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Purpose: Acute pulmonary embolism (PE) poses a life-threatening risk with high mortality rates. While the coexistence of PE and
obstructive sleep apnea (OSA) is gaining recognition, its influence on PE severity and prognosis remains uncertain. This study aims to
investigate the associations between OSA and disease severity, as well as outcomes, in patients with acute PE.

Patients and Methods: We conducted a retrospective cohort study on patients diagnosed with acute PE who had undergone previous
cardiorespiratory polygraphy. OSA severity was assessed using the apnea-hypopnea index (AHI) derived from cardiorespiratory
polygraphy. The severity of acute PE was evaluated using the simplified Pulmonary Embolism Severity Index (sPESI) score. Logistic
regression analysis was performed to investigate the associations between AHI and the risk of belonging to the SPESI>1 group. Cox
regression analysis was used to examine the relationship between AHI and long-term adverse events, defined as a composite of all-
cause mortality and non-fatal cardiovascular events.

Results: Among 145 acute PE patients (mean age 62.2 years, 49.7% male), 94 (64.8%) had OSA. Patients with OSA had
a significantly higher proportion of sPESI>1 (89.4% vs 68.6%, p=0.002) than non-OSA patients. Each unit increase in AHI was
associated with a 15% increased risk of severe PE (sPESI>1) (odds ratio: 1.15, 95% CI 1.05-1.26, p=0.002) after adjusting for
confounders. During a median follow-up of 15.2 months, 27 (18.6%) patients experienced adverse events. Increased AHI indepen-
dently predicted a higher risk of adverse events (hazard ratio: 1.03, 95% CI: 1.00-1.05, p=0.026), even after adjusting for potential
confounders. AHI >8 events/h was associated with a significantly higher adjusted hazard ratio of 2.56 (95% CI: 1.15-5.72, p=0.022)
for adverse events compared to AHI <8 events.

Conclusion: OSA is common in acute PE patients and is linked to increased disease severity and adverse outcomes. Implementing
routine OSA screening and management may aid risk stratification and improve outcomes in acute PE patients.
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Introduction

Acute pulmonary embolism (PE) is a life-threatening condition characterized by the obstruction of one or more
pulmonary arteries due to blood clots. It represents the most severe form of venous thromboembolism and ranks as
the third leading cause of cardiovascular mortality, following coronary heart disease and stroke.' Despite the widespread
adoption of risk stratification and anticoagulant therapy, the mortality rate among high-risk acute PE patients remains
alarmingly high, with reported 30-day mortality rates of up to 22%.> Therefore, it is crucial to actively screen for risk
factors that impact the prognosis of PE patients and strengthen management approaches to improve their outcomes.
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Obstructive sleep apnea (OSA) is a prevalent sleep-breathing disorder that affects millions of individuals worldwide.
It is estimated that approximately 20-30% of the global population experiences OSA, with over 1 billion patients
affected.> OSA is characterized by recurrent episodes of complete or partial upper airway obstruction during sleep,
resulting in hypoxemia, hypercapnia, sympathetic activation, and fluctuations in intrathoracic pressure.* OSA has been
associated with various adverse health outcomes, including hypertension, coronary artery disease, stroke, and type 2
diabetes.” Recent epidemiological data indicates a high prevalence of OSA in patients with PE, ranging from 54.5% to
74.4%.° and reaching as high as 81.0% in moderate-to-high risk PE patients.” The increased co-occurrence of PE and
OSA can be attributed to several factors, such as obesity, prolonged periods of sitting, aging, and hypercoagulability.*'°

The significance of OSA in the prognosis of patients with acute PE has increasingly gained attention in recent years.
Although several studies have examined the association between OSA and adverse outcomes in PE patients, the results
have been conflicting. A large-scale international study, involving an analysis of over 750,000 cases of acute PE patients,
identified an annual increase in the in-hospital mortality rate among patients with concurrent OSA."" Another study
indicated that when the Apnea-Hypopnea Index (AHI) exceeded 10, the risk of PE recurrence within a five-year period
increased more than fourfold.'*'* However, the findings from Ghiasi et al study'* demonstrated that the 30-day mortality
rate of PE patients with concomitant OSA did not exhibit an increase.'> Furthermore, a recent study revealed that
untreated OSA was not a significant predictor of adverse cardiovascular events in patients with acute PE.'® Collectively,
these conflicting findings necessitate a comprehensive analysis of sleep parameters and an exploration of their influence
on disease severity and adverse outcomes in PE patients.

Hence, the objective of this study is to examine the correlations between different parameters of OSA and their
influence on the disease severity and the incidence of adverse cardiovascular events in patients diagnosed with acute PE.

Materials and Methods
Study Population

This retrospective cohort study included patients who were diagnosed with acute PE at a large hospital between
November 2020 and January 2022. All patients with acute PE were identified using the ICD-10-CM codes as per the
2019 guidelines.'” The inclusion criteria were as follows: patients aged 18 years or older, a confirmed diagnosis of acute
PE, and availability of nocturnal cardiorespiratory polygraphy results within 3 months before the diagnosis of acute PE.
Patients with missing data or incomplete medical records or receiving ongoing therapy for a previous diagnosed OSA
were excluded from the study. Out of the 153 patients diagnosed with PE who had undergone previous cardiorespiratory
polygraphy, three patients were already receiving continuous positive airway pressure therapy for OSA prior to
hospitalization. Additionally, five patients had incomplete data for analysis, resulting in a final inclusion of 145 patients
for the study. The study received ethical approval from the ethical committee of Fuwai Hospital, and informed consent

was obtained from all studied patients.

Clinical Characteristics

A diverse array of clinical characteristics pertaining to the patients in this retrospective cohort study was obtained from
electronic medical records. Demographic information including age, gender, and body mass index (BMI), and vital signs
such as blood pressure and heart rate at admission were collected and recorded. To evaluate daytime sleepiness, the
Epworth Sleepiness Scale was utilized, providing a quantitative measure based on a standardized scoring system.
Comorbid conditions, such as atrial fibrillation, hypertension, diabetes mellitus, and hyperlipidemia, were identified
and documented based on medical health records. Laboratory tests were conducted to analyze specific biomarkers,
including D-dimers, troponin, cytokine kinase-MB, and N-terminal pro-B type natriuretic peptide. Echocardiographic
data were collected to evaluate the left atrium diameter, left ventricular end-diastolic diameter, right ventricle, left
ventricular ejection fraction, and pulmonary arterial systolic pressure.
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Nocturnal Cardiorespiratory Polygraphy

Patients who had undergone overnight cardiorespiratory polygraphy prior to the diagnosis of PE due to suspected sleep-
disordered breathing within 3 months were included in this retrospective cohort. The overnight cardiorespiratory polygraphy
was conducted using the Embletta system (Medcare Flaga, Reykjavik, Iceland), a level III device used to assess the presence
and severity of OSA. Key parameters collected included oxygen saturation (SpO,) measured by fingertip oximetry, nasal
airflow, and thoraco-abdominal movements. Nocturnal respiratory events were evaluated and scored following guidelines by
the American Academy of Sleep Medicine.'"® A minimum recording duration of 4 hours was considered sufficient. Apnea
events were recorded as >90% reduction in respiratory airflow for >10 seconds. Hypopnea events were defined as >30% drop
in peak signal excursions using nasal airflow pressure, lasting >10 seconds, with a >3% oxygen desaturation. The AHI was
quantified as the sum of apnea and hypopnea events per recorded hour. Obstructive events were determined when
a respiratory event coincided with abdominal or thoracic movements. OSA diagnosis required AHI>5 events/h, with
obstructive events >50% of total. Nocturnal hypoxemia severity was assessed using the percentage of cumulative time with
SpO, below 90% in total recorded time (T90). The oxygen desaturation index (ODI) indicated frequency of >3%
desaturation from pre-event baseline per recorded hour. Other hypoxemia parameters included mean and minimum SpO,
levels, as well as the duration of the longest or the mean hypopnea and apnea events. The longest apnea duration was
determined as the maximum period of time during sleep when breathing ceased. An experienced technician, blinded to
patients’ clinical characteristics, evaluated and scored all respiratory events.

Risk Stratification of Pulmonary Embolism

The severity of acute PE was assessed using the simplified Pulmonary Embolism Severity Index (sPESI) to assess the 30-
day all-cause mortality risk.'” The sPESI score was calculated based on the following criteria: age > 80 years, history of
cancer, history of chronic heart failure, history of chronic cardiopulmonary disease, heart rate > 110 beats per minute,
systolic blood pressure < 100 mmHg, and arterial oxygen saturation < 90%. Patients with a sPESI score of 1 or higher
were considered to have a high risk of 30-day all-cause mortality risk. Clinically, risk stratification in acute PE involves
three steps: identifying high-risk patients requiring immediate reperfusion treatment, identifying low-risk patients
suitable for outpatient management, and identifying intermediate-risk patients requiring hospitalization and close
monitoring. High risk patients are characterized by hemodynamic instability, which includes the presence of cardiac
arrest requiring resuscitation, obstructive shock, or persistent hypotension (systolic blood pressure <90 mmHg or
a decrease of at least 40 mmHg from baseline for at least 15 minutes), not caused by other pathologies. Among
hemodynamically stable patients, PE is categorized as low risk when there is no evidence of right ventricular dysfunction
observed through computed tomography, echocardiography, or myocardial strain (ie, cardiac troponin I >0.05 ng/mL or
brain natriuretic peptides >100 pg/mL). If right ventricular dysfunction is present, PE is considered intermediate risk. If
there is further evidence of myocardial strain, patients are classified as intermediate-high risk. Patients without
myocardial strain are classified as intermediate-low risk.'” The risk stratification based on these criteria was also recorded
for the individuals in this study.

Outcomes Assessment

The primary outcome of the study was a composite of endpoints including all-cause mortality and non-fatal cardiovas-
cular events. Non-fatal cardiovascular events consisted of recurrent venous thromboembolism, chronic thromboembolic
pulmonary hypertension, re-hospitalization due to heart failure, stroke, or acute coronary syndrome requiring revascular-
ization. The follow-up period began at the time of acute PE diagnosis and concluded either when adverse events occurred
or when the study period ended, whichever happened first. Outcome measures were obtained through a thorough review
of medical records and interview with patients or their relatives via mail or phone.

Statistical Analysis
Continuous variables were presented as means + standard deviations or medians with interquartile ranges, depending on
their distribution. Categorical variables were reported as frequencies and percentages. To compare categorical data
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between groups, we employed chi-square or Fisher’s exact tests, while the Shapiro—Wilk test assessed the normal
distribution of continuous data. Unpaired #-tests were used for comparing parametric continuous data between two
unpaired groups, and the Mann—Whitney U-test for non-parametric data comparisons. Logistic regression models were
utilized to assess the associations between various nocturnal sleep parameters and severe acute PE (sPESI>1), adjusting
for potential confounders in the univariable logistic regression analysis. Proportional Cox hazards models were employed
to estimate the risk of adverse events based on cardiorespiratory parameters. The selection of adjusted covariates for the
models was based on their univariable statistical significance or clinical relevance. Restricted cubic splines, adjusted for
potential confounders, were employed to examine the linear associations between AHI and explore the optimal cut-off
value for predicting the risk. Kaplan-Meier curves were constructed between different AHI groups using the Log rank
test to compare adverse events rates. Subgroup analyses were performed to investigate potential effect modification by
variables such as age, sex, BMI, and other relevant factors on the association between OSA and adverse events. All
statistical analyses were performed using R software (version 4.1.2, R Foundation for Statistical Computing, Vienna,
Austria), and statistical significance was defined as a two-tailed P value < 0.05.

Results

Clinical Characteristics

Among 145 diagnosed acute PE patients (mean age: 62.2 = 13.8 years, 49.7% male), 94 (64.8%) had OSA. The OSA
group had a higher heart rate at acute PE diagnosis compared to the non-OSA group (107.1 + 13.5 bpm vs 100.0 £+ 10.5
bpm, p = 0.001) (Table 1). Significant differences in risk stratification based on hemodynamic stability, right ventricular

Table | Comparison of Clinical Characteristics Between Patients with OSA and Non-OSA in Acute PE

Variables Total (n = 145) Non-OSA (n =51) OSA (n =94) p value
Age, years 622 % 138 61.7 £ 14.1 624 % 137 0.769
Male, n (%) 72 (49.7) 27 (52.9) 45 (47.9) 0.560
BMI, kg/m? 26.0 % 3.7 248 £ 35 267 £3.7 0.003
Smoking, n (%) 47 (32.4) 14 (27.5) 33 (35.1) 0.347
SBP, mmHg I11.6 15.1 1134+ 13.1 110.7  16.1 0.306
Heart rate, bpm 104.6 + 12.9 100.0 + 10.5 107.1 £ 13.5 0.001
History of VTE, n (%) 28 (19.3) 9 (17.6) 19 (20.2) 0.709
History of cancer, n (%) 1 (0.7) 0 (0) I (.1) 0.998
OACs*, n (%) 136 (93.8) 49 (96.1) 87 (92.6) 0.494
sPESI score 1.2 +08 1.0 £08 1.4 +£08 0.003
sPESI 21, n (%) 119 (82.1) 35 (68.6) 84 (89.4) 0.002
Risk stratification 0.029
Low risk, n (%) 18 (12.4) 9 (17.6) 9 (9.6)
Intermediate-low risk, n (%) 86 (59.3) 33 (64.7) 53 (56.4)
Intermediate-high risk, n (%) 23 (15.9) 8 (15.7) 15 (16.0)
High risk, n (%) 18 (12.4) 1 (2.0) 17 (18.1)
Comorbid conditions, n (%)
Atrial fibrillation 19 (13.1) 4 (7.8) 15 (16) 0.167
Hypertension 73 (50.3) 25 (49) 48 (51.1) 0814
Diabetes mellitus 37 (25.5) 12 (23.5) 25 (26.6) 0.686
Hyperlipidemia 62 (42.8) 19 (37.3) 43 (45.7) 0.324
CAD, n (%) 50 (34.5) 15 (29.4) 35 (372) 0.344
Laboratory test
D-dimers, mg/L 1.5 (0.5, 4.1) 1.1 (0.4,22) 1.9 (0.5, 4.2) 0.078
Troponin, ng/mL 0.1 (0.0, 0.2) 0.1 (0.0, 0.2) 0.2 (0.1, 0.3) 0.046
CKMB, ng/mL 1.1 (0.6, 1.7) 1.0 (0.6, 1.4) 1.2 (0.6, 1.8) 0.284
NT-proBNP, pg/mL 226.0 (75.9, 1105.0) 159.0 (61.0, 992.0) | 365.0 (92.7, 1166.2) 0.198
(Continued)
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Table | (Continued).

Variables Total (n = 145) Non-OSA (n =51) OSA (n =94) p value
Echocardiographic data

Left atrium, mm 37.1 £ 6.0 370 £ 6.7 37.1 £55 0.958
LVEDD, mm 46.0 £ 5.9 45.6 + 6.6 463 £ 5.6 0.482
Right ventricle, mm 28.0 £5.5 28.0 £ 55 28.0 £5.5 0.982
LVEF, % 63.0 7.0 633 %59 629 75 0.768
PASP, mmHg 40.0 £ 23.1 41.4 £ 249 393222 0.589

Notes: Values are presented as mean # standard deviation (SD), median (interquartile range) or as number (percentage). *Include warfarin

or direct oral anticoagulants (dabigatran, rivaroxaban or apixaban).

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CKMB, creatine phosphokinase-MB; LVEF, left ventricular ejection
fraction; NTproBNP, N-terminal pro-B natriuretic peptide; OACs, oral anticoagulants; OSA, obstructive sleep apnea; PASP, pulmonary
arterial systolic pressure; PE, pulmonary embolism; SBP, systolic blood pressure; sPESI, simplified pulmonary severity index; VTE, venous

thromboembolism.

dysfunction, and cardiac injury biomarkers were observed between OSA and non-OSA patients (p=0.029). A larger
proportion of the OSA group (89.4%) had an sPESI score >1 compared to the non-OSA group (68.6%, p=0.002).
Troponin levels were slightly higher in acute PE patients with comorbid OSA (p=0.046). No significant acute changes in

echocardiographic features were noted between OSA and non-OSA patients.

Sleep Parameters and Risk of Severe Acute PE
The majority of patients did not experience excessive daytime sleepiness, as reflected by an Epworth Sleepiness Scale
score of less than 10. Significant differences in sleep parameters were observed between OSA and non-OSA patients,
with the OSA group experiencing more severe respiratory events and profound hypoxemia (p<0.05). For example, the
OSA group demonstrated a lower minimum oxygen saturation (minSpO,) of 81.8 = 7.1% compared to the non-OSA
group (88.5 + 5.5%, p<0.001) (Table 2). No significant differences in nocturnal heart rate parameters were observed.

Table 2 Comparison of Overnight Cardiorespiratory Parameters Between Patients with
OSA and Non-OSA in Acute PE

Variables Total (n = 145) | Non-OSA (n =51) OSA (n=94) p value
AHI, events/h 8.0 (2.5, 17.0) 1.1 (0.6, 2.8) 13.8 (8.6, 21.9) < 0.001
OA\l, events/h 3.0 (0.8, 9.0 0.6 (0.2, 1.6) 6.2 (3.0, 11.5) < 0.001
OHI, events/h 4.1 (0.8, 9.0) 0.5 (0.2, 1.3) 7.4 (4.3, 10.4) < 0.001
LAD, s 35.0 (20.0, 54.0) 18.0 (12.5, 30.5) 47.5 (30.2, 76.8) < 0.001
LHD, s 73.0 (48.0, 99.0) 42.0 (26.5, 62.5) 87.5 (67.8, 101.0) < 0.001
MAD, s 18.1 (14.1, 24.6) 14.0 (11.2, 20.0) 203 (16.7, 27.2) < 0.001
MHD, s 30.5 (24.7, 37.5) 27.9 (20.3, 36.7) 31.1 (26.4, 37.5) 0.020
ODI, events/h 7.8 (3.1, 18.1) 1.4 (0.6, 3.3) 15.6 (8.6, 24.8) < 0.001
Min SpO,, % 842 %73 885+ 55 81.8+7.1 < 0.001
Mean SpO,, % 938+ 38 95.2 + 4.1 93.1 £35 0.002
T90, % 1.0 (0.0, 7.1) 0.0 (0.0, 0.2) 2.0 (0.4, 15.4) < 0.001
Mean HR, bpm 64.6 £ 115 632+ 117 654 + 11.4 0.266
Min HR, bpm 52.1 +10.5 51.0 + 10.4 52.7 + 10.6 0.352
Max HR, bpm 843 + 127 827+ 1.6 85.2 + 132 0.258
ESS, points 2.0 (1.0, 4.0) 3.0 (1.0, 5.0) 3.0 (1.0, 5.0) 0.085

Note: Values are presented as mean * standard deviation (SD), median (interquartile range) or as number (percentage).

Abbreviations: AHI, apnea-hypopnea index; ESS, Epworth Sleepiness Scale; LAD, longest apnea duration; LHD, longest
hypopnea duration; MAD, mean apnea duration; MaxHR, maximal heart rate; MHD, mean hypopnea duration; MinHR,
minimal heart rate; minSpO,, minimal oxygen saturation; OAI, obstructive apnea index; ODI, 3% oxygen desaturation
index; OHI, obstructive hypopnea index; OSA, obstructive sleep apnea; PE, pulmonary embolism; SpO,, oxygen saturation
by pulse oximetry; T90, the percentage of cumulative time with SpO, below 90% in total recorded time.
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Detailed data comparisons among patients with different sPESI risk groups are provided in Tables S1 and S2. Figure 1
displays the distribution of important cardiorespiratory parameters across various risk groups of PE. The findings reveal
that the AHI, 3% ODI, and T90 levels, escalate as the clinical risk-stratification of PE increases (p<0.05). In contrast, the
hypoxemia parameters, specifically minSpO,, exhibit a decline as the severity of PE risk groups worsens.

To evaluate the influence of OSA variables on the risk of sPESI>1, multiple logistic regression models were
employed, incorporating factors found to be statistically correlated with the sPESI>1 group (refer to Table S3) as well
as essential demographic information such as age, gender, and BMI. The model was therefore adjusted for confounding
variables including age, gender, body mass index, hyperlipidemia, diabetes mellitus, hypertension, and use of oral
anticoagulants. Even after adjusting for these potential confounders, AHI (odds ratio [OR]: 1.15, 95% confidence interval
[CI]: 1.05-1.26, p=0.002), ODI (OR: 1.13, 95% CI: 1.04-1.22, p=0.004), minSpO, (OR: 0.86, 95% CI: 0.77-0.95,
p=0.004), meanSpO, (OR: 0.84, 95% CI: 0.71-0.99, p=0.035), and T90 (OR: 1.03, 95% CI: 1.00-1.06, p=0.044)
displayed significant associations with the risk of severe acute PE (sPESI >1) (Table 3). There were no statistically
significant associations found between the longest duration of apnea or hypopnea episodes and the risk of sPESI>1
(P>0.05). Likewise, no significant associations were observed between the mean duration of these respiratory events and
an increased risk of sPESI>1. Moreover, elevated levels of nocturnal heart rate parameters were also found to be
associated with an increased risk of sSPESI>1 (OR range: 1.08-1.20, all p<0.05).

Sleep Parameters and Risk of Adverse Events in PE

During a median follow-up period of 15.2 months (interquartile range: 4 to 19 months) after acute PE diagnosis, 27
(18.6%) patients experienced adverse events. Cox regression analysis, adjusted for sPESI, and pulmonary artery systolic
pressure (as identified risk factors in Table S4), demonstrated that the severity of OSA, as measured by AHI,
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Figure | Distribution of overnight respiratory parameters across risk groups of acute PE. (A) AHI distribution across risk groups of acute PE. (B) 3%ODI distribution
across risk groups of acute PE. (C) MinSpO, distribution across risk groups of acute PE. (D) T90 distribution across risk groups of acute PE.

Abbreviations: AHI, apnea-hypopnea index; HR, high risk; ILR, intermediate-low risk; IHR, intermediate-high risk; LR, low risk; minSpO,, minimal SpO,; PE, pulmonary
embolism; ODI, oxygen desaturation index; sPESI, simplified pulmonary embolism severity index; SpO,, oxygen saturation; T90, the percentage of cumulative time with
SpO; below 90% in total recorded time.
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Table 3 Logistic Regression Analysis of Nocturnal Cardiorespiratory Parameters Predicting sPESIZ |

Variables Unadjusted Model | Model 2
OR (95% CI) p OR (95% CI) P OR (95% CI) p

AHI 1.10 (1.03-1.18) 0.005 .11 (1.03-1.19) 0.004 1.15 (1.05-1.26) 0.002
OAl 1.17 (1.03-1.32) 0.015 1.20 (1.05-1.38) 0.009 1.25 (1.06—1.47) 0.008
OHI I.16 (1.03-1.31) 0.013 1.17 (1.03-1.32) 0.013 1.24 (1.07-1.44) 0.004
LAD 1.01 (0.99-1.03) 0.247 1.01 (0.99-1.03) 0.252 1.01 (0.99-1.03) 0.327
LHD 1.01 (1.00-1.02) 0.123 1.01 (1.00-1.02) 0.168 1.01 (1.00-1.03) 0.074
MAD 1.02 (0.97-1.07) 0.443 1.02 (0.97-1.08) 0.402 1.02 (0.96—1.07) 0.555
MHD 1.04 (1.00-1.07) 0.056 1.03 (1.00-1.07) 0.087 1.04 (1.00-1.09) 0.046
ODI 1.09 (1.02-1.16) 0.007 1.10 (1.03-1.17) 0.005 1.13 (1.04-1.22) 0.004
Min SpO, 0.90 (0.82-0.98) 0.011 0.89 (0.81-0.97) 0.011 0.86 (0.77-0.95) 0.004
Mean SpO, | 0.90 (0.78-1.04) 0.143 0.90 (0.79-1.04) 0.152 0.84 (0.71-0.99) 0.035
T90 1.02 (0.99-1.05) 0.197 1.02 (0.99-1.05) 0.141 1.03 (1.00-1.06) 0.044
Mean HR 1.10 (1.04-1.16) 0.001 I.11 (1.04-1.18) 0.001 1.13 (1.05-1.21) 0.001
Min HR 1.06 (1.01-1.11) 0.025 1.07 (1.01-1.13) 0.013 1.08 (1.02—1.14) 0.013
Max HR 1.16 (1.09-1.23) <0.001 1.19 (1.10-1.28) <0.001 1.20 (1.11-1.31) <0.001

Notes: Each line in table represents a separate regression model. Model I: adjusted for age, gender; and body mass index; Model 2:

adjusted for age, gender, body mass index, hyperlipidemia, diabetes mellitus, hypertension, and use of oral anticoagulants.

Abbreviations: AHI, apnea-hypopnea index; Cl, confidence interval; LAD, longest apnea duration; LHD, longest hypopnea duration;
MAD, mean apnea duration; MaxHR, maximal heart rate; MHD, mean hypopnea duration; MinHR, minimal heart rate; minSpO,, minimal
oxygen saturation; OAI, obstructive apnea index; ODI, 3% oxygen desaturation index; OHI, obstructive hypopnea index; OR, odds ratio;
SpO,, oxygen saturation by pulse oximetry; sPESI, simplified pulmonary severity index; T90, the percentage of cumulative time with SpO,
below 90% in total recorded time.

independently predicted adverse events in acute PE patients (hazard ratio [HR]=1.03, 95% CI: 1.00-1.05, p=0.026)
(Table 4). Furthermore, the duration of the longest apnea was also positively associated with the risk of adverse events

(HR=1.02, 95% CI: 1.00-1.04, p=0.001).

Table 4 Cox Regression Analysis for Predicting Adverse Events Based on Nocturnal Cardiorespiratory

Parameters
Univariable Analysis Multivariable Analysis Adjusted for sPESI and PASP
HR (95% CI) p HR (95% CI) p
AHI 1.04 (1.01-1.06) 0.002 1.03 (1.01-1.05) 0.026
OAI 1.06 (1.03-1.09) < 0.001 1.06 (1.03-1.09) < 0.001
OHI 1.03 (0.97-1.08) 0.382 1.02 (0.96—1.09) 0.604
LAD 1.02 (1.01-1.03) < 0.001 1.02 (1.01-1.04) 0.001
LHD 1.01 (1.00-1.02) 0.103 1.00 (1.00-1.01) 0.429
MAD 1.07 (1.02—1.11) 0.004 1.06 (1.01-1.11) 0.027
MHD 1.04 (1.01-1.08) 0.031 1.03 (0.99-1.07) 0.147
ODI 1.03 (1.01-0.05) 0.009 1.03 (1.01-1.05) 0.012
Min SpO, 0.94 (0.90-0.99) 0.009 0.96 (0.91-1.00) 0.056
Mean SpO, 0.96 (0.88—-1.05) 0.370 0.97 (0.88-1.07) 0.526
T90 1.01 (0.99-1.02) 0.324 1.01 (0.99-1.02) 0.260
Mean HR 1.00 (0.96—1.04) 0.887 1.00 (0.96—1.04) 0.924
Min HR 1.00 (0.96—1.04) 0.983 1.00 (0.96—1.05) 0.825
Max HR 0.99 (0.96-1.02) 0.451 0.98 (0.94-1.02) 0.285

Abbreviations: AHI, apnea-hypopnea index; Cl, confidence interval; HR, hazard ratio; LAD, longest apnea duration; LHD, longest
hypopnea duration; MAD, mean apnea duration; MaxHR, maximal heart rate; MHD, mean hypopnea duration; MinHR, minimal heart rate;
minSpO,, minimal oxygen saturation; OAl, obstructive apnea index; ODI, 3% oxygen desaturation index; OHI, obstructive hypopnea
index; SpO,, oxygen saturation by pulse oximetry; PASP, pulmonary arterial systolic pressure; sPESI, simplified pulmonary severity index;
T90, the percentage of cumulative time with SpO, below 90% in total recorded time.
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Restrictive cubic splines analysis indicated that an AHI cutoff of 8 events/h better represented the non-linear trend of adverse
event risk (Figure 2A). Patients with an AHI >8 events/h had a higher incidence of adverse events compared to those with an AHI
<8 events/h (24.7% [n=18/73] vs 12.5% [n=9/72], log-ranked p=0.0174) (Figure 2B). In comparison to individuals with an AHI
<8 events/h, those with >8 events/h exhibited a higher hazard ratio (HR) of 2.56 (95% CI: 1.15-5.72, p=0.022) for adverse
events, after adjusting for sPESI and pulmonary artery systolic pressure. To assess the robustness of the results, subgroup
analyses were conducted to explore the relationships between AHI and adverse events. The subgroups were categorized based on
age, gender, BMI, smoking status, and cardiovascular comorbidities. Interestingly, the associations between AHI and adverse
events appeared consistent among examined subgroups, as indicated by a non-significant P value for interaction (>0.05)

(Figure 3).

Discussion
The present cohort study has identified that OSA was common among patients who have recently been diagnosed with
acute PE, indicating a significant burden of this disease. Furthermore, patients with more severe OSA, as measured by an
increase in AHI per unit, demonstrated a 15% higher risk of being categorized in the sPESI>1 group, as well as a nearly
2% higher risk of experiencing adverse cardiovascular events. Importantly, these associations remained significant even
after adjusting for potential confounders, and the findings appeared consistent across various examined sub-groups. In
light of these findings, our study underscores the clinical significance of early screening and comprehensive management
of OSA in the routine care of patients presenting with acute PE.

The current study revealed a notable proportion of OSA in patients with acute PE. Using an AHI cutoff of >5 events/
h, the detection rate was approximately 65% (94 out of 145 patients), while utilizing an AHI cutoff of >15 events/h
yielded a rate of 31% (45 out of 145 patients). These estimates align with a previous study reporting a similarly high
prevalence of OSA (63%) in PE patients,?® whereas most studies have reported lower prevalence rates ranging from 5%
to 15%.%'*? Discrepancies in prevalence can be attributed to variations in study design, timing of nocturnal sleep
assessments, diagnostic criteria, utilized devices, and the clinical characteristics of the study population. The high
occurrence rate of OSA observed in our study may be attributed to the retrospective design of our cohort, which relied
on the availability of sleep study data prior to PE diagnosis. It is also plausible that transient abnormalities detected
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Figure 2 Associations of AHI and risk of adverse events in patients with PE. (A) Non-linear trend of adverse events risk using adjusted restrictive cubic splines with three
knots depicted. (B) Kaplan-Meier curves comprising the incidence of adverse events between different AHI groups.
Abbreviations: AHI, apnea-hypopnea index; PE, pulmonary embolism.
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Subgroup N N (%) of Events Hazard Ratio (95% CI) P for Interaction

Overall 145 27 (18.6) —— 1.03 (1.01-1.05)
Gender 0.493

Male 72 18 (25.0) ———i 1.04 (1.01-1.07)

Female 73 9(12.3) s e 1.02 (0.98-1.07)
Age 0.294

=65 years 80 18 (22.5) —— 1.04 (1.02-1.07)

<65 years 65 9 (13.8) ' ® ' 1.01 (0.96-1.07)
BMI 0.556

225 kg/m? 81 15 (18.5) —— 1.04 (1.01-1.07)

<25 kg/m? 64 12 (18.8) _— 1.03 (0.99-1.07)
Smoking 0.794

Yes 47 10 (21.3) —— 1.04 (1.01-1.08)

No 98 17 (17.3) —— 1.03 (1.01-1.06)
Hypertension 0.599

Yes 73 11 (17.7) —— 1.03 (1.00-1.06)

No 72 16 (19.3) —— 1.04 (1.01-1.08)
Diabetes Mellitus 0.574

Yes 37 8 (21.6) ' o 1 1.02 (0.97-1.08)

No 108 19 (17.6) — 1.04 (1.01-1.07)
Hyperlipidemia 0.740

Yes 62 11 (17.7) —_———t 1.03 (0.99-1.07)

No 83 16 (19.3) —— 1.04 (1.01-1.07)
CAD 0.563

Yes 50 12 (24.0) —_—C—— 1.03 (0.99-1.07)

No 95 15 (15.8) —— 1.04 (1.01-1.07)

T T T 1
0.9 1.0 1.1

Hazard Ratio

Figure 3 Forest plots of subgroup analyses on the associations between AHI and risk of adverse events in PE patients.
Abbreviations: AHI, apnea-hypopnea index; BMI, body mass index; CAD, coronary artery disease; Cl, confidence interval; PE, pulmonary embolism.

during acute cardiovascular events may contribute to a higher rate of false-positive OSA diagnoses.”> However, in our
study, sleep study results were predominantly obtained prior to the diagnosis of PE, despite the retrospective design. In
this regard, our findings suggest the biologically plausible notion that OSA may precede PE, indicating a significant
occurrence of PE in individuals with OSA.

The association between OSA and the severity of PE in patients has been a topic of debate. Toledo-Pons et al**
reported that patients with moderate-severe OSA (AHI>15) and PE exhibited greater pulmonary artery obstruction and
PE severity, as assessed by the PESI, similar to our findings. However, their study conducted sleep studies 6 to 12 months
after the index PE event, potentially introducing confounding factors and diluting the true associations between OSA and
PE severity. A previous meta-analysis involving 9 studies and 1570 PE patients showed that individuals with OSA
presented with more severe PE compared to those without OSA.> Likewise, a recent meta-analysis*® consisting of 12

studies (8 being cohort studies) demonstrated significantly higher sPESI scores and pulmonary artery obstructive index in
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patients with OSA compared to controls. It is worth noting that they also did not observe any significant differences in
the right ventricle-to-left ventricle short-axis diameter between the two groups. Our findings provide additional support
for these observations. There may not be a direct impact of OSA on the echocardiographic parameters which could
potentially be attributed to the chronic-phase effects of OSA leading to right ventricular dysfunction.

Conversely, several studies have reported contrasting findings regarding the role of OSA in exacerbating the severity
of PE or its impact on post-diagnosis outcomes. For instance, Ghiasi et al'* found no association between OSA and 30-
day mortality in PE patients. However, this study utilized STOP-BANG questionnaires to screen for high-risk OSA,
potentially leading to an inaccurate estimate of the true prevalence and diagnosis of OSA. Similarly, a recent prospective

cohort study by Barbero et al'®

failed to establish a relationship between untreated OSA and the incidence of adverse
cardiovascular events in patients with symptomatic acute PE. It has been proposed that the preconditioning effect of
chronic intermittent hypoxia may confer a protective role in the disease course of PE, which could explain these negative
findings.””*® However, it is worth noting that Barbero et al study'® specifically excluded patients with hemodynamic
instability, and only hemodynamically stable individuals with acute PE were included, potentially limiting the ability to
demonstrate the true impact of OSA on severity in non-high-risk patients and affecting the overall findings.

Our study adds to the existing literature by conducting a comprehensive evaluation of OSA parameters, analyzing
cardiac injury biomarkers and echocardiographic data, and exploring potential cutoff values for predicting adverse
events. Beyond traditional metrics such as AHI or ODI, we also found a significant association between obstructive
apnea or hypopnea index, minimal or mean SpO, and a higher risk of sSPESI>1 group. Our findings suggested that the
obstructive apnea or hypopnea index may have a stronger association with sSPESI>1, as indicated by larger odds ratios
compared to AHI. However, it is important to note that AHI, which includes both apnea and hypopnea episodes, remains
a valuable measure for capturing the key physiological sequelae of OSA. Additionally, patients with OSA at PE diagnosis
demonstrated elevated heart rates, potentially explaining the higher proportion of patients classified as sPESI>1.
Furthermore, we observed elevated levels of cardiac troponins in OSA patients with PE, indicating concurrent cardiac
injury within the context of acute PE and hypoxemia. These findings were in accordance with prior research highlighting
the association between OSA and severe myocardial injuries. Regarding long-term outcomes, frequency indices such as
AHI and ODI showed a correlation with adverse cardiovascular events. By analyzing the adverse event trend and
utilizing AHI as a key predictor, we propose a cutoff value of 8 as the optimal threshold for predicting adverse events.
Notably, our study conducted sensitivity analyses across various subgroups (sex, age, BMI, and comorbidities), further
reinforcing the consistent association between AHI and long-term adverse events. Of note, our study diverges from
previous research focusing on the impact of OSA on short-term mortality.'*'® Instead, we aimed to explore long-term
adverse outcomes due to potential limitations in the accuracy of in-hospital mortality data from registry-based studies,
which are prone to record-keeping and data entry errors.

The pathophysiological link between the severity of OSA and the severity of PE, as well as adverse cardiovascular
outcomes, is complex and interconnected. It is hypothesized that reduced oxygen saturation in patients with OSA may
exacerbate myocardial injury, thereby contributing to high-risk PE.”** Moreover, apnea events and desaturation episodes
in OSA patients can promote a prothrombotic state, leading to elevated levels of blood coagulability markers.
Consequently, this may result in a higher pulmonary thrombus burden and increased strain on the right ventricle,
ultimately contributing to the development of high-risk or severe PE.*® Simultaneously, desaturation episodes in OSA
patients induce changes in intrathoracic pressure and pulmonary hypertension, which can directly impact right heart
function. Additionally, the severity of OSA and the associated hypoxemia are known to exacerbate right ventricular
dysfunction.'? Interestingly, there was no apparent correlation between the longest duration of apnea and a higher risk
of sPESI>1. However, our findings suggest that it may have implications for long-term adverse events in patients with
PE. It is presumed that prolonged apnea episodes may potentially contribute to increased pulmonary vascular resistance,
right ventricular strain, and impaired gas exchange in the later stages following the acute onset of PE. Over the long term,
these factors contribute to increased right ventricular workload, the onset of heart failure, and potentially even mortality.
The complex relationship between OSA severity, hypoxemia, right ventricular dysfunction, and adverse cardiovascular
outcomes highlights the need for a comprehensive understanding of the underlying mechanisms. Further research is
warranted to elucidate these intricate interactions and their implications for patient management and outcomes.
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The present study has implications for clinical practice, emphasizing the potential impact of addressing OSA in
patients with acute PE. The treatability of OSA underscores the importance of considering OSA screening and treatment
as an integral part of routine care for acute PE patients. Moving forward, it is crucial to conduct further research that
specifically investigates the effectiveness of OSA management in enhancing outcomes among patients with acute PE.
Such studies would provide valuable insights into the benefits of OSA treatment and guide evidence-based approaches to
optimize patient care in this context. By focusing on the evaluation of OSA management strategies and their impact on
outcomes, we may advance our understanding of the potential benefits and refine clinical guidelines for the management
of acute PE patients.

The findings of our study should be interpreted with caution due to several limitations. Firstly, the relatively small sample
size might have limited the statistical power to comprehensively assess the composite outcomes and adequately adjust for
confounding factors, indicating the need for larger studies in the future. Secondly, the retrospective design of this cohort, based
on the availability of cardiorespiratory polygraphy, introduces a selection bias and may overestimate the occurrence rate of OSA
in APE. Further large prospective studies are needed to validate our findings. Furthermore, although polysomnography is
considered the gold-standard test for capturing a comprehensive range of sleep parameters, our study utilized portable
monitoring devices instead. It is important to note that portable monitoring devices offer convenience, mitigate the first-night
effect observed in polysomnography, and have demonstrated comparable efficacy.® Another potential limitation of our study is
the lack of detailed information on OSA treatment, which could have provided further insights into the impact of treatment on
the observed associations. Lastly, it is worth considering alternative echocardiographic measures for assessing right ventricular
dysfunction, such as tricuspid annular plane systolic excursion, right ventricular/right atrial gradient, et al These measures have
the potential to reveal associations between OSA and the severity of acute PE. However, it is important to acknowledge that
these echocardiography criteria often suffer from issues of subjective assessment, reproducibility, and reliability.

Conclusions

In conclusion, OSA is common among acute PE patients and is associated with an elevated risk of disease severity and
adverse outcomes. Implementing early screening and management of OSA as a routine part of care may aid in mitigating
the disease burden and improving outcomes in individuals diagnosed with acute PE.
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