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Study Objectives: The first-choice therapy for adults with moderate/severe obstructive sleep apnea is continuous positive airway pressure (CPAP). However,
studies evaluating whether the therapeutic CPAP level obtained from a titration is affected by sex are surprisingly scarce. Our main objective was to verify if sex
influenced the optimal CPAP measurement obtained during a titration.

Methods: This cross-sectional study was conducted in adults diagnosed with moderate/severe obstructive sleep apnea [baseline apnea-hypopnea index (AHI) = 15.0
events/h] who underwent auto-adjusting CPAP titration (S9 or S10 AutoSet ResMed) in a sleep laboratory setting. All participants used a nasal mask during the
titration. The optimal pressure, leak, and residual AHI values were registered. Multiple linear regression was used to evaluate if clinical and polysomnographic data
influenced the therapeutic CPAP level setting (95th percentile pressure).

Results: A total of 1,006 adults were enrolled: 354 women and 652 men. There were no statistically significant sex-related differences in the CPAP requirements
and leak values delineated during the titration; all P-values > .005. However, the median residual AHI was significantly higher in males vs females: 2.7 events/h vs 2.2
events/h (P =.008). Body mass index (B: 0.292, P < .001), baseline AHI (B: 0.167, P <.001), and age ($3: 0.065, P = .035) were independent predictors of the
therapeutic CPAP level settings.

Conclusions: Sex does not significantly influence the therapeutic CPAP settings. However, age, BMI, and baseline AHI emerge as independent predictors of the
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95th percentile CPAP requirement during an auto-adjusting CPAP titration.
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BRIEF SUMMARY

continuous positive airway pressure titration are surprisingly scarce.

Current Knowledge/Study Rationale: Sex is clearly associated with several clinical, anthropometric, and polysomnographic differences in the presentation
of patients who experience obstructive sleep apnea. However, studies focusing on whether sex influences the outcomes associated with overnight

Study Impact: Sexdid notinfluence the achievement of an optimal continuous positive airway pressure level. Conversely, body mass index, age, and baseline
apnea-hypopnea index were all independent predictors to obtain the therapeutic level of continuous positive airway pressure from an overnight titration.

INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by repeated epi-
sodes of total or partial closure of the upper airways during sleep
leading to intermittent oxygen desaturation and sleep fragmenta-
tion and is an exceedingly common sleep-related disorder that is
associated with a large number of comorbidities, notably affect-
ing cardiovascular, metabolic, and neurocognitive systems.'~
Since its inception in the early 1980s, the most effective treatment
of moderate/severe OSA [apnea-hypopnea index (AHI) > 15.0
events/h] is predicated on the use of continuous positive airway
pressure (CPAP) during sleep. CPAP maintains the patency of
the upper airways during sleep and suppresses obstructive respi-
ratory events, thereby normalizing nocturnal oxygenation and
sleep architecture.” > Several studies have demonstrated the ben-
efits of adherent CPAP use on several clinical outcomes.® "'
Although the effectiveness of CPAP treatment in correcting
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obstructive respiratory events is well established, many patients
do not tolerate CPAP and do not adhere to the proposed treat-
ment.'>'* However, no significant differences have emerged
regarding the benefits of CPAP between men and women. '

The main risk factors associated with OSA are male sex,
advanced age, and obesity.” Of note, there are marked differences
related to the clinical presentation and polysomnographic find-
ings between men and women. Several studies reported that
men are more likely to present symptoms such as loud snoring
and witnessed apneas, while women usually have atypical symp-
toms, notably tiredness, fatigue, insomnia, and depressive symp-
toms.'>~'” As for polysomnographic findings, men have a higher
prevalence of OSA than women, while women exhibit increased
clustering of their respiratory abnormalities during rapid eye
movement compared to men.'>"?

Although there are marked clinical and polysomnographic dif-
ferences between men and women with OSA, studies assessing
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whether sex influences the pressures derived during CPAP titra-
tion are surprisingly scarce. A previous retrospective study
observed that the optimal pressures needed for CPAP treatment
were significantly greater among men compared to women:
12.7+3.48 cmH,0vs 10.2+£2.10cm H,0, P<.0001.>° However,
several notable limitations are worthy of mention in this study,
namely that: (1) there was a predominance in the sample of
women over men (58.9% vs 41.1%), which is not characteristic
of'the general population, in which there is a clear predominance
of men; (2) the AHI obtained by baseline polysomnography
(PSG) was similar between sexes (P=.13), whichis alsonot com-
monly observed, as men generally present more severe forms of
OSA than women; and (3) there was no mention of which mask
type (nasal or oronasal) was used during the titration, although
several studies suggest that the therapeutic CPAP level is
undoubtedly influenced by the type of mask used in the
titration.”' >

In the context of the aforementioned considerations, the pre-
sent study was designed to assess whether the pressure settings
required for treatment were different among sexes during an
auto-adjusted CPAP titration in adults diagnosed with moder-
ate/severe OSA and exclusively evaluated with a nasal mask. In
addition, we also explored whether other clinical parameters,
such as age, body mass index (BMI), neck circumference (NC),
and Epworth Sleepiness Scale (ESS), were independently associ-
ated with the therapeutic CPAP level.

METHODS

Ethical considerations and study design

The study protocol was approved by the Research Ethics Com-
mittee of the Federal University of Rio de Janeiro, and all partic-
ipants gave written informed consent before enrollment.
Anonymity was strictly preserved, and all procedures were car-
ried out in accordance with the Helsinki Declaration. This
cross-sectional study was conducted from January 2017 to
December2020. The eligibility criteria to participate were as fol-
lows: individuals aged 18 years or older, with a diagnosis of mod-
erate/severe OSA (AHI = 15.0 events/h at baseline PSG), and
referred for CPAP titration performed in a sleep-lab setting.
Exclusion criteria were defined as follows: (1) individuals who
were already on regular CPAP treatment, (2) those for whom
the baseline PSG was not available, (3) patients who underwent
bilevel positive airway pressure titration, (4) those whose titra-
tion was conducted with an oronasal mask, (5) individuals who
started titration with a nasal mask but switched to an oronasal
mask, and (6) those who stopped the titration procedures before
completion.

Clinical data acquisition

Sex, age, BMI, NC, and ESS were systematically collected by
sleep technicians before performing baseline PSG. BMI was cal-
culated by dividing weight in kilograms by the square of height in
meters (kg/m?), while NC (in cm) was measured using a flexible
tape measure with all participants seated and in an upright posi-
tion. Excessive daytime sleepiness was self-reported and

Journal of Clinical Sleep Medicine, Vol. 17, No. 9

1816

CPAP requirements based on sex

assessed by the ESS: scores = 11 points (from 0 to 24 points)
were indicative of the presence of excessive daytime sleepiness.**

Sleep studies

Allsleep tests (baseline PSG and CPAP titration) were performed
atasingle center: SleepLab—Laboratdrio do Sono, Rio de Janeiro,
Brazil. All participants underwent an attended PSG (EMBLA
S7000; Embla Systems, Inc, Broomfield, CO) consisting of
an overnight recording of electroencephalography, electro-
oculography, electromyography (chin and legs), electrocardiog-
raphy, airflow, thoracic and abdominal impedance belts, arterial
oxygen saturation (SpO,), pulse rate, microphone for snoring,
and body position sensors. Polysomnographic data were manu-
ally scored according to the standard criteria®> by 2 certified sleep
physicians. Polysomnographic data included AHI and SpO,
(average and nadir) values. Obstructive apneas were defined by
adecrease of atleast 90% in the airflow associated with persistent
respiratory effort and lasting more than 10 seconds. Hypopneas
were classified by a decrease of at least 30% in airflow for at least
10 seconds, associated with > 3% oxygen desaturation or arousal.
The AHI was calculated as the number of apneas plus hypopneas
divided by the total sleep time measured in hours, with the severity
of OSA calculated on the basis of AHI thresholds: = 5.0 events/
h as any OSA, = 15.0 events/h as moderate/severe OSA, and >
30.0 events/h as severe OSA.

After, all participants diagnosed with moderate/severe OSA
underwent an auto-adjusting CPAP titration (S9 or S10 AutoSet;
ResMed, Sydney, Australia) with humidification in a sleep
laboratory setting. All nasal masks were selected from the avail-
able commercial line manufactured by ResMed. The attending
sleep technician provided instructions about the sleep titration
and performed the mask fitting prior to performing the titration.
The devices were programmed to apply a minimum pressure of
4.0 cm H,0 and a maximum pressure of 20.0 cm H,0, with the
relief of expiratory pressure set at 3.0 cm H,O. Whenever neces-
sary during titration, additional adjustments were made by the
sleep technician during titration to minimize leak and maximize
patient comfort. The auto-adjusting CPAP data were downloaded
using the ResScan software and data associated with pressure
levels (50th percentile, 95th percentile, and maximum), leak
(50th percentile, 95th percentile, and maximum), and residual
AHI were recorded. All the titration studies were independently
reviewed by 2 board-certified sleep physicians.

Statistical analysis

Dataanalysis was carried out using SPSS for Windows statistical
software (version 21.0; Chicago, IL). Results are summarized as
the median and interquartile range (IQR) or as number and per-
centage for continuous and categorical variables, respectively.
Comparisons between groups were evaluated using the chi-
squared test for dichotomous variables and the nonparametric
Mann-Whitney test for continuous variables. The multicolli-
nearity—among the continuous variables—was excluded if the
variance inflation factor <10.0 and tolerance > 0.1. After exclud-
ing multicollinearity, multiple linear regression was used to
assess the relationship between the various continuous explana-
tory variables and the dependent variable (95th percentile
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pressure), with comparisons based on the standardized regres-
sion coefficient (B). The R-squared (R?; coefficient of determi-
nation) was employed as a goodness-of-fit measure for the
linear regression model. All tests used were 2-tailed and the sta-
tistical significance was assumed at a P-value of <.05.

RESULTS

Overall, 1006 consecutive participants were allocated into 2 inde-
pendent sex-related cohorts: 354 women (35.2%) and 652 men
(64.8%) (Figure 1). As illustrated in Table 1, the median age
was 57.0 years (IQR: 45.0-67.0) and the median BMI was 29.4
kg/m2 (IQR: 26.6-32.8). Women were older (P < .001), had
smaller NC (P<.001), and lower ESS scores (P<.001) compared
to men. According to the baseline diagnostic PSG, men had a
higher median AHI than women: 43.1 events/h (IQR:
29.9-60.2) vs 36.7 events/h (IQR: 26.4-51.7); P<.001; Table 1.

Table 2 summarizes the CPAP titration measurements in
women and men. The CPAP (50th percentile, 95th percentile,
and maximum) and leak (50th percentile, 95th percentile, and
maximum) values were similar in men and women (all P-values
> .005). However, the median residual AHI was significantly
higher in males vs females: 2.7 events/h (IQR: 1.3-5.4) vs 2.2
events/h (IQR: 1.0-4.5); P=.008.

As can be seen in Table 3, there was no evidence of multicol-
linearity between the various variables, since all parameters
showed tolerance > 0.1 and variance inflation factor < 10.0.
The analysis resulted in a statistically significant model (R*:
0.158, P<.001), whereby the BMI ((3: 0.292, P <.001), baseline
AHI (B: 0.167, P <.001), and age (B: 0.065, P =.035) were sig-
nificant and independent predictors of the therapeutic CPAP lev-
els obtained from in-lab titration.

CPAP requirements based on sex

DISCUSSION

In the present study, 2 major findings deserve to be highlighted:
First, the sex of the patient did not significantly influence the pres-
sure settings for optimal CPAP therapy, nor did it affect mask leak
during an in-lab titration with an auto-adjusting CPAP. Second,
multiple linear regression that included relevant clinical and
PSG parameters that could potentially influence CPAP require-
ments during auto-adjusted CPAP titration, revealed that only
BMI, baseline AHI, and age were independent predictors of ther-
apeutic CPAP settings.

Despite clear differences in the clinical and polysomnographic
presentation of OSA between men and women, there were no differ-
ences in CPAP titration final settings. As indicated, all study partic-
ipantsunderwent CPAP titration with anasal mask, which, in light of
the current evidence, should be considered as the preferential
patient-machine interface choice during a CPAP titration. However,
BMI, baseline AHI, and age seem to affect the correction of respira-
tory events during a titration study with auto-adjusted CPAP.

Inaprior study developed to identify the degree of OSA sever-
ity and the excessive daytime sleepiness in Japanese adults,
female patients had significantly lower optimal levels of CPAP
than male patients.”® However, the type of mask (nasal or oro-
nasal) during the titration was not specified, and whether all par-
ticipants had been diagnosed with moderate/severe OSA or if
patients with mild OSA were also included was also not specifi-
cally addressed. In another study, which was designed to assess
whether sex influenced the optimal CPAP settings, women
emerged as needing lower CPAP pressures.”’ These findings
were potentially anticipated since women typically have a lower
tendency for upper airway collapse,””*® more negative pharyn-
geal critical closing pressure (P.),” experience less severe
OSA than men (when expressed as AHI), and have apneic events

Figure 1—Patient recruitment flowchart.

Adult OSA patients referred for
auto-adjusting in-lab CPAP
titration from January 2017 to 363 individuals were excluded
December 2020
(n=1,369) Reasons for exclusion:
= CPAP titration with oronasal mask (n = 198)
= Baseline PSG notavailable (n= 102)
= Mild OSA diagnosis (n=22)
* Refemred for BIPAP titration (n = 20)
= Already receiving regular CPAP treatment (n = 18)
Study population * Switching from nasalto oronasal mask durng titration (n= 2)
(n=1,006) » Withdrawal during the test(n =1)
Females Males
n=354) (n=652)

BiPAP = bilevel positive airway pressure, CPAP = continuous positive airway pressure, OSA = obstructive sleep apnea, PSG = polysomnography.
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Table 1—Patient characteristics.

Parameter All Patients (n = 1,006) Females (n = 354) Males (n = 652) P
Clinical data
Age, years 57.0 (45.0-67.0) 63.0 (54.7-70.0) 51.0 (41.0-63.0) <.001
BMI, kg/m? 29.4 (26.6-32.8) 29.2 (26.4-32.4) 29.6 (26.8-33.0) 154
NC, cm 41.0 (38.0-43.0) 37.0 (35.0-39.0) 42.0 (40.0-45.0) <.001
ESS, points 10.0 (6.0-14.0) 9.0 (5.0-14.0) 10.0 (6.0-14.0) 043
Baseline PSG
AHI, events/h 40.5 (27.9-57.5) 36.7 (26.4-51.7) 43.1 (29.9-60.2) <.001
Al, events/h 15.1 (6.0-32.7) 11.2 (4.6-23.3) 18.0 (7.4-36.9) <.001
HI, events/h 19.8 (13.0-29.5) 22.1 (14.7-30.7) 18.7 (11.9-28.9) .002
Average SpO,, % 92.9 (91.3-94.0) 92.6 (91.0-93.8) 93.0 (91.6-94.0) 019
Nadir SpO,, % 80.0 (74.0-84.0) 80.0 (74.5-84.0) 80.0 (74.0-84.0) 876

Data are given as median (interquartile range). The P value represents the comparison among sexes. AHI = apnea-hypopnea index, Al = apnea index, BMI = body
mass index, HI = hypopnea index, NC = neck circumference, ESS = Epworth Sleepiness Scale, PSG = polysomnography, SpO, = oxygen saturation.

Table 2—CPAP requirements, leak, and residual events according to sex.

Parameter All Patients (n = 1,006) Females (n = 354) Males (n = 652) P
Pressure, cm H,O
50th percentile 7.6 (6.3-9.1) 7.5 (6.2-9.1) 7.7 (6.4-9.1) A77
95th percentile 10.8 (9.4-12.5) 10.8 (9.3-12.4) 11.0 (9.5-12.5) 212
Maximum 12.5 (10.7-14.6) 12.3 (10.6-14.4) 12.5 (10.8-14.6) 195
Leak, L/min
50th percentile 1.2 (0.0-6.0) 0.0 (0.0-6.0) 1.2 (0.0-6.0) 874
95th percentile 12.0 (4.8-25.2) 13.2 (3.6-26.4) 12.0 (4.8-24.0) .801
Maximum 24.0 (12.0-39.6) 24.0 (10.8-39.6) 24.0 (13.2-39.6) 723
Residual events, events/h
AHI 25 (1.2-5.2) 2.2 (1.0-4.5) 2.7 (1.3-54) .008
Al 2.0 (0.9-4.4) 1.7 (0.8-3.9) 2.1 (1.0-4.5) .086
HI 0.3 (0.1-0.6) 0.2 (0.0-0.5) 0.3 (0.1-0.7) .001

Data given as median (interquartile range). The P-value represents the comparison among sexes. AHI = apnea-hypopnea index, Al = apnea index, CPAP =
continuous positive airway pressure, Hl = hypopnea index.

Table 3—Linear regression according to 95th percentile pressure (n = 1,006).

B (95% Cl) t Test P Tolerance VIF
Age, years 0.065 (0.001-0.022) 2.116 .035 0.894 1.118
BMI, kg/m? 0.292 (0.107-0.174) 8.234 <.001 0.668 1.498
NC, cm 0.017 (-0.031 to 0.050) 0.465 642 0.655 1.527
ESS, points 0.054 (-0.002 to 0.052) 1.829 .068 0.971 1.030
AHI, events/h 0.167 (0.012-0.027) 5.254 <.001 0.838 1.194
Constant — 5.415 <.001 — —

Collinearity was accessed by the tolerance and VIF. B represents the standardized regression coefficient. AHI = apnea-hypopnea index, BMI = body mass index,
Cl = confidence interval, ESS = Epworth Sleepiness Scale, NC = neck circumference, VIF = variance inflation factor. Logarithmic transformation was performed on
variables with a non-normal distribution.

commonly concentrated in rapid eye movementsleep.'®'® There-
fore, it would be intuitively plausible to infer that the optimal ther-
apeutic requirement of CPAP should be lower in women

compared to men.

Journal of Clinical Sleep Medicine, Vol. 17, No. 9

However, despite all these considerations, we found no dif-
ferences in CPAP levels (50th percentile, 95th percentile, and
maximum) between men and women. It should be highlighted

that this present study included a considerably larger sample,
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all participants had moderate/severe OSA, and all underwent
in-laboratory titration exclusively with a nasal mask, which prob-
ably increases the robustness of our findings. In light of the afore-
mentioned studies and their limitations, and the fact that the use of
oronasal masks is fraught with higher pressures,”'>* we believe
our findings are more likely to be reflective of the actual absence
of differences in CPAP requirements between men and women.

Notwithstanding, hormonal effects, anatomical influences,
such as craniofacial features, body/neck fat distribution, and dif-
ferences in upper airway configuration can all potentially be
responsible for the sex dimorphism found in clinical and poly-
somnographic manifestations between men and women with
OSA.”" Studies have shown that men tend to have a longer soft
palate, in addition to a greater volume of soft tissues in the neck
and a greater tendency to collapse of the upper airways compared
to women.>*** A recent study reported that the thickness of the
neck and waist circumference, high hypopharynx collapse, and
retropalatal and retrolingual lateral wall collapse were major con-
tributors to the need for increased therapeutic CPAP settings.*
Conversely, no differences were reported regarding age, sex,
and BMI values and the need for higher or lower CPAP pressure
requirements.** Previous studies generally point out that anthro-
pometric factors, such as BMI and NC, besides baseline AHI, act
as predictors of optimal CPAP measurements obtained through
titration.”> >’ However, it should also be stressed that patients
belonging to different ethnicities may present characteristic
anthropometric features that may account, at least in part, for var-
iations in the therapeutic level of CPAP.

Although sex did not seem to affect therapeutic CPAP require-
ments, age, BMI, and baseline AHI were independent predictors,
and significantly influenced the 95th percentile pressures during
an auto-adjusting CPAP titration. These 3 variables have been
repeatedly identified as significant risk factors contributing to
the presence and severity of OSA**™** such that their inclusion
in the model was not surprising.

Limitations and strengths

Our study had some limitations that must be highlighted. All par-
ticipants were referred to a single sleep laboratory, which may
limit the reproducibility of our findings. We did not obtain adher-
ence measures as a follow-up to the titration procedures to exam-
ine whether some of the factors contributing to our findings
influence treatment adherence. Considering that both the baseline
AHI and age values were statistically different between men and
women (men had higher AHI and were significantly younger than
women), our data should be interpreted with caution. However,
we believe that these differences may not have compromised
the validity of our findings, since our study population corre-
sponded to the prototypic type of individuals referred for CPAP
titration, namely men who commonly have higher baseline AHI
values than women. In addition, we should also emphasize that
OSA prevalence in women increases with age, especially after
menopause, such that in most clinically referred cohorts, women
are generally older than men. Notwithstanding, we performed lin-
ear regression analysis that accounted for some potential con-
founders (ie, age, BMI, NC, ESS, and baseline AHI) but left the
sex parameter in place, since sex was a categorical variable.

Journal of Clinical Sleep Medicine, Vol. 17, No. 9 1819
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Despite these limitations, our study included a suitable sample
size of consecutively enrolled adult individuals. All participants
underwent full PSG performed in our laboratory and were diag-
nosed with moderate/severe OSA, according to the American
Academy of Sleep Medicine statement.”> All patients were exclu-
sively titrated with a nasal mask, which avoided the possible bias
that the type of mask (nasal or oronasal) could influence the pres-
sures obtained during a titration. Of note, all participants under-
went an auto-adjusting CPAP titration, which may have
negated the possibility that the titration technician’s a priori
expectations may have affected the optimal treatment pressures.

CONCLUSIONS

The present study, using arelatively large sample of adult individ-
uals with moderate/severe OSA who underwent auto-adjusting
CPAP titration, showed that patient sex does not influence thera-
peutic CPAP requirements. Conversely, BMI, age, and baseline
AHI were independent predictors in the 95th percentile pressure
during an in-lab titration. Future studies are needed to assess
whether clinical, demographic, and anthropometric data can
also influence and impact the adherence of patients during regular
CPAP treatment.

ABBREVIATIONS

AHI, apnea-hypopnea index

BMI, body mass index

CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale

IQR, interquartile range

NC, neck circumference

OSA, obstructive sleep apnea

PSG, polysomnography
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