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Abstract

Background—Risk factors for obstructive sleep apnea (OSA) and development of subsequent 

cardiovascular (CV) complications differ by sex. We hypothesize that the relationship between 

OSA and high sensitivity troponin T (hs-TnT), cardiac structure, and CV outcomes differs by sex.

Methods and Results—752 men and 893 women free of CV disease participating in both the 

Atherosclerosis Risk in the Communities and the Sleep Heart Health Studies were included. All 

participants (mean age 62.5±5.5 years) underwent polysomnography and measurement of hs-TnT. 

OSA severity was defined using established clinical categories. Subjects were followed for 

13.6±3.2 years for incident coronary disease, heart failure, and CV and all-cause mortality. 

Surviving subjects underwent an echocardiography after 15.2±0.8 years. OSA was independently 

associated with hs-TnT among women (p=0.03) but not in men (p=0.94). Similarly, OSA was 

associated with incident HF or death in women (p=0.01) but not men (p=0.10). This association 

was no longer significant after adjusting for hs-TnT (p=0.09). Among surviving participants 

without an incident CV event, OSA assessed in mid-life was independently associated with higher 

left ventricle mass index only among women (p=0.001).

Conclusions—Sex-specific differences exist in the relationship between OSA and CV disease. 

OSA, assessed in mid-life, is independently associated with higher levels of concomitantly 

measured hs-TnT among women but not men, in whom other comorbidities associated with OSA 

may play a more important role. During 13-year follow-up, OSA was associated with incident HF 
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or death only among women, and among those without an incident event, was independently 

associated with LV hypertrophy only in women.
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Background

Obstructive sleep apnea (OSA) affects at least 2–6% of the U.S. population1 with a higher 

prevalence in men compared to women by 2:1 in population based studies and up to 8:1 in 

referral populations.2,3 Epidemiologic studies suggest an association between OSA and both 

coronary heart disease (CHD) and heart failure (HF).4 Indeed, OSA severity is positively 

associated with higher levels of hs-TnT, a powerful risk factor for incident HF, after 

adjusting for multiple potential confounders in community dwelling persons free of CHD or 

HF.5 Existing cross-sectional studies have also suggested an association between OSA and 

both left ventricular hypertrophy6,7 and right ventricular hypertrophy.8 However, the 

association between clinical risk factors, such as BMI, and OSA differ by sex.9 

Epidemiologic studies also suggest sex-based differences in the association between OSA 

and cardiovascular outcomes.4,10 Whether the relationship between OSA severity and 

subclinical myocardial injury reflected in hs-TnT levels varies by sex is not known. 

Furthermore, whether the impact of OSA in mid-life on subsequent HF risk and on cardiac 

structure and function in late-life varies by sex is not known.

We used data from a well phenotyped cohort participating in both the Atherosclerosis Risk 

in Communities (ARIC) Study and the Sleep Heart Health Study (SHHS) to determine 

whether sex-based differences exist in the relationship between OSA and cardiovascular 

disease. Specifically, we hypothesized that sex-specific differences in the pathophysiology 

of OSA would result in significant sex-based differences in the association of OSA severity 

measured in mid-life with subclinical myocardial injury as measured by hs-TnT levels, with 

incident HF, and with late-life cardiac structure and function.

Methods

Population

Briefly, ARIC is a prospective epidemiologic cohort study that enrolled 15,792 middle-aged 

subjects between 1987 and 1989, and was designed to investigate the etiology and natural 

history of clinical and subclinical atherosclerosis.11 Between 1996 and 1998, surviving 

subjects underwent a fourth visit at which time blood samples were obtained from which hs-

TnT, NT-proBNP, and hs-CRP were measured.12 The SHHS was a prospective cohort study 

conducted between 1995–1998 that recruited 6,441 patients older than 40 years from 9 U.S. 

cohorts, including 1,920 subjects from ARIC.11 Treatment for OSA, including oral devices, 

CPAP or other continuous airway pressure device, or tracheostomy, as well as home oxygen 

therapy were exclusion criteria for recruitment.13 Participants underwent overnight home 

polysomnography and lung function tests.13 The SHHS visit and the fourth ARIC visit were 

performed independently of each other during the same three-year period. Therefore, 
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assessments of OSA severity and clinical and laboratory values were not performed at the 

same time (median difference of ARIC visit relative to the SHHS visit 172 days 

[interquartile range −51 to 387 days]).

A total of 916 men and 974 women participated in both the ARIC Study visit 4 and the 

SHHS. All participants underwent overnight home polysomnography and measurement of 

serum biomarkers, and were free of prevalent coronary heart disease (CHD) or heart failure 

(HF) at baseline assessment as previously described in detail.5 Subjects were considered to 

have HF or CHD if they reported prevalent HF or CHD at ARIC visit 1 or had incident HF 

or CHD between ARIC visit 1 and the later of ARIC visit 4 or the SHHS visit based on 

ARIC cohort surveillance criteria.14,15

All demographics, clinical characteristics, and laboratory values were obtained from ARIC 

visit 4 exam while pulmonary function test results were obtained from the SHHS visit. 

Subjects with prevalent HF or CHD at the later of either ARIC visit 4 or SHHS visit were 

excluded.5 From participants that underwent both ARIC and SHHS visits, 139 males and 61 

females were excluded because of prevalent CHD or HF and additional 41 men and 34 

women were excluded due to missing hs-TnT data, leaving 752 men and 893 women 

included in this analysis (Supplemental Figure 1).

Polysomnography

All participants underwent overnight unattended polysomnography which was centrally 

scored as previously described.5,16 OSA severity was assessed with the apnea hypopnea 

index (AHI) which included all apneas and hypopneas accompanied by at least a 4% drop in 

oxygen saturation.17 The severity of OSA was defined using conventional clinical 

categories: none (AHI≤5), mild (AHI >5 to ≤15), moderate (AHI >15 to ≤30), and severe 

(AHI>30).

Cardiac Biomarkers

Blood samples were taken at the time of ARIC visit 4 and plasma was stored centrally at 

−80°C. Hs-TnT was measured using a highly sensitive assay (Elecsys Troponin T, Roche 

diagnostics, Indianapolis, IN).19 NT-proBNP was measured using electrochemiluminescent 

immunoassay (Roche Diagnostics).18 Hs-CRP was assessed by immunoturbidimetric CRP-

Latex high sensitivity assay from Denka Seiken using Hitachi 911 analyzer according to the 

manufacturer’s protocol.18

Echocardiography

Between 2011 and 2013, surviving ARIC participants were invited for a fifth visit at which 

time echocardiography was performed.19 Of 1,328 surviving participants, 906 subjects free 

of HF or CHD elected to participate and underwent echocardiography by a standardized 

protocol as previously described.19 LV and RV size and systolic and diastolic function 

measurements were assessed according to the recommendations of the American Society of 

Echocardiography (ASE).20,21 LV mass was calculated from LV linear dimensions and 

indexed to body surface area as recommended by ASE guidelines.20 To account for body 
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size LV mass was indexed (LV mass index -LVMI) by dividing LVM to height2.7. LVMI 

was used to define LV hypertrophy as >49 g/m2.7 in men or >45 g/m2.7 in women.

Clinical Outcomes

ARIC participants were followed for all-cause mortality, incident CHD and incident HF as 

previously described.5 Incident HF was defined as the occurrence of a hospitalization with 

an ICD-9 discharge code 428 in any position or a death certificate with either an ICD-9 code 

428 in any position or an ICD-10 code 150 in any position.14 Incident CHD was defined as a 

definite or probable hospitalized MI based on committee adjudication of abstracted 

hospitalization records including chest pain symptoms, ECGs, and cardiac enzymes or an 

adjudicated definite CHD death based on chest pain symptoms, cause of death from death 

certificate, associated hospitalization records and medical history as previously described in 

detail.15 Death was ascertained based in annual phone call follow-up or through health 

department death certificate files.14

Statistical Analysis

OSA was modeled categorically using the clinically defined thresholds noted above. As the 

distribution of hs-TnT was heavily skewed and could not be transformed to achieve 

normality, hs-TnT was modeled as an ordinal categorical variable using 5 categories based 

on our population’s hs-TnT distribution as previously described.5 As the population 

distribution of hs-TnT is known to vary by sex,22,23 we employed sex-specific hs-TnT 

categories: the first category was defined by undetectable values based on the limit of 

quantification (5 ng/L), the fifth category was defined by the 90th percentile (≥14 ng/L for 

males and ≥8 ng/L for females), and the remainder of participants were divided into tertiles 

(for males: 5–6, 7–9, and 10–13 ng/L; for females: 5, 6, and 7 ng/L). We performed 

additional sensitivity analysis using the assay limit of measurement of 3 ng/L as the upper 

limit for the first category of hs-TnT level (see Supplemental Data). We also explored 

whether sex-based differences existed in the association between OSA severity and NT-

proBNP or hs-CRP levels. NT-proBNP and hs-CRP were modeled linearly using 

logarithmic transformed values. The NT-proBNP limit of detection was 5 pg/mL and 

subjects with undetectable values were assigned a value of 2.5 pg/mL.

The relationship between OSA and hs-TnT was assessed using univariate and multivariable 

ordinal regression with hs-TnT category. The associations between OSA and either NT-

proBNP or hs-CRP were assessed using linear regression models. In order to assess the need 

for sex-specific models, we considered a fully adjusted model in which sex-by-covariate 

interaction terms were added for all covariates, thus allowing all beta coefficients to vary by 

sex. We compared this to a simplified model containing no interaction terms via a likelihood 

ratio test.24 We repeated the likelihood ratio test for each biomarker. As several 

demographic, clinical, and metabolic variables associated with OSA may act as either 

confounders or/and mediators of the OSA-biomarker relationship, we employed three 

additive multivariable ordinal logistic regression models adjusting for sequentially more 

variables. Model covariates were selected based on a priori knowledge and variables 

significantly associated with the predictor variable of interest in univariate analysis. Model 1 

adjusted for age and BMI; Model 2 additionally adjusted for clinical covariates 
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demonstrating a differential association with AHI by sex and possible confounders: history 

of hypertension (defined as systolic blood pressure >140 mmHg; diastolic blood 

pressure>80 mmHg or taking antihypertensive medications), history of diabetes (defined as 

fasting blood glucose >126mg/dl or on medication for diabetes), systolic blood pressure and 

smoking status; Model 3 additionally adjusted for alcohol intake, pulmonary function tests 

(FEV1 and FVC), history of chronic lung disease, estimated glomerular filtrated rate (eGFR) 

and blood levels of fasting insulin, total cholesterol, LDL, HDL and triglycerides. Analyses 

were repeated using waist circumference instead of BMI to account for body fat distribution. 

A sensitivity analysis was performed restricted to participants with only 1-year difference 

between ARIC visit 4 and the SHHS visit to explore the impact of the time interval between 

polysomnography and hs-TnT assessment on the model estimates (n=1,019).

To assess the relationship between OSA and time to subsequent HF or death, we used sex-

specific unadjusted Cox-proportional hazard models. Further analysis was performed after 

adjustment for hs-TnT to assess the potential role of hs-TnT as a mediator of the association 

between OSA and incident HF. This was done by assessing the reduction in magnitude of 

the beta coefficient for the association between OSA and the composite outcome after 

subsequent adjustment for hs-TnT. Finally, an additional model further adjusted for the 

same variables as in Model 2 above assessed at the time of polysomnography.

Among participants attending ARIC Visit 5 free of cardiovascular diseases, including HF, 

we assessed the association between OSA severity measured at mid-life and 

echocardiographic measures of LV and RV structure and function when elderly. As many 

clinical risk factors could behave as either confounders or mediators, we used sex-specific 

univariate and multivariable regression models adjusting for the same covariates as in Model 

2 above, but assessed at both timepoints (at polysomnography and at echocardiography), in 

addition to the use of statins, beta-blockers, RAS inhibitors and mineralocorticoid receptor 

antagonists at both timepoints, and self-reported use of CPAP at the time of the 

echocardiography. Measures from both timepoints were included as the change in status 

over time could affect the association between OSA and cardiac structure. Finally, we 

repeated the Cox proportional hazard models to assess the association among women and 

men of OSA severity with the composite endpoint of all-cause mortality, incident HF, 

incident CHD (a known risk factor of HF that has been associated with OSA,4 and LV 

hypertrophy. For this composite endpoint, multivariable analysis adjusted for use of statins, 

beta-blockers, RAS inhibitors and mineralocorticoid receptor antagonists at both the 

timepoints and for self-reported CPAP use at Visit 5. All analyses were performed using 

STATA 12.1 (StataCorp LP. 2009. Texas).

Results

Demographic, clinical characteristics, and cardiac biomarker levels by sex and by OSA 

category are summarized in Table 1. In men, more severe OSA was associated with older 

age, higher BMI, higher systolic and diastolic blood pressure and higher FEV1/FVC ratio. In 

addition to previous associations noted in men, among women more severe OSA was also 

associated with a higher prevalence of diabetes, hypertension, and current smoking.
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Men demonstrated higher hs-TnT levels than women across OSA categories. The fully 

adjusted model for the association between OSA severity and hs-TnT levels with sex-

specific regression coefficients demonstrated significantly better model fit compared to the 

model with sex-independent coefficients (likelihood ratio test p value=0.009). This 

improvement in model fit included a significant interaction between sex and OSA (p=0.04). 

Therefore, we analyzed the relationship between OSA and hs-TnT separately by sex. Based 

on unadjusted ordinal logistic regression, a change from a lower OSA category to the next 

more severe category was associated with an odds ratio for being in a higher hs-TnT 

category of 1.48 [95% CI: 1.25–1.74, p<0.001] in women and 1.20 [95% CI: 1.04–1.37, 

p=0.01] in men (interaction p=0.05). In women, the relationship between OSA and hs-TnT 

remained significant in multivariable ordinal logistic regression models adjusting for age 

and BMI (OR: 1.34 [1.11 – 1.63], p = 0.003; Supplemental Table 1), age, BMI, 

hypertension, diabetes, systolic blood pressure, and smoking status (OR: 1.30 [1.07 – 1.58], 

p = 0.009), and after full multivariable adjustment (OR: 1.25 [1.02 – 1.52], p = 0.03, Figure 

1). However, in men, the relationship between AHI and hs-TnT was noticeably attenuated 

and not significant after adjusting for age and BMI (OR: 0.98 [0.84 – 1.14], p = 0.80; Figure 

1 and Supplemental Table 1). Similar results to the primary analysis were found when the 

analysis was repeated in the following sensitivity analyses: (1) adjusting for waist 

circumference instead of BMI; (2) using 3 ng/L as the limit of measurement of hs-TnT, 

instead of 5 ng/L (Supplemental Tables 2 and 3); (3) restricting the population to 

participants with OSA and ns-TnT measurement performed within 1-year of each other (551 

women and 467 men Supplemental Table 4); and (4) excluding 14 participants missing 

complete data for all covariates (885 women and 746 men; data not shown).

As described previously,5 there was no significant association between OSA severity and 

NT-proBNP levels after adjusting for age, sex, and BSA, nor did sex modify this association 

(p for interaction = 0.36). OSA severity was not significantly associated with hs-CRP levels 

in unadjusted analysis or after multivariable adjustment (Supplemental Table 5). Similarly, 

no effect modification of sex on the relationship between OSA severity and hs-CRP level 

was observed (p for interaction = 0.84).

After 13.6±3.2 years of clinical follow-up, 210 men and 154 women died or suffered 

incident HF. In the unadjusted analysis, OSA severity was significantly associated with 

incident HF or death in women but not in men (Table 2; hazard ratio for moderate/severe vs 

none/mild OSA of 1.26 [1.05 – 1.50] and 1.12 [0.98 – 1.29] respectively, Figure 2). This 

association among women was no longer significant after adjusting for hs-TnT level at Visit 

4 (p=0.07). Mediation analysis suggested that hsTn-T level at the time of OSA assessment 

accounted for approximately 30% of the association between OSA and incident HF or death 

among women.

Among surviving subjects free of CVD –including HF – at the initiation of the fifth ARIC 

visit in 2011, 371 men and 535 women underwent echocardiography (Supplemental Figure 

1). The associations between OSA severity and echocardiographic measurements at Visit 5 

for men and women are shown in Supplemental Table 6. In women, OSA severity was 

independently associated with higher LVMI while in men this association was not 

significant after adjustment for potential confounders (Figure 3). OSA severity was not 
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associated with impairments in LV function, RV size, or RV function in either men or 

women at Visit 5. In women, but not men, OSA severity was associated with the composite 

outcome of incident HF, CHD, death, or LV hypertrophy (p<0.0001 and p=0.08, 

respectively), even in fully adjusted models (Table 2; p=0.03 and p=0.93, respectively). 

Consistent results were found when the analysis was repeated excluding participants with 

missing information for any covariate (n=2; data not shown).

Discussion

Although sex differences for CVD risk factors have been well-described,4,10 there have been 

inconsistent data regarding the relationship of OSA to CV outcomes in men as compared to 

women.25 This study confirms prior research that has shown that compared to women, men 

have a higher prevalence of OSA and hypertension, as well higher levels of hs-TnT, a 

biomarker of subclinical myocardial injury. However, in this cohort of middle aged 

community dwelling individuals without prevalent cardiovascular disease, we demonstrate 

that greater OSA severity is more strongly positively associated with higher hs-TnT in 

women compared to men, and this relationship remained robust after adjusting for multiple 

potential confounders including BMI and metabolic variables in women but not men. We 

further report the novel finding that after 13.6±3.2 years of follow-up, OSA severity was 

associated with incident HF in women but not men, and this was partially accounted for by 

hsTnT level. Furthermore, among surviving participants without prevalent CVD, OSA 

assessed in mid-life was significantly and independently associated with LV hypertrophy in 

women but not men, additionally supporting an adverse effect of OSA on cardiovascular 

risk in middle-aged women.

Elevated hs-TnT is a powerful risk factor for incident HF,18 and we have previously shown 

that while this association exists among all OSA categories, it is strongest in persons with 

severe OSA.5 Therefore, our finding of an independent cross-sectional association between 

OSA severity and hs-TnT level among women but not men suggests that, in mid-life, the 

risk of HF associated with OSA would be higher in women compared to men. Indeed, in 

time-to-event analysis, OSA severity was associated with incident HF or death among 

women but not men, and hs-TnT level appeared to account for nearly one-third of this 

association. We did not observe an association between OSA severity and HF risk among 

women independent of other confounders, possibly due to lack of power as a result of the 

small proportion of women in the most severe OSA categories (only 3.6% with severe OSA) 

and lower overall event rates. Indeed, among participants without an incident CV event at 

the end of follow-up, in women but not men OSA severity was independently associated 

with higher LVMI and LVH, an important intermediate phenotype for HF.26 Similarly, 

among women, but not men, OSA severity was robustly and independently associated with 

the composite of mortality, incident cardiovascular disease (HF or CHD), or LVH at the end 

of follow-up even after full multivariable adjustment.

Existing data regarding the impact of sex on the relationship between OSA and 

cardiovascular outcomes is controversial. Although some data suggest that women may 

experience a greater risk of death associated with OSA compared to men,25,27 findings from 

the overall SHHS suggest that OSA severity may be associated more strongly with 
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mortality10 and incident HF4 in men compared to women. However, this data was based on 

several distinct cohorts which varied greatly in age; overall, the combined sample was 

younger and experienced lower overall event rates as compared to the sample in ARIC.10

The stronger associations we observed with OSA among women compared to men may 

reflect sex differences in the pathobiology of OSA, differences in the response to 

cardiovascular stressors, and/or differences in the contribution of OSA to myocardial injury, 

hypertrophy, and clinical events relative to other cardiovascular comorbidities. Women are 

more likely to have REM-dominant OSA, the sleep state when sympathetic activity is 

highest and nocturnal ischemia may be greatest.28 Indeed women demonstrate a greater 

heart rate response associated with arousals compared to men.29 Additionally, women with 

OSA may display greater endothelial dysfunction than men with OSA.30 Cardiac 

adaptations to hemodynamic stress also appear to differ by sex. Women with OSA 

demonstrate a higher propensity to develop pulmonary hypertension.31 While the cross-

sectional association between prevalent hypertension and OSA appears stronger in men than 

women, which may reflect greater duration of exposure to OSA among men,32 the 

prospective association of OSA with incident hypertension may be stronger in women than 

in men, as shown in a sub-analysis of the SHHS data.33 Importantly, women demonstrate a 

greater left ventricular hypertrophic response to pressure overload due to systemic 

hypertension,34 a pattern of cardiac remodeling that has been associated with detectable high 

sensitivity troponin.35

Sex differences in time of development of OSA may also contribute to the observed sex-

based differences. Men develop OSA earlier in life, while women tend to develop OSA after 

menopause.9 Hs-TnT may be an earlier and more sensitive biomarker of cardiac injury by 

OSA than LVH. After an initial stage in which hs-TnT is elevated, the degree of cardiac 

ischemic injury in response to the intermittent hypoxemia and sympathetic nervous system 

surges of OSA may enhance the underlying collateral circulation and mitigate the OSA-

associated hs-TnT elevation.36 Indeed, in men, this may happen earlier in life which would 

be consistent with the observation of an association between OSA and high sensitive 

troponin I in a younger cohort with an larger proportion of men, although they did not 

perform a sex-specific analyses.37 Although speculative, this early presentation combined 

with a longer lifetime exposure to OSA may therefore provide some protection from OSA 

related injury. Finally, survival bias may influence the observed associations of mid-life 

OSA with late-life LV hypertrophy but would not be expected to influence the association of 

OSA with incident cardiovascular events.

The association between OSA severity and other measurements of cardiac structure and 

function is controversial, with some - but not all - studies describing associations with LV 

diastolic function6,7,8 and RV hypertrophy.8 Measures of RV hypertrophy were not 

available in our study and the high prevalence of diastolic dysfunction among the elderly 

may have limited our ability to detect an association with mid-life OSA severity. In addition, 

many existing studies had relatively small sample size, and differences in study populations 

with respect to OSA-associated comorbidities may contribute to the differences among the 

studies’ results. Most of these studies were cross-sectional in design, with OSA assessed 

coincident with echocardiography. Population survivor selection during the follow-up period 
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between OSA assessment and echocardiography in our study may have biased our analysis 

toward the null.

Several limitations of this analysis should be noted. Ninety-nine percent of our study 

population was white and we were, therefore, not able to study any race-specific differences. 

In addition, our results may not be generalizable to other populations. Our analysis with hs-

TnT was cross-sectional in design and precludes conclusions regarding causality. While 

multiple additive multivariable models were employed in an attempt to optimally control for 

potential confounding of the relationship between OSA severity and hs-TnT levels, residual 

confounding cannot be excluded. Conversely, many potential confounders may also act as 

mediators between OSA and hs-TnT level, potentially leading to greater Type 2 error in our 

additive multivariable models. Hs-TnT was not measured coincident with polysomnography, 

with a median difference between the two measurements of 172 days [interquartile range 

−51 to 387 days]). However, prior studies suggest that sleep apnea classification remains 

largely stable over several months to years.38,39 Additionally, a sensitivity analysis 

restricting the population to those with sleep variables and soluble biomarkers ascertained 

within 1 year of each other demonstrated concordant results with the primary analysis. 

Although we cannot exclude the possibility that changes in OSA status over the time biased 

the associations with echocardiographic findings, the association between OSA and LVMI 

remained robust after all adjustments. Furthermore, the higher mortality rates in observed in 

more severe OSA categories would have biased our findings towards the null. The follow-up 

analysis was limited by the low number of events among the highest OSA categories, 

especially among women, limiting our power to find an independent association. However, 

we included LV abnormal remodeling as a surrogate of CV outcome due to the strong 

association between LV hypertrophy and risk of HF and mortality. Finally, survivor bias 

may be one explanation for the lack of association between OSA and LVMI in men. Limited 

data were available on the use of CPAP, and we were unable to account for the potential 

impact of CPAP use on the sex-specific relationship between OSA and clinical outcomes. 

However, no participants were using CPAP at the time of polysolmnography and therefore 

CPAP use did not confound our analysis of sex differences in the association of OSA with 

hs-TnT. Additionally, we were able account for self-reported CPAP use in the analysis of 

sex-based differences in the association of OSA with cardiac structure and function.

Conclusions

Important sex-based differences exist in the association between OSA and CV disease. To 

date, the role of OSA as a cardiovascular risk factor in women has been unclear. This study 

provides evidence from multiple convergent and complementary analyses-including analysis 

of a strong biomarker for cardiovascular disease, longitudinal data on incident HF and death, 

and prospectively obtained echocardiographic data- that support a significant role of OSA in 

contributing to incident CVD and cardiac remodeling in women, and in fact, suggests that 

these associations are stronger than those observed in middle aged to elderly male 

community dwelling individuals without prevalent cardiovascular disease. Our finding of a 

stronger association of OSA with cardiovascular disease in women highlights the 

importance of screening for OSA in women as well as men.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Box-and-whisker plot of hs-TnT levels among OSA categories stratified by sex. Hs-TnT is 

shown using a logarithmic scale from row hs-TnT values. Values under the limit of 

measurement (3 ng/L) are assigned to a value of 2 ng/L. Values below the limit of 

quantification (5 ng/L) –marked as a dotted line in the figure- are included in the first of the 

five hs-TnT categories. †Multivariable ordinal logistic regression adjusted by age, BMI, 

smoking status, alcohol intake, hypertension, diabetes, chronic lung disease, pulmonary 

function tests, eGFR, systolic and diastolic blood pressure and blood levels of total 

cholesterol, LDL, HDL, triglycerides and insulin (model 3).
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Figure 2. 
Kaplan-Meier survival curves for the risk of HF or death of moderate/severe OSA vs none/

mild OSA stratify by sex. Shown hazard ratios are showing the linear unadjusted association 

among all OSA categories.
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Figure 3. 
Left ventricular mass index (LVMI) among OSA categories stratified by sex. P values are 

based in multivariable linear regression adjusted by age, BMI, hypertension, diabetes, 

smoking status, systolic blood pressure, and self-reported use of statins, beta-blockers, 

angiotensin-blockers, or mineralocorticoid blockers assessed at both time points (the 

polysomnography and the echocardiography times) and by self-reported use of CPAP at the 

time of the echocardiography.
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