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Abstract
Purpose The use of continuous positive airway pressure (CPAP) is one of the therapeutic modalities for obstructive sleep 
apnea (OSA). Manual titration polysomnography and the 90th or 95th percentiles of pressure titrated by automatic CPAP 
(APAP) are the current standard for determining fixed pressure. Pressures programmed at an arbitrary fixed value, or at preset 
values based on body mass index (BMI) or by predictive formulas, are presented as alternative forms. This study aimed to 
evaluate the residual apnea–hypopnea index (r-AHI) in polysomnography with CPAP therapy using pressure determined by 
formula and assess its feasibility to start treatment.
Methods Patients referred for CPAP therapy were followed up in three outpatient assessments and underwent polysomnog-
raphy study with pressure CPAP obtained by formula.
Results The study sample consisted of 80 patients, 41 women; age 58.6 ± 11.3 years, BMI 34.1 ± 7.5 kg/m2 and cervical 
circumference 42.0 ± 4.2 cm. Most patients (74%) had severe OSA and Epworth sleepiness scale (ESS) of 12.0 ± 5.7 points. 
The calculated average pressure was 7.8 ± 2.1  cmH2O. Polysomnography studies showed an r-AHI of 6.1 ± 5.2 events/h and 
reduction of 84% from baseline AHI. The r-AHI in the REM-supine was 8.4 ± 9.9 events/h. At 30- and 120-day follow-up 
assessment, adherence to CPAP was 78% and 75% and the ESS score was 6.9 and 6.1 points, respectively.
Conclusion Results suggest that a formula provides an effective initial pressure in the majority of patients (73%). This 
simplified approach appears to be a viable alternative, with reductions in waiting lists and time from diagnosis to initiation 
of therapy.
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Abbreviations
AASM  American academy of sleep medicine
AHI  Apnea and hipopnea index
APAP  Automatic positive airway pressure
BMI  Body mass index
B-PSG  Baseline polysomnography
CC  Cervical circumference
CPAP  Continuous positive airway pressure
EDS  Excessive daytime sleepniness
ESS  Epworth sleepiness scale

NREM  Non rapid eyes movement
OSA  Obstructive sleep apnea
Peff  Effective pressure
PLM  Periodic limb movement
PSG  Polysomnography
r-AHI  Residual apnea and hipopnea index
REM  Rapid eyes movement

Introduction

Obstructive sleep apnea (OSA) is characterized by episodes 
of upper airway obstruction during sleep, causing arousals, 
and excessive daytime sleepiness (EDS) [1], with differ-
ent therapeutic modalities available [2]. Continuous posi-
tive airway pressure (CPAP) therapy uses a fixed pressure 
defined by manual titration polysomnography (gold standard 
method), automatic CPAP (APAP) titration, arbitrarily at a 
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fixed value or by calculating pressure from predictive for-
mulas [3–7].

Initially, the pressure of predictive formulas was consid-
ered as an initial value in manual titration to have less incre-
mental changes [8, 9]. Subsequently, the use of formulas was 
extrapolated to define the initial treatment pressure without 
titration polysomnography [10]. In 2015, a review presented 
cataloged formulas [7].

Although extrapolation to clinical practice has been 
questioned [11], the pressure predicted by the Miljeteig 
and Hoffstein formula was equivalent to manually titrated 
or autotitrated pressure in terms of outcomes such as the 
Epworth sleepiness scale (ESS), residual AHI, arousal index, 
percentage of sleep periods, and oxygen saturation [12].

This research aimed to evaluate the polysomnographic 
and clinical findings of CPAP therapy programmed with 
fixed pressure obtained by this formula. Our hypothesis was 
that the formula-derived CPAP setting would produce results 
of sufficient quality to justify use as the initial treatment of 
OSA.

Methods

This was an intervention study involving 80 patients to 
determine the success rate of CPAP therapy using pressure 
predicted by the Miljeteig and Hoffstein formula. The cal-
culation of sample size was based on the success prevalence 
of manual CPAP titration, estimated at approximately 70% 
[13–15], an absolute tolerable error of 10%, and 95% confi-
dence coefficient. Volunteer patients gave signed informed 
consent which was approved by the institution’s research 
ethics committee.

Outpatients diagnosed with OSA on baseline polysom-
nography with indication for CPAP therapy and without pre-
vious use of any device were sequentially included. Mild 
OSA was defined as an AHI between 5 and 14.9, moderate 
as an AHI between 15 and 29.9, and severe as an AHI equal 
to or greater than 30 [16].

In the first outpatient assessment, anthropometric and 
clinical data were collected. CPAP devices had the pres-
sure programmed at a fixed value according to the result of 
the formula [(0.13*CC) + (0.04*AHI) + (0.16*BMI) − 5.12
], composed of the values of cervical circumference (CC), 
apnea and hypopnea index (AHI), and body mass index 
(BMI) [8, 9].

In outpatient follow-up assessments at 30 and 120 days, 
the usage data provided by the CPAP device were collected. 
In the second month of treatment, they underwent a full 
night polysomnography using CPAP with the initial pres-
sure schedule.

Pressure was not reviewed or changed during follow-up 
to the end of the research protocol in the 120-day follow-up 

assessment. The authors did not perform a manual titration 
to achieve effective pressure for treatment in these patients 
as part of the research protocol. All patients treated at the 
institution were referred to await manual titration on the 
waiting list.

The evaluation of the quality of pressure estimated by for-
mula for the control of obstructive respiratory events in poly-
somnography with CPAP was performed according to the 
grading system proposed by Hirshkowitz and Sharafkhaneh 
with the following terms: optimal, good, adequate, and inad-
equate pressure, whose main parameter was the residual AHI 
value during the supine REM stage.

Statistical analysis

Baseline and treatment polysomnography data were com-
pared using the paired Student’s t test for quantitative vari-
ables or McNemar’s test for qualitative variables. Poisson 
regression models with robust variance were used to assess 
the association of acceptable CPAP pressure with demo-
graphic and clinical variables, because it provides a better 
estimate of the prevalence ratio more significantly for cross-
sectional studies [17]. Linear models of mixed effects with 
variance matrix and unstructured covariance, adjusted by 
baseline measurements were used to evaluate the longitudi-
nal changes of the ESS score.

Results

Demographic and anthropometric data, comorbidities, sleep 
characteristics, and baseline polysomnography are shown 
in Table 1. All 80 patients diagnosed with OSA underwent 
polysomnography with CPAP at fixed pressure calculated 
throughout the night and had the residual AHI determined 
(Fig. 1).

Most patients (79%) used a nasal mask and the mean 
pressure calculated by the formula was 7.8 ± 2.1  cmH2O. 
Table 2 presents the comparative data between baseline and 
treatment polysomnography. Polysomnographs with CPAP 
showed a general residual AHI (r-AHI) of 6.1 ± 5.2 events/h, 
a reduction in the baseline AHI value by 84% ± 17.3 
events/h; 50% of the patients had r-AHI < 5 events/h and 
82% (65 patients) had r-AHI < 10 events/h. The r-IAH in 
the supine position during the REM stage was 8.4 ± 9.9 
events/h. The r-AHI of patients using a nasal mask (nCPAP) 
and oronasal mask (oCPAP) were 5.6 ± 5.1 and 8.0 ± 5.3, 
respectively.

Only four exams were within the definition of inadequate 
pressure. Of the other exams, 18 had an adequate grade, and 
30 and 28 met the criteria of good and optimal, respectively. 
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Therefore, 58 polysomnographies using CPAP had pressure 
with an acceptable grade (sum of good and optimal), which 
represents 73% of the total sample.

The comparisons between the group with acceptable 
and with unacceptable CPAP pressure showed that only the 

variable weight (> 105 kg), type of mask (nasal), presence 
of diabetes, and 30-day assessment ESS below 10 points 
had a significant association with acceptable pressure qual-
ity (Table 3).

Analysis was performed to separate patients without 
residual respiratory events (r-AHI < 5/h) from those with 
residual respiratory disorders (cutoff of = / > 5/h and a cut-
off of = / > 10/h) (Table 4). Comparison between patients 
with residual AHI less than or equal to 10 events/h and AHI 
greater than 10 events/h is shown in (Table 5).

Patients on treatment whose pressure met the acceptable 
criterion had a 3.61 times chance of not having excessive 
daytime sleepiness than those whose pressure was consid-
ered unacceptable (Table 6). This association did not present 
significant findings for patients whose pressure was able to 
decrease the residual AHI below five or below 15/h. The 
ESS in each assessment of the follow-up was 6.9 and 6.1 
points. The Epworth values in the 1st assessment and in the 
2nd assessment showed a significant reduction of 5.1 and 5.9 
points in relation to the baseline ESS (Table 7).

Adherence to CPAP (> 4.0 h/night) was 78% in the in the 
30-day follow-up assessment and 75% in the 120-day follow-
up assessment. Only 14% of patients did not show adherence 
in any of the follow-up assessments.

Discussion

The residual AHI of our study (6.1 events/h) is in the range 
of five to 10 events/h, with 50% of the patients presenting 
r-AHI below 5 events/h and 65 patients (82%) presenting 
r-AHI below 10 events/h, in agreement with studies that 

Table 1  Characteristics of the volunteers (n = 80)

BMI, body mass index; CPOD. chronic obstructive pulmonary dis-
ease; SSRI, selective serotonin reuptake inhibitors; OSA, obstructive 
sleep apnea; AHI, apnea and hypopnea index; REM, rapid eye movi-
ment

Variable N (%) or mean (sd)

Sex (male) 39 (49%)
Age (year) 58.6 ± 11.3
Weight (kg) 91.6 ± 22.7
BMI (kg/m2) 34.1 ± 7.5
Smoking 6 (8%)
Ex-smoking 19 (24%)
No smoking 55 (69%)
COPD 7 (9%)
Asthma 11 (14%)
Systemic hypertension 50 (63%)
Epilepsy 3 (4%)
Restless legs syndrome 5 (6%)
Benzodiazepine 12 (15%)
SSRI 34 (43%)
Zolpidem 3 (4%)
Tricyclic antidepressant 9 (11%)
Anticonvulsant 6 (8%)
Pregabalin/gababentin 6 (75%)
Tonsils
Grade I 62 (78%)
Grade II 14 (18%)
Grade III 3 (4%)
Grade IV 1 (1%)
m-Mallampatti
Grade I 9 (11%)
Grade II 14 (18%)
Grade III 15 (19%)
Grade IV 29 (36%)
Cervical circumference (cm) 42.0 ± 4.2
Female circumference (cm) 39.8 ± 3.6
Male circumference (cm) 44.4 ± 3.3
Mean Saturation 97% ± 2
Severity – OSA (events/h)
Severe OSA 59 (74%)
Moderate OSA 19 (24%)
Mild OSA 2 (3%)
AHI (events/h)
Baseline AHI 49.5 ± 9.9
Baseline REM AHI 45.9 ± 36.0
Baseline supine AHI 55.1 ± 43.5

Fig. 1  Individual responses of residual AHI and cut-off values of 5 
events/h and 10 events/h. AHI, apnea and hypopnea index
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use the term effective treatment pressure based on residual 
events up to the value of 10 events/h [18, 19]. The same 
understanding applies to the other residual AHI subtypes, 
such as r-AHI in the supine position (7.2/h), r-AHI in REM 
sleep (9.5/h), and r-AHI in supine REM (8.4/h).

Lloberes et al. showed similar results, with r-AHI of 5.6/h 
in the evaluation of CPAP effect on the control of residual 
obstructive events and on sleep architecture [20]. Our find-
ings must be considered as having clinical impact and thera-
peutic success, especially when oximetry, sleep architecture, 
and sleepiness scale show excellent response and reach val-
ues of normality, associated with high degree of adherence 
to CPAP treatment.

In addition, our data showed that the r-AHI of patients 
using a nasal mask was lower compared to those using an 
oronasal mask. Therefore, the use of this formula may be 
less effective in determining pressure in patients who are 
candidates for the use of an oronasal mask compared to a 
nasal mask.

The effect of CPAP treatment on sleep architecture, sleep 
efficiency, and arousal index showed significant improve-
ment. There was no change in the N3 and REM stages. Pre-
vious use of CPAP for at least 30 days prior to research poly-
somnography may reduce or eliminate the rebound effect of 
slow-wave N3 sleep and REM sleep, which is more often 
seen as a first-night effect in acute treatment with CPAP 
[21].

The parameters for analysis of residual OSA (r-OSA) 
and the cut-off values for residual AHI are still uncertain. 
According to manual titration guidelines, effective pressure 
is that capable of controlling obstructive events to preferen-
tially obtain r-AHI below 5 events/h, associated with satura-
tion above 90%. Another definition of residual OSA is the 
presence of r-AHI above 5 events/h on polysomnography 
with auto-CPAP [22]. Desai et al. evaluated the accuracy of 
the APAP device in estimating the residual AHI using two 
cut-off values (5 and 10). The cut-off point of 10 events/h 
has also been widely used in the assessment of r-OSA in the 
literature.

According to the classification proposed by Hirshkowitz 
and Sharafkhaneh [23], the pressure calculated by formula 
in our study obtained a mean value of residual AHI in supine 
REM of 8.4 events/h, with a mean of 44.1 min of supine 
REM sleep. This pressure could be classified as good quality 
pressure (acceptable pressure).

The evaluated formula is not fully able to establish an 
optimal pressure for the treatment [8, 9]. Many patients do 
not achieve optimal pressure settings, and post-hoc analy-
ses of randomized trials have shown that only 50 to 60% 
of patients are able to achieve optimal or good pressure 
(acceptable pressure), while 30 to 40% are classified as hav-
ing adequate pressure or inadequate (unacceptable pressure) 
during manual titration [13–15].

Our data showed that 27% of the patients were 
considered to have adequate and inadequate pressure 
quality, while 73% achieved the optimal and good 
grading level. A titration for CPAP pressure assessment 
should be repeated if optimal or good quality (acceptable 
quality) is not reached. The results of manual titration 
polysomnography presented by Su et al. were divided into 
52.7% with optimal pressure, 0.5% with good pressure, 
38.9% with adequate pressure, and 7.9% with inadequate 
pressure, making a total of 53.2% of acceptable exams 
(optimal and good pressure) and 46.8% of unacceptable 
exams, which would need to be repeated [15].

When the data collection and research follow-up protocol 
ended, in cases of general residual AHI above 5 events/h, 
there was an empirical adjustment of + 1 to + 2  cmH2O in 
the calculated pressure, until the performance of manual 
titration polysomnography according to the routine of the 
outpatient care follow-up.

There are questions about the impact of a general resid-
ual AHI just above 5 events/h and possible cardiovascu-
lar risk. The threshold at which OSA becomes a disease 
(reducing longevity or quality of life) is unknown, just as 
it is not known with certainty how problematic residual 
events are [24]. It should be noted that it is unclear which 
cut-off point is critical for improving outcomes after CPAP 
treatment.

Epidemiological studies indicate that cardiovascular dis-
ease is more likely to occur in patients with an AHI ≥ 10/h; 
however, an AHI between 5 and 10 has also been associated 
with the development of arterial hypertension. Other studies 
have shown that the AHI is an independent cardiovascular 
and traffic accident risk factor, but the long-term implica-
tions of residual apneas and hypopneas after treatment with 
CPAP have not been established [12].

The method of determining the CPAP pressure plays 
an important role in improving the patient’s clinical con-
dition. However, it is uncertain whether or not different 
CPAP titration methods would yield different results if 
other therapeutic targets, such as cardiovascular risk fac-
tors, were taken into account. The effective pressure of 
CPAP is one that, at the same time, prevents the adverse 
consequences of OSA and causes minimal discomfort and 
complications.

A single-night manual CPAP titration is still considered 
the gold standard for determining effective pressure in the 
treatment of OSA. However, the test–retest reliability of 
this measure is questionable [25]. Although it was tradi-
tionally considered that night-to-night variability in CPAP 
requirement was quite low [26], some studies have shown 
that CPAP requirement may have more variability than is 
often recognized [25].

In a study published in 2021, Farré, Gozal, and Mont-
serrat reviewed the literature and suggested a much more 



Sleep and Breathing 

1 3

simplistic approach to initial treatment with CPAP at a pres-
sure of 9  cmH2O, which would subsequently be followed by 
any necessary adjustments in only a minority of patients who 
did not obtain the necessary benefit from such a standardized 
intervention [27].

Outpatient follow-up should be performed with monitor-
ing of daytime sleepiness, quality of life, and blood pressure 
reduction in hypertensive patients with OSA. While several 
authors use the reduction of the residual AHI to below 10/h 
as an effective treatment parameter, the reduction to values 
below 5/h may be necessary to reverse daytime sleepiness 
[28]. Furthermore, there is a significant effect even in sub-
therapeutic pressure with CPAP on Epworth scale measures 
[29].

Our baseline ESS data decreased by 5.2 and 5.9 points at 
each reassessment. Lloberes et al. showed a reduction of 7.4 

points in the ESS in patients treated with manually titrated 
pressure of 7.5 ± 2.2  cmH2O [20], close to the mean pressure 
obtained by the formula in our study (7.8 ± 2.1  cmH2O).

Table 2  Sleep characteristics and polysomnography (n = 80)

# p-value calculated by McNemar’s test, paired Student’s t or Wil-
coxon; *sleep characteristics at home at baseline and after 30  days 
of treatment. REM, rapid eyes movement; AHI, apnea and hypopnea 
index; PLM, periodic limb movement; NREM, non rapid eyes move-
ment; T90, sleep time with saturation below 90%

Variable N (%) or mean (sd) p-value#

Baseline Intervention

Sleep  position*

Lateral 45 (56%) 57 (71%) 0.0047
Supine 35 (44%) 23 (29%)
Snoring*

No 1 (1%) 77 (96%)  < 0.0001
Yes 79 (99%) 3 (4%)
Sleep Efficiency (%) 77.8 ± 12.7 86.9 ± 9.4  < 0.0001
Sleep Onset (min) 14.5 ± 15.1 9.9 ± 9.0 0.0272
REM latency (min) 147.5 ± 96.2 177.3 ± 96.2 0.0482
N1% 28.4 ± 17.5 16.0 ± 10.7  < 0.0001
N2% 42.3 ± 14.2 54.2 ± 12.3  < 0.0001
N3% 15.6 ± 11.6 14.7 ± 9.2 0.6167
REM % 13.6 ± 7.4 15.0 ± 6.9 0.2349
AHI (events/h) 49.5 ± 27.3 6.1 ± 5.2  < 0.0001
Supine position AHI 55.1 ± 32.2 7.2 ± 7.3  < 0.0001
Left position AHI 41.7 ± 37.0 1.6 ± 2.2  < 0.0001
Right position AHI 34.3 ± 33.9 2.5 ± 3.6  < 0.0001
REM sleep AHI 52.3 ± 35.4 9.5 ± 14.2  < 0.0001
Respiratory arousal 

(events/h)
40.9 ± 30.2 1.9 ± 2.2  < 0.0001

Arousal index (events/h) 57.6 ± 27.1 14.5 ± 11.0  < 0.0001
Leg arousal (events/h) 1.4 ± 2.4 1.5 ± 2.5 0.8378
PLMs (events/h) 12.9 ± 25.7 7.3 ± 13.6 0.1484
NREM Saturation (%) 92.4 ± 3.2 95.1 ± 2.0  < 0.0001
REM Saturation (%) 90.8 ± 4.8 95.0 ± 2.3  < 0.0001
Mean Saturation (%) 92.1 ± 3.4 95.0 ± 2.4  < 0.0001
T90 (%) 15.6 ± 20.7 2.3 ± 8.2  < 0.0001

Table 3  Association between clinical variables and acceptable CPAP 
pressure

* Distribution of study variables according to the gross and adjusted 
prevalence ratios calculated by the Poisson regression model with 
robust variance and their respective 95% confidence intervals. PR, 
prevalence ratio; CI 95%, 95% confidence interval; ESS 30  day-
assessment, Epworth scale value in the first outpatient assessment 
after 30  days of treatment; ESS 120  day-assessment, Epworth scale 
value in the second outpatient assessment after 120 days of treatment

Gross  PR* Adjusted  PR*

Variable PR (CI 95%) p-value PR (CI 95%) p-value
Age (years)
 < 60 1 - - -
 ≥ 60 1.10 (0.84; 1.45) 0.4659 - -
Sex
Female 1 - - -
Male 1.13 (0.86; 1.48) 0.3882 - -
Weight (kg)
 < 105 1 - 1 -
 ≥ 105 1.44 (1.17; 1.78) 0.0006 1.43 (1.16; 1.77) 0.0008
Cervical circumference
 ≤ 46 (cm) 1 - - -
 > 46 (cm) 1.34 (1.07; 1.68) 0.0101 - -
Type of mask
Oronasal 1 - 1 -
Nasal 1.69 (1.00; 2.84) 0.0487 1.81 (1.17; 2.79) 0.0076
Asthma
No 1 - - -
Yes 1.15 (0.84; 1.58) 0.3809 - -
Diabetes
No 1 - 1 -
Yes 1.38 (1.07; 1.77) 0.0132 1.35 (1.07; 1.70) 0.0120
Systematic hypertension
No 1 - - -
Yes 1.26 (0.92; 1.74) 0.1504 - -
Benzodiazepine
No 1.29 (0.78; 2.11) 0.3221 - -
Yes 1 - - -
m-Mallampati
Grade 1—2 1 - -
Grade 3 -4 1.06 (0.78; 1.45) 0.7175 - -
ESS 30 day-assessment
 ≤ 10 1.60 (1.01; 2.52) 0.0434 1.58 (1.08; 2.30) 0.0178
 > 10 1 - 1 1
ESS 120 day-assessment-
 ≤ 10 1.20 (0.80; 1.80) 0.3777 - -
 > 10 1 - - -
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Patients using pressure considered optimal or good 
(acceptable pressure) were 3.61 times more likely to obtain 
ESS < 10 in outpatient follow-up. This association is sug-
gested by the authors to be used as a potential predictor of 
acceptable pressure estimated by the formula at the time of 
outpatient assessment during the 30-day follow-up. AASM 
guidelines suggest that titration polysomnography is not 
indicated for patients apparently satisfied with treatment 
initiated with pressure defined by other methods [3].

While the general residual AHI is determined by the total 
number of residual apneas and hypopneas in relation to the 
total sleep time, composed of the 4 sleep stages (N1, N2, N3, 
and REM) in the different decubitus positions throughout 
sleep (supine, lateral, and prone), the residual AHI related 
to acceptable/unacceptable pressure is not determined by 
the measurement of the general residual AHI, or only in the 
REM stage, but by the specific measure of the residual AHI 
present in the REM-supine association. It is the overcoming 
of the critical level of closure of the upper airways against 
the simultaneous sum of the two strongest external factors: 
the supine REM. These findings add further evidence in 
favor of the major contribution of the 2005 classification 
system and which was later adopted in the 2008 manual 
titration guidelines [3, 23]. A significant proportion of REM 
sleep may require higher blood pressure [15]. Furthermore, 
the positional component between the supine and lateral 

Table 4  Association of AHI < 5 events/hour and anthropometric, clin-
ical, mask type and adherence to CPAP variables

* Distribution of study variables according to the gross and adjusted 
prevalence ratios calculated by the Poisson regression model with 
robust variance and their respective 95% confidence intervals. PR, 
prevalence ratio; CI 95%, 95% confidence interval; ESS 30  day-
assessment, Epworth scale value in the first outpatient assessment 
after 30  days of treatment; ESS 120  day-assessment, Epworth scale 
value in the second outpatient assessment after 120 days of treatment

Gross  PR* Adjusted  PR*

Variable PR (CI 95%) p-value PR (CI 95%) p-value
Age (years)
 < 60 1 -
 ≥ 60 1.10 (0.71; 1.71) 0.6540
Sex
Female 1 -
Male 1.16 (0.75; 1.80) 0.5030
Weight (kg)
 < 105 1 -
 ≥ 105 1.07 (0.65; 1.76) 0.7891
Cervical circumference
 ≤ 46 (cm) 1 -
 > 46 (cm) 1.09 (0.62; 1.91) 0.7546
Type of mask
Oronasal 1 -
Nasal 1.89 (0.88; 4.08) 0.1050
Asthma
No 1 - 1 -
Yes 1.82 (1.24; 2.67) 0.0021 1.79 (1.18; 2.70) 0.0057
Diabetes
Não 1 -
Sim 1.17 (0.75; 1.81) 0.4851
Systemic hypertension
No 1 -
Yes 0.95 (0.60; 1.48) 0.8148
Benzodiazepine
No 0.83 (0.49; 1.42) 0.5020
Yes 1
m-Mallampati
Grade 1, 2 1 -
Grade 3, 4 0.84 (0.53; 1.32) 0.8381
ESS 30 day-assessment
 ≤ 10 1.15 (0.67; 1.98) 0.6179
 > 10 1 -
ESS 120 day-assessment
 ≤ 10 0.75 (0.47; 1.19) 0.2208
 > 10 1 -
Adherence CPAP 30 day-assessment
 < 7 h 1 -
 > 7 h 1.29 (0.78; 2.12) 0.3179
Adherence CPAP 120 day-assessment
 < 7 h 1 -
 > 7 h 1.00 (0.52; 1.94) 1.0000

Table 5  Comparison of variables between patients with residual AHI 
less than or equal to 10 events/h and residual AHI greater than 10 
events/h

Data expressed as mean (standard deviation), unless otherwise indi-
cated. BMI, body mass index; CC, cervical circumference; AHI, 
apnea and hypopnea index; SpO2, oxygen saturation; CPAP, con-
tinuous positive airway pressure; ESS, Epworth sleepiness scale. The 
p-value refers to Student’s t test or Mann–Whitney

Residual AHI

Variables r-AHI ≤ 10 r-AHI > 10 p-value

n = 65 n = 15

Sex, n (%) 0.18
Female 31 (76) 10 (24)
Male 34 (87) 5 (13)
Age, years 58.2 (11.9) 60.4 (8.4) 0.50
Weight, kg 93.7 (23.1) 82.2 (19.0) 0.07
Height, cm 165.2 (10.5) 158.4 (9.8) 0.02
BMI, kg/m2 34.4 (7.6) 32,8 (7.3) 0.45
CC, cm 42.5 (3.9) 40.1 (4.8) 0.04
Baseline AHI, n/h 48.0 (28.3) 55.5 (22.5) 0.34
Pressure,  cmH2O 7.9 (2.2) 7.8 (2.0) 0.95
Nocturnal  SpO2 with CPAP, % 96.9 (1.7) 97.7 (1.6) 0.05
Baseline ESS, points 11.5 (5.6) 14.1 (5.5) 0.10
ESS 30 day-assessment, points 7.1 (5.7) 6.1 (6.4) 0.55
ESS 120 day-assessment, points 6.2 (5.0) 5.7 (4.6) 0.71



Sleep and Breathing 

1 3

position can be used as an argument for using the supine 
AHI or the supine REM AHI of baseline polysomnography 
in the predictive formulas instead of the general AHI [30].

The main limitations of our study are the absence of a 
control group with autoCPAP or manual titration and the use 
of an old and outdated formula, associated with doubts in 
the literature about the cut-off point for residual AHI during 
treatment with positive pressure.

In conclusion, the data from this study show that a for-
mula provides an effective initial pressure in the majority of 
patients (73%) on treatment without prior APAP or manual 
titration. This simplified approach is a viable alternative, 
with reduced waiting lists and time from diagnosis to initia-
tion of therapy. Our results are of significant value in eval-
uating the effectiveness of treatment with a programmed 
CPAP from the pressure estimated by the formula. At this 
moment of the COVID-19 pandemic and restriction to poly-
somnographic studies in the sleep laboratory, these data gain 
additional value.
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