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Abstract
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Conclusion: This study showed that the parameters of portable monitor and polysomnography were compatible with each other. 
Considering the limited resources of our country, we think that portable monitors could be used more widely.

Results: There was no difference between PM and PSG parameters in terms of AHI (Apnea- hypopnea Index) and ODI (Oxygen de-
saturation Index). The sensitiveness of the portable monitors was 89% and the specificity was 100%.

Methods: The demographic records of 62 patients who were referred with OSA symptoms were collected from the database. The 
ENT (ear, nose and throat) examination was performed. After that, sleep records were taken with PM, followed by PSG.

Introduction and Objective: Obstructive sleep apnea (OSA) affects mortality and morbidity due to persistent hypoxemia attacks 
during the night. The use of “portable sleep monitors-PM” has been investigated in recent years because polysomnography (PSG) 
for OSA diagnosis is a rare and expensive tool. In our study, we aimed to investigate the compliance of PM and PSG among Turkish 
population. 

Introduction

Obstructive sleep apnea (OSA) is a condition in which airflow due to partial collapse of the upper airway occurs with recurrent epi-
sodes of sleep, when the airflow is interrupted. Intermittent hypoxia during sleep decreases the sleep quality and reduces the quality 
of life [1,2]. In addition, OSA is a risk factor for, arterial disease, hypertension, stroke, cognitive disorders affecting all the systems [3-7]. 

The method for diagnosing OSA is polysomnography (PSG) that is used in sleep laboratories in hospitals.

Polysomnography is an expensive and inadequate toll to diagnose all patients with low number of devices. Portable sleep monitors 
(PM), which can also be used in the home environment, are being used more simply because they are cheap and effective [8,9]. 

In this study, we aimed to investigate the diagnostic efficacy of portable sleep monitors (PM) in Turkish population by comparing them 
with parameters of polysomnography, Apnea-hypopnea index (AHI), oxygen desaturation index (ODI) in laboratory. 

Methods

This study was designed retrospective cross-sectional. Local ethics committee approval was obtained for the study. In accordance with 
Helsinki Declaration Principles.
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Patient population

Between January 2015 and June 2015, 70 patients who were admitted to a university hospital sleep outpatient clinic with snoring, 
sleeping during daytime, complaints of tiredness, sleeping with portable monitor in the home environment, AHI ≥ 15 and referred to our 
center for polysomnography were included in the study. Clinical and medical unstable cases were excluded. These patients had a myo-
cardial infarction or cerebrovascular events in the last two months. In addition, those with an active infection, cancer and psychosis were 
excluded from the study. 3 patients had cerebrovascular event, 1 patient had myocardial infarction, 1 patient had malignancy, 2 patients 
had active infections and one patient had psychosis. The study was completed 62 patients.

The patients who were diagnosed with OSA who were sleeping with a portable monitor in their homes and were referred to our center 
for PSG recording and PSG-guided titration studies in order to receive CPAP device in accordance with the health practice notification 
(SUT) as PSG registration could not be performed in a medical center hospital. Patients were hospitalized in our sleep clinic in 15 days 
and PSG was performed. A total of 62 patients were compared retrospectively on AHI and ODI criteria determined by portable monitor 
and polysomnography. Height and weight of all patients were measured and Body-Mass Index (BMI) was calculated [10]. Epworth sleepi-
ness questionnaire was performed. Polysomnography was evaluated by 2 physicians who did not know the results of portable monitor.

Epworth sleepiness scale (ESS)

The subjective responses of the patients about daytime sleep conditions were evaluated as 0 - 24 points. A score of 10 and above was 
considered positive [11].

Portable sleep monitors

Sleep records of patients were performed using ResMed brand Nox T3 device (USA) and Apnea Link Ox device (Sweden).

NOXT3 portable monitor

Thorax, abdomen, RIP respiratory effort and RIP flow, current (from the nasal cannula), snoring sound recording channel, position 
records were obtained. 

Apnea link Ox device

Firmware version 04.08, software version 8.00. They record the inverse square root of the current as a flow index using a nasal flow 
signal (a nasal cannula/pressure transducer system [sample rate] 100 Hz) and pulse oximeter (Nonin XPod 3012 with nonin 7000A finger 
probe [sample rate 1 Hz]; Hudiksvall, Sweden).

Patients were seen at the hospital at noon and recorded which time they usually sleep in the evening. The device was set to start re-
cording at the appropriate time. The patients were told how to use the device by the sleep technician. The patients were sent home with 
the device the next day.

Both devices with less than four hours were re-enrolled for sleep, respiratory events were scored manually. When the air flow de-
creased ≥ 90 and lasted for at least 10 seconds, the apnea was recorded as a hypopnea when the air flow decreased ≥ 30 at least 10 sec-
onds.

Apnea hypopnea index (AHI) was calculated as the average of apnea hypopnea values   recorded for each hour.

Polysomnography

All participants underwent a standard diagnostic overnight PSG (Neurosoft, Neuron spectrum5, Ivanovia-Russia). Two-channel elec-
trooculogram and three-channel electroencephalogram were used to determine sleep stages during polysomnography records; nasal air-
flow catheter and thermistor for intranasal pressure monitoring; used a submental electrode for sleep stages. Two tibia electromyography 
for leg movement records; oxygen saturation measurement probe, and chest and abdomen belts were used for the status of ventilatory 
effort during respiration. Scoring was based on 2013 criteria of AASM [12]. Apnea was defined as 90% or more decrease in airflow for at 
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least 10 seconds. Hypopnea was defined as 3% or more decrease in oxygen saturation and/or 30% or more decrease in airflow for at least 
10 second with arousal. AHI was considered as number of apnea-hypopnea observed in every hour of sleep. If AHI score was 5 or higher, 
the patient was deemed to have OSA, and the severity of OSA was categorized as mild (AHI: 5.0 - 14.9 events/hour), moderate (AHI: 15.0 
- 29.9 events/hour), or severe (AHI > 30.0 events/hour) according to 2014 classification of AASM [13].

Statistical analysis

Statistical analysis was made using IBM SPSS Statistics for Windows 2012 (version 22.0, IBM Corp., Armonk, NY, USA). Chi-square (χ2) 
test was used for the comparison of categorical data, while numerical data were analyzed using Students’ t-test for variables with normal 
distribution and with Mann-Whitney U for non-normally distributed variables. Data were expressed as “mean (SD)”, median (25 - 75 per-
centile), and percentage (%) where appropriate. p < 0.05 was considered statistically significant.

Results

General demographic characteristics of patients are shown in table 1.

Patients numbers (n:62)
Gender 

Male gender, n (%) 
Female gender, n (%)

 
44 (71%) 
18 (29%)

Age, mean (SD) 51 (10)
BMI (kg/m2) (SD) 33 (7)

Table 1: Patients demographics 
BMI: Body-mass Index; SD: Standard Derivation.

AHI and ODI values   in portable monitor and polysomnography were shown in table 2. The sensitivity of the portable monitor was 89% 
and the specificity was 100% (Table 2).

N Mean (SD) P value
AHI PM 62 36 (26) 0.60

PSG 62 39 (27)
ODI PM 62 35 (27) 0.32

PSG 62 39 (27)

Table 2: The comparison of portable monitor and polysomnography parameters. 
PM: Portable Monitor; PSG: Polysomnography; AHI: Apnea-Hypopnea Index; ODI: Oxygen Desaturation Index; SD: Standard Derivation.

50 of the patients were evaluated with the portable monitor named NOXT3. AHI: 37 ± 3, ODI at this device was 35 ± 26. 12 patients 
were evaluated with apnea-Link OX device. At this device AHI was 35 ± 27; ODI was 30 ± 26. There was no statistical difference between 
the two devices in comparison with each other and with PSG. 

Discussion

In our study, AHI and ODI values   in Portable Monitor (PM) records were consistent with AHI and ODI values   in polysomnography records.
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In some previous studies, it was emphasized that PM will be inadequate with current status in diagnosing OSA. However, there is a 
need to standardize technology [14,15]. 

In a different study, the device was used in the hospital instead of the home [16]. In our study, the device was used at home in accor-
dance with its purpose. The devices have already been set to start the appropriate time. The patients took the shot without the supervision 
of a medical professional.

In addition, the first night effect was eliminated, and the required PM recording repetition was minimized due to insufficient sleep time.

In some previous studies, it was observed that PM data were not reviewed manually and only the automatic scoring of the device was 
achieved [17,18]. In our study, all data were evaluated manually and the error rate of the device in detecting respiratory events was mini-
mized.

As in our study, a randomized study was performed with 2-channel PM, with a sufficient number of patients, which was scored manu-
ally the sensitivity (83%), the specificity was 100% [19]. Another study performed with NOX 3 device showed sensitivity of 95% and 
specificity of 69% [20]. The devices used in the two studies mentioned above were the same as the device used in this study. The portable 
monitor is a less extensive device than PSG. EEG, EOG and chin activities can’t be recorded. The absence of these signals hinders the pa-
tient’s sleep awakening period and complete detection of sleep stages. In this case, the PM can record respiratory events per hour during 
the recording time. However, the PSG shows respiratory events per hour during sleep. Therefore, the portable monitors have a lower 
detection status than the AHI.

Although there was no statistical difference in our study, similar to previous studies, AHI and ODI were found to be higher in patients 
with PSG [19,20]. 

It is a known fact that Portable monitors can skip mild OSA cases despite all the conditions required by the device [16]. In our study, 
while our cases’ s AHI values ranged from (12 - 64/h), 30 cases (51.6%) were in the severe OSA group and 20 cases (32.2%) were in the 
moderate OSA group. We think that the high AHI values   of our patients are contributing to the high specificity and sensitivity results.

In the population, the presence of OSA without daytime sleepiness (AHI > 5) is 24% in men and 9% in women [21]. Recently increased 
sleep apnea due to the increase in obesity. As in all over the world, obesity is increasing in our country. According to data in Turkey TUR-
DEP obesity prevalence of 35%, 27% men, 44% women. In the last 12 years, obesity has increased in women (34%) and men (10.7%) 
in Turkey [22]. According to the Regulation on the health conditions and examinations to be sought for drivers published in the Official 
Gazette dated 29 December 2015; Persons with a BMI > 33 have been reported to be evaluated by polysomnography before obtaining a 
driver’s license, whether they have complaints or not [23].

Since the PSG is expensive and few, almost 90% of the current potential patient group is under investigation and deprived of access 
to treatment. Considering the comorbid diseases caused by OSA [24], [it would decrease mortality and morbidity as soon as possible to 
diagnose and start treatment. Portable monitors provide the opportunity for patients to shoot in the home environment.

Due to the comfort of the home environment, the patients experience problems such as lack of sleep activity due to the first-night effect 
they are exposed to in the laboratory.

The strength of our study is that a large number of patients can receive portable monitor records and polysomnography recordings at 
very close intervals in a standard manner, and that a portable monitor record can be obtained in a home environment in accordance with 
its purpose.

The weak side is that we cannot include any other PM parameters besides AHI and ODI because of its retrospective nature. The use of 
two different devices as a portable monitor is among the limitations of the study.
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Conclusion
This study showed that the parameters of portable monitor and polysomnography were compatible with each other. Portable moni-

tors are cheaper, simpler, and can be used in home. 

Considering the limited resources of our country, we think that portable monitors could be used more widely.
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