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Purpose: No study has assessed the titration success of CPAP therapy in patients with obesity hypoventilation syndrome (OHS) and
an apnea-hypopnea index (AHI) <30 event/h. This study aimed to assess the titration success of CPAP therapy under polysomnography
and subsequent short-term adherence (1 month) in patients with OHS and an AHI <30 event/h.
Methods: Consecutive OHS patients with an AHI <30 events/h between 2010 and 2019 were included (n=54). All OHS patients were
first started on CPAP during the therapeutic sleep-study. If the therapeutic-study showed that the SpO2 remained < 90% for 20% of the
total sleep time, a second therapeutic study was arranged with bi-level PAP (BPAP). Thirty patients agreed to participate in the
1-month follow-up adherence study. We applied the American-Thoracic-Society criteria for PAP adherence.
Results: The mean age was 54.8±14.6 years, and the mean BMI was 45.9±12.2 kg/m2. Successful titration on CPAP was attained in
36 (66.7%) patients, and 18 (33.3%) required BPAP. Patients who failed the CPAP trial had a significantly higher PaCO2 and
bicarbonate, a more restrictive respiratory pattern on spirometry, and a significantly higher time with SpO2<90% (mins) during sleep.
The only independent correlate of CPAP-titration success on the multivariable regression analysis was the desaturation index (OR:
1.33 [1.033–1.712]). More than 80% of the participants were using CPAP therapy after one-month with no differences in adherence
between the CPAP and BPAP groups.
Conclusions: The current results suggest that CPAP therapy could be an acceptable alternative therapy to BPAP in patients with OHS
without severe OSA.
Keywords: CPAP, bi-level positive airway pressure, compliance, obstructive sleep apnea, desaturation, titration

Introduction
Obesity hypoventilation syndrome (OHS) is an under-recognized disorder characterized by obesity (BMI>30kg/m2) and
awake hypercapnia (PaCO2>45mmHg) and is usually accompanied by obstructive sleep apnea (OSA).1 OHS patients
have a higher risk of cardiovascular and respiratory morbidity and mortality than eucapnic obese individuals and OSA
patients.2,3 Additionally, they have higher healthcare utilization.4 Two phenotypes of OHS have been described, OHS
with severe OSA and OHS without severe OSA, with an apnea-hypopnea index (AHI) of <30 events/h.5 OSA occurs in
approximately 90% of OHS patients, and severe OSA in 73% of OHS patients.6 The pure hypoventilation phenotype
occurs in 10–15% of patients.7

Positive airway pressure (PAP) therapy is the mainstay treatment for OHS; it aims to stabilize breathing and gas
exchange during sleep. In a recent Official American Thoracic Society (ATS) Clinical Practice Guideline, the ATS
recommended for stable ambulatory patients with OHS and concurrent severe OSA (AHI ≥30 events/h) to start therapy
with continuous PAP (CPAP) as the first-line treatment before noninvasive ventilation (NIV), as the difference in the
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outcomes between CPAP and NIV was nonsignificant.8 However, for OHS patients with an AHI<30 events/h, the ATS
practice guideline suggested that NIV might provide more benefits than CPAP, acknowledging the lack of studies to
compare the two treatment modalities in this group; and indicating that there is less certainty of the superiority of NIV in
OHS patients without concomitant severe OSA.8 Additionally, the recommendation was conditional due to a very low
level of certainty in the evidence.8 Moreover, the ATS report indicated that further studies assessing the impact of
different PAP modes in patients with OHS with mild/moderate OSA are needed.8 Though CPAP does not
augment minute and alveolar ventilation; it may help to unload CO2 collected during airway narrowing during sleep.9

We have reported the long-term adherence to PAP therapy in ambulatory OHS patients with severe OSA;10 however,
in general, limited studies have assessed adherence to PAP therapy in patients with OHS,10–14 and none has been done to
assess the titration success of CPAP therapy and subsequent adherence in patients with OHS and an AHI <30 event/h.
Currently, there is a lack of certainty on the clinical benefits of initiating CPAP treatment in OHS patients without severe
OSA.8 Whether CPAP therapy has a good therapeutic effect in OHS patients with mild-moderate OSA remains unclear.15

As OHS patients with AHI<30 events/h may still have a significant proportion of obstructive events, CPAP may still
benefit some patients with OHS in this group. Due to cost, availability, and logistic reasons, the practice in our sleep
disorders center has been to start all patients with OHS on CPAP first and then shift them to BPAP if the CPAP titration
trial fails. In addition, the ATS practice guidelines indicated that there are moderate cost inferences related to the choice
of PAP mode of therapy, with NIV therapy being considerably more costly than CPAP.8,16 Further, NIV may necessitate
more titration, preparation, and training expertise.8 Consequently, these factors may defer the provision of NIV compared
to CPAP, especially in regions where the expertise required for more difficult NIV devices is inadequate.8

We hypothesized that CPAP titration improves sleep-related respiratory parameters in some OHS patients with an
AHI <30 events/h during sleep. Therefore, this study aimed to assess the titration success of CPAP therapy under
polysomnographic (PSG) monitoring and subsequent short-term adherence (1 month) in patients with OHS and an AHI
<30 event/h.

Methods
Subjects
This prospective observational study was conducted at the University Sleep Disorders Center (USDC) at King Saud
University Medical City at King Saud University, Riyadh, Saudi Arabia; this project is a part of a larger research project,
with prospectively collected information, to evaluate OHS.10,17–19 Consecutive ambulatory, PAP-naïve, newly diagnosed
OHS patients (>18 years), with an AHI <30 events/h in the period between January 2010 and December 2019 were
invited to participate (n=60). Exclusion criteria were chronic illnesses that may result in hypercapnia or impact breathing,
including chronic neurological, muscular, or pulmonary conditions, skeletal deformities, decompensated congestive heart
failure, and use of drugs that depress the respiratory drive.

All participants underwent spirometry based on the task force guidelines by the American Thoracic Society/European
Respiratory Society (ATS/ERS) using a Master Screen (Jaeger, Germany).20 Moreover, all participants had arterial blood
analysis after 15 minutes of rest while awake, sitting, and at room-air employing a GEM® Premier™ 4000 analyzer
(Instrumentation Laboratory, Lexington, MA). Daytime sleepiness was determined using the Epworth sleepiness scale
(ESS).21 Comorbidities were identified based on clinical histories and medical records.

OHS Diagnosis
OHS was diagnosed according to the third edition of the International Classification of Sleep Disorders Manual (ICSD-
3), including: 1) daytime hypercarbia (arterial PaCO2 >45 mm Hg), 2) BMI >30 kg/m2, and 3) excluding other disorders
causing hypoventilation and daytime hypercarbia.22

Polysomnography
All participants had a standard diagnostic sleep study (Type 1).10,23 The following sleep parameters were recorded during
the study, standard electroencephalogram, cardiogram, respiratory flow and efforts, pulse oximeter, and leg and chin
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electromyogram via Alice® diagnostic equipment (Philips, Respironics Inc., Murrysville, PA, USA). Sleep studies and
respiratory events were scored manually according to the American Academy of Sleep Medicine (AASM) scoring
criteria and rechecked by certified staff.23

Hypopneas were scored when there was a decrement in nasal pressure signal by ≥50% for ≥10 seconds, resulting in
arousal or a ≥3% drop in SpO2 from the pre-event baseline. The desaturation index was calculated as the number of
desaturations (fall in SpO2 of ≥3%) divided by total sleep time in hours. OSA severity was assessed using the AHI (the
number of obstructive apneas and hypopneas per hour of sleep).

Attended PAP Therapy and Titration-Protocol
All included OHS patients were firstly started on CPAP during a therapeutic polysomnographic study. If the SpO2

remained continually less than 90% despite eliminating the obstructive events and flow limitation, CPAP pressure was
increased by 2–3 cm H2O. The highest CPAP pressure that could be reached was 20 cm H2O.

At present, there is no consensus agreement on the Definition of “CPAP titration failure” in OHS patients.24,25 Some
previous studies have labeled CPAP titration failure if the SpO2 remained less than 85–90% for 20% of the total sleep
time.24,25 The ATS clinical practice guideline review indicated that previous studies had used the following definition of
“CPAP failure” in stable OHS patients, the response to CPAP is observed over one night, and the failure to maintain
SpO2 > 85–90% is deemed an indication of “CPAP failure,” which prompts a move to NIV.8,26–28 Therefore, we adopted
the criterion of “SpO2 remained less than 85–90% for 20% of the total sleep time” during titration to define CPAP failure
and arrange for a therapeutic night on BPAP.

Fixed pressure BPAP was used when CPAP failed. EPAP was increased to eliminate apneas, hypopneas, and upper
airway narrowing.29 IPAP was increased to improve SpO2, aiming for a tidal volume of 8–10 ml/kg of ideal body weight.
BPAP was initiated in the spontaneous mode, with a plan to add a backup rate if problems of ineffective triggering,
central respiratory apneas, or a low respiratory rate developed.30

During BPAP titration, supplemental O2 was added when obstructive respiratory events were eliminated, and pressure
support and respiratory rate were normalized, but the SpO2 remained < 90% for 5 minutes or more.31

Thirty patients agreed to participate in the 1-month follow-up study to assess PAP therapy adherence. The ATS
criteria for positive airway pressure therapy adherence were used in this study.32 The ATS criteria defined “good
adherence” to PAP as “using PAP therapy regularly for >4 h/night for >70% of the recorded time”; and “partial
adherence” is defined as “using PAP therapy >2 h/night provided that PAP use is attended by subjective improvement
in OHS-related symptoms such as quality of life”.32 If none of the above criteria is met, patients were deemed non-
adherent.32 Adherence to PAP therapy was recorded via transferring “mask-on time tracking” information from PAP
machines, which allowed the objective assessment of adherence to PAP therapy.33

Assessment of PAP Adherence
The follow-up and PAP therapy adherence assessment have been described in detail before.10 After attending an educational
session (in the presence of a family member) with hands-on training, the PAP devices were provided to the patients.

Figure 1 illustrates the study protocol; patients had two nights in the sleep disorders center; night-1: for diagnosis; and
night-2: for CPAP therapy application and titration. If the CPAP titration trial failed, as defined above, a third night was
arranged for BPAP titration. PAP titration was made within 2 weeks following the diagnostic night. After the therapeutic
sleep study, patients underwent two hands-on training meetings on day 1 and day 14.

The study was concluded one month after initiating PAP therapy, and objective adherence was assessed.
During the study month after PAP therapy initiation, patients had direct, immediate access to medical and technical

support by the treating team through phone contact during daytime working hours.
PAP therapy adherence was verified by downloading “mask-on time tracking” data from PAP devices. This method

allowed the objective assessment of adherence to PAP therapy.33
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Figure 1 A flowchart of the study group.
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Statistical Analysis
Data are displayed as numbers (%) or mean ± standard deviation (SD). The CPAP and BPAP groups were compared
using the Chi-square test for binary (dichotomous) variables and the t-test for continuous variables. If the normality test
failed, the Mann-Whitney U test was used. Additionally, a univariable logistic regression analysis was performed to
identify factors associated with CPAP titration success during the therapeutic night, whereby one independent variable
was analyzed at a time in the model. The following independent variables were run in the model, demographics, arterial
blood gas parameters, sleep study variables, and comorbidities. Variables with significant p-values were run in the
subsequent multivariable logistic regression analysis model. The correlation matrix calculated the multicollinearity
between variables in the model, and no multicollinearity was found. Furthermore, the standard error in the model was
utilized to reexamine multicollinearity. A p-value < 0.05 was accepted as statistically significant. The SPSS statistical
software (version 23; Chicago, IL, USA) was used in the analysis.

Results
Sixty patients were diagnosed with OHS with an AHI <30 and met the inclusion criteria; 6 of them refused to use PAP
(CPAP or BPAP) during titration. There was no difference between those six patients who refused PAP therapy and the
remaining patients (n=54) regarding age, gender, BMI, comorbidities, AHI, mean nocturnal SpO2, baseline PaCO2, and
PaO2.

The remaining 54 patients (41 women) completed the titration study. The mean age of the studied group was 54.8 ±
14.6 years (range: 40–74), and the mean BMI was 45.9 ± 12.2 kg/m2 (range: 40–56). Patient demographics and general
characteristics are presented in Table 1. Successful titration on CPAP was attained in 36 (66.7%) patients, and 18
(33.3%) required BPAP spontaneous mode (none required the spontaneous-timed mode). The mean CPAP and BPAP
pressures required at the end of the therapeutic studies were 11 ± 3.4 cmH2O and 14.8 ± 3.0/10.1 ± 2.5 cmH2O,
respectively. Among patients who were switched to BPAP, only one patient required the addition of supplemental
oxygen.

Table 2 demonstrates a comparison between patients in whom CPAP titration was successful and patients who
required a therapeutic study with BPAP. Patients in whom the CPAP trial failed and needed to be shifted to BPAP had
a significantly higher PaCO2 level (49 ± 4.7 mmHg vs 63.7 ± 11.5 mmHg) and bicarbonate level (29.1 ± 2.4 mmol/L vs
35.1 ± 13.3 mmol/L). Additionally, they significantly had lower forced expiratory volume during the first second (FEV1)
(% predicted) 76.1±19.3% vs 49.4±14.4%) and lower forced vital capacity (FVC) (% predicted) (79.4±19.5% vs 50.6
±12.5%). With regards to the PSG findings, the group that needed to be shifted to BPAP during the therapeutic night had
signs of more severe disease reflected by a significantly higher time with SpO2 <90% (mins), lower lowest recorded
SpO2 (%), and mean nocturnal SpO2 (%), as shown in Table 2. However, the desaturation index was more in the CPAP
group 24.1 ± 22.1/h vs 12.2 ± 8.5/h, p-value= 0.026).

Both groups (CPAP and BPAP) had major improvements in respiratory parameters during the therapeutic titration
night (Table 2). However, two patients continued to desaturate while on BPAP during titration; therefore, supplemental
oxygen was started.

Table 3 shows the univariate and multivariable regression analyses for the correlates of CPAP titration success during
the therapeutic night. On the univariable regression analysis, the significant correlates were BMI (OR: 1.334 [1.065–
1.672], p-value= 0.012), AHI (OR: 1.14 [1.001–1.299], p-value=0.049), and desaturation index (OR: 1.219 [1.015–
1.464], p-value= 0.034). On the other hand, the only independent correlate on the multivariable regression analysis was
the desaturation index (OR: 1.33 [1.033–1.712, p-value= 0.027].

Thirty patients agreed to participate in the 1-month follow-up study, 19 in the CPAP group and 11 in the BPAP group.
Figure 2 presents adherence to therapy in the whole group, CPAP group, and BPAP group. More than 80% of the
participants were using PAP therapy after one month. In the CPAP group and BPAP group, good adherence was (31% vs
27%, p-value=1.0), partial adherence (53% vs 55%, p-value=0.9), and non-adherent (16% vs 18%, p-value=1.0). None of
the CPAP group was shifted to BPAP during the study period. There was no difference in CPAP adherence between
patients who required CPAP titration pressure > 15 cmH2O and < 15 cmH2O.
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PAP devices are usually replaced for patients after five years with new devices; however, as patients’ recruitment was
between 2010 to 2019, and there is a possibility of advances in PAP devices technology, which may improve adherence,
PAP therapy adherence was compared across the ten study years. No difference in adherence was detected between the
different years.

During the one-month follow-up period, none of the patients was admitted to the hospital with respiratory failure.

Discussion
To our knowledge, no study has addressed the success of using CPAP as an acceptable alternative therapeutic option to
NIV in OHS patients without severe OSA when NIV is not readily available. In this observational study, almost two-
thirds of the studied patients had successful and acceptable CPAP titration, and most of the patients who participated in

Table 1 Demographic and General Information

Variable Total (n=54) Mean ± SD/n (%)

Age (Year) 54.8 ± 14.6
Body mass index (kg/m2) 45.9 ± 11.2

Epworth sleepiness scale 8.7 ± 5.2

PH 7.4 ± 0.1
PaCO2 (mmHg) 53.9 ± 6.6

PaO2 (mmHg) 67.1 ± 17.5

HCO3 (mmol/L) 31.2 ± 8.4
FEV1/FVC (%) 85.3 ± 6.3

FVC (% predicted) 70.2 ± 21.4
FEV1 (% predicted) 73 ± 21.8

Sex (Female) 41 (75.9)

PSG findings
Sleep efficiency (%) 70.6 ± 18

Stage N1 (%) 8.8 ± 9.6

Stage N2 (%) 68.8 ± 18.2
Stage N3 (%) 9.1 ± 14.4

Stage REM (%) 12.8 ± 11.9

Apnea hypopnea index (events/hr.) 16.7 ± 7.8
Central apnea index (events/hr.) 0.04 ± 0.1

Obstructive apnea index (events/hr.) 0.6 ± 1.4

Mixed apnea index (events/hr.) 0.5 ± 3.6
Hypopnea index (events/hr.) 14.9 ± 7.6

Desaturation index (desaturations/hr.) 16.1 ± 15.4

Time with SpO2 <90% (mins) 35.4 ± 40.9
Lowest recorded SpO2 (%) 77.4 ± 12.8

Mean nocturnal SpO2 (%) 89.4 ± 10.5

Arousal index (arousals/hr.) 21.7 ± 10.9
Comorbidities
Hypertension 37 (68.52

Ischemic heart disease 6 (11.1)
Diabetes mellitus 29 (53.7)

Renal failure 2 (3.7)

Compensated heart failure 3 (5. 6)
Bronchial asthma 19 (35.19)

Allergic rhinitis 5 (9.26)

Hypothyroidism 7 (12.96)
Hypercholesterolemia 19 (35.2)
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Table 2 Comparison Between Patients in Whom CPAP Was Successfully Titrated and Patients Who Were
Shifted to BPAP

Variable Total (n=54) Mean ± SD/n (%) P-Value

CPAP (n=36) BPAP (n=18)

Age (Year) 53.4 ± 13.3 57.7 ± 16.9 0.307
Body mass index (kg/m2) 45.7 ± 11.6 46.1 ± 10.2 0.1

Epworth sleepiness scale 8.6 ± 5.3 8.9 ± 5.3 0.821

PaCO2 (mmHg) 49 ± 4.7 63.7 ± 11.5 < 0.001
PaO2 (mmHg) 69.4 ± 17.7 62.5 ± 16.6 0.178

HCO3 (mmol/L) 29.1 ± 2.4 35.1 ± 13.3 0.006

FEV1/FVC (%) 85.4 ± 6.1 85 ± 7.5 0.875
FVC (% predicted) 76.1 ± 19.3 49.4 ± 14.4 0.001

FEV1 (% predicted) 79.4 ± 19.5 50.6 ± 12.5 < 0.001

Sex (Female) 27 (75) 14 (77.8) 1.000
Premenopausal 9 (25) 2 (11.1) 0.429

Comorbidities
Hypertension 22 (61) 15 (83.3) 0.21
Ischemic heart disease 4 (11) 2 (11.1) 1.00

Diabetes mellitus 16 (44.4) 13 (72.2) 0.08

Renal failure 0 (0) 2 (11.1) 0.11
Compensated heart failure 2 (5.6) 1 (5.6) 1.00

Bronchial asthma 15 (41.7) 4 (22.2) 0.16

Allergic rhinitis 5 (13.9) 0 (0) 0.26
Hypothyroidism 6 (16.7) 1 (5.6) 0.40

Hypercholesterolemia 15 (41.7) 4 (22.2) 0.25

Polysomnographic findings at baseline
Sleep efficiency (%) 72.1 ± 16.5 67.6 ± 20.9 0.39

Stage N1 (%) 7.7 ± 5.6 11 ± 14.7 0.83
Stage N2 (%) 71.5 ± 17.1 63.4 ± 19.6 0.12

Stage N3 (%) 8.7 ± 15.1 9.8 ± 13.2 0.67

Stage REM (%) 11.9 ± 9.3 14.6 ± 16.2 0.52
Apnea hypopnea index (events/hr) 17.4 ± 7.8 15.3 ± 7.8 0.35

Central apnea index (events/hr) 0 ± 0.1 0 ± 0.1 0.946

Obstructive apnea index (events/hr) 0.6 ± 1.2 0.6 ± 1.7 0.577
Mixed apnea index (events/hr) 0.7 ± 4.4 0.1 ± 0.1 0.079

Hypopnea index (events/hr) 16.8 ± 7.6 14 ± 7.6 0.205

Desaturation index (desaturations/hr) 24.1 ± 22.1 12.2 ± 8.5 0.026
Time with SpO2 <90% (mins) 20.4 ± 34.2 65.4 ± 37.2 < 0.001

Lowest recorded SpO2 (%) 81.1 ± 11.7 69.8 ± 11.8 < 0.001

Mean nocturnal SpO2 (%) 91.8 ± 10.9 84.4 ± 7.7 < 0.001
Arousal index (arousals/hr) 22.1 ± 9.9 21.5 ± 11.5 0.76

Polysomnographic findings during successful
titration
Sleep efficiency (%) 76 ± 15.7 61.4 ± 22.3 0.01

Stage N1 (%) 7 ± 5.8 11.9 ± 14 0.49

Stage N2 (%) 65.5 ± 15.4 64.5 ± 18.2 0.649
Stage N3 (%) 6 ± 9.7 8.9 ± 12.1 0.59

Stage REM (%) 21.2 ± 11.4 14.1 ± 11 0.04

Apnea hypopnea index (events/hr) 5.9 ± 6.2 8.3 ± 7.3 0.216
Central apnoea index (events/hr) 0.4 ± 1.3 0.1 ± 0.2 0.732

Obstructive apnoea index (events/hr) 0.3 ± 1 0.3 ± 0.8 0.438

Mixed apnoea index (events/hr) 0.1 ± 0.2 0 ± 0.1 1.000

(Continued)
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the follow-up continued to use their CPAP device after one month. The group that failed CPAP titration had more severe
sleep-disordered breathing reflected by worse hypercapnia, more restriction of spirometry, and worse oxygenation during
sleep. Switching this group of patients who failed CPAP titration to BPAP spared most of them the need to add
supplemental oxygen (16 out of the 18 switched patients). A study by Schwartz et al reported better efficacy of BPAP
than CPAP in OSA patients who have older age, higher BMI, and higher PaCO2.34 In the current study, the group that
required BPAP had a higher PaCO2; on the other hand, the desaturation index was higher in the CPAP group. A higher
desaturation index reflects intermittent hypoxemia and obstructive respiratory events responding to continuous PAP. As
BPAP augments tidal volume and minute ventilation, it is more likely to rapidly wash out CO2, hence improving

Table 2 (Continued).

Variable Total (n=54) Mean ± SD/n (%) P-Value

CPAP (n=36) BPAP (n=18)

Hypopnea index (events/hr) 4.6 ± 4.5 7.9 ± 7 0.094
Desaturation index (desaturations/hr) 4.7 ± 4.8 4.9 ± 5 0.917

Time with SpO2 <90% (mins) 0.9 ± 2.1 15.7 ± 23.7 0.002

Lowest recorded SpO2 (%) 90.6 ± 3 81 ± 18.6 0.017
Mean nocturnal SpO2 (%) 95.7 ± 1.7 94.1 ± 2.7 0.015

Arousal index (arousals/hr) 12.8 ± 9.2 15.6 ± 14.3 0.868

Required supplemental oxygen – 2 (11.1)
PAP device pressure
PAP recommended pressure 11 ± 3.4 14.8 ± 3/10.1 ± 2.5 -

Abbreviations: HCO3, bicarbonate; FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity; SPO2, percent saturation of
oxygen in the blood; PAP, positive airway pressure.

Table 3 Factors Associated with CPAP Titration Success During the Therapeutic Night.
CPAP Acceptance Using Univariable and Multivariable Logistic Regression Analyses

Variables in the Equation p-value OR [95% C.I.]

Univariable Model
Age (Year) 0.24 1.04 [0.97–1.12]
Body mass index (kg/m2) 0.012 1.334 [1.07–1.67]

PaCO2 (mmHg) 0.25 1.21 [0.87–1.68]

HCO3 (mmol/L) 0.14 1.39 [0.90–2.15]
FVC (% predicted) 0.99 1.00 [0.95–1.05]

FEV1 (% predicted) 0.91 0.99 [0.95–1.047]

Apnea hypopnea index (events/hr) 0.049 1.14 [1.001–1.30]
Desaturation index (desaturations/hr) 0.034 1.22 [1.02–1.46]

Time with SpO2 <90% (mins) 0.24 1.754 [0.69–4.43]

Lowest recorded SpO2 (%) 0.05 0.74 [0.55–1.003]
Mean nocturnal SpO2 (%) 0.10 0.71 [0.474–1.07]

Sex (Female) 0.23 3 [0.50–17.95]

Diabetes mellitus 0.54 1.667 [0.32–8.59]
Hypertension 0.08 4.72 [0.86–26.04]

Multivariable logistic model (Forward Wald method)*

Desaturation index (desaturations/hr) 0.027 1.33 [1.033–1.712]

Notes: *Multicollinearity: none. Overall accuracy: 80.6%, Sensitivity: 91.7%, Specificity: 42.9%, Area under the curve
(ROC): 87.2%, Omnibus tests of model: p=0.002, Hosmer-Lemeshow goodness of fit: p=0.609, Nagelkerke
R square: 42.2%.
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hypoxemia secondary to alveolar hypoventilation. Additionally, augmenting tidal volume during BPAP may further
reduce atelectasis and improve lung mechanics, resulting in better oxygenation.35 Future studies should assess the
feasibility of shifting this group of patients to CPAP therapy when eucapnia is achieved. Nevertheless, our current
findings show that CPAP therapy can be an effective alternative in most OHS patients with mild to moderate OSA.

In OHS patients without severe OSA, previous case series had demonstrated that NIV therapy resulted in short-term
stability.15,36 A randomized-controlled trial showed an improvement in parameters of respiratory failure in patients on
NIV when compared to patients on lifestyle modifications.5 However, no study has addressed the success of CPAP
titration and short-term adherence in this group of patients with OHS.

Whether CPAP is effective in patients with OHS accompanied by mild-moderate OSA is not known. Currently, most
clinicians would initiate therapy in this group of OHS patients with BPAP (NIV), and consider shifting to CPAP therapy
when eucapnia is attained.37 Our current results indicate that CPAP could be a starting alternative for some patients with
OHS and mild-moderate OSA. The titration success rate and short-term adherence were good. The only independent
correlate of CPAP titration success was the desaturation index, which reflects intermittent hypoxia and is a surrogate of
OSA, suggesting that treating mild-moderate OSA may improve derangements in patients with OHS.38

Although CPAP does not directly provide ventilatory support, it has been proposed that CPAP enhances gas exchange
by reducing upper airway resistance, improving lung mechanics, decreasing the work of breathing, and opening
dependent atelectatic lung units.39 By removing upper airway narrowing, CPAP diminishes the cycle of low ventilation.
CPAP therapy has been demonstrated to significantly improve hypercapnia in patients with sleep-disordered breathing
who are adherent to treatment.26,40 The PSG findings demonstrated that all respiratory parameters had returned close to
normal during successful titration.

The current findings are consistent with our recently published data in patients with OHS and severe OSA, where
two-thirds of the patients achieved successful CPAP titration.10 The findings of this study may pave the way to large
randomized controlled trials to assess the success of CPAP titration in OHS patients with mild to moderate OSA and
precisely define the clinical and PSG characteristics of patients who are likely to have successful CPAP titration.
Additionally, long-term studies are needed to assess the effect of CPAP therapy on arterial blood gas parameters,
spirometric parameters, healthcare utilization, incident cerebrovascular and cardiovascular events, and mortality.
Nevertheless, given the lower prevalence of this phenotype of OHS, it will be difficult to recruit an adequate sample

Figure 2 Adherence to therapy in the whole group, CPAP group, and BPAP group after one month of initiating therapy.
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for long-term clinical trials. Therefore, a collaborative international consortium is needed to recruit an adequate sample
size.

More than 80% of the group were still using their CPAP device after one month, with no differences between the
CPAP and BPAP groups. The currently presented data is comparable to the adherence rate after one month among OHS
patients with severe OSA in a recent paper published by the same sleep disorders facility.10 Educational and support
programs and close follow-up are necessary to enhance PAP therapy adherence among OHS patients.

Another finding of this study is the higher prevalence of OHS among women than men, which concurs with our
previous reports,19,41 and the Spanish Pickwick trial, which showed that 56% of the participants were women.6 While
OSA is more common in men; studies have reported contradictory data regarding gender differences in OHS.42–44 In our
data, the higher prevalence of OHS in women, was mainly evident in postmenopause.19

Proposed theories to explain the higher prevalence of OHS among postmenopausal women included the withdrawal
of female hormones, particularly progesterone, which has an important role in ventilation.45,46 Another theory to explain
the higher prevalence in women included the higher prevalence of leptin resistance among obese women, which has been
reported to be up to four times higher in obese women than obese men.47 Furthermore, clinical and subclinical
hypothyroidism have been reported to be significantly higher in women than in men with OHS.19,41 Hypothyroidism
is known to suppress the ventilatory response to hypercapnia,48 and hypoxia.49 Nonetheless, more research is needed to
evaluate gender differences in OHS and the possible mechanisms.

The current study has strengths and limitations. Limitations include reporting data from one center. Hence, the results may
not be generalized to other sleep disorders centers. Moreover, we did not collect data about physiological parameters at the end
of the study and the follow-up period was short to demonstrate changes in the physiological parameters. Therefore, an
extended study is warranted to clarify the long-term adherence of CPAP and BPAP in patients with OHS and mild/moderate
OSA and the changes in physiological parameters. Moreover, the study sample is relatively small; however, it is difficult to
recruit a large number of this phenotype of OHS due to a lower prevalence.5 The Pickwick ProjectMulticenter Group recruited
only 98 patients of OHS without severe OSA over 8 years.5 Therefore, international multicenter collaboration is needed.

Strengths of the study include the fact that this is the first study to systematically assess the acceptance and success
rate of CPAP titration in patients with OHS without severe OSA as an alternative to NIV, and the short-term adherence to
therapy. The current study aims to send two messages: First, CPAP can be an alternative to NIV in OHS some patients
without severe OSA, particularly in parts of the world where cost and lack of needed expertise are major problems.
Second, based on the current findings, future multicenter RCTs can be conducted to evaluate CPAP success, long-term
adherence, and changes in the physiological respiratory and cardiac parameters over time in both treatment modalities in
OHS patients without severe OSA. In addition, the study may be helpful in the development of entire guidelines and
comprehensive therapy in patients being comorbid with OHS and OSA.

In summary, this is the first study to systematically assess the utility of CPAP in patients with OHS without severe OSA. The
current results suggest that CPAP therapy could be an acceptable alternative therapy in some patients with OHS without severe
OSAwhen NIV therapy is not readily available. The acceptance rate, PSG titration parameters, and one-month adherence were
good. Additionally, CPAP is easily available in most parts of the world and is cheaper and easier to apply than BPAP and other
modes of NIV.50 Therefore, CPAP may be an adequate initial treatment for some stable ambulatory patients with OHS without
severe OSA due to its relatively simple set-up, low cost, and efficacy. However, if sustained hypoxemia or alveolar hypoventila-
tion continues in spite of eliminating obstructive events, patients should be shifted to BPAP therapy. Nevertheless, larger long-
term studies are needed to confirm the current findings and characterize the patients who are likely to benefit from CPAP.
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