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The severity of coronary heart
disease and the incidence and
severity of following obstructive
sleep apnea: a population-based
cohort study
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Obstructive sleep apnea (OSA) is characterized by pharyngeal collapse, hypoxia, and hypercapnia.
However, the impact of coronary heart disease (CHD) severity on OSA development has been rarely
explored. This study aimed to evaluate the correlation between CHD severity and OSA incidence. This
retrospective cohort study was conducted using the National Health Insurance Research Database
(NHIRD). Patients with CHD were categorized into three groups: those with severe CHD who
underwent percutaneous coronary intervention (PCl), those with CHD without PCl, and those receiving
medical treatment. The primary outcome was the development of OSA at least six months after CHD
onset. Cox proportional hazards regression was used to calculate the adjusted hazard ratio (aHR)

and 95% confidence interval (Cl) for OSA across the different CHD groups. A total of 5,193 and 8,313
OSA events were recorded in the CHD-PCI and CHD groups, respectively. After adjusting for multiple
confounders, the incidence of OSA was significantly higher in the CHD-PCI group than in the CHD
group (aHR: 1.267, 95% CI: 1.220-1.315, P=0.0135). Subgroup analyses showed that the association
between severe CHD with PCl and OSA was more pronounced in older CHD patients (P<0.05). The
cumulative incidence of both OSA and severe OSA was significantly higher in the CHD-PCl group than
in the CHD group (both P <0.001). Severe CHD requiring PCl is associated with a higher incidence of
subsequent OSA compared to mild CHD. This association is particularly significant in patients older
than 70 years.
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Coronary heart disease (CHD) is characterized by coronary artery stenosis and the resulting ischemic condition
of the myocardium, which is increasingly prevalent in developing countries’?. CHD affects both sexes and
carries a significant mortality rate, with women experiencing worse outcomes than their male counterparts>.
The chronic form of CHD can be managed with medical treatments, including antiplatelet and lipid-lowering
medications®®. In more advanced cases, such as multivessel disease or chronic total occlusions, percutaneous
coronary intervention (PCI) is performed to restore vascular perfusion®’.

Previous studies have shown that CHD affects multiple organ systems beyond the heart and coronary

arteries®®. CHD is associated with metabolic syndrome due to chronic inflammation and insulin resistance'’.
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Additionally, acute coronary syndrome has been observed in 8% of patients with Behget’s disease!!. CHD has
also been linked to changes in choroidal vascularity in the eye'?, and patients with advanced periodontitis have
a higher risk of developing CHD, likely due to systemic inflammatory responses'?.

Obstructive sleep apnea (OSA) is characterized by pharyngeal collapse, hypoxia, and hypercapnia!. Known
risk factors for OSA include age, male sex, and obesity'*. The relationship between OSA and CHD has been
investigated, with studies suggesting a positive correlation between the two conditions'>!¢. However, while prior
research has examined the association between CHD and OSA development, the impact of CHD severity on
OSA remains largely unexplored. Given the shared pathophysiological mechanisms between CHD and OSAY7, it
is plausible that higher CHD severity may be associated with more frequent OSA episodes.

This study aimed to evaluate the correlation between CHD severity—based on PCI status—and the
subsequent development of OSA and severe OSA using data from the National Health Insurance Research
Database (NHIRD) in Taiwan. Several known risk factors for OSA were included in the multivariate analysis.

Materials and methods

Data source

This study adhered to the Declaration of Helsinki (1964) and its subsequent amendments. Ethical approval was
obtained from both the National Health Insurance Administration of Taiwan and the Institutional Review Board
of Chung Shan Medical University Hospital (project code: CS2-23044). The requirement for written informed
consent was waived by both organizations. The National Health Insurance Research Database (NHIRD)
contains comprehensive insurance records from Taiwans National Health Insurance system, covering over
23 million individuals from January 1, 2000, to December 31, 2020. The NHIRD dataset includes International
Classification of Diseases Ninth Revision (ICD-9) and Tenth Revision (ICD-10) diagnostic codes, as well as
patient demographics (age, sex, education level, and residential area), imaging and laboratory examination
records, medical department classifications, procedure and surgical codes, and Anatomical Therapeutic
Chemical (ATC) classification system codes for medications.

Patient selection

This was a retrospective cohort study. Participants were defined as having CHD once they met the following
criteria: (1) receipt of CHD diagnoses according to the ICD-9 and ICD-10 codes from 2014 to 2019; (2) the
arrangement of complete blood cell count, white blood cell differentiation count, cholesterol, triglyceride, high-
density lipoprotein, low-density lipoprotein, and electrocardiogram exams before the CHD diagnosis; and (3)
the patients had visited the internal medicine, family medicine, or cardiovascular departments for at least two
months. The index date of this study was defined as the date of 6 months after CHD diagnosis. In addition, the
following exclusion criteria were adopted: (1) missing demographics; (2) death before the index date; (3) age less
than 20 years old or more than 100 years old; (4) CHD diagnosis found in less than two outpatient department
visits; (5) index date earlier than 2015 or later than 2019; and (6) OSA developed before the index date. To
compare CHD severity, patients were categorized into two groups: those who received only medical treatment
and those who underwent PCI. PCI was used as an indicator of severe CHD, as it is typically performed in
patients with multivessel disease, as noted in previous literature!®. However, the ACS-related and elective PCIs
cannot be separated in the NHIRD which could interfere our analysis. Each CHD patient with PCI was matched
to two CHD patients receiving medical treatment. PSM was performed using the PROC PSMATCH procedure
in SAS software, with the propensity score estimated through logistic regression. The following baseline
covariates were included: year of CHD diagnosis, index year, age, sex, economic status, hypertension, diabetes
mellitus, hyperlipidemia, cerebrovascular disease, and peripheral vascular disease. A 1:2 nearest neighbor greedy
matching approach with a caliper width of 0.01 was applied to ensure comparability between groups. A caliper
of 0.01 was chosen as it effectively minimized covariate imbalances without excessively reducing the matched
sample size. Balance between matched groups was assessed using the absolute standardized mean difference
(ASD), with a threshold of <0.1 considered indicative of a well-balanced distribution. Following matching,
296,544 individuals were assigned to the CHD-PCI group and 593,088 to the CHD group. The patient selection
process is illustrated in Fig. 1.

Primary outcome

The primary outcome was an OSA episode, according to the following criteria: (1) receipt of OSA-related
ICD-9 and ICD-10 diagnostic codes, (2) arrangement of polysomnography before the date of OSA diagnosis
according to the related procedure codes, and (3) OSA diagnosis made by a chest physician, neurologist, or
otolaryngologist. Severe OSA was defined as OSA based on the above criteria and OSA-related nasal, pharyngeal,
and laryngeal surgeries. In addition, only OSA events that appeared after the index date were considered the
outcome achievement. The patients in this research were followed until the occurrence of an OSA episode, and
were withdrawn from the Taiwan National Health Insurance program or the deadline of the NHIRD, which
indicates December 31, 2020.

Demographic and systemic confounders

To minimize confounding effects on OSA development, multivariable analyses were adjusted for the following
demographic and clinical factors: age, sex, economic status, hypertension, diabetes mellitus, hyperlipidemia,
cerebrovascular disease, peripheral vascular disease, and medication use (systemic corticosteroids, aspirin,
clopidogrel, direct-acting oral anticoagulants, statins, and warfarin). The presence of these conditions and
medications was determined using insurance codes from the NHIRD. To ensure adequate exposure duration for
confounders to influence OSA development, only systemic diseases or medications that persisted for at least two
years before the index date were included in the analysis.
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Fig. 1. The flowchart of participant selection. NHIRD, National Health Insurance Research Database; N,
number; CHD, coronary heart disease; OSA, obstructive sleep apnea; PSM, propensity score matching.

Statistical analysis

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Descriptive
statistics were used to compare demographic characteristics, systemic diseases, and medication prescriptions
between groups. The ASD was used to assess variable distributions, with values>0.1 considered indicative of
significant differences. Cox proportional hazard regression was conducted to estimate adjusted hazard ratios
(aHR) and 95% confidence intervals (CI) for OSA and severe OSA between the two groups. The model accounted
for demographic factors, systemic diseases, and medication use. The proportional hazards assumption was
verified for the comparison of OSA risk between the CHD and CHD-PCI groups. Kaplan-Meier survival curves
were generated to illustrate the cumulative incidence of OSA and severe OSA, and the log-rank test was used
to compare differences between the CHD and CHD-PCI groups. For subgroup analyses, CHD patients were
stratified by age and sex, and Cox proportional hazard regression was performed again to assess the incidence
of OSA and severe OSA within different subgroups. Additionally, an interaction test was conducted to examine
variations in aHR and 95% CI across CHD subgroups. Statistical significance was set at P < 0.05, while P<0.0001
was reported as P<0.0001 in this study.

Results
The baseline characteristics of the CHD-PCI and CHD groups are summarized in Table 1. A total of 118,412
patients (39.93%) in the CHD-PCI group and 235,387 patients (39.69%) in the CHD group were aged > 70 years,
with no significant differences in age distribution between groups (ASD =0.0015). The number of male patients
was identical in both groups: 192,915 (65.05%) in the CHD-PCI group and 385,830 (65.05%) in the CHD group
(ASD =0.0000). Similarly, no significant differences were observed in economic status, systemic diseases, or
medication use between groups following the PSM process (all ASD <0.1) (Table 1).

After the follow-up period, 5,193 and 8,313 OSA events were recorded in the CHD-PCI and CHD groups,
respectively (Table 2). The incidence of OSA was significantly higher in the CHD-PCI group than in the CHD
group, even after adjusting for all potential confounders (aHR: 1.267, 95% CI: 1.220-1.315, P=0.0135) (Table 2).

Scientific Reports |

(2025) 15:12539 | https://doi.org/10.1038/541598-025-97516-z nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

CHD group CHD-PCI group
Characters (N=593,088) (N=296,544) ASD
Year of CHD diagnosed 0.0020
<=2014 231,958 (39.11%) | 107,314 (36.19%)
2015 90,531 (15.26%) | 50,769 (17.12%)
2016 81,382 (13.72%) | 40,669 (13.71%)
2017 72,154 (12.17%) | 35,991 (12.14%)
2018 61,843 (10.43%) | 31,349 (10.57%)
2019 55,220 (9.31%) | 30,452 (10.27%)
Index year 0.0000
2015 117,354 (19.79%) | 58,677 (19.79%)
2016 109,828 (18.52%) | 54,914 (18.52%)
2017 108,586 (18.31%) | 54,293 (18.31%)
2018 103,582 (17.46%) | 51,791 (17.46%)
2019 105,548 (17.80%) | 52,774 (17.80%)
2020 48,190 (8.13%) 24,095 (8.13%)
Sex 0.0000
Male 385,830 (65.05%) | 192,915 (65.05%)
Female 207,258 (34.95%) | 103,629 (34.95%)
Age 0.0015
<40 15,675 (2.64%) 7697 (2.60%)
40-49 47,801 (8.06%) 24,848 (8.38%)
50-59 115,381 (19.45%) | 57,287 (19.32%)
60-69 178,844 (30.15%) | 88,300 (29.78%)
>=70 235,387 (39.69%) | 118,412 (39.93%)
Economic level 0.0021
Low 168,830 (28.47%) | 84,413 (28.47%)
Low-median 286,840 (48.36%) | 147,063 (49.59%)
Median 80,882 (13.64%) | 39,630 (13.36%)
High 56,536 (9.53%) | 25,438 (8.58%)
Co-morbidity
Hypertension 387,091 (65.27%) | 223,867 (75.49%) | 0.0525
Diabetes mellitus 179,248 (30.22%) | 125,532 (42.33%) | 0.0637
Hyperlipidemia 252,005 (42.49%) | 174,205 (58.75%) | 0.0821
Ischemic stroke 55,306 (9.33%) | 35,586 (12.00%) | 0.0709
Peripheral vascular disease 16,554 (2.79%) 10,642 (3.59%) | 0.0842
Co-medication
Systemic corticosteroids 105,171 (17.73%) | 64,822 (21.86%) | 0.0238
Aspirin 224,557 (37.86%) | 178,748 (60.28%) | 0.0965
Clopidogrel 33,739 (5.69%) | 53,143 (17.92%) | 0.1322*
Direct-acting oral anticoagulants 14,681 (2.48%) 12,586 (4.24%) | 0.0847
Warfarin 8388 (1.41%) 6688 (2.26%) | 0.0799
Statin 213,797 (36.05%) | 143,851 (48.51%) | 0.0318

Table 1. The characteristic in PCI treatment and matched comparison. N, number; CHD, coronary heart

disease; PCI, percutaneous coronary intervention; ASD, absolute standardized difference. * Significant

difference between groups.

Regarding severe OSA, 373 and 618 severe OSA events were documented in the CHD-PCI and CHD groups,
respectively (Table 2). Multivariate analysis confirmed a significantly higher incidence of severe OSA in the
CHD-PCI group compared to the CHD group (aHR: 1.215, 95% CI: 1.058-1.396, P=0.0211) (Table 2). The
cumulative incidence of OSA and severe OSA for both groups is illustrated in Figs. 2 and 3, respectively. The
Kaplan-Meier curves demonstrate significantly higher cumulative incidences of both OSA and severe OSA in
the CHD-PCI group compared to the CHD group (both P<0.001).

In subgroup analyses, CHD patients who underwent PCI exhibited a significantly higher incidence of both
OSA and severe OSA across nearly all age subgroups (P<0.05). Furthermore, the association between severe
CHD with PCI and both OSA and severe OSA was more pronounced in older CHD patients than in younger
patients with severe CHD (P=0.0035 and 0.0327, respectively) (Table 3).
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Study event CHD group | CHD-PCI group P value
OSA

Person-months 20,852,033 9,902,365

Event 8313 5193

Crude HR (95% CI) | Reference 1.310 (1.265-1.356)*

aHR (95% CI) Reference 1.267 (1.220-1.315)* | 0.0135*
Severe OSA

Person-months 21,057,492 10,033,278

Event 618 373

Crude HR (95% CI) | Reference 1.267 (1.114-1.440)*

aHR (95% CI) Reference 1.215 (1.058-1.396)* | 0.0211*

Table 2. The risk of obstructive sleep apnea in coronary heart disease population with different severity. CHD,
coronary heart disease; PCI, percutaneous coronary intervention; CI, confidence interval; aHR, adjusted
hazard ratio. * Significant difference between groups.

CHD group
- am— CHD-PCI group

4 4 Log-rank p<0.001

)
A

Cumulative probability (%) of OSA

' : ) Months
Number at risk 0 12 24 36 48 60 72
CHD group 587412 394478 187219
CHD-PCI group 292277 187070 87365

Fig. 2. The Kaplan-Meier curve for the risk of obstructive sleep apnea between groups. CHD, coronary heart
disease; OSA, obstructive sleep apnea; PCI, percutaneous coronary intervention. * Significant difference
between groups.

Discussion

This study demonstrated that severe CHD requiring PCI is associated with a higher incidence of OSA compared
to CHD patients who did not undergo PCIL. Notably, this association was more pronounced in individuals
aged > 70 years, and the correlation strengthened over time.

Epidemiologically, CHD is a prevalent condition worldwide, with an annual incidence of 1.7%". In certain
populations, such as Finnish males, the incidence of CHD can reach 37% over a 20-year follow-up, with a CHD-
related mortality rate of approximately 15%!°. Similarly, OSA is highly prevalent, affecting approximately 4% of
males in the U.S. and 7.5% in India®®. OSA is also associated with reduced quality of life and emotional distress?!
Given that both CHD and OSA significantly impact public health, understanding their interplay is crucial'?2,

The pathophysiological mechanisms underlying CHD and OSA share several common pathways, beyond
their associations with dyslipidemia and hypertension!”?*-25. CHD is characterized by elevated inflammatory
cytokines, including C-reactive protein (CRP), interleukins, and tumor necrosis factor-alpha (TNF-a), which
are involved in all stages of atherosclerosis progression®2®?’. Notably, inflammation plays a key role in OSA
as well, as patients with severe OSA exhibit higher levels of interleukins and CRP compared to those with
mild OSA?>?8, Additionally, hypoxia and oxidative stress, common features in CHD, also contribute to OSA
pathophysiology, leading to vascular damage and increased production of reactive oxygen species (ROS)?>2%:30,
Given these shared mechanisms, it is plausible that CHD not only increases the risk of OSA but that higher CHD
severity further amplifies this risk. Our findings support this hypothesis in an Asian population, emphasizing the
need for further investigation.
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Fig. 3. The Kaplan-Meier curve for the risk of severe obstructive sleep apnea between groups. CHD, coronary
heart disease; OSA, obstructive sleep apnea; PCI, percutaneous coronary intervention. * Significant difference
between groups.

Subgroup | aHR* | 95% CI Interaction P value
OSA

Age 0.0035*
<60 1.180 | 1.119-1.244

60-70 1.358 | 1.273-1.450

=70 1.402 | 1.285-1.530

Sex 0.0052*
Male 1.244 | 1.194-1.297

Female 1.354 | 1.244-1.474

Severe OSA

Age 0.0327+
<60 1.097 |0.933-1.291

60-70 1.405 | 1.066-1.851

=70 5.222 | 2.140-12.743

Sex 0.0289*
Male 1.147 | 0.987-1.333

Female 1.561 | 1.102-2.211

Table 3. Sensitive analyses for the incidence of obstructive sleep apnea stratified by age and sex. OSA,
obstructive sleep apnea; aHR, adjusted hazard ratio; CI, confidence interval. * The CHD group served as
reference group. * Significant difference between groups.

Previous studies have highlighted the bidirectional relationship between CHD and OSA, where OSA
increases the risk of CHD, and vice versa. However, few studies have examined whether CHD severity influences
OSA incidence. Our study provides preliminary evidence supporting this link, demonstrating that CHD severity
may be an independent risk factor for subsequent OSA development, even after adjusting for known OSA
risk factors such as age, sex, hypertension, and metabolic diseases'®. Consequently, CHD severity may be an
independent risk factor for subsequent OSA development. The severity of OSA can alter the development of
CHD-related morbidity, in which moderate-to-severe OSA is an independent predisposing factor for major
adverse cardiovascular events®!. Patients who received continuous positive airway pressure treatment showed a
lower risk of cardiovascular events*>. Compared to the OSA-to-CHD association in a previous study, our study
further demonstrated that CHD severity can also affect the risk of OSA. Although PCI itself may contribute to
some respiratory stress*’, the effect was rather short-term in previous publications, and we may only regard PCI
as a severity index in the current study. The cumulative incidence analyses further demonstrated the significant
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higher risk of developing OSA in the CHD patients with PCI management than the CHD patients without PCI
management.

In subgroup analyses, the relationship between CHD severity and OSA was most pronounced in patients
aged =70 years. This finding remained significant after adjusting for systemic diseases and medical factors,
suggesting that older adults may be particularly vulnerable to the OSA-inducing effects of severe CHD. Age
is a well-established risk factor for OSA, and males are more susceptible to OSA-related complications than
females'®?’. However, women may also experience similar OSA symptoms, including snoring and daytime
hypersomnolence, but are often underdiagnosed®*. Some studies have reported a higher prevalence of OSA in
women (50%) compared to men (37%), further emphasizing the importance of screening in at-risk populations.
Accordingly, we believe that the higher risk of OSA development in females with severe CHD observed in this
study, which contradicts previous findings*®, may be due to the historical underestimation of OSA in females.
In fact, only 40% of females at high risk for OSA have been diagnosed with the condition®. Another possible
explanation is that females generally tend to seek medical assistance more frequently than males, regardless of
disease type®’. As a result, they may be more likely to consult a physician for OSA-related symptoms. Given these
findings, our results suggest that older CHD patients, particularly those with severe disease, should be routinely
evaluated for OSA.

The current study has several limitations. First, as it relies on claims data rather than actual medical records,
certain important clinical details—such as laboratory results for CHD, cardiac imaging findings, PCI procedure
details, therapeutic outcomes of PCI, recurrence of coronary artery stenosis after PCI, exact CHD diagnosis
timing, and sociodemographic variables including body mass index, smoking status, and alcohol consumption—
are unavailable. Additionally, key OSA-related data, including polysomnography results, apnea-hypopnea index
values, self-paid surgical procedures or devices used for OSA treatment, treatment outcomes, and recurrence
of OSA, cannot be accessed. To define severe OSA, we used the presence of nasal, pharyngeal, and laryngeal
surgeries related to OSA, as polysomnography data and apnea-hypopnea index values are not available in the
Taiwan NHIRD. However, this approach may limit the accuracy of severe OSA classification, as not all patients
with severe OSA undergo surgery; some may opt for self-paid continuous positive airway pressure (CPAP)
therapy instead. The absence of self-paid OSA treatments, including CPAP and weight-loss surgery, from the
NHIRD dataset further limits our ability to comprehensively assess treatment outcomes. Additionally, CHD
patients undergoing PCI may have more frequent healthcare visits, increasing the likelihood of OSA detection
and potentially introducing detection bias. Another limitation is the exclusion of obesity from our multivariate
analysis, despite its well-established role as a risk factor for both CHD and OSA. In clinical practice, ICD-9 and
ICD-10 codes for obesity are infrequently recorded by physicians, making it difficult to include this variable,
which may have led to residual confounding. As mentioned in the Methods section, ACS-related and elective
PCIs cannot be distinguished because cardiac imaging and medical records are not available in the NHIRD
system. Additionally, the precision of CHD severity assessment in this study may be limited, which could affect
the overall integrity of our results. Finally, as nearly all participants in this study were Han Taiwanese, the findings
may not be generalizable to other ethnic populations, limiting the study’s external validity.

In conclusion, severe CHD requiring PCI is associated with a higher risk of subsequent OSA, independent of
other known risk factors. This association is stronger in patients aged > 70 years and increases over time. Given
these findings, CHD patients, particularly those with severe disease, should be screened for OSA to prevent
long-term complications. Future large-scale, prospective studies are warranted to further explore the impact
of CHD severity on OSA treatment outcomes and the potential bidirectional relationship between these two
conditions.
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