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Introduction: Obstructive sleep apnea (OSA) is associated with an increased risk of cardiovascular disease (CVD). Depression is 
a crucial factor among the various factors that are associated with OSA and CVD.
Purpose: This study was conducted with an aim to assess the prognostic significance of depression on the MACE in older patients 
with OSA.
Patients and Methods: 1106 older patients with OSA, without myocardial infarction (MI), history of hospitalization for unstable 
angina, or heart failure at baseline were enrolled and followed up prospectively. Incidence rates were expressed as cumulative 
incidence. Cox proportional hazards analysis was used to estimate the risk of all events. The primary outcomes were major adverse 
cardiovascular events (MACE). Each patient underwent polysomnography (PSG) and GDS-12 scale assessment. Those with an apnea- 
hypopnea index (AHI) greater than 5 were diagnosed with OSA, while those with a scale score greater than 3 were diagnosed with 
depression.
Results: Among the 1106 older patients with OSA, depression was found in 133(12.0%) patients, 96(8.7%) patients experienced MACE 
during the follow-up. Depression was associated with a higher cumulative incidence of MACE in older patients with OSA. Multivariate 
analysis revealed that depression independently increased the risk of MACE (adjusted hazard ratio [aHR] = 2.29; 95% confidence interval 
[CI]: 1.34–3.90; P = 0.002). Subgroup analyses showed that male patients (aHR = 2.96; 95% CI: 1.52–5.77; P = 0.001), overweight-obese 
individuals (aHR = 2.98; 95% CI: 1.49–6.00; P = 0.002), and those with moderate-severe OSA (aHR = 2.82; 95% CI: 1.55–5.14; P = 0.001) 
and concurrent depression were at a higher risk for MACE.
Conclusion: Depression is common in older patients with OSA in the absence of MI, hospitalization for unstable angina, or heart 
failure, and confers an independent, increased risk of MACE.
Keywords: obstructive sleep apnea, OSA, depression, major adverse cardiovascular events, MACE, older adults

Introduction
Obstructive sleep apnea (OSA), which is estimated to affect 34% and 17% of males and females, respectively, may have 
an even higher actual prevalence.1 The prevalence of OSA is on the rise worldwide, affecting approximately 22% of the 
population, with a particularly high incidence among the older patients.2 OSA is one of the most common sleep 
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disorders, and is associated with an increased risk of hypertension and cardiovascular disease (CVD).3 In particular, OSA 
occurs in 40–80% of patients with hypertension, heart failure (HF), coronary artery disease, pulmonary hypertension 
(PH), atrial fibrillation (AF), or stroke.4 Epidemiological investigation5 revealed that OSA is associated with an increased 
incidence and progression of coronary heart disease, heart failure, stroke, and AF. Undiagnosed OSA is associated with 
increased cardiovascular risk in the general population,6 therefore, it is important to understand the relationship between 
OSA and CVD to enable the development of clinical preventive and therapeutic strategies.

Depression is a crucial factor among the various factors that are associated with OSA and CVD. Worldwide, the most 
common psychiatric disorder, depression, remains a major public health problem.7 The effect of depression and anxiety 
on CVD is evident, not only in the increased risk for and accelerated pathogenesis of CVD but also in the frequent poorer 
prognosis.8 Earlier identification and prevention of depression can markedly enhance the quality of patient survival. 
Several evidences9–11 indicate a higher incidence of depression among individuals with OSA. Both OSA and depression 
are risk factors for cardiovascular disease, and their coexistence may lead to adverse cardiovascular outcomes. In 2021, 
Bouloukaki reported12 that depression is an important characteristic of OSA patients with a high risk for CVD. However, 
their study did not elucidate whether depression increases the probability of CVD risk in OSA patients. The incidence 
and long-term risk of cardiovascular disease related to depression in older patients with OSA remains uncharacterized.

Therefore, this study was conducted with an aim to assess the prognostic significance of depression on the major 
adverse cardiac events (MACE) complex (cardiovascular death, MI, hospitalization for unstable angina, or heart failure) 
in a cohort of OSA patients without previous MI, history of hospitalization for unstable angina, or heart failure at 
baseline.

Materials and Methods
Study Population
This multicenter, observational cohort study that recruited older OSA patients (age ≥60 years) without previous MI, 
history of hospitalization for unstable angina, or heart failure at baseline. OSA was diagnosed between January 2015 and 
October 2017 in departments or sleep medicine centers at 6 hospitals, including the General Hospital of the People’s 
Liberation Army, Peking University International Hospital, Peking University People’s Hospital, Beijing Chaoyang 
Hospital, the 960th Hospital of the People’s Liberation Army, and the Affiliated Hospital of Gansu University of 
Traditional Chinese Medicine. OSA was clinically diagnosed based on an apnea–hypopnea index (AHI) ≥5 breaths 
per hour, which was calculated as the number of apnea and hypoventilation events per hour of sleep. In summary, we 
recruited 1290 consecutive patients with an incident diagnosis of OSA after undergoing an overnight sleep study and 
were clinically stable during their stay (within 1 week of admission) in the sleep centers at the six study centers. Study 
flow is shown in Figure 1.The study enrolled a total of 1106 elderly patients with obstructive sleep apnea (OSA), whose 
inclusion criteria comprised: 1) age ≥60 years, and 2) a confirmed diagnosis of OSA. Exclusion criteria encompassed: 1) 
a prior diagnosis of MI, history of hospitalization for unstable angina, or heart failure; 2) a history of malignancy; 3) 
psychiatric disorders; 4) systemic disease; and 5) previously received continuous positive airway pressure (CPAP) 
therapy. Furthermore, patients who were diagnosed with sleep-disordered breathing other than OSA and those who 
were lost to follow-up were also excluded from this study. Ultimately, the final study population consisted of 1106 older 
patients with OSA who satisfied all of the aforementioned criteria.

This study complies with the Guidelines for Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) and was conducted in accordance with the tenets underlying the Declaration of Helsinki. This study was 
approved by the Ethics Committee of the General Hospital of the Chinese People’s Liberation Army (S2019-352-01), and 
all participants provided written informed consent prior to their study enrolment.

Overnight Sleep Study
OSA was diagnosed and sleep tests are scored in accordance with the American Academy of Sleep Medicine guidelines 
(2017). All participants underwent an overnight sleep study (from 21:00 to 07:00 on the next day) in the sleep center 
within 1 week of admission. Sleep studies were performed using a portable laboratory polysomnography (Compumedics, 
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Melbourne, Australia), and data were subjected automatically to computerized analysis and then manually corrected by 
two sleep technologists and a senior physician. As OSA was defined as an AHI ≥5 events/h, the AHI was calculated as 
the total number of apnea and hypoventilation events divided by the duration of sleep (hours). Accordingly, OSA was 
classified as mild (AHI 5.0–14.9), moderate (AHI 15.0–30.0), or severe (AHI >30.0).13

Covariates
Covariates included baseline clinical and demographic variables. Baseline data with statistically significant differences 
between the two patient groups or indicators that are significantly associated with MACE were included as covariates. 
These included age, smoking and alcohol use, comorbidities [hypertension, atrial fibrillation (AF), chronic obstructive 
pulmonary disease (COPD), renal dysfunction, cerebrovascular disease, carotid atherosclerosis, coronary heart disease 
(CHD)]; laboratory data [creatinine, uric acid] and sleep parameters [AHI, oxygen desaturation index (ODI), mean pulse 
oxygen saturation (MSpO2), lowest pulse oxygen saturation (LSpO2), and Maximum apnea time].

Depression Assessment
The participants were assessed according to the 12-item Geriatric Depression Scale (GDS), Depression was defined as 
meeting at least 4 of the 12 symptoms.14

Procedures, Follow-Up, and Outcomes
Within 7 days after admission, all patients underwent PSG and a comprehensive suite of laboratory tests. Subsequently, 
patients were prospectively followed up for a duration of approximately 4 years following their PSG assessment and 
diagnosis of OSA, with all follow-ups being concluded by December 2020. Follow-ups were terminated upon the 
occurrence of the first MACE. Two investigators who were blinded to the patients’ PSG results contacted the participants 
at 1 month, 3 months, 6 months, 1 year, and every 6 months thereafter (at minimum intervals of 3 months and up to 

Figure 1 Study flowchart. CPAP indicates continuous positive airway pressure; MI, myocardial infarction.
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1 year). Patient follow-up outcomes were additionally verified via clinical visits and medical record reviews, which 
remained in effect until the study’s conclusion. The study’s primary endpoint consisted of MACE, which was defined as 
MI, cardiovascular death, or hospitalization due to unstable angina or heart failure.

Statistical Analysis
Continuous variables are presented as means (standard deviations) for normally distributed data or as medians (inter-
quartile ranges) for skewed data. Categorical variables are displayed as counts and proportions (%). As the quantitative 
variables were not normally distributed, a Mann Whitney U-test was utilized to compare two groups. The relationship 
between depression and time-to-event endpoints was summarized using the Kaplan-Meier method, and the curves were 
compared using the Log rank test. Cox proportional hazards regression models were utilized to compute crude and 
adjusted hazard ratios (aHR) and their corresponding 95% confidence intervals (CI) to investigate the association 
between depression and the risk of cardiovascular events. Model 1 was unadjusted, while Model 2 was adjusted for 
potential risk factors, including depression, age, AHI, ODI, Maximum apnea time, MSaO2, LSaO2, creatinine, uric acid, 
hypertension, CHD, Cerebrovascular disease, carotid atherosclerosis, AF, COPD, renal dysfunction, smoking, and 
alcohol use. Statistical significance was determined at bilateral P <0.05. All analyses were conducted in SPSS version 
25.0 (SPSS Inc, Chicago, IL, USA).

Results
Baseline Characteristics
After excluding patients with myocardial infarction, history of hospitalization for unstable angina, or heart failure at 
screening, 1106[male (n=686) and female (n=420)] eligible patients were identified. Among these, 71 patients had been 
treated with CPAP, 17 patients could not be followed up. Thus, a total of 1106 patients were included in the analysis 
(Table 1). Baseline participant characteristics (median age, 70.0 years, 61.6% male) are shown in Table 1. Of the 1106 

Table 1 General Characteristics of Study Subjects According to Depression

Total(n=1106) Depression(n=133) Non-Depression (n=973) P-value

Age, (y) 66.0(62.0, 71.0) 70.0(65.5, 76.0) 65.0(62.0, 70.0) 0.000
Male(n,%) 686(62.0) 85(63.9) 601(61.8) 0.633

BMI(kg/m2) 26.0(23.8, 28.4) 26.5(23.6, 30.0) 26.0(23.8, 28.2) 0.163

AHI(events/h) 25.4(14.5, 40.7) 30.9(17.2, 50.9) 24.5(14.1, 39.7) 0.006
ODI(events/h) 20.0(10.1, 36.3) 24.1(13.2, 43.5) 19.4(10.0, 36.0) 0.001

Average apnea time(s) 22.3(19.4, 25.3) 23.0(19.5, 26.6) 22.1(19.4, 25.1) 0.077

Maximum apnea time(s) 50.0(33.0, 74.1) 61.8(42.0, 88.0) 48.0(32.0, 71.0) 0.000
MSaO2(%) 93.5(92.0, 95.0) 92.2(90.0, 94.0) 94.0(92.0, 95.0) 0.000

LSaO2(%) 81.0(73.0, 85.0) 78.0(67.5, 83.0) 81.0(74.0, 86.0) 0.000

TSA90(min) 12.7(2.0, 53.8) 14.9(2.5, 101.4) 12.0(2.0, 49.1) 0.158
Average heart Rate(events/min) 63.0(57.8, 69.0) 62.0(57.0, 68.0) 63.4(57.9, 69.0) 0.434

SBP, mmHg 130.0(122.0, 145.0) 140.0(128.0, 160.0) 130.0(121.0, 140.0) 0.000

DBP, mmHg 76.0(70.0, 82.0) 76.0(70.0, 84.0) 76.0(70.0, 82.0) 0.695
WC, mm 89.0(79.0, 99.0) 88.0(78.0, 101.5) 89.0(80.0, 99.0) 0.485

TG, mmol/L 1.4(1.0, 1.9) 1.4(1.0, 1.9) 1.4(1.0, 1.9) 0.692

HDL, mmol/L 1.1(0.9, 1.3) 1.1(0.9, 1.3) 1.1(0.9, 1.3) 0.820
Glu, mmol/L 5.7(5.1, 6.5) 5.8(5.0, 6.9) 5.6(5.1, 6.4) 0.201

Creatinine, mmol/L 72.3(62.3, 83.7) 76.1(65.2, 95.8) 72.0(61.9, 82.9) 0.003

Uric acid, mmol/L 342.0(300.0, 391.0) 363.0(313.3, 406.8) 340.0(297.8, 390.0) 0.012
Smoking(n,%) 248(22.5) 42(32.3) 206(21.2) 0.004

Drinking(n,%) 133(12.1) 24(18.5) 109(11.2) 0.017

(Continued)
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patients, 973 (87.7%) were not diagnosed with depression (median age, 65.0 years, 61.8% male) and 133 (12.0%) were 
diagnoses with depression (median age, 70.0 years, 63.9% male), with AHI values of 30.9 and 25.4 (P = 0.006).

Participants with depression in the group had higher median age (70 years vs 65 years), ODI (24.1 vs 19.4), creatinine 
(76.1 vs 72.0), uric acid (363.0 vs 340.0), SBP (140 mmHg vs 130 mmHg), Maximum apnea time (61.8 s vs 48.0 s), 
longest pause time (61.4 s vs 50.5 s), drinking status (18.5% vs 11.2%), and smoking status (32.3% vs 21.2%) than those 
in the control group (P < 0.05). MSaO2 (92.2% vs 94.0%) and LSaO2 (78.0% vs 81.0%) were significantly higher in 
patients without depression compared with those patients with depression. Furthermore, the proportion of comorbidities 
was significantly higher (P < 0.05) in patients with depression. For instance, AF (12.0% vs 8.2%), CHD (31.6% vs 
21.9%), COPD (13.5% vs 6.0%), hypertension (73.7% vs 61.8%), carotid atherosclerosis (34.6% vs 24.5%), renal 
dysfunction (9.8% vs 2.7%), and cerebrovascular disease (29.3% vs 15.5%). In contrast, the proportions of participants 
with and without depression did not differ significantly (all P > 0.05) according to the sex, BMI, mean heart rate, 
hyperlipidemia, and other sleep parameters.

Mace
A total of 1106 participants were prospectively followed for 42 months or until the occurrence of MACE; during the median 
follow-up of 42 months (range 1–72 months), 96 patients (8.7%) experienced MACE, among whom 25 patients (26.0%) had 
comorbid depression. The incidence of MACE between these two groups was significantly different (P < 0.001; Table 2). 
Kaplan-Meier curves plotting the relationship between depressive status and the cumulative incidence of MACE indicated 
that patients with depression had a significantly higher cumulative event rate of MACE than those without depression (Log 
rank test, P < 0.001; Figure 2). In the unadjusted Cox proportional hazard model, depression was associated with a hazard 
ratio (HR) of 2.63 (95% CI, 1.66–4.14; P < 0.001; Table 3) for MACE. This association persisted even after multivariable 
adjustment for the depression and potential risk factors including age, AHI, ODI, maximum apnea time, mean and lowest 

Table 2 Crude Number of Adverse Events During Follow-Up

Follow-Up Outcomes Total  
(n=1106)

Depression 
(n=133)

Non-Depression  
(n=973)

P-value

MACE(n,%) 96 (9.6) 25 (21.6) 71 (8.0) 0.000

Cardiovascular death(n,%) 20 (2.0) 6 (5.2) 14 (1.6) 0.010

MI(n,%) 30 (3.0) 10 (8.5) 20 (2.3) 0.000
Hospitalization for unstable angina(n,%) 50 (5.0) 15 (12.7) 35 (4.0) 0.000

Hospitalization for heart failure(n,%) 9(2.9) 3(2.6) 6(0.7) 0.042

Table 1 (Continued). 

Total(n=1106) Depression(n=133) Non-Depression (n=973) P-value

Medical history(n,%)

Hyperlipidemia (n,%) 299(27.0) 29(21.8) 270(27.7) 0.148
AF(n,%) 96(8.7) 16(12.0) 80(8.2) 0.001

CHD(n,%) 255(23.1) 42(31.6) 213(21.9) 0.013

COPD(n,%) 76(6.9) 18(13.5) 58(6.0) 0.001
Carotid atherosclerosis(n,%) 284(25.7) 46(34.6) 238(24.5) 0.012

Hypertension(n,%) 699(63.2) 98(73.7) 601(61.8) 0.008

Cardiac dysfunction(n,%) 72(6.5) 13(9.8) 59(6.1) 0.104
Renal dysfunction(n,%) 39(3.5) 13(9.8) 26(2.7) 0.000

Cerebrovascular disease (n,%) 190(17.2) 39(29.3) 151(15.5) 0.000

Abbreviations: BMI, body mass index; AHI, the apnea-hypopnea index; ODI, the oxygen desaturation index; MSpO2, the mean pulse oxygen 
saturation; LSpO2, the lowest pulse oxygen saturation; TSA90, the duration of time with SaO2 <90%; WC, waist circumference; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL, high-density lipoprotein; CHD, coronary heart disease; AF, atrial fibrillation; COPD, 
chronic obstructive pulmonary disease.
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oxygen saturation, creatinine, uric acid, hypertension, CHD, cerebrovascular disease, carotid atherosclerosis, AF, COPD, 
renal dysfunction, smoking, and alcohol use (aHR, 2.29; 95% CI, 1.34–3.90; P = 0.002; Table 3).

The Interaction Between AHI and Depression on the Risk of MACE
After adjusting for AHI, depression, and their interaction term in COX regression analysis, we observed 
a significant multiplicative interaction between AHI and depression on MACE in patients with hypertension 
(P < 0.05; Table 4). However, due to the inherent relationship between hypertension itself and cardiovascular 
disease, the clinical implications of this finding are constrained. While, no significant interaction was evident 
between AHI and depression concerning the incidence of MACE in the overall population or other subpopulations 
(P > 0.05; Table 4).

Subgroup
Upon conducting a subgroup analysis, it was discovered that the aHR for MACE associated with depression was notably 
higher in individuals classified as overweight-obese (aHR, 2.98; 95% CI, 1.49–6.00, P = 0.002; Table 5), male (aHR, 
2.96; 95% CI, 1.52–5.77, P = 0.001; Table 5), and those diagnosed with moderate-severe obstructive sleep apnea (OSA) 
(aHR, 2.82; 95% CI, 1.55–5.14, P = 0.001; Table 5). However, no statistically significant interaction was observed 

Figure 2 Kaplan-Meier curve of depression group and non- depression group on the risk of MACE. 0: non-depression group, 1: depression group, Log Rank P< 0.000.

Table 3 Association Between Depression and Incidence of All Events

Follow-up outcomes Unadjusted Analysis Adjusted Analysis

HR(95% CI) P-value HR(95% CI) P-value

MACE(n,%) 2.63(1.66, 4.14) 0.000 2.29(1.34, 3.90) 0.002

Cardiovascular death(n,%) 3.86(1.26, 11.81) 0.018 2.42(0.79, 7.45) 0.124
MI(n,%) 2.97(1.28, 6.89) 0.011 2.27(0.95, 5.45) 0.066

Hospitalization for unstable angina(n,%) 4.77(2.42, 9.38) 0.000 3.70(1.73, 7.93) 0.001

Hospitalization for heart failure(n,%) 4.02(0.96, 16.85) 0.057 2.09(0.25, 17.63) 0.496
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between depression and the variables in each group. Therefore, clinical trials are required to validate whether depression 
increases cardiovascular burden in these specific populations.

Discussion
In this multicenter, prospective, observational study of 1106 older participants with OSA without MI, heart failure, or 
hospitalization for unstable angina at baseline, we found that more than one-tenth of patients in our study population 
suffered from depression, as ascertained according to the GDS-12 criteria, depression was associated with the incidence 
of MACE. Furthermore, at a median follow-up of 42 months, patients with depression were at higher risk of MACE than 
were patients without depression. Depressive symptoms can impose cardiovascular burden on the elderly population with 

Table 4 The Interaction Between AHI and Depression on the Risk of MACE

Variables Model 1 P Model 2 P Model 3 P

Total population(n=1106) 0.186 0.174 0.166

Hypertension population(n=699) 0.020 0.024 0.027

Non-hypertension population(n=407) 0.742 0.679 0.561

Carotid atherosclerosis population(n=284) 0.255 0.201 0.191

Non-carotid atherosclerosis population (n=822) 0.536 0.500 0.310

COPD population(n=76) 0.877 0.845 0.824

Non-COPD population(n=1030) 0.106 0.095 0.080

Male(n=686) 0.197 0.166 0.130

Female(n=420) 0.901 0.908 0.935

≥70(n=355) 0.144 0.189 0.204

<70(n=751) 0.213 0.186 0.154

Notes: Model 1: unadjusted. Model 2: adjusted depression, age, AHI, ODI, Maximum apnea time, MSaO2, 
LSaO2, hypertension, CHD, Cerebrovascular disease, carotid atherosclerosis, AF, COPD, renal dysfunction, 
smoking, and alcohol use. Model 3: adjusted depression, age, AHI, ODI, Maximum apnea time, MSaO2, LSaO2, 
creatinine, uric acid, hypertension, CHD, Cerebrovascular disease, carotid atherosclerosis, AF, COPD, renal 
dysfunction, smoking, and alcohol use.

Table 5 Subgroup Analysis of the Associations Between Depression and MACE

Unadjusted Analysis Adjusted Analysis Interaction

HR(95% CI) P-value HR(95% CI) P-value P-value

Gender 0.422
Male 3.14(1.82, 5.40) 0.000 2.96(1.52, 5.77) 0.001

Female 1.83(0.78, 4.27) 0.163 1.18(0.40, 3.48) 0.760

Age 0.498
<70 1.65(0.78, 3.51) 0.194 1.72(0.70, 4.25) 0.238

≥70 3.08(1.66, 5.70) 0.000 3.39(1.57, 7.28) 0.002

Severity of OSA 0.407
Mild 1.26(0.37, 4.23) 0.713 0.90(0.18, 4.40) 0.891

Moderate-Severe 3.15(1.91, 5.21) 0.000 2.82(1.55, 5.14) 0.001

BMI 0.424
Overweight-Obese 2.30(1.29, 4.12) 0.005 2.98(1.49, 6.00) 0.002

Normal 3.43(1.63, 7.21) 0.001 2.70(1.03, 7.08) 0.043
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OSA. Therefore, this study has important implications for addressing the public health burden of OSA-related complica-
tions. To our knowledge, this is the first study to assess the relationship between depression and MACE risk in the older 
OSA population in mainland China.

Approximately 17% of the total population is affected by OSA, and OSA prevalence varies widely according to the 
age, ethnicity, and sex of the population studied.15 The clinical symptoms of the depression overlap with OSA, and 
untreated OSA can lead to affective disorders.16 Decreased sleep quality and reduced sleep duration due to sleep apnea 
may increase the risk of depression in individuals with OSA.17 Epidemiological studies18 estimate an up to 28.1% 
prevalence of depression in OSA populations. Depression, as a common psychiatric disorder, has been the subject of 
many studies that have evaluated the factors of CVD.19 However, Researchers have so far done little to investigate the 
expression of the combined or synergistic effect of both OSA and depression on the CVD risk in the older population. In 
our study, patients with depression showed a greater burden of comorbidities, such as hypertension and carotid 
atherosclerosis, all of which were associated with the long-term prognosis of patients, and these very intuitively reflected 
in our study, wherein the incidence of MACE was three times higher in patients with depression than in patients without 
depression, and there were intergroup differences in age, medical history, oxygen reduction index, and various sleep 
breathing parameters. Furthermore, the differential indicators were used as adjustment factors to determine their influence 
on the incidence of MACE, depression was found to be correlated with the risk of MACE.

Depressive symptoms have been correlated with CVD prevalence in the population, and some studies20 have reported 
that patients with depression are more likely to develop endothelial dysfunction compared to the normal population, this 
may constitute a possible mechanism for the association of depression with CVD. Furthermore, animal experiments have 
shown that depressive behavior in mice correlates with left ventricular wall thickness and elevated levels of acetyl 
heparin (HS) and chondroitin sulfate (CS) in the heart,21 which suggest that depression may alter cardiovascular 
physiology and lead to adverse cardiovascular events.

In this study, we did not identify any interaction between AHI and depression with respect to MACE risk in the 
overall population. Nonetheless, our findings suggest that such an interaction may be linked to unfavorable outcomes in 
patients with hypertension. It can be said that when patients with hypertension suffered from both of symptom of high 
AHI and depression, there was a higher risk of MACE. Among the chronic diseases found in older people, hypertension 
is one of the most common, and a high percentage of OSA patients are tend to be diagnosed with hypertension. Because 
of various complications and long-term effects of medication, patients with hypertension are often accompanied by 
depression.22,23 Given the potential impact of long-term complications, reduced quality of life, and impaired self- 
management of hypertension among individuals with OSA, comorbid hypertension, and depression, it is crucial to 
emphasize the importance of prognostic evaluation for this population.Additionally, a high AHI has been prevalent in 
hypertensive patients,24 which may contribute to a poor prognosis in this population.

Our study revealed that the concomitant presence of elevated AHI and depression may heighten the risk of MACE in 
elderly individuals with obstructive sleep apnea (OSA) and hypertension. These findings underscore the significance of 
closely monitoring sleep apnea treatments and depressive symptoms among hypertensive patients, promoting adaptive 
coping strategies such as CPAP and regular physical activity to mitigate the risk of MACE. While our results support the 
presence of an interaction between high AHI and depression on MACE risk in this population, further prospective 
investigations are warranted to corroborate our findings and elucidate underlying mechanisms.

Subgroup analysis showed that older male OSA patients with depression had a higher risk of MACE. Previous 
findings have shown that depression has predictive value for CVD in males with OSA.12 Compared to females, males are 
more socially isolated and less socially supported, and both isolation and social support are inherently associated with 
CVD.25 Eriksson26 found that the mechanism linking depression to CVD in male patients may be related to arterial 
stiffness. Decreased testosterone levels due to reduced sleep duration and sleep fragmentation in male patients were 
associated with an increased risk for depressive symptoms,27 which may explain the high risk of depression in the older 
male OSA population.

The risk of depression correlates with OSA severity, and patients with severe OSA are more likely to be depressed. 
The association between OSA-induced sleep disturbance and depression is bidirectional.28 Animal experiments29 have 
shown that OSA-related intermittent hypoxia causes rapid eye movement (REM) sleep abnormalities. Comparisons of 
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patients with different sleep polysomnography findings show that patients with REM-OSA have a greater extent of 
airway collapse during REM sleep,30 and REM-OSA in males are associated with depression.31 Sleep disturbances are 
both a risk factor for and a symptom of depression. The onset of depression may be associated with the alterations of 
REM sleep.32 The characteristic sleep EEG changes in patients with depression include disinhibition of REM sleep, 
changes in sleep continuity, and impaired non-REM sleep. Furthermore, REM sleep alterations are associated with 
dysregulation of monoamine neurotransmitters, which occur in patients of depression.28 Thus, OSA and depression are 
likely to interact each other, and work together to induce MACE.

Obesity is a major factor in the increased risk for CVD-related morbidity and mortality and, in this study, overweight 
patients with OSA and depression were at greater risk of MACE in a BMI-based subgroup analysis. Obesity can increase 
the risk of CVD through multiple regulatory mechanisms, including excess adipose tissue leading to insulin resistance, 
inflammatory responses, activation of the renin–angiotensin–aldosterone system, and structural cardiac remodeling. 
Moreover, obese individuals, especially those who are metabolically unhealthy, have a higher risk of depression than 
metabolically healthy obese individuals.33

Study Strengths and Limitations
The sample size of our study is large, and there is a fairly long period of follow-up, but the homogenous Asian study 
population means that there is a need for further research into whether our results would apply to other populations. 
Depression is a complex disorder with multiple diagnostic criteria, this could have biased the results. The processes that 
lead to MACE are complex, multivariable models may not incorporate certain confounders or be incompletely adjusted. 
However, these limitations do not affect the main conclusion of our study.

Conclusion
Our study used Asian population-based multicenter cohort, depression was a complex risk factor that independently 
increased the risk of MACE in older patients with OSA in the absence of MI, history of hospitalization for unstable 
angina, or heart failure. In the subgroup analysis, obese males with moderate-severe OSA combined with depression 
exhibited a higher risk of MACE. Our findings strengthen the clinical utility of screening for depression as part of CVD 
risk assessment in older patients with OSA. Furthermore, we suggest that depression should be considered a modifiable 
risk factor for CVD prevention in patients with OSA and this recommendation needs to be validated in future clinical 
trials.
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