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OSA in asthma and COPD patients

e Physiological effects of sleep on respiration

¢ Obstructive sleep apnea (OSA)
= OSA and asthma

m OSA and COPD

NATTHAWAN SANG!

Excellence Center for Sleep Disorders

King Chulalongkorn Memorial Hospital
Department of Physiology, Faculty of Medicine
Chulalongkorn University

e Summary

Breathe 2023; 19: 23004

WAKE

Tensor

palatini

Tongue W
Diaphragm H

External
intercostal M

Internal

intercostal
Abdominl Wesmelpbemeel|

Respiratory
Control:
sCortical inputs
*Chemoreceptor

sensitivity
*Respiratory
motor neurons

Respiratory
Muscle
Function:
Diaphragm
Intercostal muscles

Lung
Mechanics:
sAirflow resistance
*FRC

*V//Q matching

CHEST 2017: 152(6):1318-132

Changes in the respiratory system and blood gases during normal sleep
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Predisposition to hypoxiain sleep
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Upper airways collapsibility during sleep
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Putative Causal Mechanisms of Obstructive Sleep Apnea—Related

Cardiovascular and Metabolic Disease

Clinical symptoms of OSA

Nocturnal symptoms

Daytime symptoms

PATHOPHYSIOLOGICAL
EVENTS

INTERMEDIATE
MECHANISMS

. X Oxidative stress

Intermittent hypoxemia -
Sympathetic nervous
system activation

Sleep fragmentation

Hypothalamic pitutary-

adrenal axis activation

Large intrathoracic Increased cardiac

pressure swings preload and afterload

SUBCLINICAL
CONSEQUENCES

DISEASE
END POINTS

JAMA. 2020: 14):1389-1400

¢ Snoring

» Witnessed apnoeas, interrupting snoring
and ending with a snoring

Gasping and choking sensations that may
wake the patient from sleep

Restless sleep, with frequent arousals
Nocturia

Insomnia

Nocturnal sweating

e PLMS

Parasomnia (e.g. pseudo REM sleep
bahavior disorder)

* EDS during quiet activities; as severity worsens, patients
are sleepy during activities requiring alertness (e.g. work,
driving)

* Nonrestorative sleep

« Daytime fatigue/tiredness

¢ Morning headache

¢ Dry or sore throat

» Cognitive deficit: memory impairment,

o loss of concentration

» Decreased vigilance

 Personality and mood changes (depression and anxiety)

» Sexual dysfunction (decreased libido, impotence)

» Gastro-oesophageal reflux

Risk factors at clinical examination

¢ Obesity, high BMI

Neck circumference of >17 inches men and >16

inches in women

Male sex

* Age >50 years

Postmenopausal state

Pregnancy/pregnancy-induced hypertension

Ethnicity (African-Americans, Asian populations)

Smoking and alcohol consumption

Nasal obstruction

Craniofacial anatomical structure (retrognathia,

macroglossia, increased or modified Mallampati

score, Friedman tongue position, high-arched

palate)

* Neuropathy or myopathy of the upper airway
(i.e. the genioglossus muscle)

Conditions associated with OSA

Hypertension (particularly resistant), ‘non-dipping’
pattern

AF

Stroke and transient ischaemic attacks
CHF

PH

OHS

Metabolic syndrome

Type 2 diabetes mellitus

Polycystic ovary syndrome

Acromegaly

Hypothyroidism

Chronic lung disease (asthma, COPD, IPF)
End-stage kidney disease

Parkinson disease

Down syndrome, Pierre Robin syndrome
ERS Handbook: Respiratory Sleep Medicing

Asthma




Common comorbidities encountered in difficult and severe asthma

Allergic rhinitis

4

SAFS and ABPA

Breathe 2023; 19: 23004/

OSA and asthma

Sleep and asthma

Prevalence, pathophysiology and burden on asthma

Diagnosis

Management and outcomes

Breathe 2023: 19: 230046
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Prevalence of OSA (defined as AHI >15/hour)

Moderate
asthma

74.5%: difficult to treat
asthma patients (N =35)

Severe asthma Control

Mild OSA
31.4%

88% 31%

Prevalence of asthma in OSA patients

Moderate to severe OSA
68.6%

Beta 2-adrenergic
receptor polymorphism

Asian Pac J Allergy Immunol 2021:39:78-88 DOI 10.12932/AP-231020-0986
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Nocturnal asthma

Bidirectional Relationship Asthma and OSA
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Investigate and manage difficult-to-treat asthma in adults and adolescents

Gansider referring 1o speciailst or severe asthma clinic at any stage

Diagnosis

| , ]
Confirm the diagnosis -——-9 Optimize management, -———9 Review response after ~3-6 months 4 -
(asthmaldifferential including: |
diagnoses) /
T v
i ngciaohn Look for factors - Optimize reatment (oo check and s astrma yos e e b et
S contributing to symptoms, iR nl st unconyrotied? B & cecinion i possibie .
e Ramame P Gold standard is polysomnography
g;""g e, - Incocrect inhaler technique - Consider nan-pharmacological (i
+ Suboptimal adherence interventions (e.g. smoking
B—— ooy
GERD, chronic minosinusits, OSA COVID-19 vaccination) |
s b e g T s ot ey e S e
engbarlb s
allergen exposure (if sensilized); » Consider non-biologic add-on (# used) 1
medications such as beta-blockers therapy (e.9. LABA, LAMA, |
and NSAIDs LMILTRA, if not usad) )
* Overuse relievers = ler lose o Does
St ottt g K
* Anxiety, depression and social treatment is stepped
difficulties down?
Key
e Asthma for longer durations _— .
-~ ! s h 8 e |imited sleep studies
e cptinizn e Severe asthma . . .
poietg Difficut Lasth e Validated questionnaire
¢ Difficult to control asthma .
B on hisher d f1Cs can be used as screening tools
e On higher doses o .
g ) . e HSAT may be underestimated OSA
e Te s e Asthma with obesity
e Others risk of OSA

Am J Respir Crit Care Med Vol 201, Iss 11. pp 1345-1357. Jun 1, 2020




OSA and asthma

The relationship between obstructive sleep
apnea and asthma severity and vice versa:
a systematic review and meta-analysis

~ 7 34 studies with 27,912 subjects

European Journal of Medical Research (2023) 28:13

Study %

o WD (95% C1) Weight
Aduts

Ciftci (2005) —_—— 4,80 (-7.88,17.48) 318
Zidan (2015) —— 5.00(-866,-334) 1109
Tailé (2018) Lof— 2:50(0.20, 4.80) 142
Wang (2017) _— 270(-891,1431) 382
Shaker (2017) —_— £60(-13.03,-0.17) 743
Lo 2017) —_— -500(5.14, 0285 953
NG (2018) —_— -430(-11.90,330)  6.09
Oyama (2020) e ———— G 80 (-1.03, 20.83) 398
Lin (2021) —f— 0.80(-1.76,336) 1119
Subtotal (-squared = 78.1%, p = 0.000) <:> ~1.24 (-4.56,2.08) 723
Chidren

Kheirandish-Gozal (2011) — 5.80(-862,-258) 1084
Teng (2014) ——— 0.00(-450,450)  8.14
Yen 2017) —_— -830(-15.18,-1.42) 672 . Kk
He (2019) _— 400(1173,373) 598 Children
Subtotal (-squared = 48.6%, p = 0.120) <> 433(7.82,-083) 277
Overal (-squared = 75.9%, p = 0.000) < 229(491,033) 10000
NOTE: Weights are from random effects analysis
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Children: %FEV1 was slightly decreased in patients with asthma complicated by OSA

European Journal of Medical Research (2023) 28:139

Subgroup meta-analysis of main outcomes in patients with OSA in asthma

group and non-asthma group

Outcomes and subgroups  No. of Population ~ WMD 95%CI (%) PH Statistical model PZ Between-

studies group P
value

AHI (events/hour)

All 9 9540 047 —159,252 659 0003  Random 0.656 =
Age
Adult 7 9434 072 —195338 742 0.001 Random 0599 0670
Children 2 106 —008 —261.244 0 0703 0948 -
Severity of OSA
AHI=10r5/h LY 3801 027 —197,250 430 0.135  Random 0686 0912
AHI=15/h 3 5739 063 — 545671 82.1 0.004 0839 -
LSpO, (%) 4 6360 - 010 —1.28,1.00 472 0.128  Fixed 0872 -
0Dl (events/hour) 4 6310 — 056 — 168,056 302 023 Fixed 0326
Arl (events/hour) 1 3074 —-094 214026 48 0351 Fixed 0123
T90 (%) kY

3142 0.02 — 042,047 0 0536  Fixed 0915 -
ESS score 4 9089 0.60 0.16,1.04 0 0678  Fixed 0.007 -

WMD; weighted mean difference, Cl; confidence interval, PZ; P value for Z test, PH; P value based on Q test for between-study heterogeneity, AH|; apnea/hypopnea
index, LSpO,; lowest peripheral oxygen saturation, ODI; oxygen desaturation index, Arl; arousal index, T90%; percent sleeping time in which oxygen saturation was
below 90%, ESS; Epworth Sleepiness Scale

Comorbidity of asthma may exacerbate daytime sleepiness assessed by ESS

European Journal of Medical Research (2023) 28:13

Study %
] OR (95% CI) Weight . .
difficult-to-control asthma
Brinke {2005) - 3.38(0.37, 30.87) 458
Juben (2009) 5.62(1.34,22.56) 78 . e .
Teadoresea (2012) 282(185,341) Y e significant risk factor for OSA
Byun (2013) 3071 (7.33, 137.28) 785 (poo[ed OR= 436} 95%C| 2.49-
Zdan (2015) 1.09 {0.15, 7.30) 539 7.64, |2 = 74'2%, P < 0'001)
Wang (2016) 1423 (480, 44.04) 870
Lu (2017) 1.38(0.25,755) 648
Shaker (2017) 47.50(5.79, 389.54) 492
Yen (2017) 121 (0.43,339) 10.38
Megersa (2022) .82 (3.80, 12.26) 1383
Saif M (2022) 2.35(1.43,391) 14147
Overal (-squared = 74.2%, p = 0.000) 436(249,784) 100.00
NOTE: Weights are from random effects analysis '

Risk of QSA was significantly higher in more severe or more
difficult-to-control asthma in 7 of the 11 studies (Total N = 1869)

European Journal of Medical Research (2023) 28:139
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Continuous positive airway pressure (CPAP) Mechanistic effect of CPAP improving asthma in co-existing OSA

First line treatment for OSA
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CPAP treatment of OSA and asthma

Does Continuous Positive Airway Pressure (CPAP) treatment of obstructive
sleep apnoea (OSA) improve asthma-related clinical outcomes in patients
with co-existing conditions?- A systematic review

a) Asthma related quality of life (AQLQ/mini-AQLQ)

Post-CPAP Pre-CPAP Mean Difference Mean Difference
I Study or Subgrou| Mean SD Total Mean SD Total Weight IV, Fixed, 95% C| 1, Fixed, 95% CI
Lafond et al 58 08 20 5 12 20 262% 080([0.14,1.48) ———
Semano-Parients stal 563 117 82 512 138 82 738% 051(012,080 ——
Total (95% CI) 102 102 100.0% 0.59 [0.25, 0.92] e
Heterogeneity. Chi*= 055, df=1 (P=0.46), F= 0% ’,2 I; 1I 2‘
VOO 1A CGaI ONRLE 2% 3. 41(F . 0.0 006) Deterioration in AQLQ  Impravement in AQLQ

12 Stu d i e S; b) Lung Function (FEV1% predicted)

Post-CPAP Pre-CPAP Mean Difference Mean Difference
Study or Subgrou Mean  SD Total Mean SD Total We IV, Fixed, 95% CI IV, Fixed, 85% C|

. . .
* 8 prospective quasi-experimental faae,  mEE pemay o St
. SemanoPariéntestal 835 166 82 838 17.6 82 383% 000[524524) —_— FEV1%
Shaarawy etal 61.2 6.2 15 601 69 15 452% 1.10(3.59,5.79) e B E—
e 4 observational

Total (95% CI) 133 133 100.0% 0.32[-2.84,347] ’
Heterogeneity: Chi*= 0.33, df= 3 (P = 0.95), F= 0% 0 5 0 10
Testfor overall effect Z= 0.20 (P = 0.84) Deterioration in FEV1  Improvement in FEW1

Significant improvement in mean Asthma Quality of Life Questionnaire scores

Respiratory Medicine 143 (2018) 18-30)

Respiratory Medicine 143 (2018) 18-30



Effects of Treatment for OSA on Asthma Outcomes

Reference Design/Sample Assessment Results Limitations
CPAP treatment
Teodorescu etal, Cross-sectional OSA: SA-SDQ and PSG ® | Daytime asthma Objective CPAP adherence not
2012 (62) n=132 with OSA, Asthma: physician di i ymp (OR, 0.46) available
75 on CPAP
Teodorescu et al., Cross-sectional OSA: PSG ® | Risk of severe asthma PSG-derived OSA severity or
2013 (0 Age 18-59 yr vs.  Asthma: physician diagnosis (more in older vs. younger objective CPAP adherence
B0-75 yr patients, by 91% vs. 57%)  not available
n=140
Kauppi et al., 2016 Longitudinal, OSA: physician diagnosisand ® | Asthma severity (AGT Generalizability limited with
7 retrospective CPAP =3 mo and VAS) high CPAP adherence
study Asthma: on asthma (6.3 h daily)
n=152 medication
Wanget al, 2017  Longitudinal, OSA: PSG ® | The annual decline in No control group
63) retrospective Asthma: spirometry FEV; in severe OSA
study
n=77
Lafond et al., 2007 Interventional: OSA: PSG (AHI = 15/h) = No difference in Per-protocol analysis of 13
68) CPAP X 6 wk and CPAP titration methacholine challenge patients with =4 h daily
n=20 Asthma: ATS criteria test CPAP use
® 1 Asthma-specific quality
of life
Serrano-Pariente Interventional: OSA: AHI =20/h ® 1 Asthma control, disease- No control group
etal., 2017 (69) CPAP x 6 mo Asthma: physician diagnosis specific quality of life
n=99 « | Bronchial reactivity

(reduced proportion of
patients with positive
bronchedilator response),
exhaled NO
Am J Respir Crit Care Med Vol 201, Iss 11, pp 1345-1357. Jun 1, 2020

Clinical Outcomes and Treatment in Asthma and OSA

¢ No long-term studies that have evaluated asthma
outcomes, either nocturnal or awake, among patients
with comorbid untreated OSA or OSA outcomes in OSA
patients with comorbid asthma.

e Improve asthma symptoms and possibly spirometric
parameters

Am J Respir Crit Care Med Vol 201, Iss 11. pp 1345-1357. Jun 1, 2020

Continuous positive airway pressure (CPAP)

Asthma attack in days

Nocturnal asthma attacks
Night time symptom scores

Bronchial hyperresponsiveness
within 7 days of use

ACT score

Mean PEFR and %FEV1,
QoL

Am J Respir Crit Care Med Vol 201, Iss 11. pp 1345-1357. Jun 1, 2020

. 1 ACT with oral appliance
Personalized Management treatment o 6

qlp

= CPAP/MAD/surgery/

. .

Weight reduction/
positional therapy/

atomical impairment

Oral pressure therapy
(Winx®)/Intranasal steroid

Poor pharyngeal dilator
muscles responsiveness

ey ol :f_’j E;:\ ﬁ:;
Poor muscle responsiveness

Upper airway muscle training
Hypoglossal nerve stimulation
Drugs (noradrenergic and

anticholinergic targets)

Supplemental O2 (limited
data/NOT recommended)
/Acetazolamide (limited
recommended)

= High loop gain

CHEST 2018; 153(3):744-75




Summary: SBD and asthma

e OSA is more commonly observed in asthma patients particularly
in severe and uncontrolled group.
e Should periodically screen patients with asthma for OSA
o Esp. asthma for longer durations, uncontrolled disease, or on

higher doses of ICS, obesity OSA and
e HSAT: underestimate clinically significant OSA in patients with Chronic obstructive pulmonary disease (COPD)
asthma
e Treatment for OSA such as the use of CPAP in adult and
adenotonsillectomy in children was proven to improve asthma q \\

symptoms and possibly spirometric parameters

Pathophysiology of sleep-related respiratory changes in COPD SBD and COPD
¢ Sleep related hypoxemia
1 respiratory Respiratory muscle 1 F‘RC,
drive hypotonia T airway resistance

A

IA.'"J ’_1_,- H‘-—-. flati
T upper ainvayl, -~ I ‘I‘ ‘ Sleep related hypoventilation

k.

. Y
—'| Hypoventilation‘ | V'/Q" mismatch |

>>|"'<'<““v v "_ Overlap syndrome (COPD and OSA)

A,

Hypoxaemia ‘. A A
Nocturnal oxygen desaturation and hypercapnia
(3):

J Clin Sleep Med 2015:11(3):259 -270 Eur Respir J 2002; 20: 799-805
Eur Respir Rev 2013 22: 365-374 Eur Res| p R 201; 3 22: 365-375]




Overlap syndrome (COPD and OSA)

Interactions between COPD and OSAS

e Prevalence: Similar to the general population: 10-30%
o Sleep Heart Health Study
o MONICA-II
e Some reports indicate a higher prevalence of SDB in COPD:

65.9%

Eur Respir J 2002; 20: 799-804

Eur Respir Rev 2013 22: 365-375

Supine position during sleep
Accumulation of fluid in the neck resulting in

upper airway narrowing, increased pharyngeal
wall compliance, and possible reduced
pharyngeal dilator muscle contraction

Rostral Fluid Shift
Cigarette Smoking
Skeletal muscle weakness
Medicaticns - Corticosteroids

Airway inflammation

Promoting
Factors for
OSA

e Caudal traction effects on the
upper airway

e Computed tomography
measures of hyperinflation and

Protective
Factors for

Low BMI gas trapping are reported to be
OSA Lung Hyperinflation negatively associated with the
Diminished REM sleep apnoea-hypopnoea index (AHI)
Older Age frequency per hour

Medications - Theophylline

CHEST 2017: 152(6):1318-1324

Hypercapnia in Overlap Syndrome

. COPD Group OLS Group OSA-Only Group

® Retrospectively evaluated (n=32) (n=29) (n=152)
data from 213 consecutive e — 60.1 (104) | 57.2(95) | 489(129)
patients Weight (kilograms [kg])| 87.6 17.5) | 1022 (20.6) 106.8 (28.8)

e OLS significantly higher BMI (kg/n) 3107) 36 (6) 39.(10)
PaCO02 in the presence of a FVC (% predicted) 60 (19) 72 (17) 87 (20)
similar AHI FEV, (% predicted) 47 (16) 63 (16) 89 (20)

* OLSvs C(.)PI‘D.patients FEV,/FVC (%) 59 (9) 67(5) 87 (9)

o OLS significantly higher P20, (mmHg) 908 | 7an 79(12)
PaCO2 value, significantly PCO, (e ig) 006 56 2@
less severe obstructive :

) 3 AHI (events/h) 6(5) 40 (20) 42(23)
Impairment %Time Sp0, — 90% 16 (28) 48 (28) 30 (28)

Sleep Breath 2002; 06(1): 011-018

Different patterns of oxygen desaturation during sleep in patients
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Eur Respir Rev 2019: 28: 190064




Indications for performing a sleep diagnostic test in COPD patients

Global Initiative for
Chronic Obstructive

Ventilatory Supportin COPD and OSA

2025

REPORT

Symptoms or findings indicative for sleep disordered breathing in patients with COPD

Sleep-related symptoms such as snoring, gasping and choking, as well as nocturia or morning headache

Increased daytime sleepiness

Signs of obesity including BMI >30 kg»m"2 in men and >35 kg-m_2 in women, neck circumference >43 cm
in men and >41 cm in women

Reduced daytime pulse oxygen saturation (<93%)] at rest or during exercise

Daytime hypercapnia

Signs of pulmonary hypertension or right heart failure, such as peripheral oedema

Polycythaemia

Patients who use opicids and/or hypnotic medications

Comorbidities such as atrial fibrillation, end-stage renal disease, type 2 diabetes, heart failure, difficult to
treat hypertension and stroke

In-laboratory PSG is the gold standard method

CO2 monitoring

Eur Respir Rev 2019: 28: 19006

Lung Disease

Stable patient
In patients with both COPD and obstructive sleep apnea there are clear benefits associated with the use of continuous
positive airway pressure (CPAP) to improve both survival and the risk of hospital admissions. 722281

No CO2 retension

The use of positive pressure ventilation in patients with COPD and OSA has been reported to reduce all- cause

hospitalizations, emergency room visits, moderate and severe exacerbations and associated healthcare costs.(9229)

100

100-
80- 80
€ 50 iE o0
H 53
€ 40 — corp 2 40 —cOPD
3 " Overlap with CPAP gw — Overlap with CPAP
M

— Overlap without CPAP == Overlap without CPAP

P<0.001 P01

0 T T T T T 1

T
] 2 4 6 8 10 12 0 2 4 8 & 10 12
Years Years
No at rigk No atrisk.
COPD 210 203 196 184 144 39 10 COPD 210 189 189 158 107 47 6
Overlap with CPAP 228 223 215 201 167 97 8 Overlap with CPAP 228 222 202 168 114 41 5
Overlap without CPAP 213 204 186 181 121 87 3 Overlap without CPAP 213 197 165 124 66 24 2

Clear benefits: CPAP use in COPD-OSA overlap syndrome

Improve both survival and risk of hospital admission

7 INHALE
( )
NEXHALE ¥

Summary: OSA and COPD

Clinical Poor sleep quality: symptoms of COPD, comorbid sleep disorders

In-laboratory PSG o
e The gold standard method +/-CO2 monitoring; preferred for

evaluation
o HSAT: limited data

COPD and OSA
without ¢ CPAP: reduces the number of COPD-related severe
hypoventilation exacerbations and hospital admissions.

e Oxygen alone is not an effective treatment.

M Natthawan.s@chula.ac.th




