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The overlap of obstructive lung disease

and obstructive sleep apnea

 Three combinations
— OSA and COPD (overlap syndrome)
— OSA and asthma (alternativeoverlap syndrome)
— Obstructive lung disease and OSA (OLDOSA)

* These relationships are likely bidirectional, with one
condition aggravating or predisposing to the other.

* Patient has one of these overlap syndromes can initiate
continuous positive airway pressure (CPAP) therapy,
which can improve clinical outcomes.

 Therefore, when evaluating a patient with asthma or
COPD, one should consider OSA
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OSA and Asthma

The Alternative Overlap Syndrome
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Box 2-4. Investigating a patient with poor symptom control and/or exacerbations despite treatment

Watch patient use their inhaler(s), check against inhaler checklist
Watch patient using Show correct method, and recheck, up to 3 times.-Re-check each visit
Have empathic discussion to identify poor adherence, e.g. “Many patients don’t use

their inhaler
their inhaler as prescribed. In the last 4 weeks, how many days a week have you taken

Discuss adherence and 2
bartiors to uso it?" (O days, 1, 2, 3 efc) and/or: “Do you find it easier to remember your inhaler in the
morning or the evening?” Ask about beliefs, cost of medications, and refill frequency

If no evidence of variable airflow limitation on spirometry or other testing (Box 7-2),

Confirm the diagnosis
9 consider halving ICS dose and repeating lung function after 2—3 weeks (Box 7-5);
of asthma check patient has action plfan. Consider referring for challenge test

If possible remove Check for risk factors or inducers such as smoking, beta-blockers or NSAIDs, or
occupational or domestic allergen exposure (Box 2-2), and address as possible

potential risk factors
(Box 3-8 — Treating modifiable risk factors)
Assess and manage Check for and manage comorbidities (e.g. rhinitis, obesity, GERD, obstructive sleep
comorbidities apnea, depression/anxiety ) that may contribute to symptoms

v

Consider treatment step-u
pap Use shared decision-making, and balance potential benefits and risks

¥

3-5)

Consider step up to next treatment level or alternative option on present level (Box

if asthma still uncontrolied after 3—6 months on high dose ICS/LABA, or with ongoing risk
Refer to a specialist or factors, refer to a specialist or severe asthma clinic (Box 3-74)
severe asthma clinic Refer earlier than 6 months if asthma very severe or difficult to manage,

or if doubts about diagnosis

GINA 2017




vy How important is it ?

— Gastroesophageal reflux disease (GERD), NAEPP 2007
obstructive sleep apnea (OSA), and allergic
br '

o] ® [dentify comorbid conditions that may impede

fur { m Obstructive Sleep Apnea (OSA) may be considered

in patients who have not well controlled asthma,
particularly those who are overweight or obese.
Treatment for OSA is nasal continuous positive air
way pressure (CPAP). However, this treatment may
disrupt the sleep of asthma patients who do not
also have OSA. Accurate diagnosis is important.
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OSA worsens asthma ?

Asthmatic patients are prone to the
development of OSA ?




Peak flow

Healthy
+ 3-5%

Nocturnal asthma
- 15-20%%

4 PM 4 AM



Difficult-to-Control Asthma
And Obstructive Sleep Apnea

Yigla M, et al. J Asthma 2003;40(8):865-71.



1400
Asthmatic patients

Inclusion criteria:

» Reversibility =15%

» Persistent daily symptoms =6 m

24 (1.7%)
Difficult-to-control
asthma Oral CS:

Inhaled CS & long acting p2 agonist

o Bursts > 2 per year

o Continuous

2 (8%)
Refused

Anthropometric parameters

Clinical variables
Study group

Sleep evaluation

22 patients
e Questionnaire

= Polysomnography

Analysis
Prevalence of OSA

Comparisons

o Oral CS - Continuous vs bursts




Table 2. Polyvsomnography

OS5 A

Total incidence (REIDI =5

NIild OS A (5 << RIDI =< 220))
Moderate to severe (RII == 20

21 (95.59%)
12 (54.5%)
Q9 (40.9%)

EI>I

MMean = SEMI
RIDI?10
RIDI?1S

Sleep disturbance-related symptoms

Snoring
Moming fatigue
Davtime slespiness

17.7 =2
15 (68.2
11 (509%)

5
o)

20

>

20

(90.99%)
(1009
(90.9%)

MNote:

R, respiratory disturbance index;

slesp apnea.

Table 3.

DS A

obstructive

Anthropometric and polysomnographic data.

Mode of oral CS therapy

Bursts

Number
Age

Initial BMI at onset of CS therapy
Last BMI at evaluation

BMI gain (%)

Neck circumference (cm)
Duration of CS treatment (years)

@ntinu@
14

51.6£3.6
26.7=0.8
30313
13.4+£3.6
30528
8.75+2.0

8
46+3.5
26719
28817
9.5+£5.7
38620
9.3+5.7

RDI

Minimal Ojsat (%) during night

214+£3.4
892+1.4

11.1+1.6%
94.6+0.6"

Note: Values are expressed as means £ SEM.

“p < 0.04.

"p < 0.001.




*  Forspeclalists in:
Pulmanology, Critical Care, Sleep Medicine,
= Thoracic Surgery, Cardioraspiratory Interactions,
— and related disciplines

Association of Obstructive Sleep Apnea
Risk With Asthma Control in Adults

Teodorescu M, et al. Chest 2010; 138(3):543-550



Table 3—Univariate Associations of Not-Well-

Controlled Asthma (on ACQ Full Version) With

High Obstructive Sleep Apnea Risk and Other
Characteristics Known To Worsen Asthma

Characteristic OR (95% CI) P Value

High OSA risk 3.60 (2.16-5.98) <<.0001
Age 1.01 (0.99-1.03) 14
Sex,female vs male 069 (042-1.13) 14
| Obesity (BMI =30 kg/m?) 2.46 (1.50-4.01) 0003 |
Black (vs all other) 3.45(1.19-9.99) 02
asal condition
Rhinitis 0.27 (0.11-0.66) 004
Chronic sinusitis 1.11 (0.68-1.83) 67
Polyps 1.95(1.10-3.48) 02
GERD 3.03 (1.83-5.01) <.0001
| Psychiatric disease 1.99 (1.18-3.36) 01 |

Teodorescu M, et al. Chest 2010; 138(3):543-550




ACC Full

ACCO Symptoms
and
FEW1 (9% Predicted)

ACCQ Symptoms
and
Beta—Agonist Use

ACCO Symptoms —

Odds Ratio

High OSA risk was associated, on average, with 2.87-times higher

odds for not-well-controlled asthma (ACQ full version) (95% Cl, 1.54-
5.32; P=0.0009) after adjusting for contributing

Teodorescu M, et al. Chest 2010; 138(3):543-550




*  Forspeclalists in:
Pulmanology, Critical Care, Sleep Medicine,
= Thoracic Surgery, Cardioraspiratory Interactions,
— and related disciplines

Predictors of Habitual Snoring and

Obstructive Sleep Apnea Risk in Patients With
Asthma

Teodorescu M, et al. CHEST 2009;135;1125-32



p=0.001

& 543
5
S 4
=
= g "
1]
=
o 4 E
1
0
MNone Low Medium High

ICS Dose Group

Ficure 2. The L].II.:I':I'_—‘ L].I'_—‘I}I'_—‘]'Il'.].l'_—‘]'l'l' relationship between ]ng]u (IS4
risk and I1CS dose {(overall p = 0.0006 for the linear trend). The
multivariate 1“I‘L:JL1r_—':]E inchided gf_—_‘]ll’.lf_—_‘l‘: GERID, and asthma sever-

1'1-_-: step.



Association of Obstructive Sleep
Apnea with Asthma: A Meta-Analysis

%
study ES (95% Cl) Weight

* The prevalence of OSA in |
adUIt asthma patlents |S Braido 2014 581(399,763) 1664

ten Brinke 2005 3.40 (-1.20, 8.00) 3.16
. 0/ h d d Teodorescu 2010 3.60 (1.69,5.51) 15.47
e5t| matEd at 50 (0] (t e O S Teodorescu 2012 2.88(1.91,3.85) 3879
Teodorescu 2013 mod-old 3.44 (0.02, 6.86) 5.55

Of h a Vi n g O SA — 2 . 64 ) Teodorescu 2013 mod-young 3.61(1.49,5.73) 13.02

Teodorescu 2013 sev-old 7.20 (-4.66,19.06) 049

Teodorescu 2013 sev-young 416 (1.12,7.20) 6.88

OSA an d ad St h Ma = more Subtotal (-squared = 15.1%, p = 0.311) 373(290,457)  100.00
severe phenotype

Goldstein 2015 mod 324 (141,507)
Goldstein 2015 sev + 4.03 (-4.88, 12.94)

° A h p 1 1 h OS A Jamrozik 2009 120 (0.80, 1.60)

sthma patients wit e

Suitt 2005 138 (0.66, 2.10)

also had significantly g 00D 141,25
higher BMI in comparison oss

Teodorescu 2012 3.66 (1.55,5.77)

= Teodorescu 2015 244 (167,321)
with non-OSA asthma
p a t i e n t S NOTE: Weights are from random effects analysis

!
-191

Kong DL, et al. Sci Rep 2017; 7: 4088.



Nocturnal Asthma: Role of Snoring and OSA

* 9 patients with asthma and OSA

W e Effect of CPAP on nocturnal asthma

| * PEFR for 2 weeks of control, followed
by 2 weeks of CPAP and followed by
the final 2 weeks of contro

Chan CS, et al. Am Rev Respir Dis 1988;137:1502-4
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Obstructive Sleep Apnea in Poorly Controlled

Asthmatic Children:
Effect of Adenotonsillectomy

i -
FEDIATRIC| PULBMONDLOGY

Prevalence of OSA in poorly controlled asthma = 58/92 (61%)

TABLE 3—Changes in Asthma Symptoms and Control in Poorly Controlled Asthmatic Children With OSA Before and
After T&A, and in Those Without OSA Before and After Sleep Studies

OSA (+),n =35 0SA(=)n=24
~ P-Value (OSA (4)

>
Pre-T&A Post-T&A | P-Value  Pre-NPSG  Post-NPSG  P-Value vs, OSA (=)

Acute asthma exacerbations (/vear) 41+ 1.3 .8 = 1.4 |<0.0001 35+ 1.5 3.7+ 1.7 NS <0.0001
Weekly B-agonist rescue use (/week)| 4.3 = 1.8 21 = 1.5 |<0.001 42+19 39+£22 NS <(.001
Asthma symptom score 31+ 19 1.9 = 1.7 |<00001 3220 3.1+ 21 NS <(.001
FEV, (% predicted) 80.1 £ 8.7 \86.5 + 84 ) <0.04 82.5+9.1° 83.1+£97 NS 0.05

Gozal, LK. Pediatr Pulmonol 2011;46:913-918



Interrelationship between asthma and OSA

. Cardiac Ai
Inflammation dysfunction ey
GERD angiogenesis .
Receptors and Leptin changes
mechanical effects
Weight gain
OSA Asthma

Increased upper airway Nasal obstruction

collapsibility

Decreased pharyngeal
cross sectional area



The Alternative Overlap Syndrome

How important is it ?

* Recent data suggest that OSA is an independent risk
factor for asthma exacerbations, or difficult-to-
control asthma

* Asthmatic patients are more prone to develop OSA
symptoms than are members of the general
population

* Rx of OSA (CPAP, T&A) appears to be associated with
substantial improvements in the severity of the
underlying asthmatic condition



OSA and COPD

The Overlap Syndrome




Possible pathophysiological links between chronic
lung disease and obstructive sleep apnea (OSA)

Changes in lower airways inflammation

Remodeling

OSA < Asthma
/COPD

Nasal/mucosal inflammation
Sleep alterations in lung volumes
Altered tracheal traction
Sleep deprivation
Local myopathy

Obesity
Gastro-oesophageal reflux

Owens RL, et al. Respirology 2017; 22: 1073-1083



OSA in COPD patients

Overlap syndrome

Prevalence of OSA in COPD = general population

Prevalence of overlap syndrome in OSA = 10-20%

Subclinica

It seems li
associatec

overlap syndrome 4%
kely that overlap syndrome is

with greater CVS morbidity/mortality

Greater systemic inflammation

Lee R, et al. Current Opinion in Pulmonary Medicine 2011;17:79-83



OSA in COPD patients

* Overlap patients have a greater degree of
hypoxemia and hypercapnia than COPD patients
matched for GOLD stage

* They also have more severe pulmonary
hypertension and right heart failure, and suffer
higher morbidity

* CPAP with O2 therapy as needed is the treatment
of choice for overlap syndrome

* NIV in overlap syndrome ?

Lee R, et al. Current Opinion in Pulmonary Medicine 2011;17:79-83



Pathophysiological Interactions
between COPD and OSA

Direct sleep effects
* Diminished sleep
quality
e Oxygen
desaturation

Promoting factors for OAH
 Rostral fluid shift when
supine
 Cigarette smoking
* Medication - eg
corticosteroids

K ~osAs -

Protective factors against OAH
 Low BMI
e Diminished REM sleep
e Medication — eg theophylline

McNicholas WT. Am J Respir Crit Care Med 2009;180:692—-700



Pathogenesis of OSA and COPD
complications

Cigarette Smoking

/ COPD - - OSAS
Cigarette Smoking I l’ ‘ Adipose Tissue
Ad]posetue ‘

CRP J

Oxidative

Stress TNF-a
IL-8

. Cardiovascular
Disease

Owens RL, et al. Respir Care 2010,55(10):1333—1344.
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No at risk
COPD
Overlap with CPAP

* 441 patients with overlap syndrome (228 with CPAP)
e 210 patients with COPD alone

o2}
T

=~
T

— COPD
== Qverlap with CPAP

(— Overfap without CPAP )

P<0.001

7

(2]
i

2 6

Years

210 203 196 184 144
28 23 25 201 167

Overlap without CPAP 213 204 186 161 121

Exacerbation-free
Survival (%)

P<0.001

Years
No at risk
COPD 210 199 189 158 107

OverlapwithCPAP 228 222 202 168 114
Overlap without CPAP 213 197 165 124 66

Marin JM, et al. Am J Respir Crit Care Med 2010;182:325-31



= Oxygen Supplement in
Patients with COPD and OSA

administered 4 L/min of supplemental oxygen to 20 men with both OSA

and COPD

...Wh|Ie nocturnal oxygenation improved, the duration of
obstructive events increased by 5.7 s, resulting in an
end-apnoeic partial pressure of carbon dioxide PCO2

increase of 9.5 mm Hg..
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CPAP and Survival in
Patients with COPD and OSA

603 hypoxemic COPD receiving LTOT (95 COPD with OSA)

« 95 COPD with OSA (61 treated with CPAP)

1BV R Multivariable Cox's proportional hazards

regression model

HR (95% Cl)

p-value

58(28)  55(15) 49 (1)

CPAP use”

0.19 (0.08-0.48

<0.001

Female sex”

Age yrs

Smoking history pack-yrs
Pa,0, mmHg

Pa,co, mmHg

24 (0.85-5.90
.04 (0.98-1.10
.00 (0.99-1.01
0.96 (0.88-1.04
0.94 (0.88-1.01

0.10
0.17
0.61
0.30
0.08

Post-BD FEV1 % pred

0.006

Obese¥
Hospitalisations in past year n’

1.31 (0.64-2.68
0.84 (0.38-1.84

0.45
0.66

20 40 60
Duration of LTOT months

Charlson Comorbidity Index”

1.85 (1.10-3.13

0.02

AHI of >30 events-h™*
Sp,0, nadir %
Sleep time® with Sp,0, of <90%

0.81 (0.28-2.33
1.02 (0.98-1.05

( )
2240 )
( )
( )
( )
( )
0.93 (0.89-0.98)
( )
( )
(1 )
( )
( )
1.00 (0.96-1.03)

0.69
0.34
0.87

Machado MCL, et al. Eur Respir J 2010, 35: 132—-7




CPAP in COPD with OSA:
24 Months follow up

Table 1 Baseline anthropometric and cardiopulmonary function data
of enrolled patients

Variables

Patient number (women) 12 (4)
Smokers (%) 100

Age (years) 69.34+0.67
BMI (kg/m?) 34.2+0.2
Diabetes mellitus, n (%) 3 (25)
Hypertension, n (%) 8 (67)
Ischemic heart disease, n (%) 7 (58)

ESS 16.584+0.86
FEV, (%) 60.3+1.3 Total days Hospital (ys)
FEV/FVC (%) 69.5+0.7
FRC (%) 143.54
MPAP (mmHg) 24.7+1.1

PaCO, (mmHg) 59.9+1.3
: 61.24:£0.6 Fig, 1 Effects of nCPAP on acute COPD exacerbations (per year;

B pre nCPAP compilance 150

B post n"CPAP compilance 48

Pimax (cm H0) 44417 AECOPD) and total days in hospital (per year) during the 2 years

Too (%) 379415
AHI 43.31+£2.50

before and 2 years after starting CPAP therapy

Toraldo DM, et al. Sleep Breath 2010;14:115-123



What is the optimal treatment for

patients with OSA and COPD?

No studies addressing this question

Oxygen alone should not be used in the management of
patients with overlap syndrome
Nocturnal NIV

— Hypercapneic COPD
— Hypercapneic COPD with OSA ??

?? Hypercapnia is due to COPD alone or some combination of
COPD and OSA, that is, might treatment of OSA with CPAP

(and not NIV) reverse some of the hypoventilation (like OHS)

AASM recommends that patients with significant lung disease,
such as COPD, not to be considered as candidates for auto-
CPAP titration

Owens RL, et al. Respirology 2017; 22: 1073-1083



Sleep-Related Hypoventilation/hypoxia

due to Airway Disease




Sleep-Related Hypoventilation/Hypoxemia

Due to Lower Airway Diseases

* More hypoxemic during sleep (esp in REM sleep) than
when awake

e Affects the cardiovascular and hematologic systems and
so is clinically significant

 Pathogenesis:
— Hypoventilation

— Ventilation-perfusion mismatch

— Decrease FRC



Sleep-Related Hypoxemia Due to Lower

Airway Diseases

A. Polysomnography or sleeping arterial blood
gas (or surrogate)

— Sleep-S0O2 < 88% for > 5 min
B. No hypoventilation



Sleep-Related Hypoventilation Due to

Lower Airway Diseases

A. COPD/other lower airway obstruction

B. Polysomnography or sleeping arterial blood gas (or
surrogate)

— Increase in PaCO2 (or surrogate) to
> 55 mmHg for > 10 min

— 210 mmHg increase in sleep-PaCO2 (or surrogate)
(compared to awake supine value) to > 50 mmHg for > 10
min

C. Exclude other causes
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Sleep-related hypoventilation/ hypoxia

due to COPD

Sleep Stages

’?'HEZL Ll 4’% J-u L b “--*— WE et

Apneas
25.00 -
| TH - .
0.00

Arousals

SpO2
._ .M_ N ‘mw“""‘“‘*“““’“" - —~——
-9 ‘
60.0053;13 00:37 02:00 03:23 04:47

Jaimchariyatam N. Sleep Disorders Book, New York, Oxford Press, 2011



Sleep-Related Hypoventilation/Hypoxemia

Due to Lower Airway Diseases

* Polysomnography or nocturnal oximetry, indicated if
— Suspect OSA
— Hypoxic complications in stable, normoxic COPD

* Treatment
— Oxygen supplement

— Medications: almitrine, protriptyline, MPA, theophylline,
anticholinergic

— NIPPV
— Lung volume reduction surgery



The Interaction of

Obstructive Lung and OSA

These overlaps are frequently unrecognized

New data are forthcoming suggesting intriguing reciprocal
links between asthma and/or COPD with OSA and an

interactive pathophysiology

Failure to Dx OSA but instead stepping-up standard
asthma/COPD Rx would simply accelerate this vicious cycle.

Conversely, Rx of OSA with PAP has the potential to improve
control of lung disease, quality of life and perhaps mortality

Physicians should recognize that Rx of patients with OSA and
asthma/COPD has the potential to improve important patient-
focused outcomes and may reduce healthcare utilization
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Thank you for your attention

Boston Harbor



