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Abstract
Background No previous studies have validated the use of
portable monitoring (PM) for the diagnosis of obstructive
sleep apnea (OSA) in morbidly obese individuals. Our aim
was to investigate the accuracy of PM for detecting respiratory
events in morbidly obese patients that will be undergoing
bariatric surgery.
Methods This was a prospective study involving patients with
body mass index (BMI) ≥35 kg/m2 who were recruited from
the Sleep Clinic of Universidade Federal de São Paulo. Sleep-
disordered breathing (SDB) was evaluated during full-night
polysomnography (PSG). PM use was randomized and used
on two consecutive nights: (1) at home (STDHome) and (2) at
the sleep laboratory with PSG (PSG_STDLab).
Results Although 58 participants initially underwent the re-
cordings, 26 (45 %) were excluded because of technical
problems. The patients’ mean age was 42.9±10.9 (SD) years,
and 56 % were female. The mean BMI was 40.8±5.2 kg/m2.
All patients had high risk for OSA, as defined by the Stop-
Bang questionnaire, and the mean apnea-hypopnea index
(AHI) was 46.9±30.4/h. The intraclass coefficient of the
correlation between AHI_PSG and AHI_STDLab was r=
0.92 (p=0.0001); the intraclass coefficient for AHI_PSG and
AHI_STDHome was r=0.84 (p=0.0001). The Kappa index
was 0.87 (p>0.0001) for severe cases. The sensitivity and the

positive predictive value increased with the disease severity. A
Bland-Altman analysis showed good agreement between the
investigated methods.
Conclusions PM is an efficacious method for diagnosing
OSA in obese patients who have a high clinical probability
of the disease. The method displays good sensitivity and
specificity in severe cases; nevertheless, the high rate of data
loss must be taken into account.
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Introduction

The epidemic of obesity is increasing worldwide, and it is
considered the primary risk factor for obstructive sleep apnea
(OSA). OSA affects 3 to 7 % of the overall population [1]. A
recent study in the city of São Paulo described an OSA
prevalence of 32.9 %, and there was an even higher frequency
of OSA among obese males (64.1 % in individuals with body
mass index [BMI] ≥35 kg/m2) [2].

In individuals with a BMI equal to or greater than 40 kg/
m2, the prevalence of OSA varies from 42 to 48 % in males
and from 8 to 38 % in females [3]. In a previous study,
Carneiro et al. [4] described a 64 % prevalence of OSA
(apnea-hypopnea index [AHI] >5) in morbidly obese patients
who were assessed for bariatric surgery. The prevalence of
OSA was 55.7 % in females; in males, it was even higher
(77.4 %). The demand for bariatric surgery has risen dramat-
ically in recent years. The total number of obesity surgeries
performed in the USA and Canada reached 220,000 in 2008
and 2009. OSA has been related to adverse outcomes during
the surgical period, such as respiratory failure, bleeding, and
other clinical complications. Therefore, it is mandatory to
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diagnose OSA during the pre-operatory assessment to estab-
lish early treatment and minimize adverse outcomes after
surgery.

Previous studies have shown that portable monitoring pro-
vides reasonable diagnostic accuracy for OSA in patients with
a high-probability pretest [5, 6]. However, studies evaluating
the use of portable monitoring in patients with comorbidities,
such as morbid obesity, are still lacking. Lesser et al. demon-
strated good accuracy for OSA diagnosis in obese pediatric
patients (aged 9–18 years) using portable monitor (PM) com-
pared with full-night polysomnography (PSG) [3].

Therefore, the OSA diagnostic accuracy of PM in
morbidly obese patients needs to be confirmed and
technical problems that affect its diagnostic evaluation
need to be assessed. The aim of this study was to
investigate PM’s accuracy for diagnosing OSA in mor-
bidly obese candidates for bariatric surgery compared
with the gold-standard method of full-night PSG.

Methods

Participants

This prospective study evaluated patients older than
18 years from both genders who were referred to the
Respiratory Sleep Disorders clinic during pre-operatory
assessment for bariatric surgery. Inclusion criteria in-
cluded symptoms suggestive of OSA, such as intense
and loud snoring, witnessed apneas during sleep, and
excessive somnolence. Patients with other sleep disor-
ders, such as narcolepsy, restless legs syndrome, insom-
nia, severe cardiovascular diseases, and neuromuscular
diseases, or patients who were being treated for OSA,
were on oxygen therapy, or were using alcohol or other
drugs were excluded. The study was approved by the
Research Ethics Committee at the Federal University of
Sao Paulo (Universidade Federal de São Paulo—CEP
0290/11) and was registered at ClinicalTrials.gov
(NCT01455077). All participants signed informed con-
sent forms. All procedures performed in studies involv-
ing human participants were in accordance with the
ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical
standards.

Protocol

In the sleep laboratory, before the PSG recording, the Stop-
Bang questionnaire [7] and the Epworth Sleepiness Scale
(ESS) [8] were applied. Body mass index (BMI), neck

circumference, and blood pressure were also measured during
the clinical evaluation.

All of the patients were randomized to two sleep assess-
ments using PM equipment (Stardust II, Philips-Respironics,
Inc., USA): (1) one at home for one night (STDHome) and (2)
one in the sleep laboratory simultaneously with PSG
(PSG_STDLab).

These evaluations provided three apnea-hypopnea index
(AHI) values: AHI_STDHome, AHI_STDLab, and
AHI_PSG. All evaluations were completed within a period
of 2 weeks.

Polysomnography

A full-night PSG in the sleep laboratory was performed with
Embla equipment (N7000, Embla Systems, Inc., Broomfield,
CO, USA). The PSG montage included electroencephalo-
gram, electrooculogram, electromyogram (chin and tibialis
anterior muscles), nasal airflow (thermistor and nasal pres-
sure), respiratory effort (inductance plethysmography of tho-
rax and abdomen), oxyhemoglobin saturation (SpO2), snor-
ing, and body position. A trained technician visually per-
formed the sleep scoring according to the Rechtschaffen and
Kales criteria [9]. The respiratory event scoring was based on
the American Academy of Sleep Medicine (AASM) criteria
[10]. Apnea was defined as a complete cessation of airflow
during sleep lasting ≥10 s (and was further classified as
central, obstructive, or mixed). Hypopnea was defined by a
clear amplitude reduction of the nasal cannula during sleep
(<50 %) that was associated with either an oxygen
desaturation of >3 % or an arousal. Hypopnea events last
10 s or longer. Arousals [11] and leg movements [12] were
quantified according to the American Sleep Disorders Asso-
ciation Task Force.

Portable Monitoring with the Stardust II

The STD is a PM designed for diagnosing OSA. It
records five physiological parameters: airflow (nasal
pressure transducer), respiratory effort (piezoelectric sen-
sor), body position (both devices (PSG and PM) are
positioned at the height of the sternum), and SpO2+
heart rate (via probe tape placed on the finger). A
research assistant instructed the patient about using the
STD at home. The instructions included verbal and
written sections to illustrate the correct placement of
the monitor, along with a practical demonstration. Dur-
ing training, patients were asked to indicate the time for
“lights off” (when the patient goes to bed to sleep),
“lights on” (when the patient wakes up in the morning),
and any time of night the patient remained awake for
more than 15 min. Patients returned the STD device the
morning after the study at home. A trained technician
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applied the sensors used for both STD and PSG record-
ing in the sleep laboratory. The cannulas were placed in
the nostril, and the thoracic belts were trapped side by
side. Nighttime desaturation was evaluated using
oximeters on different fingers of the same hand.

For PM scoring, apnea events were required to show an
airflow cessation ≥10 s (central, obstructive, or mixed) [13].
Hypopnea was defined as (1) a decrease (>50 %) from base-
line in the amplitude of the nasal cannula during sleep or (2) a
clear amplitude reduction of the nasal cannula during sleep
(<50 %) associated with an oxygen desaturation of >3 %.
Hypopnea events were those that lasted 10 s or longer. AHI
was calculated using the total recording time as denominator.
A trained technician scored all STD recordings, and another
scored the PSGs. The technicians were blinded to each other’s
analyses and to the volunteers’ clinical conditions.

Registers that had more than 60 % of the total recording
time with good technical quality on all channels were consid-
ered for analysis. Recordings were excluded because of failure
in data downloading, poor signal from the cannula, poor
recording of oximetry, or poor respiratory effort. The record-
ings that met these criteria and had a sleep efficiency greater

than 50 % on the PSG were considered approved for our
protocol and were submitted to comparative analysis. None
of the patients had complaints of discomfort or difficulty using
the STD.

Statistical Analysis

We calculated the sample size using the method described by
Hulley [14]. To have a specified power of 0.80 and type I error
rate of 0.05, we assumed that the true correlation would be
above 0.50 using a two-sided test and zalfa*/2 of 1.96. The
sample size required was of 30 patients.

Statistical analysis was performed using SPSS software
(version 17.0 for Windows). The demographic variables were
presented as descriptive statistics. For comparisons between
groups, Student’s t test was used. The PSG variables that were
compared with the STD variables obtained in the laboratory
during simultaneous recording and the STD variables obtain-
ed at home were analyzed using the general linear model with
repeated measures. To determine significance, p values of
0.05 was considered. To evaluate agreement, Bland-Altman
graphics, intraclass correlation coefficients, and kappa coeffi-
cients between the AHI methods (PSG, STDLab, and
STDHome) were determined.

The sensitivity, specificity, negative and positive predictive
values (AHI=5, 15, and 30), and receiver operating charac-
teristic (ROC) curves of the AHI of STDLab and STDHome
were calculated using the AHI that was obtained from the
PSG.

Diagnostic Agreement

Agreement was defined according to Santos-Silva [15] and
showed in Table 1. The rates of diagnostic agreement and
disagreement were calculated in a manner similar to that

Table 1 Analysis criteria for diagnostic agreement, overestimation, and
underestimation between AHI_PSG vs. AHI_STDLab and AHI_PSG vs.
AHI_STDHome

AHI-PSG AHI-PM Diagnostic classification

≥30 ≥30 Agreement

<30 PSG AHI±10 or less Agreement

<30 PSG AHI≥10 Overestimation

<30 PSG AHI≤10 Underestimation

AHI apnea-hypopnea index, PSG polysomnography, PM portable
monitor

Fig. 1 Flow chart of the
investigated patients
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described by White and colleagues [16], with one modifica-
tion: while those authors used an AHI value ≥40 as the cutoff
for severe OSA in their assessment of diagnostic agreement,
we used an AHI ≥30 as the generally accepted cutoff for
severe OSA.

Results

A total of 58 obese patients with high clinical suspicion of
OSAwere selected. Sixty-seven percent had high blood pres-
sure controlledwithmedications, 27% had diabetes, and all of
them had high risk for OSA based on the Stop-Bang ques-
tionnaire results. After randomization was completed and
patient records were obtained, 55 % of the sample exhibited
PM records of acceptable quality and were included in the
final analysis (Fig. 1).

The basal characteristics of the patients who were included
and excluded on the basis of PM record quality are compared
in Table 2. There were no statistically significant differences
between the groups, and both groups were normally
distributed.

The following intraclass coefficients of correlation, includ-
ing all AHI values, exhibited statistically significant differ-
ences: AHI_PSG vs. AHI_STDLab (r=0.92, [CI=0.83–0.95]
p=0.0001), AHI_PSG vs. AHI_STDHome (r=0.84, [CI=
0 .69–0 . 92 ] p = 0 .0001 ) , and AHI_STDLab vs .
AHI_STDHome (r=0.85, [CI=0.71–0.92] p=0.0001).

Table 3 describes the Kappa index between the investigated
methods according to the levels of severity. We found better
concordance in the severe cases and a tendency toward better

concordance when the test was performed simultaneously
with PSG.

PM exhibited better diagnostic accuracy with high sensi-
tivity in the severe cases. Specificity was good at the investi-
gated cutoff points (Table 4).

A Bland-Altman visual analysis showed that PM had good
agreement with PSG. We detected less variability of the AHI
when both tests were performed simultaneously (Fig. 2).
However, the patients always exhibited higher AHI values
with PSG compared with PM.

According to the established analyses criteria of agreement,
PM exhibited better agreement with PSG (87 %) when both
tests were performed simultaneously in the lab (AHI_PSG vs.
AHI_STDLab) than when PMwas performed at home (65 %)
(Table 5).

Discussion

Our results showed that although a significant number of PM
records were lost, the test demonstrated good diagnostic ac-
curacy for OSA in morbidly obese patients who were candi-
dates for bariatric surgery. For the patients who exhibited a
high probability of having OSA, PM was especially accurate
when diagnosing severe cases and when the test was per-
formed simultaneously with PSG.

Table 2 Demographic characteristics of the patients who were included
and excluded from the final analysis (mean±SD)

Number Analyzed (32) Excluded (26) p

Age, years 49.2±10.9 44.8±11.4 0.78

M/F, % 56/44 % 60/40 % 0.72

BMI, kg/m2 40.8±5.2 41.2±5.5 0.63

Waist circumference, cm 124.2±12.5 127.6±11.8 0.91

Neck circumference, cm 43.5±5.2 46.3±4.3 0.12

Systolic blood pressure, mmHg 136.3±13.1 142.7±18.9 0.05

Diastolic blood pressure, mmHg 88.4±10.1 90.8±13.1 0.19

AHI_PSG 46.9±30.4 52.6±29.9 0.81

PaO2, mmHg 79.9±9.9 77.9±12.7 0.33

PaCO2, mmHg 36.6±2.6 37.8±4.6 0.34

SaO2, % 95.8±1.5 95.1±2.3 0.17

M/F males/females, BMI body mass index, AHI_PSG apnea-hypopnea
index in polysomnography, PaO2 O2 partial pressure in arterial blood,
PaCO2 CO2 partial pressure in arterial blood, SaO2 oxyhemoglobin
saturation arterial blood

Table 3 Comparison of AHI categories according to the Kappa index of
agreement

AHI
categories

PSG×STDLab PSG×STDHome STDLab×STDHome

AHI 5–15 0.14, p=0.39 0.17, p=0.31 0.56, p=0.002

AHI 15–30 0.34, p=0.05 0.11, p=0.54 0.28, p=0.09

AHI≥30 0.87, p>0.0001 0.62, p>0.0001 0.75, p>0.0001

AHI apnea-hypopnea index, PSG polysomnography, STDLab portable
monitoring at the laboratory, STDHome portable monitoring at home

Table 4 Sensitivity, specificity, and positive and negative predictive
values at several cutoff points

PSG Sensitivity Specificity PPV NPV AUC

AHI 5–30

STDLab 40 77 25 87 0.93, p>0.001

STDHome 40 81 29 87 0.83, p>0.001

AHI≥30
STDLab 89 100 100 87 0.97, p>0.001

STDHome 67 100 100 68 0.96, p>0.001

AHI apnea-hypopnea index, PSG polysomnography, STDLab portable
monitoring at the laboratory, STDHome portable monitoring at home,
PPV positive predictive value, NPV negative predictive value, AUC area
under the curve
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Obesity is related to abnormalities in pulmonary function
that worsen with recumbence. Excessive weight leads to in-
creased airway resistance, reduced lung volume and impaired
respiratory muscle function, especially during sleep; these

abnormalities can affect the pulmonary gas exchange and lead
to hypoxemia and hypercapnia [17]. The respiratory pattern of
obese individuals becomes quite similar to the pattern ob-
served in patients with chronic obstructive pulmonary disease

Fig. 2 The Bland-Altman
analysis of AHIs from STDs and
PSGs considering the three
recordings. PSG vs. STDHome.
PSG vs. STDLab. STDLab vs.
STDHome
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(COPD) [18]. These factors could explain the loss of oximetry
records in the present study. In a similar study that included
patients with COPD plus OSA, Oliveira et al. [18] also found
high record losses.

The present study showed similar losses in the tests
performed with PM at home and the tests with PM that
were performed at the sleep laboratory. It is important
to emphasize that the tests performed at the laboratory
were conducted for comparative purposes; technicians
did not interfere, and online monitoring was not per-
formed. Most of the losses were caused by problems
with oximetry (50 %) and flow (31 %). The present
losses were greater than the losses that have been pre-
viously reported in the literature, which vary from 3 to
18 % when PM is used in patients with OSA who have
no comorbidities [19–21]. Santos-Silva et al. [15] used
the same PM device to study patients with no comor-
bidities who exhibited a high clinical probability of
OSA and had the same age range, but had lower BMI
(28±5 kg/m2); that study found that the PM results had
good agreement with PSG for OSA diagnosis and ex-
hibited a loss of approximately 10 % [19–21]. However,
using the Stardust in patients with OSA plus COPD,
Oliveira et al. [18] reported a loss of 61 % of the tests,
which corroborates our results by showing that PM
exhibits limitations in patients with comorbidities. Be-
cause no difference was observed in the present study
between the analyzed and excluded patients with regard
to demographic data and AHI severity, part of the losses
may have been caused by the lower sensitivity of the
Stardust oximeter compared with the oximeter used in
the PSG.

A Bland-Altman analysis showed considerable variability
in AHI results obtained from the PSG and STDHome tests.
The mean difference value was 15.2, indicating an underesti-
mation of AHI values. An analysis of the variability of the
portable records showed that STDLab had fewer lost results
compared with PM performed at home. Considering two
standard deviations, the Bland-Altman plot reflects high var-
iability in the literature [15, 22] and in our study.

However, by applying the criteria described byWhite et al.
[16], we found a good rate of agreement, especially when the
records were performed simultaneously. There was 87 %
agreement when PM and PSG were performed on the same
night; the underestimation rate was 10 %, and the overestima-
tion rate was only 3 %.When the test was performed at home,
it resulted in an OSA underdiagnoses rate of 32 %, which is
higher than the rates obtained in the laboratory by Santos-
Silva [15] (5 %) and White [16] (6.7 %). This result agrees
with the Bland-Altman plot; an assessment of the portable
monitoring system’s variability showed that the tests per-
formed at the laboratory were better able to diagnose positive
cases compared with the tests performed at home.

The lack of monitoring sleep characteristics like electroen-
cephalogram and electromyogram using the PM when com-
pared with the PSG may explain some of the divergent
underdiagnoses results.

Limitations should be considered in the present study. One
of the most important limitations comes from the final low
number of valid patients. The second limitation concerns the
selection of the participants, who were recruited at a single
center and exhibited a high clinical probability of OSA. Third,
the PM algorithm is associated with the possibility of losing
records, which was more likely for the oximetry than for
airflow. Fourth, we used the results of a single night when
determining the success of the records. Addressing these
limitations may require the authors to change their method
for managing these patients, for example, by instituting re-
peated (e.g., two consecutive nights) home portable monitor-
ing study nights and evaluating the use of other type III
devices.

In conclusion, PM is an efficacious method for diag-
nosing OSA in obese patients who have a high clinical
probability of the disease. The method displays good
sensitivity and specificity in severe cases. It exhibits
some advantages over PSG, as the patients can remain
in their home environment and avoid the effects of
spending a night at the laboratory. Additionally, the
method represents simple, low-cost, and efficacious
technology. Nevertheless, the high rate of data loss must
be taken into account, and we were unable to anticipate
the factors that were associated with record loss. Ex-
treme obesity may remain a limiting factor for this test.
The future development of domiciliary systems is prom-
ising, although new technologies for diagnosing OSA
must be critically assessed.
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Table 5 Diagnostic agreement, overestimation, and underestimation
between AHI_PSG vs. AHI_STDLab and AHI_PSG vs.
AHI_STDHome

AHI_PSG vs.
AHI_STDLab

AHI_PSG vs.
AHI_STDHome

Diagnostic agreement (%) 87 65

Underestimation of AHI (%) 10 32

Overestimation of AHI (%) 3 3

PSG polysomnography, AHI apnea-hypopnea index, STDLab portable
monitoring at the laboratory, STDHome portable monitoring at home
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