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Background: Obstructive sleep apnea (OSA) is related to multiple complications including 
insulin resistance (IR), endothelial dysfunction, and increased risk of cardiovascular disease 
(CVD). The apnea–hypopnea index (AHI) was widely used to measure OSA severity but 
poorly correlated with complications above. This study aimed to evaluate whether a new 
metric, the sleep breathing impairment index (SBII), was associated with cardiovascular risk 
in patients with OSA.
Methods: This study enrolled 140 consecutive male OSA patients without overt athero-
sclerotic CVD events, including coronary heart disease, stroke, peripheral vascular disease, 
or heart failure. Data on baseline medical history, anthropometric and polysomnographic 
parameters, fasting biochemical measurements and endothelial function tests, and common 
questionnaires were collected. The SBII was calculated by the product of the duration of each 
obstructive event and the associated desaturation area. The primary outcome was the 
moderate-to-high Framingham 10-year CVD risk.
Results: The median age of enrolled patients was 40 (35–48) years. Eighty subjects had 
a moderate-to-high Framingham CVD risk. Patients with SBII in the third and fourth quartile 
had an increased proportion of moderate-to-high Framingham CVD risk with an adjusted OR 
6.28 (95% CI 1.10–36.04) and 11.78 (95% CI 1.25–111.38). Significant association was not 
demonstrated in AHI and the Framingham CVD risk.
Conclusion: Higher SBII was associated with an increased 10-year CVD risk after adjusting 
for multiple potential confounding factors. Additional valuable information derived from 
polysomnography besides AHI deserves to be paid more attention.
Keywords: obstructive sleep apnea, sleep breathing impairment index, apnea-hypopnea 
index, Framingham cardiovascular risk

Introduction
Obstructive sleep apnea (OSA) is a common condition characterized by repetitive 
pharyngeal collapse causing intermittent hypoxia, disrupted sleep, and sympathetic 
activation, with a high prevalence in the general population (23% in women and 
nearly 50% in men).1 Common symptoms include snoring, hyposomnia, and daytime 
sleepiness. OSA has been demonstrated to be an independent risk factor for cardio-
vascular morbidity.2 The surges in sympathetic activity, nocturnal hypoxia, and several 
adverse determinants associated with OSA such as obesity, insulin resistance (IR), and 
endothelial dysfunction have been postulated to be the potential pathogenesis of 
cardiovascular sequelae.3,4 Besides, reactive oxide species induce endothelial 
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dysfunction in the early stages of OSA by increasing the 
expression of leukocyte-specific and endothelial-specific 
adhesion molecules, and the endothelial dysfunction may 
also cause microvascular damage.5 Additionally, OSA is 
linked with increased oxidative stress, which adversely 
affect the associated cardio-/cerebrovascular disease in 
OSA.6 The adverse OSA effect on cardiovascular disease 
(CVD) has been well established. However, this remains 
controversial because alternative pieces of evidence revealed 
different OSA associations or even protective effects.7,8 

These findings support the idea that the apnea–hypopnea 
index (AHI), an extensively used metric to assess OSA 
severity and predict the clinical outcomes, was no longer 
appropriate for use as the optimal metric to characterize 
OSA in clinical practice and research.9

AHI, defined as the number of apnea and hypopnea 
events per hour of sleep, provided limited information 
while ignoring the pathophysiologic elements contained 
in the event-associated desaturation. A few arguments 
were raised to refute AHI validity. The biological effects 
of apnea and hypopnea are supposed to be different 
although the evidence supporting this was limited but 
was fundamentally equal in AHI calculation. The hypox-
emia degree associated with obstruction and the duration 
of events would surely exert a pathophysiological impact 
on clinical outcomes but were not reflected in AHI com-
putation. In recent years, several new metrics regarding the 
more comprehensive OSA evaluation (eg, hypoxic 
burden,10 obstruction severity,11 or hypoxia load12) have 
shown an advantage in correlating with diverse sequelae 
compared with AHI. However, each of them was harbor-
ing its insufficiency, and more evidence against the ubi-
quitous use of AHI with an advanced polysomnographic 
analysis is warranted.

The current study sought to demonstrate the associa-
tion between CVD risk and different OSA severities in 
a cohort of patients free of overt pre-existing CVD, based 
on the new metric named the sleep breathing impairment 
index (SBII) that was derived from incorporating the over-
all characteristics of the obstructive event and its related 
hypoxia. Thus, SBII rather than AHI was hypothesized to 
be associated with CVD risk.

Methods
Patients
Consecutive patients referred for suspected OSA at the 
sleep center of Peking Union Medical College Hospital 

(PUMCH) were screened from November 2020 to 
May 2021. OSA diagnosis was based on the International 
Classification of Sleep Disorders, third edition.13 In clin-
ical practice, many more male patients were found seeking 
consultation than females. Thus, only male OSA patients 
between 16 and 70 years old were enrolled. The exclusion 
criteria were (1) having received OSA treatment including 
continuous positive airway pressure (CPAP) before enroll-
ment; (2) diagnosis of COPD, restless legs syndrome or 
narcolepsy; (3) pre-existing CVD, including coronary 
heart disease, stroke, peripheral vascular disease, or heart 
failure; (4) concurrent use of lipid-lowering medication or 
insulin; (5) severe chronic debilitating conditions or preg-
nancy; (6) inability to complete questionnaires; and (7) 
patients having total sleep time of <4 h. The study was 
approved by the ethics committees of PUMCH (JS-2632) 
and was conducted in accordance with the Declaration of 
Helsinki. Written informed consent was obtained from 
each participant in this study.

Polysomnographic Recording
All participants underwent overnight polysomnography 
(PSG, Embla N7000, Natus Medical Incorporated, 
Orlando, FL, USA) from 11 p.m. to 6 a.m., which were 
recorded and analyzed by a skilled sleep laboratory tech-
nician following standard protocols recommended by the 
American Academy of Sleep Medicine.13 Apnea was 
defined as cessation of airflow for ≥10 s, whereas hypop-
nea was identified as >30% decrease in airflow lasting for 
at least 10 s accompanied by an associated ≥3% oxygen 
desaturation. Non-OSA, mild OSA, moderate OSA, severe 
OSA, and very severe OSA were defined as an AHI of <5, 
5–15, 15–30, 30–60, and >60, respectively. Moreover, 
oxygen desaturation index (ODI), percent of time spent 
with SpO2 <90% (T90), and lowest SpO2 (LSpO2) were 
obtained.

SBII Measurement
The novel index, SBII, was derived from the exported files 
of polysomnographic data containing detailed information 
on the frequency, duration, and degree of analyzed obstruc-
tive (apnea and hypopnea) and associated desaturation 
events with a customized and automated program managed 
by python. Each event-associated desaturation would be 
identified when the beginning of individual desaturation 
was in a 100-s window from the beginning of each respira-
tory event, and both desaturation and recovery areas (recov-
ery up to the maximum SpO2) were included in the 
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desaturation area. Therefore, each event-associated desatura-
tion area would be considered as a triangle, with its height 
and base being the desaturation degree and the duration of 
desaturation, respectively (Figure 1). The SBII was calcu-
lated using the sum of the products of the duration of each 
obstructive event and the associated desaturation area, and 
then divided by total sleep time. The SBII unit would be (% 
min2)/h. Rapid eye movement (REM)-SBII and supine-SBII 
could also then be accordingly obtained.

Data Collection, Biochemistry Tests, and 
Endothelial Function Test
All participants filled out the Pittsburgh Sleep Quality Index 
(PSQI) and Epworth Sleepiness Scale (ESS) questionnaires. 
Poorer sleep quality was identified as a PSQI ≥8.14 Excessive 
daytime sleepiness was defined as an ESS score >10.15 

Baseline medical history and anthropometric data were 
obtained. After a 10-min rest, seated blood pressure was 

consecutively measured thrice on the right arm in the morn-
ing with a validated automated electronic device (Omron 
Healthcare) and then averaged for final analysis. Fasting 
blood samples were taken in the morning after PSG and 
then processed within 0.5 h. Serum lipid profiles, glycosy-
lated hemoglobin, insulin, and blood glucose were measured 
with standard procedure. Moreover, endothelial function was 
measured by peripheral arterial tonometry (EndoPAT, Itamar 
Medical Ltd., Israel) in the morning after PSG according to 
the published guideline.16 The standard protocol consisted of 
three consecutive 5-min duration of stages: (1) baseline 
recording; (2) occlusion recording with inflating the blood 
pressure cuff to 60 mmHg above the baseline systolic blood 
pressure and above 200 mmHg; and (3) recording after 
deflation of the cuff. Endothelial dysfunction was defined 
as a reactive hyperemia index (RHI) value <1.67.

Moreover, the Framingham CVD risk was calculated 
on the basis of a specific multivariable algorithm and 

Figure 1 The algorithm of sleep breathing impairment index. 
Notes: Each event-associated desaturation area would be considered as a triangle, with its height and base being the desaturation degree and the duration of desaturation, 
respectively. The sleep breathing impairment index was calculated using the sum of the products of the duration of each obstructive event and the associated desaturation 
area, and then divided by total sleep time. The unit would be (%min2)/h.
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categorized as low (≤6%), moderate-to-high (>6%) risks.17 

Homeostasis model assessment of insulin resistance 
(HOMA-IR) was counted as the product of fasting insulin 
and fasting glucose (in millimole per liter) divided by 
22.5. Moreover, IR was defined as HOMA-IR ≥2.5.18 

A body mass index (BMI) >25 was identified as obesity.19

Statistical Analysis
Categorical data were described as numbers (in percen-
tage). Continuous variables were presented as mean ± 
SD or median (interquartile range, 25–75%) if normally 
distributed or not. Logistical regression analysis was 
used to determine the association between SBII and 
a moderate-to-high Framingham CVD risk. SBII was 
categorized on the basis of its quartiles for better char-
acterization. Once a significant unadjusted association 
between SBII quartiles and CVD risk was identified, 
logistic regression models were constructed to further 
estimate the adjusted risk: model 1 included BMI and 
excessive daytime sleepiness; model 2 included AHI, 
LSpO2, and T90 plus all covariates in model 1; and 
model 3 included endothelial dysfunction and IR plus 
all covariates in model 2. In addition, the current study 
also included ODI or different severity based on AHI 
(5–15, 15–30, 30–60, and >60) instead of AHI itself in 
model 2. Data management was performed using SPSS 
software (version 24.0, NY, USA). A two-sided p < 0.05 
was considered statistically significant.

Results
Baseline Characteristics of Enrolled 
Patients
This study recruited 140 patients with OSA. Table 1 presents 
the baseline characteristics. The median age of these enrolled 
patients with OSA was 40 years, and the median AHI was 
43.9/h. Among them, 22.1%, 17.1%, 32.1%, and 28.6% had 
AHI indicating mild (5–15), moderate (15–30), severe (30– 
60), and very severe (>60) OSA, respectively. Furthermore, 
57.1% of subjects had a moderate-to-high Framingham CVD 
risk (half of them have an RHI <1.67 indicating endothelial 
dysfunction), and 57.9% were identified to have IR. Table 2 
shows that the SBII, REM-SBII, and supine-SBII were higher 
in the moderate-to-high CVD risk group than in the low CVD 
risk group. A higher proportion of excessive daytime sleepi-
ness was noted in the moderate-to-high CVD risk group.

Association Between SBII and 
Framingham CVD Risk
The results of multivariate analysis using binary logistic 
regression analysis are shown in Table 3. Patients with SBII 
in the third and fourth quartiles had an increased proportion of 
moderate-to-high Framingham CVD risk with unadjusted 
odds ratios (ORs) of 3.24 (95% confidence interval [CI], 
1.22–8.63) and 5.54 (95% CI, 1.98–15.52), respectively. 
After adjusting for BMI and excessive daytime sleepiness, 
AHI, LSpO2, T90, endothelial dysfunction, and IR, the asso-
ciation between SBII in the highest two quartiles and moder-
ate-to-high Framingham CVD risk remained significant in 
model 3 [OR, 6.28 (95% CI, 1.10–36.04); OR, 11.78 (95% 
CI, 1.25–111.38)]. Such significant association was not 
demonstrated in the AHI and the Framingham CVD risk. 

Table 1 Baseline Characteristics of Participants

Variables N = 140

Age, y, 40 (35–48)
BMI, kg/m2 27.7 (25.4–29.8)

BMI >25, n (%) 108 (77.1%)

RHI <1.67, n (%) 70 (50%)
TG, mmol/L 1.83 (1.40–2.77)

LDL-c, mmol/L 3.16 (2.53–3.82)

HbA1c, % 5.4 (5.2–5.8)
DM, n (%) 16 (11.4%)

HOMA-IR 2.95 (1.95–4.68)
HOMA-IR >2.5, % 81 (57.9%)

Hypertension, n (%) 46 (32.9%)

Current smoking, n (%) 45 (32.1%)
SBII, (%min2)/h 38.2 (10.2–98.3)

REM-SBII, (%min2)/h 56.6 (10.4–201.8)

Supine-SBII, (%min2)/h 50.2 (14.2–121.9)
Waist-to-hip ratio 0.95 (0.91–0.98)

AHI, /h 43.9 (17.4–63.2)

AHI 5–15, n (%) 31 (22.1%)
AHI 15–30, n (%) 24 (17.1%)

AHI 30–60, n (%) 45 (32.1%)

AHI >60, n (%) 40 (28.6%)
ODI, /h 36.2 (14.9–60.3)

LSpO2, % 82.5 (75.5–88.0)

T90, % 0.75 (0.10–4.80)
ESS >10, n (%) 88 (62.9%)

PSQI ≥8, n (%) 63 (45%)

Moderate-to-high CVD risk, n (%) 80 (57.1%)

Abbreviations: BMI, body mass index; RHI, reactive hyperemia index; TG, trigly-
ceride; LDL-c, low-density lipoprotein cholesterol; HbA1c, glycosylated hemoglo-
bin; DM, diabetes mellitus; HOMA-IR, homeostasis model assessment of insulin 
resistance; SBII, sleep breathing impairment index; REM, rapid eye movement; AHI, 
apnea-hypopnea index; ODI, oxygen desaturation index; LSpO2, lowest oxygen 
saturation by pulse oximetry; T90, percent of time spent with SpO2 below 90%; 
ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index.
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Moreover, the current study further replaced the AHI in model 
2 with ODI or different OSA severity based on AHI (5–15, 15– 
30, 30–60, and >60), and a similar association between SBII 
and CVD risk as previously mentioned remained significant 
(data not shown).

Discussion
This cross-sectional study demonstrated that a novel para-
meter, SBII, derived from advanced polysomnographic 

data analysis, was independently associated with 10-year 
cardiovascular risk defined by a specific Framingham 
CVD risk algorithm. This statistically significant associa-
tion was mainly confirmed between the first and third or 
fourth SBII quartiles but not between the first and second 
SBII quartiles and persisted despite adjusting for various 
important confounders including BMI, excessive daytime 
sleepiness, AHI (or ODI), LSpO2, T90, endothelial dys-
function, and IR. Meanwhile, no significant association 

Table 2 Comparison of Characteristics in the Low Framingham CVD Risk Group and Moderate-to-High CVD Risk Group in OSA 
Patients

Variables Low CVD Risk Group (n=60) Moderate-to-High CVD Risk Group (n=80) P value

Age, y, 35 (31–39) 46 (40–53) <0.001

BMI, kg/m2 27.7 (25.3–30.1) 27.8 (25.4–29.8) 0.919

BMI >25, n (%) 45 (75%) 63 (78.8%) 0.601
RHI <1.67, n (%) 35 (58.3%) 35 (43.8%) 0.088

TG, mmol/L 1.57 (1.29–2.41) 1.92 (1.54–3.02) 0.021

LDL-c, mmol/L 3.14 (2.53–3.52) 3.16 (2.54–3.86) 0.395
HbA1c, % 5.3 (5.2–5.5) 5.5 (5.3–6.1) 0.002

DM, n (%) 1 (1.7%) 15 (18.8%) 0.002
HOMA-IR 2.81 (1.84–5.18) 2.96 (2.02–4.60) 0.928

HOMA-IR >2.5, % 36 (60%) 45 (56.3%) 0.657

Hypertension, n (%) 10 (16.7%) 36 (45%) <0.001
Current smoking, n (%) 6 (10%) 39 (48.8%) <0.001

SBII, (%min2)/h 15.9 (6.3–77.5) 53.3 (16.7–110.4) 0.002

REM-SBII, (%min2)/h 29.6 (4.5–115.8) 86.7 (22.1–244.1) 0.012
Supine-SBII, (%min2)/h 29.0 (7.9–97.7) 63.6 (27.0–140.9) 0.004

Waist-to-hip ratio 0.94 (0.90–0.99) 0.95 (0.92–0.98) 0.391

AHI, /h 29.4 (10.2–60.0) 50.1 (23.0–64.6) 0.016
ODI, /h 23.9 (10.2–60.0) 41.6 (20.5–60.6) 0.037

LSpO2, % 85 (77–89) 82 (74–86) 0.029

T90, % 0.3 (0–3.15) 1.35 (0.2–9.35) 0.009
ESS >10, n (%) 31 (51.7%) 57 (71.3%) 0.018

PSQI ≥8, n (%) 26 (43.3%) 37 (46.3%) 0.731

Abbreviations: CVD, cardiovascular disease; OSA, obstructive sleep apnea; BMI, body mass index; RHI, reactive hyperemia index; TG, triglyceride; LDL-c, low-density 
lipoprotein cholesterol; HbA1c, glycosylated hemoglobin; DM, diabetes mellitus; HOMA-IR, homeostasis model assessment of insulin resistance; SBII, sleep breathing 
impairment index; REM, rapid eye movement; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; LSpO2, lowest oxygen saturation by pulse oximetry; 
T90, percent of time spent with SpO2 below 90%; ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index.

Table 3 Unadjusted and Adjusted Association of SBII with Moderate-to-High Cardiovascular Risk in Different Models

SBII Quartiles OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Model 0 Model 1 Model 2 Model 3

First 1 1 1 1

Second 2.56 (0.97–6.72) 2.29 (0.85–6.15) 3.22 (0.98–10.51) 3.15 (0.93–10.69)

Third 3.24 (1.22–8.63)a 3.01 (1.12–8.12)a 6.34 (1.14–35.17)a 6.28 (1.10–36.04)a

Fourth 5.54 (1.98–15.52)b 4.53 (1.55–13.25)b 12.98 (1.44–116.8)a 11.78 (1.25–111.38)a

Notes: Model 1 covariates included BMI and excessive daytime sleepiness; Model 2 included AHI, LSpO2, and T90 plus all covariates in model 1; Model 3 included 
endothelial dysfunction and insulin resistance plus all covariates in model 2; a<0.05; b<0.01. 
Abbreviations: SBII, sleep breathing impairment index; AHI, apnea-hypopnea index; LSpO2, lowest oxygen saturation by pulse oximetry; T90, percent of time spent with 
SpO2 below 90%.
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was found between conventional parameters (eg, AHI and 
higher CVD risk in the logistic regression models), sug-
gesting that SBII as a more comprehensive index may be 
superior to AHI in measuring the OSA severity and pre-
dicting adverse outcomes associated with OSA.

Previous studies have reported the controversial impact 
of OSA on CVD outcomes. Gottlieb et al reported, in 
a prospective, community-based cohort study, that OSA 
was associated with an increased risk of heart failure and 
was only predictive of coronary heart disease incidence in 
men ≤70 years old.20 Redline et al performed a study in 
a community-based sample to address the OSA relation-
ship with ischemic stroke incidence and demonstrated 
a significant positive effect of AHI on stroke in men 
with mild to moderate sleep apnea. However, a similar 
finding was not found in women.21 In contrast, several 
studies also exist showing an inverse relationship between 
OSA severity based on ODI (or AHI) and prevalence of 
CVD morbidity and other clinical outcomes, thus suggest-
ing a putatively protective mechanism called ischemia 
preconditioning.7,22 Marin et al found that the highest 
OSA severity was associated with the lower cardiovascu-
lar morbidity burden.7 Considering that the effect of 
hypoxia in OSA on cardiovascular outcomes seems to be 
a controversial issue, it is not surprising that no consensus 
was noted regarding the impact of CPAP on improving 
adverse OSA events.23,24

In addition, measurements of the nocturnal intermittent 
hypoxia (eg, T90 or ODI were) were also shown to be related 
to cardiovascular complications. Oldenburg et al insisted that 
T90 was independently associated with increased all-cause 
mortality in patients with stable heart failure,25 which is 
consistent with another study that claimed that T90, as 
a reflection of nocturnal hypoxemic burden, was an indepen-
dent predictor of cardiovascular mortality. However, the 
observation was based on predominantly elderly men.26 

Kendzerska et al also found that T90 other than AHI was 
shown as important predictors of composite cardiovascular 
outcome.27 However, no specific cutoff of T90 was noted in 
categorizing OSA severity, making it arbitrary when defining 
worse hypoxemia with T90 in published literature.

Although more details in these studies could also be 
responsible for the association of the added burden of 
hypoxia in OSA with CVD morbidity, an alternative inter-
pretation is that these simple metrics including AHI, ODI, 
and T90 only considered one single pathophysiological 
OSA trait and failed to capture other aspects, which 
exerted an uncertain influence on the effect of OSA 

treatment on the CVD outcomes. For example, AHI mea-
sures nothing but the frequency of obstructive events 
(apneas and hypopneas), while T90 only calculated the 
time spent with SpO2 <90% based on standard definitions. 
This may be part of the reason that large clinical trials 
failed to show the benefits of CPAP in preventing CVD 
events.24

A novel metric incorporating comprehensive informa-
tion about the frequency, duration, and depth of obstruc-
tive events and related hypoxia would be essential to 
reflect OSA complexity. In recent years, such promising 
parameters derived from reinventing the use of PSG data 
have shown an advantage for predicting cardiovascular 
sequelae when compared with AHI. Obstruction severity, 
a new index incorporating the duration of each apneic or 
hypopnea event, and the event-associated area above the 
desaturation curve were proved to be significantly related 
to mortality in severe OSA.11 However, in the calculation 
of obstruction severity, the end of event-associated desa-
turation was determined as the area up to minimum oxy-
gen saturation before recovery, and only hypopneas with 
a ≥4% desaturation would be included. Furthermore, only 
the first desaturation in a 60-s window following the 
beginning of the respiratory events was defined as event- 
associated desaturation even in cases with more than one 
desaturation event. Thus, this metric obstruction severity 
would undoubtedly underestimate the nocturnal hypoxe-
mic OSA burden. Furthermore, Azarbarzin et al presented 
a measure, hypoxic burden, to predict OSA-related out-
comes. The hypoxic burden was demonstrated to be asso-
ciated with an increased CVD mortality among elderly 
adults in two large cohorts10 and was shown to be related 
to higher blood pressure and the risk of heart failure 
incidence,28 even after adjusting for confounding factors. 
As a measure of event-related hypoxemia, the algorithm of 
the hypoxic burden does not reflect the duration of respira-
tory events and included those smaller degrees of desatura-
tion (<3%), which weakened the ubiquity of this 
promising parameter. A recent study claimed that, as 
a marker for low arousal threshold, short respiratory 
event better predicts mortality in patients with sleep 
apnea although longer respiratory events seemed to carry 
heavier pathophysiological burden than shorter events.29 

However, the SBII in the current study tackled these 
aforementioned shortcomings by taking all aspects into 
consideration, which includes the frequency and duration 
of obstructive events and the frequency, duration (both the 
desaturation and recovery areas), and depth of all 
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desaturation events associated with a corresponding 
obstructive event, making it a more comprehensive index 
to measure OSA severity comparing with hypoxic burden 
or obstruction severity.

The current study has some strengths and limitations. 
The SBII derived from advanced polysomnographic ana-
lysis captures more aspects of OSA than many other 
parameters including hypoxic burden and obstruction 
severity, resulting in better capturing the pathophysiolo-
gic diversity of the disease process. The association 
between SBII and CVD risk remains significant despite 
adjusting for confounders including excessive daytime 
sleepiness, endothelial dysfunction, and IR, which were 
demonstrated to be CVD risk factors in previous studies. 
However, limitations are also needed to be noticed. First, 
this cross-sectional study was conducted in a single cen-
ter with a small sample size, and only male patients were 
included. Second, the major outcome in the current study 
was an indirect metric calculated using the Framingham 
CVD risk algorithm. However, whether the significant 
association will remain robust when choosing cardiovas-
cular morbidity in long-term follow-up as the primary 
outcome is uncertain. Third, the SBII fails to incorporate 
other OSA elements (eg, loop gain) and reflects no dif-
ference in the biological effects of apneas and hypopneas.

Conclusions
The SBII, as a novel index to measure OSA severity, was 
associated with an increased 10-year CVD risk after 
adjusting for multiple potential confounding factors. The 
SBII is believed to be a more comprehensive measure to 
better capture the pathophysiologic OSA diversity when 
evaluating OSA severity and the association with clinical 
sequelae. Thus, future studies are warranted to test the 
effect of CPAP on OSA-related outcomes based on this 
novel metric.
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