
 
 

 

Copyright © 2024 Mashhad University of Medical Sciences. This work is licensed under a Creative Commons 

Attribution-Noncommercial 4.0 International License https://creativecommons.org/licenses/by-nc/4.0//deed.en 

603 

Iranian Journal of Otorhinolaryngology, Vol.36(5), Serial No.136, Sep-2024 

 

Original Article   

 

Performance of Wrist-Worn Pulse Oximeter for the Screening of 

Obstructive Sleep Apnea 

Sama Jabbaripour1, Sareh Saien1, Reihaneh Heidari2, *Reza Erfanian3, Amin Amali2 

Abstract 

Introduction: 

A sleep apnea monitor (BM2000A) is a wrist-worn device that measures oxygen saturation and pulse rate 

during sleep. This study aimed to evaluate the efficacy of the watch-like BM2000A for screening 

obstructive sleep apnea (OSA). 

 

Materials and Methods: 

102 patients complaining of sleep breathing disorders were included; 81% were men and 19% were 

women. All participants underwent overnight simultaneous polysomnography (PSG) and BM2000A sleep 

monitoring. The number of apneas and hypopneas, apnea-hypopnea index (AHI), percentage of time spent 

with oxygen saturation under 90%, average oxygen saturation, lowest oxygen saturation, and duration of 

sleep were computed by the BM2000A and PSG. Then, these parameters were compared to validate the 

BM2000A. 

 

Results: 

All parameters, measured with BM2000A, had a good correlation (r ≥ 0.6, p < 0.0001) with PSG-derived 

indexes, except for sleep time (r = 0.19, p = 0.061) and hypopnea index (r = 0.4, p < 0.0001). AHI had the 

strongest correlation (r = 0.87, p < 0.0001). The mean difference between AHI values calculated with PSG 

and wrist-worn pulse oximeter (WPO) was -17.66 events/h (95% CI: -50.39 to 15.06). In AHI ≥ 5, 

BM2000A had 90.7% sensitivity, 100% specificity, 91.2% accuracy, and 0.994 area under the curve. 

Using AHI ≥ 5, ≥ 15, and ≥30 as the screening criteria, optimal WPO-AHI cutoffs to improve the screening 

accuracy were 3.10, 8.92, and 13.05. 

 

Conclusions: 

BM2000A-derived results properly correlate with PSG and can provide OSA screening with good 

sensitivity and specificity. 

 

Keywords: BM2000A; Home sleep apnea testing; Obstructive sleep apnea; Polysomnography; Wrist 

pulse oximeter  

Received date: 24 Jan 2024  

Accepted date: 18 Jun 2024 

 

 

 

 
*Please cite this article; Jabbaripour S, Saien S, Heidari R, Erfanian R, Amali A. Performance of Wrist-Worn Pulse Oximeter 

for the Screening of Obstructive Sleep Apnea. Iran J Otorhinolaryngol. 2024:36(5):603-612.                                                                       

Doi: 10.22038/ijorl.2024.77290.3586 
1Medical Student, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran. 
2Otolaryngology Research Center, Vali Asr Hospital, Imam Khomeini Hospital Complex, Tehran University of Medical 

Sciences, Tehran, Iran. 
3Otorhinolaryngology Research Center, AmirAlam Hospital, Tehran University of Medical Sciences, Tehran, Iran. 
*Corresponding Author:  

Otorhinolaryngology Research Center, Tehran University of Medical Sciences, AmirAlam Hospital, Sa’adi Street, P.O. Box: 

14155-6446, Tehran, Iran.   E-mail: r_erfanian@sina.tums.ac.ir. 

 

 

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tri-layer+Tympanoplasty+as+a+New+Technique+in+High-risk+Tympanic+Membrane+Perforations
mailto:r_erfanian@sina.tums.ac.ir


Jabbaripour S, et al 

604  Iranian Journal of Otorhinolaryngology, Vol.36(5), Serial No.136, Sep-2024 

Introduction 
Obstructive sleep apnea (OSA) is a prevalent 

chronic respiratory problem associated with 

sleep (1). OSA occurs with repeated events of 

upper airway obstruction with or without 

oxygen desaturation during sleep (2). Apneic 

attacks mainly terminate with arousal, 

sympathetic activation, increased blood 

pressure and pulse rate, re-oxygenation, and 

release of the inflammatory factors (3). 

The global prevalence of OSA has been 

estimated at 936 million adults aged 30-69 

years (men and women) with mild to severe 

OSA and 425 million adults aged 30-69 years 

with moderate to severe OSA (4). In a current 

systematic review by Senaratna et al. (1), the 

overall prevalence for patients older than 18 

years ranged from 9% to 38% and was higher 

in men when apnea-hypopnea index (AHI) ≥ 5 

events/hour was used as the cutoff value for 

screening moderate and severe OSA. With AHI 

≥ 15, the prevalence ranged from 6% to 17% and 

was much higher in elder groups. The 

prevalence increased with age; in some elderly 

groups, it was about 90% in men and 78% in 

women. Moreover, in a study by Young et al. 

(5), they estimated that 93% of women and 82% 

of men with moderate to severe OSA were not 

diagnosed. These data suggest the high 

prevalence of OSA with poor public awareness 

of the disease. 

Patients with OSA have a higher risk for 

various comorbidities such as atrial fibrillation, 

cardiovascular disease, stroke, chronic kidney 

disease, hyperlipidemia, diabetes, cancer, 

anxiety, epilepsy, headache, depression, and 

cognitive decline in old ages (2,3,6–10). It is 

necessary to diagnose and treat the condition 

with available therapies, including behavioral 

modification (avoiding alcohol and sedatives), 

losing weight, continuous positive airway 

pressure (CPAP), oral appliance therapy 

(orthodontic or mandibular advancing devices), 

and surgical procedures (tracheostomy and 

uvulopalatopharyngoplasty) as soon as possible 

to prevent such complications (11,12). 

Screening for OSA is conventionally based on 

sleep history, review of symptoms, and physical 

examination including airway examination. The 

Epworth Sleepiness Scale and STOP-BANG 

questionnaire are also helpful screening tools 

for planning for further workups (2). 

Four sleep monitoring devices have 

decreasing sensors of type I towards IV. Type I 

or polysomnography (PSG) consists of 7 

channels, including electroencephalogram 

(EEG), electrooculogram, electromyogram, 

electrocardiogram, pulse oximetry, airflow, and 

respiratory effort with video monitoring, which 

is used to monitor physiologic parameters 

during sleep in the clinic (not portable). Type II 

has the same leads as type I, except that it is 

portable and needs no technician assistance. 

Type III and Type IV have fewer sensors, with 

heart rate and oxygen saturation (SpO2) being 

the only inputs for type IV. The gold standard 

for diagnosing OSA is type I sleep monitoring, 

and type IV is not recommended due to the lack 

of measurements and low sensitivity (13,14). 

Lack of EEG and inability to detect hypopneas 

related to brain arousals are major challenges of type 

III and IV sleep monitoring devices that lead to 

underestimation of the patients with OSA. In 

addition, there is no airflow measurement in type IV 

devices  (15). Type II, III, and IV sleep monitors are 

called Home Sleep Apnea Testing (HSAT). As 

mentioned, there are different types of monitors. 

Costs, patient preference, feasibility, insurance 

coverage, and integration with the sleep-analysis 

system are major factors to consider when choosing 

the type of technology in practice (13,14). 

According to a systematic review by Jonas et al. 

(14), the sensitivity and specificity for HSAT 

monitors when using PSG-AHI ≥ 5 as the 

diagnostic threshold varies from 65 to 100 and 

35 to 100, respectively. Moreover, when 

detecting patients with AHI ≥ 15, the sensitivity 

ranges from 7 to 100, and the specificity from 

15 to 100. 

With the development of technology and 

patients’ preferences, wearable sleep 

monitoring devices or watch-like monitors are 

more widely used in clinics and research. For 

example, a study by Xu Y et al. utilized a 

wearable intelligent sleep monitor (WISM) that 

monitors heart rate, oxygen saturation, and body 

movement signals (16). Another study by 

Misteretta A et al., utilized Embletta MPR as 

the sleep monitoring device for post-

adenotonsillectomy children suffering from 

OSA (17).  

In this study, we compared sleep apnea 

monitor BM2000A with polysomnography. 

BM2000A is a lightweight (50 g) wrist-worn 

pulse oximeter (WPO) that is easy to use, like a 

watch at home and in clinics for long-term 
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monitoring. This type IV sleep monitor 

measures oxygen saturation and pulse rate 

during sleep, stores these data, and transmits 

them to a software APP via Bluetooth. Then, the 

APP analyzes the data from oxygen saturation 

and pulse rate and gives reports regarding AHI, 

apnea index (AI), hypopnea index (HI), 

percentage of time spent with oxygen saturation 

under 90% (T90%), average oxygen saturation 

(mean O2), lowest oxygen saturation (min O2), 

and duration of sleep. These reports can assist 

the physician in screening obstructive sleep 

apnea-hypopnea syndrome and managing 

further therapy.  

 

Materials and Methods 

Participants and study design 
This screening accuracy study was performed 

from January 2021 to January 2023. Ethical 

approval for this study was obtained from the 

local ethics committee (IR.TUMS. 

MEDICINE.REC.1401.741), which also 

complies with the declaration of Helsinki. All 

patients were informed about the purpose of our 

research, and informed written permission was 

obtained from them. We included 102 patients 

(81% men and 19% women) who visited our 

hospital for sleep breathing disorders and 

snoring during sleep. The mean age of 

participants was 40.5 years. The exclusion 

criteria were age younger than 18 and unstable 

health conditions such as uncontrolled 

cardiovascular or respiratory diseases. We 

gathered demographic information, including 

gender, age, and body mass index (BMI), prior 

to the sleep monitoring session, as mentioned in 

Table 1. Besides, some individual factors like 

smoking, underlying disease, medication use, 

and psychiatric disease were also obtained, and 

patients with uncontrolled ones were excluded 

before the sleep monitoring. No questionnaire 

was used before the sleep monitoring. 

 

Conducting sleep monitoring 

Patients underwent an overnight sleep 

monitoring session at the clinic using 

simultaneous Lowenstein MiniScreen PRO 

(Heinen und Löwenstein Inc., Germany) as the 

PSG device and BM2000A as a portable 

monitoring. All PSG sensors were attached to 

the patients, and pulse oximeters of PSG and 

BM2000A were placed on different hands. 

Qualified technicians conducted the sleep 

monitoring at the clinic, but the device has not 

been taken to the patient’s home. Since the 

patient is being video-monitored during the 

PSG, a camera was used during the sleep 

monitoring session. Based on the sleep situation 

and requirements advised by the company, the 

minimum time usage of the device is about 6 

hours. We advised patients not to sleep during 

the test day and not to drink beverages that 

could affect their sleep, like alcohol, coffee, and 

tea. The version 2.5 of the AASM scoring 

manual (18) defines apnea as the cessation of 

respiratory airflow and hypopnea as a decrease 

in respiratory airflow of ≥ 30% (associated with 

≥ 3% oxygen desaturation or arousal) for at 

least 10 seconds used by the competent sleep 

medicine fellowships to assess the PSG and 

BM2000A results and make a diagnosis. 

We used the watch-like sleep apnea monitor 

BM2000A as an HSAT device that monitors the 

oxygen saturation and pulse rate. As previously 

mentioned, the raw data are stored in the watch 

and then transmitted to a software app, where 

the inputs of oxygen saturation and pulse rate 

are interpreted into some indexes by the 

automatic machine learning algorithm, 

including apnea, hypopnea, AHI, T90%, mean 

O2, min O2, and total sleep duration. Since this 

device is in the category of black boxes, the 

company has not provided exact algorithm. 

Eventually, we compared the parameters 

generated by BM2000A with the values 

measured with PSG. 

 

Statistical analysis 

Data were analyzed using SPSS Statistics 

26.0.0.0 software (IBM Corp, Armonk, NY, 

USA). Classification and regression trees 

(CART) were analyzed using Minitab 

19.2020.1 software (Minitab, Inc, State 

College, PA, USA). Normally distributed 

variables are presented as mean ± standard 

deviation (SD), and variables without normal 

distribution are presented using median and 

interquartile range (IQR). 

The correlation between WPO and PSG was 

tested using the Pearson correlation for 

normally distributed data and the Spearman 

correlation for non-normally distributed data. 

Linear, quadratic, and cubic regressions were 

run on the WPO and PSG results to determine 

the fittest model for each parameter. 

To check for differences between WPO and 
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PSG values, a paired sample t-test was used for 

normally distributed data; for data without 

normal distribution, a Wilcoxon signed-rank 

test was performed if the symmetry assumption 

was met, and a Sign test was done on non-

symmetrically distributed data. Additionally, 

the Bland-Altman analysis was done to validate 

the agreement between WPO and PSG. 

Sensitivity, specificity, positive predictive 

value (PPV), and negative predictive value 

(NPV) were calculated using PSG-AHI 

thresholds of ≥ 5, ≥ 15, and ≥ 30. Besides, 

Cohen’s kappa coefficient was used to test the 

consistency of the two methods. Receiver 

operating characteristic (ROC) curves were 

plotted for all three diagnostic thresholds to 

determine the best cutoffs for WPO-AHI. The 

CART machine algorithm was applied to 

confirm the manually identified cutoffs. The 

threshold for statistical significance was p-

value ≤ 0.05 for all analyses of this study. 

 

Results 
Demographics 

One hundred two participants were monitored 

with simultaneous PSG and WPO during an 

average sleep of 338.2 ± 59.7 minutes. 

Participants were predominantly male (81.4%), 

either overweight (41.2%) or obese (44.1%) 

with a mean BMI of 29.4 ± 4.7, and had severe 

OSA (60.8%). Table 1 demonstrates 

participants’ characteristics. 
 

Table 1: Participants' characteristics 

Characteristics  N=102 

Age (year) 40.48 ± 8.94 

BMI (kg/m2) 29.39 ± 4.66 

Gender (n, %)  

    Male  83 (81.4%) 

    Female 19 (18.6%) 

OSA severity (n, %)  

    Non-OSA 5 (4.9%) 

    Mild OSA 9 (8.8%) 

    Moderate OSA 26 (25.5%) 

    Severe OSA 62 (60.8%) 

Data are shown as mean ± standard deviation (SD). OSA: 

obstructive sleep apnea; BMI: body mass index.  

 
Concordance between WPO and PSG 

Table 2 summarizes the correlation coefficients 

between the main parameters observed in PSG and 

WPO, and fit test regressions. 
 

Table 2: Concordance between the parameters observed simultaneously by PSG and WPO 

Parameter PSG WPO 
Error 

range 
ICC 

Correlation 

coefficient 

(spearman r) 

Best fitted 

model 

AHI 37.4 (21.4–62.98) 22.63 (9.49–37.86) 23.1 0.742* 0.87* linear 

AI 44.5 (9.5–315.5) 65 (19–143.25) 195.4 0.706 0.77* Cubic 

HI 144 (75–227) 52 (29–73.75) 151.1 0.205* 0.40* Quadratic 

Mean O2 93 (91–94) 94.1 (93.09–95.59) 33.2 0.038* 0.61* Quadratic 

T90% 6.25 (0.4–22.7) 1.8 (0.07–6.52) 52.8 0.287* 0.79* Cubic 

Min SpO2 78 (69–82) 85 (83–88) 10.6 0.437* 0.65* Linear 

Sleep time 343.6 (297.85–381.35) 250.5 (154–332) 155.7 0.184* 0.19 Quadratic 

AHI: apnea-hypopnea index; AI: apnea index; HI: hypopnea index; Mean O2: average oxygen saturation; Min O2: lowest oxygen 
saturation; T90%: percentage of time spent with oxygen saturation < 90% . *Statistically significant (p-value ≤ 0.05).  

 
 

Of all the variables, the AHI measured by 

WPO strongly correlated with the PSG-AHI 

(Spearman r = 0.87, p < 0.0001). There was also 

a good correlation (Spearman r ≥ 0.6, p < 

0.0001) between values generated by WPO and 

PSG for each other parameter, except for the 

hypopnea index with a relatively poor 

correlation (Spearman r = 0.4, p< 0.0001) and 

sleep time (Spearman r = 0.19, p = 0.061). 

The main parameters observed with WPO and 

PSG are summarized in Table 2. WPO 

significantly underestimated AHI by -17.66 

events/h (p < 0.0001); however, the intraclass 

correlation coefficient was 0.742, indicating 

good consistency between the two methods. 

There was also moderate agreement (ICC = 

0.706) between the apnea index of WPO and 

PSG with no statistically significant difference 
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(155.88 ± 194.88 vs 97.00 ± 98.73, p = 0.484). 

The measured values for other parameters, 

including hypopnea index, mean O2, T90%, 

min O2, and sleep time, were different (p < 

0.0001) and poorly reliable (ICC < 0.5). 

The Bland-Altman analysis of PSG-AHI and 

WPO-AHI showed a mean difference of -17.66 

events/h, with limits of agreement ranging from 

-50.39 to 15.06 events/h (figure 1-a). The 

difference was not normally distributed and was 

related to the magnitude of AHI. Therefore, the 

Bland-Altman plot was transformed by 

converting the absolute difference into a 

percentage of the average AHI, which revealed 

a mean difference of -58.16% and -138.12% to 

21.80% limits of agreement (figure 1-b). 

 

 

 

Fig 1: a: Bland-Altman plot of AHI measured with PSG compared to WPO-AHI. b: Transformed Bland-Altman 

plot of PSG-AHI in comparison to WPO-AHI. AHI: apnea-hypopnea index; PSG: polysomnography; WPO: wrist 

pulse oximeter. 

Screening efficiency of WPO 

Table 3 shows sensitivity, specificity, 

positive predictive value (PPV), negative 

predictive value (NPV), positive likelihood 

ratio (LR+), negative likelihood ratio (LR-), 

accuracy, and area under the curve (AUC) of 

WPO in screening OSA at different AHI 

thresholds. The specificity was high (≥ 90%) 

using either of the thresholds to identify OSA, 

while the sensitivity was high (≥ 90%) only 

with AHI ≥ 5 and was lowered when using 

higher thresholds. The accuracy of WPO for 

AHI ≥ 5, AHI ≥ 15, and AHI ≥ 30 was 91.2%, 

75.5%, and 72.5%, respectively. According to 

the kappa coefficients of agreement shown in 

Table 3, the screening outcome of WPO for all 

three thresholds is moderately (0.4 < κ ≤ 0.6) 

concordant with PSG. 

A 

B 
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Table 3: Screening performance of WPO at different apnea-hypopnea indices 

 
Number of 

participants 
Sen (%) Spe (%) PPV NPV LR+ LR- Accuracy AUC κ 

AHI ≥ 5 97 90.7 100 100 35.7  0.09 91.2 0.994 0.489 

AHI ≥ 15 88 71.6 100 100 35.9  0.28 75.5 0.978 0.409 

AHI ≥ 30 62 59.7 92.5 92.5 59.7 7.96 0.44 72.5 0.925 0.475 

AHI: apnea-hypopnea index; AUC: area under the curve; LR: likelihood ratio; NPV: negative predictive value; PPV: 

positive predictive value; Sen: sensitivity; Spe: specificity  
 

ROC analysis showed that the best cutoff value 

for WPO-AHI to identify patients with mild 

OSA (AHI ≥ 5) was 3.10. With WPO-AHI ≥ 

3.10, the device can reach 99% sensitivity and 

100% specificity with a 0.994 area under the 

ROC curve. Using AHI ≥ 15 as the criterion for 

screening OSA and 8.92 as the optimal cutoff 

value, screening efficiency reduced to 92% 

sensitivity, 92.9% specificity, and 0.978 AUC. 

Screening efficiency decreased even more 

when a threshold of AHI ≥ 30 was used, and the 

most suitable cutoff was 13.05, with 96.8% 

sensitivity and 82.5% specificity (figure 2). 

 

 
 
 
 
 

 

 
 

Fig 2: ROC curves for screening OSA with WPO using three different thresholds. AHI: apnea-hypopnea index; AUC: area 

under the curve; OSA: obstructive sleep apnea; PSG: polysomnography; ROC: receiver operator characteristic; WPO: wrist 

pulse oximeter. 

 

Table 4 demonstrates the classification of 

participants by WPO against the actual grading 

by PSG. Forty-seven cases (46.08%) were 

correctly classified using WPO. The device 

notably underestimated the severity of OSA 

since 52 participants (50.98%) were classified 

as one or two classes lower than their actual. 

Only 3 participants with moderate OSA 

(2.95%) were overestimated as severe. CART 

analysis was applied to fit better classification 

thresholds for the AHI of WPO. AHI of ≥ 3.10, 

≥ 5.86, and ≥ 13.05 were found as the criterion 

for staging OSA using the BM2000A (figure 3). 
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Table 4: The confusion matrix for OSA staging by PSG and WPO based on standard thresholds. 
 

 Without 

 

OSA 

Mild 

 

OSA 

Moderate 

 

OSA 

Severe 

 

OSA 

Without OSA 5 0 0 0 

Mild OSA 7 2 0 0 

Moderate OSA 2 18 3 3 

Severe OSA 0 5 20 37 

WPO estimated stage of OSA 

AHI: apnea-hypopnea index; OSA: obstructive sleep apnea; PSG: polysomnography; WPO: wrist pulse oximeter

Fig 3: CART optimal tree diagram to improve classification accuracy. AHIW: apnea-hypopnea index of wrist 

pulse oximeter; CART: classification and regression tree. 

Discussion 
BM2000A is a wrist-worn pulse oximeter 

utilized as an HSAT device for screening and 

assessment of OSA. Our study evaluated the 

accuracy of the BM2000A compared to 

simultaneous PSG as the gold standard. The 

results demonstrated that the wrist-worn pulse 

oximeter BM2000A shows good screening 

efficiency in identifying patients with OSA of 

various severities. Using AHI ≥ 5 as the 

screening threshold, WPO detects OSA with 

90.7% sensitivity, 100% specificity, and 91.2% 

accuracy. The performance of BM2000A is 

also satisfying in measuring oxygen 
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desaturation parameters, including AHI, AI, HI, 

T90%, mean O2, and min O2. The values of 

these parameters generated by WPO had 

moderate to strong correlation (spearman r ≥ 

0.6) with actual values measured with PSG. 

AHI had the strongest positive correlation 

(spearman r = 0.87); however, it was 

significantly underestimated by WPO 

compared to PSG (25.66 ± 18.74 events/h vs. 

43.33 ± 27.79 events/h, p < 0.0001). Total sleep 

time was the only non-oxygen-related 

parameter measured with WPO, which was 

poorly correlated with PSG values. 

The positive correlation between respiratory 

event index (REI) recorded by type IV sleep 

monitor and PSG- derived AHI was found in 

other portable oximetry-based monitors. 

Watch-PAT and Circul oximetry studies have 

reported a high level of concordance between 

PSG and wearable-monitor assessment of AHI 

(19,20). Regarding AHI measurement bias, 

Circul and WISM also reported 

underestimating AHI by 3.2 and 6.8 

events/hour, respectively (16,20). The 

underestimation of PSG-AHI by oximetry-

based monitors may be related to how 

respiratory events are defined. a decrease in 

SpO2 does not necessarily accompany apnea 

and hypopnea in PSG , while it is the only signal 

for WPO to detect respiratory events. 

Interruption of breath for 10 seconds or more 

with no oxygen saturation reduction recorded 

by airflow signals would be scored as apnea in 

PSG. Type of hypopneas with arousals but no 

desaturations would also be missed since there 

is no electroencephalogram signal on WPO to 

detect arousals (21). Furthermore, respiratory 

events coupled with movements could remain 

undetected due to automatic algorithms 

incorrectly discarding low-quality signals (20). 

ROC curves were further used to demonstrate 

the screening performance of WPO. The AUC 

representing the accuracy of WPO was 

decreased when using higher thresholds of 

AHI. With a threshold of AHI ≥ 5 for screening 

OSA, WPO can reach 90.7% sensitivity and 

100% specificity with an AUC of 0.994. 

However, when screening moderate-severe 

patients with AHI ≥ 15, the sensitivity of WPO 

was lowered by 20% (71.6%) with no change in 

specificity (100%). Using AHI ≥ 30 as the 

threshold, WPO displayed 59.7% sensitivity 

and 92.5% specificity (AUC = 0.925). 

Compared to other HSAT devices, WPO 

showed good performance, as detailed in Table 

5. In Zhao et al. pilot study (20), Circul 

oximetry revealed 87% sensitivity and 83% 

specificity for an AHI threshold of ≥ 5 as well 

as 66% sensitivity and 96% sepcificity using a 

threshold of AHI ≥ 15. Smartwatch GT2, as 

Chen et al. reported (22), showed sensitivity 

and specificity of 76.5% and 100% for AHI ≥ 5 

and 85.7% and 100% for AHI ≥ 15, 

respectively. 

The overall specificity of BM2000A was 

reasonable, while underestimation of AHI by 

WPO resulted in relatively low sensitivity for 

all three thresholds. Thus, adjusting WPO-AHI 

cutoffs to lower values would improve the 

sensitivity. Using 3.10 events/h as the WPO-

AHI cutoff value, the device can reach 99% 

sensitivity with no change in 100% specificity. 

When applying WPO in practice, it may be 

considered to identify OSA-negative or OSA-

positive patients. The high sensitivity of WPO 

in screening patients with AHI ≥ 5 makes it 

suitable for OSA screening in large 

populations, leading to promptly identifying 

and treating this morbid condition. The 

underestimation of AHI by WPO also caused 

misclassification when using standard 

thresholds of AHI ≥ 5, ≥ 15, and ≥ 30, as 

illustrated by the confusion matrix. The cutoffs 

estimated by the CART machine learning 

algorithm for WPO-AHI (3.10, 5.86, 13.05) to 

improve classification accuracy are the same as 

modified thresholds manually calculated using 

ROC curves (3.10, 8.92, 13.05). However, 

further studies with bigger sample sizes are 

needed to establish WPO-AHI thresholds to 

classify patients with OSA in clinical settings. 

The small sample size of OSA-negative 

patients for thresholds of AHI ≥ 5 and ≥ 15 

(5/102, 14/102) makes the reliability of 100% 

specificity for these thresholds doubtful. 

Nevertheless, the 92.5% specificity of WPO in 

recognizing severe OSA is conclusive since 

there was an adequate number of patients with 

non-severe OSA. So, WPO- AHI ≥ 30 is highly 

suggestive of severe OSA, which helps to 

correctly identify high-risk patients and allocate 

medical resources such as CPAP accordingly. 

BM2000A is a comfortable, easy-to-wear 

monitor that does not require technician support 

during sleep. Its convenience and lower price 

(about 60 dollars) compared to other HSAT 
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devices (200 to 300 dollars) and PSG, makes it 

a good option for diagnosing high-risk patients 

and screening for OSA on a large scale. This 

study has some limitations. Firstly, the study 

population consists only of patients referred to 

a sleep clinic with a suspected sleep breathing 

disorder. Thus, the utility of BM2000A in a 

general population needs further evaluation. 

Secondly, the small sample size of participants 

without OSA or mild OSA makes the 

recommended WPO- AHI cutoffs relatively 

unreliable. Therefore, further investigation with 

a more adequate sample size is suggested. 

Thirdly, patients aged under 18 were excluded 

from the study, so the accuracy of WPO 

measurement for this age group remains to be 

determined (Table 5). 

 

Table 5: The performance of recently reported HSAT devices for detecting OSA compared to this study 

Study 
HSAT 

 device 

Acquired  

parameters 

AHI 

threshold 
Sen (%) Spe (%) AUC 

Choi et al., Watch-PAT PAT, SpO2, pulse rate, snoring, AHI ≥ 5 100 96  

2018 (19)  wrist motions, and body position AHI ≥ 15 80 100  

Chen et al., Photoplethysmography-Based Pulse rate and SpO2 AHI ≥ 5 76.5 100 0.811 

2021 (22) Smartwatch  AHI ≥ 15 85.7 100 0.929 

Zhao et al., Circul Ring pulse oximeter SpO2, pulse rate, movement, and AHI ≥ 5 87 83 0.929 

2022 (20)  sleep/wake status AHI ≥ 15 66 96 0.940 

Xu et al., 2022 Wearable intelligent sleep SpO2, pulse rate, and body AHI ≥ 5 93 77 0.95 

(16) monitor (WISM) movement signals AHI ≥ 15 92 89 0.95 

This study BM2000A wrist-worn pulse SpO2, pulse rate AHI ≥ 5 90.7 100 0.99 

 oximeter  AHI ≥ 15 71.6 100 0.98 

AHI: apnea-hypopnea index; AUC: area under the curve; Sen: sensitivity; Spe: specificity; SpO2: oxygen saturation 

Conclusion 
This study evaluated the performance of the 

BM2000A in assessing patients with suspected 

obstructive sleep apnea. Despite the significant 

underestimation, AHI has a high correlation 

and agreement compared to simultaneous PSG 

recording. The high sensitivity of BM2000A 

when using a threshold of AHI ≥ 5 makes it a 

feasible method for large scale OSA screening. 

Considering its high specificity at the screening 

threshold of AHI ≥ 30, BM2000A can be 

utilized to rule in patients with severe OSA for 

further management. This low-price, 

comfortable, and easy-to-use wrist-worn pulse 

oximeter provides reliable detection of OSA 

with good sensitivity and specificity.  

Further studies are needed to confirm its utility 

in community-based population and particular 

subgroups with obesity or cardiopulmonary 

comorbidities and to validate appropriate AHI 

cutoffs dedicated to BM2000A. 
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