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Abstract
Background: Recurrent asthma-like symptoms (RALS) in infants, defined as three or more phy-
sician-diagnosed episodes of wheezing and cough in the past 12 months, are the most com-
mon clinical presentation of asthma during the first two years of life. During exacerbations, 
patients may experience severe episodes and often require emergency department visits or 
hospitalisation. However, there is limited information on lung function (LF) during symptom-
atic periods compared to asymptomatic periods and in healthy controls.
Methods: The baseline LF of 264 infants aged < 15 months with RALS (94 symptomatic and 170 
asymptomatic) was measured using rapid thoracic compression from the raised volume tech-
nique, and 44 healthy infants were included as the control group. The measurements were 
converted to z-scores for analysis and comparison.
Results: The mean LF was significantly lower in symptomatic than in asymptomatic infants. 
Additionally, LF in the asymptomatic group was significantly lower than that in healthy 
infants. Tobacco smoking during pregnancy, frequent wheezing episodes (≥7), and family his-
tory of asthma were significantly associated with a higher proportion of abnormal FEV0.5  
(z-score < −1.64) across the entire group of RALS infants.
Conclusion: Infants with RALS exhibit markedly reduced LF during symptomatic episodes. 
Furthermore, even when asymptomatic, they exhibit substantially lower LF than normal 
infants. These functional features support the notion that LF deficits are present very early 
in life in infants with RALS. This may also help explain the high prevalence of frequent and 
severe episodes observed in infants with RALS in clinical practice.
© 2026 Codon Publications. Published by Codon Publications.
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None of the patients were receiving oral corticosteroids, 
theophylline, or leukotriene receptor antagonists. 

The asymptomatic group consisted of infants with RALS 
without upper respiratory tract infection (common cold), 
coryza/rhinorrhoea, cough/wheezing, or other respiratory 
symptoms in the 4 weeks preceding testing and at the clin-
ical examination, as determined by a paediatric respira-
tory physician on the day of the measurement. The RALS 
symptomatic infant group consisted of infants who had 
mild-to-moderate respiratory symptoms (coryza, cough/
wheezing) that started in the previous 7 days, as reported 
by the mother and confirmed by a paediatric respiratory 
physician on the measurement day. Infants with symptoms 
occurring within the preceding four weeks but not in the 
last seven days were not tested until at least one symp-
tom-free month had elapsed, ensuring a clear separation 
between symptomatic and asymptomatic groups at the 
time of RVRTC assessment.

All infants in both the symptomatic and asymptom-
atic groups had normal pulse oximetry and no respira-
tory distress or fever. In the symptomatic group, gentle 
suction of the nostrils after normal saline (0.9%) solution 
was performed before testing, when necessary. Viral 
testing was not conducted due to limited availability, as 
testing resources were prioritised exclusively for hospi-
talised infants at that time. The control group consisted 
of forty-four healthy, full-term infants without any known 
chronic or acute respiratory disease and without upper or 
lower respiratory symptoms in the four weeks preceding 
testing. Infants were recruited from routine health check-
ups and vaccination clinics.

Infants with severe wheezing, recovering from pneu-
monia or other lower respiratory infections, suffering from 
chronic illnesses affecting the lungs, hospitalised in the 
past three months, or using systemic corticosteroids in the 
past four weeks were excluded. Inhaled beta-agonists were 
withheld 12 hours before the measurements, while inhaled 
corticosteroids were continued as prescribed by physicians. 

This study was approved by the Scientific Ethics 
Committee of the Chilean Ministry of Health and the 
Southern Metropolitan Health Service in Santiago, Chile. 
Written informed consent was obtained from all parents, 
who were present throughout the entire procedure.

Lung function testing

Lung function measurements were performed by the same 
physicians, who were familiar with the patients’ medi-
cal histories, six hours postprandial, while sleeping under 
sedation with chloral hydrate (70–90 mg/kg), and using the 
spirometry technique, as described in detail elsewhere.18 
Briefly, a facemask was positioned over the infant’s face, 
covering the mouth and nose, while keeping the neck 
slightly extended during the procedure, with the mouth 
slightly open and a gentle anterior jaw thrust19 to facilitate 
as much lung insufflation and forced expiration through the 
mouth as possible. Lung inflation pressure was set at 30 
cm H2O, and after delivering several sequential inflations 
to that lung volume, and when a respiratory pause was evi-
dent, thoracic compression was initiated, and a series of 
manoeuvres were performed using an increasing range of 

Introduction 

Recurrent asthma-like symptoms (RALS) in infants, charac-
terised by recurrent episodes of wheezing and coughing, 
constitute a highly prevalent condition and represent the 
most common clinical manifestation of asthma during the 
first two years of life. This condition constitutes a signifi-
cant burden of medical consultations, frequent medication 
use, and a high prevalence of emergency department visits 
and hospital admissions, as reported in large international, 
population-based studies.1,2 In addition, long-term fol-
low-up studies have shown that suffering from RALS in the 
first two years of age, particularly if infants have decreased 
LF, bronchial hyperresponsiveness (BHR), and frequent 
or severe wheezing episodes, is linked to a higher risk of 
asthma, BHR, low LF, and chronic obstructive pulmonary 
disease (COPD) later in life.3-8

In infants with RALS, the baseline LF is reduced com-
pared to that in healthy infants, as measured by spirometry 
using raised volume rapid thoracoabdominal compression 
(RVRTC) or other techniques.4,8–12 This finding of reduced 
LF early in infants with RALS supports the concept of an 
airway structural/functional disturbance that begins in the 
foetal stage or very early after birth.3–6,13–15 Although the 
standard practice is to assess LF in RALS infants when they 
are asymptomatic, measuring LF during symptomatic epi-
sodes may broaden the information about their respiratory 
status and eventually help physicians with disease classifi-
cation and therapeutic decision making. However, there is 
little information on LF measured using infant spirometry 
during the symptomatic period.16 Further airway narrowing 
in infants with RALS when symptomatic would be a plau-
sible explanation for the high prevalence of severe clini-
cal expression (severe episodes, visits to the Emergency 
Department, and hospitalisation) in this group of patients1,2 
when they become respiratory symptomatic. This knowl-
edge may have clinical and preventive implications for the 
early management of infants with RALS. The present study 
aimed to describe and compare the spirometric baseline LF 
in symptomatic and asymptomatic infants with RALS and 
healthy infants. 

Methods 

This cross-sectional retrospective study describes the 
baseline spirometric LF data of 264 infants diagnosed with 
RALS who were monitored at our outpatient respiratory 
clinic between 2005 and 2012. Their LF was consecutively 
measured using the RVRTC technique, spirometry from 
now on, and following the ERS/ATS recommendations.17 
The recorded parameters for analysis were forced vital 
capacity (FVC), forced expiratory volume at 0.5 s (FEV0.5), 
forced expiratory flow at 50% and 75% of FVC (FEF50 and 
FEF75), FEF25–75%, and FEV0.5/FVC. 

At the time of measurement, 94 patients were symptom-
atic, while 170 were asymptomatic; all measurements were 
conducted at the Department of Paediatric Respiratory 
Medicine, Hospital El Pino, Santiago de Chile, and the con-
trol group consisted of 44 healthy infants. Patients were 
treated with inhaled corticosteroids (budesonide 200 mcg/
day or equivalent) and inhaled salbutamol as needed.  
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(%) and 95% CI. Analysis was performed using statistical 
software, and p-values < 0.05 were considered statistically 
significant. 

Results

There was no significant difference in the male-to-female 
ratio between the symptomatic (63/31; 2:1) and asymp-
tomatic groups (113/57; 2:1), and the difference in the 
proportion of males between the symptomatic (67.0%) and 
asymptomatic (66.5%) groups was not significant. The con-
trol group was matched by sex, resulting in a 22:22 male-
to-female ratio. The anthropometric characteristics of the 
three groups are shown in Table 1. There were no signifi-
cant differences in the anthropometric variables between 
symptomatic and asymptomatic infants. All the infants 
were Hispanic.

Lung function was significantly lower in the symp-
tomatic RALS group than in the asymptomatic group (p < 
0.0001); in turn, LF in asymptomatic infants was signifi-
cantly lower than in the healthy control group (p < 0.0001). 
Z-scores for each spirometric parameter in the three groups 
are shown in Table 2. 

The mean number of wheezing episodes in infants with 
RALS was 6.92 (95% CI, 6.56–7.28), and 46.5% (95% CI, 40.30–
52.24) had seven or more episodes in the past 12 months. 
In addition, 26.9% (95% CI, 21.90–32.55) were exposed to 
smoking during pregnancy, 57.6% (95% CI, 51.55–63.39) were 
exposed to second-hand tobacco at home, and 76.1% (95% 
CI, 70.64–80.88) had a family history of asthma. 

Lung function

The proportion of infants with abnormal LF in the symp-
tomatic group was approximately 2–3 times higher than 
that in the asymptomatic group for most spirometric 
parameters (p < 0.001), as shown in Figure 1, with a sig-
nificant proportion of asymptomatic infants with RALS 
exhibiting abnormal LF. It is worth noting that all infants 
with RALS, both asymptomatic and symptomatic, had FVC 
values above the lower limit of normal (LLN; −1.64 SD). No 
adverse events, including vomiting, tachycardia, or hypox-
aemia, were observed during or after the LF measure-
ments. After adjusting for sex, height, birth weight under 
2500 g, and admissions, the factors significantly associated 
with abnormal zFEV0.5 in infants with RALS were smoking 
during pregnancy (OR 4.26, 95% CI 2.10–8.65), family history 
of asthma (OR 2.26, 95% CI 1.08–4.72), and frequent wheez-
ing episodes (≥ 7 episodes) in the past year (OR 2.84, 95% CI 
1.62–4.99); sex (male) was not significantly associated with 
abnormal LF (OR 0.87, 95% CI 0.39–2.23, p = 0.842). 

Discussion 

This study demonstrated that symptomatic infants with 
RALS exhibited a marked reduction in LF compared to 
asymptomatic infants with RALS. Furthermore, infants with 
asymptomatic RALS had significantly lower LF than healthy 
controls. This supports the notion that airway obstruction 

jacket pressures (30–110 cm H2O)17 until there was no fur-
ther increase in flows with subsequent increases in jacket 
pressure (flow limitation). The best curve was selected 
from three reproducible curves as the single best-shaped 
curve with the highest sum of FVC and FEF25–75%; the 
values from that curve were computed for analysis.16–18 
Abnormal LF was defined as a z-score < -1.64 for any of the 
studied spirometry parameters and categorised as normal/
abnormal for the analysis.

We hypothesised that asymptomatic infants with RALS 
have reduced baseline LF, which further deteriorates 
during symptomatic episodes without reaching normal lev-
els during asymptomatic periods. With our current sample 
sizes (264 infants with RALS and 44 healthy controls), there 
is an 84.5% likelihood of finding a significant difference in 
LF between groups when a real difference, specifically a 
medium effect size (Cohen’s d = 0.5), is present. 

Statistical analysis

Descriptive statistics were used to analyse categorical 
variables, and logarithmic transformations were applied 
to variables that were not normally distributed. Values for 
FVC, FEV0.5, FEF50, FEF75, FEF25–75%, and FEV0.5/FVC in 
the three study groups were converted to z-scores using 
the equations of Jones et al.20 and analysed with non-para-
metric statistics (Mann–Whitney, Kruskal–Wallis tests) and 
ANOVA with Welch’s t-test, which allows for unequal vari-
ances and group sizes. In the entire group of RALS infants 
(n = 264), analysis of variance was used to assess differ-
ences in z-scores of FVC, FEV0.5, FEF50, FEF75, FEF25–75%, 
and FEV0.5/FVC based on factors such as sex, family history 
of asthma, current maternal tobacco smoking, maternal 
smoking during pregnancy, second-hand tobacco exposure 
at home, admissions for acute lower respiratory infection, 
and frequent wheezing episodes (≥7). The proportions of 
infants with abnormal LF in the asymptomatic and symp-
tomatic groups were compared using the chi-square test. 

The association of abnormal FEV0.5 in the whole RALS 
group (symptomatic and asymptomatic pooled) with fac-
tors such as sex, family history of asthma, current mater-
nal tobacco smoking, exposure to second-hand tobacco 
smoke at home, maternal smoking during pregnancy, and 
frequent wheezing (≥7) was assessed using a multivariable 
stepwise logistic regression model. The variables included 
in the model were selected based on clinical relevance and 
p-values < 0.10 in the univariate analysis. Model diagnostics 
included the Hosmer–Lemeshow test for goodness of fit and 
checks for multicollinearity. To account for multiple com-
parisons, the Bonferroni correction was applied to the six 
spirometric parameters (adjusted alpha = 0.008). Missing 
data were handled via listwise deletion and were less than 
5% for all variables. 

The results for LF parameters were expressed as 
z-scores and 95% confidence intervals (95% CI), whereas 
the anthropometric variables (age, weight, and height) 
were reported as the mean and 95% CI. In the whole RALS 
group, the prevalence of variables such as family history 
of asthma, tobacco exposure during pregnancy and at 
home, birth weight less than 2500 g, and frequent previ-
ous wheezing episodes (≥7) was expressed as a percentage 
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Table 1  Anthropometric characteristics of the three groups.

 
 

 RALS

Healthy infants
 (n=44) 

Symptomatic 
(n=94)

Asymptomatic
 (n=170)

Mean 95% CI Mean 95% CI Mean 95% CI

Age (weeks) 35.6 27.9–43.3 60.9 55.8–66.1 60.3 56.8–63.9
Weight (kg) 8.0 7.3–8.6 10.1 9.7–10.4 10.2 9.9–10.4
Height (cm) 67.9 65.4–70.3 74.8 73.5–76.0 75.1 74.2–76.0
Birth weight (g) 3365 3226–3504 3427 3328–3529 3399 3329–3469
Birth height (cm) 50 49.4–50.5 49.9 49.5–50.3 50.2 49.9–50.5
Birth weight/height ratio 67.2 64.9–69.5 68.5 66.9–70.1 67.5 66.4–68.6

RALS: recurrent asthma-like symptoms.

Table 2  Spirometry values for healthy, symptomatic, and asymptomatic infants with RALS, z-scores mean (95% 
confidence interval).

 RALS

Healthy infants n=44 Symptomatic n = 94 Asymptomatic n = 170 Pa,b

zFVC 0.35 (0.02–0.68) −1.30 (-1.57 to −1.03) −0.60 (−0.80 to −0.40) <0.0001
zFEV0.5 0.40 (0.07–0.72) −1.71 (−1.99 to −1.43) −0.50 (−0.72 to −0.28) <0.0001
zFEF50% −0.35 (−0.70–0.00) −2.03 (−2.34 to −1.72) −0.66 (−0.87 to −0.46) <0.0001
zFEF75% −0.01 (−0.32–0.30) −2.15 (−2.52 to −1.78) −0.75 (−0.97 to −0.53) <0.0001
zFEF25-75% −0.11 (−0.41–0.18) −2.27 (−2.62 to −1.92) −0.64 (−0.88 to −0.41) <0.0001
zFEV0.5/FVC 0.01 (−0.25–0.27) −0.58 (−0.87 to −0.28) 0.26 (0.07 to 0.46) <0.0001

RALS, recurrent asthma-like symptoms; z, z-scores; FVC, forced vital capacity; FEV0.5, forced expiratory volume at 0.5 
seconds; FEF50%, forced expiratory flow at 50% of FVC; FEF75%, forced expiratory flow at 75% of FVC; FEF25-75%, forced 
expiratory flow between 25% and 75% of FVC; and FEV0.5/FVC. a: ANOVA, Welch’s test, asymptomatic vs. healthy control: 
p<0.0001; b: asymptomatic vs. symptomatic group: p<0.0001 (for all six spirometry parameters).

in early life is dynamic and is aggravated during episodes of 
respiratory symptoms. These findings align with the concept 
that airway impairment is an early and persistent feature of 
RALS, as it can be detected as early as the first few weeks of 
life and is present before any asthma-like episode occurs.3,14 
Our results add to the growing evidence that airway nar-
rowing and hyperresponsiveness may originate prenatally, 
contributing to the early onset of asthma and potentially 
chronic obstructive pulmonary disease (COPD) later in life.4–7 
Previous studies have shown that infants with a history of 
RALS have baseline impairments in forced expiratory flows 
during clinically asymptomatic periods.3,4,8–12 However, few 
studies have shown how much lung function is affected 
during symptomatic episodes16 in infants with RALS or how 
many of them have abnormal lung function (below the lower 
limit of normal) in the absence of respiratory symptoms.

Our results extend these observations by quantifying 
this marked additional decline, highlighting the functional 
impact of acute respiratory symptoms in a population 
already at risk. Furthermore, the high proportion of RALS 
infants with abnormal LF, even when they are asymptom-
atic, may have important clinical implications because 
airways with a previously reduced calibre are more suscep-
tible to narrowing. 

The limited information on LF in infants and older chil-
dren with asthma during symptomatic periods is perhaps 
because most laboratories prefer to perform LF measure-
ments when patients are asymptomatic. However, this may 
be clinically relevant, as found in the present study, where 
symptomatic infants were two to three times more likely to 
exhibit abnormal LF values than asymptomatic infants. This 
underlying airway dysfunction in infants with RALS, even 
when asymptomatic, may partly explain the high preva-
lence of severe episodes, ED visits, and admission during 
asthma-like symptom exacerbations.1,2,21,22 

Our findings have important clinical implications, par-
ticularly the marked decrease in LF in infants with RALS 
during symptomatic periods and the lower lung function 
compared to healthy infants in the group of asymptomatic 
RALS infants. This outcome of underlying airway narrow-
ing in infants with RALS may explain why common colds 
or acute viral respiratory infections result in a significant 
decrease in their expiratory flow rates,16 which in turn would 
explain the increased frequency and severity of wheezing 
episodes and exacerbations in infants with RALS associated 
with colds. A significant further decline in parameters such 
as FEV0.5 and FEF25–75% during symptomatic episodes 
points to clinically relevant bronchial obstruction related 
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Figure 1  Proportion (%) of symptomatic and asymptomatic RALS infants with abnormal lung function (z-scores < -1.64). RALS, 
recurrent asthma-like symptoms; z, z-scores; FVC, forced vital capacity; FEV0.5, forced expiratory volume at 0.5 seconds; FEF50%, 
forced expiratory flow at 50% of FVC; FEF75%, forced expiratory flow at 75% of FVC; FEF25-75%, forced expiratory flow between 
25% and 75% of FVC; and FEV0.5/FVC.

to the higher frequency and severity of wheezing episodes. 
Given the early onset and persistence of LF impairment in 
these patients, proactive monitoring and management of 
RALS could decrease the frequency and severity of wheez-
ing episodes in the short term and may help prevent long-
term respiratory outcomes. Repeated and severe episodes 
of RALS contribute to long-term respiratory functional 
impairment,22–26 even if symptoms are not always evident. 
Our results suggest that measuring LF during symptomatic 
periods may increase diagnostic sensitivity and assist in 
identifying infants who may benefit from early therapeutic 
and preventive interventions. 

This study identified key early life risk factors inde-
pendently associated with abnormal LF, such as prenatal 
tobacco exposure, parental asthma, and frequent wheezing 
episodes (≥7). These factors were consistent across symp-
tomatic and asymptomatic infants with RALS and aligned 
with existing literature relating them to more frequent 
and severe episodes of wheezing during the first year of 
life at the community level,1,2,21,22 asthma development, 
and reduced LF later in life.23–27 Although wheezing epi-
sodes increase with age, lung function was analysed using 
age-adjusted z-scores, and the association between ≥7 epi-
sodes and abnormal lung function persisted, indicating a 
true symptom burden rather than an age effect. Parental 
asthma is a key criterion for predicting and diagnosing 
asthma in infants and preschool children using the Asthma 
Predictive Index (API).28 Infants with RALS and a family his-
tory of asthma showed significantly lower LF, reinforcing 
the diagnostic and predictive value of the API. Early identi-
fication of this high-risk group could lead to more targeted 

management and follow-up. We have confirmed previous 
findings that infants with RALS and parental asthma have a 
notably lower LF,3 as measured by spirometry (RVRTC), as 
well as by tidal LF measurements.29 

The present study shows that prenatal exposure to 
tobacco derivatives is strongly associated with a higher pro-
portion of infants with abnormal LF in infants with RALS, 
corroborating prior evidence of the detrimental impact 
of nicotine and other derivatives present in cigarettes, 
such as CO and tar, on foetal lung development, causing 
impaired airway growth, increased bronchial reactivity, 
and epigenetic alterations linked to asthma susceptibility, 
which may even have their origin in the grandparents.30–33 
The proportion of infants with abnormal LF was more than 
twice as high among those exposed to maternal smoking 
during pregnancy. In addition, smoking during pregnancy 
is strongly associated with a higher prevalence of RALS 
during the first year of life.34 The latter reinforces tobacco 
smoke as a harmful determinant of structural/functional 
modifications of the intrauterine airway in infants exposed 
to prenatal maternal smoking.

A high number of wheezing episodes (≥ seven/year) was 
significantly associated with abnormal LF, suggesting that an 
increased frequency of wheezing episodes contributes to 
progressive airflow limitation in this group of patients, which 
is predicted by elevated FENO.9 supporting the notion that 
early therapeutic intervention using specific antiasthma 
medications for the management of RALS could potentially 
help preserve LF in these patients. However, it is important 
to consider that in infants with RALS receiving ICS as part 
of real-world routine care, several important factors, such 
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reference equations,20 based on infants from the United 
States. Therefore, regional and ethnic differences in 
growth and lung development may limit their applicability 
to Chilean or Latin American infants; however, this remains 
to be proven. Furthermore, the absence of reference pre-
diction equations specific to Chilean or Latin American 
infants, combined with the widespread use of Jones’ equa-
tions in multiple infant lung function studies across this 
region and others, supports the appropriateness of apply-
ing these equations to our patients with RALS and healthy 
controls.

Although lung function results were standardised for 
age and body size, residual confounding related to age-de-
pendent symptom burden and cumulative respiratory expo-
sures cannot be excluded in this cross-sectional analysis. 
However, it should be considered that our findings describe 
early baseline lung function differences associated with 
RALS, rather than age-dependent progression, underscor-
ing the need for longitudinal studies beginning earlier in 
life. Another possible limitation was that physicians mea-
suring lung function were not blinded to the prior clinical 
history; however, symptoms were assessed using a stan-
dardised questionnaire, and lung function measurements 
were obtained using objective, protocol-driven methods, 
limiting potential observer bias. To minimise the likely sea-
sonal effects, RVRTC testing was performed throughout 
the year, and the observed associations were not driven by 
the clustering of measurements in specific months.

Our results of LF measurements using the RVRTC tech-
nique in infants with RALS may have been affected by 
measurement variability. However, we have reported low 
intra-subject variability for spirometric parameters in 
infants with RALS using this technique (FVC = 2.9% (95% CI 
2.6–3.2); FEV0.5 = 2.2% (95% CI 1.9–2.5); FEF50% = 3.7% (95% 
CI 3.3–4.1); FEF75% = 5.9% (95% CI 5.2–6.6); and FEF25–75% = 
3.3% (95% CI 2.9–3.7)), demonstrating the high reproducibil-
ity of the spirometric parameters measured using RVRTC.18 
Converting to z-scores using validated reference equations 
would also help reduce the variance due to growth-related 
differences and improve the comparability.

Size-unbalanced groups, such as those in this study, 
may limit the statistical certainty of the spirometric com-
parisons. However, with our current sample sizes (260 
infants with RALS and 44 healthy controls), the design 
would be adequate for a medium effect size. In the context 
of spirometry, this means that there is an 84.5% likelihood 
of finding a significant difference in LF between groups 
when a real difference exists, specifically a medium effect 
size (Cohen’s d = 0.5). Thus, the sample size provided ade-
quate power (>84%) to detect medium effect sizes in the 
LF comparisons.

The advantages of our study are the inclusion of both 
symptomatic and asymptomatic RALS infants, along with 
a healthy control group, all from the same centre and 
assessed using a standardised spirometric protocol. As pre-
viously noted, the application of z-scores for lung function 
comparisons enhances the robustness of our findings, and 
the identification of both modifiable and non-modifiable 
risk factors associated with abnormal lung function further 
adds to the study value. Additionally, this study identified 
that tobacco smoking during pregnancy is a strong predic-
tor of abnormal expiratory flows (FEV0.5 and FEF25–75%) 
in RALS infants. The latter would be helpful for clinicians 

as heterogeneous treatment initiation, limited adherence 
and inhalation technique, parental concern about the use of 
ICS, and underlying phenotypic heterogeneity of RALS, may 
affect therapeutic response, indicating the need for earlier, 
phenotype-guided, and better-supported therapeutic strat-
egies. Therefore, the persistence of RALS and impaired lung 
function in treated infants should not be interpreted as evi-
dence of therapeutic failure of ICS per se, but rather as a 
reflection of the complexity, variability, and limitations of 
real-world management in this age group.

These findings underscore the importance of properly 
managing wheezing episodes in infants with RALS to mit-
igate the frequency and severity of episodes and, eventu-
ally, long-term respiratory complications later in life.

Infants with RALS share multiple features with older 
children diagnosed with asthma, including clinical features, 
persistent LF impairment, airway hyperreactivity, and 
responses to environmental triggers. Reluctance to classify 
recurrent asthma-like symptoms in infants may delay the 
timely diagnosis and treatment of asthma, as suggested by 
the current GINA guidelines for the diagnosis of asthma in 
young children.35 Our findings support the need to recon-
sider this nomenclature, recognising that many of these 
infants meet the biological and clinical criteria for asthma. 
Labelling and managing RALS as early asthma could 
improve outcomes by prompting earlier interventions. 

Strengths and Limitations

This study had several limitations. Its retrospective, 
cross-sectional design allows the identification of associa-
tions but precludes causal inference and assessment of lon-
gitudinal changes in lung function. Nevertheless, this study 
provides a robust characterisation of baseline lung function 
at a critical early life stage, thereby establishing a founda-
tion for future prospective investigations of lung function 
trajectories. Although lung function was assessed at a sin-
gle time point per infant, the primary objective was to 
characterise baseline lung function in relation to recurrent 
asthma-like symptoms early in life, which is a clinically rel-
evant and under-described stage of the disease. Spirometry 
using the raised volume rapid thoracic compression (RVRTC) 
technique in infants with recurrent wheezing has several 
limitations, despite its recognised utility. Technical and 
physiological issues remain to be investigated, as reported 
by the International Consensus on RVRTC.17 Factors that may 
influence the measurement outcomes are those related to 
the inherent physiological characteristics of the chest wall 
and infant airways that may introduce uncertainties, that 
is, the degree of airway dynamic compression, its variability 
at different ages, the possibility of not reaching flow lim-
itation during compression, the significant component given 
by chest-wall high flexibility during infancy, the effect of 
the upper airway as a resistor, the effect of different lev-
els of sedation or idiosyncratic sedation effects, increased 
stomach air (stomach insufflation), among others. These 
complexities, along with the extensive and time-consuming 
measurements and inherent variability, are factors that 
likely explain, in part, the scarcity of studies using spirome-
try (RVRTC) in infants with RALS.   

Another possible limitation is that spirometry param-
eters were converted to z-scores using widely employed 
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LF, even when they are asymptomatic, with a further 
marked reduction when symptomatic. The results indicate 
that the LF deficit in infants with RALS occurs very early in 
life, supporting the idea that airway functional impairment 
may exist before birth. The connection between prenatal 
tobacco exposure, family history of asthma, and frequent 
wheezing with abnormal LF emphasises the need for early 
identification and intervention in high-risk patients. Such 
early LF impairment is likely to contribute to the high rates 
and severity of respiratory exacerbations observed in clini-
cal practice among infants with RALS.
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