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Abstract

Background: Congenital adrenal hyperplasia (CAH) is associated with chronic hormonal
dysregulation and prolonged glucocorticoid exposure, which may contribute to alterations
in pulmonary physiology. However, small airway function in children with CAH has not
been adequately investigated. This study aims to evaluate small airway function in children
with congenital adrenal hyperplasia (CAH) using impulse oscillometry system (IOS) and
to compare the findings with those of healthy controls. Methods: This cross-sectional case—
control study included 27 children with CAH and 27 age- and sex-matched healthy controls.
I0S measurements, including resistance at 5 Hz (R5), resistance at 20 Hz (R20), peripheral
airway resistance (R5-R20), reactance at 5 Hz (X5) and 20 Hz (X20), reactance area (AX),
and resonance frequency (Fres), were obtained in all participants. Demographic, clinical,
laboratory, and treatment-related characteristics were also recorded. Results: The median
age of the CAH group was 14 years, and 66.7% were female. Compared with controls,
children with CAH demonstrated significantly higher R5 values [0.55 vs. 0.38 kPa-s/L,
p = 0.031], increased R5-R20 values [0.21 vs. 0.12 kPa-s/L, p = 0.009], and elevated AX
values [2.05 vs. 1.02 kPa-s/L, p = 0.001]. In addition, X5 values were significantly more
negative in the CAH group [—0.16 vs. —0.10 kPa-s/L, p = 0.001]. No significant differences
were observed in R20, X20, and Fres parameters. Based on the z-scores calculated using the
reference equations implemented in the device software, abnormal oscillometric findings
were most frequently observed for X5 (29.6%), followed by R5-R20 (25.9%) and R5 (22.2%).
Conclusions: Children with CAH exhibited IOS abnormalities suggestive of subclinical
small airway dysfunction despite the absence of overt respiratory disease. IOS may serve
as a sensitive tool for the early detection of small airway involvement in pediatric CAH.
Further prospective studies with larger sample sizes are warranted.

Keywords: congenital adrenal hyperplasia; impulse oscillometry; small airway dysfunction

1. Introduction

Congenital Adrenal Hyperplasia (CAH) is a heterogeneous group of disorders with
autosomal recessive inheritance, resulting from enzyme deficiencies in adrenal steroid
synthesis. The condition is primarily characterized by impaired cortisol synthesis and
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may lead to varying degrees of aldosterone deficiency and androgen excess. The global
prevalence of classic CAH is reported to be approximately 1 in 10,000-15,000 live births [1].
The most common form is 21-hydroxylase deficiency, caused by mutations in the CYP21A2
gene, accounting for approximately 90-95% of cases [2]. Less commonly, deficiencies in
11B3-hydroxylase, 17x-hydroxylase and other steroidogenesis enzymes may be observed.

Congenital adrenal hyperplasia is not merely a disease affecting the endocrine system;
it can lead to multisystemic consequences due to chronic hormonal imbalance, long-term
glucocorticoid therapy and metabolic effects [3]. In recent years, the effects of endocrine
disorders on pulmonary physiology have attracted increasing attention. In particular, it is
thought that chronic inflammation, hormonal imbalance and metabolic changes may affect
airway function [4].

Glucocorticoids play a fundamental role in fetal lung development, surfactant synthe-
sis, the maintenance of epithelial integrity, and the regulation of airway inflammation [5].
Consequently, both cortisol deficiency and long-term exogenous glucocorticoid use can
affect airway physiology. Furthermore, it has been suggested that chronic androgen excess
may also influence bronchial smooth muscle tone and inflammatory responses [6].

Small airway dysfunction in childhood has become a significant area of research in
recent years. Early functional changes in the small airways often cannot be detected by
conventional spirometry and are referred to as the ‘silent zone’ [7]. Consequently, there is a
need for methods capable of assessing distal airway function more sensitively.

The impulse oscillometry system (IOS) is a non-invasive method that assesses airway
resistance and reactance during tidal breathing. IOS has gained importance particularly in
pediatric patients due to its ease of application, the reduced need for patient cooperation,
and its ability to accurately assess small airway function [8]. Among the IOS parameters,
R5 indicates total airway resistance, R20 indicates central airway resistance, and R5-R20
indicates peripheral airway resistance. The X5 and AX parameters, meanwhile, provide
information on distal airway elastic properties and reactance abnormalities [9].

Small airway dysfunction has been demonstrated using IOS in various pediatric con-
ditions such as asthma, obesity-related airway diseases, bronchiolitis obliterans and cystic
fibrosis [10-12]. However, to the best of our knowledge, there are no studies evaluating
airway function using IOS in children with CAH. Most existing studies rely on conventional
spirometry, and peripheral airway function has not been sufficiently investigated. It is
thought that chronic hormonal imbalance, inflammation, and long-term steroid treatment
in CAH may cause subclinical changes in the small airways. Therefore, the identification of
patients with early peripheral airway involvement may be clinically significant.

The aim of this study was to evaluate small airway function using IOS in children
diagnosed with CAH and to compare the results with a healthy control group.

2. Materials and Methods
2.1. Study Design and Patient Population

This cross-sectional case—control study was conducted in the pediatric endocrinology
and pediatric allergy-immunology clinics of a tertiary university hospital. The study
included a total of 27 pediatric patients aged 3-18 years who were being followed up with
a diagnosis of congenital adrenal hyperplasia, along with 27 healthy controls matched for
age and sex. Immediately after obtaining ethics committee approval, potentially eligible
patients were identified from the pediatric endocrinology outpatient clinic database and
contacted by telephone. Families willing to participate were invited to the clinic for
evaluation. During the study visit, demographic and clinical data were recorded using
standardized case report forms, and all respiratory assessments were completed on the
same day under the supervision of the study investigators.
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The congenital adrenal hyperplasia group comprised patients with 21-hydroxylase
deficiency, 113-hydroxylase deficiency, 17o-hydroxylase deficiency, and other rare en-
zyme defects. Care was taken to ensure that patients were in a clinically stable condition,
and individuals experiencing an acute adrenal crisis were excluded from the assessment.
Furthermore, children with a history of chronic lung disease, congenital heart disease,
neuromuscular disorders, prematurity, or respiratory tract infection within the preceding
four weeks were excluded. The control group consisted of healthy children attending
pediatric outpatient clinics who had no known chronic systemic or pulmonary disease.
Care was taken to ensure that the control group had no history of chronic medication use,
previous chronic lung disease, congenital heart disease, or active infection.

2.2. Clinical Assessment

Detailed demographic and clinical characteristics of all participants were recorded.
Age, gender, exposure to smoking, history of consanguineous marriage, history of adrenal
crisis, concomitant atopic diseases, family history of atopic diseases, current treatment
regimen, and clinical status were assessed. Patients” height and weight measurements were
taken using standard methods, and height z-scores and weight z-scores were calculated
according to age and gender. Anthropometric assessments were performed in accordance
with national reference data [13] In addition, patients’ current clinical status was assessed as
either stable or uncontrolled disease. A history of adrenal crisis and disease complications
was investigated.

2.3. Assessment of Laboratory and Treatment Characteristics

Laboratory data for all patients were obtained retrospectively from patient records.
Eosinophil counts were recorded from peripheral complete blood counts, and total serum
immunoglobulin E (IgE) levels were assessed based on the available data. The treatment
agents used by patients with CAH were examined in detail. Whilst all patients were
receiving hydrocortisone treatment, patients also receiving fludrocortisone, antihyperten-
sive treatment, antiandrogen treatment, oral contraceptive/estrogen treatment, aromatase
inhibitor and testosterone treatment were recorded. The daily hydrocortisone dose was
calculated in mg/m?/day, and patients’ current treatment regimens were assessed. Fur-
thermore, treatment characteristics were analyzed in detail within the scope of the study,
taking into account the potential pulmonary effects of long-term steroid use.

2.4. Assessment of Airway Functions Using Impulse Oscillometry System

Airway resistance and reactance were assessed using an impulse oscillometry system
(IOS) (Jaeger MasterScreen 10S, CareFusion, Yorba Linda, CA, USA). The device was
calibrated daily prior to testing using a standard 3-L syringe and reference resistance, in
accordance with the manufacturer’s instructions. All IOS parameters were expressed as
absolute values and, where available, as percent-predicted values generated by the Jaeger
MasterScreen 10S system using SentrySuite software, version 3.20 (Vyaire Medical GmbH,
Hochberg, Germany) using age-, sex-, height-, and ethnicity-specific reference equations.

All measurements were performed in accordance with the technical standards for
respiratory oscillometry published by the European Respiratory Society (ERS) and sup-
ported by the American Thoracic Society [14]. Participants were instructed to avoid heavy
meals, vigorous exercise, and short-acting bronchodilators for at least 4-6 h prior to testing.
Measurements were conducted in a quiet environment with participants in a seated po-
sition, wearing a nose clip and maintaining a neutral head position. To minimize upper
airway artifact, participants firmly supported their cheeks and the floor of the mouth with
their hands.
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During the procedure, subjects were asked to breathe normally (tidal breathing)
through a mouthpiece connected to the IOS device for approximately 3045 s, ensuring
a tight seal around the mouthpiece. At least three technically acceptable measurements
were obtained from each participant. Measurement reproducibility was assessed using
the coefficient of variation (CV) of R5, and only measurements with an R5 CV < 15% were
accepted for analysis. Measurements were considered acceptable if they met the following
criteria: absence of artifacts such as coughing, swallowing, vocalization, air leakage, or
irregular breathing; a stable tidal breathing pattern; and coherence values of >0.80 at 5 Hz
and >0.90 at frequencies > 10 Hz. The mean values of the acceptable measurements were
used for analysis.

The IOS parameters evaluated included total airway resistance at 5 Hz (R5), central
airway resistance at 20 Hz (R20), and the difference between R5 and R20 (R5-R20), which
reflects peripheral (small airway) resistance. Reactance parameters included reactance at
5 Hz (X5), reactance area (AX), and resonance frequency (Fres). Negative X5 values indicate
reduced elastic recoil and peripheral airway involvement. In addition to the absolute
oscillometric values, z-scores were calculated using the reference equations implemented
in the device software, taking into account age, sex, height, and ethnicity where appli-
cable. Abnormal values were defined according to the upper limit of normal (ULN) or
lower limit of normal (LLN). For resistance and impedance-derived parameters (R5, R20,
R5-R20, AX, and Fres), values with z-scores > +1.645 were considered abnormal, whereas
for reactance parameters (X5 and X20), values with z-scores < —1.645 were considered ab-
normal. The frequency of abnormal oscillometric findings was subsequently determined for
each parameter.

2.5. Statistical Analysis

Statistical analysis was performed using SPSS Statistics (v.21.0; IBM Corp., Armonk,
NY, USA). Normality was assessed using the Kolmogorov—Smirnov test. Descriptive
statistics were expressed as frequency and percentage for categorical variables whereas
the median (IQR or min-max) was used for quantitative data. Categorical variables were
compared using the Pearson’s chi-square test or Fisher’s exact test, and quantitative vari-
ables were compared using the Mann-Whitney U test. Two-tailed p-values < 0.05 were
considered statistically significant. Due to the exploratory design of the study and the
limited availability of eligible patients with congenital adrenal hyperplasia, no a priori
sample size calculation was performed.

The authors declare that no artificial intelligence (AI) or Al-assisted technologies were
used in the conduct of this research or in the preparation of this manuscript.

3. Results
3.1. Demographic and Clinical Characteristics

A total of 27 children diagnosed with CAH were included in the study. Eighteen
of the patients were girls (66.7%) and nine were boys (33.3%). The median age of the
participants was 14 years (3-18 years). The median height z-score was —0.38 (—4.1-2.49),
the median weight z-score was 0.12 (—3.7—4.5), and the median body mass index z-score
was 0.64 (—3.55-3.73). When enzyme deficiency types were assessed, 12 patients (44.4%)
had 21-hydroxylase deficiency, 9 patients (33.3%) had 113-hydroxylase deficiency, 5 pa-
tients (18.5%) had 17x-hydroxylase deficiency, and 1 patient (3.7%) had 20-22-desmolase
deficiency. In terms of clinical status, 26 patients (96.3%) were stable, whilst 1 patient
(3.7%) had uncontrolled disease. No complications were observed in any of the patients. A
history of adrenal crisis was present in 2 patients (7.4%), whilst a history of consanguineous
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marriage was present in 16 patients (59.3%). Exposure to tobacco was observed in 6 patients
g p p p p

(22.2%) (Table 1).

Table 1. Demographic, atopic, and treatment characteristics of children diagnosed with congenital

adrenal hyperplasia (n:27).

Variables n (%)
Sex, female 18 (66.7)
Age, median (min—-max), years 14 (3-18)
Height z score, median (min-max) —0.38 (—4.1-2.49)
Weight z score, median (min-max) 0.12 (—3.7-4.5)

Body mass index z score, median (min—max)

0.64 (—3.55-3.73)

Enzyme deficiency type
21-hydroxylase 12 (44.4)
113-hydroxylase 9 (33.3)
17a-hydroxylase 5 (18.5)
20-22 Desmolase 1(3.7)
Current clinical status
Stable 26 (96.3)
Complications developed -
Uncontrolled 1(3.7)
History of adrenal crisis 2(7.4)
Consanguineous marriage 16 (59.3)
Smoking exposure 6(22.2)
Presence of atopy in the patient
Asthma 4(14.8)
Atopic rhinitis 3(11.1)
Eczema history 5 (18.5)
Food allergy history -
Drug allergy history -
Urticaria 6(22.2)
Family history of atopy
Asthma 3(11.1)
Rhinitis 5 (18.5)
Eczema history 4(14.8)
Drug allergy history 3(11.1)
Laboratory findings
Eosinophil count/ mm?3, median (min—-max) 1.20 (0.1-5.5)
Total Ig E, median (min-max), IU/mL 88 (18-332)
Treatment
Hydrocortisone 27 (100)
Fludrocortisone 9 (33.3)
Antihypertensive 7(25.9)
Anti-androgen 6(22.2)
Oral contraceptives/estrogen 5 (18.5)
Aromatase inhibitor 2(7.4)
Testosterone 2(7.4)
Hydrocortisone dosage (mg/m?/day) 12 (8-20)

3.2. Atopy, Laboratory Findings and Treatment Characteristics

Upon assessment of the patients” atopic characteristics, it was found that 4 patients
(14.8%) had a history of asthma, 3 patients (11.1%) had a history of allergic rhinitis,
5 patients (18.5%) had a history of eczema, and 6 patients (22.2%) had a history of ur-
ticaria. No history of food or drug allergy was identified in any of the patients. Upon

examination of the family history of atopic diseases, it was observed that 3 patients (11.1%)
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had a family history of asthma, 5 patients (18.5%) had a history of allergic rhinitis, 4 patients
(14.8%) had a history of eczema, and 3 patients (11.1%) had a history of drug allergy. Lab-
oratory findings revealed a median eosinophil count of 1.20/mm? (0.1-5.5/mm?) and
a median total IgE level of 88 IU/mL (18-332 IU/mL). When treatment characteristics
were assessed, it was observed that all 27 patients (100%) were using hydrocortisone.
In addition, 9 patients (33.3%) were receiving fludrocortisone, 7 patients (25.9%) antihy-
pertensive treatment, 6 patients (22.2%) antiandrogen treatment, 5 patients (18.5%) oral
contraceptive/estrogen treatment, 2 patients (7.4%) were receiving an aromatase inhibitor,
and 2 patients (7.4%) were receiving testosterone therapy. The median hydrocortisone dose
was found to be 12 mg/m?/day (range 8-20 mg/m? /day) (Table 1).

3.3. Impulse Oscillometry System Findings

When the CAH group was compared with the healthy control group, there were
18 female patients (66.7%) in the CAH group and 16 female individuals (59.3%) in the
control group; no significant difference was observed in terms of gender distribution
(p =0.778). The median age was 14 years (3-18 years) in the CAH group and 13 years
(10-16 years) in the control group; no significant difference was observed in terms of age
either (p = 0.578). Exposure to smoking was present in 6 individuals (22.2%) in the CAH
group and in 5 individuals (18.5%) in the control group; no significant difference was found
between the two groups (p = 1.0). A history of asthma was identified in 4 patients (14.8%)
in the CAH group and in 2 individuals (7.4%) in the control group; this difference was not
statistically significant (p = 0.669).

When impulse oscillometry system parameters were evaluated, the R5 value was
found to be significantly higher in the CAH group compared to the control group
[0.55 (0.31) kPa-s/Lvs. 0.38 (0.17) kPa-s/L, p = 0.031]. The R5-R20 value, indicative of small
airway resistance, was also significantly higher in the CAH group [0.21 (0.16) kPa-s/L vs.
0.12 (0.05) kPa-s/L, p = 0.009]. The AX value was found to be higher in the CAH group com-
pared to the control group [2.05 (1.82) kPa-s/L vs. 1.02 (0.65) kPa:s/L, p = 0.001]. Further-
more, the X5 value was found to be more negative in the CAH group [—0.16 (0.09) kPa-s/L
vs. —0.10 (0.06) kPa-s/L, p = 0.001] (Table 2). However, no significant differences were
observed between the groups in terms of the R20, X20 and Fres parameters. R20 values
were 0.30 (0.12) kPa-s/L in the CAH group and 0.25 (0.15) kPa-s/L in the control group
(p = 0.257). X20 values were found to be —0.02 (0.09) kPa-s/L and 0.0 (0.07) kPa-s/L, respec-
tively (p = 0.152). Fres values were 21.5 (7.83) Hz in the CAH group and 20.3 (8.64) Hz in
the control group, with no statistically significant difference detected (p = 0.598) (Table 2).

Table 2. Comparison of Demographic Characteristics and Distribution of Oscillometric Measurements
in the Congenital Adrenal Hyperplasia and Healthy Control Groups.

. Congenital Adrenal Healthy Control
Variables Hyperpglasia Group (n:27) Grou}II) (n:27) p-Value
Gender, female, n (%) 18 (66.7) 16 (59.3) 0.778
Age, median (min-max), years 14 (3-18) 13 (10-16) 0.578
Exposure to smoking, n (%) 6 (22.2) 5 (18.5) 1.0
Asthma, n (%) 4 (14.8) 2(7.4) 0.669
R5 (kPa-s/L), Interquartile range 0.55 (0.31) 0.38 (0.17) 0.031
R20 (kPa-s/L), Interquartile range 0.30 (0.12) 0.25 (0.15) 0.257
R5-R20 (kPa-s/L), Interquartile range 0.21 (0.16) 0.12 (0.05) 0.009
X5 (kPa-s/L), Interquartile range —0.16 (0.09) —0.1 (0.06) 0.001
X20 (kPa-s/L), Interquartile range —0.02 (0.09) 0.0 (0.07) 0.152
AX (kPa/L), Interquartile range 2.05 (1.82) 1.02 (0.65) 0.001
Fres (Hz), Interquartile range 21.5 (7.83) 20.3 (8.64) 0.598
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Based on the z-scores calculated using the reference equations implemented in the
device software, abnormal oscillometric findings were most frequently observed for X5
(29.6%), followed by R5-R20 (25.9%) and R5 (22.2%) (Table 3).

Table 3. Prevalence of Abnormal Impulse Oscillometry Parameters Based on z-Score Thresholds in
Children with Congenital Adrenal Hyperplasia (n:27).

Frequency of Abnormality

Parameters ULN/LLN Criterion 1 (%)
R5 z > +1.645 6 (22.2)
R20 z > +1.645 3(11.1)
R5-R20 z> +1.645 7 (25.9)
AX z > +1.645 5(18.5)
Fres z > +1.645 1(3.7)
X5 z < -1.645 8 (29.6)
X20 z <-1.645 2 (7.4)

ULN: Upper limit of normal; LLN: Lower limit of normal. Abnormal values were defined as z-scores > +1.645 for
R5, R20, R5-R20, AX, and Fres, and z-scores < —1.645 for X5 and X20.

4. Discussion

In this study, significant IOS abnormalities suggestive of peripheral airway dysfunc-
tion were identified in children with congenital adrenal hyperplasia (CAH) compared with
healthy controls. In particular, significantly higher R5, R5-R20, and AX values, together
with more negative X5 values, support the presence of small airway dysfunction. These
findings were further reinforced by the z-score analysis, which demonstrated that a substan-
tial proportion of children with CAH exhibited abnormal oscillometric values exceeding
the GLI-defined limits of normality, particularly for X5, R5-R20, and R5. The concordance
between conventional IOS parameters and GLI-based z-score abnormalities strengthens the
evidence that these findings reflect true peripheral airway dysfunction rather than normal
physiological variation.

To our knowledge, this study is one of the first to evaluate small airway function in
pediatric patients with CAH using the impulse oscillometry system (IOS). The number of
studies examining the relationship between CAH and pulmonary function in the literature
is quite limited, and the majority of existing studies have focused on classical spirometric
parameters. However, spirometry primarily assesses large airways and may be inadequate
for detecting early functional changes in small airways [7,15]. Particularly in pediatric
populations, peripheral airway dysfunction may remain clinically silent for prolonged
periods and may only be detected using sensitive techniques such as impulse oscillometry
before spirometric abnormalities become apparent [8].

Impulse oscillometry system offers significant advantages in the pediatric age group
as it can assess airway resistance and reactance during tidal breathing. Unlike spirometry,
it does not require a forced expiratory maneuver, which enhances its applicability in young
children [8]. Furthermore, IOS is recognized as a valuable method, particularly for the
early detection of distal airway obstruction, as it can assess central and peripheral airways
separately [16-18].

In our study, the significantly elevated R5-R20 values are particularly noteworthy. The
R5-R20 parameter reflects the difference between total airway resistance at low frequencies
and central airway resistance at high frequencies, and is considered one of the most
sensitive indicators of peripheral airway resistance. As heterogeneous narrowing of the
small airways and peripheral obstruction increase, R5-R20 values rise [19].
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In previous studies, elevated R5-R20 values have been associated in particular with
asthma, obesity-related airway disease, bronchiolitis obliterans and early-onset inflam-
matory airway diseases [4,8,9]. Shi et al. demonstrated that elevated R5-R20 values in
childhood asthma are associated with poor asthma control and peripheral airway inflam-
mation [9]. Similarly, Galant et al. reported that IOS parameters may be more sensitive
than spirometry, particularly in detecting mild airway obstruction [20]. In our study, the
high R5-R20 values detected in the CAH group suggest the presence of subclinical pe-
ripheral airway involvement in these patients. Interestingly, these findings were observed
in children without clinically apparent respiratory disease. Furthermore, the absence
of significant differences between groups regarding asthma history and exposure to to-
bacco smoke suggests that IOS abnormalities cannot be explained solely by coexisting
atopic conditions.

In our study, not only the R5-R20 values but also the finding of high AX values and
more negative X5 values supports peripheral airway involvement. AX is a sensitive pa-
rameter reflecting reactance abnormalities and elastic load in the distal airways [16]. In
particular, high AX values are associated with early small airway involvement in inflam-
matory airway diseases [21]. X5, on the other hand, reflects the elastic properties of the
lungs and distal airways. More negative X5 values are associated with increased airway
stiffness and impaired elasticity in the distal airways [9]. This suggests that subclinical
airway remodeling and early-stage small airway dysfunction may be present in COPD.

The underlying mechanisms of small airway dysfunction in CAH are not fully under-
stood. However, it is thought that chronic hormonal imbalance, prolonged glucocorticoid
exposure and systemic inflammation may play a role. Glucocorticoids play a fundamental
role in lung development, surfactant synthesis and the suppression of airway inflamma-
tion [5]. Physiological cortisol deficiency or long-term supraphysiological steroid therapy
may affect airway elasticity and inflammatory responses. Furthermore, it has been reported
that the chronic androgen excess in CAH may also affect bronchial smooth muscle tone and
airway reactivity [6]. Studies have shown that sex steroids can modulate airway inflam-
mation and bronchial hyperreactivity [6,22]. Therefore, it is conceivable that the hormonal
environment in CAH may lead to structural or functional changes in the small airways.

The fact that no significant differences were observed in IOS parameters reflecting
central airways, such as R20 and X20, in our study suggests that airway obstruction
develops predominantly in the peripheral airways. Whilst the R20 parameter primarily
indicates resistance in the large and central airways, X20 reflects the reactance characteristics
of the central airways [16]. The absence of significant changes in these parameters suggests
that the large airways are relatively preserved and that functional changes in the early
stages are concentrated in the distal airways. As the diameters of small airways are less
than 2 mm, their total contribution to airflow is limited, and they can therefore remain
clinically silent for a long time [7]. This situation has been defined in the literature as
the ‘silent zone of the lung’. Inflammation, early remodeling or loss of elasticity in the
peripheral airways may not initially be detected by conventional spirometry or large airway
parameters [15]. Consequently, methods with high peripheral airway sensitivity, such as
IOS, offer significant advantages in demonstrating early changes.

An interesting finding was that R5-R20, X5, and AX differed between groups, whereas
Fres did not. This pattern may reflect the different physiological properties of these 10S
indices. R5-R20, X5, and AX are generally considered more sensitive to early peripheral
airway dysfunction, while Fres tends to increase only when abnormalities in respiratory
system mechanics become more pronounced. Therefore, the lack of a significant difference
in Fres does not necessarily contradict the presence of subtle small airway abnormalities
but may instead suggest that these changes were relatively mild in the present cohort.
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The z-score analysis further supports the presence of subtle peripheral airway ab-
normalities in children with congenital adrenal hyperplasia. Nearly one-third of patients
demonstrated an abnormally reduced X5, while approximately one-quarter had abnormal
R5-R20 and R5 values according to GLI reference equations [14,23]. In contrast, abnormali-
ties in central airway indices such as R20 and X20 were relatively uncommon. This pattern
is consistent with preferential involvement of the peripheral rather than the central airways
and is in agreement with the group comparisons based on continuous IOS measurements.
Although only a subset of patients exceeded the conventional upper or lower limits of
normal, the z-score analysis provides clinically meaningful information by identifying
individuals with objectively abnormal airway mechanics rather than merely demonstrating
shifts in group mean values. These findings indicate that clinically relevant small airway
dysfunction may already be present in a proportion of children with congenital adrenal
hyperplasia despite the absence of overt respiratory disease.

Although no significant differences were observed between groups regarding asthma
history or environmental tobacco smoke exposure, the relatively small sample size limited
the statistical power to evaluate the potential influence of these and other coexisting atopic
conditions, including allergic rhinitis and eczema, on IOS parameters. Therefore, the
possible confounding effects of these factors cannot be excluded, and the findings should
be interpreted with caution and confirmed in larger studies with adequate power to adjust
for potential confounders.

The strengths of our study include the detailed assessment of small airway function
using impulse oscillometry, the inclusion of an age- and sex-matched control group, and the
comprehensive characterization of the clinical features of children with congenital adrenal
hyperplasia. Nevertheless, several limitations should be acknowledged. First, the relatively
small sample size and the cross-sectional design limited statistical power and precluded
causal inference. Second, spirometric measurements, hormonal control parameters, and
inflammatory biomarkers were not available for all participants, preventing a comprehen-
sive evaluation of pulmonary function and limiting assessment of the potential influence
of disease activity and hormonal control on IOS findings. Third, adjustment for potential
confounding variables, including coexisting atopic conditions and environmental tobacco
smoke exposure, was not performed because of the limited sample size; therefore, their con-
tribution to the observed IOS abnormalities cannot be excluded. Accordingly, our findings
should be considered preliminary and hypothesis-generating and require confirmation
in larger prospective studies incorporating comprehensive pulmonary function testing,
biochemical assessment, and multivariable analyses.

5. Conclusions

In this study, a significant deterioration in peripheral airway parameters assessed by
I0S was observed in children with CAH. Increased R5, R5-R20 and AX values support
the presence of small airway dysfunction. These findings suggest that CAH may cause
subclinical pulmonary effects in the absence of clinically apparent respiratory disease. This
association requires validation in prospective studies with larger sample sizes.

Author Contributions: E.Y., E.T. and 1.D. contributed to the conceptualization of the study. Method-
ology was developed by E.T. and I.D. Data acquisition and clinical data curation were performed by
Z.YY. and E.K. Formal statistical analysis was conducted by E.T., N.K.O. and E.C. The original draft
of the manuscript was written by E.T.; N.K.O. and E.Y. contributed to laboratory data interpretation.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. However, the APC fee for the article was
supported by the Inonu University Scientific Research Project under project number 5032.

https://doi.org/10.3390/jcm15156029


https://doi.org/10.3390/jcm15156029

J. Clin. Med. 2026, 15, 6029 10 of 11

Institutional Review Board Statement: This study was conducted as a cross-sectional case—control
study at the Pediatric Allergy and Immunology Department of Inonu University Faculty of Medicine.
The study was designed in accordance with the Declaration of Helsinki and good clinical practice
guidelines. Ethical approval for this study was obtained from the ethical committee of Non-Invasive
Clinical Research of Inonu University (Ethics Committee approval no: 18.05.2026/10176, approval
date: 18 May 2026).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors declare that no artificial intelligence (Al) or Al-assisted technologies
were used in the conduct of this research or in the preparation of this manuscript.

Conflicts of Interest: The authors declare no conflicts of interest. This manuscript is not under
simultaneous consideration by any other publication. An honorarium, grant, or other form of
payment was not given to any author to produce the manuscript. All authors significantly contributed
to the work, have approved the final manuscript and take full responsibility for the manuscript.
There is no conflicts of interest statement for each author.

References

1.

@ N

10.

11.

12.

13.

14.

15.

16.

Speiser, PW.; Arlt, W.; Auchus, R.J.; Baskin, L.S.; Conway, G.S.; Merke, D.P; Meyer-Bahlburg, H.FL.; Miller, W.L.; Murad, M.H.;
Oberfield, S.E.; et al. Congenital Adrenal Hyperplasia Due to Steroid 21-Hydroxylase Deficiency: An Endocrine Society Clinical
Practice Guideline. J. Clin. Endocrinol. Metab. 2018, 103, 4043-4088. [CrossRef] [PubMed]

El-Maouche, D.; Arlt, W.; Merke, D.P. Congenital adrenal hyperplasia. Lancet 2017, 390, 2194-2210. [CrossRef] [PubMed]
Merke, D.P; Bornstein, S.R. Congenital adrenal hyperplasia. Lancet 2005, 365, 2125-2136. [CrossRef] [PubMed]

Forno, E.; Han, Y.Y.; Mullen, J.; Celedén, ]J.C. Overweight, Obesity, and Lung Function in Children and Adults—A Meta-analysis.
J. Allergy Clin. Immunol. Pract. 2018, 6, 570-581.e10. [CrossRef] [PubMed]

Whitsett, ].A.; Matsuzaki, Y. Transcriptional regulation of perinatal lung maturation. Pediatr. Clin. N. Am. 2006, 53, 873-887.
[CrossRef] [PubMed]

Carey, M.A,; Card, ] W.; Voltz, ].W.; Arbes, S.J., Jr.; Germolec, D.R.; Korach, K.S.; Zeldin, D.C. It’s all about sex: Gender, lung
development and lung disease. Trends Endocrinol. Metab. 2007, 18, 308-313. [CrossRef] [PubMed]

McNulty, W.; Usmani, O.S. Techniques of assessing small airways dysfunction. Eur. Clin. Respir. ]. 2014, 1, 25898. [CrossRef]
[PubMed]

Komarow, H.D.; Myles, I.A.; Uzzaman, A.; Metcalfe, D.D. Impulse oscillometry in the evaluation of diseases of the airways in
children. Ann. Allergy Asthma Immunol. 2011, 106, 191-199. [CrossRef] [PubMed]

Shi, Y.; Aledia, A.S.; Tatavoosian, A.V.; Vijayalakshmi, S.; Galant, S.P.; George, S.C. Relating small airways to asthma control by
using impulse oscillometry in children. J. Allergy Clin. Immunol. 2012, 129, 671-678. [CrossRef] [PubMed]

Dawman, L.; Mukherjee, A.; Sethi, T.; Agrawal, A.; Kabra, S.K.; Lodha, R. Role of Impulse Oscillometry in Assessing Asthma
Control in Children. Indian Pediatr. 2020, 57, 119-123. [CrossRef] [PubMed]

Klubdaeng, A.; Udomittipong, K.; Palamit, A.; Charoensittisup, P.; Mahoran, K. Impact of obesity on pulmonary function of
preschool children: An impulse oscillometry study. Clin. Exp. Pediatr. 2025, 68, 319-325. [CrossRef] [PubMed]
Wojsyk-Banaszak, I.; Wieckowska, B.; Stachowiak, Z.; Kycler, M.; Szczepankiewicz, A. Predictive value of impulse oscillometry
and multiple breath washout parameters in pediatric patients with cystic fibrosis pulmonary exacerbation. Pediatr. Pulmonol.
2022, 57, 1466-1474. [CrossRef] [PubMed]

Neyzi, O.; Bundak, R.; Gokgay, G.; Giindz, H.; Furman, A.; Darendeliler, F; Bas, F. Reference values for weight, height, head
circumference, and body mass index in Turkish children. J. Clin. Res. Pediatr. Endocrinol. 2015, 7, 280-293. [CrossRef] [PubMed]
King, G.G,; Bates, ].; Berger, K.I.; Calverley, P.; de Melo, P.L,; Dellaca, R.L.; Farre, R.; Hall, G.; Ioan, L; Irvin, C.G; et al. Technical
standards for respiratory oscillometry. Eur. Respir. ]. 2020, 55, 1900753. [CrossRef] [PubMed]

Usmani, O.S. Small-airway disease in asthma: Pharmacological considerations. Curr. Opin. Pulm. Med. 2015, 21, 55-67. [CrossRef]
[PubMed]

Oostveen, E.; MacLeod, D.; Lorino, H.; Farré, R.; Hantos, Z.; Desager, K.; Marchal, F. ERS Task Force on Respiratory Impedance
Measurements. The forced oscillation technique in clinical practice: Methodology, recommendations and future developments.
Eur. Respir. ]. 2003, 22, 1026-1041. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15156029


https://doi.org/10.1210/jc.2018-01865
https://www.ncbi.nlm.nih.gov/pubmed/30272171
https://doi.org/10.1016/S0140-6736(17)31431-9
https://www.ncbi.nlm.nih.gov/pubmed/28576284
https://doi.org/10.1016/S0140-6736(05)66736-0
https://www.ncbi.nlm.nih.gov/pubmed/15964450
https://doi.org/10.1016/j.jaip.2017.07.010
https://www.ncbi.nlm.nih.gov/pubmed/28967546
https://doi.org/10.1016/j.pcl.2006.08.009
https://www.ncbi.nlm.nih.gov/pubmed/17027615
https://doi.org/10.1016/j.tem.2007.08.003
https://www.ncbi.nlm.nih.gov/pubmed/17764971
https://doi.org/10.3402/ecrj.v1.25898
https://www.ncbi.nlm.nih.gov/pubmed/26557240
https://doi.org/10.1016/j.anai.2010.11.011
https://www.ncbi.nlm.nih.gov/pubmed/21354020
https://doi.org/10.1016/j.jaci.2011.11.002
https://www.ncbi.nlm.nih.gov/pubmed/22178635
https://doi.org/10.1007/s13312-020-1727-8
https://www.ncbi.nlm.nih.gov/pubmed/32060237
https://doi.org/10.3345/cep.2024.01053
https://www.ncbi.nlm.nih.gov/pubmed/39533714
https://doi.org/10.1002/ppul.25891
https://www.ncbi.nlm.nih.gov/pubmed/35293155
https://doi.org/10.4274/jcrpe.2183
https://www.ncbi.nlm.nih.gov/pubmed/26777039
https://doi.org/10.1183/13993003.00753-2019
https://www.ncbi.nlm.nih.gov/pubmed/31772002
https://doi.org/10.1097/MCP.0000000000000115
https://www.ncbi.nlm.nih.gov/pubmed/25415404
https://doi.org/10.1183/09031936.03.00089403
https://www.ncbi.nlm.nih.gov/pubmed/14680096
https://doi.org/10.3390/jcm15156029

J. Clin. Med. 2026, 15, 6029 11 of 11

17.

18.

19.
20.

21.

22.

23.

Pelédez, G.; Giubergia, V.; Lucero, B.; Aguerre, V.; Castafos, C.; Figueroa, ].M. Childhood severe asthma: Relationship among
asthma control scores, FeNO, spirometry and impulse oscillometry. BMC Pulm. Med. 2024, 24, 270. [CrossRef] [PubMed]

Tian, C.; Xiong, S.; Song, X.; Li, S.; Zhang, Y.; Jiang, X.; Hou, X.; Zhang, Y.; Liu, C. Spirometry and impulse oscillometry in the
diagnosis of cough variant asthma in children. Respir. Med. 2025, 246, 108255. [CrossRef] [PubMed]

Desai, U.; Joshi, .M. Impulse oscillometry. Adv. Respir. Med. 2019, 87, 235-238. [CrossRef] [PubMed]

Galant, S.P.; Komarow, H.D.; Shin, H.W.,; Siddiqui, S.; Lipworth, B.]. The case for impulse oscillometry in the management of
asthma in children and adults. Ann. Allergy Asthma Immunol. 2017, 118, 664-671. [CrossRef] [PubMed]

Lipworth, B.J.; Jabbal, S. What can we learn about COPD from impulse oscillometry? Respir. Med. 2018, 139, 106-109. [CrossRef]
[PubMed]

Fuseini, H.; Newcomb, D.C. Mechanisms Driving Gender Differences in Asthma. Curr. Allergy Asthma Rep. 2017,17,19. [CrossRef]
[PubMed]

Deprato, A.; Ferrara, G.; Bhutani, M.; Melenka, L.; Murgia, N.; Usmani, O.S.; Lacy, P.; Moitra, S. Reference equations for
oscillometry and their differences among populations: A systematic scoping review. Eur. Respir. Rev. 2022, 31, 220021. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15156029


https://doi.org/10.1186/s12890-024-03058-x
https://www.ncbi.nlm.nih.gov/pubmed/38844887
https://doi.org/10.1016/j.rmed.2025.108255
https://www.ncbi.nlm.nih.gov/pubmed/40659253
https://doi.org/10.5603/ARM.a2019.0039
https://www.ncbi.nlm.nih.gov/pubmed/31476011
https://doi.org/10.1016/j.anai.2017.04.009
https://www.ncbi.nlm.nih.gov/pubmed/28583260
https://doi.org/10.1016/j.rmed.2018.05.004
https://www.ncbi.nlm.nih.gov/pubmed/29857993
https://doi.org/10.1007/s11882-017-0686-1
https://www.ncbi.nlm.nih.gov/pubmed/28332107
https://doi.org/10.1183/16000617.0021-2022
https://www.ncbi.nlm.nih.gov/pubmed/35831009
https://doi.org/10.3390/jcm15156029

	Introduction 
	Materials and Methods 
	Study Design and Patient Population 
	Clinical Assessment 
	Assessment of Laboratory and Treatment Characteristics 
	Assessment of Airway Functions Using Impulse Oscillometry System 
	Statistical Analysis 

	Results 
	Demographic and Clinical Characteristics 
	Atopy, Laboratory Findings and Treatment Characteristics 
	Impulse Oscillometry System Findings 

	Discussion 
	Conclusions 
	References

