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1. Title: Effect of elevated respiratory disturbance index (RDI) on plasma B-type 
natriuretic peptide (BNP) level. 

 
2.  Lead Author: Anjali A. Patwardhan, MD and Daniel J. Gottlieb, MD, MPH 
 
3.  Timeline:  Start of analysis on approval; preliminary draft to P&P 2/03 
 
4.  Rationale: B-type natriuretic peptide (BNP) is a peptide hormone secreted by the 

cardiac ventricles in response to increased wall stress.  Plasma levels are 
elevated in individuals with left ventricular (LV) hypertrophy, 
asymptomatic left ventricular dysfunction, and overt heart failure.1  
Recently, considerable interest has developed in using these plasma 
peptides as serologic markers to identify the presence of LV dysfunction.   
Large community-based studies have demonstated that age and gender are 
significant predictors of elevated BNP levels.2  The physiologic basis of 
these differences is not well-understood, although the age-related 
difference may reflect the higher prevalence of subclinical hypertension or 
cardiac disease or elevated RDI observed in older individuals.  Obstructive 
sleep apnea (OSA) is associated with large negative swings in 
intrathoracic pressure, causing recurrent acute increases in LV transmural 
pressure.  We hypothesize that this effect will be reflected in higher levels 
to plasma BNP.  The purpose of this analysis is to assess the relation of 
RDI to plasma BNP levels, adjusting for other known covariates of BNP, 
including age, gender, blood pressure, and obesity. 

 
5.  Hypothesis: Higher RDI is associated with higher plasma BNP, and may contribute to 

the age-related increase in plasma BNP. 
 
6.  Data: The data to be used in this analysis include RDI from SHHS1 and both 

ANP and BNP levels measured in the SHHS participants from the FHS 
sixth offspring examination cycle (1995 to 1998).  Covariate data will 
include age, gender, BMI, blood pressure as well as history of congestive 
heart failure.  The source of data will be the Coordinating Center for 
SHHS data, the Framingham Study for ANP and BNP measures.   

 
7.  Type of Study:   Secondary Study 
 
8.  Type of Publication:   Journal Article 
   Target Journal:  Sleep 
 
9.  Analysis Responsibility:  Local 
 
10.  Introduction: 
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B-type natriuretic peptide (BNP) is a peptide hormone secreted by the cardiac ventricles in 
response to increased wall stress.  Plasma levels are elevated in individuals with LV hypertrophy, 
asymptomatic LV dysfunction, and overt heart failure.  BNP has also been shown to be elevated 
in patients with isolated diastolic dysfunction.3  BNP synthesis is stimulated by increases in LV 
filling pressures and afterload.  It is felt to be superior to atrial natriuretic peptide (ANP) as a 
diagnostic and prognostic marker in heart failure because of its longer half-life in vivo and its 
greater stability in vitro.4  BNP levels are usually much lower than ANP levels; however, in 
pathological conditions affecting the ventricles, BNP may rise by several orders of magnitude, 
surpassing levels of ANP. 3   
 
BNP appears to be a useful diagnostic and prognostic marker in patients with known congestive 
heart failure (CHF).  Although a recent paper from the Framingham Heart study demonstrated 
that both BNP and ANP performed poorly as initial screening tests for LV hypertrophy or LV 
dysfunction in the community, subjects with increased LV mass did have a higher mean BNP 
level compared to those without LV hypertrophy.5   
 
A subsequent study on a healthy reference sample of 911 individuals from the Framingham 
cohort established reference normal limits based on age and gender.2  Interestingly, older age and 
female status were significantly associated with higher BNP levels.  The physiologic basis for 
the sex-related differences is unclear, although the stimulatory effect of female sex hormones on 
natriuretic peptide gene expression has been proposed.6  The observation of higher natriuretic 
peptide levels with increasing age is striking, with BNP levels nearly doubling from age group 
20-49 years to age 70 + for both men and women.2  This finding is consistent with prior 
studies.7,8  Of particular importance to the proposed analysis is the inverse association of BNP 
with body mass index (BMI), thought to reflect metabolism of BNP by adipose tissue.   
 
One potential explanation for the age-related difference may be the effect of subclinical 
elevations in RDI observed in older individuals.  ANP levels have been shown to be elevated in 
individuals with obstructive sleep apnea compared to controls.9  This elevation is thought to 
reflect the increased cardiac volume load during obstructive events.  Nasal CPAP therapy has 
been shown to decrease plasma levels of ANP in both obstructive and central sleep apnea 
patients.10,11  We hypothesize that the elevated RDI observed in older individuals may explain, in 
part, the age-related increase in plasma BNP.  Moreover, elevated BNP may identify a subset of 
subjects with OSA at increased risk of developing LV dysfunction. 
 
11.  Brief Analysis Plan: 
Multivariable regression modeling will be used to assess the impact of RDI on plasma BNP 
levels.  Because of the marked sex difference in BNP level, separate models will be constructed 
for men and women.  Additional covariates age, BMI, and systolic and diastolic blood pressure 
will be assessed.   
 
12.  Summary Section:   
The proposed study will analyze the relation of RDI to plasma BNP levels and determine the 
extent to which age-related elevations in plasma BNP level are explained by RDI. 
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