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Abstract

Background: Severe asthma is associated with an increased risk of osteoporosis, largely
due to chronic corticosteroid exposure and persistent systemic inflammation. Data from
different international registries indicate a significant prevalence of osteoporosis among
patients with severe asthma, with large variations attributed to differences in treatment
strategies and optimization of care. Aims and Methods: This study aims to assess the preva-
lence of osteoporosis among patients with severe asthma enrolled in the Severe Asthma
Network Italy (SANI) registry who are receiving treatment with monoclonal antibodies
(mAbs) and/or long-acting muscarinic antagonists (LAMAs) and compare the character-
istics of patients with and without osteoporosis to identify key risk factors contributing
to osteoporosis. Results: A total of 1813 patients receiving Step 5 GINA (mAbs, LAMAs)
treatment were included in the final analysis, of whom 282 (15.5%) had osteoporosis. Os-
teoporosis prevalence was significantly higher in women (20.3%) compared to men (8.0%).
The prevalence also increased with age (p < 0.001) and with asthma duration (p = 0.008).
Patients with osteoporosis exhibited poorer asthma control, lower lung function (FEV1
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and FVC), a higher rate of exacerbations, and more frequent chronic oral corticosteroid
(OCS) use compared to those without osteoporosis. Nasal polyposis was not significantly
associated with osteoporosis in this cohort. Conclusions: Osteoporosis is highly prevalent
in individuals with severe asthma, mainly due to chronic corticosteroid exposure and
persistent inflammation, and is associated with asthma duration, sex, age, frequent exac-
erbations, cumulative exposure to OCS, and reduced lung function. Early recognition of
osteoporosis risk is essential, and biologic therapies offer a promising strategy to reduce
OCS dependence, mitigate adverse effects, and improve long-term outcomes.

Keywords: severe asthma; osteoporosis; Th2 inflammation; chronic rhinosinusitis with
nasal polyps (CRSwWNP); oral corticosteroids (OCS); bone health

1. Introduction

Osteoporosis is a condition characterized by weakened bones and an increased risk of
fractures [1]. Although commonly linked to aging and hormonal changes, recent evidence
highlights the significant role of inflammation in its development [2,3]. Indeed, chronic
inflammatory diseases, including bronchial asthma, are associated with an increased risk
of osteoporosis [4].

In individuals with asthma, the use of systemic and inhaled corticosteroids is a major
risk factor for osteoporosis. Both high doses of inhaled corticosteroids (ICSs) and oral
corticosteroids (OCSs) are associated with reduced bone mineral density (BMD) [5]. Several
studies have also shown that patients with more severe or long-lasting asthma have a higher
prevalence of osteoporosis and osteopenia, with long-term corticosteroid use significantly
increasing this risk [6,7]. Although international asthma guidelines strongly recommend
limiting the chronic use of OCSs, these medications are frequently used in patients with
severe asthma to manage flare-ups and control persistent symptoms.

Biologic medications used for the treatment of severe asthma have been extensively
proven to greatly enhance asthma management and can even lead most patients toward
disease remission [8]. Similarly, other control therapies, such as long-acting muscarinic
antagonists (LAMAs), have demonstrated effectiveness in improving asthma control in
patients with more severe asthma [9]. However, these treatments are often introduced at
a later stage of the disease, by which time prolonged and inappropriate use of corticos-
teroids may have already caused significant harm to bone health. Additionally, persistent
inflammation in asthma elevates levels of pro-inflammatory cytokines, which disrupt bone
remodeling and promote bone resorption [10]. However, the impact of severe asthma
characteristics on osteoporosis remains insufficiently explored.

Data from both Italian and international registries indicate a significant prevalence of
osteoporosis among patients with severe asthma, with reported rates ranging from 6.3% to
19.9%, depending on the registry. This wide variability across registries is largely attributed
to differences in treatment strategies, with some patients being evaluated before receiving
optimized care with inhaled medications and biologic therapies [11-15].

Our study aims to assess the prevalence of bone loss and osteoporosis among severe
asthma patients enrolled in the Severe Asthma Network Italy (SANI) registry who are re-
ceiving Step 5 treatment per Global Initiative for Asthma (GINA) guidelines, which include
high-dose ICSs usually combined with long-acting $2-agonists (LABAs), further optimized
with the addition of LAMAs and/or monoclonal antibodies (mAbs). Additionally, we aim
to describe and compare the characteristics of patients with and without osteoporosis in
order to identify which asthma-related features are strongly associated with osteoporosis.
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By providing real-life evidence, our study aims to promote a more conscious and timely
evaluation of biologic therapies, ultimately striving to reduce corticosteroid use and prevent
disease progression.

2. Materials and Methods

2.1. Patient Recruitment

The study included all patients enrolled in the Severe Asthma Network Italy (SANI)
registry who had a diagnosis of severe asthma as defined by GINA and/or ERS-ATS
criteria. An essential inclusion criterion of the SANI protocol is the functional confirmation
of asthma, as recommended by international guidelines, thereby reducing the likelihood of
enrolling patients with other conditions that may resemble severe asthma. Patients with
physician-diagnosed asthma—-COPD overlap (ACO) were not specifically excluded, but
only those fulfilling the specified criteria were included in the study.

From this cohort, only those who received GINA Step 5 therapy, including biologics
approved for asthma treatment and/or LAMAs, were included. Patients were excluded
if they lacked osteoporosis status information, had a missing baseline visit date (essential
for evaluating treatment status in the SANI registry), or had been receiving treatment
with biological drugs for more than six months at the time of the dual-energy X-ray
absorptiometry (DXA) assessment.

Patients were stratified into two groups: those with a diagnosis of osteoporosis and
those without a diagnosis of osteoporosis. Individuals who underwent DXA and demon-
strated results consistent with osteoporosis, defined by the World Health Organization
(WHO) criteria as a T-score < —2.5, were classified as having osteoporosis.

For each participant, the following information was collected:

Demographic data: age, sex, height, weight, and body mass index (BMI).

Clinical features: age of asthma onset, duration of disease, allergic status, smoking
history, and the presence of other comorbidities such as rhinitis, chronic rhinosinusitis
without nasal polyps, nasal polyposis, and atopic dermatitis.

Asthma control was assessed according to the GINA guidelines, using standard-
ized questionnaires such as the Asthma Control Test (ACT) and the Asthma Control
Questionnaire (ACQ).

History of asthma exacerbations and frequency of unscheduled medical visits in the
previous year.

Concomitant treatments: regular and on-demand treatments, including biological
therapies and the chronic use of OCS.

Inflammatory markers: fractional exhaled nitric oxide (FeNO), blood eosinophil and
neutrophil counts, and maximum blood eosinophil levels.

Pulmonary function tests: pre-bronchodilator forced expiratory volume in one second
(FEV1) and forced vital capacity (FVC); Tiffeneau index (FEV1/FVC ratio).

Type 2 inflammation was defined by the presence of the following criteria: a blood
eosinophil count greater than 150 cells/uL, a FeNO level above 25 ppb, and a documented
history of allergic status.

2.2. Ethical Issues

This study complied with the Helsinki and Oviedo Declaration. The SANI registry
was established in accordance with the third edition of the recommendation on registries for
evaluating patient outcomes, published by the Effective Health Care Program of the Agency
for Healthcare Research and Quality (https://effectivehealthcare.ahrq.gov/products/
registries-guide-3rd-edition accessed on 6 October 2024). The protocol was designed follow-
ing the principles and procedures of the Good Clinical Practice (ICH Harmonized Tripartite
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Guidelines for Good Clinical Practice 1996; Directive 91/507. EEC, The Rules Governing
Medical Products in the European Community) and according to Italian law (D.L.vo n.211
24 June 2003 https:/ /www.gazzettaufficiale.it/eli/gu/2003/08/09/184/s0/130/sg/pdf
accessed on 6 October 2024); D.L.n.200 6 November 2007 https://www.gazzettaufficiale.it/
atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2007
-11-09&atto.codiceRedazionale=007G0212 (accessed on 6 October 2024); MD, 21 December
2007 https:/ /www.gazzettaufficiale.it/eli/id /2008 /03/03/08A01360/sg (accessed on 6 Oc-
tober 2024). The study protocol was approved by the local Ethics Committee of Area Vasta
NORD-OVEST Toscana, Italy (Protocol Number: 73714, 22 December 2016) and registered
on ClinicalTrials.gov (ID NCT06625216; retrospectively registered on 3 October 2024).

2.3. Statistical Analysis

The data were presented stratified by the presence of osteoporosis. Continuous
variables were expressed as means and standard deviations or medians and interquartile
range (IQR), as appropriate, while dichotomous variables were represented as counts
and percentages. Group comparisons were conducted using Student’s t-test for means,
Wilcoxon test for medians, and Chi-squared test for proportions. In addition, we reported
the prevalence of osteoporosis by sex and asthma onset time, as well as the prevalence of
osteoporosis by age and asthma onset time, with corresponding statistical comparisons.

A multivariable logistic regression model was used to assess the association between
chronic OCS use and poor asthma control with the prevalence of osteoporosis, adjusting
for age, sex, and BMI. A two-tailed p-value < 0.05 was considered statistically significant.
Statistical analyses were performed using SAS statistical software version 9.4.

3. Results

We initially screened 2739 patients included in the SANI registry, as shown in Figure 1.
From this cohort, 473 patients were excluded due to missing osteoporosis status and/or
missing baseline data. Out of the remaining 2266 eligible patients, we selected 1813 patients
undergoing Step 5 GINA treatment.

This included high-dose ICSs, either as monotherapy or in combination with LABAs
and/or LAMAs, such as aclidinium, glycopyrronium, tiotropium, tiotropium Respimat, or
umeclidinium bromide.

Specifically, inhaled therapy was classified as dual therapy (ICSs + LABAs or ICSs +
LAMAs) or triple therapy (ICSs + LABAs + LAMAs). The majority of patients received triple
therapy, followed by dual therapy (ICSs + LAMAs). None received ICSs alone. Although
all fulfilled the criteria for severe asthma, LABAs were discontinued for 54 patients for
safety or tolerability reasons: 15 due to recurrence of atrial fibrillation, 20 due to persistent
palpitations despite different molecules, and 8 for persistent tremors.

As these patients had severe asthma and their therapy had been optimized to the
maximum extent possible, they were nonetheless included in the analysis (Table 1).

Additionally, biologic therapy was administered to a substantial proportion of pa-
tients, including mAbs such as omalizumab, mepolizumab, benralizumab, dupilumab, and
tezepelumab (Table 1). The distribution of biologic therapies was similar between patients
with and without osteoporosis, suggesting that treatment exposure was comparable across
both groups.
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N = 2739 Excluded:
Patients in SANI registry

o Patients with missing
osteoporosis status and missing
baseline visit date (n = 64)

e Patients with missing

-

osteoporosis status (n = 405)
N = 2266 e Patients with missing
Eligible patients baseline visit date (n = 4)
A
N =1813

Patients undergoing treatment
with biologic agents ® and/or
LAMA ® at baseline visit date

N = 282 (15.5%) N = 1531 (84.5%)
Patients with Patients without
osteoporosis osteoporosis

®omalizumab, mepolizumab, benralizumab, dupilumab, tezepelumab
® aclidinium, glicopirronio, tiotropio, tiotropio respimat, umeclidinio bromuro

Figure 1. Flowchart of patient selection.

Table 1. Distribution of inhaled and biologic therapies between patients with and without osteoporosis.

Patients with Patients Without Value
Osteoporosis Osteoporosis P
Inhaled therapy, 1 (%) 282 (15.5) 1531 (84.4) 0.539
ICSs + LAMASs 8(2.8) 34 (2.2)
ICSs + LABAs 107 (37.9) 629 (41.1)
Triple therapy (ICSs + LABAs + LAMAS) 167 (59.2) 868 (56.7)
Biologic therapy, 1 (%) 227 (80.5) 1189 (77.7) 0.327
Benralizumab 43 (18.9) 247 (20.8)
Dupilumab 15 (6.6) 117 (9.8)
Mepolizumab 114 (50.2) 406 (34.2)
Omalizumab 55 (24.2) 416 (35.0)
Tezepelumab - 2(0.2)
Mepolizumab + Omalizumab - 1(0.1)

Legend: ICSs: inhaled corticosteroids; LABAs: long-acting 32-agonist; LAMAs: long-acting muscarinic antagonist.

Table 2 provides a summary of the key demographic and clinical characteristics of
patients with and without osteoporosis.
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Table 2. Demographic and clinical characteristics.
Patients WIt.h Patients Without Osteoporosis
Osteoporosis N = 1531 p-Value
N =282

Sex, n (%)

Female 226 (80.1) 885 (57.8) <0.001

Male 56 (19.9) 646 (42.2)
Age (years), 11 (%)

<50 21 (7.5) 471 (30.8) <0.001

50-70 193 (68.4) 884 (57.7)

>70 68 (24.1) 176 (11.5)

mean (SD) 63.2 (9.9) 545 (13.4) <0.001
Age at asthma onset (years), mean (SD) 35.6 (17.4) 32.4(17.0) 0.007
Age at diagnosis of asthma (years), mean (SD) 38.8 (17.5) 35.4(17.1) 0.003
Years from asthma onset or diagnosis, 1 (%)

<10 52 (19.7) 361 (26.2) 0.008

10-20 67 (25.4) 399 (29.0)

>20 145 (54.9) 618 (44.9)

Not reported 18 153

Median (IQR) 21 (12-39) 19 (9-30) <0.001
BMI (kg/m?), median (IQR) 25.4 (22.7-28.4) 25.5(22.8-29.2) 0.563
Smoker, 11 (%)

No 198 (70.5) 1030 (68.2) 0.187

Yes 7 (2.5) 75 (5.0)

Ex 76 (27.0) 406 (26.9)

Pack years, median (IQR) 10 (5-16) 10 (4-20) 0.981

Not reported 1 20
Blood eosinophils (cell/uL), median (IQR) 305 (100-653) 330 (120-620) 0.758
Blood eosinophils (%), median (IQR) 4.0 (1.5-8.8) 4.0 (1.5-8.2) 0.792
Blood neutrophils (cell/uL), median (IQR) 4000 (3100-5330) 3950 (3173-5198) 0.771
Blood neutrophils (%), median (IQR) 55.7 (47.9-62.4) 55.5 (49.1-62.7) 0.676
Max blood eosinophils (cell/uL), median (IQR) 685 (413-1038) 600 (350-1010) 0.314
FeNO (ppb), mean (SD) 47.0 (41.4) 43.9 (45.2) 0.441
Type 2 inflammation

No 6 (2.6) 16 (1.4) 0.263

Yes 223 (97.4) 1163 (98.6)

Not reported 53 352
Pre-bronchodilator FEV1 (L), mean (SD) 1.7 (0.8) 2.3 (2.1) <0.001
Pre-bronchodilator FEV1 (%), mean (SD) 71.2 (25.1) 75.6 (21.5) 0.007
Pre-bronchodilator FVC (L), mean (SD) 2.6 (1.0) 3.2(1.0) <0.001
Pre-bronchodilator FVC (%), mean (SD) 87.0 (24.9) 90.9 (20.3) 0.014
Tiffeneau index pre-bronchodilator, mean (SD) 66.0 (12.3) 67.4 (12.2) 0.132
ACT, mean (SD) 17.2 (5.3) 19.9 (5.3) 0.046
ACQ, mean (SD) 2.5 (1.6) 2.0 (1.6) 0.015
Number of exacerbations in the previous 12
months, median (IQR) 2(0-3) 1(0-9) 0.002
Chronic use of OCSs, 1 (%)

No 225 (79.8) 1365 (89.2) <0.001

Yes 57 (20.2) 166 (10.8)

Legend: ACT: Asthma Control Test; ACQ: Asthma Control Questionnaire; BMI: body mass index; FeNO: fractional
exhaled nitric oxide; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; OCSs: oral corticosteroids;

SD: standard deviation.

Overall, 282 patients (15.5%) were diagnosed with osteoporosis, while 1531 (84.5%) did
not have osteoporosis. The mean age was 63.2 &+ 9.9 years in the osteoporosis (OP) group

and 54.5 £ 13.4 years in the non-osteoporosis (nOP) group. Osteoporosis was significantly

more prevalent among women (20.3%) compared to men (8.0%) (p < 0.001).
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Women accounted for 80.1% of the osteoporosis group compared to 57.8% of the non-
osteoporosis group. Age was also strongly associated with osteoporosis: the mean age of
men with osteoporosis was 59.2 + 11.6 years, compared to 55.0 & 13.5 years in men without
osteoporosis. In women, those with osteoporosis were older (63.5 & 9.4 years) compared
to those without (53.5 & 13.3 years). The prevalence of osteoporosis increased with age
(p < 0.001), with 4.3% of cases occurring in individuals under 50 years, 17.9% in those aged
50-70 years, and 27.9% in individuals over 70 years of age. Stratified by sex, similar trends
were observed: in men, the prevalence was 4.1%, 9.5%, and 9.7%, respectively; in women,
it was 4.4%, 23.2%, and 39.1% (Figure 2). The prevalence of osteoporosis increased with
longer asthma duration, being 12.6% in patients with <10 years of disease, 14.4% in those
with 10-20 years, and 19.0% in those with >20 years.

307  p-value = 0.002 p-value = 0.017 p-value < 0.001
S 24.4%
0
(/2]
o
Q 20 A
S 16.7% 176%
9
[75]
O
“8 9.6% 9.6%
o 104
5 6.2%
@©
>
o
o

0
Females Males Females Males Females Males
Sex

Asthma onset: [l <10 years 10-20years [ >20years

Figure 2. Prevalence of osteoporosis stratified by sex and time of asthma onset.

The significant difference in osteoporosis prevalence between females and males, as well
as among older patients, was confirmed regardless of asthma duration (Figures 2 and 3).

Clinical features differed between groups. Patients with osteoporosis exhibited greater
pulmonary function impairment compared to those without osteoporosis.

Specifically, patients in the OP group had significantly lower pre-bronchodilator
FEV1, with an absolute mean of 1.7 & 0.8 L, compared to 2.3 &+ 2.1 L in the nOP group
(p < 0.001). The percentage of predicted FEV1 was also significantly lower in the OP group
(71.2% =+ 25.1) compared to the nOP group (75.6% =+ 21.5, p = 0.007). A similar trend was
observed for FVC. The absolute mean FVC was 2.6 4= 1.0 L in the OP group, significantly
lower than the 3.2 + 1.0 L recorded in the nOP group (p < 0.001), and the percentage of
predicted FVC was lower in the OP group (87.0% =+ 24.9) compared to the nOP group
(90.9% =+ 20.3, p = 0.014).

Asthma control was poorer in the OP group, as indicated by significantly higher ACQ
scores (2.5 + 1.6 vs. 2.0 £ 1.6, p = 0.015). The median number of exacerbations in the
previous 12 months was also higher among patients with osteoporosis, with a median of
2 (IQR 0-3) compared to 1 (IQR 0-3) in the nOP group (p = 0.002).
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Figure 3. Prevalence of osteoporosis stratified by age and time of asthma onset.

In the multivariable logistic regression model (Figure 4), chronic use of OCSs was
independently associated with a higher prevalence of osteoporosis (OR 1.94, 95% CI
1.27-2.98, p = 0.002). Indicators of asthma control showed weaker associations: the ACT
score was not significant (OR 1.01, 95% CI 0.97-1.05, p = 0.631), whereas the ACQ score
showed a trend toward significance (OR 1.13, 95% CI 0.99-1.29, p = 0.071). As expected,
demographic variables such as female sex (OR 3.26, 95% CI 2.13-4.99, p < 0.001) and older
age (OR 1.17 per 10-year increase, 95% CI 1.05-1.29, p = 0.003) were also associated with
osteoporosis, while BMI did not show a significant effect (p = 0.406).

Variables Level/Unit OR (95% Cl) p-Value
Sex Female vs. Male  3.26 (213 t0 4.99) ——e—— <0.001
Age +10 unit 117 (1.05 t0 1.29) —— 0.003
BMI +1 unit 0.99 (0.95t01.02) <+ 0.406
Chronic use of OCS ~ Yesvs. No 1.94 (1.27 t0 2.98) . 0.002
ACT +1 unit 1.01(0.97 t0 1.05) - 0.631
ACQ +1unit 113 (0.99 t0 1.29) fo— 0.071
08 1 2 3 4

Figure 4. Multivariable logistic regression analysis to assess factors associated with osteoporosis,
adjusted for age, sex, and BML

Other Type 2 comorbidities, such as atopic dermatitis and allergic rhinitis, as well
as chronic rhinosinusitis without nasal polyps, were not significantly associated with the
prevalence of osteoporosis (Table 3). Similarly, no significant differences were observed
between groups for other major comorbidities, including chronic rhinosinusitis with nasal
polyps, obstructive sleep apnea syndrome (OSAS), gastroesophageal reflux disease, ur-
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ticaria, psoriasis, aspirin/NSAID hypersensitivity, bronchiectasis, food allergy, eosinophilic
granulomatosis with polyangiitis (EGPA), or alpha-1 antitrypsin deficiency. Endocrine and
rheumatologic disorders were reported only in very few cases in both groups and therefore
could not be meaningfully compared.

Table 3. Patients’ comorbidities.

Patients with Patients Without
Osteoporosis Osteoporosis p-Value
N =282 N =1531
Rhinitis, n (%)
No 112 (40.1) 589 (38.6) 0.888
Yes, previously 33 (11.8) 188 (12.3)
Yes, ongoing 134 (48.0) 748 (49.0)
Not reported 3 6
Chronic rhinosinusitis without polyps, n (%)
No 202 (72.7) 1120 (74.6) 0.509
Yes, previously 35 (12.6) 154 (10.3)
Yes, ongoing 41 (14.7) 228 (15.2)
Not reported 4 29
Nasal polyposis, n (%)
No 151 (53.7) 831 (54.7) 0.898
Yes, confirmed by CT scan or nasal endoscopy 121 (43.1) 635 (41.8)
Yes, suspected 9(3.2) 54 (3.6)
Age at diagnosis of nasal polyposis (years), median (IQR) 46 (33-55) 42 (33-50) 0.083
Atopic dermatitis, n (%)
No 262 (93.6) 1411 (92.8) 0.545
Yes 12 (4.3) 85 (5.6)
Previously 6(2.1) 24 (1.6)
Not reported 2 11

We did not find significant differences between the two groups in terms of blood
eosinophils and neutrophils, FeNO, and Type 2 inflammation. Among the patients enrolled,
a certain proportion were current or former smokers, with 4.5% current smokers and 26.6%
former smokers, and a median smoking history of 10 (5-18) pack years. No significant
differences in smoking status or pack years were observed between patients with and
without osteoporosis.

4. Discussion

Our study highlights a strikingly higher prevalence of osteoporosis in patients with
severe bronchial asthma undergoing treatment with mAbs and/or LAMAs compared with
the general population. This finding is particularly relevant in a real-life setting, where
patients already eligible for advanced therapies show a burden of osteoporosis well above
national averages.

In Italy, osteoporosis is estimated to impact around 5 million individuals, with 80%
being postmenopausal women. ISTAT (the Italian National Institute of Statistics) data
from 2020 indicates that 8.1% of Italians reported having osteoporosis, comprising 13.5%
of women and 2.3% of men. The condition’s prevalence rises with age, especially among
women over 55 [16].

Several studies in the literature have examined the association between asthma and
osteoporosis, consistently reporting a higher prevalence of osteoporosis in asthmatic pa-
tients, particularly in those with a longer disease history. A dose-response effect has also
been observed, with greater exposure to OCSs or ICSs in the previous year being associated
with an increased risk of osteoporosis and fragility fractures.
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Two large epidemiological studies conducted using the UK Clinical Practice Research
Datalink (CPRD) and related datasets have provided complementary insights into this
relationship. In a matched cohort study, adults with an incident asthma code were identified
and matched with up to four non-asthmatic controls by age and sex. Compared with the
general population, patients with asthma had an 18% higher risk of osteoporosis and
a 12% higher risk of fragility fractures. Importantly, a dose-response relationship was
demonstrated for OCS and osteoporosis, and regular ICS use was associated with increased
risk of both bone outcomes [17].

In parallel, two nested case—control studies using the CPRD and Hospital Episode
Statistics (HES) database investigated the specific role of corticosteroid exposure. Patients
with asthma and either osteoporosis or fragility fractures were compared with matched
controls. A clear dose-response effect was observed: >9 OCS prescriptions per year
increased the risk of osteoporosis 4.5-fold and fractures 2.2-fold, while >11 ICS prescriptions
raised the risk 1.6- and 1.3-fold, respectively [18].

These findings highlight that OCS and ICS exposure are independent risk factors for
impaired bone health in asthma, with effects modulated by age, cumulative dose, and
fracture site.

Indeed, chronic use of OCSs can have a negative impact on bone health by decreasing
calcium absorption, increasing calcium excretion, and directly affecting bone cells, thereby
reducing bone formation and increasing bone resorption. This is especially concerning
older adults or those with additional risk factors for osteoporosis [19].

While database studies provide strong epidemiological evidence, randomized
controlled trials remain scarce, and real-life observational data on large populations
are underpowered.

Recently, data from the International Severe Asthma Registry (ISAR) across 22 countries
showed that severe asthmatic patients with osteoporosis were twice as likely to have long-
term OCS exposure and more exacerbations compared with those without osteoporosis [12].

Nonetheless, no clear characterization of the severe asthmatic patient with
osteoporosis—particularly those eligible for biologic therapies in real-world settings—has
been proposed.

Our findings indicate that, in severe asthma cohorts, patients with osteoporosis—either
eligible to start biologic therapy or who had only recently initiated it—are predominantly
older women, highlighting the well-established link between age, sex, and bone health.

This is in line with other data from the literature, which consistently show that ag-
ing and hormonal changes—particularly estrogen decline during menopause—are major
drivers of osteoporosis. Accelerated bone remodeling with age, compounded by estrogen
deficiency, promotes increased resorption and reduced formation, ultimately leading to
bone loss and microarchitectural deterioration [20].

Furthermore, the results of our study suggest a link between osteoporosis and asthma
duration, asthma control, and corticosteroid exposure, highlighting a gap in current guide-
lines that do not consider osteoporosis risk when evaluating patients for biologic therapy.
More intriguingly, our multivariable analysis revealed that chronic OCS use was inde-
pendently associated with a higher prevalence of osteoporosis, even after adjustment
for age, sex, and BMI, underscoring the clinical relevance of limiting long-term systemic
corticosteroid exposure whenever possible.

Although current asthma guidelines recommend screening for osteoporosis, the risk
of its future development—particularly in patients with factors such as longer disease
duration, cumulative steroid exposure, sex, and age—is not explicitly addressed. These
elements should instead support an earlier consideration of biologic therapy, aiming
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to achieve better disease control and reduce the overall corticosteroid burden, thereby
lowering the long-term risk of osteoporosis.

Furthermore, of greater interest is the correlation between the presence of osteoporosis
and asthma control. Patients with osteoporosis tend to have poorer control of current
symptoms, as assessed by ACQ and ACT, and a higher “future risk” profile presenting
greater bronchial obstruction, lower FEV1 values, and more frequent exacerbations.

These observations provide an interesting explanation for the correlation between osteo-
porosis and severe asthma of longer duration, particularly in cases with bronchial remodeling.

Indeed, asthma involves a complex interplay of inflammatory cells, cytokines, and
mediators, resulting in airway hyperresponsiveness, mucus production, and structural
changes in the airways. Inflammatory cells like eosinophils, T lymphocytes, mast
cells, and neutrophils, along with cytokines and mediators such as interleukin-4 (IL-4),
interleukin-5 (IL-5), interleukin-13 (IL-13), and tumor necrosis factor-alpha (TNF-«x), play
critical roles in perpetuating inflammation and recruiting additional inflammatory cells to
the airways [21-24].

Chronic asthma inflammation can contribute to the development of osteoporosis by
releasing pro-inflammatory cytokines into the systemic circulation [23]. These cytokines
can interfere with bone remodeling by promoting bone resorption and inhibiting bone for-
mation. In particular, TNF-« and interleukin-1 (IL-1) increase osteoclast activity, leading to
greater bone breakdown [3,25]. Furthermore, persistent inflammation generates oxidative
stress, which damages bone cells and impairs the function of the airways [26,27].

Both cytokines and pro-inflammatory factors involved in Type 1 and Type 2 in-
flammation can play similar roles in inducing the chronic inflammation that facilitates
bone remodeling.

Therefore, it is unsurprising that there is no greater expression of Type 2 inflammation
mediators among OP patients.

Several limitations of our study should be acknowledged. First, the inclusion of
patients who had already initiated biological therapy may have obscured the expression of
Type 2 biomarkers. However, given the similar distribution of biological therapies between
the two groups, we believe that any bias in biomarker expression is also comparable when
comparing patients with and without osteoporosis. A similar limitation may apply to the
evaluation of asthma control over the previous year. However, this bias is minimized by
excluding from the analysis patients who had been on biological therapy for more than six
months. Second, cumulative OCS exposure could not be precisely calculated in a cohort of
this size. Although data on the number of exacerbations, the type of corticosteroid, and
the prescribed dose were collected, deriving a reliable estimate of cumulative exposure
would be extremely challenging due to the heterogeneity in OCS formulations, treatment
schedules, and dosages used during exacerbations. Moreover, the SANI registry records
OCS use only for the year preceding enrollment, whereas lifetime exposure throughout
the entire course of asthma would be more relevant for assessing its true impact on bone
health. Despite this limitation, the observed association with asthma duration still provides
robust evidence of the detrimental effects of prolonged exposure to OCSs and chronic
high-dose ICSs on bone damage. Finally, our study did not include data on fractures or
calcium/phosphate status, as these were not collected in the SANI registry. However, this
limitation does not undermine the validity of our findings, which focused on the prevalence
of osteoporosis and its association with patient characteristics in severe asthma.

Another important aspect to consider is that, in our cohort, a proportion of patients
were former smokers, and a small percentage were current smokers; however, the overall
smoking exposure remained limited, with a median history of 10 pack years. We agree that
this is an important aspect to consider, as smoking and possible asthma—COPD overlap



J. Clin. Med. 2025, 14, 7387

12 of 17

may influence disease characterization. Nevertheless, the inclusion criteria of the SANI
registry required a confirmed diagnosis of severe asthma according to GINA/ERS/ATS
guidelines, ensuring accurate case selection and minimizing the likelihood of enrolling
subjects with predominant COPD or ACO asthma—COPD overlap.

One unexpected point highlighted by our study is that nasal polyposis does not corre-
late with the prevalence of osteoporosis in patients with severe asthma. Nasal polyposis is
a chronic inflammatory condition characterized by persistent inflammation of the nasal mu-
cosa. It is often present in patients with severe asthma and can cause significant symptoms
such as nasal obstruction and loss of smell, leading patients to use inhaled and frequent
oral corticosteroids [28].

While osteoporosis and nasal polyposis are distinct conditions, chronic inflammation
is a common feature in both. Pro-inflammatory cytokines involved in nasal polyposis can
also affect bone metabolism, potentially contributing to bone loss. Furthermore, long-term
use of intranasal and systemic corticosteroids for managing nasal polyposis can lead to
secondary osteoporosis [29].

Lastly, patients with osteoporosis and nasal polyposis often have low vitamin D levels,
which plays a crucial role in bone health and immune function. Vitamin D deficiency is
associated with increased inflammation and impaired immune response, linking these two
conditions [30].

The main explanation for this observation lies in the limitations of our study. The
primary limitation is the lack of data on the severity of osteoporosis, including BMD Z-
scores and information on osteoporotic fractures. We can hypothesize that the concomitant
presence of asthma and nasal polyposis might impact the severity of osteoporosis more
than its prevalence.

In any case, the presence of osteoporosis in patients with severe asthma, whether
with or without nasal polyps, not only significantly impacts the individual’s health but
can also lead to a substantial increase in overall healthcare management costs. In 2020,
Canonica et al. published a pharmacoeconomic evaluation using real-life data from the
SANI registry, providing the first estimates of additional healthcare costs associated with
corticosteroid-induced adverse events in patients with severe asthma. The budget im-
pact model highlighted the considerable economic burden of OCS-related adverse events,
including osteoporosis and nasal polyposis, in severe asthmatic patients [31].

However, a recent study by Latorre et al. found that in Italy, the rate of patients with
severe asthma who use OCSs undergoing investigations such as bone densitometry and
otolaryngological evaluation is surprisingly low, at around 7% [32]. This study highlights
the ongoing need for prompt diagnosis of asthma and related comorbidities.

It is particularly crucial given that numerous strategies have been developed to im-
prove asthma control, reduce exacerbations, and decrease the corticosteroid load in asthma
management [33]. Biologic treatments, such as monoclonal antibodies that target the patho-
physiological mechanisms of asthma, can control both airway and systemic inflammation,
thereby positively impacting asthma comorbidities.

Biologic therapies have significantly reduced the need for systemic corticosteroids in
the management of severe asthma. By targeting immunoglobulin E (IgE), thymic stromal
lymphopoietin (TSLP), and specific cytokines such as IL-5, IL-4, and IL-13, biologics offer
more precise and personalized treatment in patients with severe asthma and associated
comorbidities [33]. By effectively controlling asthma symptoms and reducing exacerbations,
biologics decrease the reliance on OCSs [34-36], thereby minimizing associated adverse
effects, such as osteoporosis. Furthermore, growing evidence suggests that biologics may
also enable a reduction in ICS doses in the treatment of asthma [37].
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This innovation in asthma treatment improves patient outcomes and quality of life
and reduces the long-term healthcare costs associated with chronic OCS use [38].

5. Conclusions

Osteoporosis is significantly associated with severe asthma, largely due to the chronic
use of corticosteroids and the persistent inflammatory state of asthma. Our study adds
novel real-life evidence by showing that osteoporosis is not only highly prevalent but also
associated with poorer asthma control, greater exacerbation burden, and reduced lung
function. These findings underscore the importance of recognizing osteoporosis risk at
earlier stages of disease progression. Biologic treatments have emerged as a promising
strategy to reduce dependence on OCSs in severe asthma management, helping to mitigate
adverse effects such as osteoporosis, and improving patient outcomes and quality of life
while potentially decreasing long-term healthcare costs.

Future research should address these aspects and elucidate the impact of comorbid
inflammatory diseases, such as nasal polyposis, on osteoporosis in patients with asthma.
The significant healthcare burden associated with corticosteroid-induced adverse events
underscores the urgent need for effective and safer asthma management strategies, includ-
ing the earlier intervention with biological therapies, guided by real-life risk factors for
OCS-related diseases, such as osteoporosis, including disease duration, age, sex, cumulative
steroid exposure, and asthma control.
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