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Objectives: Little is known about the rate of obstructive sleep
apnea (OSA) in patients with end stage lung disease (ESLD).
Given the potential deleterious effect of OSA in these patients,
we assessed the case-rate and severity of OSA and described
associated patient characteristics.

Methods: Retrospective survey of 60 patients with ESLD re-
ferred for lung transplantation evaluation. Demographic, poly-
somnographic, spirometric, and medication utilization data
were extracted and analyzed.

Results: As demographic and polysomnographic data did not
differ between obstructive and restrictive patients, we present
analysis of pooled data. Demographics/physiology: median age
was 58.5 years, 52% males, mean BMI 32.3 kg/m?, 52% ob-
structive. Sleep variables (all medians): total sleep time (TST)
312 min, sleep efficiency 77%, minimal oxygen saturation 84%,
apnea hypopnea (AHI) 9.7, respiratory disturbance index (RDI)
12.7 events/h of sleep. Sixty-seven percent had RDI > 5; 21%
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had RDI between 15 and 30; and 21% had RDI > 30. Periodic
limb movement index = 15/h sleep was present in 21.7%. An
independent positive correlation between DLCO% and RDI was
noted (r = 0.41, p < 0.01). The minimal oxygen saturation was
negatively correlated with the RDI (r =-0.34, p < 0.01). The use
of ACE inhibitors was associated with moderate-to-severe OSA
(odd ratio of 4.67, Cl 1.45-15.03; p = 0.017).

Conclusions: In patients with ESLD, organic sleep disorders
are common. Greater severity of OSA was associated with the
higher DLCO% and lower oxygen saturation.
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leep disordered breathing (SDB) describes a group of dis-

orders of respiratory pattern or ventilation during sleep.
Obstructive sleep apnea (OSA) is the most common subtype.!
Prevalence estimates of OSA vary widely, depending upon defi-
nition used and population studied. In the general population,
prevalence estimates range from 5% to 22%.%*

Several reports have assessed the epidemiologic relation-
ship between chronic obstructive pulmonary disease (COPD)
and OSA.57 Most data suggest that the prevalence of OSA in
patients with COPD is similar to that of the general popula-
tion, but previously studied cohorts include very few subjects
with advanced lung disease. Patients undergoing evaluation for
lung transplantation constitute a cohort of well-characterized
subjects with advanced lung disease. Few studies have looked
at the case rate of OSA in patients with ESLD being evaluated
for lung transplantation. In one study of 50 patients with ILD,
there was a high prevalence of OSA (88%).” Both end-stage
lung disease (ESLD) and OSA have been associated with de-
creased health-related quality of life (HRQOL) and important
comorbidities.'™!? If the rate of OSA in ESLD patients is sub-
stantial, some of the associated changes in HRQOL and comor-
bidities could be due to the presence of concomitant OSA. In
view of the scarcity of data on the case rate of OSA in patients
with ESLD and a possible association between OSA and mul-
tiple comorbidities as well as poor HRQOL, we performed a
retrospective review of patients with ESLD referred to our lung

BRIEF SUMMARY

Current Knowledge/Study Rationale: The concomitant presence of
organic sleep disorders including sleep disordered breathing (SDB) and
periodic limb movement disorder (PLMD) could impact the quality of life
and prognosis of patients with end-stage lung disease. Currently there
are few reports on the prevalence of SDB and PLMD in such patients
being evaluated for lung transplantation.

Study Impact: This study demonstrates a high prevalence of SDB and
PLMD in patients with end-stage lung disease whether obstructive or
restrictive, in a lung transplant clinic. Patients being evaluated for lung
transplant should be evaluated for organic sleep disorders.

transplant service for evaluation. We hypothesized that OSA is
common in this patient group. We also compared the frequency
of OSA between patients with COPD and those with restrictive
lung disease due to interstitial lung disease (ILD).

METHODS

Study Design and Sample

In this study, we retrospectively reviewed the archived data
of 60 subjects with ESLD referred for initial lung transplanta-
tion evaluation to the lung transplant clinic of the University of
Maryland. As part of the clinic protocol, patients being evalu-
ated for lung transplant underwent polysomnography (PSG) in
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the sleep disorders center of the University of Maryland, regard-
less of preexisting risk factors for OSA. Patients also underwent
pulmonary function testing (PFT) as well as extensive clinical
evaluation. Demographic, polysomnographic, spirometric char-
acteristics, comorbidities, and medication utilization data were
extracted from patient records. Patients with Epworth Sleepi-
ness Scale (ESS) scores > 10 were considered to have excessive
daytime sleepiness.'* Comorbidities presented are those present
in > 20% of the cohort. The University of Maryland School of
Medicine Institutional Review Board approved this protocol.

Measurements

Pulmonary Function Testing

Spirometry (FEV,, FVC; FEV /FVC ratio), measurement
of static lung volumes (total lung capacity [TLC] by body box
plethysmography) and measurement of diffusion capacity of
the lung for carbon monoxide (DLCO% predicted) by the sin-
gle-breath technique were performed (Vmax22, SensorMedics,
Yorba Linda, CA, USA), with the patient in the seated position
according to approved standards.'

Subjects with a ventilatory defect (defined as FEV1 < 70%
predicted) were included. Subjects were categorized into ob-
structive (FEV1/FVC ratio < 70%, TLC > 80% predicted) or re-
strictive (FEV1/FVC > 70% and TLC < 80% predicted) disease.

Polysomnography

All PSGs included > 6 h of overnight sleep in an American
Academy of Sleep Medicine accredited sleep laboratory. The
PSGs were performed according to commonly accepted clini-
cal standards.'>!® The montage included encephalogram leads
O1A2, O2A1, Cl1A2, C2A1, F1A2, F2Al; electromyogram
leads for left eye, right eye, submentalis, and leg (left and right
separately), electrocardiogram, and respiratory status mea-
sures by nasal airflow (nasal air pressure) and oronasal airflow
(thermistor, used for backup), rib cage and abdominal respira-
tory effort (respiratory impedance plethysmographs), and pulse
oximetry. Sleep scoring was done in 30-sec epochs according
to the system of Rechtschaffen and Kales,'” as modified by the
2007 AASM scoring manual.'®

Respiratory events were scored according to the 2007 AASM
scoring manual.'® Obstructive apneas were scored where there
was a decrease in nasal airflow to < 10% of baseline for > 10 s
with continued respiratory effort. Obstructive hypopneas were
scored as a decrease in nasal airflow by 50% to 90% of base-
line accompanied by oxygen desaturation > 4% for 10 s with
continued respiratory effort. Respiratory event-related arousals
(RERAs) were scored as a decrease in airflow by 30% to 90%
accompanied by > 3% decrease in oxygen saturation and/or a
terminal arousal. Severity of SDB was quantified in two ways.
First, we calculated the respiratory disturbance index (RDI),
equal to the sum of apneas, hypopneas, and RERAs per hour of
sleep. Second, we calculated the apnea-hypopnea index (AHI,
equal to the sum of apneas and hypopneas per hour of sleep).
For primary clinical purposes, the severity of OSA was defined
as follows: “mild” = RDI 5-14.9, “moderate” RDI 15-29.9, and
“severe” = RDI > 30. Other PSG diagnoses were scored accord-
ing to the AASM manual.'® Patients used oxygen during their
PSG testing if ordered by their referring physician.
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Data Analysis

Categorical variables are reported as counts and percent-
ages, and were analyzed by using the Fisher exact test. For
continuous variables, Gaussian distribution was evaluated by
the Kolmogorov-Smirnov normality test. Normally distribut-
ed variables are presented as mean (standard deviation), and
non-normally distributed variables are presented as median
(interquartile range). Between-group comparisons employed
non-paired #-tests for normally distributed variables and a
Mann-Whitney rank sum test for skewed variables. The as-
sociation between medication use and SDB was assessed with
univariate logistic regression. Bivariate linear regression analy-
ses were used to assess the association between clinical cor-
relates with SDB. The following independent variables were
tested: body mass index (BMI), DLCO%, and PSG measures
of sleep architecture and indices of oxygen saturation. In addi-
tion, backward stepwise multivariate regression analyses were
conducted while treating AHI/RDI as a dependent variable. In-
dependent variables were chosen if the bivariate associations
were significant. For all comparisons, a two-tailed p < 0.05 was
considered significant. SigmaPlot 12.0 (Systat Software Inc.,
San Jose, CA) was used for all analyses and graph production.

RESULTS

Subject characteristics are summarized in Table 1. Sixty
subjects meeting inclusion criteria were identified. Comparison
based on their primary ventilatory defect (obstructive versus
restrictive) showed similar demographic indices (age, gender
distribution, BMI, ESS, and supplemental oxygen use) and ma-
jor comorbid conditions (Tables 1, 2). The combined patient
group was characterized by a median age of 58.5 years, BMI of
32.3, equally balanced gender distribution (52% male), and a
median ESS of 9. Half the subjects were on home supplemental
oxygen treatment, and 40% used supplemental oxygen during
their overnight polysomnography.

No difference was noted in DLCO% predicted between the
obstructive and restrictive subgroups. Both groups included
mostly patients with severely diminished pulmonary function
as indicated by a low FEV1 < 50% predicted and/or DLCO%
< 40% predicted."

The use of antihypertensive medications and systemic ste-
roid use was equally distributed between both obstructive and
restrictive patient groups (Table 1). Inhaled medication use was
significantly more common in the obstructive group.

PSG data are summarized in Table 3. None of the variables
differed between the obstructive and restrictive groups. Hence, for
further analysis, we have pooled the data for the entire cohort.
Median sleep efficiency was reduced, with half the patients dem-
onstrating sleep efficiency < 77.3%. Slow wave and REM sleep
were also severely reduced. Sleep onset latency was slightly in-
creased. The median AHI (9.7) and RDI (12.7) were in the mild
range. Forty of 60 subjects (67%) had OSA, as defined by an RDI
> 5/h (Figure 1). Fourteen (23%) had mild OSA and 26 (43%) had
moderate-to-severe OSA (RDI > 15/h). Periodic leg movement
index (PLMI) was elevated (> 15/h) in 13 patients (21.7%), with
no differences between obstructive and restrictive patients. Time
with oxygen saturation below 90% (T90%) was 17.7% =+ 22.6%
of total sleep time, with a median minimal saturation of 84%.
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Table 1—Demographic, medication, and pulmonary function testing (PFT) characteristics according to underlying breathing

abnormality
Variables Total (n = 60)

Age, year 58.5 (49.5 to 63)

Male/Female 31/29

BMI, kg/m? 32.3(25.41t038.7)

Supplemental home O, 0 (50%)

PSG on supplemental O, 24 (40%)

ESS 9 (60 11.5)

Medications
ACE-l, % 19 (32%)
ARB 8 (13%)
Diuretic 4 (40%)
B-blocker 14 (23%)
Calcium channel blocker 16 (27%)
B-agonist inhaler 36 (60%)
Anticholinergic inhaler 30 (50%)
ICS 29 (48%)
Systemic steroids 21 (35%)

PFT results
FEV1, % 452 +17.9
FVC, % 5311145
FEV1/FVC 63.7 £ 20.1
TLC, % 78.7+335
DLCO, % 389+17.1

Obstructive (n = 31) Restrictive (n = 29) p value
58 (49 to 63) 59 (53 to 62.25) ns
19/12 12117 ns

32.1(25.3t035.9) 32.3(25.6t0 39.4) ns
6 (52%) 4 (48%) ns
13 (42%) 11 (38%) ns
8 (4,10) 0(7t012) ns
12 (39%) 7 (24%) ns
2 (6%) 6 (21%) ns
10 (32%) 14 (48%) ns
6 (19%) 8 (28%) ns
10 (32%) 6 (21%) ns
25 (80%) 11 (38%) <0.001
23 (74%) 7 (24%) <0.001
21 (68%) 8 (28%) 0.007
9 (29%) 12 (41%) ns
37.5+149 53.1+£17.6 <0.001
57.1+£139 48.7 £ 14.1 0.025
4754133 80.5+9 <0.001
102.3 + 30.6 543 +11.7 <0.001
421+18.7 353+ 14.6 ns

Results are presented as number (%), mean + SD or median (interquartile range) as appropriate. BMI, body mass index; PSG, polysomnography; ESS,
Epworth Sleepiness Score; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ICS, inhaled corticosteroids; FEV1, forced
expiratory volume in 1 second; FVC, forced vital capacity; TLC, total lung capacity; DLCO, diffusion capacity of the lung for carbon monoxide; ns, nonsignificant.

Table 2—Major comorbid conditions grouped by ventilator defect and RDI

Hypertension  Diabetes Mellitus
% Total (n = 60) 68 25
% Obstructive (n = 31) 77 19
% Restrictive (n =29) 59 31
% RDI <5 (n=20) 60 10
% RDI =5 (n =40) 73 33

IHD Hyperlipidemia GERD Sinusitis
20 38 25 22
23 39 19 19
17 38 31 24
25 30 30 20
18 43 23 23

Observed differences between restrictive versus obstructive and RDI < 5 versus RDI = 5 were all nonsignificant (x? and Fisher exact test as appropriate). RDI,
respiratory disturbance index; IHD, ischemic heart disease; GERD, gastroesophageal reflux disease.

Table 4 summarizes the observed correlations to RDI and
AHI. RDI and AHI correlated positively to both predicted
FEV1% and predicted DLCO% values (p < 0.05 and p < 0.01,
respectively). RDI and AHI were inversely correlated with the
minimal oxygen saturation value (p < 0.01) and the percentage
of time spent in slow wave sleep (p < 0.01). Subgroup analysis
of subjects who had PSG done with and without supplemental
oxygen showed persistence of these associations. Neither the
Epworth score nor any of the other spirometric values correlat-
ed with the RDI or AHI. None of the major comorbid conditions
was associated with an RDI > 5/h (Table 2). No association
could be found between the PLMI and the AHI, RDI, or ESS.

Multivariable modeling included a backward stepwise regres-
sion using significant predictors from Table 4 was performed.
Only DLCO% and minimum O, saturation were found to be
significant predictors (p = 0.013 and p = 0.023, respectively)
of RDI (Figures 2 and 3, respectively) and AHI (p = 0.034 and

p = 0.023, respectively). A multi-linear regression model incor-
porating the above predictors generated the following equations:

RDI = 66.606 + (0.497 x DLCO %) —
(0.792 x minimum nocturnal oxygen saturation)

AHI =67.223 4+ (0.421 x DLCO %) —
(0.791 x minimum nocturnal oxygen saturation)

The use of ACE inhibitors was strongly associated with the
occurrence of moderate-to-severe OSA (odd ratio of 4.67 CI
1.45-15.03; p=0.017). This association was not evident for any
other antihypertensive medications, including angiotensin re-
ceptor blockers. Only patients with hypertension received ACE
inhibitors. Also, the association between ACE inhibitors and
the occurrence of moderate-to-severe OSA was independent of
comorbid conditions and BMI.
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Table 3—Sleep architecture characteristics according to underlying breathing abnormality

Polysomnography variables

Total sleep time, min
Sleep efficiency, %

Total (n = 60)
312 (274, 355)

77 3(68.8, 88.1)

Latency to sleep, min 26 (6.0, 49.8)
Stage 1+2 sleep, % 70 6(57.2, 81)
Slow wave sleep, % .1(0, 18.5)
REM sleep, % 11 8 (4.9, 16.6)
Minimum saturation,% 84 (78, 87)
T<90% 5(0.4, 25)
T<90% >10% of TST 23 (38.3%)
PLMI 2(0,12.1)
PLMI =10 19 (31.7%)
PLMI = 15 13 (21.7%)
AHI 7(24,22.1)
AHI>5 36 (60%)
AHI= 15 22 (36.7%)
RDI 12 7(2.9,25.4)
RDI>5 40 (66.6%)
RDI=15 26 (43.3%)

Obstructive (n = 31) Restrictive (n = 29) p value
312 (290, 354) 308 (318, 355) ns
77.3(72.9, 88.6) 77 9(59.9, 84.8) ns
25.5(9.6,42.4) 26 (4.3, 60.6) ns
68 6 (54,79.8) 76 (62.2, 87.4) ns
2(0,23.5) .7(0,15.4) ns
121(72 16.7) 11 (0, 15.9) ns
86 (74, 88.5) 83 (78, 86.3) ns
2 (0.4-25) 3(0/3, 21) ns
13 (41.9%) 10 (34.5%) ns
8(0,10.3) 2(0,17.1) ns
9 (29%) 10 (34.5%) ns
5 (16/1%) 8 (27.6%) ns
122(28 20.8) 9(24,24.9) ns
20 (64.5%) 16 (55.1%) ns
11 (35.5%) 11 (37.9%) ns
131(34 24.5) 7(2.7,314) ns
21 (67.7%) 19 (65.5%) ns
14 (45.2%) 12 (41.4%) ns

Results are presented as absolute number (% of total) or median (25%-75% interquartile range) as appropriate. T < 90%, time with oxygen saturation below
90%; TST, total sleep time; PLMI, periodic leg movement index; AHI, apnea hypopnea index; RDI, respiratory disturbance index; ns, nonsignificant.

Figure 1—Prevalence of obstructive sleep apnea according
to severity

HAHI/RDI 2 5 5< AHI/RDI < 15
W15<AHI/RDI <30 m30 < AHI/RDI

80 1

701

AHI RDI

OSA as defined by an AHI or RDI = 5 events/h was prevalent among 60%
and 68% of the subjects (n = 60) respectively.

DISCUSSION

In this study of patients with ESLD, we demonstrated a high
rate of sleep fragmentation, OSA, and PLM disorder. Factors
such as BMI and ESS failed to predict OSA in patients with
ESLD. Conversely, higher DLCO% and lower saturation dur-
ing sleep correlated to higher RDI and AHI. In the ensuing dis-
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cussion we consider these findings in the light of the currently
available literature.

Few studies on sleep disorders have been directed at patients
with ESLD. The majority (67%) of the patients had obstructive
sleep apnea (OSA) as defined by an RDI > 5 events per hour,
with 23 of 40 (57.5%) subjects diagnosed with moderate-to se-
vere OSA (RDI > 15/h). No difference in the case rate of OSA
was noted between the “obstructive” group and the “restrictive”
group, despite the inherent differences in the underlying respi-
ratory mechanical abnormalities. These facts underscore the
complexity and yet poorly understood etiology of OSA among
subjects with lung diseases.

We note that the median BMI among our patients was high.
Patients with higher BMIs are known to have an increased
incidence of OSA.* Since we did not have a control group
matched for BMI, we cannot say that the rate of OSA was
higher than would be expected on the basis of BMI alone. The
effect of age on polysomnographic respiratory abnormalities
in healthy individuals was previously reported by Pavlova et
al.,” who showed a positive correlation between age and RDI
with an average RDI of 12.8/h in the 50-65 year age range.
Thus, it is possible that part of the high prevalence of sleep
disordered breathing reported here is related to the age of the
patients we evaluated. Prior reports of lung disease patients
including COPD, idiopathic pulmonary fibrosis (IPF), and
patients on the waiting list for lung transplantation reported
different frequencies of OSA. Some of these are reviewed
in Table 5. Depending on the definition of sleep disordered
breathing and differences in population base, rates of 14% to
88% have been reported in patients with ESLD. The reasons
for differences between reported prevalence estimates be-
tween studies are likely attributable to differences in patient
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Table 4—Univariate coefficients of correlation between
sleep disordered breathing indices and demographic, spiro-
metric, and polysomnographic variables

AHI RDI
Pearson Pearson
correlation p correlation  p
Characteristic (B) value (B) value
Age 0.130 ns 0.143 ns
BMI 0.255 ns 0.255 ns
ESS 0.073 ns 0.065 ns
FEV1, % 0262 <0.05 0274  <0.05
DLCO, % 0.367 <0.01 0410 <0.01
SWS% -0.290 <0.05 -0.334  <0.01
Minimal Saturation, % -0.343 < 0.01 -0.341  <0.01
T<90% 0.069 ns 0.057 ns

BMI, body mass index; ESS, Epworth Sleepiness score; FEV1, forced
expiratory volume in 1 second; DLCO, diffusion capacity of the lung for
carbon monoxide; SWS%, slow wave sleep percentage of total sleep
time; T < 90%, time with oxygen saturation below 90%; ns, nonsignificant.

selection, techniques, scoring criteria, definitions, and sever-
ity of lung disease.

The potential to predict the occurrence of OSA in patients
with advanced lung disease would facilitate more effective and
efficient screening of this growing patient population. In our
study, associations were found between OSA (as indicated by
higher AHI/RDI scores) and multiple physiological parame-
ters, including higher DLCO%, lower oxygen saturations dur-
ing sleep, and percent of total sleep time spent in slow wave
sleep. Though all of the above parameters have been found
to correlate with OSA in previous studies, only DLCO% and
minimal oxygen saturation remained independent predictors in
the multivariate analyses. High rates of nocturnal oxygen de-
saturation have been described extensively in both COPD and
ILD patients,*? being further deranged among those with su-
perimposed OSA. The concept of predicting OSA by overnight
pulse oximetry to monitor severity of nocturnal oxygen desatu-
ration was thoroughly reviewed by Netzer et al.?” Those au-
thors concluded that overnight pulse oximetry is a useful tool
for the screening for OSA, although they did not specifically
consider patients with ESLD. Our study is consistent with the
notion that OSA and ESLD have additive negative effects on
oxygenation, and that indices of oxygenation could be useful
for prescreening patients with OSA being considered for lung
transplant. Interestingly, the association between minimum
saturation and RDI was also present in those patients receiving
oxygen at night.

The reasons for the direct correlation between DLCO% and
OSA are not clear. This could be explained by a number of fac-
tors. Keens et al.?® have shown that adding external resistance
during inspiration leads to an increase in DLCO in normal sub-
jects. Therefore, increased inspiratory airflow resistance, typi-
cal of OSA patients,” could have resulted in improved DLCO.
It is possible that increased inspiratory effort associated with in-
creased upper airways resistance leads to increased pulmonary
capillary volume, both related to increases in venous return and

Figure 2—Bivariate correlation between RDI and CO
diffusion capacity (DCO)
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For linear regression: RDI =-3.653 + (0.626 x DCO%); r = 0.410; p = 0.002.

Figure 3—Bivariate correlation between RDI and minimal
O, saturation during polysomnography
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For linear regression: RDI = 89.934 - (0.850 x minsat); r=-0.341; p=0.008.

increased afterloading of the left ventricle,* hence leading to
improved DLCO with worse OSA. Elevated DLCO has been
reported in adults with increased BMI,* although these find-
ings are not universal.*? It is also possible that in ESLD capil-
lary destruction (lower DLCO), results in a greater degree of
intermittent hypoxemia, which in turn could lead to increased
respiratory drive (peripheral chemoreceptors), including the ab-
ductors of the upper airway—thus providing some protection
from OSA. Hence, with worsening DLCO the severity of OSA
might have been mitigated, as we observed (Figure 2).
Excessive sleepiness as assessed by the ESS did not corre-
late with severity or the occurrence of OSA. The reasons for the
dissociation between excessive sleepiness and severity of OSA
are not clear. Others have also demonstrated that the ESS is a
poor predictor of the severity of sleep disorders and that the ESS
may not reflect sleepiness measured objectively.*® It is possible
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Table 5—Previously reported prevalences of OSA in lung disease patients (polysomnographic recordings)

Definition SDB
OSA
Reference Moderate-severe OSA Hypopnea Prevalence SDB N Comment
AHI>5 Both AASM 2007 h 59%
I 2 ypopnea . . L
Mermigkis et al. AHI> 15 rules (VIL4ANIL4.B) 5% 34 Idiopathic pulmonary fibrosis
AHI>5 AASM 2007 hypopnea rule 88%
Lancaster et al.® 50 Idiopathic pulmonary fibrosis
AHI > 15 VII.4.8 only 68% opeic pimonary Thros
AHI= 10 Reduction of airflow = 50% + n/a _ Patients on the lung
21 : o mean AHI: . e
Pascual et al. oxygen desaturation = 4% + atients 6.1 + 6 31 transplantation waiting list (17)
nla arousal cF;)ontroI 4 3+‘4 2 + control (14)

RDI =10 or TST = 10% with oxygen saturation < 90% in

22 0, T it i
Malouf et al. the presence of awake oxygen saturation = 90% 36% 17 Awaiting lung transplantation
Sanders et . RDI> 10 22% 130 Age > 40, FEV1/FVC <70
anders et al. ,
RDI> 15 14% Unattended home PSG

*OSA prevalence not reported. TEmphysema, n = 27; cystic fibrosis, n = 44; ILD (interstitial lung disease), n = 25; bronchiectasis, n = 7; other, n = 14.

that sympathetic hyperstimulation, or anxiety could induce a
“hyperalert” state, thereby diminishing the extent of perceived
sleepiness. In their study of sleep quality in patients with COPD,
Scharf et al.** found that in spite of a high incidence of self-
reported poor sleep quality and insufficient sleep, few patients
had excessive sleepiness as measured by ESS. These authors
speculated that these patients also had a “hyperalert” state.

Intriguingly, we found a significant and substantial posi-
tive association between moderate-severe OSA and the use
of an angiotensin-converting enzyme inhibitor (odds ratio
4.67). This association did not exist for other antihypertensive
medication categories. While possibly due to chance, these
findings are in agreement with those of Cicolin et al.** who,
in a small case series, showed that withdrawal of ACE inhibi-
tors can lead to a significant decrease in AHI. These findings
led the authors to suggest that through inhibition of degrada-
tion of bradykinin, ACE inhibitors induced vasodilatation and
plasma extravasation in the upper airway in turn increasing
the propensity for OSA.

We failed to find that the presence of any particular RDI cut-
off was predictive of the occurrence of self-reported hyperten-
sion. The association between OSA and hypertension is well
established.*® In our cohort, it is possible that confounding fac-
tors such as obesity and the presence of lung disease may have
weakened the association between hypertension and OSA, so
that it was not detected in our small cohort.

Finally, the finding of the high prevalence of sleep disor-
dered breathing in patients with end-stage lung disease might
appear surprising. The association between lung disease and
OSA could be related to the release of proinflammatory cyto-
kines due to the underlying lung inflammation with subsequent
edema and swelling of the upper airway, which would increase
the likelihood for OSA. Alternatively, during OSA there is re-
lease of cytokines and oxidant stress, which could have acceler-
ated the progression of the underlying lung.?’
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Our study has several limitations. It is limited by its relative-
ly small size and its retrospective nature. Furthermore, clinical
necessity mandated the use of supplemental oxygen during the
overnight sleep study in a large portion of our study population,
potentially masking hypoxic episodes and leading to underes-
timation of the true prevalence of nocturnal oxygen desatura-
tion—a critical determinant of hypopnea definition.

In summary, we observed a high case rate of OSA among a
group of patients with advanced lung disease, irrespective of
underlying etiology or subjective symptoms of excessive sleep-
iness. Diagnosis of OSA could well lead to improved quality of
life, better perioperative management, and possibly improved
course of the underlying disease.*® Additional studies will be
necessary to further understand the true prevalence of OSA
in advanced lung disease and its consequences, as well as the
effects of treatment of OSA. There is a large disease burden
borne by patients with ESLD. Addressing a common and un-
derdiagnosed comorbidity such as OSA would appear to be an
important component of their evaluation. Our study suggests
that OSA is common in patients with ESLD, and therefore
these patients might benefit from OSA screening with overnight
polysomnography.
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