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Introduction: Early detection of obstructive sleep apnea (OSA) is critical due to its link to cardiovascular diseases. Our previous
study validated an algorithm-based photoplethysmography (PPG) smartwatch for OSA risk detection.

Objective: This study aimed to characterize OSA features and assess its association with arrhythmia risk among smart wearable
device (SWD) consumers in China in a real-world setting.

Methods: Between December 15, 2019, and January 31, 2022, SWD consumers across China were screened for OSA risk using
HUAWEI devices. OSA diagnosis was confirmed via telecare follow-ups, including clinical evaluations and sleep test records. Disease
characteristics and arrhythmia risks were analyzed.

Results: In a large cohort of 1,056,494 participants, smart wearable devices (SWDs) effectively identified 19,563 individuals at high
risk for OSA, with 1054 confirmed cases. OSA patients demonstrated high prevalence of obesity (46.8%), hypertension (19.8%), and
arthythmia (17.17%). SWDs detected abnormal heart rhythms or suspected arrthythmia in 95.9% of confirmed OSA cases. Age
emerged as an independent predictor of arrhythmia risk, while hypertensive OSA patients were older, more obese, and experienced
prolonged nocturnal hypoxia (Time length of Sp0,<90%, P=0.020). These findings underscore the utility of SWDs in OSA screening
and highlight the significant cardiovascular risks associated with OSA.

Conclusion: PPG-based SWD effectively screened for OSA and identified elevated arrhythmia risks. These findings support their
utility for large-scale OSA screening and highlight cardiovascular risks management.

Clinical Trial Registry Name: Mobile Health (mHealth) technology for improved screening, patient involvement and optimizing
integrated care in atrial fibrillation.

Registration Number: ChiCTR-OOC-17014138.

Date of Registration: 2017-12-26.

Date of Last Refreshed On: 2018-11-18.
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Introduction

China has the highest prevalence of obstructive sleep apnea (OSA) in the world, yet it remains significantly under-
diagnosed. According to a Lancet report, approximately 176 million people in China suffer from OSA, with over
65 million cases classified as moderate or severe.'! However, the clinical diagnosis rate is less than 1%, highlighting
a critical gap in detection and management. The severity of OSA, particularly moderate to severe cases, is strongly
associated with serious complications, including cardiovascular and cerebrovascular diseases, diabetes, and neuropsy-
chiatric disorders. These complications not only impact patient health but also impose a substantial burden on the
nation’s healthcare economy. Traditionally, OSA diagnosis occurs only after complications arise, further delaying
intervention. Compounding this issue, sleep medicine is a relatively nascent field in China, and the limited diagnostic
and treatment resources are insufficient to meet the growing demand for timely and accurate OSA diagnosis.
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Arrhythmia often occurs early as an OSA-associated complication. OSA is an independent risk factor for heart
arrhythmia.>®> The OSA diagnosis and severity are independently associated with incident atrial fibrillation (AF).*
Adjusted by age, sex, body mass index, and indicators of coronary heart disease, individuals with sleep-disordered
breathing have four times the odds of AF, three times the odds of non-sustained ventricular tachycardia, and almost twice
the odds of complex ventricular ectopy.’ The odds of an arrhythmia after respiratory disturbance are nearly 18 times that
of an arrhythmia occurring after normal breathing.® Compared to non-OSA patients, patients with OSA were associated
with higher odds of bradycardia, AF and ventricular premature complexes.*”"® In addition, the routine OSA assessment,
including the respiratory event index (REI) / apnea-hypopnea index (AHI) / respiratory disturbance index (RDI), may not
reflect other important aspects of OSA pathophysiology, such as the degree of low blood oxygen, the distribution of
events over the whole sleep, and the degree of sleep fragmentation.”> Therefore, it is necessary to analyze the relationship
between OSA and cardiovascular disease burden in combination with other indicators, such as hypoxia. At present,
research in China has not produced a sufficiently large population sample dataset to identify a correlation between
the two.

The current boom in wearable technology has opened up a new realm for the diagnosis of sleep respiratory diseases. '’
Smart wearable devices (SWD) offer the advantage of non-invasive monitoring, with continuous data collection that
greatly facilitates personalized health management. The algorithm established based on physiological signals monitored
using Photoplethysmography (PPG) technology has already been used as an electronic biomarker for OSA screening.
PPG is a non-invasive optical technique. By irradiating the skin with light and measuring the amount of light either
transmitted through or reflected back to a photodetector, it can capture fluctuations in blood volume and hemoglobin
absorption of light corresponding to the cardiac cycle, and it enables the measurement of physiological parameters such
as heart rate and blood oxygen saturation. According to validation research, the accuracy of OSA screening using a wrist-
worn reflective PPG device reached 0.84/0.86/0.85 for mild/moderate/severe OSA, respectively.“ Our previous research
has demonstrated that smartwatches utilizing PPG technology exhibit considerable potential in OSA screening.
Compared to HSAT, the accuracy, sensitivity, and specificity for predicting moderate to severe OSA (AHI>15) were
87.9%, 89.7%, and 86.0%, respectively. When compared to PSG, the accuracy, sensitivity, and specificity for predicting
OSA (AHI>5) were 81.1%, 76.5%, and 100%, respectively.'? Additionally, PPG-based smart devices have shown

excellent performance in AF screening,'>'*

effectively screening low-risk general populations with a confirmation rate
exceeding 93%. Furthermore, it was found that OSA is a significant risk factor for AF, with high-risk OSA increasing the
prevalence of AF by 1.5 times.'> Although the sensors of SWD may be affected by calibration, the environment, or
individual differences, it still remains an effective large-scale screening tool in situations with limited medical resources.
In this study, we investigated high-risk individuals for OSA among Chinese smart device consumers to understand the

diagnosis of OSA, its clinical characteristics, and the relationship between OSA and arrhythmia in a real-world setting.

Methods

We developed wearable smart device-based algorithms to detect OSA and arrhythmias (AF, ectopic, or irregular
arrhythmias) (Figure 1).

The design and principal findings from the Heart Study were previously reported.'® Inclusion criteria: Generally,
smart band or smartwatch (HUAWEI Device Co., Ltd.) wearers aged over 18 can participate in this research freely by
downloading a screening app through the App Store from locations across China. After receiving the study design,
providing electronic informed consent, and matching compatible smart devices, the participants were entered into the
study. Participants retain the autonomy to freely decide whether to continue or discontinue their involvement in our study
at any time. Exclusion criteria: Individuals < 18 years old and those who were unable to use smartphones or devices were
excluded. Adult subjects entered into this study between Dec 15, 2019, and Jan 31, 2022. All participants were asked to
voluntarily complete the questionnaire on OSA and heart health (Supplementals 1 and 2). Subjects who had a compatible
wearable PPG sensor could freely decide whether to receive sleep apnea screening plus arrhythmia screening using
screening apps. The smart devices in this study were the GT2 series and GT3 series smartwatches and the smart bracelets
B6, 4 Pro, 6, 7, as shown in Figure 2. After acquisition, the photoplethysmography data will be anonymized and
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A B

Figure 2 Smartwatches(A) /bracelets(B) adapted to the Heart Health and Sleep Apnea Study (Provided by HUAWEI Device Co., Ltd., owns the final copyright of the figure).

transferred to a dedicated research platform, accessible exclusively to authorized research personnel. The research
platform was reported in a previous study.'®

Ethical Approvement and Clinical Registration

This study was approved by the Central Medical Ethics Committee of Chinese PLA General Hospital (approval number:
S2017-105-02) and registered at the Chinese Clinical Trial Registry (ChiCTR) website (ChiCTR-OOC-17014138).
Electronic written informed consent was obtained from all participants at enrollment on the research application.
Electronic informed consent was signed before enrolling in the research. All user data was anonymized on the research
platform for users’ privacy. Participants were completely voluntary without any form of compensation.

OSA Risk Identification with Smartwatches

At least 14-day monitoring was performed using PPG-SWDs. Blood oxygen saturation, heart rate, and sleep duration
were monitored to calculate AHI and assess the risk of OSA. The risk levels for OSA were categorized into four groups:
normal, low risk, intermediate risk, and high risk. These categories were defined as follows: High risk for sleep apnea
was defined as more than 80% of monitoring measures with AHI > 30 during sleep; Intermediate risk for sleep apnea was
defined as more than 80% of monitoring measures with 15 < AHI < 30 during sleep; Low risk was defined as more than
80% of monitoring measures with 5 < AHI < 15 during sleep. All other outcomes were classified as normal. Blood
oxygen saturation was calculated for individuals with sleep time > 4 h per night or > 7 h per night. Mild hypoxia in OSA
is defined as an oxygen saturation decrease to a range between 85% and 89% during sleep, moderate hypoxia as
a decrease to a range between 80% and 84% during sleep, and severe hypoxia as a decrease to less than 80% during
sleep. In accordance with the YY0784-2010 standard in China,'® we have verified the accuracy of pulse oxygen
saturation measurements in smartwatches. Our comparison with arterial blood gas analyses conducted in hospitals
(detailing both the sampling method and the analyzer model used) reveals that these smartwatches meet the standard
acceptance criteria within the 70% - 100% blood oxygen saturation range. This is evidenced by an Average Root Mean
Square Error (ARMS) of less than 4%.

Arrhythmias ldentification with Smartwatches

At least 14 days of monitoring using PPG-smart devices was performed per participant. Periodic measurements of PPG
were automatically taken every 10 min, and 60s PPG signals were continuously collected. The participants could initiate
active measurements at rest, and 45s PPG signals or 30s single ECGs were measured. AF, ectopic, and irregular
arrhythmia were identified (Figure 3). The PPG algorithm for AF detection has been reported.'*'® High/low heart rate
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Figure 3 Interface of the active measurement process (PPG).

was defined in terms of beats per minute (BPM)>100 or BPM<50 at rest. Irregular rthythm was defined as low or
moderate AF risk. Moderate-risk premature beat was defined as 0.5-10% of the ectopic heart rate during the monitored
time, and high risk for premature beat was over 10% of the detected ectopic rate during the monitored time.

Confirmation of OSA and Arrhythmias by Telemedicine

To ensure adequate statistical power for validating the accuracy of the screening method, a sample size calculation was
performed. Based on the preliminary accuracy of 85.9% for the PPG-based screening method for obstructive sleep apnea
(OSA), we aimed to detect a 2% change in accuracy (ie, a reduction to 83.9%). Assuming a significance level (o) of 0.05
and a statistical power of 95%, the required sample size was calculated using the standard formula for proportion-based
studies. The calculation yielded a sample size of approximately 15,720 participants. Subjects who received a notification
of detected AF or high OSA risk could decide whether to be followed up for confirmation of diagnoses of AF or OSA by
the mAFA (Mobile Health [mHealth] Technology for Improved Screening, Patient Involvement and Optimizing
Integrated Care in Atrial Fibrillation) telecare team for free. After these participants chose “Yes” on the Heart Health
Study or Sleep Apnea screening app, the health providers in the mAFA Telecare center contacted them to confirm the
diagnosis of arrhythmia or OSA in a hospital setting. Confirmation of OSA diagnosis was made through telephone visits.
Patients diagnosed with OSA follow AASM (American Association of Sleep Medicine) guidelines based on PSG
(polysomnography), symptoms, and HSAT (home sleep apnea test) completed in hospitals.!” The telephone visit time
window lasts two weeks after the first telephone visit, leaving a diagnosis chance for high-OSA-risk consumers. The
mAFA telecare team and health providers followed up with the detected subjects with high OSA risk or arrhythmias
according to the subjects’ informed consent through telephone. The arrhythmias were further diagnosed with clinical
evaluation, 12-lead ECG, or 24-hour Holter monitoring. It is important to note that the heart rhythms measured in this
study using PPG technology are derived from heart rate, rather than from an electrocardiogram. Medical history,
cardiovascular risk factors, and comorbidities were investigated by questionnaires (Supplementals 1-3) pushed with
the research application. The overall flow chart is depicted in Figure 4.
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1,056,494 wearable device subjects download smartphone App and enrolled for
OSA screening across China (Dec 15,2019 to Jan 31,2022)

Inclusion: | Exclusion:
Adult > 18 years Adult < 18years
HUAWEI phone (Android 5.0 or higher) Inability to use smartphone or devices

Smart device:

HUAWEI Watch GT (Version 1.0.3.52 or higher)
HUAWEI Watch D/Fit (Version 1.0.3.52 or higher)
HUAWEI bracelet B6/4pro/4/7 (Version 1.0.3.52 or higher)

19,563 subjects were detected as high-OSA-riskers

2,427 subjects refused to be followed 1 v l 339 subjects did not monitor heart rhythm _
1,218/17,136(7.01%)high-OSA-riskers went to hospital for diagnosis 18.478/19,224(96.12%)subjects detected with suspected arrythmia
1,079(6.29%)high-OSA-riskers tested by PSG or HSAT in hospital Suspected premature beat:13,210/19,227(68.7%)

Suspected atrial fibrillation:370/19,224(1.92%)

1,054(97.78%)high-OSA-riskers confirmed OSA diagnosis by
[ doctors and the telecare team
15 subjects did not monitor heart rhythm

795/1,054(75.42%)subjects detected with suspected arrythmia

}

Suspected premature beat:753/1,054(71.44%)
Suspected atrial fibrillation:22/1,054(2.08)

Figure 4 Flow chart of Consumer-led Screening for OSA.
Notes: Detected Suspected arrhythmia include: irregular rhythm, suspected atrial fibrillation, high/low heart rate, suspected premature beat etc.

Statistical Analysis

The primary endpoint was defined as the confirmation or exclusion of OSA diagnosis in high-OSA-risk SWD consumers,
as determined during the telephone follow-up. The secondary endpoints include additional questionnaire items adminis-
tered during the telephone follow-up, specifically the sleep and heart health questionnaires (Supplementals 1-3).
Continuous variables were tested for normality with the Kolmogorov—Smirnov test. Data with normal distributions are
presented as means + standard deviations and described. Different group data with normal distributions were compared
with the f-test. Logistic regression was conducted to estimate the odds ratios (ORs) and 95% confidence intervals (CIs)
for confounders. A two-sided P<0.05 was considered statistically significant. Statistical analysis of variables was
performed with IBM SPSS Statistics, version 26.0 (IBM, Chicago, IL, USA). To address multiple comparisons, we
applied Benjamini-Hochberg FDR (False Discovery Rate) correction for comorbidities analysis and logistic regression
p-values. Geographical distribution was depicted by JavaScript, an open framework Vue 2.0. The pie and column charts
were created using Microsoft Corporation (2019) Excel software (Version 2311 Build 16.0.17029.20028).

Results

In all, 1,056,494 subjects were enrolled and screened in the study between December 15, 2019, and January 31, 2022, of
which 19,563 (1.85%) were identified as having high risk, 41,021 (3.88%) moderate risk, and 126,299 (11.95%) low risk
for OSA. Figure 5 illustrates the geographic distribution of 19,563 high-risk OSA participants, showing a higher
prevalence of OSA risk in populous and economically developed provinces like Guangdong, Jiangsu, Shandong, and
Henan, as identified by SWDs. The patient distribution by age is as follows: 866 patients aged 18 to 29, accounting for
4.43% of the total; 5725 patients aged 30 to 39, representing 29.29%; 7516 patients aged 40 to 49, making up 38.45%;
4145 patients aged 50 to 59, which is 21.21%; 978 patients aged 60 to 69, at 4.98%; 261 patients aged 70 to 79,
comprising 1.34%; and finally, 59 patients aged 80 to 96, which accounts for 0.30%. Of these, 17,136 subjects were
effectively followed up, and only 1218 (7.1%) subjects went to the hospital for examination, of whom 1079 subjects were
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Province Number

Guangdong 1671
Jiangsu 1549
Shangdong 1409
Henan 1307
Beijing 1161
Sichuan 1007
Zhejiang 1002
Shanxi 953
Hebei 915
Yunnan 820
Shaanxi 723
Hubei 706
Hunan 571
Fujian 561
Shanxi 517
Liaoning 502
Anhui 498
Chonggqing 426
Gansu 414
Xinjiang 348
NeiMongolia 333
Guizhou 312
Jiangxi 309
Tianjing 272
Guangxi 264
Heilongjian: 254

0 o 206
Qinghai 157
Ningxia 112
Tibet 79
Hainan 77

’ Taiwan 5

Figure 5 Geographic distribution of 19,563 consumers at high risk for OSA.
Notes: The orange bubbles represent the number of cases with OSA-high-risk.

further confirmed by HSAT or PSG. The demographic statistics of the 19,563 high-risk patients and 1054 confirmed OSA
cases are shown in Table 1.

Clinical Profile of Subjects with OSA High-Riskers

The sex, age, height, weight, and medical history of the participants were provided voluntarily. The 16,204 subjects at
high risk of OSA and 1054 subjects with OSA diagnosis confirmed by telecare were analyzed. Among the latter group,
the most common comorbidity is obesity (46.87%), followed by hypertension (19.83%), arrthythmia (17.17%), rhinitis
(14.32%), and pharyngitis (9.30%). Other conditions include tonsil hypertrophy (7.87%), hyperlipidemia (5.40%),
diabetes (3.42%), other cardiovascular diseases (3.98%), respiratory diseases (0.38%), and anxiety or depression
(0.28%). The OSA severity distribution shows that 69 individuals (6.55%) were mild cases, 181 (17.17%) were moderate
cases, 730 (69.26%) were severe cases, and 74 (7.02%) had unknown severity.

Table | Demographic Statistics of 19,563 Consumers at High Risk for OSA and 1054 Patients with Confirmed OSA

19563 Subjects at High Risk for OSA 1054 Patients with Confirmed OSA
N (%) Minimum | Maximum | Mean | Standard N (%) | Minimum | Maximum | Mean | Standard
deviation Deviation

Male 19136(97.81%) 1038
Female 427(2.23%) 13
Height (cm) 16232 128 202 173 5.86 918 148 198 174 5.80
Weight (kg) 16248 24 218 85.22 14.02 920 46 151 86.70 13.87
BMI kg/m? 16204 12.60 67.28 2831 4.00 917 18.42 51.04 28.68 | 4.01
Age 19545 18 96 4420 | 9.87 1054 25 96 4373 | 862
Sleep score 15029 0 8 263 1.51 845 0 8 3.12 1.56
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N=19563

339,1.73%

113, 0.58% 746, 3.81%

13097, 66.95%

® No cardiac rhythm monitoring
Irregular Rhythm
® Tachycardia

/N

2,0.01%

370, 1.89%
7,0.04%

8, 0.

753, 71.44%

= No abnormality

N=1054

.76%

15, 1.42%

28, 2.66%

Suspected Atrial Fibrillation

® Bradycardia

227,21.54%

® Moderate risk of suspected premature beats ® High risk of suspected premature beats

Figure 6 Results of cardiac rhythm monitoring by smart devices for 1054 consumers with confirmed OSA and 19,563 high-OSA-risk consumers.

Arrhythmia in OSA Patients and OSA High-Riskers
Of the 1054 patients with confirmed OSA, 1011 (95.92%) had an abnormal heart rthythm detected by smart devices
(Figure 6), except for “no monitoring” (1.42%) and “normal” (2.66%) individuals. Using the occurrence of arrhythmias

22,2.09%
1, 0.09%
0, 0.00%

in high-risk OSA patients as the dependent variable, and including age, gender, BMI, sleep assessment questionnaire, and

hypoxic burden as covariates, logistic regression analysis revealed that, after adjusting for confounding factors, age was

the only independent risk factor (Table 2), even after FDR correction (P= 0.000). However, the severity of OSA, sex, and

BMI did not show significant differences between the groups with and without arrhythmia as detected by SWD. OSA-

Table 2 Logistic Regression for Confounders Factors of Arrhythmia in Confirmed OSA Patients

Confounders OR 95%Confidence Interval Arrhythmia P P*
Lower- bound | Upper- With | Without
bound
Sex (male/Female) 0915 | 0.216 3.885 795 259 0.477 | 0.477
Age (years) 0.952 | 0.930 0.975 795 259 0.000 | 0.000
BMI (kg/m?) 1.039 | 0.980 1.101 689 229 0.198 | 0.400
Sleep questionnaires score® | 1.078 | 0.938 1.239 634 210 0.291 | 0.400
Hypoxia Burden® 1.015 | 0.994 1.036 584 172 0.160 | 0.400

Notes: *Sleep questionnaires score: the sum score of the Questionnaire for OSA; PHypoxia Burden: Minutes of blood oxygen

saturation less than 90%, in a = 4 h of sleep monitoring time by smart devices; P*: After FDR (False Discovery Rate) adjustment.
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Table 3 Impact of Hypoxia on Different Comorbidities

Detect Hypoxia by Smart Devices Hypertension P(P*)

Without With

Minutes of blood oxygen saturation less than 90% in a 2 7 h sleep monitoring time | 544 145 0.020(0.040)
Minutes of blood oxygen saturation less than 90% in a 2 4 h sleep monitoring time | 599 157 0.031(0.047)
BMI 729 188 <0.001(<0.001)
Age 463 465 <0.001(<0.001)
Obesity P(P¥)

Without With

Minutes of blood oxygen saturation less than 90% in a 2 7 h sleep monitoring time | 305 292 0.047(0.056)

Minutes of blood oxygen saturation less than 90% in a 2 4 h sleep monitoring time | 328 329 0.097(0.073)

Age 463 465 <0.001(<0.001)
Rhinitis P(P*)

Without With

Minutes blood oxygen saturation less than 90% in a 2 7 h sleep monitoring time 588 101 0.662(0.662)
Minutes of blood oxygen saturation less than 90% in a 2 4 h sleep monitoring time | 649 107 0.296(0.198)
Self-reported P(P¥)

arrhythmias

Without With

Minutes of blood oxygen saturation less than 90% in a 2 7 h sleep monitoring time | 241 132 0.267(0.178)

Minutes of blood oxygen saturation less than 90% in a 2 4 h sleep monitoring time | 260 143 0.037(0.049)

Note: P*: After Benjamini-Hochberg FDR adjustment.

high-riskers, the abnormal heart rhythm population also took part in a proportion of 94.45%, except for “no monitoring”
(1.73%) and “normal” (3.81%) individuals, as identified by SWD. (Figure 6) The ages of suspected AF consumers
(n=370, 53.32+13.67 years) and those with suspected premature beats (n=13,206, 44.15+9.90 years) showed a significant
difference (P=0.000).

Furthermore, the analysis of hypoxia’s impact on comorbidities indicated that hypoxia (minutes of blood oxygen
saturation below 90%) during both >7-hour and >4-hour sleep monitoring periods had a statistically significant effect on
hypertension (Table 3). However, its effects on obesity, rhinitis, and self-reported arrhythmias were only significant under
specific conditions. For instance, hypoxia during >4-hour sleep monitoring showed a statistically significant effect on
self-reported arrhythmias (P = 0.037, adjusted P = 0.049)(Table 3).

Discussion

To the best of our knowledge, this was the first study to conduct OSA screening and arrhythmia screening in the real
world using wearable smart devices and telemedical follow-ups in China. Our results demonstrated a high level of
agreement between high-risk OSA screenings performed by the PPG-based smartwatch and subsequent OSA diagnoses
confirmed for the same individuals in hospital settings. In the cohort diagnosed with OSA, a substantial proportion, over
two-thirds, were concurrently identified with potentially having suspected arrhythmias using SWD. Additionally, patients
with coexisting hypertension demonstrated a notably higher severity of nocturnal hypoxia. These findings support the
capability of SWDs in OSA screening and highlight the high prevalence of arrhythmias among OSA patients and high-
risk individuals.
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Primary Outcome

First, among the 1218 consumers at high risk for OSA who were successfully followed up remotely, the clinical OSA
diagnosis rate was 97.7%, illustrating the accuracy of smart devices in screening OSA patients. Among this population,
severe OSA was seen in 69.3% of the patients with confirmed OSA. Although, in a previous study, we validated a higher
accuracy in screening severe OSA 85.9%,'? the relatively small sample size or confirmation monitoring methods (home
sleep apnea or polysomnography tests) in this study may have contributed to this difference. Second, among the
1,056,494 smart device consumers screened nationwide, OSA high-riskers were found in 1.85%, a much lower rate
than the prevalence reported in the literature.! The reason for this may be related to the study population, taking into
account the larger proportion with mild and moderate OSA risk detected by the smart device, we did not follow up on all
of those with potential OSA risk, which made the 1.85% detection rate way lower than the actual prevalence of OSA.
Moreover, most wearable device consumers were relatively young, resulting in a screened population with a high risk for
OSA concentrated between 30 and 59 years old. Given that age is a recognized risk factor for OSA,'® an increased
prevalence of OSA in older populations is observed, attributable to reduced upper airway muscle tone. At last, our study
took more than 2 years to follow up the nearly 20,000 subjects at high risk for OSA screened by smart devices, only to
find that merely 1079 (5.5%) patients had been through clinical diagnosis or relevant examinations. This also reflects the
lack of public awareness and the low diagnosis rate of OSA in China.

Telephone follow-ups were crucial not only for OSA diagnosis but also for confirming comorbidities. The findings
revealed that obesity was the most common comorbidity among OSA patients, followed by hypertension, rhinitis, and
arrhythmia. Notably, a higher obesity prevalence was observed in younger OSA patients. Additionally, hypertension was
associated with a greater hypoxia burden compared to non-hypertensive patients, aligning with previous studies.'®"*
Furthermore, OSA patients with obesity were more likely to have multiple comorbidities, particularly hypertension,
rhinitis, diabetes, cardiovascular disease, and hyperlipidemia. However, the presence of rhinitis did not significantly
impact the severity of hypoxia or OSA, corroborating findings from other Chinese studies.>' As highlighted in a review,”'
in adults, both allergic and nonallergic rhinitis are more likely to exacerbate OSA symptoms rather than increase the risk
of OSA. Rhinitis may disrupt sleep architecture, potentially elevating inflammatory mediators and exacerbating rhinitis
symptoms.

Due to the reliability of PPG technology for monitoring heart rhythms, it is also used in studies to monitor the heart
rhythms of consumers using wearable devices.””** A recent study reported a 93.8% accuracy of detection of AF."? Our
study revealed some relationship between arrhythmia and OSA that cannot be ignored. First, we found a high detection
rate for detected premature beats of intelligent devices in consumers who are at high risk for OSA and patients with
confirmed OSA. Both rates, 72.2% and 67.48%, were significantly higher than the proportion (17.17%) of confirmed
arrhythmia reported by patients followed up through telemedicine. This may be related to the fact that a large number of
patients were asymptomatic patients with arrhythmias, leading to patients not seeking medical treatment on their own
initiative. Few studies on patients with asymptomatic arrhythmias have been reported, but if no intervention is adopted,
the potential harm from arrhythmias could be great.** We analyzed the incidence of arrhythmia in patients with
confirmed OSA and identified age as an independent risk factor after adjusting for confounding variables. Further, our
results revealed that younger patients were more susceptible to premature beats, whereas older patients were more likely
to develop atrial fibrillation (AF). Nevertheless, due to the small sample size, this conclusion needs further research to be
confirmed. Second, taking into account the continuous monitoring of wearable devices, these results may reflect the bond
between arrhythmia and OSA more accurately. Our previous heart health study®* showed that, compared to the overall
AF detection rate of 0.43%, those at high risk for OSA had increased AF prevalence (1.7%). Even after adjusting for age,
sex, body mass index, hypertension, diabetes mellitus, cardiovascular diseases, heart failure, and hyperthyroidism, high
risk for OSA also increased the risk for AF detection by 1.51-fold.

Although the AF detection rate in our study was much lower than the rate of detected premature beats, the
consequences of AF were much more clinically serious. Frequent atrial premature beats and premature atrial contractions
(PACs), or short episodes of atrial premature beats may be independent predictors of the development of atrial
tachycardia and AF.*>?® However, the impact of completely asymptomatic atrial premature beat PACs is not clear,
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and there are few relevant studies.”” For this reason, our future research direction is to observe the development of
disease in OSA patients with detected premature beats.

Previous studies have elucidated the mechanisms by which OSA can lead to arrhythmia: Intermittent hypoxia triggers
autonomic nervous system activation and oxidative stress, causing myocardial cell damage and altered myocardial
excitability; recurrent arousals lead to sympathetic activation and coronary vasoconstriction; increased intrathoracic
negative pressure may mechanically stretch the myocardium, promoting acute changes in myocardial excitability and
structural remodeling.?” CPAP therapy has been shown to immediately reduce heart rate variability in patients with
moderate to severe OSA.?® Although these findings are preliminary and necessitate further research, the latest consensus
statement from the Asian Pacific Society of Cardiology already advocates for OSA screening in patients with heart
failure or arrhythmia.?” The potential progression from early arrhythmia to atrial fibrillation (AF) and premature beats in
undiagnosed OSA patients, particularly as they age, warrants additional investigation. In essence, it is crucial to study
whether untreated OSA can escalate from initial arrhythmias to final AF in affected individuals.

Limitations

There were many deficiencies in this study. First, the proportion of patients diagnosed by clinicians accounted for
a relatively low proportion of consumers at high risk for OSA. The sample was disproportionately male in both
consumers at high risk for OSA and the confirmed patients. According to the statistics of our research platform, at
present, the proportion of men and women among consumers of smart devices consumers was about 8:2, and this
proportion had little difference over time, which also resulted in the low participation of female consumers in our study.
In addition, due to the cognitive and operational requirements of smart devices, a few older people (>60 years old) were
enrolled in this study, so the results may not reflect the overall features of this population with a high risk for OSA.
Therefore, the results may exhibit significant sex and age bias. While this limits the generalizability of our findings to
broader populations, it reflects the current user profile of SWD technology. Second, this study was based on voluntary
smart devices consumer participation and telemedicine follow-up, the information obtained was related to the cognitive
level of the consumers, and the integrity of medical history data was limited. Thus, the sample size for different analyses
was inconsistent. This problem is, in reality, a prevalent limitation inherent in such studies. To address gaps in the
medical history of wearable device users, we have collected basic health information through an initial questionnaire.
However, by linking data to medical records (with consent), standardizing data collection through digital tools, regular
follow-up, incentives for accurate reporting, and cross-checking with medical records can further improve data com-
pleteness and accuracy in the future research. Third, due to concern for patients’ privacy, they were not required to
upload medical records to the research platform, so the information obtained was only based on the oral statements of
patients, resulting in potential deviations in authenticity. Fourth, we only followed up with consumers at high risk for
OSA, and normal-, mild-, and moderate-risk consumers were not followed up due to their enormous numbers, which
made our sample of limited use for the validation of the false-negative rate of smart device detection. Fifth, the diagnostic
rate of OSA patients with arrthythmia was also significantly lower than the proportion of smart device-screened high and
medium arrhythmia risk. Concurrently with our primary study, our team conducted a verification of wearable devices’

ability to detect abnormal heart rhythms. Recent research'®*°

provides substantial evidence supporting the high accuracy
of these devices in identifying abnormal heart rhythms. This rationale underpinned our decision to include heart rhythm

detection in our research outcomes for OSA patients and those at high risk.

Future Concerns

The smart wearable device (SWD) utilized in this study shows promising potential for assessing OSA severity and
detecting arrhythmias; however, its diagnostic utility for complex comorbidities remains limited due to the inherent
constraints of photoplethysmography (PPG) technology. Additionally, the diagnostic accuracy of SWDs varies signifi-
cantly across devices, highlighting the necessity for rigorous validation of their screening performance.'® Given the well-
documented heterogeneity of OSA and its diverse complications,’' future research should prioritize the use of intelligent
devices, such as research applications, to differentiate OSA subtypes (eg, excessive sleepiness and insomnia
subtypes).3 233 This approach could enable more precise diagnosis, follow-up, and personalized treatment strategies.
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To enhance the clinical utility of SWDs, further research and algorithm optimization are critical to improving their ability
to identify a wider range of comorbidities and abnormal sleep patterns. While the technology holds significant promise, its
current reliance on available physiological signal data restricts its applicability across all clinical scenarios. Future efforts
should focus on refining algorithms to expand diagnostic capabilities and broaden their clinical applications.

Beyond diagnostic applications, the long-term convenience of wearable devices offers a unique opportunity to explore
their role in remote follow-up management of OSA. For example, their potential in remote monitoring and management
following continuous positive airway pressure (CPAP) therapy merits further investigation.***> Such advancements
could substantially improve patient outcomes and optimize OSA management.

In future studies, we plan to collaborate with healthcare providers and community organizations to recruit a more
representative sample, including older individuals, women, and those less familiar with technology, to address the current
demographic limitations and enhance the generalizability of our findings.

Conclusion

We employed PPG-based smart wearable devices for extensive OSA screening among Chinese smart wearable con-
sumers, confirming their real-world effectiveness. Our study revealed significant underdiagnosis of OSA in the Chinese
population and identified a heightened risk of cardiac arrhythmia in OSA patients and high-risk individuals. These
findings underscore the need for comprehensive screening and targeted interventions to manage OSA and its associated
cardiovascular comorbidities.
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