
cystic fibrosis transmembrane conductance regulator function. Am J
Respir Crit Care Med 2013;188:1321–1330.

3 Courville CA, Tidwell S, Liu B, Accurso FJ, Dransfield MT, Rowe SM.
Acquired defects in CFTR-dependent b-adrenergic sweat
secretion in chronic obstructive pulmonary disease. Respir Res
2014;15:25.

4 Sloane PA, Shastry S, Wilhelm A, Courville C, Tang LP, Backer K,
et al. A pharmacologic approach to acquired cystic fibrosis
transmembrane conductance regulator dysfunction in smoking
related lung disease. PLoS One 2012;7:e39809.

5 Dransfield MT, Wilhelm AM, Flanagan B, Courville C, Tidwell SL, Raju
SV, et al. Acquired cystic fibrosis transmembrane conductance
regulator dysfunction in the lower airways in COPD. Chest 2013;144:
498–506.

6 Novosad SA, Barker AF. Chronic obstructive pulmonary disease and
bronchiectasis. Curr Opin Pulm Med 2013;19:133–139.

7 Ni Y, Shi G, Yu Y, Hao J, Chen T, Song H. Clinical characteristics of
patients with chronic obstructive pulmonary disease with comorbid
bronchiectasis: a systemic review and meta-analysis. Int J Chron
Obstruct Pulmon Dis 2015;10:1465–1475.

8 Regan EA, Hokanson JE, Murphy JR, Make B, Lynch DA, Beaty TH,
et al. Genetic Epidemiology of COPD (COPDGene) study design.
COPD 2010;7:32–43.

9 Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A,
et al.; ATS/ERS Task Force. Standardisation of spirometry. Eur
Respir J 2005;26:319–338.

10 Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ,
Bourbeau J, et al. Global Strategy for the Diagnosis, Management,
and Prevention of Chronic Obstructive Lung Disease 2017 Report:
GOLD Executive Summary. Eur Respir J 2017;49:1700214.

11 Barr RG, Berkowitz EA, Bigazzi F, Bode F, Bon J, Bowler RP, et al.;
COPDGene CT Workshop Group. A combined pulmonary-radiology
workshop for visual evaluation of COPD: study design, chest CT
findings and concordance with quantitative evaluation. COPD 2012;
9:151–159.

12 Vecchio-Pagán B, Blackman SM, Lee M, Atalar M, Pellicore MJ,
Pace RG, et al. Deep resequencing of CFTR in 762 F508del
homozygotes reveals clusters of non-coding variants associated with
cystic fibrosis disease traits. Hum Genome Var 2016;3:16038.

13 Raju SV, Rasmussen L, Sloane PA, Tang LP, Libby EF, Rowe SM.
Roflumilast reverses CFTR-mediated ion transport dysfunction
in cigarette smoke-exposed mice. Respir Res 2017;18:
173.

14 Lambert JA, Raju SV, Tang LP, McNicholas CM, Li Y, Courville CA,
et al. Cystic fibrosis transmembrane conductance regulator
activation by roflumilast contributes to therapeutic benefit
in chronic bronchitis. Am J Respir Cell Mol Biol 2014;50:549–
558.

15 Rowe SM, Hoover W, Solomon GM, Sorscher EJ. Cystic fibrosis.
In: Broaddus VC, editor. Murray & Nadel’s textbook of respiratory
medicine. 6th ed. Vol. 1. Philadelphia: Elsevier/Saunders; 2016.
pp. 822–852.

16 Terlizzi V, Castaldo G, Salvatore D, Lucarelli M, Raia V, Angioni A, et al.
Genotype–phenotype correlation and functional studies in patients
with cystic fibrosis bearing CFTR complex alleles. JMedGenet 2017;
54:224–235.

17 Lek M, Karczewski KJ, Minikel EV, Samocha KE, Banks E,
Fennell T, et al.; Exome Aggregation Consortium. Analysis of
protein-coding genetic variation in 60,706 humans. Nature 2016;536:
285–291.

18 Raju SV, Solomon GM, Dransfield MT, Rowe SM. Acquired cystic
fibrosis transmembrane conductance regulator dysfunction in
chronic bronchitis and other diseases ofmucus clearance.Clin Chest
Med 2016;37:147–158.

19 Wilschanski M, Dupuis A, Ellis L, Jarvi K, Zielenski J, Tullis E, et al.
Mutations in the cystic fibrosis transmembrane regulator gene and
in vivo transepithelial potentials. Am J Respir Crit Care Med 2006;174:
787–794.

20 Adam RJ, Hisert KB, Dodd JD, Grogan B, Launspach JL, Barnes JK,
et al. Acute administration of ivacaftor to people with cystic fibrosis
and a G551D-CFTR mutation reveals smooth muscle abnormalities.
JCI Insight 2016;1:e86183.

21 Raju SV, Lin VY, Liu L, McNicholas CM, Karki S, Sloane PA,
et al. The cystic fibrosis transmembrane conductance regulator
potentiator ivacaftor augments mucociliary clearance abrogating
cystic fibrosis transmembrane conductance regulator inhibition
by cigarette smoke. Am J Respir Cell Mol Biol 2017;56:99–
108.

22 Solomon GM, Hathorne H, Liu B, Raju SV, Reeves G, Acosta EP, et al.
Pilot evaluation of ivacaftor for chronic bronchitis. Lancet Respir Med
2016;4:e32–e33.

23 Gao YH, Guan WJ, Liu SX, Wang L, Cui JJ, Chen RC, et al. Aetiology of
bronchiectasis in adults: a systematic literature review. Respirology
2016;21:1376–1383.

Copyright © 2019 by the American Thoracic Society

Obstructive Sleep Apnea with Chronic Obstructive
Pulmonary Disease among Medicare Beneficiaries

To the Editor:

The term “overlap syndrome” was introduced to describe the
coexistence of chronic obstructive pulmonary disease (COPD) and
obstructive sleep apnea (OSA) in a single individual (1), and it is
associated with a severe clinical course. An OSA-related nocturnal
desaturation is more profound in the presence of COPD, and
daytime hypoxemia due to COPD is worse in the presence of OSA
(2). Patients with overlap syndrome are far more likely to develop
pulmonary hypertension and right heart failure than patients with

either condition alone (3, 4). As a result, patients with overlap
syndrome have significantly worse quality of life, greater risk of
morbidity and mortality, and a substantially higher medical care
use and cost than those with either diagnosis independently (5–7).
We conducted a claims-based study of Medicare beneficiaries to
examine the diagnosed prevalence and trend of overlap syndrome,
as well as its patient characteristics.

Methods

Data Source. This study used enrollment and claims data over 2004-
2013 from a 5% national sample of Medicare beneficiaries. Data
used in this study were gathered from multiple files: 1) Medicare
Denominator File, 2) Medicare Provider Analysis and Review File, 3)
Outpatient Standard Analytic File, 4) 100% Physician/Supplier
Data File, and 5) Durable Medical Equipment File (8).
Study Cohort. All patients with COPD were identified as

previously reported (9). Exclusion criteria were age 65 years or
younger, residence in a nursing facility or enrollment in a health
maintenance organization plan, or lack of completed enrollment in
Medicare parts A and B for 12 months or longer or until death in
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study year and the 12months before the study year. Among patients
with COPD, we first categorized those with overlap syndrome
who had at least one visit with an encounter diagnosis of
OSA (International Classification of Diseases, Ninth Revision
[ICD-9], codes: 780.51, 780.53, 780.57, 786.03, 327.20, 327.23).
We repeated this process for each year. Second, we defined
OSA more specifically, including those with OSA diagnosis and
polysomnography (PSG) at each year. Third, besides PSG, we
further required patients with OSA to have positive airway pressure
(PAP) therapy. The study cohort included all patients with COPD
who met the criteria listed above any time during the study period.
Patients identified with either COPD or OSA were labeled with the
diagnosis in subsequent years unless they died or lost Medicare
coverage.
Patient Characteristics. Medicare enrollment files were used to

categorize subjects by age, sex, and race. Socioeconomic status was
based on whether the patient was eligible for state buy-in coverage
provided by the Medicaid program for at least one month during
the calendar year. Comorbidity number was generated by using
the Elixhauser comorbidity index excluding COPD (10). Specific

conditions that are common in patients with COPD and OSA were
generated by using ICD-9 diagnosis codes. COPD complexity
was determined by using the algorithm described by Mapel and
colleagues (11). Geographic regions were designated by the eight
Centers for Medicare and Medicaid Services regions. PSG and PAP
therapy were identified as previously described (9).
Statistical Analysis. Characteristics were expressed as mean6

standard deviation for continuous variables and as percentages for
categorical variables. Categorical variables were compared using the
chi-square test. The Cochran-Armitage test was used to examine
the trends. All analyses were performed with SAS version 9.4
software (SAS Institute). All reported P values were two sided, and
P, 0.05 was considered statistically significant.

Results
A total of 159,084 unique patients with COPD were included
in the study. The characteristics of patients with COPD
versus overlap syndrome are compared in Table 1. Overall,
11.0% of the COPD cohort had coexisting OSA. Compared with
patients with COPD alone, patients with overlap syndrome

Table 1. Characteristics of patients with chronic obstructive pulmonary disease and coexisting obstructive sleep apnea (overlap
syndrome)

Characteristics COPD (n [%]) Overlap Syndrome (n [%]) Prevalence of Overlap Syndrome
within Each Subgroup (%)

Total subjects, n 141,568 (89.0) 17,516 (11.0)
Age, yr
66–74 68,053 (48.1) 11,294 (64.5) 14.2
75–84 56,060 (39.6) 5,449 (31.1) 8.9
>85 17,455 (12.3) 773 (4.4) 4.2
Mean (SD) 75.70 (7.0) 73.00 (5.8)

Sex
Male 63,406 (44.8) 10,202 (58.2) 13.9
Female 78,162 (55.2) 7,314 (41.8) 8.6

Race
White 127,629 (90.2) 15,894 (90.7) 11.1
Black 8,256 (5.8) 1,085 (6.2) 11.6
Other 5,683 (4.0) 537 (3.1) 8.6

Socioeconomic status
High 115,772 (81.8) 14,877 (84.9) 11.4
Low 25,796 (18.2) 2,639 (15.1) 9.3

Comorbidities (10)
0 30,891 (21.8) 2,230 (12.7) 6.7
1 34,984 (24.7) 3,511 (20.0) 9.1
2 28,611 (20.2) 3,659 (20.9) 11.3
>3 47,082 (33.3) 8,116 (46.3) 14.7
Mean (SD) 2.09 (1.9) 2.72 (2.1)

COPD complexity (11)
Low 31,387 (22.2) 2,755 (15.7) 8.1
Moderate 84,607 (59.8) 10,513 (60.0) 11.1
High 25,574 (18.1) 4,248 (24.3) 14.3

Region
New England 7,420 (5.2) 756 (4.3) 9.3
Middle Atlantic 19,540 (13.8) 1,871 (10.7) 8.7
South Atlantic 32,803 (23.2) 4,554 (26.0) 12.2
East North Central 24,394 (17.2) 2,983 (17.0) 10.9
East South Central 11,900 (8.4) 1,468 (8.4) 11.0
West North Central 9,019 (6.4) 1,148 (6.6) 11.3
West South Central 15,744 (11.1) 2,042 (11.7) 11.5
Pacific 13,677 (9.7) 1,579 (9.0) 10.4

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; SD = standard deviation.
P, 0.0001 by chi-square test for all data in the table.
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were likely to be younger and male, to have a higher number
of comorbid conditions, and to have more complex COPD.
Over the 10-year study period, diagnosed overlap syndrome
increased from 4.04% in 2004 to 17.80% in 2013 based on visit
for OSA; 1.49% in 2004 to 7.97% in 2013 based on having PSG
and 0.99% in 2004 to 5.01% in 2013 based on having PSG
and receipt of PAP therapy (Figure 1). The distribution of
specific conditions in patients with isolated COPD versus
overlap syndrome is presented in Figure 2. As expected,
patients with overlap syndrome had significantly higher rates of
those conditions.

Discussion
In our study, the prevalence of diagnosed overlap syndrome
varied among fee-for-service Medicare beneficiaries with COPD.

It ranges from 1 in 6 based on claims for an OSA visit to 1 in 20
based on claims for PSG and PAP therapy in 2013. Consistent
with other studies, our findings show that comorbidities and
COPD complexity, a marker for health care use, are higher in patients
with overlap syndrome than in those with COPD only (11–13).

To our knowledge, this is the first epidemiologic study to
analyze the prevalence and trend of diagnosed overlap syndrome
in subjects with COPD using administrative claims data. One
of the most notable findings of this study is the rapid increase
in diagnosed overlap syndrome prevalence over the 10-year study
period, regardless of criteria. This sharp rise is multifactorial
and attributable to increased awareness, higher prevalence of
risk factors for OSA, and increased availability of sleep studies.

Our study has several limitations. The prevalence was assessed
by diagnostic coding by clinicians rather than clinical laboratory
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Figure 2. Prevalence of select conditions in patients with chronic obstructive pulmonary disease (COPD) and overlap syndrome. P, 0.001 for all
conditions. Abbreviations: CAD = coronary artery disease (International Classification of Diseases, Ninth Revision [ICD-9], codes: 410, 411, 412, 413, 414,
429.2); diabetes (ICD-9 code: 250), obesity (ICD-9 codes: 278.0, 278.00, 278.01, V854, V8530, V8531, V8532, V8533, V8534, V8535, V8536, V8537,
V8538, V8539); CHF = congestive heart failure (ICD-9 codes: 425, 428, 429.3, 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13,404.91,
404.93); CVA = cerebrovascular accident (ICD-9 codes: 433, 434, 435,436, 438, 437.1, 437.8, 437.9); GERD = gastroesophageal reflux disease (ICD-9
codes: 531–535, 536.8, 530.1, 530.2, 530.3, 530.4, 530.7, 530.9, 530.81, 530.82, 530.85, 530.88, 530.89); HLD = hyperlipidemia (ICD-9 codes: 272.0–
272.4); HTN = hypertension (ICD-9 codes: 401, 402, 403, 404, 405, 437.2); Psy Dis = psychiatric disorder (ICD-9 codes: 311, 295, 296, 297, 298, 300.0,
300.4, 309.0, 309.1).
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Figure 1. Trend in prevalence of diagnosed overlap syndrome, by a visit for obstructive sleep apnea (OSA), having a polysomogram, and receipt of positive
airway pressure therapy from 2004 to 2013. Visit for OSA identified by International Classification of Diseases, Ninth Revision, codes: 780.51, 780.53,
780.57, 786.03, 327.20, and 327.23. Polysomnogram identified by Current Procedural Terminology codes: 95806, 95807, 95808, 95810, 95811, G0400,
G0398, and G0399. Positive airway pressure therapy identified by Healthcare Common Procedure Coding System codes: E0470, E0471, E0601, E0561,
and E0562. Cochran-Armitage trend test has P value less than 0.0001.
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testing, such as spirometry for COPD or PSG for OSA, and
can lead to inaccuracies (14–16). Our study includes fee-for-
service Medicare beneficiaries and may not be generalizable to
non-Medicare populations. These results may reflect secular trends
rather than specific increases in the COPD population. However,
when we examined the prevalence of OSA in a 5% fee-for-service
non-COPD Medicare population over the same 10-year period,
we found that the overall prevalence of OSA in patients with
COPD is much higher than that seen in the general population.
Also, even though providers are more likely to order sleep studies
for patients with COPD owing to increased awareness, the
prevalence of sleep study testing grew at a similar rate for both
populations.
Conclusions. In summary, the prevalence of diagnosed overlap

syndrome increased fourfold over the 10-year study period.
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Critical Care in Sub-Saharan Africa: Is It Ready for
Prime Time?

To the Editor:

Critical care is a relatively new specialty in sub-Saharan Africa,
where there is a high burden of disease compounded by a severe
shortage of resources and specialists, and a paucity of data on
outcomes (1). We therefore thank Lalani and colleagues for their
interesting paper on intensive care outcomes and mortality
prediction at a national referral hospital in Kenya (2).

The high mortality observed in a young patient population with
acute respiratory failure and sepsis is consistent with reported
outcomes for the region. Studies on critical care interventions in

sub-Saharan Africa, including resuscitation protocols for the
management of sepsis and fluid management in children with severe
malaria, have yielded unexpected findings of an increased risk for
mortality, raising important questions for policymakers on the
continent on a shoestring health budget who may be considering
scaling up access to critical care in their respective countries (3, 4).

These paradoxical observations are to a large extent attributable
to weak health systems, as opposed to a lack of effectiveness of
the interventions being studied. An intervention is only as good as
the system in which it is deployed. For instance, can the observed
mortality among the patients with respiratory failure who received
mechanical ventilation in the present study be explained by
differences in how they were ventilated? Was lung protective
ventilation used? Was there a consistent supply of oxygen? Similarly,
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