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Abstract

Rationale: The presence of obstructive sleep apnea (OSA) in
patients with chronic obstructive pulmonary disease (COPD) is
referred to as the OSA-COPD overlap syndrome. While lung
inflation has been shown to be an important factor in determining
upper airway stability, its role in determining OSA severity in
smokers, including those with emphysema, has not been
evaluated.

Objectives: To evaluate the importance of lung inflation on
OSA severity (apnea–hypopnea index [AHI]) in smokers with
suspected OSA.

Methods: Fifty-one smokers (18males; mean [6SD] age, 596 9 yr;
body mass index [BMI], 326 9 kg/m2) who were part of the Genetic
Epidemiology of COPD (COPDGene) project were studied. Patients
underwent a full-night polysomnography for suspected OSA. Other
testing included spirometry and volumetric chest computed
tomography (CT) for quantitative measurement of CT-derived
percent emphysema and CT-derived percent gas trapping.

Measurements and Main Results: For the group overall, there
was evidence of obstructive airway disease by spirometry (FEV1,
1.46 0.5 L, 586 14%predicted) and emphysema by quantitative CT

(CT-derived percent emphysema, 116 13%; CT-derived percent gas
trapping, 31.66 24.1%). Twenty-nine (57%) of the patients hadOSA
(AHI, 186 12 events/h). Patients with OSA had a higher BMI but
were younger than those without OSA (BMI, 356 9 kg/m2 vs.
296 7 kg/m2, respectively [P = 0.007]; age, 566 8 yr vs. 626 9 yr,
respectively [P = 0.01]). There was an inverse correlation between
the AHI and the CT-derived percent emphysema and CT-derived
percent gas trapping, both for the entire group (r =20.41
[P, 0.01] and r =20.44 [P, 0.01], respectively) and when
just those patients with OSA were evaluated (r =20.43 [P = 0.04]
and r =20.49 [P = 0.03], respectively). Multiple linear regression
revealed that, in addition to CT-derived percent emphysema and
CT-derived percent gas trapping, sex and BMI were important in
determining the AHI in these patients.

Conclusions: In smokers with OSA, increased gas trapping and
emphysema as assessed by CT are associated with a decreased
AHI.Alongwith sex andBMI, thesemeasurementsmaybe important
in determining the severity of OSA in patients with COPD and
may offer a protective mechanism in patients with more advanced
disease.

Keywords: emphysema; chronic obstructive pulmonary disease;
obstructive sleep apnea; overlap syndrome; lung volume

(Received in original form November 18, 2015; accepted in final form April 12, 2016 )

Supported by National Institutes of Health (NIH) grants R01 HL089856 and R01 HL089897. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the NIH.

Author Contributions: S.L.K.: takes responsibility for the study as a whole; R.T., M.E.V., X.S., F.J., V.K., I.S., G.E.D’A., and G.J.C.: contributed to study design,
data collection, data analysis, statistical analysis, and manuscript preparation; and D.Y.: contributed to data analysis, statistical analysis, and manuscript
preparation.

Correspondence and requests for reprints should be addressed to Samuel L. Krachman, D.O., Department of Pulmonary, Critical Care, and Sleep Medicine,
Temple University School of Medicine, 3401 North Broad Street, Philadelphia, PA 19140. E-mail: samuel.krachman@tuhs.temple.edu

Ann Am Thorac Soc Vol 13, No 7, pp 1129–1135, Jul 2016
Copyright © 2016 by the American Thoracic Society
DOI: 10.1513/AnnalsATS.201511-765OC
Internet address: www.atsjournals.org

Chronic obstructive pulmonary disease
(COPD) is characterized by persistent
airflow limitation and is the most common
smoking-related illness (1, 2). With a

reported prevalence greater than 10% in
adults 40–79 years of age, COPD is now
reported as the third leading cause of
mortality in Western countries (1, 3, 4).

Obstructive sleep apnea (OSA), defined by
recurrent upper airway obstructive events
during sleep in the presence of daytime
sleepiness, is also highly prevalent in the
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general population (3–17%) and has been
associated with the development of
significant cardiovascular disease (5–10).
The prevalence of moderate to severe OSA
appears to be only increasing with the
ongoing obesity epidemic (6).

Coexistence of COPD and OSA has
been referred to as the OSA-COPD overlap
syndrome (11). The true prevalence remains
uncertain, with one report noting 11% of
patients with known OSA having an
obstructive pattern on spirometry (12).
While researchers in another study stated
that the prevalence of OSA in patients with
obstructive lung disease was no higher
than in the general population, they noted
that patients with overlap syndrome had
more disturbed sleep and greater nocturnal
oxygen desaturation than those with either
disease alone (13). In addition, patients
with overlap syndrome have a higher
mortality and are more likely to experience
an exacerbation that leads to hospitalization
than patients with COPD alone (14).
Continuous positive airway pressure
(CPAP) therapy appears to reverse this
effect, with improved survival noted
in treated patients with overlap syndrome
(14, 15).

The normal upper airway behaves
like a collapsible tube and is therefore
influenced by forces tending to collapse
it and those that dilate and maintain its
patency (16). The critical closing pressure
(Pcrit), measured as the amount of negative
pressure applied nasally required to
collapse the upper airway, reflects the
balance between these collapsing and
dilating forces, with a more negative
number indicating a more stable and less
collapsible airway (16, 17). Collapsing
forces include the surrounding bony and
soft tissue structures of the upper airway
and the intraluminal negative pressure
generated by the diaphragm during
inspiration (16). Dilating forces include
those generated by upper airway
pharyngeal dilator muscles. In addition, the
importance of lung volume on upper
airway patency has been demonstrated,
with increasing lung volume stabilizing the
airway and decreasing upper airway
resistance (18–21). Proposed mechanisms
include caudal traction on the trachea
and/or an increasing transpulmonary
pressure gradient (18–21). In patients with
OSA, it has been shown that lower lung
volume is an important factor that
contributes to upper airway collapsibility

and obstruction (22–24). However, no
previous study has evaluated the impact
that lung inflation has on the severity of
OSA in smokers, including those with
emphysema (overlap patients).

Genetic Epidemiology of COPD
(COPDGene) is a multicenter observational
study designed to identify genetic factors
associated with COPD (25). It also uses
high-resolution computed tomography
(CT) to characterize disease-related
phenotypes. With specialized software that
is able to calculate both the CT-derived
percent emphysema and CT-derived
percent gas trapping in the lung, we were
able to use these measurements in a
subgroup of patients with suspected OSA.
We hypothesized that patients with a
higher percentage of emphysema would
have a lower apnea–hypopnea index
(AHI) because of the effects of lung
inflation and gas trapping on upper airway
stability. Some of the results of the
present study have been reported
previously in the form of an abstract (26).

Methods

Patient Selection
The sample was derived from 10,192
smokers with and without emphysema
from the COPDGene project (25). Patients
enrolled were non-Hispanic whites and
African Americans between the ages of
45 and 80 years with a minimum smoking
history of 10 pack-years. Inclusion and
exclusion criteria for the study have been
described previously (25). The present
study included 51 patients from
COPDGene who had been referred to the
Sleep Clinic at Temple University Hospital
for suspected OSA and had completed an
overnight polysomnogram. The study
was approved by the Temple University
School of Medicine Institutional
Review Board for Human Research
(Philadelphia, PA).

Spirometry
All spirometric data were collected using
the EasyOne spirometer (ndd Medical,
Zurich, Switzerland). Subjects performed
spirometry according to the American
Thoracic Society standards, with the
predictive values based on the Third
National Health and Nutrition Examination
Survey reference values (27). The reported
values are the post-bronchodilator

measurements following 180 mg of
albuterol.

High-Resolution
Computed Tomography
Multidetector CT scanners were used for
volumetric chest CT acquisitions that
were obtained at full inspiration (220 mA)
and at the end of normal expiration (50 mA)
as previously described (25, 28). To enhance
spatial resolution, scans were reconstructed
with thin-slice collimation with slice
thickness and intervals of less than 1 mm.
Quantitative analysis of emphysema
severity was performed using 3DSlicer
(http://www.slicer.org/) on segmented
lung images. The percent emphysema
was defined as the total percentage of both
lungs with attenuation values less than
2950 Hounsfield units on inspiratory
images. The percent gas trapping was
defined as the total percentage of both
lungs with attenuation values less than
2856 Hounsfield units on expiratory
images (25, 28).

Polysomnograms
Polysomnography was performed while
the patient was breathing room air
according to the American Academy of
Sleep Medicine guidelines. Sleep was staged
and arousals defined using established
criteria (29). Obstructive apneas were
defined by lack of airflow for longer than
10 seconds, associated with the presence of
rib cage and abdominal movement (29).
Obstructive hypopneas were defined by a
30% decrease in airflow for longer than
10 seconds, associated with the presence of
rib cage and abdominal movement and
accompanied by an oxygen desaturation of
greater than or equal to 3% or an arousal
(29). Apneas were defined as central if there
was a lack of respiratory effort during the
period of absent airflow (29). The AHI was
calculated as the number of apneic and
hypopnic events per hour of sleep. All of
the polysomnograms were initially scored
by a single senior technologist. The same
author (S.L.K.) reviewed each study.

Statistical Analysis
Data are displayed as the mean6 SD for
continuous variables and the count and
percentage for categorical variables.
Comparisons of patients with versus
without OSA were performed using Fisher’s
exact test or Wilcoxon rank-sum test. The
relationships between physiological
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variables or other covariates were assessed
using Spearman’s correlation coefficients.
P values less than 0.05 were considered
statistically significant. Multiple linear
regression models were used to evaluate the
contribution of the various parameters in
the prediction of AHI using all available
patients. The significance level for retention
of a variable in a model was less than 0.10.
All statistical analyses were performed
using SAS version 9.3 software (SAS
Institute, Cary, NC).

Results

Patient Characteristics
Fifty-one patients (18 males; mean [6SD]
age, 596 9 yr; body mass index [BMI],
326 9 kg/m2) who were enrolled in
COPDGene and had completed a full-night
polysomnogram for suspected OSA were
included in the study. There was evidence
of obstructive airway disease (FEV1,
1.46 0.5 L, 586 14% predicted) and
CT-derived evidence of emphysema and
gas trapping (116 13% and 31.66 24.1%,

respectively). An accurate CT measurement
of the percent emphysema and percent
gas trapping could not be obtained in 9 and
15 of the 51 patients, respectively. There
were no significant differences between
those patients in whom percent
emphysema could and could not be
calculated, in regard to both BMI and
degree of airflow obstruction (BMI, 326
8 kg/m2 vs. 336 11 kg/m2 [P = 0.7]; FEV1

[% predicted], 1.56 0.6 L [586 22%] vs.
1.46 0.4 L [566 18%] [P = 0.6, P = 0.9],
respectively). Similar findings were noted
in regard to those patients in whom the
percent gas trapping could and could not be
determined (BMI, 326 8 kg/m2 vs. 386
10 kg/m2 [P = 0.8]; FEV1 [% predicted],
1.56 0.6 L [586 22%] vs. 1.36 0.4 L
[556 20%] [P = 0.3, P = 0.6], respectively).
Table 1 describes the baseline characteristics
of the 51 patients who completed the study.

Prevalence of Obstructive
Sleep Apnea
Twenty-nine (57%) of the 51 patients had
OSA on the basis of their polysomnogram
(AHI, 186 12 events/h in the OSA group

vs. 26 1 events/h in the group without
OSA). The BMI was higher but the age
younger in the OSA group than among
those patients without OSA (BMI, 356
9 kg/m2 vs. 296 7 kg/m2, respectively,
P = 0.007; age, 566 8 yr vs. 626 9 yr,
respectively, P = 0.01). While the
CT-derived percent emphysema and
CT-derived percent gas trapping trended
higher in the patients without OSA
than in those with OSA (CT-derived
percent emphysema, 12.36 12.1% vs.
10.26 14.1%, P = 0.11; CT-derived percent
gas trapping, 35.66 21.4% vs. 28.16
26.3%, P = 0.11), the differences were not
statistically significant (Table 1). Other
variables that were significantly different
between patients with versus without OSA
included the arousal index and the lowest
SaO2

during the night (Table 1).

Correlates of Sleep-disordered
Breathing and CT Measurements
For the group as a whole, there was a
significant inverse correlation between the
AHI and the CT-derived percent
emphysema (r =20.41; P, 0.01) and

Table 1. Baseline characteristics of all patients (n = 51)

Variable Overall (n = 51) OSA (n = 29) No OSA (n = 22) P Value*

Sex, female/male 33/18 17/12 16/6 0.38
Age, yr 596 9 566 8 626 9 0.01
BMI,† kg/m2 326 9 356 9 296 7 0.007
Pack-years‡ 436 24 426 28 456 19 0.37
BODE index 3.06 1.7 3.46 1.8 2.56 1.4 0.04
FEV1, % predicted, L 1.46 0.5 (576 21) 1.46 0.6 (546 24) 1.56 0.5 (636 17) 0.61
FVC, % predicted, L 2.46 0.7 (766 18) 2.46 0.7 (716 19) 2.66 0.8 (836 13) 0.52
FEV1/FVC, % 586 14 586 16 586 12 0.91
CT-derived percent emphysema† 11.16 13.1 10.26 14.1 12.36 12.1 0.11
CT-derived percent gas trapping† 31.66 24.1 28.16 26.3 35.66 21.4 0.11
AHI, events/h 116 12 186 12 26 1 ,0.0001
Non–REM AHI, events/h 96 14 156 16 26 2 ,0.0001
REM AHI, events/h 226 25 336 26 46 7 0.0001
TST, min 2966 74 2936 83 2996 62 0.95
Sleep efficiency, % 726 19 696 22 766 14 0.28
Arousal index, events/h 206 19 256 23 156 11 0.04
Mean SaO2

, % 936 3 936 3 946 3 0.17
Lowest SaO2

, % 836 8 816 7 856 8 0.02
Percent TST SaO2

,90% 136 23 156 25 106 21 0.10
Sleep architecture, % TST
Stage N1 13.56 8.7 12.86 7.5 14.36 10.2 0.82
Stage N2 61.56 14.1 62.56 13.4 60.26 15.1 0.68
Stage N3 7.76 9.7 8.76 11.1 6.46 7.6 0.37
Stage REM 17.46 8.9 16.06 8.7 19.26 8.9 0.35

Definition of abbreviations: AHI = apnea–hypopnea index; BMI = body mass index; BODE = body mass index, airflow obstruction, dyspnea, and exercise
capacity; CT = computed tomography; OSA = obstructive sleep apnea; REM= rapid eye movement; TST = total sleep time.
Data are presented as the mean6 SD unless otherwise indicated.
*Based on Fisher’s exact test or Wilcoxon rank-sum test.
†Missing values for BMI, CT-derived percent emphysema, and CT-derived percent gas trapping for the OSA/no OSA groups: 1/0, 5/4, and 10/5, respectively.
‡According to American Thoracic Society guidelines.

ORIGINAL RESEARCH

Krachman, Tiwari, Vega, et al.: Effect of Emphysema on Obstructive Sleep Apnea 1131



CT-derived percent gas trapping (r =20.44;
P, 0.01) (Figure 1). When just those
patients diagnosed with OSA were included
in the analysis, a similar relationship was
seen, with a significant inverse correlation
between the AHI and CT-derived
percent emphysema (r =20.43; P = 0.04)
and the CT-derived percent gas
trapping (r =20.49; P = 0.03) (Figure 2).
For the group as a whole, there was a
significant inverse correlation noted
between the REM AHI and the CT-
derived percent emphysema (r =20.43;
P = 0.01) and CT-derived percent gas
trapping (r =20.39; P = 0.03) but no
correlation between the non–REM AHI and
CT-derived percent emphysema (r =20.25;
P = 0.16) and CT-derived percent gas
trapping (r =20.12; P = 0.54). While there
was a significant inverse correlation seen
between the BMI and CT-derived
percent gas trapping for the group as a
whole (r =20.49; P, 0.01), there was
no correlation noted when just those

patients with diagnosed OSA were included
(r =20.29; P = 0.23). A correlation was also
noted between the BODE index (body mass
index, airflow obstruction, dyspnea, and
exercise capacity) and CT-derived percent
gas trapping, both for the group as a whole
(r = 0.33; P = 0.048) and for just those
patients with OSA (r = 0.48; P = 0.04).
Physiological variables that were correlated
with the AHI, both for the total group and
for the OSA group, are reported in Table 2.
Multiple linear regression demonstrated
that, in addition to the CT-derived percent
emphysema and CT-derived percent
gas trapping, sex and BMI appeared to be
responsible for determining the AHI
(Table 3).

Discussion

While the overlap syndrome describes the
coexistence of OSA in patients with COPD,
the physiological variables that determine

the severity of OSA in these patients has not
previously been investigated. Our study is
the first to demonstrate that the degree of
emphysema and gas trapping, as assessed by
CT, are important determinants of OSA
severity in patients with COPD. There are
three major findings in this study: (1) the
prevalence of OSA is high in smokers and
patients with emphysema with clinically
suspected OSA; (2) there is an inverse
relationship between the severity of
emphysema and gas trapping and the AHI;
and (3) factors in addition to the severity of
emphysema and gas trapping, such as sex
and BMI, are important in determining the
severity of OSA in these patients.

The true prevalence of the overlap
syndrome is still debated. While researchers
in prior studies have reported prevalence
rates greater than 10%, epidemiological
studies have noted either much lower rates
(1–3%) or rates of OSA that are similar in
those with and without obstructive airway
disease (12–14, 30). However, in the
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Figure 1. For the entire group (those with and without obstructive sleep apnea), there was a significant inverse correlation between both the
computed tomography (CT)–derived percent emphysema and CT–derived percent gas trapping and the apnea–hypopnea index.
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Figure 2. For those patients with obstructive sleep apnea (apnea–hypopnea index,.5 events/h), there was a significant inverse correlation between both
the computed tomography (CT)–derived percent emphysema and CT–derived percent gas trapping and the apnea–hypopnea index.
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present study, we did not attempt to
evaluate the prevalence of the overlap
syndrome. All of our patients had suspected
OSA clinically and therefore underwent an
in-laboratory polysomnogram study, with
57% having an AHI of more than five
events per hour (AHI, 186 12 events/h).
Sharma and colleagues (31) reported that
24 (92%) of 26 of their patients with
obstructive airway disease and a Berlin
Questionnaire score that put them at high
risk for OSA had a positive polysomnogram
study (mean AHI, 17.1 events/h). In
contrast, Machado and colleagues (15)
reported that only 95 (16%) of their
patients with COPD on long-term oxygen

had symptoms of OSA and an AHI of more
than 15 events per hour in overnight testing.

The most significant finding in our
study was the inverse relationship
noted between the CT-derived percent
emphysema and CT-derived percent
gas trapping, and the AHI. In addition,
CT-derived percent gas trapping was noted
to be an important determinant for the
AHI based on multiple linear regression. In
previous studies, lung volume has been
shown to be an important determinant for
upper airway stability in both normal
animal and human studies, as well as in
patients with OSA (18–24, 32). Potential
mechanisms that have been investigated to

explain how an increase in lung volume
increases upper airway patency include (1)
mediastinal caudal traction generated by
the diaphragm with inspiration that results
in stabilization of the airway wall and (2) an
increase in the transmural distending
pressure in the upper airway induced by
thoracic expansion during inspiration.

Van de Graaff and coworkers (18, 19)
initially demonstrated that, during
inspiration in anesthetized dogs, the
thoracic traction and stabilization of the
trachea were the result of both the caudal
pull of mediastinal structures and a
transthoracic pressure gradient that was
generated (18, 19). In a study of 19 healthy
individuals, Stanchina and coworkers (32)
demonstrated that, during non–REM
sleep, manipulated decreases in end-
expiratory lung volume (EELV) resulted
in increased upper airway collapsibility
and resistance. While increases in EELV had
the opposite effect of decreasing resistance
and collapsibility, these changes were not
significant. Squier and colleagues (20)
examined the relationship between EELV
and the negative pressure required to
collapse the upper airway (Pcrit) in 18
healthy subjects during non–REM sleep. By
manipulating EELV with a negative pressure
ventilator, they found that Pcrit varied
inversely with EELV, with a more negative
Pcrit indicative of a less collapsible airway.

More recently, Hillman and colleagues
(21) used phrenic nerve–stimulated
diaphragmatic contraction to evaluate the
effect of lung volume changes on upper
airway stability in 10 anesthetized healthy
subjects. Peak inspiratory flow increased
only when diaphragmatic contraction
was associated with an increase in lung
volume. These findings suggest that lung
volume–induced transthoracic pressure
changes, and not caudal traction on the
mediastinum, is important in upper
airway stabilization during inspiration.

While an increase in lung volume
appears to help stabilize the upper airway,
a decrease in lung volume has been shown
to be important in the development of
upper airway obstruction in patients with
OSA (22–24). Heinzer and coworkers (22)
evaluated the effect of changes in lung
volume on CPAP requirements in 17
patients with OSA. With patients sleeping
in a head-out rigid shell to manipulate
extrathoracic pressure and thus lung
volume, a decrease in lung volume by
570 ml was associated with an increase in

Table 2. Spearman’s correlation coefficients between physiological variables and the
apnea–hypopnea index, both overall and for patients with obstructive sleep apnea only

Variable Apnea–Hypopnea
Index Overall

(n = 51)

Apnea–Hypopnea
Index OSA Group

(n = 29)

Age, yr 20.28* 0.12
BMI,† kg/m2 0.48‡ 0.29
Pack-yearsx 20.03 0.21
CT-derived percent emphysema† 20.41‡ 20.42*
CT-derived percent gas trapping† 20.44‡ 20.49*
TST, min 20.21 20.40*
Sleep efficiency, % 20.31* 20.37*
Arousal index, events/h 0.47‡ 0.47‡

Mean SaO2
, % 20.16 0.03

Lowest SaO2
, % 20.29* 20.01

Percent TST SaO2
,90% 0.22 0.16

Sleep architecture, % TST
Stage N1 0.16 0.47‡

Stage N2 20.02 20.02
Stage N3 0.11 20.14
Stage REM 20.18 20.21

Definition of abbreviations: BMI = body mass index; CT=computed tomography; OSA = obstructive
sleep apnea; REM= rapid eye movement; TST = total sleep time.
*P, 0.05.
†Missing values for BMI, CT-derived percent emphysema, and CT-derived percent gas trapping for
the OSA/no OSA groups: 1/1, 9/5, and 15/10, respectively.
‡P, 0.01.
xAccording to American Thoracic Society guidelines.

Table 3. Multiple linear regression analyses of apnea–hypopnea index (n = 36)

Independent Variable Regression Coefficient Standard Error P Value

Dependent variable AHI*
Female sex 27.47 2.97 0.017
BMI 0.57 0.20 0.008
CT-derived percent emphysema 0.45 0.24 0.069
CT-derived percent gas trapping 20.31 0.13 0.022

Definition of abbreviations: AHI = apnea–hypopnea index; BMI = body mass index; CT = computed
tomography.
*Regression equation: Predicted AHI = 0.73–7.473 Female1 0.573BMI1 0.453CT %
Emphysema2 0.313CT % Gas Trapping. Standard error of the estimate, 8.32; r2 = 0.39.
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the CPAP required (from 12 to 17 cm H2O)
to prevent flow limitation. In comparison,
an increase in lung volume by 420 ml led
to a decrease in CPAP required (from 12 to
5 cm H2O) to maintain flow.

In a subsequent study in 12 patients
with OSA, Heinzer and colleagues (23)
examined how the AHI is affected when
there is a change in lung volume. While
again lung volume was externally
manipulated during sleep, the baseline AHI
of 62 events per hour decreased to 37 events
per hour when lung volume was increased
by the amount noted when the patient
was placed on the prescribed CPAP and
decreased further to 31 events per hour
when lung volume was increased an
additional 500 ml. Finally, Owens and
coworkers (24) measured the effect of
increasing EELV by 500 ml on Pcrit
measurements in 15 patients with OSA and
7 healthy controls. In both groups, Pcrit
decreased to a similar degree, which
supports the importance of EELV in the
pathogenesis of OSA.

In our present study, we demonstrated
an inverse correlation between the AHI and
the CT-derived percent emphysema and
CT-derived percent gas trapping in patients
who smoked and had emphysema. In
addition, we showed the importance of these
parameters in determining the AHI by
multiple linear regression, suggesting that
variables that may influence lung volume
and thus airway stability may also be
important in determining which patients
with COPD develop OSA (overlap
syndrome). While CT-derived percent
emphysema demonstrated only marginal
independent predictive significance for the
AHI on multiple linear regression, we
believe this is secondary and compensatory
to the dominant relationship noted between
CT-derived percent gas trapping and
the AHI.

With regard to the difference in REM
versus non–REM AHI as they relate to
correlations with CT measurements of lung

volume, it is difficult to know if a change in
lung volume during sleep was responsible
for these findings, especially without
dynamic monitoring of lung volumes
during the night (non–REM vs. REM). The
findings may reflect the increased number
of apneas and hypopneas noted during
REM sleep in our patients (Table 1), which
may be the result of an increase in upper
airway resistance during REM sleep in
patients with COPD (33). The fewer
number of events during non–REM sleep
may not allow a correlation to be seen
without a larger number of patients.

While prior studies have shown that
lung volume appears to be important in
determining upper airway stability, there
are other recognized factors that are also
involved, including the BMI, sex, and age
(31, 34). Kirkness and colleagues (34)
examined the importance of these factors
in airway stability as assessed by Pcrit
measurements in a group of patients with
OSA and healthy control subjects. Pcrit was
found to be higher in men than in women,
and it was directly correlated with BMI in
both groups.

Age was also noted to be a factor inmen
and in perimenopausal women. In a group
of patients with obstructive airways disease,
Sharma and colleagues (31) found that
BMI but not FEV1 percent predicted was
correlated with OSA risk. These findings
are consistent with our results, where sex
and BMI, in addition to measurements of
CT-derived percent emphysema and
CT-derived percent gas trapping, were
important determinants for the AHI
(Table 3).

While a BMI effect on EELV may have
influenced the relationship between AHI
and CT-derived percent gas trapping in our
study, the lack of a correlation between BMI
and CT-derived percent gas trapping in
those patients with diagnosed OSA despite a
continued correlation between AHI and
CT-derived percent gas trapping suggests
that other factors, such as the effects of their

obstructive lung disease on CT-derived
percent gas trapping, were playing a role.

Limitations
Our study has a number of limitations that
need to be discussed. First, not all of the
patients who had a polysomnogram
demonstrated OSA, despite a clinical
suspicion for the disorder (43%). However,
the fact that the patients with an AHI of
fewer than five events per hour had greater
CT-derived percent emphysema and greater
CT-derived percent gas trapping (Figure 1)
is in keeping with our hypothesis that an
increase in these variables would stabilize
the upper airway and therefore be
protective of obstructive events.

Second, other factors, such as sex and
BMI, were noted determinants for the AHI
in our patients. However, in addition to
these factors, CT-derived percent gas
trapping was also found to be an important
determinant on multiple linear regression.

Finally, the CT of the chest was done
with the patients awake, while the
polysomnography and the determination
of the AHI were done during sleep.
However, both tests were performed with
the patient recumbent, which can affect lung
volume and upper airway cross-sectional
area (35). In addition, EELV during non–
REM sleep and FRC during non–REM and
REM sleep have been shown to remain
unchanged as compared with wakefulness
in patients with emphysema (33, 36).

Conclusions
In smokers with OSA, the degree of gas
trapping and emphysema have a significant
impact on the severity of OSA, with more
severe disease assessed by CTmeasurements
being associated with a lower AHI. Whether
these variables have a stabilizing effect on
the upper airway in these patients awaits
further study. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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