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Purpose: Non-sleepy sleep-disordered breathing (SDB) is increasingly recognized as an important clinical subtype. The association 
between non-sleepy SDB and cardiovascular disease (CVD) is not well understood. Our objectives were to investigate the relationship 
between non-sleepy SDB and CVD and determine which nocturnal hypoxia parameter most strongly reflects this association in a large 
community population.
Patients and Methods: Cross-sectional data from 3626 randomly-selected Chinese community-dwelling participants who under-
went overnight type IV sleep monitoring were analyzed. Parameters of nocturnal hypoxemia were extracted from sleep monitoring 
devices, including mean nocturnal oxygen saturation, lowest oxygen saturation, oxygen desaturation index (ODI), and time with 
oxygen saturation <90%. An ODI ≥7.0 events/h was considered to signify SDB. An Epworth Sleepiness Scale score of 10 or less 
indicated no sleepiness.
Results: The SDB rate was 30.7% (1114/3626), of which 96.5% (1075/1114) were considered the non-sleepy SDB subtype. ODI, 
typical nocturnal intermittent hypoxia indicator for SDB, was independently related to CVD, regardless of whether excessive daytime 
sleepiness was present. After adjusting for confounders, ODI most strongly reflected the association between non-sleepy SDB and 
CVD (OR:1.023; 95% CI:1.003–1.043). We observed a nonlinear association between ODI and the prevalence of CVD, where the 
likelihood of CVD increased with ODI≥10 events/h and a markedly increasing trend was observed with ODI ≥20 events/h (reference 
ODI = 7.0 events/h). Metabolic parameters, Pittsburgh Sleep Quality Index, and inflammatory marker did not mediate the association 
between ODI and CVD in the non-sleepy SDB subtype.
Conclusion: In the Chinese community-dwelling population, non-sleepy SDB was highly prevalent. ODI, an easily extracted 
indicator from a type IV sleep monitor, most strongly reflected the association between non-sleepy SDB and CVD.
Keywords: oxygen desaturation index, cardiovascular disease, non-sleepy, sleep-disordered breathing, community-based general 
population

Introduction
Sleep-disordered breathing (SDB) is a common disturbance characterized by recurrent episodes of apnea/hypopnea during 
sleep. Considering an apnea-hypopnea index (AHI) threshold value of ≥5 events/h, it is estimated that 936 million adults aged 
30–69 years suffer from SDB.1 China has the highest number of individuals affected by SDB.1 SDB is associated with 
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increased risk of cardiovascular disease, insulin resistance, and diabetes mellitus.2–4 The most widely recognized manifesta-
tion of SDB and the primary target for treatment is excessive daytime sleepiness (EDS). Nevertheless, in individuals with 
cardiovascular conditions including hypertension or in the general population, this complaint is not prevalent and is present in 
as few as 15–50% of patients with SDB.5–7 In contrast, non-sleepy SDB may be the dominant subtype, making it more difficult 
to suspect SDB and less likely to bring patients to medical attention.

A strong association between SDB and cardiovascular disease (CVD) has been established.8 However, the relation-
ship between the non-sleepy SDB subtype and CVD remains unclear; because SDB has been identified as a hetero-
geneous disorder, the severity determined using AHI does not reflect the myriad of symptoms (eg daytime sleepiness 
owing to various reasons9), clinical outcomes, and response to therapy.10–13 In addition, several large clinical trials have 
shown that there is no positive effect of CPAP therapy in secondary prevention of cardiovascular events14–16 in patients 
with non-sleepy SDB. On the one hand, this suggests that primary prevention of cardiovascular events in SDB patients 
may be critical, as reversing an impaired vascular flow may be more difficult than preventing it. On the other hand, this 
may reflect the fact that previous studies included predominantly non-sleepy participants, as recent evidence suggests that 
EDS is a phenotype of poor cardiovascular outcomes in SDB.11,17 This makes it necessary to further explore the intrinsic 
relationship between non-sleepy SDB and CVD.

To treat or not to treat non-sleepy SDB has been a topic of controversy, even considering that studies have shown that 
treatment of non-sleepy SDB can improve depressive mood and quality of life.18,19 Previous studies have shown early 
cardiovascular abnormalities in non-sleepy SDB may be observed. Kohler et al20 found that minimally symptomatic SDB 
was associated with impaired endothelial function and increased arterial stiffness. Ayers et al21 revealed that the level of 
circulating cell-derived microparticles—considered a marker of cardiovascular risk—was elevated in participants with 
minimally symptomatic SDB compared to that in control participants without SDB. This leads us to believe that the 
timing of initiation of CPAP therapy for non-sleepy SDB may be critical; initiation of therapy after appearance of a 
comorbid CVD would be too late to provide cardiovascular protection. Therefore, the early identification of non-sleepy 
SDB may be particularly significant in the general population for cardiovascular risk prediction. In addition, it is 
important to explore which indicator best reflects the risk of CVD in non-sleepy SDB, as this will provide useful 
information for implementing primary prevention of CVD in patients with non-sleepy SDB.

Studies have demonstrated that SDB severity defined by the apnea-hypopnea index (AHI) has poor predictive power of 
SDB-related adverse outcomes.22,23 Intermittent hypoxemia has been recognized as a critical factor mediating cardiovascular 
risk in patients with SDB.24 For example, Kendzerska et al25 reported that “time with oxygen saturation of <90%” was 
considered an independent predictor of composite cardiovascular outcome in a clinical historical cohort. However, there is a 
lack of consensus regarding which measurements of nocturnal hypoxemia are the most sensitive and reliable predictors of 
CVD,23 especially for patients with non-sleepy SDB in community settings. The metrics of nocturnal hypoxemia can be easily 
extracted from a type IV sleep monitor or consumer-grade devices for sleep monitoring, which is suitable for screening SDB in 
the community-based general population, potentially providing predictors of cardiovascular risk.

The ambiguous relationship between non-sleepy SDB and CVD adds further mystery to the unclear role of CPAP in 
the secondary prevention of cardiovascular events in non-sleepy SDB. In addition, as non-sleepy SDB is less likely to 
attract medical attention, exploration of the role of CPAP in the primary prevention of cardiovascular events becomes 
difficult. Exploring an appropriate screening tool that can both identify SDB and provide markers of potential CVD risk, 
especially in a large-scale community, may open a convenient avenue for primary prevention of cardiovascular events in 
individuals with non-sleepy SDB. Therefore, the purpose of this study is to investigate the relationship between non- 
sleepy SDB and CVD and to determine which nocturnal hypoxia parameter, extracted from a type IV sleep monitor, most 
strongly reflects this association in a large community population.

Materials and Methods
Study Participants
This was a prospective, multi-site, cross-sectional cohort study based on a Chinese community population. Participants were 
recruited from the general population in the community setting between April 9 and May 18, 2021. A detailed description of 
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the recruited participants has been given in a recently published study by He et al.26 Specifically, a multi-stage, stratified cluster 
sampling scheme was used to select a representative population. First, we chose cities (Shantou and Meizhou) in the 
Guangdong Province in southern China and then districts (Chenghai, Jinping, and Meijiang) or counties (Nan’ao and 
Jiaoling) in these cities; next, villages were selected from the counties and communities from urban streets or districts; finally, 
residents of the selected villages and communities were invited to participate in the survey with the support of the local 
government. This study was designed and implemented in accordance with a previously published study entitled “Data 
Resource Profile: The China National Health Survey (CNHS).”27 The inclusion criteria were as follows: 1) community 
residents aged ≥18 years living at the study sites for ≥6 months; 2) those that voluntarily participated in the study and provided 
informed consent; and 3) those capable of cooperating with investigators to complete all assessments, including the structured 
questionnaire, sleep monitoring, physical examination, and fasting blood draw. Participants with cognitive dysfunction, 
mobility disabilities, or severe organic disease were excluded. A total of 3829 individuals completed effective sleep 
monitoring. The present study was approved by the Ethics Committee of Guangdong Provincial People’s Hospital, approval 
number GDREC2020221H(R1). All participants provided written informed consent. The study was compliant with the 
Declaration of Helsinki. In addition, the present study has been registered on the Chinese Clinical Trial Registry of the 
International Clinical Trials Registry Platform of the World Health Organization, ChiCTR2200061419 (https://www.chictr. 
org.cn/showprojen.aspx?proj=172540).

Overnight Sleep Study
The sleep study was performed using type IV wearable intelligent sleep monitor (WISM) (CloudCare Healthcare Co., 
Ltd., Chengdu, China). The device has been described in detail in our previous study.28

Briefly, the measurement of pulse oximetric saturation was performed using a photoelectric reflex sensor according to 
the absorption characteristics of hemoglobin to infrared and red light (Figure S1). Based on the physical activity signals, 
artifact recognition, and built-in automatic algorithm, the effective monitoring time and the number of oxygen saturation 
drops (≥ 3% or ≥ 4%) were recorded and analyzed. A report was then generated in an automated fashion. The palmar thenar 
major muscles were the recommended monitoring sites. Veins, scars, spots, and locations with thick hair are required to be 
avoided. The device can monitor continuously for seven hours throughout the night, and after disinfection and charging, it 
can be recycled. Monitoring parameters included 3% or 4% ODI, nocturnal mean oxygen saturation (MeanSpO2), lowest 
nocturnal oxygen saturation (MinSpO2), and time spent with oxygen saturation below 90% (T90). The sleep monitoring 
system has been validated by comparison against polysomnography at the Sleep Center of Guangdong Provincial People’s 
Hospital (Figure S2). The ODI represents the number ≥ 4% oxygen saturation drops divided by the effective monitoring 
time in hours. When the ODI reaches 7.0 events/h—the optimal cut-off value, it has a sensitivity, specificity, and accuracy 
of 86%, 91%, and 95%, respectively, to predict SDB defined by an AHI ≥5 events/h.28 Therefore, in the present study, an 
ODI ≥7.0 events/h was considered to indicate the presence of SDB.

Assessment of Excessive Daytime Sleepiness
The Epworth Sleepiness Scale (ESS) was used to evaluate subjective excessive daytime sleepiness (EDS).29 A score of >10 
indicated the presence of EDS.30 An ESS score ≤10 and an ODI ≥7.0 events/h indicated non-sleepy SDB.

Anthropometric Measurements
The details of height, weight, and blood pressure measurements were described in a previously published article.27 Body 
mass index (BMI) was calculated as weight divided by height squared. BMI ≥ 25 kg/m2 was defined as obese. Two neck 
and waist circumference measurements were performed by trained technicians. Measurements were taken at the superior 
border of the cricothyroid cartilage for neck circumference, and at the level of 1 cm above the umbilicus for waist 
circumference.

Blood Parameters
For each participant, blood samples were collected after 8 h overnight fasting to evaluate related indicators, including 
blood lipid profile parameters (total cholesterol [CHO], triglycerides [TG], low-density lipoprotein cholesterol [LDL-C], 
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and high-density lipoprotein cholesterol [HDL-C]), fasting glucose, and high-sensitivity C-reactive protein (hsCRP). 
Details on collection, transportation, processing, storage, and analysis of blood specimens were described in a previously 
published article.27

Definition of Outcome Variable and Comorbidities
Hypertension was defined as the use of antihypertensive medication and/or either systolic/diastolic blood pressure ≥140/ 
90 mmHg.31 Diabetes was defined as fasting glucose ≥7 mmol/L or diabetes medication use (oral antihyperglycemic 
agents and/or insulin).32 CVD was defined by a diagnosis of hypertension or having a self-reported history of coronary 
artery disease, heart failure, or stroke.

Statistical Analyses
Data were described as median (interquartile range) for continuous variables or frequencies (percentages) for categorical 
variables. The Mann–Whitney U-test or chi-square test was used to compare variables between groups. To determine the 
effect of EDS on the ODI and CVD relationship, logistic regressions were used. To further clarify whether EDS is a 
mediator in the ODI and CVD relationship, we used the R package “Mediation” for mediating effect analysis.33 To 
determine which indicator of nocturnal hypoxemia is more likely to predict CVD in patients with non-sleepy SDB, we 
again conducted logistic regression using ODI, minSpO2, meanSpO2, T90, and percentage of sleep time with SpO2 <90% 
(T90%), as potential predictors and adjusted for other related confounding factors. When ODI was identified as a 
potential predictor, we modeled possible non-linearity of the association between ODI and likelihood of CVD with 
restricted cubic splines in individuals with non-sleepy.

Also, we investigated the interaction effect between the ODI and sex, age (<60 vs ≥60 years), BMI (<25 vs ≥25 kg/m2), 
or diabetes in patients with non-sleepy SDB. A mediation analysis was performed using the following variables with the 
potential association for ODI and CVD in patients with non-sleepy SDB: TG, LDL-C, HDL-C, CHO, Pittsburgh Sleep 
Quality Index (PSQI), and hsCRP. Statistical tests were two-sided, and P <0.05 was considered statistically significant. 
Statistical analyses were conducted using SPSS (version 23.0; Armonk, NY, USAI) and R (version 4.1.2).

Results
Figure S3 shows the flowchart of study enrollment. Table 1 summarizes the clinical characteristics of study participants 
with and without EDS. A total of 97.0% of the participants did not report EDS. Non-sleepy participants were younger, with 
lower BMI, neck circumference, and waist circumference than participants with EDS. However, they had similar ODI, 
minSpO2, mean SpO2, and T90. In participants who did not report EDS, there was a lower prevalence of diabetes and CVD.

In logistic regression models, ODI was significantly related to CVD (odds ratio [OR]=1.052; 95% confidence interval 
[CI]: 1.042–1.064 for all study participants; OR=1.036, 95% CI: 1.019–1.053 for individuals with SDB) in the 
unadjusted model (Model 1). This association was attenuated but remained significant after adjusting for EDS and 
other confounders (Models 3 and 4). In the fully adjusted model, ODI was independently associated with higher odds of 
CVD (OR=1.017; 95% CI: 1.004–1.030 for all study participants; OR=1.024, 95% CI: 1.005–1.044 for individuals with 
SDB) regardless of the presence or absence of EDS, and no significant interaction was observed between EDS and ODI 
(P for interaction>0.05). In contrast, EDS was not significantly associated with CVD in the different models. The above 
results are presented in Table 2 and Table S1. In addition, in our study, EDS did not mediate the association between ODI 
and CVD after adjusting for confounders (Figure S4).

ODI, minSpO2, meanSpO2, T90, and T90%, as nocturnal hypoxia indicators of SDB extracted from the type IV sleep 
monitor, were included in the logistic model to detect the sensitive predictors of CVD among patients with non-sleepy SDB. In 
unadjusted models, ODI and meanSpO2 were both significantly associated with CVD (OR: 1.034, 95% CI: 1.017–1.052 and 
OR: 0.900, 95% CI: 0.845–0.959, respectively). However, in partial and fully adjusted models (Models 2 and 3), only ODI 
was found to be significantly correlated with CVD (OR: 1.024, 95% CI: 1.005–1.043 and OR: 1.023, 95% CI: 1.003–1.043, 
respectively). The results are shown in Table 3. We observed a nonlinear association between ODI and the prevalence of CVD, 
where the likelihood of CVD increased with ODI≥10 events/h and a markedly increasing trend was observed with ODI ≥20 
events/h (reference ODI = 7.0 events/h) (Figure 1).
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Table 1 Characteristics of the Studied Population According to the Presence of EDS

Characteristics All Participants 
(N=3626)

With EDS 
(N=110)

Without EDS 
(N=3516)

P value

Age, y 55(46–63) 57(49–65) 55(46–63) 0.012

Age ≥60 y, No. (%) 1217(33.6) 47(42.7) 1170(33.3) 0.039

Male sex, No. (%) 1094(30.2) 42(38.2) 1052(29.9) 0.063

BMI, kg/m2 23.4(21.3–25.6) 24.0(21.5–27.0) 23.4(21.3–25.5) 0.008

Obese, BMI ≥25, No. (%) 1123(31.0) 48(43.6) 1075(30.6) 0.004

Neck circumference, cm 33.7(31.7–36) 34.3(32.3–37.3) 33.6(31.7–36.0) 0.003

Waist circumference, cm 82.1(75.3–88.6) 85.0(76.8–94.0) 82.0(75.2–88.5) 0.001

ESS 2(1–5) 12(11–15) 2(1–4) <0.001

ODI, events/h 4.1(2.2–8.0) 4.2(2.0–8.8) 4.1(2.2–8.0) 0.241

SDB, No. (%) 1114(30.7) 39(35.5) 1075(30.6) 0.275

MinSpO2, % 88(84–91) 89(84–92) 88(84–91) 0.938

MeanSpO2, % 96.7(95.8–97.4) 96.7(95.7–97.4) 96.7(95.8–97.5) 0.100

T90, min 1.0(0.2–4.1) 1.0(0.2–5.8) 1.0(0.2–4.1) 0.322

Diabetes, No. (%) 497(13.7) 28(25.5) 469(13.3) <0.001

CVD, No. (%) 1226(33.8) 47(42.7) 1179(33.5) 0.045

Cigarette smoking, No. (%) 0.048

No 2997(82.7) 86(78.2) 2911(82.8)

Former 150(4.1) 6(5.5) 144(4.1)

Current 479(13.2) 18(16.4) 461(13.1)

Alcohol use, No. (%) <0.001

No 3027(83.5) 81(73.6) 2946(83.8)

Former 66(1.8) 7(6.4) 59(1.7)

Current 533(14.7) 22(20.0) 511(14.5)

Note: Data are given as median (interquartile range) or No. (%). 
Abbreviations: EDS, excessive daytime sleepiness; BMI, body mass index; ESS, Epworth Sleepiness Scale; ODI, oxygen 
desaturation index; SDB, sleep-disordered breathing; MinSpO2, lowest nocturnal oxygen saturation; MeanSpO2, nocturnal 
mean oxygen saturation; T90, night time spent with an oxygen saturation below 90%; CVD, cardiovascular disease.

Table 2 Logistic Regression of Association Between ODI, EDS, and CVD in All Study Participants

Model 1 Model 2 Model 3 Model 4

EDS – 1.369(0.924,2.029) 1.055(0.684,1.628) 1.027(0.654,1.615)

ODI 1.052(1.042,1.064) 1.052(1.041,1.063) 1.017(1.004,1.029) 1.017(1.004,1.030)

P value for interaction – 0.711 0.857 0.274

Notes: Model 1 was not adjusted; Model 2 was adjusted for EDS (yes or no); Model 3 was adjusted for age (continuous, years); sex (male or 
female); BMI (continuous, kg/m2) and EDS (yes or no); Model 4 was adjusted for factors in Model 3 plus neck circumference (continuous, cm), 
waist circumference (continuous, cm), smoking status (never, former, or current), drinking status (never, former, or current) and diabetes (yes or 
no). Bold values indicate statistical significance. 
Abbreviations: EDS, excessive daytime sleepiness; CVD, cardiovascular disease; ODI, oxygen desaturation index.
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In patients with non-sleepy SDB, subgroup analyses by sex and BMI showed that ODI was significantly associated 
with CVD in men and patients with a BMI ≥25 (OR: 1.029, 95% CI: 1.002–1.056; OR: 1.036, 95% CI: 1.007–1.065, 
respectively). Nevertheless, no significant interaction effects were observed between ODI and sex, age, BMI, or diabetes 
(all P interactions >0.05, Table 4).

Table 3 Odds Ratios and 95% Confidence Intervals of CVD Among Patients with Non-Sleepy SDB, 
According to Sleep Parameters Extracted from Type IV Sleep Monitoring

Model 1 Model 2 Model 3

ODI, events/h 1.034(1.017,1.052) 1.024(1.005,1.043) 1.023(1.003,1.043)

MinSpO2, % 0.980(0.956,1.003) 0.980(0.954,1.006) 0.981(0.954,1.008)

MeanSpO2, % 0.900(0.845,0.959) 0.974(0.911,1.042) 0.982(0.915,1.053)

T90, min 1.003(0.999,1.006) 1.001(0.997,1.005) 1.001(0.997,1.005)

T90% 1.007(0.995,1.018) 1.003(0.990,1.016) 1.002(0.989,1.016)

Notes: Model 1 was not adjusted; Model 2 was adjusted for age (continuous, years); sex (male or female); BMI (continuous, kg/ 
m2); Model 3 was adjusted for factors in Model 2 plus neck circumference (continuous, cm), waist circumference (continuous, cm), 
smoking status (never, former, or current), drinking status (never, former, or current) and diabetes (yes or no). Bold values 
indicate statistical significance. 
Abbreviations: ODI, oxygen desaturation index; MinSpO2, lowest nocturnal oxygen saturation; MeanSpO2, nocturnal mean 
oxygen saturation; T90, night time spent with an oxygen saturation below 90%; T90%, percentage of night time with oxygen 
saturation below 90%.

Figure 1 Restricted cubic spline of the association between ODI and the likelihood of CVD in non-sleepy SDB patients. The model is adjusted for the following varaiables: 
age (continuous, years); sex (male or female); BMI (continuous, kg/m2); neck circumference (continuous, cm); waist circumference (continuous, cm); smoking status (never, 
former, or current); drinking status (never, former, or current); and diabetes (yes or no). 
Abbreviations: CVD, cardiovascular disease; ODI, oxygen desaturation index; SDB, sleep-disordered breathing.
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Figure S5 displays the results of the mediation analyses. Among patients with non-sleepy SDB, metabolic parameters 
(TG, CHO, LDL-C, and HDL-C), PSQI, and the inflammatory biomarker, hsCRP, did not mediate the association 
between ODI and CVD.

Discussion
To our knowledge, this is the first report to determine the association between non-sleepy SDB and CVD using type IV 
wearable sleep monitoring in a randomly-selected community-dwelling population. Our data suggest that non-sleepy 
SDB is very prevalent in the community general population. ODI, typical nocturnal intermittent hypoxia indicator for 
SDB, was independently related to CVD, regardless of whether excessive daytime sleepiness was present. Moreover, of 
all SDB-related hypoxemia parameters, ODI may provide the strongest reflection of the association between non-sleepy 
SDB and CVD.

Most previous epidemiological studies have established the close relationship between EDS and CVD.34–38 Mazzotti 
et al11 used latent class analysis in 1207 participants with moderate-to-severe SDB and identified four symptom subtypes: 
disturbed sleep, minimally symptomatic, excessively sleepy, and moderately sleepy; the excessively sleepy subtype was the 
only subtype associated with increased risk of incident CVD. This evidence suggests that active management is only needed in 
SDB patients with EDS. Our study showed that ODI is independently associated with CVD, whether EDS exists or not. This is 
consistent with the results from the Wisconsin sleep cohort.39 Thus, as a significant clinical subtype, non-sleepy SDB is likely 
to present a potential health risk, particularly with respect to CVD. Of note, our study is not a repetition of most previous 
studies that only included patients with moderate-to-severe SDB or those with one or more SDB-related symptoms. In 
contrast, our sample was from the general population, most patients were asymptomatic or had unrecognized symptoms, and 
SDB severity was not classified, so our results are also more applicable to community-based general populations.

The putative mechanisms behind CVD risk are not completely understood, but they include SDB-associated intermittent 
hypoxia.24,40 Previous studies have shown that the metrics of nocturnal hypoxemia, such as T90%, are stronger predictors of 
CVD and all-cause mortality than the AHI.41–43 Indices of hypoxemia have also been demonstrated as predictors of incident 
atrial fibrillation44 and mortality in heart failure patients.41 However, in addition to the inconsistent findings regarding which 

Table 4 Associations Between ODI and CVD Among Patients with Non-Sleepy SDB, Stratified by Sex, Age, BMI, and Diabetes

Variables With CVD, N= 464 Without CVD, N= 611 OR (95% CI) P value P value for Interaction

By sex

Male 214 259 1.029(1.002,1.056) 0.037 0.196

Female 250 352 1.007(0.976,1.038) 0.666

By age, years

<60 200 404 1.017(0.991,1.044) 0.211 0.949

≥60 264 207 1.025(0.997,1.055) 0.086

By BMI, kg/m2

<25 211 391 1.009(0.980,1.038) 0.546 0.120

≥25 253 220 1.036(1.007,1.065) 0.016

By diabetes

Yes 119 45 1.057(0.995,1.123) 0.073 0.371

No 345 566 1.018(0.997,1.040) 0.089

Notes: Adjusted for age (continuous, years); sex (male or female); BMI (continuous, kg/m2); neck circumference (continuous, cm), waist circumference (continuous, cm), 
smoking status (never, former, or current), drinking status (never, former, or current) and diabetes (yes or no). The stratified analysis was not adjusted for the factor 
whereby it was stratified. Bold values indicate statistical significance. 
Abbreviations: CVD, cardiovascular disease; SDB, sleep-disordered breathing; BMI, body mass index; ODI, oxygen desaturation index.
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indicators of nocturnal hypoxemia are more effective in predicting CVD, few studies have focused on patients with non-sleepy 
SDB from the general population. Our study showed that ODI is related to higher odds of having CVD. Other metrics of 
nocturnal hypoxemia, although often reported in sleep studies, have not been found to be good predictors of CVD in patients 
with non-sleepy SDB. In fact, except for ODI, other metrics of nocturnal hypoxemia, such as minSpO2 and T90, are not 
specific to SDB patients, but they may reflect underlying respiratory diseases.

The mechanism of CVD induced by intermittent hypoxia remains unclear in patients with SDB, especially in patients 
without EDS. Potential mechanisms include endothelial dysfunction,45 inflammation,46 and oxidative stress.47 One 
previous study did demonstrate that the independent association of nocturnal intermittent hypoxia with dyslipidemia 
predisposes patients with SDB to a higher risk of CVD.48 However, whether dyslipidemia mediates the causal association 
between ODI and CVD remains unclear. Our mediation effect analysis showed that none of the blood lipid profiles were 
mediators in the causal pathway between ODI and CVD. Many studies have suggested that inflammation is critical in the 
pathogenesis of CVD in SDB. CRP, as an inflammatory factor, is considered to be a mediator and marker of athero-
sclerotic thrombosis. However, no significant indirect effect was detected between ODI and CVD in our study. Similarly, 
sleep quality, measured by the PSQI, was also found not to be a mediator. Our findings suggest that additional 
pathophysiological mechanisms or markers linking intermittent hypoxia to CVD should be explored to elucidate potential 
mediators, especially in patients with non-sleepy SDB.

This study has some strengths, including the large, community-based study population and the focus on the often- 
overlooked non-sleepy SDB subtype. However, it does have several limitations. Firstly, due to its cross-sectional design, 
the study failed to assess the relationship between non-sleepy SDB and incident CVD. Thus, a long-term longitudinal 
follow-up of the present cohort will be required to further validate our observations. Secondly, the assessment of EDS 
was subjective. Nevertheless, expensive and burdensome objective measures such as maintenance of wakefulness testing 
or multiple sleep latency are not considered appropriate screening measures for EDS in the general population.49 Thirdly, 
the diagnoses of coronary artery disease, heart failure, or stroke were also obtained via self-report. However, these 
disease diagnoses were not arbitrary, and a medical certificate was required to confirm the diagnosis. Finally, the Type IV 
wearable sleep monitoring may not be precise for the assessment of SDB, even if it has been validated by an in-lab 
polysomnographic sleep study. Therefore, the obtained results may be potentially biased. However, a large study sample 
tends to decrease the risk of bias.

Conclusions
In conclusion, our study demonstrated that non-sleepy SDB is prevalent in the Chinese general population and that it is 
independently correlated with CVD. This suggests that in the general population, primary health care providers and 
health care policy makers should place importance on the identification of patients with the non-sleepy SDB subtype. 
ODI, an easily extracted indicator from a type IV sleep monitor, most strongly reflected the association between non- 
sleepy SDB and CVD.

Abbreviations
AHI, apnea-hypopnea index; BMI, body mass index; CHO, total cholesterol; CI, confidence interval; CVD, cardiovas-
cular disease; EDS, excessive daytime sleepiness; ESS, Epworth Sleepiness Scale; HDL-C, high-density lipoprotein 
cholesterol; hsCRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; MeanSpO2, mean 
oxygen saturation; MinSpO2, lowest nocturnal oxygen saturation; ODI, oxygen desaturation index; OR, odds ratio; PSQI, 
Pittsburgh Sleep Quality Index; SDB, sleep-disordered breathing; T90%, percentage of sleep time with SpO2 <90%; TG, 
triglycerides.
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