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Summary: 
 
In adults ≥65, sleep-disordered breathing (SDB) was linked to 3x higher odds of multimorbidity and 
increased mortality. Strongest associations were with cardiovascular and metabolic diseases, 
highlighting the broad health impact of SDB in older patients. 
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Abstract 

Background:  

Multimorbidity (≥2 chronic diseases) is common among older adults and is linked to increased 

disability and mortality. Sleep-disordered breathing (SDB) is underdiagnosed and has been 

associated with several chronic diseases. However, little is known about the specific patterns of 

comorbidity in the elderly. This study investigated the association between SDB and 

multimorbidity patterns in individuals aged ≥65 years and assessed the impact of SDB on all-cause 

mortality. 

Methods:  

This registry-based case-control study utilized the Danish National Patient Registries from 2002 to 

2019. Individuals aged ≥65 years diagnosed with SDB were identified and matched 1:4 with 

controls based on age, sex, cohabitation status, and region of residence. Comorbidities were 

categorized using eight WHO disease chapters, and 22 specific chronic diseases were assessed 

within seven years prior to SDB diagnosis. Conditional logistic regression estimated odds ratios 

(ORs) for comorbidities; Cox hazard regression models evaluated mortality risk. 

Results:  

A total of 21,555 patients with SDB were matched to 86,212 controls. Patients with SDB had 

significantly higher odds of multimorbidity (OR 2.99, p < 0.01), with increased prevalence across all 

eight WHO disease groups. The highest ORs were found in the cardiovascular (OR 2.52, p < 0.01) 

and metabolic disease categories (OR 2.52, p < 0.01). SDB was associated with elevated all-cause 

mortality (hazard ratio 1.09, p < 0.01). 

Conclusion:  

SDB in older adults is associated with multimorbidity and increased mortality, highlighting the 

need for increased recognition and coordinated treatment of SDB in elderly patients with multiple 

chronic conditions.   

Keywords 

Elderly, mortality, multimorbidity, sleep apnea, sleep-disordered breathing. 
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Introduction 

Obstructive sleep apnea (OSA) is the most common form of sleep-disordered breathing (SDB) and 

is a highly prevalent but underrecognized condition in older adults(1,2). Characterized by recurrent 

episodes of upper airway obstruction during sleep, OSA leads to intermittent hypoxia, sleep 

fragmentation, and systemic inflammation with increased levels of inflammatory markers (e.g., 

VEGF, CRP, IL-6, and TNFα) (3–7). Through these mechanisms, the clinical consequences of OSA 

extend beyond poor sleep quality, by increasing the risks for cardiovascular events, stroke, 

extended hospitalization, and mortality(6,8–12). Recent research suggests that OSA may act as a 

contributor within multimorbidity patterns, not only coexisting with chronic diseases, but also 

exacerbate their development and progression(13–15).  

In patients with multiple chronic diseases, a clear distinction between comorbidity and 

multimorbidity is important. Comorbidity refers to the presence of additional conditions relative to 

an index disease, where multimorbidity refers to the coexistence of two or more chronic diseases 

without prioritizing one (16). This distinction is particularly relevant in older adults, where co-

occurring chronic diseases are common. A disease-centered approach may overlook potential 

interactions among coexisting diseases, leading to both incomplete clinical assessments and 

treatment strategies(16). In the context of personalized medicine and increasing life expectancy, 

understanding the full spectrum of disease burden in elderly patients with OSA is essential to 

inform targeted therapeutic strategies and improve clinical outcomes(17–19). 
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Despite these considerations, large-scale, longitudinal data describing multimorbidity patterns and 

mortality in elderly adults with OSA are limited(13,20). There is a need for population-level insights 

into how OSA influences the structure and evolution of multimorbidity. In this nationwide registry-

based study, we aimed to characterize the comorbidity burden in individuals aged ≥ 65 years with 

SDB and evaluate the association between SDB and all-cause mortality.  

Methods 

This is a register-based case-control study that utilized data from several Danish national registries.  

The primary data sources included the Danish National Patient Register (DNPR), the Danish 

National Prescription Register, and Statistics Denmark, which provided longitudinal socio-

demographic information regarding education, income, employment status, 

immigration/emigration, use of medication, and mortality. Diagnostic data were classified using 

internationally recognized coding systems, primarily the International Classification of Diseases, 

10th Revision (ICD-10).  

Since the DNPR includes all in-patient and outpatient hospital contacts across Denmark, the data 

extracted are representative of all patients who were diagnosed with SDB. The availability of 

registry data varies by source, but complete data from all relevant registries were available for the 

period 1995–2021.  

Study population 

All patients in the DNPR with a hospital contact associated with an SDB diagnosis between 1995 

and 2021 were identified. However, as consistent recording of SDB diagnoses began in 2002, the 

final inclusion period was restricted to patients diagnosed between 2002 and 2019 to ensure 

accurate capture and allow for a minimum two-year follow-up. To ensure inclusion of incident 
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cases the period back to 1994 was used as washout. Patients under 65 years at index were 

excluded.  SDB is used throughout the manuscript to reflect registry-based diagnoses, which do 

not differentiate between subtypes such as OSA, central sleep apnea, or mixed forms.   

During the study period, routine screening for SDB was not standard practice but based on 

physician referral. OSA was diagnosed using the American Academy of Sleep Medicine (AASM) 

criteria with updated hypopnea definitions applied from 2012 (Supplementary Table S1)(21,22). 

Diagnostic methods included home sleep apnea testing (HSAT), respiratory polygraphy, and 

polysomnography (PSG). Physicians were assumed to adhere to national diagnostic and treatment 

guidelines. 

Each patient with SDB was randomly matched with controls in ratio of 1:4 based on age, sex, 

cohabiting status, and region of residence at the year of diagnosis (index year). The SAS 

SURVEYSELECT procedure was used to select the matched control group. 

Variables and outcomes 

Comorbidities were identified using ICD-10 diagnostic codes recorded in connection with any 

hospital contact (primary or secondary diagnosis) between January 1, 1995, and December 31, 

2021. This provided a window of seven years prior to the index date for all participants. 

Comorbidities were aggregated according to eight WHO chapters of the ICD-10 classification 

system (e.g., Chapter 9: Diseases of the Circulatory System, I00–I99). Once a patient was identified 

with a diagnosis within a given WHO chapter, they were considered to have that comorbidity for all 

subsequent years. Comorbidity status at the index date reflects the cumulative presence of 

diagnoses during the 7-year pre-index period. Comorbidity aggregation was done in two stages: 

first, patients and controls were grouped into the relevant WHO chapters; second, these were 

further categorized into 22 major chronic disease groups. In certain cases, patients were identified 
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through prescription data using Anatomical Therapeutic Chemical (ATC) codes from the National 

Prescription Registry. The specific ICD-10 and ATC codes used and the rationale for disease group 

selection, are detailed in the supplementary materials (Supplementary Table S2). Mortality data, 

including date and cause of death (when applicable), were obtained from the National Death 

Registry. 

Statistical analysis 

Descriptive statistics were used to summarize sociodemographic and clinical characteristics. 

Categorical variables were summarized using frequencies and percentages, while continuous 

variables were reported as means and standard deviations. Group comparisons between patients 

and controls were conducted using Chi-square tests, t-tests, or Mann–Whitney U tests, as 

appropriate. Conditional logistic regression models were employed to assess associations between 

SDB and individual comorbidity categories. Results are presented as odds ratios (ORs) with 

corresponding 95% confidence intervals (CIs) and p-values. For survival analysis, Kaplan–Meier 

curves and Cox hazard regression models were used to compare all-cause mortality between 

patients and controls. Patients and controls were followed until death or were censored. Censoring 

criteria included emigration (censored at the date of emigration) or being alive at the end of the 

follow-up period.  

Cox hazard models were adjusted for pre-existing comorbidities using the Quan adaptation of the 

Charlson Comorbidity Index (Quan-CCI), which includes 12 comorbidity categories predictive of in-

hospital mortality(23). Only comorbidities documented within the three years prior to the SDB 

diagnosis were included in the mortality analysis . Hazard ratios (HRs), 95% CIs, and p-values are 

reported. Interaction analyses were conducted using logistic regression models for each 

comorbidity, comparing male and female patients to their respective controls. The dependent 
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variable was binary (0 = no comorbidity, 1 = presence of comorbidity). Models included main 

effects for case-control status, sex, and their interaction, which tested whether the association 

between SDB and comorbidity differed by sex. All statistical analyses were performed using SAS 

version 9.4 TS Level 1M5 (SAS Institute, Cary, NC, USA). 

Results 

Patient characteristics  

We identified 21,555 patients who were diagnosed with SDB at age 65 or older between 2002 and 

2019 (Figure 1). Patients were subsequently matched to 86,212 controls based on age, sex, region 

of residence, and cohabiting status. Baseline characteristics for both patients and matched controls 

are presented in Table 1. Compared to controls, the distribution of educational level and 

employment status differed significantly in patients with SDB (both p < 0.01). Descriptively, 

patients with SDB had slightly higher proportions of individuals with intermediate college-level 

education (14.5% vs. 13.3%) and vocational education (41.1% vs. 40.0%), and a slightly lower 

proportion of individuals who were employed (11.8% vs. 12.1%) compared to controls. 

Multimorbidity and all-cause mortality 

At the time of SDB diagnosis, patients exhibited a higher prevalence of multimorbidity compared 

to controls, both when considering all chronic diseases (81% vs. 59%, p < 0.01) and when focusing 

solely on somatic chronic diseases (77% vs. 56%, p < 0.01). 

When comparing patients and controls applying conditional logistic regression models across eight 

WHO ICD-10 chapters, patients had higher odds of having a diagnosis in each category (Table 2). 

The most prevalent category was “Diseases of the Circulatory System (I00–I99)”, which also 

showed the highest odds of disease presence compared to controls (OR = 2.52, p < 0.01).  
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Odds ratios (with 95% confidence intervals) for each disease category at -1 year and -7 years 

before SDB diagnosis are visualized in Figure 2. In all categories, the odds of having the condition 

increased steadily over time.  

We extracted specific chronic diseases from the registries and applied the same logistic regression 

model across all conditions (Table 3). We observed increased odds for all 22 chronic diseases 

among patients compared with matched controls (Table 3). The highest odds were observed for 

“Other sleep disorders” (OR = 12.6, p < 0.01), which includes insomnia. This was followed by 

hypertension (OR = 2.7, p < 0.01), the most prevalent condition among both SDB patients  

(N = 1,787 ; 79.7%) and controls (N = 52,005 ; 60.3%).    

Significant sex-specific differences were observed for several conditions (Table 4). Compared to 

their controls, males with SDB had lower odds of type 2 diabetes, movement disorders, and reflux 

or gastritis compared to their male controls, than did females with SDB relative to their female 

controls. Conversely, males with SDB had a significantly higher likelihood of being diagnosed with 

dyslipidemia and dementia or other cerebral disorders, relative to their controls, compared to 

females with SDB. For other conditions, including hypertension, atrial fibrillation, heart failure, 

thyroid disease, and obesity, no sex interactions were found. 

 
Unadjusted survival curves for patients with SDB and controls are visualized in Figure 3. Cox hazard 

models were used to estimate the hazard ratio (HR) for all-cause mortality in patients with SDB 

versus matched controls (Table 5). The model showed that SDB was associated with increased 

mortality (HR 1.09 (95% CI *1.06 ; 1.13+, p < 0.01). When adjusting for comorbidities, there was no 

difference in mortality between the SDB patients and controls (HR 1.02, 95% CI *0.99 ; 1.05+,  

p = 0.15).  
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Discussion 

This study demonstrates that SDB in patients aged ≥ 65 years is associated with significantly higher 

odds of multimorbidity, increased disease burden across eight WHO categories, and higher odds 

for 22 chronic conditions prior to SDB diagnosis, compared to matched controls. Additionally, we 

observed increased mortality among SDB patients, likely driven by the number and severity of 

comorbid conditions. With over 21,000 elderly patients included across nearly two decades, this is 

one of the largest and most comprehensive studies, providing insights into the long-term health 

impact of SDB in elderly patients.  

The relationship between SDB and the development of other chronic conditions have been widely 

theorized, with one hypothesis suggesting that SDB accelerates disease onset and progression 

within disease networks (15). Our findings support this theory, demonstrating increased odds of 

several chronic diseases before SDB diagnosis. This supports the concept of pathophysiological 

clustering, wherein SDB exacerbates other conditions through mechanisms such as systemic 

inflammation, sympathetic activation, and metabolic dysregulation(15).  

One interpretation of our data is that the onset of SDB may be influenced by a pre-existing burden 

of chronic diseases, as odds of other diagnoses rose rapidly in the year before SDB diagnosis 

(Figure 2). An alternative explanation is that SDB may be detected only after patients enter 

structured diagnostic pathways for other conditions. This latter interpretation may be more 

plausible, especially in a healthcare context where SDB is often underdiagnosed.  

While stroke and other conditions have been linked to later SDB development, our findings do not 

support a consistent temporal pattern (7,10). As this was an observational study, causal 

relationships cannot be established. Instead, the results emphasize the importance of recognizing 
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SDB as a clinically relevant and often coexisting condition within disease presentations in older 

adults.  

Although some studies report lower cardiovascular risk in older adults, our findings and recent 

data indicate otherwise for those with SDB(24–26). In our study, patients had substantially higher 

rates of cardiovascular comorbidities than controls, consistent with other reports of rising 

cardiovascular mortality in older adults with SDB(25,27). Given the high prevalence of SDB among 

patients with resistant hypertension, heart failure, and pulmonary hypertension, older adults with 

untreated SDB appear to be a high-risk group that often remains undiagnosed and undertreated 

(28). This highlights the need for greater recognition and coordinated management of SDB within 

strategies addressing multimorbidity in elderly patients. 

Some results, such as the increased odds of cancer in SDB patients (OR 1.20, 95% CI *1.16–1.24+, p 

< 0.01), were more pronounced than anticipated. While previous studies have suggested a link 

between SDB and cancer, the topic remains controversial(29). It is possible that this association is 

influenced by selection bias or unmeasured confounding. 

The age distribution revealed that 46% of the cohort was aged 65–69, which may partly explain the 

relatively high employment rate of 12% observed in both groups. This also reflects the functional 

heterogeneity of older adults, particularly in high-income countries with longer life expectancy and 

preserved late-life function. While ≥65 years remains a practical threshold in epidemiology, further 

stratification should be considered in future research to provide insights into the health and 

functional characteristics of elderly patients. Alongside these findings, interaction models 

identified sex-specific differences in comorbidity patterns. Males with SDB had lower odds of type 

2 diabetes, stroke, and movement disorders compared to their male controls, whereas females 

showed a higher relative burden of these conditions. Conversely, males had stronger associations 
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with dyslipidemia and dementia. These findings suggest sex-specific variations in disease clustering 

that may reflect differences in symptom presentation, diagnostic timing, and underlying 

pathophysiology. Given that SDB remains underdiagnosed in women, such differences may 

contribute to variation in disease burden and long-term outcomes, including mortality(30,31). 

The selection of chronic conditions for analysis was guided by a thorough review of the existing 

literature, identifying comorbidities either associated with or hypothesized to be linked to 

OSA(9,10,13,15,29,32,33). Some conditions were identified using prescription data, but this 

approach was limited to diagnoses with specific treatment regimens to reduce misclassification 

from overlapping medication use. The models did not account for the use of medications such as 

antihypertensives(26). Given the potential protective effects of such treatments, future studies 

should investigate the role of medication exposure and polypharmacy in shaping the relationship 

between SDB, multimorbidity, and clinical outcomes. 

In the analysis of all-cause mortality, patients were matched prior to the outcome assessment, 

reducing the need for statistical adjustment. Nevertheless, we adjusted for comorbidities using the 

Quan-CCI index to evaluate whether mortality was primarily driven by morbidity.  

The absence of a significant difference in adjusted mortality suggests that the elevated mortality in 

unadjusted analysis was largely explained by comorbid conditions rather than SDB itself. This may 

also indicate that the matching likely balanced key covariates, though residual confounding cannot 

be excluded. The Quan-CCI index was selected as the adjustment parameter due to its validation 

and widespread use in mortality analyses, making it a robust choice for this context(23). However, 

there remains a risk of overadjustment, as increased mortality risk has been observed in previous 

studies after adjusting for comorbidities(8,9,34). 
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Strengths and limitations 

The primary strength of this study lies in its large sample size of 21,555 individuals and a 17-year 

inclusion window, allowing for robust, longitudinal analysis. Additionally, the DNPR provides 

comprehensive coverage of the entire Danish population, increasing the generalizability of our 

findings. The registry also includes relevant sociodemographic variables and known confounders , 

which we used to effectively match controls. The registries also include healthcare cost data; 

although cost analyses were beyond the scope of the present study, health expenditures are likely 

associated with the observed pre-diagnostic burden, as recently demonstrated in younger and 

female populations(31). 

However, several limitations must be acknowledged. First, there is a risk of misclassification 

among SDB patients. Despite the substantial sample size, SDB remains significantly 

underdiagnosed in Denmark. In this context, undiagnosed patients may have been misclassified as 

controls, which would likely result in a bias, underestimating the true association between SDB 

and comorbidities. Second, the case-control design introduces the potential for selection bias. 

Patients diagnosed with SDB may represent a higher-risk group, with increased exposure to risk 

factors such as smoking, alcohol use, substance abuse, low medication adherence, or higher BMI 

which are all data points not captured in the registries. The lack of individual-level BMI data is a 

key limitation, as obesity is a risk factor for both SDB and several chronic diseases(35). The 

recorded 12% obesity prevalence likely underestimates the true burden(36). However, recent 

meta-analysis data showed that only one-third of individuals with OSA were obese, suggesting SDB 

occurs independently of obesity, particularly in older adults(37,38). While residual confounding 

remains likely, our findings may reflect a broader relationship between SDB and multimorbidity 
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beyond obesity alone. Third, we were unable to assess SDB severity or treatment strategy, as 

metrics such as AHI and adherence are not captured in the DNPR. Because disease severity and 

treatment patterns likely shape multimorbidity profiles and outcomes, their absence limits 

interpretation. In this context, applying data-driven approaches such as latent class or cluster 

analyses may offer an alternative way to identify clinically relevant multimorbidity patterns within 

the SDB population. 

Fourth, diagnostic variability was a concern, as registry data did not capture testing methods or 

hypopnea scoring. Updated criteria, variation in testing, and changing awareness over time may 

have introduced heterogeneity in case identification, particularly in older adults with atypical or 

underrecognized symptoms. 

Finally, we acknowledge that the DNPR does not distinguish between subtypes of SDB, such as 

OSA, central sleep apnea, Cheyne-Stokes respiration, and mixed sleep apnea. As such, our study 

encompasses a heterogeneous SDB population. While OSA is expected to be the most prevalent 

subtype, the inclusion of patients with other forms of SDB, particularly those with coexisting 

conditions such as COPD, heart failure, or severe obesity, may introduce misclassification and bias. 

(1,2,37). 

While this study highlights the relevance of screening for SDB in elderly, multimorbid patients, a 

need for high-quality randomized controlled trials (RCTs) to assess the impact of CPAP treatment in 

elderly patients remains. RCTs could overcome the inherent limitations of observational research. 

Future studies should also investigate CPAP compliance, assess changes in disease risk, and 

incorporate detailed clinical data to improve our understanding of SDB management in elderly 

adults. 
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Conclusion 

This large-scale, registry-based case-control study demonstrates that SDB in patients aged 65 and 

above is associated with significantly increased odds of having multiple chronic conditions and 

elevated all-cause mortality compared to matched controls. The findings highlight the need for 

increased recognition and coordinated treatment of SDB in older adults with multiple chronic 

conditions.  
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Tables 
 

Table 1. Patient characteristics 
Variable Patients 

(N = 21 555) 

   Control 

(N = 86 212) 

Sex, N (%)      

 Female 6 273 (29%)    Matched 

 Male 15 282 (71%)    Matched 

Age (years), Mean (SD) 71 (5)    Matched 

Age group (years), N (%)      

   65-69 9 871 (46%)    Matched 

   70-79 9 963 (46%)    Matched 

   ≥ 80  1 721 (8%)    Matched 

Region of  Residence, N (%)      

 Capital 5 877 (27%)    Matched 

 Zealand 2 942 (14%)    Matched 

 Southern Denmark 5 648 (26%)    Matched 

 Central Jutland 5 183 (24%)    Matched 

 Northern Jutland 1 905 (9%)    Matched 

Cohabiting status, N (%)      

 Married or cohabiting 15 202 (71%)    Matched 

 Single  6 353 (29%)    Matched 

Employment status, N (%)      

 Employed 2 542 (12%)    10 459 (12%) 

 Unemployed or leave due to illness 37 (<0.5%)    174 (<0.5%) 

 Disability pension 360 (1%)    1.133 (1%) 

 Education  45 (<0.5%)    189 (<0.5%) 

 Age pension 18 571 (86%)    74 257 (86%) 

Education level, N (%)       

 Primary 6 570 (31%)    28 407 (33%) 

 Secondary 481 (2%)    1 735 (2%) 

 Vocational 8 865 (41%)    34 462 (40%) 

 College Student – short 758 (4%)    2 933 (3%) 

 College student – medium 3 134 (15%)    11 496 (13%) 

 College student – long (+Ph.D.) 1 305 (6%)    5 398 (6%) 

 Unknown  442 (2%)    1 781 (2%) 

Multimorbidity†, N (%)      

 ≥ 2 chronic diseases (all) 17 348 (81%)    50 883 (59%) 

 ≥ 2 chronic somatic diseases†  16 673 (77%)    48 150 (56%) 

Baseline variables: Patients are matched to controls in ratio 1:4 on sex, age, region of residence, and cohabiting status. † Chronic 
diseases excluding psychiatric diseases.  
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Table 2. Prevalence and odds ratio of comorbidities (aggregated into WHO disease classification) 
among patients with sleep-disordered breathing versus matched controls  

WHO chapters  Patients  
(N = 21 555) 

Control 
(N = 86 212) 

OR 95% CI  p 

 

Cases 

(n)  

Prevalence (%) Cases 

(n) 

Prevalence (%)     

2. Neoplasms 

(C00-D48) 

5 240 24 18 271 21 1.20 [1.16;1.24] <0.01 

4. Endocrine, nutritional, and 

metabolic diseases (E00-E90) 

7 879 37 16 351 19 2.52 [2.43;2.60] <0.01 

5. Mental and behavioral disorders 

(F00-F99) 

2 014 9 5 972 7 1.40 [1.33;1.48] <0.01 

6. Diseases of the nervous system 

G00-G99) 

4 038 19 8 548 10 2.11 [2.02;2.20] <0.01 

9. Diseases of the circulatory 

system (I00-I99) 

12 364 57 30 678 36 2.52 [2.44;2.60] <0.01 

10. Diseases of the respiratory 

system (J00-J99) 

5 596 26 11 341 13 2.35 [2.27;2.44] <0.01 

11. Diseases of the digestive 

system (K00-K93) 

7 045 33 20 677 24 1.55 [1.50;1.60] <0.01 

14. Diseases of the genitourinary 

system (N00-N99) 

5 662 26 14 668 17 1.75 [1.69;1.82] <0.01 

Number of cases (N) and prevalence (%) for relevant WHO chapters accumulated seven years prior to sleep-disordered breathing 
diagnosis in both cases and controls. Statistical significance (p) was calculated using conditional logistic regression, odds  ratio (OR) 

and 95% confidence intervals (95% CI) were provided for each model.  
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Table 3. Prevalence and odds ratio of chronic diseases among patients with sleep-disordered 
breathing patients versus matched controls  

Chronic diseases  Patients  
(N = 21 555) 

Control 
(N = 86 212) 

OR 95% CI  p 

 

Cases  

(n)  

Prevalence (%) Cases 

(n) 

Prevalence (%)     

Cancer  

 

5 240 24 18 271 21 1.20 [1.16;1.24] <0.01 

Endocrine or metabolic disease        

  Diabetes type II 4 952 23  10 842 13 2.09 [2.01;2.17] <0.01 

  Dyslipidemia 12 267 57 35 168 41 1.97 [1.91;2.04] <0.01 

  Obesity 2 481 12 2 084 2 5.39 [5.07;5.74] <0.01 

  Thyroid disease 1 824 9 4 731 6 1.62 [1.53;1.73] <0.01 

Mental and behavioral disorders        

  Affective disorders 5 311 25 11 694 14 2.13 [2.05;2.21] <0.01 

  Anxiety and stress-related   ---

disorders    

2 473 12 7.326 9 1.41 [1.34;1.48] <0.01 

  Other mental or behavioral         

ndisorders    

318 2 870 1 1.48 [1.30;1.68] <0.01 

Neurological disorders        

  Dementia and other 

neurodegenerative disorders 
550 3 1 972 2 1.12 [1.02;1.24] 0.02 

  Movement disorders and 

neuroinflammatory disorders 

491 2 1.140 1 1.74 [1.56;1.94] <0.01 

  Stroke & TCI 2 645 12 6 196 7 1.85 [1.74;1.92] <0.01 

  Other sleep disorders 543 3 179 <1 12.62 [10.63;14.99] <0.01 

Heart disease        

  Atrial fibrillation/flutter 3 289 15 6 532 8 2.25 [2.15;2.35] <0.01 

  Heart failure  1 832 9 3 065 4 2.57 [2.42;2.73] <0.01 

  Hypertension 17 186 80 52 005 60 2.66 [2.57;2.76] <0.01 

  Other CVD 7 718 36 19 364 23 1.96 [1.90;2.02] <0.01 

Respiratory disease        

  Asthma  906 4 1 455 2 2.57 [2.36;2.80] <0.01 

  COPD 2 224 10 3 994 5 2.39 [2.26;2.53] <0.01 

Gastrointestinal disease        

  Reflux and gastritis  2 030 9 5 190 6 1.63 [1.54;1.72] <0.01 

  Non-infectious colitis and 

enteritis 

536 3 1 531 2 1.41 [1.28;1.56] <0.01 

Kidney & urinary tract disease        

 Chronic kidney disease 681 3 1 266 2 2.21 [2.01;2.43] <0.01 

 Other kidney and urinary disease 1 162 5 2 923 3 1.62 [1.52;1.74] <0.01 

Multimorbidity†, N (%)        

 ≥ 2 chronic diseases (all) 17 348 81 50 883 59 2.99 [2.88;3.10] <0.01 

 ≥ 2 chronic somatic diseases†  16 673  77 48 150  56 2.82 [2.72;2.92] <0.01 

Number of cases (N) and prevalence (%) for relevant chronic diseases accumulated seven years prior to the sleep-disordered 

breathing diagnosis in both cases and controls. Statistical significance (p) was calculated using conditional logistic regres sion, odds 
ratio (OR) and 95% confidence intervals (95% CI) were provided for each model. CVD = cardiovascular disease, COPD = Chronic 
obstructive pulmonary disease. † Chronic diseases excluding psychiatric diseases. 

  

 on December 22, 2025 by guest. Please see licensing information on first page for reuse rights. https://publications.ersnet.orgDownloaded from 



Table 4. Interaction analysis of sex differences in the association between case-control status and likelihood 

of chronic diseases 

Diagnosis Female  Male  Interaction 

estimate 

p 

 OR 95% CI p OR 95% CI p   

Cancer  

 

1.22 [1.15;1.31] <0.01 1.19 [1.14;1.24] <0.01 - 0,03 0.41 

Endocrine or metabolic 

diseases 

        

 Diabetes type II 2.34 [2.18;2.53] <0.01 2.01 [1.92;2.10] <0.01 - 0,16 <0.01 

 Dyslipidemia 1.84 [1.74;1.95] <0.01 2.03 [1.96;2.11] <0.01 0.09 <0.01 

 Obesity 5.20 [4.71;5.72] <0.01 5.53 [5.11;6.00] <0.01 0.05 0.41 

 Thyroid disease 1.57 [1.45;1.69] <0.01 1.70 [1.56;1.86] <0.01 0.08 0.16 

Mental and behavioral 

disorders 

        

 Affective disorders 2.21 [2.07;2.35] <0.01 2.09 [2.00;2.19] <0.01 - 0.05 0.41 

 Anxiety and stress-related 
disorders    

1.42 [1.31;1.53] <0.01 1.41 [1.32;1.50] <0.01 0.01 0.99 

 Other mental or behavioral 

disorders    

1.86 [1.52;2.28] <0.01 1.26 [1:06;1.50] <0.01 - 0.39 <0.01 

Neurological disorders         

 Dementia and other 
neurodegenerative disorders 

0.83 [0.68;0.99] <0.01 1.27 [1:13;1.42] <0.01 0.41 <0.01 

 Movement disorders and 

neuroinflammatory disorders 

2.13   [1.77;2.57] <0.01 1.58 [1.39;1.80] <0.01 - 0.30 <0.01 

 Stroke & TCI 2.06 [1.87;2.27] <0.01 1.76 [1.66;1.86] <0.01 - 0.15 <0.01 

 Other sleep disorders 14.73 [10.66;20.36] <0.01 11.83 [9.66;14.39] <0.01 - 0.19 0.31 

Heart disease         

 Atrial fibrillation/flutter 2.20 [1.99;2.43] <0.01 2.26 [2.15;2.38] <0.01 0.03 0.57 

 Heart failure  2.51 [2.19;2.88] <0.01 2.59 [2.42;2.77] <0.01 0.01 0.88 

 Hypertension 2.60 [2.43;2.78] <0.01 2.69 [2.57;2.81] <0.01 0.03 0.40 

 Other CVD 2.07 [1.94;2.20] <0.01 1.92 [1.85;2.00] <0.01 - 0.07 0.06 

Respiratory disease         

 Asthma  2.79 [2.45;3.19] <0.01 2.43 [2.17;2.71] <0.01 - 0.14 0.11 

 COPD 2.30 [2.15;2.46] <0.01 2.61 [2.36;2.86] <0.01 - 0.12 0.04 

Gastrointestinal disease         

 Reflux and gastritis  1.83 [1.67;2.01] <0.01 1.54 [1.44;1.64] <0.01 - 0.18 <0.01 

 Non-infectious colitis and 
enteritis 

1.57 [1.33;1.84] <0.01 1.33 [1.17;1.51] <0.01 - 0.16 0.11 

Kidney & urinary tract 
disease 

        

Chronic kidney disease 2.34 [1.90;2.87] <0.01 2.18 [1.95;2.42] <0.01 - 0.15 0.09 

Other kidney and urinary 
disease 

1.83 [1.57;2.13] <0.01 1.58 [1.46;1.71] <0.01 - 0.08 0.49 

Conditional logistic regression models were applied separately for males and females, adjusted for age, cohabiting status, and region 
of residence. Odds ratios (OR) with 95% CI are reported for each comorbidity. The last two columns (to the right of the dotted line) 
show the interaction term between case–control status and sex (male = 1), with corresponding p-values. A positive interaction 

estimate indicates a stronger association in males, while a negative estimate indicates a stronger association in females.  
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Table 5. Cox hazard models of all-cause mortality in sleep-disordered breathing patients versus  

matched controls 

Cox hazard model 

 
 Reference HR 95% CI  p 

 

Cox-hazard model 
   Unadjusted 
  

 
Matched controls 

 
1.09 

 
[1.06;1.13] 

 
<0.01 

Cox-hazard model 

   Adjusted 
   Quan CCI 

 

Matched controls 
 

 

1.02 
1.40 

 

[0.99;1.05] 
[1.39;1.41] 

 

0.62 
<0.01 

Mortality  characteristics  
 

 SDB patients  Controls    

Number of patients 
   Deaths N (%) 
   Censored N (%) 

 

 
5 357 (25%) 

16 198 (75%)  

 
20 005 (23%) 
66 207 (77%) 

 
 

 
 

Age at death mean (SD) 
 

78.2 (6.4) 78.4 (6.6)   

P-values were calculated by comparing the incidence of all-cause mortality between patients with sleep-disordered breathing 
(SDB) and matched controls using a Cox proportional hazards model, adjusted for the Quan Charlson Comorbidity Index (Quan 
CCI). Hazard ratios (HRs) with 95% confidence intervals (CIs) are reported. Patient characteristics include the number (%) of 

deaths versus censored cases and the mean (SD) age at death.  
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Supplementary material  
 

Table S1.  Hypopnea criteria  

Variable American Academy of Sleep Medicine, 
recommended criteria

 
American Academy of Sleep Medicine, 
alternative criteria 

Revised - American Academy of 
Sleep Medicine (after 2012) 

Nasal flow  ≥ 30% ≥ 50% ≥ 30% 

Duration ≥ 90% of event ≥ 90% of event NA 

Desaturation  
(and/or 
arousal) 

≥ 4% ≥ 3% (and/or arousal) ≥ 3% (and/or arousal) 

The study utilized different diagnostic criteria to define sleep-disordered breathing over time. Initially, the recommended or 

alternative criteria of the American Academy of Sleep Medicine (AASM) were used.
19

 Revised AASM criteria were implemented from 
2012.

20
 NA: not applicable (this criterion was abandoned when the 2012 update was implemented). 
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Table S2.  WHO chapters and comorbidities with corresponding ICD/APC coding  

WHO chapters and selected 

chronic diseases 

ICD-10
 

APC Rational 

2.  Neoplasms  
(C00-D48)  

C00-D48  Association to OSA remains 
controversial, few studies do 
however point towards 
association. 

4.  Endocrine, nutritional, and 
metabolic diseases (E00-E90)  

   

  Diabetes type 2 E11 A10*  Association to sleep-disordered 
breathing 

  Dyslipidemia E78 C10A+C10B Association to sleep-disordered 
breathing 

  Obesity  E66  Association to sleep-disordered 
breathing 

  Thyroid disease E00-007 H03AA Hypothyroidism associated with 
OSA 

5.  Mental and behavioral 
disorders (F00-F99) 

   

  Mood [affective] disorders F30-39 or at least 2 or more registrations of a 
purchased medication with the N06A 
ATC-code in one year 

Mood and anxiety disorders 
associated with OSA 

  Anxiety, dissociative, stress-

related, somatoform and 
other nonpsychotic mental 
disorders 

F40-F48 or at least 2 or more registrations of a 

purchased medication with the N05B 
ATC-code in one year 

Mood and anxiety disorders 

associated with OSA 

  Other mental or behavioral 

disorders 

F20-29 + 50-99  Mood and anxiety disorders 

associated with OSA 

6.  Diseases of the nervous 

system (G00-G99) 

   

  Dementia and other 

neurodegenerative disorders 

F00-F09, G30-G32  Potential association to OSA 

  Movement disorders and 

neuroinflammatory disorders 

G10-G13, G20-26, 

G35-37 excl. G47, 
G25.8 

 Neuroinflammatory diseases 

and Parkinson’s disease have 
been associated with OSA 

  Stroke I60-I69+G45  Stroke and TIA are associated 

with OSA 

  Other sleep disorders G47 excl. G47.3  Hypersomnia is a main feature 

in OSA. Periodic limb movement 
disorder also associated with 
OSA 

9.  Diseases of the circulatory 

system (I00-I99) 

   

  Atrial fibrillation and flutter I48  Associated with OSA 

  Heart failure  I50  Associated with OSA 

  Hypertension I10, I15 Patient are included with hypertension if 

collecting hypertension medication at 
least one time (Intention to treat is 
chosen as indicator for the patients 

having hypertension) 
•C02 – Antihypertensives 
•C03 – Diuretics 
•C07 - Beta blocking agents 

Associated with OSA 
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•C08 - Calcium channel blockers 
•C09 - Agents acting on the renin-
angiotensin system 

  Other CVD I10-I99 excl. I10, 

I15, I48, I50, I60-69 

 Associated with OSA 

10. Diseases of the respiratory 

system (J00-J99) 

   

  Asthma J45-J46  Potential relationship between 

asthma and OSA 

  COPD J44  Co-occurrence of COPD and OSA 

associated with high mortality 
risk 

11. Diseases of the digestive 
system  

 

   

   Reflux,  gastritis, and ulcer K20-K31  Gastro-esophageal reflux have 
been associated with OSA 

   Non-infectious colitis and 
enteritis 

K50-52  Inflammatory bowel disease and 
OSA suggested to bidirectionally 
affect each other.  

14. Diseases of the 
genitourinary system (N00-
N99) 

   

  Kidney & urinary tract 

disease 

N00-N23, excl.N18  Uremia associated with OSA 

  Chronic kidney disease  N18  Uremia associated with OSA 

The diseases or disease categories were selected based on professional opinion and related studies, that have shown an association 
or co-occurrence with obstructive sleep apnea (OSA)

9,10,12,14,23–26
. COPD = Chronic obstructive pulmonary disease, CVD = 

cardiovascular disease,  
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