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Efficacy of alternate-day dosing house dust mite sublingual immunotherapy compared to

daily dosing in allergic rhinitis patients: a randomized controlled trial

Chanon Yooyen, Wat Mitthamsiri, Panitan Pradubpongsa

Division of Allergy and Clinical immunology, Department of Internal Medicine, Phramongkutklao Hospital, Thailand.

Background: Allergic rhinitis (AR) is a highly prevalent disease associated with a significant impact on quality of
life and substantial medical costs. Allergen immunotherapy is currently the only treatment with disease
modifying effect providing long-term symptom control and reducing medication use. House dust mite
sublingual immunotherapy (HDM SLIT) tablet has already demonstrated efficacy in large randomized
controlled trials and real-world studies, but once-daily (OD) dosing is associated with high treatment costs.
Evidence is needed to determine whether alternate-day (AD) dosing can maintain comparable efficacy.
Methods: In this randomized, controlled, noninferiority trial, patients with AR and HDM sensitization were
assigned in a 1:1 ratio to recieve either AD or OD HDM SLIT tablets for 24 weeks. The primary outcome was
the mean difference in Total Combined Rhinitis Score (TCRS) between groups, with a predefined noninferiority
margin of 1 point. Secondary endpoints included differences in immunologic biomarkers (HDM-specific IgE and
IgG4 level), quality of life, and safety.

Results: A total of 43 patients completed the trial, with 22 assigned to the AD group and 21 to the OD group.
Baseline characteristics were similar between groups. At 24 weeks, the mean TCRS was 9.02 + 1.46 in the AD
group and 9.09 + 1.81 in the OD group. AD dosing was non inferior to OD dosing, with the mean difference in
TCRS between groups of -0.08 (95% Cl, -1.09 to 0.93). There were no significant differences in immunologic
biomarkers and quality of life between the groups. No serious adverse events occurred in either group.
Conclusion: Alternate-day dosing of HDM SLIT tablet was noninferior to daily dosing with regard to symptoms
control and immunologic response in patients with allergic rhinitis. This regimen may represent an effective

and cost-saving alternative for the long-term management of allergic rhinitis.

Keywords: Allergic rhinitis, allergic asthma, HDM SLIT, allergen immunotherapy, alternate-day dosing
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Efficacy of Alternate-Day Dosing House dust mite

Sublingual Immunotherapy Compared to Daily
Dosing in Allergic Rhinitis Patients with/without

Asthma: A Randomized Controlled Trial

Chanon Yooyen, M.D.

Division of Allergy and Clinical Immunology, Department of Internal Medicine
Phramongkutklao Hospital and College of Medicine



Allergic rhinitis is high prevalence disease with significant impacts on QoL
and only treatment with disease-modifying effect is immunotherapy
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Long-term symptom relief, lowers medication use, and prevent AR from progression to asthma

Akdis CA, et al, Global atlas of allergic rhinitis and chronic rhinosinusitis: EEACI; 2015



Real world data confirmed the efficacy and safety of the HDM
SLIT tablet for treating HDM AR with or without asthma

&

Efficacy of Alternate-Day Dosing HDM SLIT tablet

Compared to Daily Dosing in Allergic Rhinitis Patients

Combined scores b A R A A A
SLWE?:;:;.:EB‘:i; : ’- FIGURE I Distribwtionaf time of scourrence of sdverse evants (possibly related or not) for patients with AR alone and A8 (N = 983 AEs)
g P | +0.51 -0.12
. . HDM SLIT is safe and well torelated without any
EAVORS SLIT fatal adverse event



Objective

e Efficacy of Alternate-Day Dosing * QoL by miniRQLQ
HDM SLIT Dosing by Total
combined rhinitis score (TCRS)

 Immunological biomarker by
serum total Ig, HDM-specific
IgE, and HDM-specific IgG4

e Adverse events



Methods

Study consort flow diagram

e e e e e e — ==
| - AR patients aged 18-65

|
|
I -Undergoing HDM SLIT
I between 6-24 months |

Screening for
Eligibility

Complete
baseline

A randomized, controlled, noninferiority-trial

Non-inferiority margin in TCRS = 1

Excluded

| - Diagnosed with nasal polyp or 1

I deviated nasal septum
I - Prior URI within 2 weeks
I _ Prior systemic corticosteriod

use within 8 weeks

Week O (W AW 12 - (W 24
e’ bt o /‘I HDM SLIT 125Q Daily Dosing I—-
# ?
Flandu:izatinn 4 1 Visit o sl E-Hfl-t
: N Visit

————————————

Screening Period

! TCRS(TSS/TMS), miniRQLQ,
Total IgE, HDM specific IgE and 1gG4

Study intervention Period



Results

undergoing SLIT

‘—y Excluded 18 patients

Included
44 patients

—

{Alternate Day (AD) Dosing} Once Daily (OD) Dosing
group(n=22) group(n=22)

[ Screened 62 AR patients ]

1 patient
withdraw consent

Completed study Completed study

(n=22) (n=21)




Baseline characteristics
Characteristics | ADGroup(n=22) | ODGroup(n=21) | pvalue

Female; n (%) 15 (68.2) 13 (61.9) 0.666
Age* (years) 46.8+11.6 42.1+14.01 0.236
Duration of AR* (years) 6.6+5.3 7.6x4.4 0.519
Duration of SLIT* (months) 9.32+2.91 10.86+ 3.42 0.121
Sensitization; n (%)

Monosensitization (HDM only) 9 (40.9) 13 (61.9) 0.169

Polysensitization 13 (59.1) 9 (42.9) 0.287
Other atopic disease; n (%)

Asthma 7 (31.8) 5 (23.8) 0.558

Atopic dermatitis 4 (18.2) 3 (14.3) 0.729

Atopic conjunctivitis 5(22.7) 4 (19) 0.767

Chronic spontaneous urticaria 5(22.7) 6 (28.6) 0.661

*Data are expressed as mean+SD



Baseline characteristics

Baseline medication; n (%)

Intranasal steroid 22 (100) 19 (90.5) 0.138
Intranasal antihistamine 10 (45.5) 10 (47.6) 0.887
Oral antihistamine 21 (95.5) 21 (100) 0.323
Anti-LTRA 4 (18.2) 4 (19) 0.942
Baseline clinical parameters*
TCRS (points) 10.76+2.66 10.92+3.58 0.432
miniRQLQ (points) 3.13+2.99 3.04:3.02 0.923
Total IgE (kU/L) 205.1+211.77 199.16+186.12 0.923
HDM-specific IgE (kUA/L) 18.6+31.14 18.62+30.03 0.997
HDM-specific IgE/total IgE ratio 8.01+9.99 7.19+8.01 0.765
HDM-specific IgG4 (ng/ml) 550.25+499.16 566.75+460.71 0.912

*Data are expressed as meantSD



Primary Outcome

Adjusted mean of TCRS Mean TCRS difference between groups

12 -
Noninferiority margin

)
-0.08 {95%Cl -1.09 to 0.93) :

%I
|
3 |
a8 | 1 i} 1 -
0 12 24 -2 -1 0 1 2
Weeks after randomization , »
AD dosing Noninferior AD dosing Inferior
TCRS AD Group (n=22) OD Group (n=21) m
Baseline 10.7612.66 10.92+3.58 0.432
Week 24 9.02+1.46 9.09+1.81 0.437
Mean difference from baseline -1.74+1.98 -1.8312.43 0.910

Mean difference between groups (95%Cl) -0.08 (-1.09 to 0.93)



Secondary Outcomes
Key secondary outcomes | ADgroup (n=22) | ODgroup (n=21) | pvalue

MiniRQLQ, score (points)

Week 24 1.82+1.87 1.90+2.32 0.893
Mean difference from baseline -1.31£2.43 -1.14+1.82 0.792
Mean difference between groups (95%Cl) -0.08 (-1.09 to 0.93)

HDM-specific IgE/total IgE ratio

Week 24 6.54+8.52 6.04:6.64 0.832
Mean difference from baseline -1.48+3.26 -1.15+2.46 0.712
Mean difference between groups (95%Cl) -0.33 (-2.12 to 1.46)

HDM-specific 1gG4 (ng/ml)

Week 24 562.1+502.4 585.1+482.2 0.879

Mean difference from baseline 11.8+145.9 18.5+62.9 0.848

Mean difference between groups (95%Cl) -6.7 (-76.5 to 63.1)



Compliance and cost analysis

Total medication cost

30000

— 25000 23644.48

£ Cost reduction 11,664 thb/24 weeks

g (95%Cl, -12,033.9 to - 11,292.4; P=<.001)

§ P 11980.6

g $45% (89,133thb) total cost reduction
) based on 3-year course HDM-SLIT tablet*

AD group OD group
asarousurne | socp i | obarmpi | pue
Compliance (%) 96.37 95.1 0.220
Average medication use per person/24 weeks (tablets) 80.95+3.16 159.76+4.83 <.001
Total cost per 24 weeks(thb)* 11,980.60 23,644.48 <.001
Mean difference between groups (95%Cl) -11,663.9 (-12,033.9 to - 11,292.4)

*Reference from prices at Phramongkutklao hospital (148thb/tablet)



Adverse events

Patients with adverse events; n (%) 4(18.18) 5(23.81) 0.730

Patients with a fatal adverse events; n (%) 0 0 NA

Adverse event intensity; n (%)

Mild to moderate 11(100) 10(100) 0.974
Severe 0 0 NA
Adverse events; n (%)
Oral pruritis 3(13.6) 4(19.0) 0.631
Ear pruritis 1(4.5) 1(4.8) 0.973
Oral/tongue swelling 1(4.5) 1(4.8) 0.973
Dermatitis 2(9.1) 1(4.8) 0.310
Asthma exacarbation 0 0 NA

Anaphylaxis 0 0 NA



Strenght and Limitation

T svengn W lmitaton

* The first RCT * Single center study
* Evaluate both subjective & e Short duration of study
objective outcome * Open label design

* No systemic side effect & SAE

* Further study is needed to determine the long-term effects of
alternate day-dosing HDM SLIT tablet



Conclusion

* Alternate-day dosing of HDM SLIT tablet was noninferior to

daily-dosing regarding symptoms control and immunologic
response in patients with allergic rhinitis with or without
asthma

 This regimen may represent an effective and cost-saving
alternative for the long-term management of allergic rhinitis




Efficacy of Alternate-Day Dosing House dust mite Sublingual Immunotherg

Compared to Daily Dosing in U
Allergic Rhinitis with/without Asthma Patients: A Randomized Controlled Trial

Study population Study Intervention (24 weeks) Outcome

M % ,ﬁvi\ 125Q HDM SLIT AD dosing Y
(N=22)
e M 1260, HOM SLIT 0D dosing ’ :‘
HDM sensitization (N = 43) (N=21) TCRS ';'gDE“g ::f;g:f
Results Conclusion

Adjusted mean of TCRS

Comparable efficacy

12 -

7 11 -
G 10 - ; :
= 9 - 4 =—&—AD group

C Y No significant difference in QoL
8 | * —e—0D group and immunological biomarkers

0 12 24

Weeks after randomization é - 45% o | ee R e e

*No reported of any serious adverse event *Calculated from total course of 3 years-HDM SLIT




Thank You for
Your Attention

Division of Allergy and Clinical Immunology
Department of Internal Medicine
Phramongkutklao Hospital and College of Medicine
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Impact of a Muscle Training Device on Non-Severe OSA
: A Randomized Controlled Study
Naphitchaya Wiriya'-?, Chatkarin Tepwimonpetkun'3, Paskorn Potawanich', Nithita Sattaratpaijit®*,
Orapan Poachanukoon®®, John D. Brennan’, Kannaphob Ladthavorlaphatt®

!Department of Internal Medicine, Faculty of Medicine, Thammasat University, Pathum Thani, Thailand
’Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Faculty of Medicine,
Thammasat University, Pathum Thani, Thailand
3Sleep Center of Thammasat, Thammasat University Hospital, Pathum Thani, Thailand
‘Department of Otolaryngology, Faculty of Medicine, Thammasat University, Pathum Thani, Thailand
SDepartment of Pediatrics, Faculty of Medicine, Thammasat University, Pathum Thani, Thailand
SCenter of Excellence in Allergy, Asthma and Pulmonary Medicine, Thammasat University Hospital, Pathum Thani,
Thailand
’School of Medicine and Public Health, University of Newcastle, NSW, Australia
8Medical Diagnostic Unit, Thammasat University Hospital, Pathum Thani, Thailand

Background: Obstructive sleep apnea (OSA) is a growing concern due to its role in aggravating
cardiovascular morbidity. While continuous positive airway pressure (CPAP) remains the
standard of care, long-term compliance is frequently inadequate, necessitating the investigation
of effective alternative treatments. Targeting the dysfunction of upper airway dilator muscles
through myofunctional training may address a critical factor in OSA pathogenesis.

Aims and Objectives: The hypothesis of this study is that a portable resistance training device
(DidgeriTU) serves as an effective alternative to conventional therapy by significantly reducing
the apnea-hypopnea index (AHI) compared to a sham device in patients with non-severe OSA.

Methods: In this double-blind, sham-controlled randomized trial, participants with non-severe
OSA were recruited and stratified by gender and severity. The intervention group performed 10
sets of 10 repetitions daily, 5 days per week for 3 months using the resistance device
(DidgeriTU). The primary outcome was AHI reduction measured via Home Sleep Apnea Test
(HSAT), with a responder defined as having a reduction of at least 5 events/h

Results: Among 59 participants, the intervention group demonstrated a robust clinical response,
achieving a significant reduction in AHI compared to the sham group (mean difference [MD]: -
6.31 events/h; 95% CI: -11.22 to -1.40; p = 0.01). This was reflected in a superior responder rate
of 31.03% versus 6.67% (p = 0.02). Furthermore, physiological stability improved, with the
lowest oxygen saturation significantly increasing in the treatment group compared to the sham
(MD +2.84% vs. -1.42%, p = 0.01). While metrics like neck circumference (MD -0.62 cm, p =
0.10) and tongue strength (front MD +0.51 kPa; back MD +0.15 kPa) showed favorable
improving trends, they did not reach statistical significance.

Conclusions: Resistance-based myofunctional training effectively reduces OSA severity and

improves nocturnal oxygenation, providing a viable alternative for patients non-adherent to
CPAP.



Impact of Muscle Training Device on
Non-Severe OSA
A Randomized Controlled Study

Naphitchaya Wiriya, MD.

Chatkarin Tepwimonpetkun, Paskorn Potawanich, Nithita Sattaratpaijit, Orapan Poachanukoon,
John Daniel Brennan, Kannaphob Ladthavorlaphatt

Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Faculty
of Medicine, Thammasat University, Pathum Thani, Thailand



The Clinical Gap:
Pathogenesis and Treatment Adherence

2,3

The Burden of OSA The Primary Failure The .
_ _ _ o Pathophysiological
Obstructive Sleep Apnea While Continuous Positive Target
| (OSA) involves significant Airway Pressure (CPAP) is ,
cardiovascular morbidity. the gold standard, patient Dystunction of the upper

airway dilator muscles is a
critical factor in OSA
pathogenesis.

adherence is frequently
inadequate in real-world
practice.

'Gottlieb DJ, Yenokyan G, Newman AB, et al. Circulation. 2010;122(4):352-360
“Weaver TE, Grunstein RR. Proc Am Thorac Soc. 2008;5(2):173-178.

SEckert DJ, White DP, Jordan AS, Malhotra A, Wellman A. Am J Respir Crit Care Med. 2013;188(8):996-1004.

The Objective

Targeting this specific
muscular dysfunction
through resistance

resistance training offers a
highly viable, non-invasive

alternative for treatment.

A NotebookLM



Chronological Evolution of Myofunctional Therapy

1939

Cup sh.'eu:na-1
mouthpiece

Didgeridoo’

Facilitates correct Regular practice (20 min/d, Patients with non-severe Patients with non-severe
breathing techniques and 5 days/wk x 4 maos) OSA performing high- OSA performing inspiratory
strengthens the muscles significantly reduced AHI intensity expiratory muscle training at 40% MIP

essential for lip seal and and daytime sleepiness in threshold training (with weekly up-titration)

cheek tension. patients with moderate (75% MEP) achieved a achieved
OSA. significant 40% significant AHI reduction,
reduction in AHI and PSQI improved PSQI, and
improvement, decreased ESS.
'Strayer ER. Angle Orthod. 1939;9:18-27. 3Kuo YC, et al. Respir Physiol Neurobiol. 2017;243:86-91.
A NotebookLM

2Puhan MA, et al. BMJ. 2006,332(7536):266-70. 4Azeredo LM, et al. Braz J Med Biol Res. 2022;55:e12331.



DidgeriTU: Device Anatomy & Engineered Resistance

= 1 ~ mlt8
© Cup-Shaped Mouthpiece e rLuwﬁL“L*
Designed specifically to ensure a tight lip il
seal and generate targeted cheek tension,
engaging multiple facial and upper airway
muscles simultaneously.

. s 2
@ Resistance Mechanism

| Calibrated based on acoustic data.
== It requires an airflow of 200-250
ml/s to generate 2 kPa of

-.4 — © AdIUStaME ROtatmg Cap terminal pressure—replicating the
= e Allows for the precise modulation exact physiological exertion
of airflow to adjust the internal required to play a Didgeridoo at
resistance to the patient's capacity. 90 decibels.

'Strayer ER. Angle Orthod. 1939,9:18-27.
2N.H. Fletcher, "Acoustics of the Australian didjeridu”, Australian Aboriginal Studies No.1, 28-37 A NotebookLM



Research question

O O O 2025 - #DidgeriTU

Can a novel resistance-breathing device - DidgeriTU, designed by inheriting
the physiological principles of wind instruments and myofunctional therapy,

effectively reduce AHI in patient with non severe Obstructive Sleep Apnea?




Research objective

Primary outcome %

To compare the change in AHI between the DidgeriTU group and
the Sham group in patients with mild-to-moderate OSA

Secondary outcome

#DidgeriTU group vs Sham group

zZ

0} —_ &
Ir—Ir '
OSA Severity Daytime Sleepiness: Sleep Quality: Respiratory Muscle Strength
Epworth Sleepiness Scale (ESS) scores.  Pittsburgh Sleep Quality Index (PSQI) scores. Changes in MIP and MEP.

a(d Snoring Oxygen Saturation. (g




Research Methodology

E

Trial Design
A prospective, double-blind,

sham-controlled randomized trial.

Computer-based stratified
randomization by age and sex.

|

Intervention Protocol

The DidgeriTU group performed
10 sets of 10 repetitions daily, 5
days per week, for a duration of 3
months.

@,

Registration & EC Approval
ClinicalTrials.gov (NCT06910930).

EC approved by Thammasat
University on March 15, 2025.

Control

Sham device group (identical
exterior appearance, but lacking
the internal resistance
mechanism).

Jm

Population

Calculated population is 62 for 90%

power. Final sample size is 76
(including 20% dropout).

[J\_f\f—@

¥ G

Assessment

Home Sleep Apnea Test (HSAT)
conducted pre- and
post-treatment.

&y NotebookLM






Excluded
Deny to participate (n = 72)
Unable to contact (n = 47)

Excluded
AHI < 5 by HSAT (n =10)
AHI > 29 by HSAT (n = 2)

Study protocol

Screen patients with mild to moderate
OSA from database (n = 207)

Recruit patients with AHI 5-29 from HSAT
(n =76)




Study protocol (cont.)

DO . - .
Start of the study Computer-based stratified randomized

controlled trial (by sex and age)

DidgeriTU group (n = 37) Sham group (n = 39)
Sex (Male : Female) = 16 : 21 Sex (Male : Female) =17 : 22
Age (Eldery:Young) = 10 : 27 Age (Eldery:Young) =7 : 32

Excluded Excluded
Loss to follow up = 1 Loss to follow up = 3
Withdrawn =1 Withdrawn =2

| - Follow up HSAT at 3 month x 2 nights

3¢ month 18t preliminary analysis - Dec 2025
End of the study DidgeriTU group (n = 29)

Sham group (n = 30)



Baseline characteristic

Characteristic Didge(rri"l;lzlgc)-}roup Sha(r::;gc))up p-value
Sex (Male/Female) (44.183°/</> I1\/I6ale) (36.171‘%/) :\/Slaale) 0.709
Age (years) 44 14 +13.20 40.87 £ 12.43 0.336
Body Mass Index (kg/m?) 27.52 +4.54 26.24 + 4.50 0.283
("c':::)k Cireumference 37.93 +3.19 36.72 + 2.97 0.134
Baseline AHI (events/h) 12.57 £ 7.72 10.65 = 7.65 0.049
OSA Severity

Mild (AHI 5-15) 21(72.4%) 25 (83.3%) 0.360

Moderate (AHI >15-30) 8 (27.6%) 5 (16.7%)




Primary ou

AHI Reduction

4_~

Sham group

DidgeriTU

Vs

-2.42 event/h +3.89 event/h

\ (-5.98 to 1.14) (0.51 to 7.27) )

MD : - 6.31 event/hr

(p-value 0.012)

tcome %

Clinical success rate

Minimal Clinically Important Difference (MCID) for
AHI is defined as a reduction of 2 5 events/hour.

f DidgeriTU Group

111111111

rereteeea

JYIYIEYYY
31.03%

Responder Rate

%

=

N/

1

4

~

Sham Group
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6.67%

Responder Rate

\

e — =

Demonstrates highly significant clinical benefit for
patients utilizing the therapy (p = 0.021).

&y NotebookLM
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Secondary outcome

Oxygen Saturation [ OSA severity & .
Sham -1.42% Improved: Stable Worsened
. DidgeriTU 8 (27. 6%) @ 6
idgeriTU + 2.82%
Improved: Stable Worsened
Sham 5 (16.7%) @ [ ® 6

MD +10.9%* (P-value 0.317)

Lowest Sp0O2 MD = +4.26%
(p-value = 0.01)

Snoring index Q@

DidgeriTU Mean Diff: -404.2

Sham +0.13%

Didgeridu +1.14%%

Sham Mean Diff: +84.2

Average SpO2 MD = +1.01% MD -492.4 (P-value 0.108)
(p-value = 0.194)




Discussion

= According to the first preliminary results, the innovation significantly
reduced the AHI and improved lowest oxygen saturation compared
to the sham device.

= The mean AHI in the intervention group decreased by 2.42 events per
hour, while the mean difference between groups was -6.31 events
per hour (p = 0.012). This difference was largely driven by a 3.89 event-
per-hour increase in the sham group.

= Given that the Minimal Clinically Important Difference (MCID) for AHI is
5 events per hour, a responder analysis was performed. The DidgeriTU
device demonstrated a significant clinical benefit, with a responder
rate of 31.0% compared to 6.7% in the sham group (p = 0.021).



Comparison of Muscle Training Devices for OSA

Device Didgeridoo’ & Jl EmsT = K8 POWERbreathe? DidgeriTU
Year of Study 2005 2017 2022
Research Randomized Randomized Randomized
Method controlled trial controlled trial controlled trial
(4 months). (5 weeks). (12 weeks).
Circular breathing ngh-lntensny Inspiratory muscle
: . expiratory threshold _
Mechanism training to reduce . o threshold training
collapsibility rElnling) (7t (40% MIP)
' MEP).
: 25 patients 25 outpatients :
Population (Moderate OSA) | (Non-severe OSA) 65 patients
AHI reduction  |40% AHI reduction ﬁ‘n":)'rg‘f/:gztl':e"pa”d
Result _(MD: -6.2) and_ and_lncreased quality (PSQl),
improved daytime |expiratory muscle |. N
: Increased inspiratory
sleepiness. strength.
muscle strength.

'Puhan MA, et al. BMJ. 2006;332(7536):266-70.

’Kuo YC, et al. Respir Physiol Neurobiol. 2017;243:86-91.
3SAzeredo LM, et al. Braz J Med Biol Res. 2022:55:e12331

2025-2026
(ongoing)
Double-blind,
sham-controlled

RCT
(12 weeks).

Resistance-based
training for upper
airway dilators.

59 patients
(Non-Severe OSA)
(Anticipated 69)

AHI reduction
(MD: -6.31) and
significant
oxygenation,
improvement.




Strength, limitation and future improvement

Strength @

Rigorous Study Design: double-blind, sham-
controlled randomized trial

 Robust Sample Size : 59 analyzed participants
(with an anticipated total of 69), which is
significantly larger than previous landmark
studies in this field

* Real-World Feasibility: Features a highly
feasible and flexible training schedule, offering a
more practical application

* Cost-Effective & Scalable: the device locally

manufactured in collaboration with the Plastics
Institute of Thailand

@F Limitation and

9
uture improvement N\

Low log book response rate (29/59) which may imply

only partial compliance
Future studies may benefit from direct observation, automated
compliance monitoring or more frequent follow-ups to enhance

outcomes

No bodyweight monitoring as a possible confounding
factor

longitudinal body weight assessment for definitive correlation
Only offer fix didgeridoo resistance

titrating resistance to the most tolerable level for each patient

might yield even better outcomes



Conclusion

DidgeriTU is a cost-effective, viable alternative for non-severe
OSA patients failing CPAP. It significantly reduces OSA severity and
improves nocturnal oxygenation, though future iterations must prioritize
automated monitoring and personalized titration to mitigate infrequent

Valsalva-related risks.
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Continuous Versus Intermittent Nebulization therapy in Acute Asthma
Exacerbation at Emergency Department: A Randomized Controlled Trial

Chayanuch Thanalearkchai, Intanaon Imsuwan, Winchana Srivilaithon, Nipon Diskumpon, Chitlada Limjindaporn,
Ittabud Dasanadeba, Kumpol Kornthatchapong

Department of Emergency, Faculty of Medicine, Thammasat University, Khlong Luang, Pathumthani, Thailand
ABSTRACT

Background: Acute asthma exacerbation is a common emergency condition in clinical practice.
Early administration of nebulization bronchodilators and systemic or nebulization corticosteroids
within the first hour improves treatment effectiveness. Currently, intermittent nebulization is
widely used; however, emergency department (ED) overcrowding may lead to delays and
interruptions in drug delivery, potentially reducing therapeutic efficacy.

Objective: To compare the effectiveness of continuous versus intermittent nebulization in
patients with acute asthma exacerbation.

Methods: This was a single-center, open-label, pragmatic randomized controlled trial conducted
in the ED. Adult patients with asthma exacerbation were randomly assigned to receive either a
continuous nebulization for 1 hour or intermittent nebulization every 20 minutes for three doses.
The primary outcomes were ED length of stay, hospital admission, and ED revisit within 48
hours after ED discharge. Secondary outcomes were pulmonary functions, adverse events and
dyspnea scores.

Results: Among 80 patients, the mean ED length of stay was similar between groups (251.0 vs
244.8 minutes), with no significant difference in either unadjusted (mean difference 6.15
minutes; 95% CI —41.76 to 54.06; p = 0.799) or adjusted analyses (—3.13 minutes; 95% CI
—50.76 to 44.50; p = 0.896). Hospitalization rates and ED revisit within 48 hours were not
significantly different between the two groups. Heart rate was consistently lower in the
continuous nebulization group at the early time points, with significant differences observed at 1
hour (96.5 = 17.5 vs. 104.8 £ 19.0 beats/min, p = 0.047), 2 hours (95.7 + 18.3 vs. 105.1 £ 15.9
beats/min, p = 0.025), and 3 hours (91.4 £ 11.6 vs. 100.6 + 14.7 beats/min, p = 0.025). However,
pulmonary function parameters, dyspnea scores, and adverse events did not differ between the
groups.

Conclusions: In acute asthma exacerbation, continuous and intermittent nebulization provide
comparable clinical outcomes. However, continuous nebulization may offer advantages during
periods of emergency department overcrowding by providing more consistent medication
delivery and being associated with lower heart rates in the early phase of treatment.

Keywords: Acute asthma exacerbation, continuous nebulization, intermittent nebulization,
emergency department



Highlight:

In this open-label, pragmatic randomized controlled trial conducted in the emergency
department, continuous and intermittent nebulization demonstrated similar emergency
department length of stay and disposition outcomes, which are key metrics for acute care
delivery and emergency department management.

Continuous nebulization was associated with lower heart rates during the first 3
hours of treatment, suggesting greater early physiologic stability.

Patients receiving continuous nebulization experienced earlier improvement in
dyspnea scores, despite comparable pulmonary function outcomes between groups.

Continuous nebulization may offer workflow and physiologic advantages in crowded
emergency department settings without compromising clinical safety or effectiveness.
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Background

= 36% of asthmatic patients survey exacerbation in 1 year:

= 40% of AE ; status asthmaticus and needed hospitalizationz2
= QOvercrowding in ER, 11-17 hours ED length of stay 3

= This represents the impact of acute exacerbation in ED*

' Amnuaypattanapon K. APJAI. 2019;37:87-93.
% Kuwalairat P, et al. Eur RespirJ. 2017;50:PA930.

® Ramathibodi Hospital ED Report. 2021.
* Puranitee P. Asian Pac JAllergy Immunol. 2015;33:296-300.
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Background

Pilot Study (10 ED Cases, July 2023)

* Mean time to complete 3 nebulized doses: 61 £ 12 minutes

* 40% required > 60 minutes to complete 3 doses

* 60% had prolonged dosing intervals beyond 20 minutes.

* Suboptimal adherence to guideline-recommended dosing
iIntervals within the first hour
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Background

Objective of The Clinical Trial

= To compare the effectiveness of continuous versus intermittent
nebulization in patients with acute asthma exacerbation
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Background

Study Design and Setting

= Single-center, open-label, pragmatic randomized controlled trial

= | ocation: Emergency department, Thammasat University
Hospital, Pathum Thani, Thailand

= Duration: March 2024 to June 2025
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Background

Ethic considerations

= Ethic approval was obtained from the Human Research Ethics
Committee of Thammasat University (Medicine)
(IRB No. MTU-EC-EM-2-008/67, COA N0.060/2024)

= This study was registered with ClinicalTrial.gov with number
NCT06291740
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Selection of Participants

Inclusion Criteria Exclusion Criteria

= Age 18 years or older = Life-threatening conditions

= Allergy to steroid or B2-agonist
. Cissti?ma was diagnosed prior to ED bronchodilator

= Facial abnormalities
= Clinical manifestation of asthma

. = Ontracheostomy
exacerbation

= Pulmonary TB

= |nability to perform spirometry
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MiniHEART-HiFlo® device [
Budesonide (1000 mcg/2ml) * 3 respules =
12 mL of fenoterol 1.25 mg+ Ipratropium bromide 0.5 mg
(Berodual ®, 4 mL ) * 3 nebules + NSS 12 mi

i

Continuous
Randomization  nebulization

Administer for 1 hour, Oxygen flow rate 8 L/min

1:1 ratio
blocks of four

E_PECR
= PECR

Standard jet nebulizer

G [~}
Budesonide (1000 mcg/2ml) * 1 respule PLUS | [}/j
fenoterol 1.25 mg+ Ipratropium bromide 0.5 mg " B [‘“

(Berodual ®, 4 mL ) * 1 nebule

Inte m Ittent Administer every 20 minutes for three doses, Oxygen
nebulization flow rate 10 L/min

Standard care: 4-mg dexamethasone IV (all), magnesium IV & oxygen supplements (optional)
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MiniHEART-HiFlo® device
i Administer for 1 hour (

Continuous Clinical evaluation
nebulization monitoring q 1 hour

@@ Randomization
Clinical evaluation: Borg dyspnea scale, respiratory rate, oxygen saturation
{P@ 1:1 ratio & pulmonary function test
blocks of four
Standard treatment :
X Administer every 20 minutes for (
™ three doses

Intermittent Clinical evaluation
] ] monitoring g 1 hour
nebulization 99

@

Standard care: 4-mg dexamethasone IV (all), magnesium IV & oxygen supplements (optional)
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Outcome measurement

Primary outcome

o ED length of stay
o Hospital admission

o ED revisit within 48 hours
after ED discharge

Secondary outcome

o Pulmonary functions
o Adverse events

o Dyspnea scores
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Sample size estimation

= Using data from a pilot study cohort of adult patients with acute asthma
exacerbation treated at ED of TUH between October -November 2023
= Co-primary outcomes:
= ED length of stay
= ED discharge within 8 hours
= One-sample comparison of a mean
= Pjlot mean 630 (453) mins
= Assumed 30% relative effect size Power 80%, two-sided a=0.05
= Required sample: 40 patients per group (N = 80)
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Statistical analysis

= Continuous variables: mean = SD or median (IQR)
= Between-group comparisons:
" |ndependent t-test
= Mann-Whitney U test
= Categorical variables: Fisher’s exact test
= Treatment effects of primary outcome
= Regression models with multivariable adjustment for clinically relevant
covariates
= Two-sided a=0.05
= Analysis performed using STATA version14
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Consort Flow Diagram

[ Enrolment ]

Assessed for eligibility (n= 105)

Excluded (n=23)
« DNot meeting inclusion cntena (n=20)
o Acute respiratory failure (n=10)

— o PUI for COVID-19 (n=4)
o Suspected pulmonary TB (n=2)
o Inability to perform spirometry (n=4)
¢ Declined to participate (n=5)
v

Randomised (n= 80)

!

|

Allocated fo intervention (n=40)
e Received allocated intervention (n= 40)

Allocation

| |

Allocated to intervention (n=40)
» Received allocated intervention (n= 40)

Discontinued intervention (n= 0)
Lost to follow-up (n=0)

e

Follow-Up

|

s

Discontinued intervention (n= 0)
Lost to follow-up (n=0)

Analysed for primary outcome (n=40)

- —

Analysis

]

g

Analysed for primary outcome (n=40)
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Table 1 Characteristics of Enrolled Participants

Total Continuous nebulization Intermittent nebulization
(N =40) (N =40)

Characteristic (N = 80)

Demographic characteristics

Male 23 (28.8) 13 (32.5) 10 (25.0)
Age, years 476 +17.4 49.7 £18.0 45.5+16.8
BMI, kg/m? 209+4.3 215+ 35 204+49
Characteristics of the asthma
Asthma controller use 50 (62.5) 5 (62.5) 5 (62.5)
Bronchodilator MDI use > 1 canister/month 64 (80.0) 34 (85.0) 30 (75.0)
Oral steroid use = 2 times in past 1 year 55 (68.8) 29 (72.9) 26 (65.0)
ED visit from asthma in past 1 year 57 (71.3) 9(72.5) 8 (70.0)
Hospitalization from asthma in past 1 year 12 (15.0) 6 (15.0) 6 (15.0)
History of endotracheal intubation 6 (7.9) 1(2.5) 5(12.5)

Co-morbidity exists
Upper respiratory tract infection 49 (61.3) 24 (60.0) 25 (62.9)
Pneumonia 7 (8.8) 3(7.5) 4 (10.0)
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Table 1 Characteristics of Enrolled Participants (cont.)

Continuous nebulization Intermittent nebulization

Characteristic (N =40) (N = 40)
Initial clinical characteristics at ED
Heart rate, beats per minute 101.4 £17.1 98.0 + 14.1 104.8 £19.3
Respiratory rate, times per minute 251+29 25.1+25 252+ 34
Oxygen saturation, % 95.0+ 3.3 948 + 3.1 954+ 3.5
Borg dyspnea scale 45+15 47+15 44+20
FEV,, L 0.9 (0.6-1.3) 0.9(0.7-1.3) 0.8 (0.6-1.3)
FEV., % predicted 30.5 (19.0-40.5) 31.0 (19.5-39.5) 25.5 (19.0-45.5)
PEF, L/s 16 (0.9-2.8) 1.6 (0.9-2.8) 16 (1.0-2.8)
PEF, % predicted 77.9 (63.4-86.0) 78.0 (64.8-85.3) 77.2 (60.9-88.9)
Severity
Mild to moderate 39 (48.8) 22 (55.0) 17 (42.5)

Severe 41 (51.3) 18 (45.0) 23 (97.9)
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Table 1 Characteristics of Enrolled Participants (cont.)

Continuous nebulization Intermittent nebulization

Characteristic (N =40)
Treatment
Oxygen therapy
Cannula 19 (23.8) 10 (25.0) 9 (22.5)
High flow nasal cannula 3(3.8) 3(7.5) 0 (0)
Endotracheal tube 2 (2.5) 0 (0) 2 (5.0)
Total dose of bronchodilator 1(0-2) 1(0-1) 0(0-2)
Systemic steroid 80 (100) 40 (100) 40 (100)
Intravenous magnesium 17 (21.3) 9 (22.5) 8 (20.0)
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Table 2 Regression Analysis of Primary Outcomes

Continuous Intermittent gf;?dj”smd m‘?"‘: dﬁ?j”Sted me?"k
Outcomes nebulization nebulization g oc Chor  Pvalue  igerence @5v Clhor  T-Valle
(N -40) (N -40) median difference (IQR) median difference (IQR)
Length of ED stay, minutes ~ 251.0+ 1102 2448 £105.0  6.15(-41.76,54.08) 0799  -3.13 (-50.76, 44.50)  0.896*
Hospital admission 14 (35.0) 13 (32.5) 3.0(-180, 23.0) 0.813 4.0 (-12.0, 21.0) 0.575%
bzggth ofhospital stay, 2.0 (2.0,3.0) 4.0(2.0,6.0) 2.0 (-5.0,1.0) 0.184 1.0(-44,24) 0539
=D revisiting during 48 0/26 (0.0) 0127 (0.0) 0 n/a 0 n/a

hours after ED discharge
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Table 3 Hemodynamic, Borg Dyspnea Scale and Spirometry Parameters
at Different Time Points

At 1 hour At 2 hours At 3 hours At 4 hours At 6 hours

Parameters Continuous  Intermittent Continuous  Intermittent Continuous  Intermittent Continuous  Intermittent Continuous  Intermittent

96.5+17.5 104.8+19.0 0.047 95.7+18.3 105.1+£15.9 0.025 914+116 1006147 0.025 87.8+17.8 98.3+30.6 0.501 80.3+114 95.7+11.0 0.322

HR, beats per minute

, , 232+22 231+3.3 0.841 221+ 21 21.7+24 0.486 21.7+18 22.0+3.0 0.705 220+18 20.8+3.2 0.408 23.0+14 207+12 0133
RR, times per minute

0 wration. % 97.2+29 96.8+25 0.486 964+20 96.6+25 0.692 970+16 97015 0.932 974 +1.1 98.6 +0.7 0.037 96.3+15 98.7+0.6 0.069
xygen saturation, %

23+195 23+18 0.949 12112 1.8+1.4 0.086 1.0+£1.0 1.7+1.2 0.046 05+0.5 14+£1.0 0.165 08+0.3 1.5+ 0.7 0.116
Borg dyspnea scale

ey L 13(1.0-1.7) 1.1(0819) 0708  13(10-18) 13(0819) 0573  13(1.01.8) 15(07-1.9) 0902  16(15-21) 16(1.320) 0732  1.1(0.925) 2.0(2.0-2.3) 0513
11

o 430(29.0- 36.0(27.0- 0724  420(310- 405(260- 0404  47.0(315 480(240- 0658  67.0(520- 51.0(47.0- 0139  321(290- 61.0(61.0- 0507
FEV;, % predicted 55.0) 61.0) 64.0) 61.5) 67.0) 63.0) 90.4) 64.0) 78.0) 62.0)

PEF L/s 2.5(2.0-4.1) 24(1.5-3.9) 0.543 2.7(1.9-4.1) 2.8(1.4-4.3) 0.625 28(1.8-5.2) 2.5(1.0-3.7) 0.485 43(2.1-4.9) 3.7(3.1-4.5) 0.732 2.1(1.5-5.1) 4.8(3.7-7.8) 0.275

82.7 (72.9- 85.8(62.7- 0.996 83.0 (75.0-  81.7 (68.1- 0.510 83.2(77.9- 83.8(63.3- 0.404 90.1 (74.4- 92.4(71.8- 0.305 76.5(72.1- 95.7(79.0-  0.050

_—
PEF, % predicted 91.1) 94.4) 88.0) 92.4) 97.9) 92.5) 90.4) 99.3) 774) 100.0)
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= Primary outcome show no significant difference in ED length of stay, no difference
In hospital admission and 48-hour revisit

= Both strategies achieved comparable clinical recovery and consistent with
previous studies

= From results show continuous nebulization significantly lower heart rate during
the first 3 hours, because more stable bronchodilator delivery and fewer

fluctuations in beta-agonist related systemic effects
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Strengths

= Randomized controlled trial design
= Complete follow-up with no attrition
= Standardized and objective outcome assessment

= Clinically relevant endpoints with CONSORT adherence
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Limitations

Single-center study involving adult patients only
ED disposition influenced by system-level factors
Variable ED stay limited continuous pulmonary function assessment

Limited generalizability across different emergency settings
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Conclusion

Conclusion

o No significant differences were observed in any primary outcomes

o However, continuous nebulization was associated with lower heart
rates, suggesting reduced beta-agonist related side effects

o It may be particularly suitable for emergency department settings by

reduced treatment interruptions and improving workflow efficiency
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Comparative effects of triple inhaled therapy with budesonide/glycopyrronium/formoterol versus
fluticasone furoate/umeclidinium/vilanterol on small airway disease in COPD patients: a
randomized crossover study

Peerawat Kaewkeeyoon', Naphitchaya Wiriya', Narongkorn Saiphoklang'

!Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Faculty of
Medicine, Thammasat University, Pathum Thani, Thailand

Background: Budesonide/glycopyrronium/formoterol (BGF) and fluticasone furoate/
umeclidinium/vilanterol (FUV) are effective for chronic obstructive pulmonary disease (COPD). These
medications may improve small airway disease (SAD) in COPD patients. This study aimed to compare the
effects of BGF and FUV on lung function in patients with COPD.

Method: A randomized crossover-controlled trial was conducted. Participants entered a 1-week washout
period and were then randomized to receive either BGF or FUV for 4 weeks, followed by a second 1-week
washout period and crossover to the alternate treatment for an additional 4 weeks. SAD was assessed using
forced expiratory flow at 25-75% of forced vital capacity (FEF2s.75) and impulse oscillometry (I0S)
parameters. The modified Medical Research Council (mMRC) dyspnea scale and COPD Assessment Test
(CAT) scores were also recorded.

Result: Twenty-two patients were randomly allocated to receive BGF or FUV. The mean age was 67.34+7.7
years, and mean FEV: was 69.4+18.8% predicted. After 4 weeks of treatment, there were no significant
differences between the BGF and FUV groups in any SAD parameters. Adverse events did not differ
between the two groups. The BGF group showed significant improvements in FEF»s.7;5 mMRC and CAT
scores after treatment. The FUV group showed significant improvements in the difference between
respiratory resistance at 5 Hz and 20 Hz (R5-R20), area of reactance (AX), resonant frequency (Fres), and
CAT scores after treatment.

Conclusion: Both BGF and FUV improved small airway function and clinical symptoms. No significant
differences in SAD parameters were observed between the two treatment regimens. These findings suggest
comparable overall efficacy; however, larger and longer-term studies are needed to confirm potential
differences in small airway effects.

Keywords: budesonide/glycopyrronium/formoterol; chronic obstructive pulmonary disease; fluticasone

furoate/umeclidinium/vilanterol; pulmonary function; small airway disease
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Comparative Effects of Triple Inhaled Therapy with
Budesonide/Glycopyrronium/Formoterol versus
Fluticasone Furoate/Umeclidinium/Vilanterol on Small
Airway Disease in COPD Patients
: A Randomized Crossover Study

PEERAWAT KAEWKEEYOON, MD.
Narongkorn Saiphoklang MD., Naphitchaya Wiriya MD.

Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine,

Faculty of Medicine, Thammasat University, Pathum Thani, Thailand



B
A
C
K
€] {0,
U
N
D

)



BACKGROUND (1) \

GO LD G U I D E LI N E: Evidence Supporting a Reduction in Mortality with Pharmacotherapy

and Non-pharmacotherapy in COPD Patients Figure .19

|ndications Of triple therapy 1: Therapy . Treatment effect on mortality Patient characteristics
- Patients with BEC > 300 cells/pL EEFR

LABA+HLARAICS! Yes | Singleinhaler iple therapy compared 1o dual Symplomatic people with a
. LABD therapy relatree risk reduction; history of frequent and/or
* Frequent exacerbators who remain kil neiin cavers scacarhition

ETHOS: HR 0,51 (95% C; 0,33, 0.80)™

symptomatic despite optimal dual
therapy

Maintenance Medications in COPD*
Figure A3.1

Generic Drug Name inhaler Type | Nebulizer Oral/injectable Delivery Duration of Action
Triple Combination in One Device (LABA+LAMA+ICS
Fluticasone/umeclidiniumyvilanterol
Beclometasone/formoterol/ghycopyrronium MDi, DPI

Budesonide/formoterol/glycopyrrolate MDI | 12 hours

1. GOLD 2026




BACKGROUND (2)

Overall

Comparative lung deposition: BGF versus FF/UMEC/VI 1:

» Assessment of lung deposition using in silico Functional Respiratory e EEUREY)

Imaging (FRI) model & ol ?

+ BGF demonstrated higher deposition in the small airways compared E
to FF/UMEC/VI ﬁ, 'R e ke
s

Low

* Indicates superior drug delivery to the distal airways with the
BGF formulation

Knowledge gap:

« Limited clinical data comparing SAD-related outcomes between these
two formulations in COPD patients

1. Usmani O, et al. Respir Res 2023.




RESEARCH QUESTION

What is the comparative efficacy of BGF versus
FF/UMEC/VI on small airway outcomes in COPD patients?
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OBJECTIVES (1)

PRIMARY OBJECTIVE

To compare the efficacy of BGF versus FF/UMEC/VI in
improving small airway parameters among COPD patients by

« Spirometric parameter
* Forced expiratory flow at 25-75% of forced vital capacity
(FEF25-75%)
 Impulse oscillometry (I0S) parameters
» Respiratory resistance at 5 Hz (R5)
 Difference between respiratory resistance at 5 Hz and 20 Hz
(R5-R20)
* Area of reactance (AX)
» Resonant frequency (Fres)

Image courtesy of Assoc. Prof. Dr. Narongkorn Saiphoklang




OBJECTIVES (2)

SECONDARY OBJECTIVES

« Comparison of changes in spirometric parameters, mMRC, CAT scores, and
6-MWD between the two treatment groups

« Changes in spirometric parameters, |I0S parameters, mMRC, CAT scores,
and 6-MWD within each group following treatment

» Adverse events within each group following treatment




STUDY DESIGN

* A randomized, open-label, prospective crossover study
« Computerized randomization (1:1 ratio)

* Study site: pulmonary outpatient department of Thammasat University
Hospital, Thailand

 From April 2025 to December 2025

« Approval of a clinical study protocol by the Human Research Ethics
Committee of Thammasat University (Medicine), date; March 18th 2025




PARTICIPANTS

Inclusion criteria Exclusion criteria

* Age: 40 - 80 years » Co-existing respiratory diseases: e.g.,

- Smoking History = 10 pack-years asthma, bronchiectasis, or ILD

- Confirmed COPD with post-bronchodilator  Contraindications: conditions preventing
FEV./EVC < 0.70 spirometry, |0S, or 6MWT performance
1 .
* Known allergy to study medications or

* Currently indicated for or already their excipients

receiving triple inhaled therapy
* Prior or current use of systemic

- Stable symptom with no exacerbation for : ) :
corticosteroids as maintenance therapy

at least 3 months prior to enrollment




Visit 1: Before treatment

Screening

Randomization

History taking, Physical exam
CAT score, mMRC score,

Spirometry, 10S, 6MWT

Visit 2: After treatment

Treatment period 1
(4 weeks)

History taking, Physical exam
CAT score, mMRC score,
Spirometry, 10S, 6MWT

Visit 3: Before treatment

History taking, Physical exam

CAT score, mMRC score,

Spirometry, 10S, 6MWT

Visit 4: After treatment

Treatment period 2

(4 weeks)

History taking, Physical exam
CAT score, mMRC score,
Spirometry, 10S, 6MWT

Final analysis

INTERVENTION

1. BGF (Breztri aerosphere®)
(160/7.2/5 mcg)
2 puff bid

2. FF/UMEC/VI (Trelegy ellipta®)
(100/62.5/25 mcg)
1 puff od
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Screening
(n=49)

Excluded (n=27)
Co-existing respiratory diseases (n=10)
e Acute exacerbation within 3 months (n=4)
Ran(z;);nzlzatlon Inability to perform 6MWT (n=4)
Declined to participate (n=9)

BGF(n=11) FF/UMEC/VI(n=11)
Visit 1
I Treatment period 1
Visit 2 (4 weeks)
BGF(n=11) FF/UMEC/VI(n=11)
Visit 3
I | Treatment period2 | |
Visit 4 4 weerl)<s) Mean % adherence (+ SD)

BGF 90.2+17.8 %

Final analysis (n=22) FF/UMEC/VI 95.1 £ 10.9 %




BASELINE CHARACTERISTICS (1)

(Data shown as n (%) or mean % SD)

Characteristics Data (n=22) Comorbidity Data (n=22)
Age, years 67.3+7.7 Diabetes mellitus 8 (36.4)
Male / female 21 (95.5)/ 1 (4.5) Hypertension 14 (63.6)
Body mass index, kg/m2 24.8 +4.7 Dyslipidemia 14 (63.6)
Formerly smoking 18 (81.8) Coronary artery disease 7 (31.8)
Smoking, pack-years 22.7 9.7 Old cerebrovascular accident 3 (13.6)
Rescue BD (puffs/week) 1.3+£1.7 Obstructive sleep apnea 5(22.7)
Hx of hospitalization 13 £ 59.1 Chronic kidney disease 3 (13.6) §=—=
Hx of hospitalization (events) 0.8+£0.8 Allergic rhinitis 3 (13.6) éé




BASELINE CHARACTERISTICS (2)

Data shown as n (%) or mean + SD
( (%) )

COPD grade Data (n=22) Spirometry data Data (n=22)
1 8 (36.4)
Post-BD FEV,, L 1.80 £ 0.54
2 11 (50.0)
3 3 (13.6) Post-BD FEV,, %predicted 69.41 + 18.84
COPD group Data (n=22) Laboratory data Data (n=22)
B 9 (40.9)
Blood eosinophils, % 4.88 + 3.11
E 13 (59.1)
BEC, cells/mm?3 411.3 £ 275.3
Functional Data (n=22)
Blood eosinophils = 300 cells/mm3 11 (50.0)
performance
MmMRC scores 1.3+0.6 éé
CAT scores 9.3+4.7 —_—
6MWD, m 418.0 £ 98.9
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COMPARATIVE CHANGES
IN SMALL AIRWAY PARAMETERS (1)

(Data shown as mean + SD)

Spirometric parameters BGF FF/UMEC/VI Mean difference | P-value
(95% Cl)
Pre-BD FEF 5 ;5, L/s 0.16 £ 0.22 0.51+2.17 -0.35 0.455
(-1.29, 0.59)
Pre-BD FEF . ;5y, %predicted 6.33 +9.04 2.20 + 9.67 4.14 0.150
(-1.56, 9.83)
POSt-BD FEF25_75%, LIS 0.11 i 0.25 0.12 i 0-38 '0-01 0-893
(-0.21, 0.18)
Post-BD FEF,; ;5., %predicted 4.66 + 11.06 4.31 +13.30 0.35 0.926
GATNAL) _
FEF,5_,54, change after BD test, % -12.18 + 26.26 -0.32 + 33.09 -11.87 0.195 E=_
(-30.04, 6.31) —




COMPARATIVE CHANGES
IN SMALL AIRWAY PARAMETERS (2)

(Data shown as mean + SD)

IOS parameters BGF FF/UMEC/VI Mean difference | P-value
(95% Cl)

RS, kPallL/s -0.04 = 0.11 -0.06 * 0.11 0.02 0.581

(-0.05, 0.08)
R5, %predicted -12.94 * 34.92 -18.42 * 35.80 5.49 0.610

(-16.03, 27.00)

R5 - R20, kPal/L/s -0.02 £ 0.06 -0.03 £ 0.07 0.01 0.601

(-0.03, 0.05)
X5, kPal/L 0.01 £ 0.07 0.03 £ 0.06 -0.02 0.439

(-0.06, 0.02)
X5, %predicted -67.64 * 330.29 | 59.16 * 376.46 -8.48 0.937

(-223.96, 207.00)

Fres, Hz -1.71 £ 3.94 -2.76 * 5.11 1.05 0.448 (K

(-1.72, 3.83) =
AX, kPa/L -0.22 £ 0.73 -0.44 £ 0.95 0.22 0.404 —_——

(-0.30, 0.73) =




PRIMARY OUTCOME

After 4 weeks of treatment,

* There were no significant differences between the BGF and
FF/UMEC/VI groups in any small airway parameters
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1. PARAMETER CHANGES FROM BASELINE
WITHIN BGF GROUP

(Data shown as mean + SD)

BGF BGF

Before After Mean change P- Mean

Before After
treatment treatment 95% Cl) value change
. treatment treatment
Spirometry parameters 95% ClI)

Pre-BD FEF25_75%, 0.71£0.35 0.87 £ 0.40 0.16 £ 0.22 0.004 Fuctional performance

L .32+0. 91+0. -0.41+0.
/S (0.06, 0.26) mMRC scores 1.32+0.65 0.91+0.61 0.41+0.73

Pre-BD FEF 575y, 31.94+16.73  38.27+17.04  6.33+9.04 (-0.74, -0.08)

swpredicted 4514, T7+4. -2.6845.
wpredicte (2.32, 10.34) CAT scores 9.4514.51 6.77+4.43 2.68+5.09

(-4.94, 0.42)

After 4 weeks of treatment:

The BGF group showed significant improvements in
- FEF;5.754

- mMRC scores and CAT scores
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2. PARAMETER CHANGES FROM BASELINE
WITHIN FF/UMEC/VI GROUP

(Data shown as mean + SD)

FF/UMEC/VI

Before After Mean change P-

Bef
treatment treatment 95% Cl) value etore
I0S parameters treatment

RS, kPal/lLls 0.40 £ 0.16 0.34+0.13 -0.06 + 0.11 0.020 Fuctional performance

(-0.11, -0.01) CAT scores 9.14 + 4.92
R5, %predicted 129.37+50.12 110.95+41.12 -18.42 + 35.80

(-34.29, -2.55)
R5-R20, kPalL/s 0.13 £ 0.12 0.09 + 0.08 -0.03 + 0.07

FF/UMEC/VI

Mean
After

treatment

change
95% Cl)

7.14 £ 5.49 -2.00 + 4.27

(-3.89, 0.11)

After 4 weeks of treatment:

(-0.07, -0.01) The FF/UMEC/VI group showed significant

Fres, Hz 19.56+6.93  16.80:4.89  -2.76 +5.11 improvements in

(-5.03, -0.50) - R5, R5-R20, area of reactance (AX), resonant

AX, kPalL 1.33 £ 1.57 0.89:1.01  -0.44:0.95 frequency (Fres)

(-0.86, 0.02) - CAT scores




3. ADVERSE EVENTS

(Data shown as n (%) )

Adverse event BGF FF/UMEC/VI | P-value
Dysphonia 7 (31.8) 4 (18.2) 0.296
Increased cough 5 (22.7) 7 (31.8) 0.498
Sore throat 5 (22.7) 2(9.1) 0.412
Dry mouth 2(9.1) 4 (18.2) 0.664
Rhinitis 0 (0) 1(4.5) 1.000
Palpitation 1(4.5) 0 (0) 1.000

After 4 weeks of treatment:

Adverse events did not differ
significantly between the two groups
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DISCUSSION (1)

Consistent with landmark trials (ETHOS ' and IMPACT 2)
« Both BGF and FF/UMEC/VI significantly improved FEV, and symptoms

* In this study: targeting small airway disease (SAD)
 Supports the clinical benefit of treating distal airways

Clinical findings versus in silico models deposition 3

* While in silico models showed higher BGF deposition

 This clinical study found comparable efficacy between BGF and FF/UMEC/VI
 Suggests both potent triple therapies reach maximum bronchodilation (ceiling effect)
 Additional deposition may not yield further clinical gains in stable patients

1. Ferguson GT, et al. N Engl J Med. 2020.
2. Lipson DA, et al. N Engl J Med. 2018.
3. Usmani O, et al. Respir Res 2023.




DISCUSSION (2)

Study strengths:

* First prospective head-to-head study comparing these triple therapies on SAD

Limitations:

* Open-label study
 Limited sample size (n=22 for final analysis)

* Short-term treatment duration (4 weeks)




CONCLUSIONS

* Both BGF and FF/UMEC/VI are effective and well-tolerated

» No statistically significant differences between two treatments in small airway
parameters

« Future directions:

 Larger and longer-term studies are needed to confirm potential differences in
small airway effects




Thank you for your attention
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Effect of iron supplementation in asthmatic children with iron deficiency
Karnsiree Sutthirat, Wiparat Manuyakorn, Watcharoot Kanchongkittiphon, Potjanee Kiewngam,
Wanalapa Jotikasthira, Adithep Sawatchai, Alisa Wecharak, Sirinapa Siwarom,

Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Rama
VI Rd, Ratchathewi, Bangkok, 10400, Thailand

Background: Iron is essential for cellular metabolism and immune regulation. Iron deficiency
(ID) may impair airway function, potentially worsening asthma control. Although observational
studies linked ID with asthma severity, pediatric interventional data remain limited. This study
aimed to determine ID prevalence in asthmatic children and evaluate effects of iron
supplementation on their pulmonary function and asthma control.

Methods: This prospective, single-arm clinical trial enrolled asthmatic children (5-18 years),
classified into the ID and normal iron status groups. The ID group received oral iron and dietary
advice. Pulmonary function [spirometry, forced oscillation technique (FOT), fractional exhaled
nitric oxide (FeNO)] and asthma control test (ACT), were evaluated at baseline and 3 months
post-intervention and compared with control group.

Results: 75 children were enrolled; 28 (37.33%) had ID (non-anemic 33.3%; IDA 4.0%) and
47 (62.67%) had normal iron status. At baseline, the ID group exhibited lower predicted
spirometry percentages, and higher airway resistance (RS, R20); though differences were not
statistically significant. Multivariable analysis revealed significant negative correlation between
ferritin and airway resistance indices (R5: p = 0.015; R20: p = 0.026). Conversely, transferrin
saturation (TSAT) correlated positively with RS (p = 0.043) and R20 (p = 0.042). After iron
supplementation, pulmonary function parameters exhibited favorable but non-significant
improvement.

Conclusion: ID is common in asthmatic children; low iron stores are associated with airway
dysfunction. A tendency toward improved lung function was observed in the ID group after
intervention. ID screening and treatment in asthmatic children should be encouraged. Larger,

long-term RCTs are warranted.

Keywords: asthma, pulmonary function, iron deficiency, iron supplementation



Effect of iron supplementation
in asthmatic children with iron deficiency

Researcher : Karnsiree Sutthirat, M.D.
Advisor : Assoc. Prof. Wiparat Manuyakorn, M.D. PhD.

Co-Adpvisor : Asst. Prof. Sirinapa Siwarom, M.D.



Asthma and iron deficiency

« Both asthma and iron deficiency are common conditions in children

 lron has essential role in supporting basic cellular processes, lack
of Iron may impact immune activation
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Rojroongwasinkul N. et al. SEANUTS: the nutritional status and dietary intakes of 0.5-12-year-old Thai children. Br J Nutr. 2013;110:S36-44.
Chinratanapisit S. et al. The Global Asthma Report. Int J Tuberc Lung Dis 2022;26: S1-S102.

Peroni DG, Hufnagl K, Comberiati P and Roth-Walter F.Lack of iron, zinc, and vitamins as a contributor to the etiology of atopic diseases. Front. Nutr. 2023; 9:1032481.



Literature review

Population (N) | Studydesign | Resut

S.A. Eissa Children
etal. 6-16 year-old
(2011-2012) |:IDA (50)
Il : non-IDA (50)
Ali et al. Asthmatic
(2017-2018) patients(50)
vs healthy

control(20)
age 6-17 years-old

Ali et al.
(2018)

Asthmatic children
age 6-16 years-old
- Without IDA (33)
- With IDA (17)

Cohort
prospective study

Cross sectional
case control
study

Cross sectional
study

- Presence of asthma was more prevalent in IDA
group la = 33 (66%) than non-IDA group lla=12
(24%) (p <0.01)

- Positive correlation between Hb, ferritin level
and PFT

- FVC, FEV1, FEV1/FVC in IDA asthma lower than
non-IDA asthma, (p <0.05)

- Prevalence of IDA in asthmatic children =17
(34%), Control = 4 (20%) (p <0.001)

- Asthmatic attack more frequent and severe in
asthma with IDA than asthma without IDA, (p
<0.001)

- FEV1, FEV1/FVC, MMEF in IDA group lower than
without IDA group, (p < 0.01)

- Poorly controlled asthma higher in IDA group,
(p=0.001)

- ACT in IDA group lower than without IDA group,
(p <0.001)



Objectives

> To assess the change of lung function after iron
supplementation in asthmatic children with iron deficiency
> To assess the improvement of clinical of asthma control after

iron supplementation in asthmatic children with iron deficiency



Methods

______________________________________________

« Asthma control test (ACT)

* Fraction exhaled nitric oxide (FeNO)
* Spirometry

* Forced oscillation technique (FOT)

Enroliment

A 4

Inform consent

l

v

Normal iron
status

_________

Aged 5-18 years

Controlled asthma > 1 month
No other chronic disease or
taking iron supplement /
immunosuppressive drugs

Anemia : Hb level (WHO)

v
Iron ' Serum ferritin < 30 ug/dL or
deficiency . Transferrin saturation < 16%
A 4 I v
Non anemic iron deficiency Iron deficiency anemia
(NAID) (IDA)

A

4

Iron supplementation and dietary advice

3 mg/kg/day of
elemental iron

5 mg/kg/day of
elemental iron

l

l

Re-evaluation of clinical, pulmonary function and iron status after 3 months

i

Statistic analysis

5-12 years : Hb < 11.5 g/dL

12-15 years : Hb <12 g/dL

> 15 years (female) : Hb <12 g/dL
> 15 years (male) : Hb <13 g/dL



Results

Prevalence of iron deficiency
in asthmatic children

Eligible patients '+ Iron deficiency 37.33%
(n = 75) '+ NAID 33.33% i
'+ IDA 4% i
Normal iron status Iron deficiency
(n =47, 62.66%) (n =28, 37.33%)
|
i v v
Consent for control group | CONtrol group NAID IDA
B———————— (n=22) (n =25, 33.33%) (n =3, 4%)
3 dropped out
1 dropped out 1 adjust medication during study 1 dropped out
1 asthma exacerbation 1 can’t evaluate PFT 1 adjust medication during study

1 follow up problem
21 n=22 n=2
24

n

n



Baseline characteristics

Age (years) 10.83 (2.76) 11.48 (3.25) 0.4731
Sex: male 156 (71.43) 9 (37.50) 0.023*
Weight (kg) 38.93 (13.21) 49.25 (16.86) 0.0288*
Height (cm) 135.2 (130-151) 153.2 (135-156.8) 0.0705
BMI (kg/m?) 19.37 (4.39) 22.17 (4.48) 0.041*
BMI Z-score 0.56 (1.75) 1.39 (1.17) 0.0648
Obesity 5 (23.81) 9 (37.5) 0.673
Dosage of inhaled corticosteroid used (according GINA 2022) 0.148
- Intermittent 1(4.76) 3 (12.50)

- Low dose 9 (42.86) 14 (58.33)

- Medium dose 1(4.76) 3 (12.50)

- High dose 10 (47.62) 4 (16.67)

Aeroallergen sensitization 19 (90.48) 19 (79.17) 0.422



Relationships of iron and lung function

*Adjust age, sex, BMI Z-score, ICS dose, inflam. marker

> Multivariable regression analysis: adjusted coefficient

A Ferritin -0.027 -0.016 . > 0.5

TSAT 0.052 . 0.040 0.035

Serum iron 0.021 . 0.015 . 0.013

TiBC

Hb

vy 00u3 sl [

Iron intake(mg/day)

Iron intake(%RDA) 0.128 -0.006 . .

Eosinophil 0.053 -0.001 -0.001 -0.001 -0.001
CRP -0.127 -0.132. . <-0.5

o
adjusted coefficient (B)

ACT

FeNO

FVC pre

FVC post

FEV1 pre

FEV1 post
FEV1/FVC post
FEF 25-75 post

R5 pre

%predicted R5 pre
%BDR R5

R20 pre
%predicted R20 pre
R20 post

%BDR R20

R5-R20 post

X5 post
%predicted X5 post
ALX post
%BDR ALX

%predicted FVC post
%predicted Fres post



status between visits
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B follow up
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The changes in lung function

A 5 Forest plot:
ACT | - Differences in Differences model
St ! . (Spirometry)
FVC | : 4

Ypredicted FVC | : +

%BDR FVC | — -
FEV1 | N
%predicted FEV1 | Lo
%BOR FEV1 | e
FEVIFVG | -
%BOR FEVIFVC | S S
FEF2575 | +
%predicted FEF25-75 | -
%BDR FEF25-75 | -
: ; ; . ;
-20 -10 4] 10 20

Treatment effect coefficients . .
*adjust age, sex, BMI Z-score, ICS dose, inflam. marker



The changes in lung function

B

RS
“epradicted RS
%EBDR RS
R20
Ypredicted R20
"»BOR R2Z0
R5-R20
%BDR R5-R20
X5
epredicted X5
Fras
Ypredicted Fres
%BDR Fres
ALX

%B0OR ALX

L ]

Treatment eftect coefhoients

Forest plot:

Differences in Differences model
(FOT)

*adjust age, sex, BMI Z-score, ICS dose, inflam. marker



 The prevalence observed in this study aligns with that of the general Thai
pediatric population.

« Our analysis showed a significant negative correlation between ferritin
levels and R5, R20 values. This finding suggests that an increase in stored
iron is possibly associated with reduced pulmonary resistance.

» After iron supplementation for 3 months, despite the lack of
statistical significance, FOT results (R5, R20, ALX, X5) showed a
favorable trend toward decrease pulmonary resistance, small airway
dysfunction and improved lung compliance and spirometry result
showed slightly increase in FVC and FEV1 value.



Conclusion

« A correlation was observed between iron indices and pulmonary
function parameters, particularly FOT, which is highly sensitive to
small airway dysfunction.

» After iron supplementation, pulmonary function outcomes showed a
trend suggesting possible physiological improvement.



Clinical implication

* Given the link between iron deficiency and suboptimal asthma
control, screening and treatment for iron deficiency remains a
rational component of comprehensive asthma management,
especially for high-risk children.

Further study

- Evaluate the effects of iron supplementation in both controlled and
non-controlled asthmatic children, including long term outcomes



Thank you
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Abstract

Background

Particulate matter with a diameter of < 2.5 micrometers (PMo..s) is a major environmental
pollutant associated with respiratory and allergic diseases. However, the longitudinal impact on
pediatric rhinitis control, particularly in developing countries with variable pollution exposure,
remains limited.

Objectives: To determine the association between PMz.s exposure and symptom control in
pediatric patients with chronic rhinitis.

Methods

We conducted a prospective longitudinal study of children with chronic rhinitis residing in
Bangkok and the surrounding metropolitan area from July 2024 to August 2025. Rhinitis
symptom severity was assessed weekly using a visual analog scale (VAS), together with
information on medication use and concurrent respiratory infections. Lag week 0 PM2.s
exposure, defined as the weekly average PM2.s concentration over the 7 days preceding each
weekly VAS assessment, was estimated using geocoded residential and school locations linked
to governmental air-quality monitoring data. Uncontrolled rhinitis was defined as a VAS score of
5 or greater. Associations between time-varying PMa.s exposure and symptom outcomes were
analyzed using multivariable mixed-effects and fixed-effects logistic regression models.
Analyses were stratified by aeroallergen sensitization status, namely allergic rhinitis and
nonallergic rhinitis.

Results

Among 146 children followed for a median of 52 weeks, higher lag week 0 PM..s exposure was
consistently associated with increased rhinitis symptom severity across all analytical models (3
coefficient = 0.260 per 10 png/m? of PM2.s; 95% confidence interval [CI] = 0.215, 0.306 by
multivariable mixed-effects model and 0.189, 0.332 by multivariable fixed-effects model; p <
.001). Increase in PM2.s concentrations during the preceding week was associated with higher
uncontrolled symptoms of rhinitis, independent of respiratory infections, medication use, and
seasonality. Associations were observed in both allergic rhinitis and nonallergic rhinitis, with
generally larger effect estimates among those without aeroallergen sensitization.

Conclusion

Short-term PM2.s exposure during the week preceding symptom assessment was associated with
poorer control of rhinitis symptoms in children. These findings provide longitudinal evidence
that ambient air pollution contributes to pediatric rhinitis morbidity in settings with variable air
quality.

Keywords: PMa2.s, pediatric rhinitis, allergic rhinitis, air pollution, Thailand
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Background

* Particulate Matter 2.5 (PM,, ), a complex mixture of solids and liquids particles
smaller than 2.5 micrometers, can directly damage respiratory system inducing
abnormal inflammation and various diseases
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World Health Organization. (2021). Global air quality guidelines: Particulate matter, ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide (pp. 74—88). Geneva: World Health Organization.
United States Environmental Protection Agency. (2025). Particulate matter (PM) air quality criteria. Washington, D.C.: U.S. Environmental Protection Agency.
Pollution Control Department. (2024). Report on the Situation and Management of Air and Noise Pollution in Thailand, 2024. Bangkok: Pollution Control Department.



Methods

* Objectives:

* Primary objective: To determine the impact of PM, . exposure on the severity of
rhinitis in pediatric patients

 Secondary objective: To assess the threshold levels of PM, . concentration
associated with increased severity of chronic rhinitis, both allergic and non-allergic
rhinitis, in pediatric patients

» Study design: Prospective cohort observational study
 Sample size: Difference of 2 independent means formula, with anticipated drop-out rate

- Statistical analysis: Multilevel Mixed-effects and Fixed-effects logistic regression
analysis



Methods

e Inclusion criteria:
* Aged 2-18 years old

e Chronic rhinitis visited Pediatric Allergy clinic at outpatient unit in Ramathibodi
hospital

* Household and school located in Bangkok metropolitan region

* Exclusion criteria:
» Critical illness, active malignancy and autoimmune diseases

* Recent respiratory tract infection within 4 weeks



Methods

(Chome,i,t X Thome) + (Cschool,i,t X Tschool)

Ei, t{weekday) = 53
Ei, t{weekend — school breaks) = Chome,i,t j; L“J _ i‘; JFH*E H
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Average PM,, . and VAS Across Study Period
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Multivariate Mixed-effects Logistic Regression
Analysis of Factors associated with VAS

PM2.5 concentrations (per 10 pug/m3)

Wet season

Age; years

Concurrent respiratory infection

No regular use of INCS without further rescue medication
No reqular use of INCS but with rescue medication
Regular use of INCS without further rescue medication

Regular use of INCS with rescue medication

- —________..____I_____

®
—e—
o
| | |
1 2 3

B coefficient (95% ClI)



Multivariate Mixed-effects Logistic Regression
(Subgroup Analysis: Allergic Rhinitis)

PM2.5 concentrations (per 10 pg/m3)

Wet season

Age; years

Concurrent respiratory infection

No regular use of INCS without further rescue medication
No regular use of INCS but with rescue medication
Regular use of INCS without further rescue medication

Regular use of INCS with rescue medication

e

______I._.____I___

| | | | | | |
0.0 0.5 1.0 1.5 2.0 £33 3.0 3.5

B coefficient (95% ClI)



Multivariate Mixed-effects Logistic Regression
(Subgroup Analysis: Nonallergic Rhinitis)

PM2.5 concentrations (per 10 pg/m3)

Wet season

Age; years

Concurrent respiratory infection

No regular use of INCS without further rescue medication
No regular use of INCS but with rescue medication
Regular use of INCS without further rescue medication

Regular use of INCS with rescue medication

o |

?
?
;

1 2 3 4
B coefficient (95% ClI)

Ln o




Threshold Analyses of PM,, . Exposure levels on
VAS using WHO Air Quality Guidelines

Crude Effects

Models
B (95%Cl) p-value
Mixed-Effects
<15 mcg/m? 0 -

15-37.5 mecg/m? -0.164 (-0.368, 0.039) 0.114

> 37.5 mcg/m® 0.076 (-0.192, 0.343) 0.579

Adjusted for wet season, concurrent respiratory infection, medication use, age

Adjusted Effects

B (95%CI) p-value
0 ;
0.113 (-0.053, 0.279) 0.181
0.381 (0.160, 0.603) 0.001




Threshold Analyses of PM,, . Exposure levels on
VAS using WHO Air Quality Guidelines

Crude Effects Adjusted Effects
Models
B (95%Cl) p-value B (95%CI) p-value
Fixed-Effects
<15 mcg/m? 0 - 0 -
15-37.5 mcg/m? -0.165 (-0.370, 0.041) 0.115 0.112 (-0.056, 0.280) 0.188

> 37.5 mcg/m?® 0.075 (-0.195, 0.345) 0.582 0.381 (0.156, 0.603) 0.001

Adjusted for wet season, concurrent respiratory infection, medication use



Conclusion

* Higher ambient PM, . exposure, wet season and concurrent respiratory
infection were associated with an increased rhinitis symptoms among pediatric
patients both allergic and nonallergic rhinitis

* Minimization of PM, _ exposure, prevention of respiratory infection and
medication adjustment should be modified to reduce rhinitis symptoms in
children



Clinical implication

* Public awareness and proactive management during pollution surges,
including medication optimization and school-based adjustment for outdoor
activities

* Public health advocacy for reinforcement of air quality monitoring systems and
community education on pollution-related respiratory health

* Policy relevance aiming to maintain PM, . level below 15 mcg/m?, consistent
with WHO standards, to protect vulnerable pediatric populations

* Research direction: Future multicenter pediatric cohorts
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Bridging the Gap Between Guideline and Practice: Impact of Written Asthma Action Plans
on Adherence and Exacerbation Outcomes in Children

Anyamanee Sewarit’, Harutai Kamalaporn?, Malinee Nugboon?, Tawinan Pongsri3, Supreeya
Arunpatcharapat?, Kesanee Chaikhamming?
Department of Pediatrics, Faculty of Medicine, Ramathibodi hospital, Mahidol University, Thailand

Background:

Written asthma action plans (WAAPs) are recommended to enhance self-management and reduce
exacerbation-related healthcare use. However, their implementation in routine pediatric practice remains
inconsistent, and evidence regarding their effect on controller adherence during stable periods is limited.

Methods:

A prospective cohort study was conducted at the Pediatric Chest Clinic, Ramathibodi Hospital, between
April 2025 and February 2026. Children aged 1-18 years with GINA-defined asthma receiving inhaled
corticosteroid therapy were enrolled; those who had used a WAAP within the previous 3 months were
excluded. All participants received a standardized WAAP at enrollment and were followed every 2 months
for at least 6 months. The primary outcome was medication adherence measured by proportion of days
covered (PDC), with =75% defined as good adherence. Secondary outcomes included Asthma Control Test
(ACT) score, asthma control level, exacerbation frequency (yellow- and red-zone events), and spirometric
parameters.

Results:

Thirty-six children were enrolled (63.9% male; mean age 7.8 + 3.4 years), and 83.3% had moderate-to-
severe asthma. Twenty-one completed follow-up.

The proportion of well-controlled asthma increased from 41.7% at baseline to 58% and 76% at Visits 1 and
2 (P=0.03), remaining stable at Visit 3. ACT =20 improved from 78.5% at baseline to 100% at Visit 1
(P=0.031), and remained high at 92.3% and 88.9% at Visits 2 and 3. Good adherence (PDC >=75%) increased
from 88.9% to 93.3% and 95.2% at Visits 2 and 3 (P=0.625 and 0.375).

Yellow-zone events declined from 0.32 to 0.05 events/month (P=0.012), while red-zone events decreased
from 0.056 to 0.021 events/month (P=0.109). Mean FEV; Z-score showed an improving trend across visits
(P>0.05).

Conclusions:

WAAP implementation was associated with improved adherence, better asthma control, and fewer
exacerbations in routine pediatric practice. These findings support integrating WAAP into standard asthma
care to translate guideline recommendations into real-world clinical benefits.



Bridging the GAP Between Guideline and Practice:
Impact of Written Asthma Action Plans on

Adherence and Exacerbation Outcomes in
Children

Researcher : Anyamanee Sewarit, M.D
Advisor : Assoc. Prof. Harutai Kamalaporn




Asthma Action Plan

Confirmation of diagnosis if necessary
Symplom control & modiffable

risk factors (see Box 2-2)
Comorbidities

Inhater technigue & adherence

Patient (and parent/caregiver) preferences
and goals

Sympfoms
Exacerbations

Side-effects

Lung function
Comorbidities

Patient (and parent/
caregiver) satisfaction

Treatment of modifiable rnisk factors
and comuorbidities

Non-pharmacological strategies
Asthma medications including J
Education & skilfs training,

Global Initiative for Asthma (GINA) Executive and Science committees. Global strategy for asthma management and prevention updated 2024



I
Written Asthma Action Plan
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Objective
To evaluate association between WAAP use and f \)
1 medical adherence in children with asthma f’*’f 2
. 1
2 To evaluate association between WAAP use and .
asthma treatment outcome during exacerbatlons ;‘;”ﬁ )=



s,
Study Design

Prospective Cohort Study

Primary outcome Secondary outcome
e Adherence to controller e ACT score
Proportion of day cover (PDC) e control status
(from prescription refill, interview) ® number of exacerbation

(events/month)



36 patients 36 patients 30 patients 21 patients
Data Data Data Data
Collection Collection Collection Collection
1
| | |
Enrollment Visit 1 Visit 2 Visit 3
Asthma patient Never use WAAP 19 Fgfle I 9 e I 9 el I
Age 1-18 years old - 42 patients >
Rama chest clinic (26 %)
162 patients

April 2025 - February 2026



Baseline Characteristics

N =36
Age (y) (mean, SD) 7.8 (+3.37)
Gender (male) (n ,%) 23 (63.9 %)
Moderate to severe asthma (n,%) 30 (83.3%)

Well control asthma (n,%) 15 (41.7%)






I
Patient with PDC = 75% (Good Adherence)

100 03 3 95.2%
5 0 .

95
90 88.923 88V
85
80
75
70
65
60
55
50

% percentage

baseline 2 mo 4 mo 6 mo
(N=36) (N=36) (N=30) (N=21)

p >0.05 during follow up
McNemar Test



I
Level of control asthma

p=0.004
@ p :003 __________________________________________ m well control
____________________ Jecosososcncasnsasannnnon
80 76.7% 76.2% partly control
p=0.70
70 e .
' ® poor control

60 58.3%
(O]
g 50
c 41.7%
S 40
(O]
o
X 30

20

10

, =
baseline 4 month 6 month
(N=36) (N =30) (N=21)

McNemar Test



I
ACT score (Median, IQR)

28
27
26
25
24
23
22
21
20
19
18

baseline 2 month 4 month 6 month
(N=32) (N=31) (N=26) (N=18)

Wilcoxon Signed Rank Test



I
Patient with ACT score = 20

100%

100

95

©
o

85

% percentage

80

78.5%
75

70
baseline 2 mo 4 mo 6 mo
(N=32) (N=31) (N=26) (N=18)

McNemar Test






I
Exacerbation event / months

0.3
0.25
p=0.344
02 | | 020
0.15
o p=0016 ™ 0.05 0.05
we oo p=0.012"
0
baseline 2 mo 4 mo 6 mo
(N=36) (N=36) (N=30) (N=21)

yellow event

Wilcoxon Signed Rank Test



I
Number of Patients with Exacerbation

40 36%
35
30 0=0.205
25 T
20 p=0.031
15
10 ]

5 | o o 1

% percentage

baseline 2 mo 4 mo 6 mo
(N=36) (N=36) (N=30) (N=21)

yellow event

McNemar Test






0.06

0.05

0.04

0.03

0.02

0.01

Exacerbation event / months

0.056

baseline
(N=36)

0.029

0.028
2 mo 4 mo
(N=36) (N=30)

—e—red event

\

0.021

6 mo
(N=21)

p >0.05 during follow up
Wilcoxon Signed Rank Test



I
Self-management during Severe Exacerbation

Baseline 2 month 4 month 6 month
(N=36) (N=36) (N=30) (N=21)
Number of patient in red zone (N, %) 5(14%) 1 (3%) 2 (7%) 1(5%)
all admit all admit all admit discharge
Oral prednisolone use (N, %) 0 (0) 0 (0) 0 (0) 1(100)
Appropriated reliever use (N, %) 0 (0) 0 (0) 0 (0) 1(100)

all patients use 4 puff of ventolin MDI instead of 6-10 puff **



I
Limitations

» Sample size smaller than calculated target (36 vs 56)
» Single-center study

« High baseline adherence (ceiling effect)



.,
Conclusion

« WAAP is not only a tool for managing acute exacerbations.
* but also play a role in improving medication adherence and supporting day-to-day
asthma control

* may require reinforcement strategies
(simulation training, repeated counseling, or digital support)
to optimize behavior during severe attacks.

« Systematic integration of WAAP into routine asthma clinic practice may improve
measurable real-world clinical outcomes.



Thank You

CREDITS: This presentation template was created by Slidesgo, and includes icons by
Flaticon, and infographics & images by Freepik



https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr

Asthma

e Asthma is common, chronic respiratory disease ~-

Prevalence was 9-14.6%
Exacerbation 40 - 50% i

$ "\

e significant financial burden on the public health system,
$4316 per child, $190.6 million per year

Wanlapakorn N, Srittippayawan S, Deerojanawong J. Asian Pac J Allergy Immunol 2014;32:287-92

The GAN Phase | study in Thailand, The global asthma report (2022)



I
Literature Review

Ducharme et al. 219 WAAP increase adherence to controller
Canada, 2010 1-17y, increase physicians’ prescription of controller
asthma at ED

Lakgpoch et al. 49 WAAP decrease ER visit, unscheduled OPD visit,
Thailand, 2018  5-18y, asthma admission days, school absent days
Juliawati et al. 120 WAAP improve PAQLQ
Malaysia, 2023 6-12 y, partly Improve ACT

control asthma
Bar}sal etal. 60 WAAP decrease missed dose of controller
India, 2023 5-17 y, asthma decrease need of rescue medication

improve ACT, PAQLQ



METHOD




Population
Inclusion Criteria Exclusion Criteria
e Children age 1-18 years old ® Use of WAAP within 3 month
® Diagnosed as asthma based prior to study
on GINA guideline, treat in e Refuse to participate to the
pediatric chest clinic, study

Ramathibodi hospital
® Use of controller ICS



s
Sample Recruitment

Patient diagnosed asthma
162 patients

|, Asthma with WAAP

120 patients
_, Followup 1 visits
1, Asthma without WAAP 36 patients
2% PRI Loss follow up . ) o
6 patients Patient with - Follow up 2 visits
_,  NewlyDx<1y " WAAP 36 patients 30 patients
29 patients
Complete 3 visits
Dx asthma> 1y > 21pPatients

13 patients



I
Data Collection

Demographic Data Asthma Data
gender severity of asthma
age level of control
weight, height, BMI asthma control test (ACT)
comorbidity spirometry

medication Adherence
inhaler technique
current medication

allergic test
onset of asthma
family history



Sample Size
Sample size for testing and one (2 a -+ 31—3)213(1 — D)
populatlon proportion = €2
Output: .
Z(0.975) = 1.96 E=P—Po
« 7(0.8)=0.84,

 Reference value (p0) = 0.35

T —— Calculated sample size (n) = 56



I
Statistical Analysis

Descriptive Analysis Comparative Analysis

McNemar test

Wilcoxon Signed Rank Test
T-test

Correlation, Regression

® mean, SD
® medians, IQR
e frequencies (percent)



s,
Demographic Data

N=36
obesity (n,%) 9 (25%)
Co-morbidity AR (n, %) 32 (88.9%)
SPT positive (n, %) 13 (36.2%)
Second hand smoker (n, %) 12 (33.3%)
History of ET tube/ HHHFNC 15 (41.7%)

family history of asthma (n, %) 11 (30.6%)



Level of control asthma
Baseline V1 V2 V3 V4
(N=36) (N=36) (N=30) (N=21) (N=4)
Severity of Asthma (N,%)
- mild 6 (16.7) 4(11.1) 6 (20) 3(14.3) 1(25)
- moderate 27 (75) 30 (83.3) 21 (70) 14 (66.7) 2 (50)
- severe 3(8.3) 2 (5.6) 3(10) 4(19) 1(25)
Level of control (N,%)
- well control 15(41.7) 21 (58.3) 23 (76.7) 16 (76.2) 3(75)
- partly control 18 (50) 12 (33.3) 5(16.7) 2 (23.8) 1(25)

- poor control 3(8.3) 3(8.3) 3(6.7) 0 (0) 0 (0)
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Severity of asthma
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Level of control asthma
Baseline (N=36) V1 (N=36) P- value
Well Control Asthma (N, %) 15 (41.6) 21 (58.3) 0.70
Baseline (N=30) V2 (N=30) P- value
Well Control Asthma (N, %) 12 (40) 23 (76.6) 0.03
Baseline (N=21) V3 (N=21) P- value
Well Control Asthma (N, %) 7 (33.3) 16 (76.2) 0.004

McNemar Test



I
ICS intensity

Baseline V1 V2 V3 V4
(N=36) (N=36) (N=30) (N=21) (N=4)
ICS intensivity (N,%)
- low 9 (25) 11 (30.6) 10 (33.3) 8(38.1) 2 (50)
- moderate 24 (66.7) 23 (63.9) 17 (56.7) 9(42.9) 1(25)

- high 3(8.3) 2(5.6) 3(10) 4(19) 1(25)
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ICS intensity
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I
ICS intensity

Baseline (N=36) V1 (N=36) P- value
Low Intensity ICS (N, %) 9(25) 11 (30.55) 0.75

Baseline (N=30) V2 (N=30) P- value
Low Intensity ICS (N, %) 7(23) 10 (33.33) 0.508

Baseline (N=21) V3 (N=21) P- value
Low Intensity ICS (N, %) 5(23.8) 8(38.09) 0.453

McNemar Test



I
ACT score

Baseline (N=32) V1 (N=31) P-value
ACT score 23(20,25) 25(23,27) 0.001

Baseline (N=32) V2 (N=26) P-value
ACT score 23 (20,25) 25 (24,27) 0.009

Baseline (N=32) V3 (N=18) P-value
ACT score 23(20,25) 25(24,27) 0.024

Wilcoxon Signed Rank Test



I
Patient with ACT score = 20

Baseline (N=31)

ACT > 20 (N, %) 23 (74.19)

Baseline (N=24)

ACT > 20 (N, %) 18 (75)

Baseline (N=16)

ACT > 20 (N, %) 12 (75)

V1(N=31)

31 (100)

V2 (N=24)

23 (95.8)

V3 (N=16)

15(93.75)

P- value

0.031

P- value

0.125

P- value

0.375

McNemar Test



e
PDC

Baseline V1 V2 V3
(N=36) (N=36) (N=30) (N=21)
PDC 96.6 100 100 100
(84.1, 100) (93, 100) (100, 100) (100, 100)
PDC > 0.75 (N, %) 32(88.9) 32(88.9) 28(93.3) 20(95.2)




PDC (Median, IQR)
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Baseline vs V1 p=0.107
Baseline vs V2 p=0.405
Baseline vs V3 p=0.068

Wilcoxon Signed Rank Test



e
PDC

Baseline (N=36) V1 (N=36) P-value
PDC 96.6 (84.1, 100) 100 (93, 100) 0.107

Baseline (N=36) V2 (N=30) P-value
PDC 96.6 (84.1, 100) 100 (100, 100) 0.405

Baseline (N=36) V3 (N=21) P-value
PDC 96.6 (84.1, 100) 100 (100, 100) 0.068

Wilcoxon Signed Rank Test



I
Patient with PDC = 75%

Baseline (N=36) V1 (N=36) P- value
PDC > 0.75 (N, %) 32 (88.9) 32 (88.9) 1.00

Baseline (N=30) V2 (N=30) P- value
PDC > 0.75 (N, %) 26 (86.7) 28 (93.3) 0.625

Baseline (N=21) V3 (N=21) P-value
PDC > 0.75 (N, %) 17 (80.9) 20 (95.2) 0.375

McNemar Test



s
Patient with Correct ICS technique

Baseline V1 V2 V3 V4
(N=36) (N=36) (N=30) (N=21) (N=4)
ICS technique (N,%)
- correct 33(91.7) 35(97.2) 29 (96.7) 20(95.2) 4 (100)
- incorrect 3(8.3) 1(2.8) 1(3.3) 1(4.8) 0 (0)
Baseline (N=36) V1 (N=36) P-value
technique correct (N, %) 33(91.7) 35(97.2) 0.625

McNemar Test
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Patient with Correct ICS technique
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Baseline vs V1: p=0.625 (McNemar)



s
Spirometry Z-scores

Baseline V1 V2 V3
(N=18) (N=12) (N=13) (N=5)
FEV1 Z-score -0.278 (2.05) -0.013 (1.93) -0.341 (2.31) 0.628 (0.53)
FEV1/FVC Z-score -0.753 (1.82) 0.018 (1.79) -0.717 (2.03) 0.688 (1.10)

Mean, SD



FEV1 Z-score

FEV1/FVC Z-score

FEV1 Z-score

FEV1/FVC Z-score

FEV1 Z-score

FEV1/FVC Z-score

Spirometry Z-scores

Baseline (N=18)
-0.278 (2.05)

-0.753(1.82)

Baseline (N=18)
-0.278 (2.05)

-0.753(1.82)

Baseline (N=18)
-0.278 (2.05)

-0.753(1.82)

V1 (N=12)
-0.013(1.93)

0.018 (1.79)

V2 (N=13)
-0.341 (2.31)

-0.717 (2.03)

V3 (N=5)
0.628 (0.53)

0.688 (1.10)

P value
0.477

0.050

P value
0.657

0.155

P value
0.465

0.715

Wilcoxon Signed Rank Test



Yellow event
Baseline V1 V2 V3
(N=36) (N=36) (N=30) (N=21)
patient with yellow event (N, %) 13 (36.1) 11 (30.56) 2 (6.67) 3 (14.28)

yellow event /month (mean, SD) 0.32+0.58 0.20+0.35 | 0.05+£0.19 | 0.05+014



I
Patients with Exacerbation

Baseline (N=36) V1 (N=36) P-value
Patient with yellow event (N,%) 13(36.11) 11 (30.5) 0.205

Baseline (N=30) V2 (N=30) P-value
Patient with yellow event (N,%) 11 (36.67) 2(6.67) 0.002

Baseline (N=21) V3 (N=21) P-value
Patient with yellow event (N,%) 8(38.10) 3(14.29) 0.031

McNemar Test



Yellow event
Baseline (N=36) V1 (N=36) P-value
yellow event/mo (mean, SD) 0.32 +0.58 0.20+£0.35 0.344
Baseline (N=36) V2 (N=30) P-value
yellow event/mo (mean, SD) 0.32+0.58 0.05+0.19 0.016
Baseline (N=36) V3 (N=21) P-value
yellow event/mo (mean, SD) 0.32+0.58 0.05+014 0.012

Wilcoxon Signed Rank Test



Yellow event
Baseline V1 V2 V3
(N=36) (N=36) (N=30) (N=21)
patient with yellow event (N, %) 13 (36.1) | 11 (30.56) 2 (6.67) 3 (14.28)
correct reliever use (N, %) 7 (53.8) 9 (81.8) 1 (50) 3 (100)
double dose ICS (N, %) 1(7.7) 3(27.27) 0 (0) 1(33.3)

Cannot calculate double dose ICS McNemar Test due to low sample
Baseline (N=11) V1 (N=11) P- value

correct reliever use (N, %) 3 (27.2) 6 (54.5) 0.25

McNemar Test



Patient’s response to Yellow Event

100
90
80
70
60
50
40
30
20
10

0
baseline (N=13/36) V1 (N=11/36) V2 (N=2/30) V3 (N=3/21)

corrected reliver use double dose ICS

% percentage



Yellow event
Baseline (N=32) V1 (N=36) P-value
red event /month (mean, SD) 0.056(0.17) 0.029 (0.17) 0.5
Baseline (N=32) V2 (N=30) P-value
red event /month (mean, SD) 0.056(0.17) 0.028 (0.098) 0.46
Baseline (N=32) V3 (N=21) P-value
red event /month (mean, SD) 0.056(0.17) 0.028 (0.098) 0.109

Wilcoxon Signed Rank Test



Patients with Exacerbation
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I
Patients with Exacerbation

Baseline (N=36) V1 (N=36) P-value
Patient with red event (N,%) 5(13.89) 1(2.78) 0.063

Baseline (N=30) V2 (N=30) P-value
Patient with red event (N,%) 4(13.33) 2 (6.67) 0.234

Baseline (N=21) V3 (N=21) P-value
Patient with red event (N,%) 3(14.28) 1(4.76) 0.250

McNemar Test



s
Spirometry Z-scores

2
1.5 FEV1 Z-score
Baselinevs 2 mo p=0.477
1 Baselinevs 4 mo p=0.657
. Baseline vs 6 mo p=0.465
0.5
0 . FEV1/FVC Z-score
Baseline vs 2 mo p=0.050
05 Baselinevs 4 mo p=0.155
: . Baselinevs 6 mo p=0.715
Q
-1 Wilcoxon Signed Rank Test
-1.5
-2

baseline (N=18) 2 mo (N=12) 4 mo (N=13) 6 mo (N=5)
—-—FEV1 Z-score ——FEV1/FVC Z-score

Data are shown as mean Z-scores



I
ACT score Overtime by Adherence status

25
Baseline p=0.064
V1 p=0.055
V2 p=0.187
V3 p=0.970
@ Independent T-test
)
3
2 20
(@)
<
C
@©
[}
=
15
baseline (N=32) V1 (N=31) V2 (N=26) V3 (N=18)

PDC = 75% (good adherence) PDC < 75% (poor adherence)



s,
Spirometry Z-scores

baseline (N=18) 2 mo (N=12) 4 mo (N=13) 6 mo (N=5)
——FEV1 Z-score ——FEV1/FVC Z-score

Data are shown as mean Z-scores

p >0.05 during follow up
Wilcoxon Signed Rank Test
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ACT score : PDC Regression

28.00 R2 Linear 0.138
Beta p-value R2 26.00 o
Baseline (N=36) 0.371 0.037 0.138 g 200 . . .
3 22.00 . .
visit 1 (N=36) 0.295 0.107 0.087 5 .
T 2000 .
visit 2 (N=30) 0.260 0.200 0.068
18.00 ° °
visit 3 (N=21) 0.181 0.471 0.029 oo
Linear regression 50.00 60.00 70.00 80.00 " 90.00 100.00

PCDO



I
ACT x Adherence by PDC score

baseline (N=32) PDC > 0.75 (29) PDC < 0.75 (3) P-value
ACT score (mean, SD) 22.89 (3.44) 18.66 (5.50) 0.064
visit 1 (N=31) PDC > 0.75 (28) PDC < 0.75 (3) P-value
ACT score (mean, SD) 24.82 (2.35) 22.00 (1.73) 0.055
visit 2 (N=26) PDC > 0.75 (24) PDC <0.75 (2) P-value
ACT score (mean, SD) 24.79 (3.20) 21.50 (4.94) 0.187
visit 3 (N=18) PDC > 0.75 (17) PDC <0.75 (1) P-value
ACT score (mean, SD) 24.89 (3) 25.00 0.970

Independent T-test



I
ACT x Adherence by PDC score

baseline yellow event P-value baseline red event P-value
PCD 0.026 0.881 PCD -0.215 0.208
visit 1 yellow event P-value visit 1 red event P-value
PCD -0.251 0.140 PCD 0.087 0.612
visit 2 yellow event P-value visit 2 red event P-value
PCD -0.330 0.080 PCD 0.034 0.857
visit 3 yellow event P-value visit 3 red event P-value
PCD 0.180 0.938 PCD 0.018 0.938

Correlation Correlation



I
ACT x Adherence by PDC score

Baseline (N=36) ACT P-value
PCD 0.371 0.037
visit 1 (N=36) ACT P-value
PCD 0.295 0.107
visit 2 (N=30) ACT P-value
PCD 0.260 0.200
visit 3 (N=21) ACT P-value
PCD 0.181 0.471

Correlation



Discussion




I
WAAP with Adherence

» Baseline adherence was already high before WAAP use

« After WAAP implementation:
Median PDC increased to 100% at all follow-up visits
Proportion with patients with PDC >75% slightly increased
changes were not statistically significant

« Likely ceiling effect due to high baseline adherence
- Highly engaged caregivers may limit measurable improvement

« WAAP did not significantly increase quantitative adherence
But may have reinforced adherence maintenance



I
WAAP with Asthma Treatment outcome

WAAP was associated with improved symptom control.

* significant improvement in ACT score at all follow-up visits
* significantly increased well-controlled asthma

* Improvement sustained through follow-up

During yellow event
 significant reduction in
frequency of events per month
proportion of patients experiencing yellow events

 trend toward improved controller step-up behavior, correct reliever use
«  WAAP appears effective in early exacerbation recognition and management.



I
WAAP with Asthma Treatment outcome

During Red event

» decrease in red-zone frequency, but not statistically significant
 all severe events resulted in hospital visits

« minimal home oral steroid use despite availability

 patients did not use reliever inhaler according to recommended dosage.
(All patients used only 4 puffs of salbutamol MDI instead of 6—10 puffs)

 this indicates a gap between written instruction and real-life emergency behavior
Caregivers may hesitate to administer higher reliever doses.
Anxiety during severe symptoms may override prior education.



I
WAAP with Asthma Treatment outcome

Spirometry

« No significant improvement in FEV1 or FEV1/FVC Z-scores
» Lung function near-normal at baseline

» Small spirometry subgroup size



s,
Relationship of adherence and clinical control

ACT and PDC
» at baseline, positive correlation between PDC and ACT (Beta 0.371, p=0.037)

 association weakened and became non-significant after WAAP

« perhaps from uniformly high adherence

» and low power of sample sized thorough follow up so statistical variability decreased,



e
Comparison to previous study

» Consistent with previous literature: Improved ACT, Reduced exacerbation frequency,
Improved self-management

This study adds:

» objective adherence measurement (PDC)

» detailed analysis of behavior during exacerbation

 identification of incorrect reliever use during severe attacks
suggests that education alone may not fully translate into appropriate emergency
action.



I
WAAP with Adherence

« Baseline adherence was already high before WAAP use
Median PDC ~96.6%, 88.9% of patients achieved PDC >75%
« After WAAP implementation:
Median PDC increased to 100% at all follow-up visits
Proportion with patients with PDC >75% slightly increased (up to 95.2%)
« changes were not statistically significant
Likely ceiling effect due to high baseline adherence
Tertiary-care setting with structured follow-up
—> Highly engaged caregivers may limit measurable improvement

« WAAP did not significantly increase quantitative adherence
But may have reinforced adherence maintenance



s,
Clinical Implication

«  WAAP should remain a routine component of pediatric asthma management

» benefits extend beyond medication adherence
improves structured response during exacerbation
reduces mild exacerbation burden



Severity of asthma
® Severe asthma : require high-dose ICS-LABA to prevent uncontrolled or uncontrolled
with high-dose ICS-LABA

® Moderate asthma : well controlled with step 3 or step 4 treatment
(low or medium dose ICS-LABA)

® Mild asthma : well controlled with low-intensity treatment
(as needed low dose ICS-formoterol, low dose ICS + as needed SABA)

Global Initiative for Asthma(GINA) Executive and Science committees. Global strategy for asthma management and prevention updated 2024



s
Recent asthma symptom control

A. Recent asthma symptom control (but also ask the patient/caregiver about the whole period since last review#)

Well Partly Uncontrolled

In the past 4 weeks, has the patient had: controlled  controlled

e Daytime asthma symptoms more than twice/week? YesO Mol

= Any night waking due to asthma? Yesd Mol None of 1=2 of 34 of
= SABA” reliever for symptoms more than twice/week? YesO NoO these these these
= Any activity limitation due to asthma*? YesO MNoO -

Global Initiative for Asthma(GINA) Executive and Science committees. Global strategy for asthma management and prevention updated 2024
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Asthma Control Test (ACT)
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Score range from 5-25
B e ® Score 20-25 are classified as well controlled asthma
% ﬂ ﬂ ﬂ ® Score 16-19 are classified as not well controlled asthma
[] ® Score 5-15 are classified as very poor controlled asthma
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B The minimum clinically important difference is 3 points

Global Initiative for Asthma(GINA) Executive and Science committees. Global strategy for asthma management and prevention updated 2024
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Abstract
Title: Effect of PM2.5 on lung function, airway inflammation, and asthma control in subjects
with asthma.
Authors: Warawut Chaiwong, PhD, PT,! Pilaiporn Duangjit, BS,?> Athavudh Deesomchok,
MD,? Chalerm Liwsrisakun MD.*
Affiliation: Division of Pulmonary, Critical Care and Allergy, Department of Internal

Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand 50200

Background: Increasing evidence suggests that exposure to fine particulate matter < 2.5 pm
in aerodynamic diameter (PM2 s) adversely affects people with asthma. However, most studies
have been conducted in Western countries, where ambient pollution patterns differ from those
in Thailand, particularly in the North. We therefore assessed the effects of PMzs on lung
function, airway inflammation, and asthma control in adults with asthma.

Methods: We conducted a prospective observational study in March (High PM2 s period) and
August (Low PM s period) 2023 at the Lung Health Center, Faculty of Medicine, Chiang Mai
University, Chiang Mai, Thailand. Lung function was assessed by spirometry and impulse
oscillometry (I0S), airway inflammation by fractional exhaled nitric oxide (FeNO), and asthma
control by the Asthma Control Test (ACT). Outcomes during high PM» s and low PM; s periods
were compared in adults with asthma.

Results: We enrolled 42 adults with well-controlled asthma receiving maintenance inhaled
corticosteroids (ICS) (mean age 56.2 £ 12.4 years, 69.0% female). FeNO was significantly
higher during the high PM: s period than during the low PM> s period [median 21.5 (IQR; 12.0,
32.5) vs 15.0 (IQR; 10.0, 28.5)], p < 0.001). ACT scores were significantly lower during the
high PM; 5 period (22.8 = 2.1 vs 23.5 £ 1.9; p = 0.026). However, there was no significant
increase in IOS-derived airway resistance during the high PMb s period, and spirometric indices
did not decline significantly.

Conclusions: In adults with well-controlled asthma treated with ICS, high PM 5 period were
associated with increased airway inflammation and a small but significant worsening of asthma
control, without measurable changes in spirometric indices or increases in I0S-derived airway
resistance. These findings underscore the importance of continued controller therapy and

patient counseling on strategies to reduce PMa 5 exposure.

Keywords: PM; s, asthma, inhaled corticosteroids, lung function, airway inflammation
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Effect of PM, . on Lung Function, Airway Inflammation,
and Asthma Control in Subjects with Asthma
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Introduction

PM, 5

O CF <]
T e~ HUMAN HAIR

* isagrowing problem in global health 4 ' __ 50-70 pm
* associated with the development of diseases, worsening of

diseases, increased mortality

. . - . AIR POLLUTION — THE SILENT KILLER
* usually starts in January and ends in April in northern Thailand _
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Pengchai, et al. 2009. WHO 2024. 9. Rinaldi, et al. 2024.
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Introduction

PM, - and Asthma

* increased symptoms

* worsening of control

* increased acute exacerbation, ER visit, hospitalization

* increased mortality

However, most studies have been conducted in Western =

countries, where ambient pollution patterns differ from
those in Thailand, particularly in the North.

To assess the effects of PM, . on lung function, airway inflammation, and
asthma control in well-controlled asthma receiving maintenance ICS.

TAC Annual Meeting 2026 | March 5-6, 2026 | Eastin Grand Phayathai, Bangkok Liwsrisakun, et al. 2023. Surit, et al, 2023. Song, et al. 2022, Zhong, et al. 2026.
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Materials and Methods

Study Design

* A prospective observational study was conducted.

The first period The second period
20-24 March 2023 7-11 August 2023
(pollution period) (non-pollution period)
Chiang Mai Al Chiang Mal Beal-time Alr uality Index (A1) o i
1 7 5 Unhealthy
Updated on Sunday 7:00
PM25 - 175 “' 2 “'I _""""' ’ -y -”‘ '—"" o it :
P10 i 71 lod
802 " ‘ﬂ
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TAC Annual Meeting 2026 | March 5-6, 2026 | Eastin Grand Phayathai, Bangkok
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Materials and Methods

Data collection
* Age
* Sex °, |
* BMI
* Smoking status

* Underlying diseases

* Regularly used medications
* Doses of ICS (low, medium, high)
* Home air purifier used and duration of application per day

 Qutdoor use of N-95 mask during pollution period

TAC Annual Meeting 2026 | March 5-6, 2026 | Eastin Grand Phayathai, Bangkok
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Materials and Methods

Population

Inclusion criteria

« Adult with age > 20 years

» Well-controlled asthma defined by ACT = 20
» Use ICS as a controller medication

* Resided in Chiang Mai

Exclusion criteria

» Severe asthma

« BMI > 30 kg/m?

» Uncontrolled underlying diseases

» Current diagnosis of other active respiratory diseases

» Current smoking or quit smoking < 6 months
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Materials and Methods

Air Pollutants (PM, ) and Meteorological Parameters

* PM, . data were obtained from the PCD, located in Muang Chiang Mai.

* Level of daily PM, . of 15 pg/m3 to determine the high and low monthly average of PM, . was used

according to the 2021 WHO standard.
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Materials and Methods

Outcomes
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Materials and Methods

Sample size estimation

 based on R5-R20 in well-controlled asthma in the previous study (0.62 + 0.63)
* the expected R5-R20 will be increased in the pollution period (0.80)

 power was set as 0.8 and significance level was set as 0.05
35 subjects was required

* anticipated drop out rate was 15-20%

* thus, 42 subjects were enrolled

TAC Annual Meeting 2026 | March 5-6, 2026 | Eastin Grand Phayathai, Bangkok Chaiwong, et al. 2020.
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Materials and Methods

Statistical Analysis

* Paired sample T-test or Wilcoxon sign rank test
To compare outcomes between the pollution and non-pollution periods

e Statistical significance was set at a p-value < 0.05.

* All statistical analyses were performed using STATA version 16.1.
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Results

Demographic Data

Variables n=42

Age (years) 56.2+12.4
Female sex, n (%) 29 (69.0)
Height (cm) 156.1+7.7
Body weight (kg) 63.3+14.7
BMI (kg/m?) 25.9+5.3
Age of asthma onset (years) 39.4+£14.8
Smoking status n (%)

Non-smoker 37 (88.1)

Current-smoker 0 (0.0)

Ex-smoker 5(11.9)
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Results

Demographic Data (Underlying diseases and Medication Used) and Information on Exposure to PM, -

Variables n=42
Underlying disease
No 26 (61.9)
Cardiovascular 10 (23.8)
Metabolic 2(4.8)
Cardiovascular + Metabolic 4 (9.5)

Inhaled Medication used

ICS + LABA 39 (92.9)

ICS + LABA + LAMA 3(7.1)
ICS (dose)

Low 25 (59.5)

Medium 15 (35.7)

High 2(4.8)
Information of Exposure to PM, ; in Pollution Period

Wearing pollution protection e.g., N-95 (yes) 4 (9.5)

Have an air purifier in the house (yes) 20 (47.6)

Time in the room with air purifier (hours/day) (median, IQR) 8.0 (6.5, 10.5)
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Results

Monthly Average of Daily Average PM, -

mcg/m?3
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Results

Asthma control test (ACT)

25 ————

Mean change -0.7

20

P=0.026
15

10

Pollution period Non-pollution period

Note: Data are mean and SD
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Results

Spirometry (z-score)
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Results

Impulse Oscillometry (10S)

R5-R20
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Results

FeNO (ppb) (flow rate of 50 mL/s)
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Note: Data are median and IQR
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Discussion

High PM,, . > 1 ACT
e Each 10 pg/m’increase in monthly mean PM,, was associated with a significant

decrease in monthly mean ACT score (adjusted  =-0.101; 95% CI -0.165 to -0.037).

Liwsrisakun, et al. 2023.

* PM, . exposure is associated with decreased asthma control in individuals with

asthma.

* However, the mean and SD of ACT score during high PM, . periods > 20.
(22.8 £ 2.1, Mean change, -0.7) (MCID 3 points)

Schatz, et al. 2009.
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Discussion

“ Spirometric indices

High PM, ¢ >

Airway resistance
and reactance

All asthma patients were well-controlled by ICS + LABA.

Half of them had air purifier (median time used 8 hours/day)

ICS may improve airway function.
Ling, et al. 2009.

* Air purifier is a practical method to improve lung function.

Cui, et al. 2020.
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Discussion

High PM, . > I FeNO

* FeNO is a sensitive biomarker for air pollutant-induced airway inflammation.

Inflammation is a common response to environmental exposures, such as PM, ..
Anand, et al. 2024.

* However, the median and IQR FeNO during high PM,, . periods is lower than 50.
[21.5, (12.0, 32.5), relative change, 43.3%] (MCID 20% relative change)

Noble, et al. 2026.

ICS might mitigate PM,, .-induced systemic inflammatory biomarkers in asthma.

Chaiwong, et al. 2025.
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Discussion

Limitations

* Only well-controlled asthma were included.
- Limited generalizable to not well-control asthma population
e Study design: Observational seasonal comparison

- Adjusted time-series studies are needed to confirm these findings.

* Exposure data: PM, . was measured at one site.

- Future studies should use personal sensors.
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Conclusions

In adults with well-controlled asthma treated with ICS,

V) A

r‘LL'___T——/—/ | \\ ACT not met MCID
_amptem . o
! s -—) Spirometric indices
(=  Airflow . )
_ obstruction @' Airway resistance

=  Bronchial = and reactance
~ ¢ hypefresponsivenes
ngh PM2.5 /:): Airway o FeNO

inflammation

* These findings underscore the importance of continued controller

therapy and patient counseling on strategies to reduce PM, . exposure.

TAC Annual Meeting 2026 | March 5-6, 2026 | Eastin Grand Phayathai, Bangkok



https://www.eastinhotelsresidences.com/eastingrandhotelphayathai
https://www.eastinhotelsresidences.com/eastingrandhotelphayathai
https://www.eastinhotelsresidences.com/eastingrandhotelphayathai

Acknowledgments

* All subjects who kindly participated in this study.
* Physicians and nurses of the Division of Pulmonary, Critical Care and Allergy,

Department of Internal Medicine, Faculty of Medicine, Chiang Mai University for
their contribution to this trial.

* Fundamental Fund 2023, Chiang Mai University for funding support.

TAC Annual Meeting 2026 | March 5-6, 2026 | Eastin Grand Phayathai, Bangkok



https://www.eastinhotelsresidences.com/eastingrandhotelphayathai
https://www.eastinhotelsresidences.com/eastingrandhotelphayathai
https://www.eastinhotelsresidences.com/eastingrandhotelphayathai

Thank you for your attention
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Prevalence and characteristics associated with e-cigarette use in Thai adolescents : A cross-sectional study
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Background: Electronic cigarettes (e-cigarettes) have become increasingly popular worldwide. They cause health
risks, particularly to the respiratory system, affecting both users and those exposed to second- and third-hand

aerosols. In Thailand, e-cigarette use is rising, with a trend towards a younger age of initiation.

Aims and Objectives: This study aims to evaluate the prevalence, characteristics, and level of knowledge among

Thai adolescent students.

Methods: This cross-sectional study recruited high school and college students aged 15-20 years who attended
the TU Open House 2025 at the Faculty of Medicine, Thammasat University. Participants were approached in
person using convenience sampling. Each participant received a unique QR code that linked to a confidential, self-
administered online questionnaire adapted from the Global Youth Tobacco Survey (GYTS) core questionnaire.
Based on their responses, participants were classified into three groups: e-cigarette users, conventional cigarette

users, and non-users.

Results: There were 319 Thai students participated; 221 (69.3%) were female. The overall prevalence of smoking
was 8.8% (95% CI: 5.1%—12.4%). Of these, 7.8% ( 95% CI: 5.1%—11.4%) were e-cigarette users. Other substance
use, especially marijuana, was significantly higher among e-cigarette users compared to non-users (100% vs. 0%,
p=0.001). Living away from family was also significantly associated with e-cigarette use (25.71% vs 5.6%,
p=0.002). Additionally, a clear dose—response relationship was observed between e-cigarette use and the proportion
of classmates who smoked: prevalence was 25% among students with =50% smoking classmates, 12.10% among

those with <50%, and 2.86% among those with none, respectively (p = 0.001).

Conclusions: The prevalence of e-cigarette use among young Thai adolescents was high according to the World
Health Organization. Other substance use, living away from family, and having more than half of classmates who

smoked were significant factors associated with e-cigarette use.
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Introduction

Electronic cigarettes (e-cigarettes) have become
increasingly popular worldwide. They cause health risks,
particularly to the respiratory system, affecting both users
and those exposed to second- and third-hand aerosols.

In Thailand, e-cigarette use is rising. Although e-cigarettes
remain legally prohibited, recent studies reveal a
concerning upward trend, with prevalence estimates
ranging from 3.4% to 22.2% among college students, with
a trend towards a younger age of initiation.

Savigamin, C., Jitwimungsanon, J., Rattananupong, T., Sittipunt, C., & Sriprasart, T. (2021).
Prevalence and Risk Factors of E-cigarette Users in Thai College Student. Clinical Medicine
Research, 10(2}, 47. https://doi.org10. 16848/ .cmr. 2021100213




Objective

To evaluate the prevalence of e-cigarette use
among Thai adolescent students

To compare the characteristics of non-cigarette users and

e-cigarette users among Thai adolescent students

To evaluate Knowledge, Attitude, and Awareness of non-cigarette
users and e-cigarette users among Thai adolescent students




Methodology

» Inclusion criteria : Thai students aged 15 to 20 years who attended the Open House
event at Thammasat University on 7th-8th November 2025, and willingly participate
» Exclusion criteria : Incompleted questionnaire

« approached in person using convenience sampling.
« Develope a confidential, self-administered online questionnaire adapted from
the Global Youth Tobacco Survey (GYTS) core guestionnaire as QR code

Participants were classified into three groups: e-cigarette users,
conventional cigarette-only users, and non-cigarette users.

Statistical analysis : Fisher's exact, and Kruskal Wallis test.

To identity associations between e-cigarette use and characteristics, multiple logistic regression was
utilized to calculate P-value.




Results

A total of 359 Thai students aged 15 to 20 years
who attended the Open House event at Thammasat
University on 7th and 8th November 2025 were approached

(n=359)

327 students consented to

;A; participate in the study

(Nn=327)

Incompleted guestionnaire

(h=8)

completed the full survey

(n=319)

Y




E‘G;'é‘l:;*tte There were 319 Thai students participated; 221 (69.3%) were female.
oy The overall prevalence of smoking was 8.8% (28/319; 95% ClI: 5.1-12.4)
of whom 7.8% (25/319; 95% CI: 5.1-11.4) were e-cigarette users.

Table 1 Prevalence of e-cigarette use

Type of smoke Number of students (%) 95% CI
E-cigarette 25 (7.8%) 5.1-11.4
Conventional cigarette 3 (0.9%) 0. 2=2.7

Non-users
91.2% Total 28 (8.8%) 5.9-12.4




Table 2 Comparison of the characteristics better between non-cigarette users, e-cigarette users
and conventional cigarette-only users among Thai students

conventional

. .. Non-cigarette users e-cigarette users :
Characteristic 5 & cigarette-only users P-value
(n=291) (n=25)
(n=3)

Gender

« Male 86 (87.76%) 11 (11.22%) 1 ({1.02%) 0.24

e Female 205 (92.76%) 14 (6.33%) 2 (0.9%)
Age (mean +/-5D) 16.25 +/-1.08 16.44 +/-1.29 15.67 +/-1.15 0.4617

Academic year

¢ Middle school 25 (89.29%) 2 (7.14%) 1 (3.57%)
e High school 257 (92.11%)}) 20 (7.17%) 2 (0.72%) Loe
* University 9 (75%) 3 (25%) 0

Underlying disease

-None 200 (22.17%) 16 (7.37%) 1 (0.46%)

- Allergic disease 82 (88.17%) 9 (9.68%) 2 (2.15%) Lot

- Non-allergic disease 9 (100%) O O




Table 2 Comparison of the characteristics better between non-cigarette users, e-cigarette users
and conventional cigarette-only users among Thai students

conventional
cigarette-only users P-value

e Non-cigarette users e-cigarette users
Characteristic

n=291 n=25
HERE s (n=3)
Other substances use
e None 276 (92.62%) 21 (7.05%) 1(0.34%) 5.0061
e Alcohol 15 (88.24%) 0 2 (11.76%) :
e Cannabis O 4 (100%) O
Place of living
e With family 265 (93.31%) 16 (5.63%) 3 (1.06%) 0.002
» Away from family 26 (74.29%) 9 (25.71%) 0
Smoking in classroom
e None 169 (96.57%) 5 {2.86%) 1(0.57%) .61
» | ess than 50% of classmate 107 (86.29%) 15 (12.10%) 2 (1.61%) g
e 50% of classmate and more 15 (75%) 5 (25%) 0




Table 4 Comparison of symptoms between non-cigarette and cigarette users

Non-cigarette * conventional
e-cigarette users .
Symptoms users (n=25) cigarette-only users P-value
n=291 (h=3)

Cough 29 (9.97%) 4 (16%) 1(33.33%) 0.17
Phlegm 21 (7.22%) 3 (12%) 1 (33.33%) 0.13
Throat irritate 5 (1.72%) 0 0 1
Wheeze 3 (1.03%) 2 (8%) 0 0.06
Shortness of breath 3 (1.03%) 1 (4%) 0 0.31
Chest pain 7 (2.41%) 2 (8%) 0 0.18
Dry mouth 16 (5.5%) 3 (12%) 0 0.23




Table 3 Knowledge, Attitude, and Awareness between non-cigarette users, e-cigarette users
and conventional cigarette-only users among Thai students

conventional

¢ Non-cigarette users e-cigarette users ) - l P-val

Question (n=291) (n=25) cigarette-only users value
(n=3)

Total score of 8 questions S Be e 0.44

(Mean £ SD) R I BLEE '

Knowledge

Question 1 279 (95.88% 22 (88% 3 (100% 0.22

E-cigarettes contain addictive agents (95.88%) { ) E °) *

Question 2

E-cigarettes contain nicotine and 276 (94.85%) 24 (296%) 3 (100%) 1

carcinggens

Question 3

E-cigarettes are less harmful than 287 (98.63%) 24 {96%) 2 (66.67%) 0.02

tobacco

Question 228 (78.35%) 19 (76%) 3 (100%) 0.9

E-cigarettes are legal G '

Question b

E-cigarettes are useful for tobacco 260 (89.35%) 22 (88%) 3 (100%) 0.81

smoking cessation




Table 3 Knowledge, Attitude, and Awareness between non-cigarette users, e-cigarette users
and conventional cigarette-only users among Thai students

conventional

) Non-cigarette user e-cigarette users ) l
Question h=201 n=25 cigarette-only users
h=3
Attitude
Juestion’s 265 (91.07%) 21 (84%) 3 (100%) 0.46
Rate the harmful of e-cigarettes smoking : : :
Question 7
How likely is someone to become 170 (58.42%) 13 (52%) 2 (66.67%) 0.8
addicted to e-cigarettes?
Awareness
Question 8
Do you think breathing vapor from other 250 (85.91%) 20 (80%) 2 (66.67%) 0.27
people’s e-cigarettes is harmful to you?




@ Non-cigarette users @ E-cigarette users

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs

This bar chart compares the percentage of correct responses between e-cigarette users and non-cigarette
users. Although overall knowledge levels are high, the data indicates no significant differences in knowledge,
attitude, and awareness between these groups.
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80
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Reasons of e-cigarette use

Smoking cessation

Acceptance

Looks coolfattractive

Less harm than tobacco products
Smoking community

Various flavours

Friend’s invitation

Relieve stress and/or anxiety

Curiosity

12



The prevalence of e-cigarette use among young Thai adolescents was
high according to the World Health Organization. Other substance use,
living away from family, and having more than half of classmates
who smoked were significant factors associated with e-cigarette use.

Despite high health literacy and uniform knowledge scores, high
awareness of health risks fails to deter usage, proving that factual
knowledge alone is insufficient to prevent e-cigarette use, indicating
that behavioral choices are driven by social and environmental factors
rather than information gaps.
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Chronic obstructive pulmonary disease and asthma among workers and residents of Navanakorn
industrial zone, Thailand

Apiwat Pugongchai'-*, Kanyada Leelasittikul!, Narongkorn Saiphoklang??, Pitchayapa Ruchiwit?,
Pasitpon Vatcharavongvan*, Orapan Poachanukoon??>

!Medical Diagnostics Unit, Thammasat University Hospital, Pathum Thani, Thailand

’Department of Internal Medicine, Faculty of Medicine, Thammasat University, Pathum Thani, Thailand
3Center of Excellence for Allergy, Asthma and Pulmonary Diseases, Thammasat University Hospital,
Pathum Thani, Thailand

‘Department of Community Medicine and Family Medicine, Faculty of Medicine, Thammasat University,
Pathum Thani, Thailand

’Department of Pediatrics, Faculty of Medicine, Thammasat University, Pathum Thani, Thailand
ABSTRACT

Background: Industrial activities may contribute to airway diseases, particularly chronic obstructive
pulmonary disease (COPD) and asthma, which are major respiratory health problems with geographically
variable prevalence. This study aimed to determine the prevalence of COPD and asthma and to identify
factors associated with abnormal pulmonary function among workers and residents of the Navanakorn
Industrial Zone, Thailand.

Methods: A cross-sectional study was conducted between September 2025 and January 2026 among adults
aged 218 years who worked or lived in the Navanakorn Industrial Zone. Data collected included
demographics, comorbidities, respiratory symptoms, chest radiographs, and spirometry parameters: forced
vital capacity (FVC), forced expiratory volume in one second (FEV1), and bronchodilator responsiveness
(BDR). COPD was defined as respiratory symptoms with at least one risk factor and a post-bronchodilator

FEV1/FVC<70%. Asthma was defined as respiratory symptoms with a positive BDR.



Results: Among 373 participants (65.4% female; mean age 55.0413.6 years), the prevalence of COPD and
asthma was 4.3% and 5.4%, respectively. Abnormal chest radiographs were found in 8.6% of participants,
while abnormal pulmonary function was identified in 30.8%. Lung function abnormalities included airway
obstruction (12.9%), restrictive patterns (9.7%), mixed defects (2.1%), and small airway disease (6.2%). A
positive BDR was observed in 2.4%. Multivariable logistic regression identified increasing age, male sex,
a history of asthma, and chest tightness as independent predictors of abnormal lung function.
Conclusions: COPD and asthma were prevalent among individuals working or living in the industrial zone,
and abnormal pulmonary function—particularly obstructive defects—was common. Increasing age, male
sex, a history of asthma, and respiratory symptoms were associated with a higher likelihood abnormal lung
function, underscoring the need for targeted surveillance and preventive public health interventions in
industrial settings.

Keywords: asthma, chronic obstructive pulmonary disease, industrial zone, obstruction, pulmonary

function

Corresponding author: Apiwat Pugongchai, MSc*
Medical Diagnostics Unit, Thammasat University Hospital
95 Paholyotin Road, Klong Luang, Pathum Thani, Thailand 12120, Mobile: 0925549614, E-mail:
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Background and Objective

t{ ) Occupational lung diseases
@Jr’\{‘n (COPD, Asthma, Silicosis)
: caused by prolonged exposure
to chemicals, dust, and fumes ¢

i ) National Thai data exists

IS l | H 7 Asthma 3-10%“™) COPD 4-8%©9 but
' | ( specific epidemiological data for
industrial zones is missing

Navan.aknrn Study Objective: To determine
Industrial Zone: prevalence of COPD and asthma, and
; . ~40km north N identity risk factors for abnormal
' " of Bangkok. pulmonary function in Navanakorn zone

1.Murgia N, Akgun M, Blanc PD, et al. Pulmonology. 2025;31(1):2416808

2Tustin, Aaron W et al. American journal of industrial medicine vol. 65,1 (2022): 12-19

3.Leung, Chi Chiu et al. Lancet vol. 379,9830 (2012): 2008-18

4.Dejsomritrutai, Wanchai et al. Chest vol. 129,3 (2006): 602-9

5.Saiphoklang, Narongkorn et al. Diseases vol. 13,5 130. 23 Apr. 2025

6.Pothirat, Chaicharn et al. International journal of chronic obstructive pulmonary disease vol. 10 1035-42



Methods

o
Total Screened: 385 |

i % « ATS /ERS m [nalysis g
- Guidelines ®
Vsﬁgloglfﬁ?est Multivariable
Excluded: 13 > * BDR testing prod  logistic
(Infection /Inability) élj-k% with 400 pg regression

= Chest X-Rays salbutamol (SPSS v26.0)

l reviewed by 2 L i
radiologists ) '
Bronchodilator response (BDR)

Final Cohort: 373

\ gl ' E—l{ Questionnaire
. _/

e Study Design: Cross-sectional study

e Collected data between: September 2025 - January 2026

e Ethics: Approved by Thammasat University IRB, COA No. 106 /2568
e Registered ClinicalTrials.gov: NCT(07383896

1.Graham, Brian L et al. American journal of respiratory and critical care
medicine vol. 200,8 (2019): €70-e88



Methods

PC-based spirometer using Global Lung Function Initiative
(GLI) reference equations.()

f \ E—— =—m=g
/ \ Parameters:

’ . FVC, FEV1, FEV1/FVC ratio, FEF25_75

—— S

COPD(Z) Symptoms + Risk Factors + FEV1/FVC<70%

(Cough /Dyspnea) (Smoking /Biomass) (Post-Bronchodilator)

3) iti |
ASTHMA Symptoms + Positive Bronchodilator Response

(Wheeze /Tightness) (>10% increase in FEV, or FVC)
1.Quanjer, Philip H et al. The European respiratory journal vol. 40,6 (2012): 1324-43 . . o4O
2.GOLD COPD report: 2026 update. Available online: http://goldcopd.org A B N 0 R M A I' ° ObStI’;llCFlOH. FEV1/ FVC < Lower Limit Of Normal <LLN)
3.2025 GINA Strategy Report. Available online: http:/ /ginasthma.org I.U N G (4-5) e Restriction: FVC < LLN
4.Stanojevic, Sanja et al. The European respiratory journal vol. 60,1 2101499. 13 Jul. 2022 FU N CTI 0 N e Small Airway Disease: FEF25_75 < 65% predicted

5.Ciprandi, Giorgio et al. Allergy and asthma proceedings vol. 33,1 (2012): €5-8




Results: Baseline characteristics (n=373)

. . Normal lung Abnormal
Characteristics Total function lung function p-Value

(n=373) (n=258) (n=115)
Age, years 55.0£13.6  53.9+13.8 57.5+13.0 0.019

Sex

Female 244 (65.4) 182 (70.5) 62 (53.9) o

gEA%iem%l; ({ 3‘11-36? Male  Male 129 (34.6)  76(29.5) 53 (46.1)

* +

can Age: 92.0 = 1.0 YeEArS b ody mass index, kg/m? 25.0+4.4 24.7+4.1 25.545.1 0.123

Current or former smoker 68 (18.2) 38 (14.7) 30(26.1) 0.003

Smoking exposure,
Q“ i 146168 1094183  19.0:141  0.063
L NN Data shown as n (%) or mean+SD. COPD=chronic obstructive pulmonary disease, ED=emergency

department, kg=kilogram, m=meter.

Mean 14.6 pack-years




Results: Baseline characteristics (n=373)

Characteristics Total (n=373) fUI':II;[;::‘Ial(II'Ii;%B) fﬂtl?:t?;:‘?l!l:ﬂg) p-Value
Respiratory symptoms

Presence of respiratory symptom 135 (36.2) 80 (31.0) 55 (47.8) 0.002
Cough 67 (18.0) 36 (14.0) 31 (27.0) 0.003
Dyspnea 25 (6.7) 14 (5.4) 11 (9.6) 0.106
Sputum production 58 (15.5) 34 (13.2) 24 (20.9) 0.051
Wheezing 7(1.9) 1(0.4) 6 (5.2) 0.002
Chest tightness 9(2.4) 2(0.8) 7(6.1) 0.003
Nasal obstruction 33 (8.8) 23 (8.9) 10 (8.7) 0.324
Rhinorrhea 29 (7.8) 18 (7.0) 11 (9.6) 0.220
Sore throat 12%3.5) 7(2.7) 6 (5.2) 0.152
Previous treatment for dyspnea 24 (6.4) 15 (13.0) 9 (3.9) <0.001
ED visit for dyspnea in the past 7(1.9) 2 (0.8) 5(4.3) 0.009
year

Data shown as n (%) or mean+SD. COPD=chronic obstructive pulmonary disease, ED=emergency department, kg=kilogram, m=meter.



Results: Baseline characteristics (n=373)

Comparison of Pre-existing Comorbidities by Lung Function Status

Comorbidities:
e Hypertension (29.0%)
e Dyslipidemia (21.2%)
e Allergic rhinitis (10.7%)

® Normal lung function (n=258)

® Abnormal lung function (n=115)

Prevalence (%)

11.3%
8.1%

3.5%

ki 1.6% 1.7%  1.6% ( go;

0.4% 0.9%

Diabetes Coronary Cerebrovascular Obesity Allergic COPD
mellitus heart disease disease rhinitis

Hypertension [Dyslipidemia




Results: Baseline characteristics (n=373)

Occupational Exposure

Non-factory/Residents: 50.1%

Other Industries: 35.1% o Normal lung Abnormal lung 5
Characteristics Total (n=373) | 4 nction (n=258) | function (n=115) | P-Value
Type of factory work
. Textile Industry: 8.8% Textile industry 33 (8.8) 26 (10.1) 7 (6.1)
Chemical industry 22 (5.9) 10 (3.9) 12 (10.4)
; A 0.037
X : Other industries 131 (35.1) 87 (33.7) 44 (38.3)
Chemical Industry: .
5 Qo Non-factory occupations 187 (50.1) 135 (52.3) 52 (45.2)
279 Data shown as n (%) or meantSD. COPD=chronic obstructive pulmonary disease, ED=emergency department, kg=kilogram, m=meter.



Results: Pulmoénary function data

Asthma: 5.4% COPD: 4.3% Bronchodilator
Comparable to national Comparable to national Responsiveness:
average (3-10%) average (4-8%) 2.4%
& o SN 72N /)

While diagnosed disease rates align with national averages, the high rate of
overall lung functional abnormality (30.8%) suggests significant sub-clinical impact.




Results: Pulmoénary function data

While diagnosed disease rates align with national averages, the high rate of
overall lung functional abnormality (30.8%) suggests significant sub-clinical impact.

Asthma: 5.4%

Consistent with Thai

general population 3-10% 3 O 8 0/
o (0

. | Abnormal lung

Burden

function
. )
CQPD' 4.':16}1 . Significant sub-clinical
Consistent with Thai population
adults 4-8%




Results: Pulmoénary function data

1— Among the 115 participants (30.8%) with abnormal lung function _l

o Airway Obstruction (12.9%):
The most common abnormality

' T ICe * Restrictive Defect (9.7%):
Reduced lung volume

Mormal

» Small Airway Disease (6.2%):
The 'silent' early warning sign

Defects
2.1%




Results: Chest’X-Ray and Pulmonary function data

e Flow (L/s)

Chest X-Ray Abnormalities Spirometry Abnormalities
e Lung fibrosis (3.5%
8 6% . Luné nodules( (4.8‘%)) 3 O . 8 %
° e Pleural fibrosis (2.1%)
e Mixed pattern (4.0%)

Lung functional abnormalities (spirometry) are 3x more common than structural changes (X-ray).
Relying solely on chest radiography for occupational screening will miss significant early-stage
disease.



Results: Multivariable Logistic Regression

Independent Predictors of Lung Dysfunction; Odds Ratio (95%CI)

1.0 (Neutral)

o " | W .
Histo ry of Asthma Af S 'I,’"”'i\/“‘l—‘ (1. 3714%:’53 8.59}5<9)
Strongest Predictor
. _, W |
Chest TlghtHCSS \ = ) -_.——.. (1.&33734131(2)

Critical Symptom Signal

|
2.139
Male Sex (1.322—3.4?9)
1.026x per year
Age (1.008—?045)}7
Odds Ratio O 1.0 2.0 4.0 6.0 8.0




Discussion (1)

Prevalence of abnormal
lung function

60%
50%

40%

30%

20%

10%

0%
Other Industrial Studies ™

(4.3% -56.6%)

Navanakorn

(30.8%)

1.Huang, Chaowen et al. Scientific reports vol. 14,1 25215. 24 Oct. 2024

2.Saiphoklang, Narongkorn et al. Diseases vol. 13,11 372. 13 Nov. 2025

3.He, Wei et al. International journal of environmental research and public health vol. 19,17 11065. 4 Sep. 2022
4.Rahman, Sadequr et al. BMC pulmonary medicine vol. 25,1 384. 11 Aug. 2025

5.Koskela, Kirsi et al. Journal of occupational medicine and toxicology vol. 19,1 41. 24 Oct. 2024

6.Go, Leonard H T et al. Occupational and environmental medicine vol. 79,8 (2022): 527-532

7.Zheng, Xue-Yan et al. Journal of thoracic disease vol. 16,1 (2024): 356-367

Vapors, Gases, Dusts & Fumes (VGDF)O)

W €

Vapor Gas

Synergistic
decline

.. ‘Eaganpan

Dust

Fume

e Findings align with surveillance studies in Southern
China. Combined exposure (Dust + Fumes) creates
synergistic lung decline.”

e Small Airway Disease (6.2%) indicates early
peripheral damage often missed.



Discussion (2)

Small Airway Disease (SAb) - The Early Warning Sign

o Participants with isolated
6 2 /o Small Airway Disease
o (FEF25_75 < 65%)

e Indicates peripheral airway involvement -

e Often precedes overt COPD or Asthma'?

e Critical for early detection in industrial
populations

1.Zhou, Ruoyi et al. Frontiers in medicine vol. 12 1648612. 26 Sep. 2025
2.Braido, F et al. The World Allergy Organization journal vol. 9,1 37. 28 Oct. 2016



Discussion (3)

The Industries The lf\./[{;(é?)l;‘lsm The Non-Smoker R\\ '-
‘ L Reality D AN

Chemical Industry Vapors, Gases, Environmental Driver
Workers had higher Dusts, Fumes Only 18.2% of participants
. , were smokers, yet 30.8%
abnormality rates Irritant gases — )
/ Inflammation i Obstruction" YEC IS SO e e
(10.4% in abnormal Occupational exposure is
group vs 3.9% in normal) .., | driving disease in non-smokers.

Fibrogenic dusts — Restriction

1.Zheng, Xue-Yan et al. Journal of thoracic disease vol. 16,1 (2024): 356-367
2.Leung, Chi Chiu et al. Lancet vol. 379,9830 (2012): 2008-18
3.Stanojevic, Sanja et al. The European respiratory journal vol. 60,1 2101499. 13 Jul. 2022



Discussion (4)

eSin

=
e

Chest Tightness

Odds Ratio 0

1.0

Chest tightness
Odds Ratio: 6.27

While Cough (18.0%) was common, Chest
tightness was the specific symptom

most strongly linked to abnormal lung function
(p=0.031)

2.0

4.0

6.274x

(1.188-33.142)

Critical Symptom Signal

6.0

8.0




Discussion (5)

Functional Impairment Far Exceeds Visible Damage

8.6% Abnormal Chest X-Ray

Visible structural damage (fibrosis, nodules)

30.8% Abnormal Lung Function

Hidden functional impairment
(obstruction, restriction)

Reliance on chest radiography alone would

Includes Small Airway . o . .y
Disease (6.2%) & miss nearly 75% of respiratory abnormalities

Early Obstruction




Conclusion

* Abnormal pulmonary function affects 30% of the population
in Navanakorn (Asthma: 5.4%, COPD: 4.3%)

* Key drivers: Older age, Male sex, History of Asthma, and
Chemical industry work

* While overt COPD /Asthma rates align with national
averages, the high rate of subclinical impairment signals
an urgent need for intervention

Comprehensive preventive strategies and early screening
are vital to protect respiratory health




Clinical Application

Universal Spirometry Symptom Tracking

Routine testing for all | v N Add 'Chest Tightness'
workers, not just the e =l as a primary red-flag

symptomatic —_— screening question

Monitor FEF,s_75 to : Enhanced PPE and
catch early decline =N\ ventilation in Chemical
before COPD onset |
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~Tsauszdrdannnn 1 1sa 0.4777778 0.2190442 1.033175 0.041 °

nuewR @ Chi-square test, ® Multiple logistic regression
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Abstract

Introduction: Spirometry in children with asthma is often challenging due to anxiety, limited
cooperation, and low self-efficacy, resulting in prolonged procedure time and potentially
compromised test quality. Effective preparatory interventions are therefore essential to
enhance clinical efficiency and patient experience in asthma clinics.

Objective:To evaluate the effectiveness of preparatory video media on procedure time and
confidence levels during spirometry in children with asthma compared with standard
preparation.

Methods:This quasi-experimental study employed a two-group post-test only design involving
140 children with asthma aged 7-15 years who underwent spirometry at Nakhon Pathom
Hospital between January and June 2025. Participants were assigned to an experimental group
receiving video-based preparation (n = 70) or a control group receiving standard care (n = 70).
Research instruments included a preparatory video, a procedure time recording form, and a
confidence questionnaire (Cronbach’s alpha = 0.85). Data were analyzed using descriptive
statistics and independent t-tests.

Results:The experimental group demonstrated a significantly shorter mean procedure time
compared with the control group (27.27 + 4.24 vs. 41.74 + 16.90 minutes; t = 7.16, p < 0.001).
Confidence levels during spirometry were also significantly higher in the experimental group
than in the control group (4.70 + 0.46 vs. 2.60 + 0.98; t = 12.33, p < 0.001).
Conclusion:Preparatory video media effectively reduce spirometry procedure time and
enhance confidence among children with asthma through social modeling. This low-cost and
scalable intervention can improve service efficiency and has strong potential for integration
into routine practice in pediatric asthma clinics.

Keywords: Spirometry; Video media; Confidence; Asthma in children
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Comparing the effectiveness of treatment in patients with asthma attacks by using a continuous

nebulizer and bronchodilator and steroid inhaler in children aged 5-15 years : A Pilot study

Supapond Poonpradit ', Sukanya Pinhom ', Bhavna Rattanathipa 2, Chonpisit Monthonn® ,Athipat
Athipongarporn '

' Department of Pediatrics, Phra Nakhon Si Ayutthaya Hospital
2 Department of Pharmacist, Phra Nakhon Si Ayutthaya Hospital
3 Department of Emergency Medicine, Phra Nakhon Si Ayutthaya Hospital

Background

Continuous nebulized therapy is an effective treatment for severe acute asthma exacerbations in
hospitalized pediatric patients. However, evidence comparing different continuous nebulization regimens

remains limited.
Methods

A randomized controlled trial was conducted in pediatric patients aged 5-15 years with severe asthma
exacerbations admitted to Phra Nakhon Si Ayutthaya Hospital. Patients with an Ayutthaya Pediatric Asthma
Score (APAS) greater than 10 were randomized to receive either continuous nebulized salbutamol alone or
continuous nebulized salbutamol plus budesonide. APAS was assessed at 0, 2, 4, and 8 hours after

treatment initiation. Length of hospital stay (LOS) and treatment-related adverse effects were also evaluated.
Results

Seventeen patients were enrolled, including 11 in the salbutamol-only group and 5 in the salbutamol plus
budesonide group. There were no significant differences in APAS at any time point between the two groups.
However, LOS was shorter in the salbutamol plus budesonide group compared with the salbutamol-only
group (71.3 vs. 100.8 hours). Hypokalemia was the most common adverse effect, occurring in 18.2% of

patients receiving salbutamol alone and 60% of those receiving salbutamol plus budesonide.
Conclusion

In pediatric patients with severe asthma exacerbations, continuous nebulized salbutamol with or without
budesonide resulted in similar improvements in asthma severity as measured by APAS. The addition of

budesonide was associated with a shorter hospital stay but a higher incidence of hypokalemia.



Comparing the effectiveness of treatment in patients with
asthma attacks by using a continuous nebulizer and
bronchodilator and steroid inhaler in children aged 5-15 years
: A Pilot study

Supapond Poonpradit 1, Sukanya Pinhom 1, Bhavna Rattanathipa 2,
Chonpisit Monthonn3 ,Athipat Athipongarporn 1

1 Department of Pediatrics, Phra Nakhon Si Ayutthaya Hospital
2 Department of Pharmacist, Phra Nakhon Si Ayutthaya Hospital
3 Department of Emergency Medicine, Phra Nakhon Si Ayutthaya Hospital




Background

e Continuous nebulized therapy is an effective treatment for severe acute
asthma exacerbations in hospitalized pediatric patients.

e Evidence comparing different continuous nebulization regimens remains
limited.




Gap of caring

e Evaluation of clinical symptoms and the best treatment for asthma
exacerbation at pediatric IPD




Objectives

e To compare the efficacy of continuous nebulized salbutamol plus
budesonide versus conventional treatment with APAS in patients with
severe asthma exacerbation.

e To evaluate the length of stay and the side effects of the treatment.




Methods

APAS > 10
admit and cont neb

-

Asthma exacerbation
age 5-15 years old

Cont neb Salbutamol+
Budesonide

Cont neb Salbutamol

Outcome : LOS, Duration for HHHFNC weaning



Ayutthaya Pediatric
Asthma Score

Ayutthaya Pediatric 5 : 5 " Score Score KaVWu | Score KAYWU | Score KAVWUE
Asthma Score flouwue g1 DoseT g1 Dose2 Dose3
1. molpdivia/ $dn 3
" b Tui RIH U IR IR
LKHUOH
e WwWuduauad 10- | wuduadna >
e IWaual
2. 905171sK18(d matundmueng | e 20 20
AU ASD/ Uf A0/ U
o gm am 3 ciukLin*
3. mslvadwiiande alar nasi
‘s o o ( ;
Tui 1 kU 2 dnkuo
K18 1D Suprasternal,
Subcostal)
; ; .| Inspiratory+Expi
= s E I E :
4, \agv Wheeze Tuid xpiratory nspiratory Expir ratory wheezing
wheezing atory wheezing .
+ Poor air entry
' . . " & g oIS soaaludine
5. niusdu uaulaouuad uauswia Aggmue i
6. A1 SpO; 98-100% 95-97% 91-95% < 90%

SJU







Demographic data

Salbutamol cont neb Salbutamol + Budesonide cont

Characteristics (n=10) neb (n=6) p-value
Age (years), Mean (SD) 7.55 (2.60) 7.33 (2.11) 0.178
Gender (Male), n (%) 5 (50.0%) 4 (66.7%) 0.633
Prior Rx ICS, n (%) 3 (30.0%) 2 (33.3%) 1
Baseline APAS, Mean (5SD) 10.90 {1.20) 11.67 (1.37) 0.258

Pneumonia, n (%) 4 (40.0%) 4 (66.7%) 0.608



APAS at 2,4,8 hr after treatment

Comparison of APAS Scores over 8 Hours
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Outcome

Salbutamol cont neb Salbutamol + Budesonide

Characteristics (n=10) cont neb (n=6) p-value
{LEE;? oF Stay thr), MeQlan 96.0 (69.0-114.0) 72.0 (72.0-81.0) 0.169
:::}FSIC duration (hr), Median 34.5 (14.3-48.0) 40.0 (32.0-57.0) 0.585
Hypokalemia, n (%) 2 (20.0%) 3 (50.0%) 0.299
ICU Admission, n (%) 1 (10.0%) 0 (0.0%) 1

*Analyzed using the Mann-Whithey U test.



Discussion and Limitation

Both monotherapy and the combination therapy rapidly and effectively
reduced APAS scores within the first 8 hours.

Incidence of hypokalemia was higher in the combination group

The similar clinical outcomes (including comparable HHHFNC duration and
hospital LOS) imply that initial monotherapy is a more resource-efficient

strategy.
Limitation
o The primary limitation is the small sample size.
o As a single-center trial conducted in a provincial hospital setting




Conclusion and Implementation

e In pediatric patients with severe asthma exacerbations, continuous
nebulized salbutamol with or without budesonide resulted in similar
improvements in asthma severity as measured by APAS.

* The addition of budesonide was associated with a shorter hospltal stay
but a higher incidence of hypokalemia. <
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NON-PHARMACOLOGICAL COMPLEMENTARY
AND ALTERNATIVE THERAPIES FOR ASTHMA:
A SYSTEMATIC REVIEW
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