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Study Objectives: Low flow supplemental oxygen is commonly prescribed to patients with obesity hypoventilation syndrome (OHS). However, there is a
paucity of data regarding its efficacy and safety. The objective of this study was to assess the medium-term treatment efficacy of adding supplemental oxygen
therapy to commonly prescribed treatment modalities in OHS.

Methods: In this post hoc analysis of a previous randomized controlled trial, we studied 302 sequentially screened OHS patients who were randomly
assigned to noninvasive ventilation, continuous positive airway pressure, or lifestyle modification. Outcomes at 2 mo included arterial blood gases, symptoms,
quality of life, blood pressure, polysomnography, spirometry, 6-min walk distance, and hospital resource utilization. Statistical analysis comparing patients
with and without oxygen therapy in the three treatment groups was performed using an intention-to-treat analysis.

Results: In the noninvasive ventilation group, supplemental oxygen reduced systolic blood pressure although this could be also explained by a reduction in
body weight experienced in this group. In the continuous positive airway pressure group, supplemental oxygen increased the frequency of morning confusion.
In the lifestyle modification group, supplemental oxygen increased compensatory metabolic alkalosis and decreased the apnea-hypopnea index during sleep.
Oxygen therapy was not associated with an increase in hospital resource utilization in any of the groups.

Conclusions: After 2 mo of follow-up, chronic oxygen therapy produced marginal changes that were insufficient to consider it, globally, as beneficial or
deleterious. Because supplemental oxygen therapy did not increase hospital resource utilization, we recommend prescribing oxygen therapy to patients with
OHS who meet criteria with close monitoring. Long-term studies examining outcomes such as incident cardiovascular morbidity and mortality are necessary.
Clinical Trials Registration: Clinicaltrial.gov, ID: NCT01405976

Keywords: noninvasive ventilation, obesity hypoventilation syndrome, oxygen therapy, sleep apnea

Citation: Masa JF, Corral J, Romero A, Caballero C, Teran-Santos J, Alonso-Alvarez ML, Gomez-Garcia T, Gonzalez M, Lopez-Martinez S, De Lucas P,
Marin JM, Marti S, Diaz-Cambriles T, Chiner E, Merchan M, Egea C, Obeso A, Mokhlesi B, Spanish Sleep Network. The effect of supplemental oxygen in
obesity hypoventilation syndrome. J Clin Sleep Med 2016;12(10):1379-1388.

INTRODUCTION BRIEF SUMMARY

Current Knowledge/Study Rationale: Supplemental oxygen
Obesity hypoventilation syndrome (OHS) is defined by obesity is commonly prescribed to patients with obesity hypoventilation
and chronic hypercapnic respiratory failure not related to neu- syndrome (OHS) treated with noninvasive ventilation (NIV) and
romuscular, metabolic, lung, or chest wall diseases.! continuous positive airway pressure (CPAP), in order to improve

.- . . . . residual hypoxemia during daytime and/or sleep and as a palliative
In addition to weight reduction surgery or lifestyle modi- treatment in OHS patients who reject NIV or CPAP therapies.

fication, other treatments widely used to treat OHS include However, there is paucity of data regarding its efficacy and safety.
positive airway pressure therapy in the form of noninvasive Study Impact: Oxygen therapy added to NIV, CPAP, or lifestyle
ventilation (NIV), normally with bilevel positive airway pres- modification during 2 mo produced mixed results that were

sure? or continuous positive airway pressure (CPAP).? insufficient to consider it, globally, as ben.eficiallor deleterious..
Because supplemental oxygen therapy did not increase hospital

In clinical practice supplemeptal oxygen therapy 1S fre- resource utilization, we recommend prescribing oxygen therapy to
quently added to NIV or CPAP in order to improve residual patients with OHS who meet criteria with close monitoring.

hypoxemia during daytime and sleep periods.* Oxygen therapy
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has also been added to lifestyle modification treatment in OHS
patients who reject NIV or CPAP. An observational study re-
ported that in patients with OHS supplementary oxygen ther-
apy was an independent risk factor for mortality,’ although
another study did not find the same association.®

Two experimental studies reported an increase in daytime
partial pressure of carbon dioxide (PCO,) with exposure to 20
min of intermediate or high concentrations of supplemental
oxygen in a proportion of patients with stable OHS.”® In an-
other study an increase in nocturnal PCO, was observed in 11
obese patients with nocturnal hypoventilation treated with low
oxygen concentrations during 15 days, although no changes in
daytime PCO, or clinical symptoms were observed.” However,
there is no information about medium or long-term treatment
efficacy of adding oxygen to treatment strategies typically
used in patients with OHS, such as NIV, CPAP, and lifestyle
modification.

The objective of this post hoc analysis of a randomized con-
trolled trial was to assess the medium-term efficacy of adding
supplemental oxygen therapy to patients with OHS random-
ized to NIV, CPAP, or lifestyle modification."”

METHODS

Patients
From May 2009 to March 2013, we screened consecutive pa-
tients between age 15 and 80 y who were referred for pulmo-
nary consultation for suspected OHS or obstructive sleep apnea
(OSA) at 16 tertiary care hospitals in Spain with the main ob-
jective to evaluate, in a randomized controlled trial, the com-
parative efficacy of NIV, CPAP, and lifestyle modification
(control group). For the initial medium-term outcomes of this
study (see supplemental material) we enrolled subjects who had
OHS with'® or without severe OSA. OHS was defined as obesity
with body mass index (BMI) > 30 kg/m? plus stable hypercap-
nic respiratory failure during wakefulness (PaCO, > 45 mmHg,
pH > 7.35, and no clinical worsening during the previous 2 mo)
and no evidence of relevant chronic obstructive pulmonary dis-
ease [forced expiratory volume in the first second (FEV,) > 70%
of predicted when FEV /(forced vital capacity (FVC) > 70],
neuromuscular, chest wall, or metabolic disease. Other inclu-
sion criteria were an absence of narcolepsy or restless legs syn-
drome, and a correctly executed 30-min CPAP/NIV treatment
test (see supplemental material). The exclusion criteria were:
(1) a psychophysical inability to complete questionnaires, (2)
severe chronic debilitating illness, (3) severe chronic nasal ob-
struction, and (4) lack of informed consent. The study was ap-
proved by the ethics committees of the 16 centers and written
informed consent was obtained from all patients.

In the current post hoc analysis we used data obtained from
302 patients with OHS, with'® and without OSA, enrolled in the
randomized controlled trial.

Interventions

Patients were randomized by an electronic database (simple
randomization) to NIV, CPAP, or lifestyle modification (con-
trol group) arms (Figure 1).
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Control Group: Lifestyle Modification

The lifestyle modification consisted of a 1,000-calorie diet and
the maintenance of correct sleep hygiene and habits (avoiding
supine position during sleep; maintaining regular sleep habits
and exercise; not consuming sedatives, stimulants, or alcohol;
not smoking tobacco; and avoiding heavy meals within 4 h be-
fore bedtime).

Continuous Positive Airway Pressure

In addition to lifestyle modification and oxygen (if required),
patients were instructed to use at-home fixed CPAP during the
entire sleep period prior to conventional CPAP titration (see
supplemental material).

Noninvasive Ventilation

In addition to lifestyle modification and oxygen (if required),
patients were instructed to use NIV treatment during the en-
tire sleep period. The ventilator mode was set at bilevel pres-
sure with assured volume. More information about the setting,
daytime and polysomnographic adjustments, ventilators, and
masks used are available in the supplemental material.

Criteria for Oxygen Supplementation

LIFESTYLE (CONTROL) ARM: There were two pathways to
qualify for supplemental oxygen therapy in patients random-
ized to this group: (1) Daytime assessment of oxygenation
based on baseline arterial blood gases (ABG): If on the ABG
the PaO, was < 55 mmHg on room air during wakefulness,
supplemental oxygen was prescribed."! Of the 35 patients on
supplemental oxygen in the lifestyle group (Figure 1), 22
(63%) qualified for supplemental oxygen based on hypoxemia
during wakefulness on the baseline ABG. (2) Sleep assessment
during baseline polysomnography (PSG): The PSG was per-
formed on room air. The decision to add oxygen was made in
the morning by the expert sleep clinicians based on the review
and analysis of the PSG data. If the mean peripheral oxygen
saturation (SpO,) during sleep from the pulse oximetry signal
during the PSG was < 88%, then supplemental oxygen was
prescribed. Of the 35 patients on supplemental oxygen in the
lifestyle group, 13 (37%) qualified for supplemental oxygen
based on hypoxemia during sleep.

CPAP AND NIV ARMS: In patients randomized to CPAP or
NIV there were two pathways by which patients could get
prescribed supplemental oxygen. (1) Sleep assessment during
CPAP/NIV titration PSG: For the sleep assessment, all PSGs
were performed on room air. The decision to add oxygen was
made in the morning by the expert sleep clinicians based on
the review and analysis of the titration PSG data. For those
who underwent CPAP or NIV titration, the decision to add
oxygen to positive airway pressure (PAP) therapy was made
if the mean SpO, from the pulse oximetry signal during the
titration PSG was < 88% on adequate PAP levels. Of the 16
patients in the CPAP group who required oxygen (Figure 1),
14 (88%) qualified for oxygen based on hypoxemia on the
CPAP titration PSG. Of the 27 patients in the NIV group who
required oxygen, 26 (96%) qualified for oxygen based on the
NIV titration PSG. (2) Daytime assessment of oxygenation
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Figure 1—Flow chart of the study protocol.

Selected
Excluded =49 351
- Psycho-physical incapacity to complete questionnaires = 8
Severe chronic illness =11
Severe nasal obstruction =1
Absence of informed consent = 28
OSA No OSA
221 81
1
| 1 ] [ ]
NIV CPAP Control NIV Control
7 a0 70 38 43
[ [ 1 :
1 :
Intention NIV | CPAP Control
10 ek 109 - 80 13

——

Oxygen therapy | [No oxygen therapy Oxygen therapy| |No oxygen therapy Oxygen therapy No oxygen therapy
27 82 16 64 35 78
| I | | I |
Dropout Dropout Dropout Dropout Dropout Dropout
2(7%) 5(6%) 1(6%) 10 (15%) 1(3%) 2(3%)
| 1 | | ] |
Completed Completed Completed Completed Completed Completed
protocol protocol protocol protocol protocol protocol
25 77 15 54 34 76

Of the 351 selected patients, 49 were excluded, 221 had OSA (apnea-hypopnea index = 30) and they were randomized into NIV, CPAP, or control
groups and 81 without OSA were randomized to NIV and control groups. Patients with and without OSA randomized to NIV and control were considered
together. The resulting groups (NIV, CPAP, and control) were divided in patients treated with and without supplemental oxygen therapy to be compared.
CPAP, continuous positive airway pressure; NIV, noninvasive ventilation; OSA, obstructive sleep apnea.

based on ABG: In patients randomized to CPAP or NIV, oxy-
gen could also be prescribed if the PaO, was < 55 mmHg on
an ABG obtained on room after 1 mo of NIV or CPAP therapy.
The reason for this initial approach in the protocol was to as-
sess whether baseline hypoxemia improves after 1 mo of noc-
turnal NIV/CPAP therapies. However, of the 16 patients in the
CPAP group that required oxygen, only 2 qualified based on
the ABG after 1 mo of CPAP therapy. The other 14 required
oxygen based on sleep hypoxemia as described previously. Of
the 27 patients in the NIV group that required supplemental
oxygen, only 1 patient qualified based on the ABG after 1 mo
of therapy. All the other patients had already been started on
oxygen because of hypoxemia during the NIV titration as
described previously.

Instructions to Patients on How to Use Supplemental Oxygen

In our protocol, all patients requiring supplemental oxygen
therapy regardless of the arm they were randomized to (i.e.
lifestyle, CPAP, or NIV) were recommended to use it for at
least 17 h per day, including during the sleep period. In other
words, if a patient had only oxygen during sleep criterion, they
were also instructed to use supplemental oxygen for at least
17 h a day. The reason we recommended oxygen therapy even
during the daytime in these individuals was to create unifor-
mity in the three groups as it pertains to the duration of expo-
sure to supplemental oxygen.
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Oxygen therapy was only titrated in patients who demon-
strated hypoxemia during daytime assessment on ABG with
PaO, < 55 mmHg (i.e. 22 in the lifestyle group, 2 in the CPAP
group, and 1 patient in the NIV group). In these individuals,
oxygen therapy was titrated during wakefulness to ascertain
the necessary flow to maintain waking SpO, between 88% and
92%. The level of oxygen required to keep the SpO, above 88%
during wakefulness was the same level used during sleep (ei-
ther added to the PAP system or via nasal cannula in the life-
style group). For the patients who had only criterion for oxygen
supplementation during sleep (i.e., 13 in the lifestyle group, 14
in the CPAP group, and 26 patients in the NIV group), oxy-
gen was prescribed empirically at 2 L/min flow during sleep
and wakefulness. As stated previously, all PSGs (baseline and
follow-up PSGs) were performed without supplemental oxy-
gen. Therefore, oxygen titration during sleep was not possible.
In those randomized to CPAP or NIV, oxygen was bled-in into
their home PAP system using a T-tube connector. In those ran-
domized to lifestyle modification, oxygen was used via a nasal
cannula. Despite these differences in approach, oxygen flow
(i.e. L/min during sleep and wakefulness) and duration of use
was not significantly different between the three groups.

Follow-up and Outcomes

Patients were evaluated at baseline and after 2 mo. We assessed
ABG parameters while breathing room air (see supplemental
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Table 1—Baseline variables.

NIV CPAP Control
With O, Without O, With O, Without O, With O, Without O,
n=27 n=82 n=16 n=64 n=35 n=78

Age, y, mean (SD) 64 (9.6) 64 (11) 63 (12) 56 (13) 67 (12) 60 (12)®
Sex, female, % 74 66 50 48 83 592
Smoking, ply, mean (SD) 18 (29) 13 (24) 18 (23) 19 (24) 13 (24) 14 (21)
Alcohol, grams, mean (SD) 5.2 (15) 6.8 (18) 4.4(9.6) 3.7 (14) 5.2 (28) 8.6 820)
BMI, kg/m?, mean (SD) 42 (5.7) 42 (7) 43(7.7) 45 (7.7) 42 (6.7) 42 (6.8)
ESS, mean (SD) 9(5.7) 10 (5.1) 14.7) 11(4.9) 8.3 (5.1) 10 (4.9)°
MRC scale, = 2,% 50 50 44 36 60 58
FOSQ, mean (SD) 76 (22) 73 (21) 63 (23) 73 (21) 74 (24) 77 (21)
SF 36-Physical, mean (SD) 35 (10) 36 (9.9) 36 (10 35(10) 35 (11) 38 (9.4)
SF 36-Mental, mean (SD) 43 (16) 43 812) 43 (11) 42 (14) 44 (13) 43 (11)
VAWS, mean (SD) 49 (27) 53 (25) 48 (25) 44 (24) 54 (23) 47 (20)
Hypertension, % 93 72° 75 63 83 64°
SBP, mmHg, mean (SD) 143 (21) 135 (14) 139 (20) 140 (16) 136 (15) 136 (16)
DBP, mmHg, mean (SD) 79 (15) 77 (1) 79(9.9) 81(13) 78 (10) 80 (13)
Diabetes, % 33 42 25 34 51 36
Dyslipidemia, % 44 43 31 43 47 47
At least one CVM, % 54 42 50 26 46 36
CVM, mean (SD) 0.7(0.7) 0.7 (1) 0.9(1.2) 0.3(0.6)° 08 (1.1) 0.7 (1)
pH, mean (SD) 7.43(0.03) 7.40 (0.03)° 7.42(0.03) 7.40 (0.04) 7.40 (0.04) 7.39(0.03)
Pa0,, mmHg, mean (SD) 58 (10) 64 (8.5)° 54 (3.8) 66 (9.6)° 56 (8) 66 (8.7)°
PaCO,,mmHg, mean (SD) 52 (4.7) 50 (4.1)° 52 (4.9) 50 (4.3) 52 (4.9) 50 (3.6)2
HCO,", mmol/l, mean (SD) 33(3.2) 30 (2.9)° 32 (4.5) 30(3.6) 31(3.1) 29 (2.6)°
FEV,, %, mean (SD) 69 (20) 75 (17) 74 (19) 80 (21) 72 (15) 84 (21)°
FVC, %, mean (SD) 76 (26) 74 (19) 76 (20) 81(20) 75 (16) 85 (21)®
6-MWD, meters, mean (SD) 283 (130) 356 (126)* 292 (142) 378 (120)2 275 (81) 381(103)¢
TST, h, mean (SD) 5(1.3) 54(1.3) 52(0.9) 5.7 (1.5) 49(1.3) 54(1.2)
SE, %, mean (SD) 70 (18) 73 (17) 69 (12) 73 (17) 72 (18) 72 (16)
Light sleep, %, mean (SD) 80 (21) 78 (15) 79 (17) 82 (13) 78 (17) 78 (14)
Deep sleep, %, mean (SD) 13 (18) 1(11) 12 814) 8.5(9.2) 13(12) 12 (13)
REM sleep, %, mean (SD) 7.8(7.4) 10 (6.8) 9.9(8.8) 9.1(8.2) 8(8.2) 12 (14)?
Arousal index, mean (SD) 45 (30) 43 (29) 56 829) 58 (35) 42 (32) 51(30)
AHI, mean (SD) 47 (40) 50 (34) 60 (32) 73 (29) 43 (37) 52 (35)
ODI, mean (SD) 51(33) 50 (34) 61(31) 73(32) 49 (35) 49 (34)
Mean SpO,, %, mean (SD) 84 (3.6) 86 (6.3) 84 (5.7) 86 (6.7) 83(7) 86 (6.1)2
%TST < 90, mean (SD) 81(23) 66 (33)° 82 (26) 63 (30)® 80 (32) 62 (31)°

ap<0.05.°p <0.01.°p <0.001. Bold values indicate statistical significance. AHI, apnea-hypopnea index; BMI, body mass index; CPAP, continuous positive
airway pressure; CVM, cardiovascular morbidity including stroke, ischemic heart disease, arrhythmia, chronic heart failure, leg arteriopathy, and pulmonary
hypertension; DBP, diastolic blood pressure; ESS, Epworth Sleepiness Scale; FEV,, forced expiratory volume in the first second; FOSQ, Functional
Outcomes of Sleep Questionnaire; FVC, forced vital capacity; HCO,, bicarbonate; MRC, Medical Research Council; 6-MWD, six-min walk distance;
NIV, noninvasive ventilation; ODI, 3% oxygen desaturation index; p/y, pack/years; SBP, systolic blood pressure; SD, standard deviation; SE, sleep efficiency;
SF 36, Medical Outcome Survey Short Form 36; SpO,, oxygen saturation by pulse oximetry; TST, total sleep time; %TST < 90, percentage of the TST below
90% of oxygen saturation; VAWS, visual analog well-being scale; y, years.

material), anthropometric data, clinical symptoms, habitual the 6-min walk distance test,'® adherence to NIV, CPAP, or
dyspnea (defined as a score of > 2 points in the Medical Re-  oxygen therapy using an hourly counter, hospitalizations
search Council scale),”” subjective sleepiness based on the (number of times hospitalized and duration of hospital stay),
Epworth Sleepiness Scale (ESS), health-related quality of life emergency room visits and side effects of treatments during
(HRQL) using the Functional Outcomes of Sleep Question-  the 2 mo of follow-up. Dropout definition is described in the
naire, the Medical Outcomes Study Short Form-36 (SF-36),  supplemental material. An evaluation of side effects and an
and the visual analog well-being scale,'*!* PSG, spirometry,””  ABG was also performed after the first month of treatments.
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Table 2—Changes in pulmonary function parameters and blood pressure based on assigned treatment.

NIV, mean (SD) CPAP, mean (SD) Control, mean (SD)
With O, Without O, p value With O, Without O, p value With O, Without O, p value
PaCO,, mmHg -6.3 -5.5 0.645 -3.1 -4.7 0.217 -3 -24 0.540
(5.4) (5.8) - (5.7) (6.2) - (6.2) (5.1) -
Bicarbonate, -4 -1.8 0.003 -1.2 -1.3 0.510 -0.4 -0.9 0.383
mmol/L (3.9 (4.2) 0.257 (5.5) (4.4) - (3.7) (2.3) -
pH -0.003 0.007 0.242 0.003 0.012 0.536 0.023 0.008 0.032
(0.427) (0.03) - (0.035) (0.029) - (0.371) (0.031) 0.001
- - 0.003
Pa0,, mmHg 39 48 0.633 9.9 1.9 0.031 2 0.4 0.456
(12) (11) - (13) (13) 0.733 (13.1) (8.9 -
FEV,, % 5.9 5.1 0.560 -3.3 15 0.204 1.8 0.6 0.750
(18) (13) - (18) (16) - (13) (16) -
FVC, % 0.3 6 0.483 -1.6 -16 0.270 2.1 0.1 0.706
(25) (13) - (11) (16) - (10) (17) -
6-MWD, meters 36 24 0.234 1.6 -8.4 0.506 25 -6 0.028
(75) (75) - (57) (81) - (67) (67) 0.141
SBP, mmHg -8.6 45 0.015 -4.9 -5.4 0.991 -4.5 -3.8 0.844
(21) (20) 0.020 (17) (17) - (17) (17) -
0.098 - -
DBP, mmHg -2.8 22 0.051 3.2 0.2 0.344 24 -2.1 0.063
(15) (14) - (1) (12) - (13) (12) -

p values of differences (2 mo - baseline) between patients with and without supplementary oxygen in each intervention group (NIV, CPAP, and control)
corresponding from top to bottom: unadjusted; baseline adjustment (baseline values of the variable analyzed, age, sex, body mass index (BMI), FEV,,
and apnea-hypopnea index); and baseline adjustment, plus change in BMI and adherence to NIV or CPAP (for the control group the last adjustment was
only performed with BMI change). Bold values indicate statistical significance. CPAP, continuous positive airway pressure; DBP, diastolic blood pressure;
FEV,, forced expiratory volume in the first second; FVC, forced vital capacity; 6-MWD, 6-min walk distance; NIV, noninvasive ventilation; SBP, systolic blood

pressure; SD, standard deviation.

Polysomnography

We performed PSG at baseline, for titration (only for the NIV
and CPAP groups), and after 2 mo of treatment (with NIV and
CPAP in place and without treatment for the control group).
Standard protocols were used to perform and analyze the PSG
(see supplemental material).

Statistical Analysis

Intention-to-treat analysis was performed. Missing values
were imputed following a multiple imputation method with
iterative multivariable regression because the missing data
had characteristics compatible with a missing-at-random pat-
tern. Baseline variables between patients with and without
supplementary oxygen in each of interventions groups (NIV,
CPAP, and control) were compared using unpaired Mann-
Whitney U tests for continuous and an x? test for categorical
variables. Changes in the continuous variables from baseline
to 2 mo were compared between patients with and without
supplementary oxygen in each of interventions groups (NIV,

1383

CPAP, and control) using also unpaired Mann-Whitney U
tests. When the overall comparison demonstrated a statistical
significance (p < 0.05), an analysis of covariance (ANCOVA)
was carried out, taking into account the baseline values of the
variable analyzed, age, sex, BMI, FEV, and apnea-hypopnea
index (AHI) (henceforth “baseline adjustment”). In order to
ascertain whether the results were dependent or independent of
weight change or CPAP/NIV compliance, we carried out an ad-
ditional ANCOVA with the baseline adjustment plus introduc-
ing variables such as change in BMI and adherence to CPAP
or NIV as a categorical variable (below or > 4 h/day use). In
the control group the additional ANCOVA was only adjusted
for BMI change.

To evaluate the change in clinical symptoms presented as
categorical variables, we compared the percentage at the end
of the follow-up between patients with and without supplemen-
tary oxygen therapy in each of interventions groups. When
there was statistical significance (p < 0.05), two similar AN-
COVA analysis as previously described were carried out.

Journal of Clinical Sleep Medicine, Vol. 12, No. 10, 2016
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Table 3—Changes in the Epworth Sleepiness Scale score and health-related quality-of-life tests based on assigned treatment.

NIV, mean (SD) CPAP, mean (SD) Control, mean (SD)
With O, Without O, p value With O, Without O, p value With O, Without O, p value

ESS -3.9 -3 0.562 -3.8 -3.6 0.943 1.2 0.5 0.409
4.9 (5.6) - (3.6) (6.5) - (4.4) (4.1) -

FOSQ -1 5.6 0.273 0.5 5 0.299 -2.8 -14 0.668
(24) (18) - (1) (17) - (16) (16) -

SF 36-Physical 1.1 3.1 0.156 =21 21 0.056 1.3 0.3 0.431
1 (8.1) - (7.1) (10) - (7.5) (6.4) -

SF 36-Mental 32 -1 0.180 2.3 44 0.478 -0.9 1.9 0.112
(13) (15) - 9.9 (13) - 9) (8.3) -

VAWS 13 6.1 0.438 8 9.6 0.433 35 5.9 0.618
(34) (27) - (25) (19) - (25) (23) -

p values of differences (2 mo - baseline) between patients with and without supplementary oxygen in each of interventions groups (NIV, CPAP, and control)
corresponding from top to bottom: unadjusted; baseline adjustment (baseline values of the variable analyzed, age, sex, body mass index (BMI), FEV,,
and apnea-hypopnea index); and baseline adjustment, plus change in BMI and adherence to NIV or CPAP (for the control group the last adjustment was
only performed with BMI change). CPAP, continuous positive airway pressure; ESS, Epworth Sleepiness Scale; FEV,, forced expiratory volume in the first
second; FOSQ, Functional Outcomes of Sleep Questionnaire; NIV, noninvasive ventilation; SD, standard deviation; SF 36, Medical Outcomes Study 36-

Item Short Form; VAWS, visual analog well-being scale.

Data management, the imputation and statistical analyses
were performed using SPSS software (IBM SPSS Statistics,
Version 22.0. Armonk, NY, IBM Corporation).

RESULTS

Of the 351 patients who met the inclusion criteria, 49 were
excluded (Figure 1). Patients with AHI > 30 (n = 221) were
randomized to NIV, CPAP or lifestyle modification. Patients
with AHI < 30 (n = 81) were randomized to NIV or lifestyle
modification. For the current analysis patients with or with-
out AHI > 30 who were randomized to NIV were analyzed
as one group (NIV group). Similarly, patients with or without
AHI > 30 who were randomized to lifestyle modification were
analyzed as one group (controls) (Figure 1). These newly con-
structed groups had similar percentages of patients receiving
supplemental oxygen. Dropout frequency was similar between
patients receiving or not receiving supplemental oxygen.
Table 1 describes the baseline values with and without sup-
plemental oxygen in the three intervention groups (NIV, CPAP,
and control). In general terms, patients needing supplemental
oxygen therapy had worse daytime and nocturnal hypoxemia
and exercise tolerance. Table 2 summarizes the changes in
the respiratory functional test and blood pressure with and
without supplemental oxygen therapy in the three intervention
groups. In the NIV group, there was a reduction in systolic
blood pressure with supplemental oxygen therapy (p = 0.015),
but the statistical significance disappeared when we adjusted
for the baseline values (baseline adjustment) plus change in
BMI and NIV compliance (p = 0.098). In the control group,
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oxygen therapy increased the pH (p = 0.032) and the statisti-
cal significance persisted despite baseline adjustment as well
as adjustment for change in BMI. Bicarbonate in NIV group
(p = 0.003), PaO, in CPAP group (p = 0.031) and 6-min walk
distance test in the control group (p = 0.028) improved more
with supplemental oxygen therapy but the statistical signifi-
cance disappeared after baseline adjustment. Therefore, these
improvements were likely explained by the different baseline
characteristics between groups with and without oxygen ther-
apy and not necessarily due to a beneficial effect of oxygen
supplementation.

Table 3 presents the changes in the ESS score and HRQL
tests with and without oxygen therapy in the three intervention
groups. In the CPAP group, the physical component of the SF-36
had a tendency (p = 0.056) to improve more with oxygen therapy.

Figure 2 illustrates changes in other clinical symptoms.
Patients treated with CPAP plus supplemental oxygen had a
tendency for reporting morning headaches (p = 0.056) and a sig-
nificantly higher frequency of morning confusion (p = 0.006).
This finding persisted despite adjustments. There were no sta-
tistically significant differences in symptoms in NIV and con-
trol groups treated with or without supplemental oxygen.

Table 4 presents the changes in polysomnographic param-
eters with and without chronic oxygen therapy in the three in-
tervention groups. In the control group, there was a significant
reduction in the AHI in patients treated with oxygen therapy
(p = 0.033) which was maintained after both adjustments (for
baseline values as well as for change in BMI). The improve-
ment in mean oxygen saturation during sleep, however, did not
remain significant after adjusting for baseline characteristics
(p=0.195).



Table S presents the NIV, CPAP, oxygen settings, hospital
admission rates, duration of hospital stay (hospital days), and
emergency room visits during the follow-up period. In the
NIV group, patients treated with oxygen needed more inspira-
tory PAP than patients treated without oxygen. The hospital
resource utilization was higher in patients treated with supple-
mental oxygen therapy in all three groups. However, these dif-
ferences were not statistically significant.

DISCUSSION

To the best of our knowledge, this is the first study comparing
the medium-term efficacy and safety of adding chronic supple-
mental oxygen therapy to NIV, CPAP or lifestyle modification
therapies in patients with OHS. The main results can be sum-
marized as follows: (1) chronic oxygen therapy led to marginal
changes in daytime respiratory functional tests, polysomno-
graphic parameters, HRQL tests, and clinical symptoms; (2)
the observed changes were dissimilar among the three com-
monly prescribed therapies for OHS; and (3) there was no evi-
dence of an increase in hospital resource utilizations after 2 mo
of supplemental oxygen therapy.

In clinical practice supplemental oxygen therapy is fre-
quently prescribed for patients with OHS, either with or without
PAP therapy.* The expected benefit is to decrease nocturnal and
daytime hypoxemia. However, there is a concern that oxygen
therapy may result in worsening of chronic respiratory acido-
sis or compensatory chronic metabolic alkalosis. In the current
study, oxygen therapy led to an increase in pH in the control
group only, suggesting that adding supplemental oxygen ther-
apy to lifestyle modification treatment can worsen respiratory
acidosis, which leads to compensatory chronic metabolic alka-
losis."” This may have not occurred in the CPAP and NIV group
because these interventions reduced PaCO, more efficiently
than lifestyle modification.'” Two laboratory-based randomized
crossover studies examined the effect of supplemental oxygen
therapy in ambulatory patients with stable OHS. In one study,
28 subjects were exposed to 28% and 50% oxygen concentra-
tions for 20 min® and in another study, 24 subjects were exposed
to 100% oxygen for 20 min.” The arterialized-venous PCO,* and
transcutaneous PCO,” increased with oxygen therapy in a sub-
group of patients with OHS. Respiratory acidosis occurred with
a fraction of inspired oxygen (FiO,) of 0.50 but not with a FiO,
0.28. The pH was not measured in the study using 100% oxy-
gen.” In our study, there was not a significant change in PaCO,
although there was a greater likelihood of alkalosis in the con-
trol group when treated with supplemental oxygen for 2 mo. In
addition to different methods of measuring PCO,, compared
to the prior studies our study has several differences that could
explain the divergent results: (1) our longer period of treatment
with oxygen can compensate the initial respiratory acidosis; (2)
our FiO, was lower than in the afore-mentioned studies; and
(3) ABG was obtained while the patients were off supplemental
oxygen and breathing room air for at least 20 min.

Some clinical series have evaluated predictors of mortality
in OHS patients treated with NIV.>¢%1 In two of these stud-
ies supplementary oxygen therapy was also assessed as a risk
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Figure 2—Frequency of clinical symptoms in the three
intervention groups (NIV, CPAP, and control) distributed in
baseline with and without supplemental oxygen therapy and
after 2 mo with and without supplemental oxygen therapy.
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Statistically we compared the percentage at the end of the follow-up
between patients with and without supplementary oxygen therapy in
each of interventions groups by unadjusted analysis and the following
adjusted models: (1) baseline values of the variable analyzed, age,
sex, body mass index (BMI), the forced expiratory volume in 1 sec,
and apnea-hypopnea index (baseline adjustment); and (2) baseline
adjustment, BMI change, and CPAP or NIV compliance (hour/day);
in the control group the last adjustment was only performed with
BMI change. *Unadjusted p < 0.01; baseline adjusted p < 0.01; and
all adjusted p < 0.01. CPAP, continuous positive airway pressure;
NIV, noninvasive ventilation.

factor associated with mortality.>® Only in one study the ad-
dition of oxygen to NIV was independently associated with
increased mortality.’ In another study,” alkalosis (pH > 7.44)
was independently associated with increased mortality in pa-
tients with OHS treated with NIV. However, in that study the
investigators did not adjust for oxygen therapy as a confounder.
Although our study cannot provide further information on
long-term outcomes such as mortality, we only noted a trend
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Table 4—Changes in polysomnographic parameters based on assigned treatment.

NIV, mean (SD) CPAP, mean (SD) Control, Mean (SD)
With O, Without O, p value With O, Without O, p value With O, Without O, p value

TST, h 0.3 0.1 0.613 0.4 -0.3 0.116 0.3 0.3 0.908
(1.1) (1.6) - (1.8) (1.8) - (1.2) (1.4) -

Efficiency 24 0.6 0.875 75 0.2 0.280 25 -0.1 0.467
(14) (20) - (25) (20 - (17) (16) -

% light sleep -8.6 -14 0.555 -9.8 -17 0.182 -5.2 -4.9 0.927
(23) (21) - (17) (19) - (20) (14) -

% deep sleep 29 75 0.572 6.4 8.5 0.410 0.7 0.7 0.706
(21) (14) - (18) (13) - (11) (13) -

% REM sleep 6.3 7.9 0.584 6.5 9.9 0.420 5.8 1.4 0.094
(1) (14) (13) (13) 9.9) (14) -

Arousal index =27 -29 0.734 -35 -46 0.561 13 5.7 0.196
(30) (32) - (30) (36) - (30) (22) -

AHI -42 -38 0.710 -49 -64 0.138 -15 -3.6 0.033

(38) (38) - (42) (35) - (37) (21) 0.029

- - 0.047

oDl -38 -31 0.426 -52 -60 0.514 -9.6 -1 0.097
(31) (37) - (32) (39) - (33) (20) -

Mean O, sat 6 4.2 0.095 6.1 6 0.722 3.7 0.7 0.005

(5.3) (6.5) - (5.9 (6.4) - (7.1) (4.1) 0.195

%TST <90 -42 -32 0.175 -40.2 -38.3 0.941 -8.1 -3.6 0.490
(39) (34) - (40) (35) - (34) (31) -

p values of differences (2 mo - baseline) between patients with and without supplementary oxygen in each of interventions groups (NIV, CPAP, and control)
corresponding from top to bottom: unadjusted; baseline adjustment (baseline values of the variable analyzed, age, sex, body mass index (BMI), FEV, and
AHI); and baseline adjustment, plus change in BMI and adherence to NIV or CPAP (for the control group the last adjustment was only performed with BMI
change). Bold values indicate statistical significance. AHI, apnea-hypopnea index; CPAP, continuous positive airway pressure; NIV, noninvasive ventilation;
ODI, oxygen desaturation index; SD, standard deviation; TST, total sleep time; %TST < 90, percentage of the TST below 90% of oxygen saturation.

to mild alkalosis when supplemental oxygen was added to life-
style changes without PAP treatment.

Patients treated with oxygen reported poorer changes in
the clinical symptoms compared with patients treated with
habitual treatments alone without oxygen (i.e. NIV, CPAP,
or lifestyle changes). The only change with oxygen was the
significant increased frequency of morning confusion and a
tendency (p < 0.1) toward increased morning headache when
supplemental oxygen therapy was added to CPAP treatment.
This finding suggests that, in contrast to NIV treatment, sup-
plemental oxygen added to CPAP treatment may lead to a
worsening of the hypoventilation during sleep. These results
may be related to the tendency toward lower improvement in
quality of life in patients treated with CPAP plus supplemental
oxygen in comparison with patients with CPAP alone (SF-36
physical component in Table 3). Thus, we speculate that when
supplemental oxygen is added to PAP therapy, NIV may be
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better than CPAP in counterbalancing the tendency toward
worsening of nocturnal hypoventilation.

There was a significant decrease in systolic blood pres-
sure in patients treated with supplemental oxygen in the NIV
group after adjustment for confounders as well as a trend to-
ward reduction in diastolic blood pressure (Table 2). This may
be relevant as intermittent hypoxemia during sleep has been
recognized as a risk factor for hypertension in patients with
OSA.22! Although oxygen therapy can decrease the severity
of OSA,? blood pressure is not appreciably impacted with
supplemental oxygen.?>? In fact, when we adjusted the change
in systolic blood pressure for the change in BMI and NIV com-
pliance the statistical significance disappeared (Table 2), sug-
gesting that adherence to NIV and weight loss may be more
important contributors to improvement in blood pressure than
supplemental oxygen added to NIV. Although patients with
supplemental oxygen therapy added to NIV had higher NIV
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Table 5—Therapy settings, compliance and hospital admissions and days.

NIV CPAP Control
With O, Without O, With O, Without O, With O, Without O,

Oxygen therapy, % 25 - 20 - 31 -
Oxygen flow, L/min, mean (SD) 2(1) - 2(0.8) - 1.5(0.4) -
Oxygen compliance, h/day, mean (SD) 13(3.1) - 13 (3.3) - 14 (3.2) -
Pressures, cm H,0, mean (SD)

IPAP 20 (4.5) 18 (3.7) - - - -

EPAP 8(2.1) 7.7(2.5) 11(2.6) 11(2.4) - -
Backup respiratory rate, breaths/min mean (SD) 15(2.1) 14 (3) - - - -
Mask, %

Nasal 22 7 3 45 - -

Full-face 78 931 69 55*
Adherence to CPAP/NIV, h/day, mean (SD) 6(2.3) 54(1.9) 5.1(2.5) 54 (1.8) - -
Emergency room visit, % 0 9 0 14 6.1 17
Hospital admission rate, % 0 5.7 0 1.7 3 6.9
Hospital days, mean (SD) 0 0.46 (1.98) 0 0.12(0.92) 0.3(1.74)  0.59(2.53)

*p < 0.05. Tp < 0.01. Bold values indicate statistical significance. CPAP, continuous positive airway pressure; EPAP, expiratory positive airway pressure;
h/day, hours/day; IPAP, inspiratory positive airway pressure; NIV, noninvasive ventilation; SD, standard deviation.

compliance than patients with NIV alone (6 h/day vs. 5.4 h/day
on average, respectively), those who received oxygen and NIV
experienced a greater degree of weight loss (—5.5 kg vs. —1.8 kg
on average, respectively). Therefore, weight loss may have
been an even more relevant factor than compliance to NIV.

All PSGs, as the rest of tests (i.e. ABG, spirometry and
6-min walk distance), were carried out without supplemental
oxygen in order to better assess the efficacy of the different
treatments (NIV, CPAP, and lifestyle modification). In the
follow-up PSGs from control the group that were performed
on room air, we found a significant reduction in the AHI when
these patients were treated with supplemental oxygen therapy
at home. The statistical significance persisted despite adjust-
ment for baseline values and change in BMI, perhaps because
the mean change in weight was very similar between lifestyle
groups with and without supplemental oxygen subgroups
(mean weight loss of —1.6 kg in both subgroups of lifestyle). We
know that oxygen therapy reduces the AHI in OSA* but we do
not know if a certain positive effect remains at night without
oxygen in place if it has been used at home for 2 mo. Change
in oxygenation level during sleep was also better in the supple-
mental oxygen group (Table 4), although it could be explained
based on the differences in baseline characteristics. Although
variability in AHI could potentially explain these differences,
we think it is less likely because it would affect both subgroups
(with and without supplemental oxygen) equally. Therefore,
we speculate that 2 mo of chronic oxygen therapy at home may
have a “residual” carryover effect after 1 night of oxygen with-
drawal, therefore reducing the AHI. However, further research
in this area is necessary.

Although patients without supplemental oxygen therapy in
the three groups (NIV, CPAP, and control) had greater hos-
pital resource utilization than patients requiring supplemen-
tal oxygen therapy, the differences did not reach statistical
significance. It is likely, however, that 2 mo of follow-up is
insufficient to assess this outcome.
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Our study has several limitations. First, it is a post hoc analysis
of arandomized controlled trial and as such it lacked a priori sam-
ple size calculation based on a main outcome variable. However,
our sample size is the largest of any randomized controlled trial
in patients with OHS. Moreover, the current study represents the
largest sample of OHS patients on supplemental oxygen followed
carefully after 2 mo of therapy. Second, although we enrolled con-
secutive patients across several participating centers, our inclu-
sion and exclusion criteria may have led to some selection bias and
may, therefore, not be reflective of “real life” patients with OHS
seen in clinical practice. Third, patients treated with supplemen-
tal oxygen had differences in some anthropometric and clinical
characteristics in comparison with OHS patients without oxygen
therapy. The influence of these differences was minimized by
adjusting for baseline confounders. Fourth, we did not use trans-
cutaneous CO, measurement during the PSG test due to limited
resources for incorporating it in all participating centers.

In summary, our findings suggest that 2 mo of supplemental
oxygen in patients with OHS did not produce clear deleterious
effects or an increase in hospital resource utilization. However,
when oxygen was added to NIV it was associated with a reduc-
tion in blood pressure; when added to CPAP it was associated
with increased frequency of morning confusion; and when
added to lifestyle modification it was associated with increased
alkalosis and lower AHI. Long-term studies are necessary to
ensure that supplemental oxygen therapy does not increase the
risk of cardiovascular morbidity and mortality in patients with
OHS. While we await the results of these studies, we believe
low-flow supplemental oxygen is safe therapy in patients with
OHS as long as they are closely monitored.

ABBREVIATIONS

ABG, arterial blood gases
ANCOVA, analysis of covariance
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AHI, apnea-hypopnea index

BMI, body mass index

CO,, carbon dioxide

CPAP, continuous positive airway pressure
EES, Epworth sleepiness scale

FEV,, forced expiatory volume in the first second
FiO,, fraction of inspired oxygen

FVC, forced vital capacity

HRQL, health-related quality of life

NIV, noninvasive ventilation

OHS, obesity hypoventilation syndrome
OSA, obstructive sleep apnea

Pa0, arterial partial pressure of oxygen
PAP, positive airway pressure

PCO,, partial pressure of carbon dioxide
PSG, polysomnography

SpO,, peripheral oxygen saturation
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