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Background: Home spirometry using portable devices offers a potential alternative for asthma management by 
reducing hospital dependence and improving accessibility. This study aimed to assess the feasibility of a home 
spirometry program with bronchodilator response (BDR) testing performed without direct medical supervision. 
Methods: A prospective observational study was conducted with 47 asthma patients from a tertiary hospital. Partici-
pants received clear instructions and performed forced spirometry with BDR testing at home using a portable device. 
The primary outcomes included spirometry quality, variability compared to hospital tests, and patient satisfaction.
Results: A total of 78% of participants achieved high-quality spirometry (A or B, according to ATS/ERS  criteria), 
despite greater variability in forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) com-
pared to hospital tests. However, the results remained clinically acceptable. Patients reported high satisfaction with 
the device, highlighting its ease of use and convenience.
Conclusions: Home spirometry with BDR testing is a feasible tool for asthma follow-up, maintaining acceptable 
quality while reducing hospital-based testing. Although improvements are needed to minimize variability and 
enhance consistency, this program has the potential to optimize asthma management, increase accessibility, and 
reduce the burden on healthcare facilities.
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Introduction

Asthma is a chronic illness of the respiratory air-
ways characterized by variable airflow obstruction and 
bronchial hyper-responsiveness [1,2]. Forced spirom-
etry with bronchodilation response (BDR) test is used 
to assess pulmonary function in asthma patients, al-
lowing measurement of obstruction severity and its 
reversibility. These two prognostic factors are essential 
in determining treatment levels and preventing exacer-
bations [3,4]. In clinical practice, testing is performed 
in healthcare facilities under specialized supervision 
to ensure the best quality results. The process takes 
over 40 minutes in total, including 15-20 minutes 
of waiting time to evaluate the BDR test [5]. How-
ever, dependence on clinical settings can overburden 
healthcare systems, especially with increasing chronic-
ity. This is compounded by the heightened risk of res-
piratory virus transmission, as seen with SARS-COV2 
in 2020 [6].

Until now, peak flow measurements have been 
used to assess pulmonary function at home; however, 

it presents important drawbacks in precision and vari-
ability. This method also lacks quality criteria [7,8]. 
Home spirometry emerges as a promising alterna-
tive for managing chronic respiratory illnesses such as 
asthma [3]. Previous studies show home spirometry 
with portable devices offers reliable results, improving 
access to pulmonary function tests [9,10].

This study aimed to evaluate the viability and 
quality of home spirometry with BDR for asthma pa-
tients using portable devices without direct medical 
supervision.

Methods

Study design and scope

This was a prospective observational study in which 
subject enrollment began against the backdrop of the 
SARS-COV2 pandemic in November 2020. The sub-
jects included were adult patients from the asthma clinic 
at Bellvitge University Hospital (Barcelona, Spain)  
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with a definitive diagnosis of asthma in a stable state. 
Among the inclusion criteria was a prior spirometry 
in the center of A or B quality, according to the ATS/
ERS criteria [6]. Participants were also required to be 
able to use the electronic devices that were provided 
for their participation in the study. As to the exclu-
sion criteria, it was decided not to include patients who 
had previously participated in an asthma clinical trial 
that included the use of a device to measure pulmonary 
function at home.

Variables

Demographic and clinical data were collected, in-
cluding age, sex, weight, smoking history, age of asthma 
onset, asthma treatment, therapeutic grading based on 
the Global Initiative for Asthma (GINA) [3], the degree 
of asthma symptom control (measured with the Asthma 
Control Test (ACT)), the number of exacerbations in 
the previous year, and variables of lung function tests.

Procedures and data collection

A Spirodoc (MIR, Italy) portable spirometer 
was provided on loan to each patient. This device al-
lowed them measure all the spirometric parameters 
(FVC, FEV1, FEV1/FVC%, PEF, FEF25%, FEF50%, 
FEF75%, FEF25-75%) and BDR test (in the same 
way as is done in the hospital.

All participants received written instructions with 
illustrations concerning the use and maintenance of the 
device. They were asked to carry out forced spirometry 
with BDR at home (without healthcare professional 
assistance) and return the spirometer for data analy-
sis. Patients also completed a survey assessing satisfac-
tion with the program and provided suggestions for 
improvement.

The main assessment variable was the quality and 
variability of forced spirometry per ATS/ERS criteria 
(2019) [6], with A quality defined as three acceptable 
spirometries with variability ≤ 150 ml, while B allowed 
up to 200 ml. Categories C and D permitted greater 
variability or fewer acceptable maneuvers, and E and F 
indicated inadequate or uninterpretable tests. In addi-
tion, we compared the variability between hospital and 
home spirometry maneuvers.

The time spent by the staff providing instructions 
to patients on the use of the device and the time re-
quired for reviewing the test results was recorded. Pa-
tient satisfaction and ease of use of the device were 
assessed using a visual analog scale (VAS) ranging 
from 0 to 10, where 0 represents “very dissatisfied” and 
10 represents “completely satisfied”.

Data analysis

The qualitative variables were expressed as fre-
quencies and percentages and the continuous vari-
ables as the mean and standard deviation in the case of 
normal distribution, and as the median and the inter-
quartile range in the case of non-parametric distribu-
tion. For the comparison of the quality between home 
versus hospital spirometries, non-parametric Mann-
Whitney U test was used. Statistical significance was 
set at 5% (α=0.05). For statistical analysis we used the 
SPSS software package (version 21.0, Inc., Chicago, 
Il, USA).

A repeated-measures ANOVA was performed 
to compare spirometry measurements obtained in 
 hospital-based and home-based settings. Since only 
two time points were included, the assumption of sphe-
ricity was not applicable and was therefore considered 
met by default (W = 1.000). Statistical significance 
was set at 5% (α = 0.05). All analyses were conducted 
using the SPSS software package (version 21.0;  
IBM Corp., Armonk, NY, USA).

Results

Forty-seven patients were included in the study, 
out of whom 68.1% (n=32) were women. A total of 
74.4% (n=35) of the patients were classified as hav-
ing severe asthma, with a score of 4 or higher on the 
GINA therapeutic scale, and they showed well-con-
trolled symptoms, with an ACT score of 21 points and 
without exacerbations in the year prior to inclusion in 
the protocol. The sociodemographic and clinical data 
of the patients are presented in Table 1.

All patients in the study correctly performed 
home spirometry with BDR test using the provided 
device. The number of valid maneuvers was three, both 
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Table 1. Sociodemographic and clinical data (n=47)

Variables N = 47

Age, years 52 [45-63]

Female gender, n (%) 32 (68,1%)

Weight, Kg. 71 [63-82]

Body mass index, Kg/m2 27.11 [23.49-30.22]

Smoking status

Never smoker 27 (57.4%)

Past-smoker 18 (38.3%)

Current smoker 2 (4.3%)

Age at asthma onset, years 38 [20-47]

Number of exacerbations in the 
previous year

0 [0]

ACT score, points 21 [15-24]

GINA scale, n (%)

1 - Use of Salbutamol or ICS/
formoterol as required

4 (8.5%)

2 - Use of low dose of ICS 3 (6.4 %)

3 - Use of low dose of ICS/LABA 5 (10.7 %)

4 - Use of medium dose ICS/LABA 8 (17 %)

5 - Use of high dose of ICS/LABA 27 (57.4 %)

Use of biological treatment, n (%) 18 (38.3%)

Mepolizumab 7 (14.9 %)

Omalizumab 7 (14.9 %)

Benralizumab 2 (4.3%)

Dupilumab 1 (2.1%)

Reslizumab 1 (2.1%)

Use of maintenance steroids  
(Oral corticosteroids), n%

5 (10.6%)

Use of LAMA, n (%) 9 (19.1%)

Use of theophylline, n (%) 3 (6.4%)

Use of cyclic azithromycin, n (%) 1 (2.1%)

Use of antileukotrienes, n (%) 15 (31.9%)

Data are displayed as median [interquartile range]. ACT 
(Asthma Control Test); GINA, Global Initiative for Asthma; 
ICS, Inhaled Corticosteroids; LABA, Long-Acting  Beta-
Agonists; LAMA, Long-Acting Muscarinic Antagonists.

Figure 1. Distribution of home spirometry quality grades 
 according to the 2019 ATS/ERS criteria, n(%).

for baseline spirometry and after bronchodilator ad-
ministration. As shown in Figure 1, the quality level of 
home spirometry was graded A or B in 78% of cases 
(n = 36).

In addition to the home-based test, all patients 
underwent hospital-based spirometry. The median 

time interval between the two tests was 13.3 months 
(interquartile range: 5.6–20 months). It is noteworthy 
that the home-based measurements were conducted 
during the COVID-19 pandemic, when spirometry 
was considered a high-risk procedure for viral trans-
mission; this context explains the prolonged interval 
between tests in some patients.

The analysis revealed no statistically significant 
differences between hospital and home-based spirom-
etry in terms of FVC, FEV1, or reversibility test values, 
whether expressed in Liters or as percentages of pre-
dicted values (Table 2). The within-test variability ob-
served in home-based spirometry was 100 mL (2.7%) 
for FVC and 65 mL (2.8%) for FEV1. By contrast, 
the within-test variability in hospital-based spirom-
etry was 40 mL (1.5%) for FVC and 30 mL (1.5%) 
for FEV1. Furthermore, the between-test  variability—
comparing home versus hospital spirometry—was  
60 mL for FVC and 35 mL for FEV1, both favouring the 
hospital setting (p = 0.025 and p = 0.015, respectively).

The time spent by professional nurses in provid-
ing explanations and downloading data was a total of 
15 minutes in both cases, and the time it took for pa-
tients to carry out home spirometries was thirty min-
utes on average. About 53% of the tests were carried 
out between 8 a.m. and 12 a.m.

On the questionnaires concerning patient satis-
faction and quality following the use of the devices 
at home, 36 patients (76.59%) responded, and they 
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Table 2. Results of home spirometry versus hospital spirometry (n=47)

Home Spirometry Hospital Spirometry

Variable PRE-BD POST-BD PRE-BD POST-BD P value*

FVC (L) 3.12 [2.51-4.12] 3.21 [2.53-4.30] 3.27 [2.69-4.01] 3.08 [2.75-4.07] 0.145

FVC (%) 103 [90-115] 107 [92-116] 108 [95-118] 105 [96-123] 0.051

FEV1 (L) 2.19 [1.73-2.8] 2.43 [1.72-2.91] 2.27 [1.71-2.87] 2.40 [1.70-3.02] 0.091

FEV1 (%) 83 [69-101] 90 [76-105] 86 [68-104] 94 [74.5-109.5] 0.139

Reversibility Test 
(change in FEV1%)

6 [2-17] 5 [1.5-12] 0.291

Number of maneuvers 3 [3-3] 3 [3-3] 3 [3-4] 3 [3-3] 0.037

Number of valid 
maneuvers

3 [2-3] 3 [3-3] 3 [3-3] 2 [2-2] 0.001

Within-test variability  
in FVC (mL)

100ml [40-140] 40ml [20 -80] 0.025

Within-test variability 
in FVC (%)

2.7% [1.3-5.5] 1.5% [0.6-2.5] 0.012

Within-test variability  
in FEV1 (mL)

65ml (30-115) 30ml [10-50] 0.015

Within-test variability  
in FEV1 (%)

2.8% [1.3-6.2] 1.5% [0.5-2.6] 0.008

Data are presented as median [interquartile range]. BD, bronchodilation; FVC, forced vital capacity; FEV1, forced expiratory 
volume in 1 second. P value reflects between-test variability (comparison between hospital-based and home-based settings in 
pre-BD manoeuvres), assessed using repeated-measures ANOVA.

showed a level of satisfaction of 9 out of 10, and on 
the ease of use of the device the score was 8 out of 10.

Discussion

The establishment of new out-of-hospital pro-
grams where home spirometry can be performed while 
maintaining quality standards could improve asthma 
management. Our results show that around 80% of 
patients achieved good-quality spirometry at home. 
While home spirometry exhibited greater variability 
than hospital-based tests, this variability was not clini-
cally significant. These findings align with prior studies 
[6,11,12].

Few studies have explored home spirometry in 
asthma, particularly for adults without supervision, 
making this study innovative. Besides improving access 
to testing, this approach could reduce waiting lists and 
enable earlier diagnosis, which is critical for optimizing 
asthma management. Early detection enhances disease 

control, reduces costs linked to complications, and 
significantly improves patients’ quality of life. As seen 
with Home Polysomnography or Holter monitoring, 
extra-hospital circuits have proven viable. This article 
opens the door to extending this approach to spirome-
try for reliable home-based assessments for the control 
and follow-up of the asthmatic patient [3,13,14,15].

Comparative studies support the reliability of 
home spirometry in chronic illnesses. Research on idi-
opathic pulmonary fibrosis showed week-to-week var-
iability of less than 8.2% in home spirometry readings 
[16,17]. These findings strengthen the case for using 
home spirometry even for complex conditions. How-
ever, managing specific populations, such as paediat-
ric patients, poses additional challenges. For instance, 
Gerzon et al. found that children face greater difficul-
ties performing tests without supervision, emphasizing 
the importance of tailoring these programs to patients’ 
age and unique needs [10].

One of the most important contributions made 
by the present study is the inclusion of BDR test in 
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and ease of use. While some variability was observed 
compared to hospital-based spirometry, the overall 
feasibility and reliability of the home testing approach 
support its implementation in clinical practice. Fur-
ther research is needed to optimize its use and expand 
its applicability in broader patient populations.
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