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4. Rationale:  

 

 Obstructive sleep apnea (OSA) is prevalent and frequently asymptomatic in the 

general population.
1
 OSA has been associated with an increased risk of cardiovascular 

(CV) mortality
2
 and morbidity, including coronary artery disease,

3
 pulmonary 

hypertension,
4
 heart failure (HF),

5,6
 and stroke.

7
  However, the pathophysiologic 

mediators of this increased risk are not well defined.    

 OSA is associated with both an increased prevalence of systemic hypertension
8
 and 

an increased risk of incident hypertension.
9
 Although less well established, OSA has also 

been associated with a higher prevalence of pulmonary hypertension and interventions to 

treat OSA (CPAP) have been associated with reduction in pulmonary pressure.
4,10

 

Although the mechanisms are unclear, OSA is associated with intermittent hypoxemia 

and the burden of OSA associated hypoxemia, quantified as the percentage of sleep time 

spent at an oxygen saturation less than 90% (TST90), has been associated with an 

increased risk of mortality.
11

 These processes can place a hemodynamic load on both the 

left and right ventricle.  Indeed, OSA has been associated with increased left ventricular 

mass
12

 and increased right ventricular wall thickness
13

 by echocardiography.  The 

resulting myocardial stress and/or subclinical injury may partially mediate the observed 

increase risk for CV morbidity, particularly heart failure.   

 Both left and, to a lesser extent, right ventricular wall stress are triggers for the 

release of brain natriuretic peptide (BNP) and its precursor NT-proBNP.
6
 Both are well 

established markers of increased risk across the spectrum of CV disease.
14-17

  Similarly, 

cardiac troponin (Tn) is an intracellular myocardial protein that is a sensitive marker of 

myocardial injury.
18

  While most commonly used as a measure of ischemia/injury in the 

setting of acute coronary syndromes (ACS), recent studies with high sensitivity assays 

demonstrate a surprisingly high frequency of detectable Tn in asymptomatic community 

dwelling persons.
19

  Like NT-proBNP, Tn is emerging as an important risk marker of CV 

events across the spectrum of CV disease, beyond just ACS.  Among persons with OSA, 

NT-proBNP and Tn may therefore reflect both the burden of increased hemodynamic 

load associated with OSA and the effectiveness of myocardial adaptation to this load. A 

limited number of small single center studies have evaluated the relationship between 

OSA, these biomarkers of myocardial stress/injury, and CV events with controversial 

results.
20-27

  The largest of these involved 623 participants in the Framingham Heart 

Study and found no relationship between OSA severity and levels of either atrial 

natriuretic peptide (ANP) or BNP.
28

  An integrated analysis incorporating both markers 

of myocardial stress and injury, and an assessment of their relationship with clinical 

outcomes, has not been previously examined in a large cohort of community dwelling 

individuals. 

 OSA has also been associated with increased markers of systemic inflammation, 
29,30,31

 in particular high sensitivity C-reactive protein (hsCRP), although this finding has 

not been universal.
32

  The causal mechanisms between OSA and inflammation remain 

obscure, although one causal factor may be the hypoxia-hyperoxia cycles that occur in 

OSA patients during apnea and hypopnea.
33

  Obesity may also be an important 

confounding comorbidity.
34

  CRP is a well-established risk marker for incident CV 

events, including ischemic heart disease,
35

 heart failure,
36

 and stroke.
37

  Pro-inflammatory 

effects therefore represent an addition pathway by which OSA may increase risk of CV 



events.  However, the association between OSA, inflammatory markers, and risk of CV 

events has not been evaluated in a large populations-based cohort study.  

 We propose to harness the wealth of data on sleep disordered breathing by 

polysomnography, biomarkers of myocardial stress (NT-proBNP), myocardial injury 

(high sensitivity TnT), and systemic inflammation (hsCRP), and clinical co-mordibities 

available in the 1,920 ARIC participant who also participated in the Sleep Heart Health 

Study (SHHS) and who now have over 10 years of follow-up surveillance for incident 

CV events since undergoing polysomnography and biomarker measurement. Specifically, 

we aim to assess (1) whether OSA is associated with increased levels of NT-proBNP, 

cTnT, and hsCRP, (2) whether the severity of OSA as measures by the apnea-hypopnea 

index (AHI) is associated with the degree of elevation in these biomarkers, and (3) 

whether NT-proBNP, cTnT, and hsCRP allow for improved risk discrimination among 

persons with OSA beyond AHI and clinical variables alone.   

  

  

5. Main Hypothesis/Study Questions:  

We hypothesize that: 

 

a) The presence and severity of OSA will be associated with higher levels of NT-

proBNP (reflecting greater myocardial stress), cTnT (reflecting subclinical 

myocardial injury), and hsCRP (reflecting greater systemic inflammation) 

compared to persons without OSA even after adjustment for relevant 

comorbidities.  

b) Among persons with OSA, levels of NT-proBNP, cTnT, and hsCRP will improve 

prediction of risk for CV events beyond clinical covariates and AHI.   

 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Study Design  

To address hypothesis (a), we will perform a cross-sectional study of the association 

between OSA presence and severity, as reflected by AHI (primary analysis) and TST90 

(secondary analysis), and levels of NT-proBNP, cTnT, and hsCRP in univariate and 

adjusted analyses. 

To address hypothesis (b), we will perform an analysis of the relationship between each 

biomarker of interest and incident CV events (heart failure and coronary heart disease) 

stratified by groups of OSA severity based on AHI (primary analysis) and TST90 

(secondary analysis).   

 

Inclusion/Exclusion Criteria 

The analysis population will include ARIC participants with hs-cTnT, NT-proBNP and 

hs-CRP measured in the ARIC study at Visit 4 (1996-1998) who also participated in the 

SHHS and had AHI measured by polysomnography between 1995-1998.  Analysis will 



be restricted to participant without established heart failure or coronary heart disease at 

Visit 4.  

 

Variables of Interest 

 

Exposure variables:  

(1) OSA group based on AHI level measured between 1995-1998.  Groups will be 

defined by AHI as follows: <=5 (no OSA, n=1,036), 5-15 (mild OSA, n=557), 15-

30 (moderate OSA, n=208), and >30 (severe OSA, n=119).  

(2) Levels of  pro-BNP and hs-CRP measured at Visit 4 will be expressed as 

continuous variables.  For biomarker values that are not normally distributed, log 

transformation will be performed to achieve normality.  For hsTnT, given the 

frequency of undetectable levels, hsTnT will be modeled as a continuous variable 

in the analysis for hypothesis (a), and as a categorical variable for hypothesis (b) 

dividing participants into 4 groups: hsTnT undetectable and 3 groups based on 

tertiles of detectable hsTnT levels. 

 

Outcome variables: 

(1) All cause mortality 

(2) Incident heart failure hospitalization based on diagnosis codes from hospital 

discharges (ICD-9 code 428) 
38

 

(3) Total incident CHD events (fatal CHD, definite or probable MI, or coronary 

revascularization) ascertained per ARIC study procedures 
39,40

 

 

Covariates of interest:  

 The associations described for both hypothesis (a) and (b) will be evaluated after 

multivariable adjustment for potential confounding factors, including age, gender,
41

 

BMI,
28

 and kidney function (eGFR and urine albumin-to-creatinine ratio).
42

 Analysis will 

also be performed with additional adjustment for potential causal intermediaries, 

including hypertension, diabetes, and dyslipidemia.  All covariate values will be drawn 

from ARIC Visit 4.  

 

Summary of Data Analysis 

 To address hypothesis (a), levels of hs-cTnT, NT-proBNT and hs-CRP will be 

compared between the 4 AHI groups, using a p for trend analysis.  These associated will 

also be evaluated after multivariable adjustment for potential confounding factors and 

subsequently for possible causal intermediaries, as listed in the ‘Covariates of interest’ 

section above.  As a secondary analysis, a similar analysis will be performed dividing the 

study population into 2 groups based on TST90 (TST90<1% [n=1,336] and TST90≥1% 

[n=583]). 

 To address hypothesis (b), univariate and multivariable Cox proportional hazards 

models will be generated to determine the association between each biomarker and 

incident mortality or CV event stratified by AHI-based OSA category. As a secondary 

analysis, a similar analysis will be performed based on TST90 groups. 
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