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Objective: There is a connection between obstructive sleep apnea (OSA) and coronary microvascular dysfunction (CMD), but the
underlying mechanisms remain unclear. This study aims to evaluate the correlation between OSA-related nocturnal hypoxemia
parameters and CMD.

Methods: This is an observational, single-center study that included patients who underwent polysomnography and coronary
angiography during hospitalization. The presence of CMD was determined by angio-based index of microcirculatory resistance
(AcculMR). Categorical variables were compared using chi-square test or Fisher exact test. The #-test and Mann—Whitney U-test were
used to compare normally and non-normally distributed continuous variables, respectively. Univariate and multivariable logistic
regression analyses were performed to evaluate the relationship between nocturnal hypoxemia parameters and CMD.

Results: A total of 133 patients were included in this study, of whom 72 (54.14%) had evidence of CMD. Patients with CMD
exhibited a higher prevalence of OSA and experienced more severe nocturnal hypoxia. After adjusting for potential confounding
factors, minimum oxygen saturation (minSpO,) <90% (OR 5.89; 95% CI 1.73—-19.99; P=0.004) and the percentage of time spent with
oxygen saturation below 90% (T90) >5% (OR 3.13; 95% CI 1.05-9.38; P=0.041) were independently associated with CMD. However,
no significant association was observed between apnea-hypopnea index (AHI) and CMD.

Conclusion: Parameters of nocturnal hypoxemia are associated with CMD. Hypoxemia parameters may more sensitively reflect the
correlation between OSA and CMD than AHI.
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Introduction

Coronary microvascular dysfunction (CMD), a crucial mechanism underlying myocardial ischemia, is considered one of
the leading causes of ischemic heart disease (IHD).! CMD is prevalent in patients with cardiovascular disease risk factors
and is closely associated with the risk of long-term cardiovascular adverse events in these patients.”® Index of
microcirculatory resistance (IMR) is an invasive diagnostic method for evaluating coronary microvascular function
independently of epicardial vascular stenosis and has high diagnostic specificity.* As a novel wire-free physiological
assessment method for CMD, angio-based index of IMR (AcculMR) has high consistency with wire-based IMR and
shows significant diagnostic and predictive potential.’

Obstructive sleep apnea (OSA) is a global disease in which patients often experience repeated upper airway tract
collapse during sleep, characterized by repeated episodes of hypoxemia and reoxygenation.® Increasing evidence
indicates that OSA is an important risk factor for cardiovascular diseases such as IHD, hypertension, and heart failure,
and is associated with increased morbidity and mortality.”® Previous clinical studies have shown that OSA, defined by
apnea-hypopnea index (AHI), was independently associated with CMD.”'® Nocturnal hypoxia caused by OSA may be an
important cause of CMD, but the pathophysiological mechanisms linking OSA and CMD are still unclear.'' The
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relationship between hypoxemia parameters such as oxygen desaturation index (ODI), minimal oxygen saturation (SpO,)
, and mean apnea duration (MAD) with CMD remains controversial.

However, the relationship between OSA-related hypoxemia parameters, aside from AHI, and CMD has not been
explored in previous clinical studies. In this study we investigated the relation between OSA and CMD determined by

AcculMR and further evaluated the association between nocturnal hypoxemia parameters and CMD.

Methods
Study Design
This study enrolled patients who underwent sleep study during their hospitalization at the Coronary Heart Disease Center
of Beijing Anzhen Hospital from March 2023 to June 2024. The exclusion criteria were as follows: (1) failure to undergo
coronary angiography during hospitalization; (2) predominantly central sleep apnea (>50% central events and central
AHI >10 events/h); (3) received continuous positive airway pressure (CPAP) treatment; (4) inability to calculate
AcculMR due to reasons such as poor image quality.

A total of 149 patients completed the sleep study, of whom 133 had complete sleep data and obtained AcculMR.
These 133 patients were included in the final analysis (Figure 1). This study was approved by the Ethics Committee of
Beijing Anzhen Hospital, Capital Medical University, and written informed consent was obtained from all patients.

Coronary Microvascular Assessment
AcculMR was computed in a blinded manner by an independent laboratory using AcculMR version 1.0 (ArteryFlow
Technology, Hangzhou, Zhejiang, China). The specific calculation method for AcculMR has been described previously.”

Patients with sleep study

(n=149)
Excluded (n=11)
- central sleep apnea (n=1)
——>
- without CAG (n=9)
A 4 - CPAP use (n=1)

Patients with CAG
(n=138)

Without AcculMR (n=5)
—— | - insufficient image quality (n=4)

L/ - angiography storage problem (n=1)
Patients with AcculMR
(n=133)
AcculMR<25 AcculMR>25
(n=61) (n=72)

Figure | Flowchart of patient enrollment in the study.
Abbreviations: AcculMR, angio-based index of microcirculatory resistance; CAG, coronary angiography; CPAP, continuous positive airway pressure.
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Briefly, two angiographic images from different angles were first selected to perform a three-dimensional reconstruc-
tion of the target vessel. The average blood flow velocity was then calculated using the TIMI frame count, and the
fractional flow reserve (FFR) value was subsequently determined. The AcculMR was then calculated using the following

formula:
L
AcculMR =P, x AccuFFR x v

where Pa is the mean aortic pressure, L is the length of the target vessel, V is the average flow velocity, and AccuFFR is
the calculated FFR value.

Figure 2 illustrates the calculation method of AcculMR. As reported in previous studies, AcculMR >25U is
considered the critical value indicating significant microvascular dysfunction.'*'* Data were evaluated by three experi-
enced operators, each of whom was blinded to the patients’ clinical characteristics.

Sleep Study

All patients underwent overnight polysomnography during their hospitalization using the Alice PDx sleep diagnostic
system (Philips Respironics, Murrysville, Pennsylvania, USA). The recorded signals included: pulse oximetry, nasal
airflow, thoracoabdominal movement, electroencephalogram, electromyogram, electrocardiogram, and snoring episodes.
The oximetry data were collected using the pulse oximeter with continuous monitoring, sampled at a frequency of 10 hz.

Vessel Length mm
Lesion Length mm
Diameter Stenosis %
Area Stenosis 12.1%
Diameter Actual Reference

AccuFFRangio

o Proximal mm

095 MLD mm

I0.90 Distal mm

085

Im AccuFFRangio 0.94

AccuFFRangio

0.75

s — AcculMR

Position (mm)

Figure 2 Schematic diagram of AcculMR calculation. (A) The coronary angiogram. (B and C) Angiograms from 2 projections with automatically delineated lumen contour.
(D) Lumen diameter and computed FFR (AccuFFRangio) pullback. (E) Computed AcculMR value. Abbreviations: AcculMR, angio-based index of microcirculatory resistance;
FFR, fractional flow reserve.
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All sleep parameters and stages were collected and analyzed by experienced polysomnography technicians according
to the American Academy of Sleep Medicine standards.'* Apnea was defined as >90% reduction in airflow lasting at
least 10 seconds. Hypopnea was defined as >30% reduction in airflow lasting at least 10 seconds, accompanied by>3%
decrease in oxygen saturation from baseline. The AHI was defined as the total number of apnea and hypopnea events
per hour of recorded sleep. OSA was diagnosed when AHI was >5 events/h and obstructive events accounted for more
than 50% of all respiratory events. OSA was classified as mild with an AHI of 5-14 events/h, moderate with an AHI of
15-29 events/h, and severe with an AHI of >30 events/h.'”

Nocturnal hypoxemia parameters primarily included the percentage of time spent with SpO, below 90% (T90), while
the ODI was the hourly frequency of oxygen desaturation >3% from baseline. Unlike the AHI, the optimal cutoff for T90
to classify the severity of OSA remains unclear. Some studies have used T90>10% threshold to define significant
nocturnal hypoxia.'®'” Huang et al identified T90>5% as the optimal threshold for predicting poor cardiovascular
outcomes in heart failure patients.'® A recent study by Wang et al introduced a classification system for hypoxic burden,
categorizing patients as having light hypoxia (T90 <5%), mild hypoxia (T90 5-10%), or moderate to severe hypoxia
(T90 >10%)."” Given that this study shares similarities with our study population, we adopted the T90 threshold
standards from Wang et al’s research for our study. Other hypoxemia parameters included the mean and longest duration
of hypopnea and apnea, as well as the mean and minimum SpO,.

Statistical Analysis

All statistical analyses were performed using R version 4.3.3 (R Foundation for Statistical Computing, Vienna, Austria).
Sample size calculations were based on the formula appropriate for case-control observational studies. Previous research
indicates that the prevalence of OSA in coronary artery disease patients is approximately 50%, while it is as high as 80%
in CMD patients.'®* Setting the two-sided significance level (Alpha) at 0.05 and the power (Beta) at 0.1, the estimated
minimum sample size required for both the case and control groups was calculated to be 52 participants each.
Considering a 10% dropout rate, we determined that at least 58 participants per group were necessary.

Categorical variables were described as frequency (percentage) and compared using chi-square test or Fisher exact
test. Continuous variables were presented as meantstandard deviation (SD) or median with interquartile range (IQR),
depending on whether the data were normally distributed. The data distribution was assessed using the Shapiro—Wilk test
and Quantile-Quantile (QQ) plots. The #-test was used to compare normally distributed continuous variables, while the
Mann—Whitney U-test was used for non-normally distributed continuous variables. Univariate and multivariable logistic
regression analyses were used to identify independent risk factors for CMD. Logistic regression results were described as
odds ratios (OR) with 95% confidence intervals (CI). A two-sided p-value <0.05 was considered statistically significant.

Results

Overall, 138 patients who completed both polysomnography and coronary angiography were included in the study.
A total of 133 patients were included in the final analysis after excluding the patients for whom the microcirculatory
resistance index could not be calculated. A cut-off of AcculMR>25 was considered indicative of significant micro-
vascular dysfunction and was used to divide the patients into two groups. Among them, 72 patients (54.14%) had at least
one coronary vessel with an AcculMR value greater than 25 and were therefore defined as having CMD. As shown in
Table 1, the baseline clinical characteristics of patients with and without CMD were similar. However, a higher
proportion of patients with CMD were diagnosed with OSA (63.93% vs 95.83%, P<0.001).

Table 2 summarizes the main characteristics of polysomnography among patients with different microcirculatory
resistance. According to the findings, patients with CMD had a higher maximum heart rate and a lower minimum heart
rate. There were significant differences in the central apnea index and mixed apnea index between the two groups.
However, there were no significant differences in total sleep time, AHI, obstructive apnea index, hypopnea index and
mean heart rate (P>0.05). Patients with CMD experienced more severe nocturnal hypoxia. Specifically, these patients had
lower meanSpO, (95.00% vs 93.00%, P<0.001) and minSpO, (87.00% vs 83.00%, P=0.007), and a greater percentage of
T90 (0.4% vs 9.3%, P<0.001). As illustrated in Figure 3, the proportion of patients with CMD whose minSp0O,<90% or
T90>5% is significantly higher than that of patients without CMD. There were no significant differences in ODI, mean
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Table | Clinical Characteristics of Patients with and without Coronary Microvascular Dysfunction

Defined by AcculMR

Characteristic Overall (n=133) AcculMR<25 (n=61) | AcculMR>25 (n=72) | P value
Male, n (%) 107 (80.45) 50 (81.97) 57 (79.17) 0.685
Age, years 43.00 (40.00, 55.00) | 44.00 (34.00, 59.00) 43.00 (43.00, 50.50) 0.502
BMI, kg/m? 30.00 (28.40, 31.60) | 30.80 (27.80, 31.60) 30.00 (29.40, 30.20) 0.511
Smoking, n (%) 57 (42.86) 24 (39.34) 33 (45.83) 0.451
OSA, n (%) 108 (81.20) 39 (63.93) 69 (95.83) <0.001
Comorbidity

Hypertension, n (%) 29 (21.80) 14 (22.95) I5 (20.83) 0.768
Diabetes mellitus, n (%) 25 (18.80) 10 (16.39) I5 (20.83) 0.514
Dyslipidemia, n (%) 64 (48.12) 27 (44.26) 37 (51.39) 0.412
Atrial fibrillation, n (%) 3 (2.26) 2 (3.28) I (1.39) 0.884
COPD, n (%) 3 (2.26) 1 (1.64) 2 (2.78) 1.000
Asthma, n (%) I (0.75) 0 (0.00) I (1.39) 1.000
CKD, n (%) 4 (3.01) 1 (1.64) 3 (4.17) 0.733
Heart failure, n (%) 7 (5.26) 2 (3.28) 5 (6.94) 0.580
CAD, n (%) 11 (83.46) 53 (86.89) 58 (80.56) 0.328
Drugs

Diuretics, n (%) 19 (14.29) 7 (11.48) 12 (16.67) 0.394
SGLT-2i, n (%) 17 (12.78) 7 (11.48) 10 (13.89) 0.678
ACE-I/ARB, n (%) 20 (15.04) 10 (16.39) 10 (13.89) 0.687
B-Blockers, n (%) 50 (37.59) 25 (40.98) 25 (34.72) 0.458
Statins, n (%) 70 (52.63) 26 (42.62) 44 (61.11) 0.033
Echocardiography

LA, mm 38.00 (36.00, 39.00) | 37.00 (37.00, 40.00) 38.00 (35.75, 38.00) 0.739
IVS, mm 10.00 (9.00, 10.00) | 9.00 (9.00, 10.00) 10.00 (8.00, 11.00) 0.581
LVEDD, mm 47.00 (45.00, 49.00) | 46.00 (45.00, 49.00) 47.00 (44.00, 48.00) 0.964
LVEF, % 60.00 (58.00, 65.00) | 62.00 (54.00, 66.00) 60.00 (60.00, 64.00) 0.341
No. of vessels with CAD 0.203
0 22 (16.54) 8 (13.11) 14 (19.44)

| 84 (63.16) 36 (59.02) 48 (66.67)

2 17 (12.78) 10 (16.39) 7(9.72)

3 10 (7.52) 7 (11.48) 3 (4.17)

Note: P-values below 0.05 are highlighted in bold typeface.

Abbreviations: AcculMR, angio-based index of microcirculatory resistance; BMI, body mass index; CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; SGLT-2i, sodium-glucose cotransporter 2 inhibitor;
ACE-|, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; IVS, inter ventricular septum; LA, left atrium;
LVEDD, left-ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; OSA, obstructive sleep apnea.

apnea duration (MAD), longest apnea duration (LAD), mean hypopnea duration (MHD), and longest hypopnea duration
(LHD) between the two groups.

Figure 4 presents the binary logistic regression results for CMD. Univariate analysis showed that meanSpO,,
minSp0,<90%, T90>5%, and MaxHR may be associated with CMD. After adjusting for factors with significant
differences in the univariate analysis, multivariable analysis revealed that minSp0,<90% (OR 5.89; 95% CI
1.73-19.99; P=0.004) and T90>5% (OR 3.13; 95% CI 1.05-9.38; P=0.041) were independently associated with CMD.

In the sensitivity analysis, we incrementally incorporated patients’ clinical characteristics as potential confounding
variables into the regression model to better assess the association of minSpO, and T90 with CMD. As shown in Table 3,
in the fully adjusted Model 3, minSp02<90% and T90>5% remain independently associated with CMD.

Discussion
This study found a significantly higher prevalence of OSA in patients with CMD, who also experienced a greater
nocturnal hypoxic burden. The nocturnal hypoxemia parameters may more accurately reflect the relationship between
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Table 2 Comparison of Polysomnographic Characteristics Between Groups Defined by AcculMR

Characteristic Overall (n=133) AcculMR<25 (n=61) | AcculMR>25 (n=72) | P value
TST, min 420.40 (409.90, 430.40) | 420.40 (409.00, 423.80) | 420.40 (410.00, 432.88) | 0.404
AHI, /h 9.10 (6.80, 39.80) 10.80 (3.70, 44.60) 9.10 (9.10, 34.33) 0.241
AHIZ15, n (%) 57 (42.86) 29 (47.54) 28 (38.89) 0.315
AHI=30, n (%) 42 (31.58) 22 (36.07) 20 (27.78) 0.306
Obstructive Apnea, /h | 1.30 (0.30, 10.20) 0.90 (0.20, 10.70) 1.30 (1.30, 7.63) 0.081
Central Apnea, /h 0.00 (0.00, 0.10) 0.00 (0.00, 0.20) 0.00 (0.00, 0.00) 0.011
Mixed Apnea, /h 0.00 (0.00, 0.20) 0.20 (0.00, 0.30) 0.00 (0.00, 0.00) <0.001
Hypopnea, /h 7.80 (5.20, 17.70) 8.90 (3.20, 18.80) 7.80 (7.80, 13.25) 0.478
MHR, bpm 59.00 (58.00, 66.00) 59.70 (58.00, 66.00) 59.00 (59.00, 65.28) 0.542
MaxHR, bpm 97.00 (90.00, 100.00) 91.00 (87.00, 98.00) 100.00 (92.75, 106.75) <0.001
MinHR, bpm 48.00 (42.00, 51.00) 50.00 (43.00, 52.00) 48.00 (41.75, 50.00) 0.028
OD|, /h 9.40 (7.10, 39.60) 12.30 (3.10, 42.00) 9.40 (9.40, 33.62) 0.194
MAD, s 16.90 (14.38, 23.73) 17.30 (11.50, 26.40) 16.90 (16.90, 22.40) 0.341
LAD, s 23.00 (15.00, 47.00) 25.50 (12.00, 55.00) 23.00 (23.00, 46.25) 0.329
MHD, s 22.60 (21.48, 29.10) 24.80 (20.00, 28.80) 22.60 (22.60, 29.20) 0.297
LHD, s 51.00 (39.00, 62.00) 54.00 (36.00, 64.00) 43.75 (39.00, 60.25) 0.681
MeanSpO,, % 94.00 (92.00, 96.00) 95.00 (94.00, 97.00) 93.00 (92.00, 95.00) <0.001
MinSpO,, % 83.00 (82.00, 89.00) 87.00 (82.00, 92.00) 83.00 (82.00, 85.00) 0.007
MinSpO,<90%, n (%) 105 (78.95) 38 (62.30) 67 (93.06) <0.001
MinSpO,<80%, n (%) | 26 (19.55) 14 (22.95) 12 (16.67) 0.363
T90, % 3.60 (0.10, 9.30) 0.40 (0.10, 4.40) 9.30 (3.10, 9.30) <0.001
T9025%, n (%) 59 (44.36) 15 (24.59) 44 (61.11) <0.001
T90=10%, n (%) 21 (15.79) 12 (19.67) 9 (12.50) 0.258

Note: P-values below 0.05 are highlighted in bold typeface.

Abbreviations: AcculMR, angio-based index of microcirculatory resistance; AHI, apnea-hypopnea index; MaxHR, maximal heart rate;
MHR, mean heart rate; MinHR, minimum heart rate; ODI, oxygen desaturation index; MAD, mean apnea duration; LAD, longest apnea
duration; MHD, mean hypopnea duration; LHD, longest hypopnea duration; meanSpO,, mean oxygen saturation; minSpO2, minimal
oxygen saturation; T90, the percentage of time spent with SpO, below 90%; TST, total sleep time.

OSA and CMD than AHI, highlighting the clinical importance of broadening OSA assessment beyond AHI alone in
patients with cardiovascular disease. These findings challenge the traditional reliance on AHI as the sole parameter for
evaluating cardiovascular risk in OSA patients and provide new insights into the complex mechanisms linking OSA,
nocturnal hypoxia, and CMD.

In recent years, OSA has attracted increasing attention as an emerging independent risk factor for cardiovascular
disease. OSA is a common sleep-breathing disorder that is highly prevalent in the general population.”' Previous studies
have demonstrated that intermittent hypoxemia and hypercapnia resulting from OSA play a critical role in the onset and
progression of cardiovascular diseases.”** CMD is the crucial component in the pathogenesis of myocardial ischemic
disease and is regarded as a significant potential mechanism underlying OSA-related cardiovascular disease.”* Ichikawa
et al demonstrated that the OSA is associated with CMD following primary percutaneous coronary intervention in
patients with ST-elevation myocardial infarction (STEMI), and may contribute to adverse prognosis.>> Multiple pro-
spective studies have demonstrated that the prevalence of OSA is significantly higher among patients with CMD,
consistent with our findings.”**” However, while the association between OSA and structural cardiovascular disease is
well established, the relationship between OSA and CMD remains underexplored.

The AHI is currently employed as a standardized parameter for diagnosing and evaluating the severity of OSA and is
defined as the total number of apnea and hypopnea events per hour of sleep.”® Although the AHI is commonly utilized to
stratify the severity of OSA, it does not fully capture the cardiovascular disease risk associated with OSA due to its
inherent limitations.?” The AHI primarily reflects the frequency of partial and complete respiratory interruptions but does
not fully capture the crucial pathophysiological changes associated with OSA, such as the duration of apnea events and
the extent of reduced blood oxygen saturation, which are closely linked to nocturnal hypoxemia. The results of multiple
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Figure 3 Comparison of the severity of hypoxemia between patients in different AcculMR levels. The proportions of patients with (A) minSpO,<90% (B) minSpO,<80%
(C) T9025% (D) T90=10%. Abbreviations: AcculMR, angio-based index of microcirculatory resistance; minSpO,, minimal oxygen saturation; T90, the percentage of time
spent with SpO, below 90%.

randomized controlled trials indicate that treatment for OSA focused on the AHI is insufficient to improve the clinical
prognosis of patients with cardiovascular disease.’' Therefore, it is essential to investigate more sensitive sleep
parameters that more accurately reflect the association between OSA and CMD.

Hypoxia is recognized as the primary pathogenic factor in OSA. Numerous studies have demonstrated that hypoxia
indicators can more effectively predict cardiovascular disease risk in patients compared to the AHI>**? The study by
Zhang et al demonstrated that nocturnal hypoxemia parameters are closely associated with microvascular complications
in patients with type 2 diabetes, highlighting the link between hypoxia and the onset and progression of microvascular
diseases.** However, previous clinical studies on the correlation between OSA and CMD rarely analyzed the hypoxemia
parameters other than AHI. In our study, we explored the relationship between various OSA parameters and CMD, rather
than focusing solely on AHI. Direct indicators of hypoxemia severity, such as minSpO2 and T90, exhibited a stronger
correlation with CMD compared to the AHI. After adjusting for all potential confounding factors, minSpO2<90% and
T90>5% remain significantly and independently associated with CMD, highlighting their considerable clinical research

potential.
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AHI 1.00 (0.98, 1.01)  0.686 T :
Obstructive Apnea 1.01(0.98,1.03) 0.528 ¢ |
Central Apnea 1.40 (0.65, 3.00) 0.390 H=—ri \
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minSp02 : :

>90% i i

<90% 8.11(2.85, 23.08) <0.001 , —————=—> 589 (1.73, 19.99) 0.004 , >
T90 1.01(0.98,1.03) 0.634 :- i
T90 ! :

<5% : :

25% 4.82(2.27,10.21) <0.001 : > 3.13 (1.05,9.38) 0.041 lr >
MaxHR 1.05(1.01, 1.08) 0.009 :' 1.02 (0.99, 1.06) 0.185 :‘
MinHR 0.96 (0.92,1.01) 0.117 1§ |
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Figure 4 Univariate and multivariable logistic analysis for coronary microvascular dysfunction defined by AcculMR.
Abbreviations: AcculMR, angio-based index of microcirculatory resistance; AHI, apnea-hypopnea index; Cl, confidence interval; OR, odds ratio; meanSpO,, mean oxygen
saturation; minSpO,, minimal oxygen saturation; T90, the percentage of time spent with SpO, below 90%; MaxHR, maximal heart rate; MinHR, minimum heart rate.

Although indicators of hypoxemia severity appear to play a more significant role than the AHI in the association
between OSA and CMD, the underlying implications and mechanisms have not been thoroughly investigated.
Intermittent severe hypoxia in patients with OSA is analogous to ischemia-reperfusion injury, potentially causing
mitochondrial dysfunction and increased production of reactive oxygen species, which can impair endothelial
function.>> Endothelial dysfunction is a critical pathological mechanism contributing to CMD. Previous study has
shown that significant impairment of endothelium-dependent vasodilation is present in patients with OSA.*® Several
exploratory studies have demonstrated that continuous positive airway pressure (CPAP) therapy can enhance coronary
microcirculatory function in patients with moderate to severe OSA, further illustrating the intricate relationship between
these conditions in terms of their pathophysiological mechanisms.’’*® New interventions, such as otolaryngology

Table 3 Association of Nocturnal Hypoxia Parameters with Coronary Microvascular Dysfunction

Characteristic Model | Model 2 Model 3
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

MinSpO, (continuous) 0.98 (0.94, 1.01) 0.218 0.98 (0.94, 1.02) 0.283 0.96 (0.90, 1.02) 0.143
MinSpO,

>90% Reference Reference Reference

<90% 14.10 (4.33, 45.94) | <0.001 23.99 (6.30, 91.33) <0.001 | 80.87 (11.69, 559.26) | <0.001
T90 (continuous) 1.01 (0.98, 1.04) 0.493 1.01 (0.98, 1.04) 0.539 1.01 (0.97, 1.05) 0.641
T90

<5% Reference Reference Reference

25% 5.03 (2.34, 10.78) <0.001 | 38.88 (9.09, 166.26) | <0.001 51.28 (8.88, 296.16) | <0.001

Notes: P-values below 0.05 are highlighted in bold typeface. Model |: adjusted for age and male; Model 2: adjusted for age, male, body mass index,
smoking, comorbidity; Model 3: adjusted for all factors in Model 2 plus drugs, echocardiography.

Abbreviations: Cl, confidence interval; OR, odds ratio; minSpO,, minimal oxygen saturation; T90, the percentage of time spent with SpO, below
90%.
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treatments and oral appliances, require further exploration in the future to better control obstructive sleep apnea and
improve cardiovascular outcomes related to CMD.*%°

This study has several limitations that should be noted. First, as a cross-sectional study, this research could not
establish a causal relationship between CMD and nocturnal hypoxemia parameters. Prospective studies are necessary to
confirm these findings and to further elucidate the underlying mechanisms. Additionally, all participants in this study
were hospitalized, which could have introduced selection bias. Although we accounted for multiple confounding factors,

complete exclusion of potential residual confounding remains challenging.

Conclusions

In conclusion, this study provides new insights into the relationship between OSA and CMD, emphasizing that nocturnal
hypoxia parameters, rather than AHI alone, may more accurately reflect the underlying pathological mechanisms linking
OSA and CMD. Prospective studies are needed to explore the integration of nocturnal hypoxia parameters into clinical
practice for improved risk stratification and targeted interventions in OSA patients at risk for cardiovascular diseases.
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