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Moderate to Severe Obstructive Sleep Apnea in Military Personnel Is Not

Associated With Decreased Exercise Capacity
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Study Objectives: Studies of older and less active patients with obstructive sleep apnea (OSA) have reported decreased exercise capacity as measured
by peak oxygen uptake (VO, max) during cardiopulmonary exercise testing (CPET). We looked to determine whether VO, max was decreased in younger
patients with OSA who regularly exercise as would be encountered in the military.

Methods: We evaluated military personnel who had undergone pulmonary function testing (PFT), CPET, and polysomnography (PSG) as part of the larger
STAMPEDE IlI study for comprehensive evaluation of exertional dyspnea. For analysis, patients were classified into two groups, the OSA group with an
apnea-hypopnea index (AHI) = 15 events/h and a control group with an AHI < 15 events/h.

Results: Mean AHI was 32.7 in the OSA group (n = 40) versus 5.8 in the control group (n = 58) with no significant difference in age (40.7 years versus 39.4
years) or body mass index (30.4 kg/m? versus 29.9 kg/m?). PFT was normal in both groups including diffusing capacity (100.7% versus 96.5%) and FEV;
(89.2% versus 86.2%). VO, max was not significantly different in the OSA group compared to the control group (101.3% versus 102.8%; P = .60) with both
groups having normal exercise capacity. Exercise blood pressure response was normal and peak heart rate trended toward a blunted response in the OSA
group (166.0 bpm versus 171.6 bpm, P =.09).

Conclusions: Younger military personnel with moderate to severe OSA do not have decreased exercise capacity. The effect of OSA on exercise tolerance
may be influenced by additional factors and is likely too small to be noted in this population.

Commentary: A commentary on this article appears in this issue on page 819.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Prior research in older and less active patients with moderate to severe obstructive sleep apnea (OSA) has
shown reduced exercise capacity. In this study we looked to determine whether there was an exercise decrement as reflected by VO, max in younger
and more active patients with moderate to severe OSA as would typically be encountered in the military.

Study Impact: Younger and more active patients with OSA do not have decreased exercise tolerance. It is likely that the effect of OSA on exercise
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tolerance is influenced by additional factors and is too small to be appreciated in this population.

INTRODUCTION

Obstructive sleep apnea (OSA) is the most prevalent sleep-
related breathing disorder and is viewed as primarily affect-
ing obese middle-aged to older adult males.' In this population,
OSA is frequently comorbid with hypertension, ischemic heart
disease, stroke, and atrial fibrillation.?” However, it is increas-
ingly recognized that OSA is a chronic, insidious disorder
that is underrecognized and begins at an earlier age.® Stud-
ies in military personnel support this concept reporting that
OSA is diagnosed at an earlier age and lower body mass index
(BMI).”® Prior research has generally shown an association be-
tween OSA and reduced exercise tolerance, though it has pre-
dominantly involved an older OSA population. Understanding
the effect of OSA on exercise tolerance in younger and more
active patients would allow for a better determination of this
disorder’s effect on military service.

Journal of Clinical Sleep Medicine, Vol. 15, No. 6

Cardiopulmonary exercise testing (CPET) provides a non-
invasive assessment of cardiopulmonary fitness through
measurement of various parameters to include oxygen con-
sumption at maximum exercise (VO, max). To date four prior
studies have evaluated VO, max in patients with moderate to
severe OSA with varying results (Table 1). Studies by Beitler
et al. and Lin et al.*'° revealed significant decrements in VO,
max in patients with OSA compared to controls. Conversely, a
study by Cintra et al."! found VO, max decrements in female
but not male patients with OSA and a study by Rizzi et al.’?
found no association between OSA and VO, max. In this study
we sought to determine the relationship between VO, max and
OSA in a younger and more active military population. Our
hypothesis was that patients in this age category with mod-
erate to severe OSA, as defined by an apnea-hypopnea index
(AHI) > 15 events/h, would have a reduced VO, max compared
to those with an AHI < 15 events/h.
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Table 1—Prior VO, max studies in OSA.

Study (Year) Methods Patient Characteristics Key Findings and Results
Beitler et al. | Cross-sectional study « Setting: sleep clinic (OSA) versus + AHI: 37.6 events/h (OSA) versus 1.5 events/h
(2014) * Type 1 PSG and cycle ergometer community (controls) (controls); P < .01
CPET to exhaustion with respiratory | * 34 patients * Minimum SpO;: 81% (OSA) versus. 92%
gas exchange measurements by a | » Age: 47.9 (OSA) versus 34.3 (controls); (controls); P < .01
metabolic cart P<.01 * VO, max (% predicted): 70.1% (OSA) versus
« AHI = 15 events/h versus AHI < 15 | « BMI: 32.2 (OSA) versus 28.8 (controls); 83.8% (controls); P = .02
events/h P=.17 + VO, max (mL/kg/min): 19.1 (OSA) versus 25.2
* Baseline physical activity assessed | « Male: 80.0% (OSA) versus 52.6% (controls); P = .04
with IPAQ score (controls); P=.15
Linetal Prospective observational « Setting: sleep clinic (both) + RDI: 44 events/h (OSA) versus 5 events/h
(2006) + Type 1 PSG and cycle ergometer + 40 patients (controls); P < .05
CPET to exhaustion with respiratory | « Age: 47 (OSA) versus 44 (controls); * Minimum SpO,: 65.5% (OSA) versus 91.9%
gas exchange measurements by a P> .05 (controls)
metabolic cart + BMI: 28.3 (OSA) versus 27.6 (controls); |+ VO, max (% predicted): not determined
* RDI > 30 events/h versus RDI < 10 P> .05 + VO, max (mL/kg/min): 21.6 (OSA) versus 30.1
events/h + Male: 90% (OSA) versus 90% (controls); | (controls); P <.05
P> .05
Cintraetal. |Prospective « Setting: sleep clinic * AHI: 32.5 (males) versus 33.9 (females)
(2009) * Type 1 PSG and treadmill CPET * 62 patients + Minimum SpO,: not determined
to exhaustion with respiratory gas * Age: 57.2 (males) versus 60.5 (females) |« VO, max (% predicted): 116% (males) versus
exchange measurements by a + BMI: 27.8 (males) versus 28.4 (females) | 91.3% (females); P < .01
metabolic cart + VO, max (mL/kg/min): 33.3 (males) versus 23.3
+ Evaluation of exercise tolerance in (females); P < .01
male versus female patients with
OSA (AHI > 5 events/h)
Rizzi et al. Case-control study + Setting: sleep clinic + AHI: 22 events/h (lean OSA) versus 2.8 events/h
(2013) * Type 1 PSG and treadmill CPET + 115 patients (lean controls) versus 33 events/h (obese OSA)
to exhaustion with respiratory gas + Age: 53 (lean OSA) versus 50 (lean versus 2.9 events/h (obese controls); P < .01
exchange measurements by a controls) versus 50 (obese OSA) versus | « Minimum SpO,: 86.5% (lean OSA) versus 91.2%
metabolic cart 49 (obese controls) (lean controls) versus 78.3% (obese OSA) versus
+ Compared lean OSA versus lean * BMI: 22 (lean OSA) versus 22 (lean 88.9% (obese controls); P < .01
controls versus obese OSA versus controls) versus 33 (obese OSA) versus | + VO, max (% predicted): not determined
obese controls 33 (obese controls) + VO, max (mL/kg/min): 32.1 (lean OSA) versus
* Obese: BMI > 30 kg/m? * Male: 45% (lean OSA) versus 25% 30.5 (lean controls) versus 21.7 (obese OSA)
* Lean: BMI < 25 kg/m? (lean controls) versus 23% (obese OSA) | versus 24.7 (obese controls); P < .01 for obese
* OSA: AHI = 10 events/h versus 19% (obese controls); P = .1 versus lean OSA groups and obese versus
+ No OSA: AHI < 5 events/h lean controls

AHI = apnea-hypopnea index, BMI = body mass index, CPET = cardiopulmonary exercise testing, IPAQ = International Physical Activity Questionnaire,
OSA = obstructive sleep apnea, PSG = polysomnography, RDI = respiratory disturbance index, VO, max, oxygen consumption at maximum exercise.

METHODS

This study evaluated participants enrolled in the Study of Ac-
tive Duty Military for Pulmonary Disease Related to Environ-
mental Deployment Exposures (STAMPEDE) 11, a prospective
observational study of previously deployed military personnel
with symptoms of chronic dyspnea.”® As previously described,
all participants in STAMPEDE underwent pulmonary function
tests, echocardiography, CPET, chest computed tomography,
laryngoscopy, bronchoscopy, and if warranted by screening
questionnaires (Epworth Sleepiness Scale score and STOP-
BANG score), an in-laboratory polysomnography (PSG). In
this study, we examined those who had undergone PSG in ad-
dition to their comprehensive pulmonary evaluation. Patients
were eligible for the study if they enrolled in the STAMPEDE
I1I study, were between 18 to 60 years of age and had complete
results for pulmonary function testing (PFT), PSG, and CPET.

Journal of Clinical Sleep Medicine, Vol. 15, No. 6

The Army Regional Health Command-Central Institutional
Review Board reviewed and approved the protocol (project ap-
proval number C.2018.007d).

For analysis purposes the patients were categorized into two
groups, a moderate-to-severe OSA group with an AHI > 15
events/h and a control group with an AHI < 15 events/h. Be-
cause our primary variable of interest was the patients’ VO,
max, those participants in whom an underlying pulmonary
disorder was diagnosed that significantly affected their CPET
performance were excluded from the analysis.

Polysomnography

PSG was performed within an American Academy of Sleep
Medicine (AASM) accredited laboratory (Sandman Version
9.3, Embla Systems, Broomfield, Colorado, United States) and
in accordance with AASM standards. PSG was performed
consisting of 16 channels, including: electrooculogram,
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Table 2—Baseline demographics.
OSA Group (n = 40)

Age (years) 40.7+8.2
Male, n (%) 39 (97.5)
Body mass index (kg/m?) 304+34
Hypertension, n (%) 15 (37.5)
2-mile run time (minutes) 16.2+£2.0
Current smoker, n (%) 11(27.5)
STOP-BANG score 41+12
Epworth Sleepiness Scale score 13.0+55

Control Group (n = 58) P
394+78 45

54 (93.1) 64
299+36 46

15 (25.9) 27
16.6+£2.8 53
7(12.0) .07
42+14 81

123 +5.1 64

Results presented as mean + standard deviation or n (%). 2-mile run time refers to standardized Army Physical Fitness Test run time. OSA group: AHI = 15
events/h, Control group: AHI < 15 events/h. AHI = apnea-hypopnea index, OSA = obstructive sleep apnea.

electroencephalogram, electrocardiogram, electromyogram
(submental and bilateral tibial), airflow measurements using
both oronasal-thermal sensors and nasal air pressure trans-
ducers, transtracheal sounds via microphone, rib cage and
abdominal movement by inductance plethysmography using
thoracoabdominal belts, and continuous pulse oximetry. The
studies were scored in accordance with the 2012 AASM rec-
ommended hypopnea guidelines. All PSG tests were inter-
preted by a board-certified sleep medicine physician.

Pulmonary Function Testing

Baseline spirometry, lung volumes, and diffusing capacity
for carbon monoxide (DLCO) were performed in the Brooke
Army Medical Center Pulmonary Function Laboratory using
a VMax spirometer. Participants underwent a standard forced
expiratory maneuver from maximal inhalation to maximal ex-
halation to record forced expiratory volume at 1 second (FEV)),
and forced vital capacity (FVC) in accordance with American
Thoracic Society standards for spirometry quality and repro-
ducibility. The DLCO was determined using the single breath
technique on the VMax spirometer and interpreted according
to 1993 European Respiratory Society reference values.

Cardiopulmonary Function Testing

All participants performed a graded exercise test using a Bruce
incremental protocol on the Medical Graphics Platinum Series
(MCG Diagnostics, St. Paul, Minnesota, United States). All
patients were encouraged to exercise until exhaustion or main-
tenance of 85% predicted heart rate (220-age) for 10 minutes.
During the test expired gas analysis was performed through
the Medical Graphics Platinum Elite Series and allowed for
direct measure of oxygen uptake (VO,).

Statistical Analysis

Categorical data was summarized using percentages and ana-
lyzed using chi-square tests or Fisher exact test. Means and
standard deviations or medians and interquartile ranges were
used as summary statistics for continuous variables and were
analyzed using ¢ test or Wilcoxon test. Significance for results
was established when value of P < .05. All statistical analysis
was performed using SPSS version 22.0 (IBM Corp, Armonk,
New York, United States).

Journal of Clinical Sleep Medicine, Vol. 15, No. 6

RESULTS

A total of 100 patients from the STAMPEDE III were evalu-
ated in this study. Two patients from the OSA group were ex-
cluded, one for supernormal values (VO, max > 140%) and
one for subnormal exercise performance (VO, max < 60% due
to interstitial lung disease). Subsequently, our cohort included
40 patients in the OSA group (AHI > 15 events/h) and 58 pa-
tients in the control group (AHI < 15 events/h). Table 2 de-
scribes the patient demographics. Overall, the two groups had
similar characteristics except for their AHIs and oxygen nadir
as expected for their OSA diagnoses. The patients were pri-
marily male (97.5% versus 93.1%, P = .64) and similar in age
(40.7 years versus 39.4 years; P = .45) and BMI (30.4 versus
29.9; P = .46). Regarding other comorbid disorders, the OSA
group had more current smokers (27.5% versus 12.0%) near
statistical significance and the rates of hypertension were simi-
lar between groups. Airway hyperreactivity or asthma was
diagnosed in 7/40 (18%) in the OSA group and 10/58 (17%)
during their evaluation in the STAMPEDE study. Given their
normal CPET performance these patients were included in our
analysis.

Results for PSG and PFT are displayed in Table 3. As ex-
pected, the AHI was significantly higher (32.7 versus 5.8
events/h; P <.0001) and pulse oximetry (SpO,) minimum was
significantly lower (84% versus 88%; P = .0008) in the OSA
group. Regarding other PSG variables, total sleep time was
significantly lower (243.3 versus 324.3 minutes, P <.0001) and
sleep efficiency trended lower in the OSA group though did not
reach statistical significance (P = .052). Otherwise, percent-
ages of sleep stages were similar in both groups.

Pulmonary function testing was normal in both groups to
include FVC, FEV,, and DLCO (92.5% versus 91.1%, P = .86;
89.2% versus 86.2%, P=.40; and 100.7% versus 96.5%, P= .35
respectively). There was no significant change in FVC or FEV,
in either group with bronchodilator (1.0% versus 1.1%, P = .93,
4.9% versus 6.9%, P = .24).

Cardiopulmonary exercise testing was not different be-
tween the OSA and control groups. There was no difference
in weight-adjusted VO, max (34.9 versus 35.5 mL/kg/min,
P =.65) or percent predicted VO, max (101.3% versus 102.8%,
P = .60) between the OSA and control groups respectively.
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Table 3—Polysomnography and pulmonary function testing data.

OSA Group (n = 40)

AHI (events/h) 3271741
Minimum SpO; (%) 842+6.6
TST (minutes) 2415+ 116.8
Sleep efficiency (%) 78.7+143
Arousal index (events/h) 34.8+20.6
Stage N1 sleep (%TST) 10.2+55
Stage N2 sleep (%TST) 55.1+£13.6
Stage N3 sleep (%TST) 158 £13.2
Stage R sleep (%TST) 16.9+8.1
FVC (% predicted) 925+ 16.6
FEV; (% predicted) 892+ 16.6
DLCO (% predicted) 100.7 £21.7
% change in FVC w/BD 1.0+£75
% change in FEV; w/BD 49+74

Control Group (n = 58) P
58143 <.0001
88.3+3.8 .0008
342.9+73.0 <.0001
84.0+11.2 .06
14.3+£9.0 <.0001
82+55 A3
55.3+13.3 .96
15.8 £ 11.1 99
19.9+83 A3
91.9+15.3 .86
86.2+17.8 40
96.5+21.3 35
12+6.6 89
6.9+9.2 24

Data presented as mean * standard deviation. OSA group: AHI = 15 events/h, Control group: AHI < 15 events/h. AHI = apnea-hypopnea index,
BD = bronchodilator, DLCO = diffusing capacity of the lungs for carbon monoxide, FEV; = forced expiratory volume in 1 second, FVC = forced vital capacity,

OSA = obstructive sleep apnea, TST = total sleep time.

Figure 1—Percent predicted VO, max.
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Interquartile ranges and medians (boxes), maximum and minimum
observed values (whiskers), and individual values (dots) of percent
predicted VO, max for OSA and control groups. OSA group: AHI = 15
events/h, Control group: AHI < 15 events/h. AHI = apnea-hypopnea
index, OSA = obstructive sleep apnea.

Box plots comparing percent predicted VO, max are displayed
in Figure 1. Peak heart rate with exercise trended toward a
lower value in the OSA group compared to controls, but did
not reach significance (166 versus 171.6 bpm, P = .09). Other
exercise-related parameters to include peak systolic and dia-
stolic blood pressure, peak heart rate, and heart rate reserve
(as defined as the difference between maximum predicted and
maximum observed heart rates) were also similar between
groups and are displayed in Table 4. Furthermore, the rea-
sons for CPET termination did not differ. Maximum respira-
tory rate with exercise > 50 breaths/min, VT/IC (tidal volume/
inspiratory capacity) > 0.80, and VE/MVV (minute ventila-
tion/maximum ventilatory volume) > 0.84 are all indicators
of pulmonary limitation to exercise."*"'® These variables were
similar and below these respective thresholds in both groups
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(43.9 versus 43.4, P=.77;0.72 versus 0.75, P = .32; 0.79 versus
0.80, P =.61).

To account for the effect of more pronounced oxygen desat-
uration, a subgroup analysis was performed on those patients
with AHI > 15 events/h and SpO, nadir less than 80%. In com-
paring this subgroup of 9 patients (average AHI 31.2 events/h
and SpO, nadir 75%) to control patients there was no differ-
ence in weight-adjusted or percent predicted VO, max noted
(34.2 £ 5.3 versus 35.5 £ 6.0 mL/kg/min, P = .81; 101.2 £ 8.9%
versus 102.8 + 14.8%, P = .94). Peak heart rate with exercise
again trended toward lower in the OSA group, but did not reach
significance (160 = 15 versus 172 + 14 bpm, P = .07). Peak
systolic and diastolic blood pressure were not significantly dif-
ferent (172 £ 27 versus 178 + 27 mmHg, P =.79; 81 + 13 versus
75 + 16 mmHg, P = .49). Further, in reanalyzing the data us-
ing an AHI > 5 events/h for the OSA group (70 patients, AHI
23.2 events/h) and AHI < 5 events/h for control patients (28 pa-
tients, AHI 2.2 events/h), similar VO, max results were again
appreciated (102.5 + 14.5% versus 102.1 + 13.1%, P = .92).
Other exercise variables including peak systolic and diastolic
blood pressure and peak heart rate with exercise were not sig-
nificantly different between groups (178 + 24 versus 180 + 31
mmHg, P=.72; 76+ 15 versus 77 + 18 mmHg, P=.80; 169 + 17
versus 171 £ 13 bpm, P = .60).

DISCUSSION

The primary finding of this study is that younger individu-
als with untreated moderate to severe OSA as defined by an
AHI > 15 events/h have a similar VO, max (34.9 versus 35.5
mL/kg/min, P = .65) compared to those with an AHI < 15
events/h. This finding may suggest that the negative effects of
OSA on exercise performance have not yet developed at this
younger age. The potential mechanism for the development
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Table 4—Cardiopulmonary exercise testing.

OSA Group (n = 40)

VO, max (mL/kg/min) 349+6.0

VO, max (% predicted) 101.3£129
%VO, max AT 68.9+17.0
Max respiratory rate 439+ 8.1

VT/IC 0.72+0.16
VEIMW 0.79+£0.16
Peak systolic blood pressure (mmHg) 178.6 £25.0
Peak diastolic blood pressure (mmHg) 784 £15.7
Resting heart rate (bpm) 84.8£11.1
Peak heart rate (bpm) 166.0 £ 17.7
Heart rate reserve (bpm) 16.3+14.9

Control Group (n = 58) P
355+6.0 65
102.8 £15.0 .60
6791174 .78
43474 a7
0.75+0.13 32
0.80+0.19 61
180.1£27.5 a7
748 +16.2 .28
82.6+13.3 39
171.6 £13.8 .09
129+ 117 24

Results presented as mean + standard deviation. OSA group: AHI = 15 events/h, Control group: AHI < 15 events/h. AHI = apnea-hypopnea index,
AT = anaerobic threshold, bpm = beats per minute, OSA = obstructive sleep apnea, VE/MVV = minute ventilation/maximum ventilatory volume, VT/IC = tidal

volume/inspiratory capacity.

of exercise intolerance in older, but not younger patients with
OSA remains undefined, though prior research would support
an abnormal cardiovascular response to exercise as the most
likely etiology. This is supported by prior research showing a
strong correlation between reduced VO, max and the presence
of cardiovascular dysfunction.”""” Given the normal cardiovas-
cular response to exercise in our cohort, it would appear that
these physiologic changes had not yet developed, potentially
explaining their normal exercise tolerance.

As noted previously, prior studies assessing VO, max in pa-
tients with OSA have had variable results. Given methodologi-
cal limitations in matching and comorbid medical disorders in
these prior studies, we acknowledge that our finding of nor-
mal exercise tolerance in a well-matched OSA cohort without
significant comorbidities may simply support that OSA does
not independently affect exercise tolerance. Alternatively, the
younger age of our cohort could suggest that it is the age of
diagnosis that dictates how OSA affects exercise tolerance. The
two prior studies showing a reduced VO, max in OSA cohorts
had mean ages of 47 and 48 years compared to 40 years in
our study.>!’ It may be these additional untreated OSA years
that lead to the development of adverse exercise effects, which
we postulate are cardiovascular in etiology. Previous studies
in older patients with OSA have reported numerous abnormal
cardiovascular responses to exercise, with an exaggerated peak
blood pressure and blunted peak heart rate as the most consis-
tent findings.?*3' Peak systolic and diastolic blood pressure in
our OSA cohort were not significantly different from that in the
control group and although there was a trend toward a blunted
heart rate response in the OSA group, this finding did not reach
significance. Therefore, we suggest that it may be the develop-
ment of this abnormal cardiovascular response after additional
untreated years that contributes to the exercise tolerance noted
in older OSA cohorts, a theory that requires further research
to define. Given that prior studies in older cohorts have not
shown a consistent benefit of PAP therapy on cardiovascular
dysfunction, further elucidating this relationship could have
therapeutic implications.? 3
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Another potential explanation for our findings is that our
cohort represents a less severe phenotype of OSA that would
not be associated with exercise intolerance. In the study by Lin
et al. showing a reduced VO, max in patients with newly di-
agnosed OSA, mean SpO, nadir was 65.5% in the OSA group
compared to 84.2% in our study.” Thus, the degree of hypoxia
and not necessarily the AHI may be a greater factor regarding
exercise tolerance. To account for this we performed a sub-
group analysis of those with an AHI > 15 events/h and SpO,
nadir less than 80%, which again revealed normal exercise
capacity and cardiovascular response. Evaluating the effect of
oxygen desaturation index, rather than AHI and SpO, nadir, on
VO, max in future research would be recommended.

Last, the absence of a VO, max decrement in our OSA co-
hort may also be explained by increased physical activity. Of
the four previous studies of VO, max, only the study by Beitler
et al.? assessed physical activity. In that study, exercise toler-
ance was poor in both groups with a VO, max of only 83% in
the control group, making regular aerobic exercise unlikely.
The International Physical Activity Questionnaire used in that
study requires a minimum of 3000 metabolic equivalent-min/
wk for a patient to be considered “highly active.” Mean scores
were 2341 and 3936 metabolic equivalent-min/wk in the OSA
group and controls respectively, suggesting the controls were
more active at baseline.>* In the military, aerobic exercise is
a standard requirement and this is substantiated by the similar
and adequate 2-mile run times in our patients (which is per-
formed biannually). It is possible that regular aerobic exercise
in patients with OSA helps prevent the exercise limitations that
have been previously reported. Supporting this theory are prior
studies that demonstrate an aerobic exercise training regimen
can improve OSA severity and decrease AHI, a finding that
persists only if exercise is continued.***” Unfortunately, regu-
lar exercise is likely not characteristic of patients with OSA,
which is supported by a prior study showing reduced physical
activity in obese patients with OSA.*

In comparing our study we noted the following aspects
that make it unique. First, all participants underwent a
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comprehensive pulmonary evaluation. Similar and normal
PFTs and CPET pulmonary variables in both groups helped
eliminate the possibility of significant pulmonary disease af-
fecting the results. Second, the groups in our study were well
matched for age (40.7 years versus 39.4 years, P = .45), an area
that limited the study by Beitler et al (47.9 years versus 34.4
years, P < .01). Last, although significant variability exists re-
garding reference values for VO, max, the results of our study
are closer to expected than in prior studies. In the study by Lin
et al. showing a decrement in exercise capacity in patients with
OSA, VO, max was only 30.1 mL/kg/min in controls despite
having a mean age of 44 years. Similarly, control patients in the
study by Beitler et al. with a mean age of 34 years had a VO,
max of only 25.2 mL/kg/min.>"° In our study, control patients
with a mean age of 39 years had a VO, max of 35.5 mL/kg/min,
which is closer to reference values for this population.®

The main limitation of our study is that all participants in
the study complained of exertional dyspnea. To minimize this
potential limitation, we performed comprehensive pulmo-
nary evaluations in both groups to help eliminate confound-
ing pulmonary disease. Normal spirometry and bronchodilator
response in both groups make significant pulmonary disease
unlikely. Additionally, we acknowledge that the BMI of our co-
hort might suggest that they were not physically fit, though per-
formance on the 2-mile run test would support that they were
exercising regularly and maintaining a fitness level above the
general population. Further, it may be that percent predicted
VO, max is a poor discriminator of exercise decrements in a
cohort with baseline good physical fitness. Therefore, evalua-
tion of younger patients with OSA who do not regularly exer-
cise may help define this in the future. Finally, our study was
predominantly male and therefore we cannot reliably extrapo-
late these findings to female patients.

In this study we demonstrate that younger patients with
moderate to severe OSA have normal exercise capacity. In the
context of prior studies with variable findings, our study likely
suggests that the relationship between OSA and exercise toler-
ance is in fact more complex. It is likely that it is not simply
AHI, but rather multiple OSA-related factors including age
at diagnosis, severity of desaturations, and baseline physical
activity which influence how OSA effects exercise tolerance.
We recommend that future research seek to better evaluate the
extent to which each of these variables independently effects
exercise tolerance in OSA.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index

BMI, body mass index

CPET, cardiopulmonary exercise testing
DLCO, diffusing capacity for carbon monoxide
FEV,, forced expiratory volume in one second
FVC, forced vital capacity

OSA, obstructive sleep apnea

PFT, pulmonary function testing

PSG, polysomnography
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STAMPEDE, Study of Active Duty Military for Pulmonary
Disease Related to Environmental Deployment
Exposures

VO, max, oxygen consumption at maximum exercise
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