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4. Rationale:  
Orthostatic hypotension (OH) is known to be associated with an increased risk of angina 
and mortality.  OH can be co-existing condition in heart failure patients due to HF 
decompensation or altered fluid status from HF medications.  However it is not known 
whether orthostatic hypotension is a risk factor or pre-existing condition before the 
development of symptomatic heart failure.  One of the normal responses to a postural 
change is an increase in cardiac output.  Heart failure may be due to valvular 
abnormalites, diastolic dysfunction or systolic dysfunction.  Gupta and Lipsitz list 
diastolic dysfunction or impaired ventricular relaxation as one of the physiologic causes 
of chronic OH (Gupta, 2007).  Furthermore, heart failure patients may have a fixed (HF 
due to aortic stenosis or hypertrophic obstructive cardiomyopathy) or reduced cardiac 
output (systolic dysfunction) which would impair response to postural change.  In 
addition, OH has been associated with increased all-cause mortality (Masaki, 1998; Rose, 
2006) and an increase in vascular mortality among those with HF (Raiha, 1995).   
 
Existing research on OH has been predominantly in the elderly (Lipsitz, 1989; Enrud, 
1992) and other high risk populations (Davis, 1987; Vinik, 2003; Mathias, 1995).  To date, 
in the middle-aged ARIC cohort, OH has been associated with incident hypertension 
(Rose, 2002), CHD (Rose, 2000), and ischemic stroke (Eigenbrodt, 2000) In the proposed 
study, we will assess whether orthostatic hypotension is independently associated with 
incident heart failure.  Furthermore, we will determine if the association varies when HF 
is stratified by whether hypertension and/or CHD is a pre-existing condition with HF.  
This would be the first population-based cohort to study this association.   
 
5. Main Hypothesis/Study Questions: 
Orthostatic hypotension is associated with an increased risk of incident heart failure 
-This association persists after adjustment for CVD risk factors and comorbidities.  
-We will consider hypertension and CHD as potential modifiers of this relationship.   
-This association will persist among the ostensibly healthy subset of baseline ARIC 
participants (excluding early incident HF cases and those with CHD, stroke, cancer, 
hypertension, diabetes, and fair or poor perceived health ) 
 
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). 
 
Exclusions: 
Participants with prevalent heart failure at baseline will be excluded. Criteria to define 
prevalent HF at baseline are as follows:  1) those answering “yes” to the following 
question:  “Were any of the medications you took during the last two weeks for heart 
failure?” (N=83), or those with stage 3 or ‘manifest HF’ by applying Gothenburg criteria 
(N = 699).   
 



Other exclusions include subjects not black or white, blacks form Minneapolis and 
Washington County (N = 89), those with missing data for seated blood pressure and those 
missing or invalid data on postural BP change (N= 2, 376).  
 
Data to be used are as follows: 
 

Variables used to define the main exposure - orthostatic hypotension:  

Supine and standing BP measurements were taken with DINAMAP device during 
the baseline ultrasound examination. BP change will be calculated as the average 
of the standing and the supine blood pressure measurements, after the exclusion of the 1st 
standing measurement.  Using established guidelines (see Consensus statement reference) 
participants will be classified by the presence (a decrease of at least 20 mm Hg SBP or a 
decrease of at least 10 mm Hg DBP) or absence of OH. 

 

Variables used to define the outcome -incident heart failure through the most recent year 
available: 
 Hospital discharge diagnosis codes (‘428.X’) and dates for heart failure from 
 cohort eligibility forms (CEL), and death from HF as indicated by codes from 
 death certificates (‘428.X or I50) and date of death. 

Furthermore, incident heart failure will be stratified based on pre-existing 
hypertension and then pre-existing CHD.  The following variables will be needed:  
prevalent hypertension at baseline, hypertension status at all 4 visits, prevalent 
CHD and incident CHD.     

Potential confounders and effect modifiers:  

From visit 1 –self-report use of anti-hypertensive medications (specifically, 
diuretics, and beta-blockers), diabetes, measures of obesity (BMI, WC), 
hypertension, prevalent CHD, prevalent stroke, smoking, age, education, center, 
race, and gender, resting heart rate, resting SBP and DBP, IMT, low ABI, LDL, 
HDL, alcohol use, medication use of tricyclic antidepressants, antiparkinsonians, 
phenothiazines, and benzothiazines.   

Statistical Analysis 

This will be a prospective study of the association of postural blood pressure change with 
incident hospitalized heart failure.  Multivariable Cox proportional hazards will be used 
to model this association.  Log negative log survival curves of those with and without OH 
will be plotted to evaluate the proportional hazards assumption.  Age, gender and race 
will be included in initial models.  Then other covariates will be assessed as potential 
confounders.   
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