test. DH indicates dynamic
hyperinflation; AQLQ, Asthma Quality of Life Questionnaire; HADS, Hospital Anxiety and Depression Score.

very careful with their respiratory diseases and lockdown was
in force.

Our data did not evidence a relationship between DH and
quality of life, although patients with DH tended to score
more poorly than those without DH. However, as previously
stated, the data in this study were from very well-controlled
patients treated in a specialized unit, thus indicating that the
baseline quality of life values were already very high, thus
potentially explaining the absence of a statistically significant
difference between the groups. In comparison, no significant
differences were observed between patients with and without
an end-expiratory lung volume/total lung capacity ratio >75%,
indicating severe DH. However, patients with this ratio tended
to have higher scores in the COPD assessment test, which
indicated poorer quality of life [35]. As for patient well-being,

© 2025 Esmon Publicidad

while no meaningful differences were observed in the case
of anxiety, a statistically significant relationship between
DH and both HAD scores and the percentage of patients
with depression was reported. These findings are important,
since asthma patients with a higher disease burden usually
experience reduced quality of life due to their condition,
leaving them more prone to depression and anxiety [36,37].
The results presented here point to an association between
DH and both dyspnea and reduced exercise capacity, a
relationship already established in the scientific literature.
Regarding dyspnea, patients with asthma undergoing high-
dose methacholine challenge reported early during the course
of the test the 4 dominant qualities of dyspnea in asthma, that
is, inspiratory difficulty (a decrease in FEV, of 46.1% [1.1%]
and a decrease in inspiratory capacity of 1.06 [0.06] L), chest

J Investig Allergol Clin Immunol 2026; Vol. 36(3)
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Table 3. Comparison of Exercise Tolerance and Lung Function Tests Between Asthma Patients With or Without Dynamic Hyperinflation.?

DH patients (n=97) Non-DH patients (n=57) PValue
6MWT, median (IQR)
Total walked distance, m 528.0 (480.0-600.0) 544.0 (504.0-594.0) 353
Baseline lower limb fatigue in Borg scale 0.0 (0.0-2.0) 0.0 (0.0-0.0) .004
Post-6MWT lower limb fatigue in Borg scale 3.0(1.0-5.0) 3.0 (0.0-5.0) .202
FeNO, ppb 28.0(15.0-51.0) 26.0 (11.0-60.0) 798
Lung volumes
Mean (SD) FVC, % pred. 101 (18) 99 (17) 491
Mean (SD) FEV, % pred. 86 (22) 86 (21) .856
Mean (SD) FEV//FVC 71(13) 73 (11) 273
TLC, % pred. 109 (98-123) 105 (98-118) .485
FRC, % pred. 126 (105-148) 120 (110-140) .584
Oscillometry parameters
R5insp, % pred. 116 (91-140) 108 (83-154) 501
R5exp, % pred. 136 (103-173) 120 (93-174) .261
Total resistance at 5 Hz, % pred. 129 (99-157) 115 (89-166) 423
Total R5-R19, cmH20/L/s 1(0-1) 0(0-1) .086
X5insp, % pred. 82 (64-98) 87 (61-120) 270
X5exp, % pred. 114 (78-157) 111 (61-157) 353
AXrs, cmH,0/L/s 0 (-0-1.0) 0(-0-1) .032
Total reactance at 5 Hz, % pred. 98 (77-138) 101 (67-147) .832

Abbreviations: DH, dynamic hyperinflation; FeNO, fractional exhaled nitric oxide; FEV;, forced vital volume at 1 second; FRC, functional residual capacity; FVC, forced vital
capacity; TLC, total lung capacity; 6MWT, Six-Minute Walking Test; R5insp, inspiratory resistance at 5Hz; R5exp, expiratory resistance at 5 Hz; R5-R19, difference between
total resistance at 5 Hz and total resistance at 19 Hz; X5insp, inspiratory reactance at 5 Hz; X5exp, expiratory reactance at 5 Hz; AXTrs, difference in inspiratory and
expiratory reactance.

3Data are shown as mean (SD), median (IQR), or No. (%) according to their type and distribution. Comparisons between groups are by the t, Mann-Whitney, or j? tests.
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Figure 3. Relationship between magnitude of DH and oscillometric parameters.
A, Relationship between expiratory 5 Hz resistance (R5) and magnitude of hyperinflation (assessed as change in inspiratory capacity). B, Relationship between
inspiratory 5 Hz reactance (Xr) and magnitude of hyperinflation. DH indicates dynamic hyperinflation; IC, inspiratory capacity; 6MWT, 6-minute walk test.
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tightness, unsatisfied inspiration, and work at the highest
methacholine dose [10]. More recently, in the performance
of this test among 58 patients with mild-severe asthma, the
increase in dyspnea, determined by the Borg score, was
associated with a deterioration in FEV, (correlation coefficient,
—0.434, P<.01) and both R5-R20 (correlation coefficient,
0.523; P<.01) and Xr5 (correlation coefficient,—0.382; P<.01).
In addition, the multivariate regression analysis showed that the
slope of X5 was significantly associated with the slope of the
Borg score independently of the slope for FEV, (X5, p=0.431,
P<.01;and FEV,, p=0.569, P<.01; R?,0.997) [38]. In the case
of exercise limitation, Kosmas et al [9] reported a significant
correlation between maximal exercise work rate (WR.x) and
oxygen uptake and changes in inspiratory capacity (a marker
of DH) between rest and 90% of WR,,.x among patients with
tidal expiratory flow limitation. In addition, all 13 patients
with this condition exhibited a decrease in inspiratory capacity
between rest and 90% of WR ..

Our results point to a relationship between RS values and
DH in oscillometry, with a positive correlation in asthma
patients. These results might highlight the importance of
respiratory system resistance in prediction of DH in patients
with asthma. In comparison, Tiller et al [39] studied patients
with COPD, finding an association between HD and some
impulse oscillometry variables in 15 patients (AX, resonant
frequency [Fres], RS, X5, R5-R20, and Z5 at peak pre- and
postbronchodilator exercise values). Likewise, we recorded
a significant difference in AXrs, with higher values obtained
among patients with DH, thus reflecting the dynamic
compression of the airways and the limitation to expiratory
flow. Dellaca et al [40] found a difference between mean
inspiratory and expiratory reactance (AXrs), with a specificity
and sensitivity of 100% in patients with COPD who underwent
forced oscillation techniques.

Oscillometry is a valuable tool for the diagnosis and
management of asthma, demonstrating greater sensitivity
than spirometry in detecting bronchial reversibility and
hyperresponsiveness. Asthma patients typically present with
increased RS, AX, and Fres values, as well as a more negative
X35, than healthy controls [41]. The utility of oscillometry has
been established in pediatric and adult populations, with ERS-
recommended cut-off points for evaluating the bronchodilator
response [28]. Additionally, oscillometry aids in assessing
small airway dysfunction, a critical determinant of disease
severity and control. Moreover, it facilitates prediction
of impaired asthma control, particularly in patients with
diminished symptom perception. Its role in monitoring and
predicting treatment response further underscores its clinical
relevance in asthma management [42-45].

Our study was limited by its observational nature, which
might include measurement error, collinearity, confounding
variables, selection bias, and information bias. On the other
hand, the inclusion of data from a real-world setting and
the inclusion of participants from different centers can be
highlighted as strengths of the study.

In conclusion, DH is frequent in patients with moderate-
severe asthma controlled in specialized units. No relationship
was found between DH and uncontrolled asthma according
to the ACT score. However, the proportion of patients with

© 2025 Esmon Publicidad

uncontrolled asthma (according to GEMA) was statistically
higher in the DH group. Moreover, patients who experienced
DH had a more intense level of dyspnea, more marked
sensitization to aeroallergens, and more frequent depression.
Although the increase in operative lung volumes during
exercise is not associated with changes in spirometry or
exhaled nitric oxide values, affected patients show increased
respiratory system reactance and a directly proportional
relationship between the magnitude of hyperinflation and
expiratory resistance and reactance at 5 Hz, suggesting that
the presence of DH is associated with some degree of small
airway dysfunction.
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