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4. Rationale:  
 
Orthostatic hypotension (OH), is a manifestation of autonomic dysfunction that typically 
comes to the attention of clinicians when accompanied by symptoms such as dizziness, 
syncope and falls. Population based studies of OH are mostly limited to the elderly and 
other high risk populations (1-5). In addition to age, two conditions most consistently 
associated with OH in clinical reports are hypertension and diabetes, with most reports 
concluding that these conditions likely preceded OH. In one report based on a middle-
aged population, however, OH was predictive of incident hypertension, particularly 
among those with low normal blood pressure at baseline.(6) 
 
The ARIC Cohort Study offers a unique opportunity for studying OH, as measurements 
were taken at baseline in an ostensibly healthy population.  Among those with OH, most 
did not report a history of dizziness upon standing – one of the classic presenting 
symptoms of OH. To date, in the ARIC Study, OH has been associated with incident 
hypertension (6), coronary heart disease (7), ischemic stroke (8) and increased mortality 
(9).  Further, for CHD and mortality (CVD, all cause), these association persisted in the 
subset of ARIC participants free of related co-morbidities (e.g., hypertension, CHD, 
ischemic stroke and diabetes in the case of mortality) (7, 9), suggesting that OH may be a 
marker of subclinical autonomic dysfunction.  

 
Cardiovascular autonomic dysfunction has been identified as a major contributor to 
morbidity, reduced quality of life, and mortality among those with diabetes (DM) (10). It 
has also been identified as one of the pathways whereby diabetes (DM) increases risk for 
coronary disease (11, 12). Thus, the recognition of subclinical autonomic dysfunction has 
been identified as important in risk identification and management of persons with 
diabetes (13, 14). In the ARIC study, reduced heart rate variability – an early measure of 
cardiovascular autonomic dysfunction (10) – has been associated with DM and related 
conditions (15, 16, 17). In population-based reports, the cross-sectional association of OH 
with DM has been inconsistent. In ARIC as well as HDFP, in minimally adjusted models, 
those with DM were approximately twice as likely to have OH as those without DM (3, 
7), while in two population-based reports of the elderly these conditions were not related 
(2, 5).   
 
The purpose of the current study is to assess the association between OH at baseline and a 
subsequent diagnosis of DM. A secondary purpose will be to examine if OH-DM 
associations are stronger among those with other indicators of autonomic dysfunction. 
 
 
5. Main Hypothesis/Study Questions: 



 
OH at baseline will be associated with an increased risk of type II diabetes at subsequent 
ARIC visits (2-4). 

• This association will persist after controlling for sociodemographic 
characterisitics,CVD risk factors. 

• This association will be stronger among those with abnormal / unfavorable values 
on other measures associated with autonomic function (low HRV, high resting 
heart rate). 
 

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). 
 
This will be a prospective follow-up study.  
 
Our target sample is all participants that had BP change measurements available from the 
orthostatic BP testing that occurred during the carotid ultrasound exam.  Exclusions will 
include: 

• Participants that are not Black or White or Blacks in sites other than MS 
• Prevalent DM at baseline 
• History of stroke, CHD, heart failure, or cancer at baseline 

 
Our outcome will be incident DM ascertained at visit 2, 3, or 4.  
 
Postural BP measurements were taken with a DINAMAP automated device during the 
carotid ultrasound exam. Per established guidelines (18), OH will be defined as a 
decrease in systolic blood pressure of 20 mm Hg or more, or a decrease in diastolic blood 
pressure of 10 mm Hg or more upon changing from the supine to the standing position. 
 
Covariates / potential effect modifiers evaluated will include: age, sex, race, center, 
educational attainment, resting SBP and DBP, smoking status and smoking pack years, 
HDL and LDL cholesterol, IMT, low ABI, BMI, resting heart rate, V1 measures of heart 
rate variability (based on two minute beat to beat heart rate recordings), use of selected 
medications (antihypertensive, tricyclic antidepressants, benzodiazepines, 
phenothiazines), and self-reported health status.   
 
 
Statistical analysis: The association between postural blood pressure change and 
incident DM will be modeled using COX proportional hazards regression models.  Using 
the mid-point (or an end-point) of the interval between the last visit without diabetes and  
the first visit with diabetes as the date of onset of diabetes can lead to invalid inferences 
(19). Thus, we will use methods developed by Dr. Heejung Bang, a former faculty 
member in Biostatistics at UNC and ARIC statistician, to estimate/interpolate the date of 
onset of diabetes with less error. Her algorithm takes into account auxiliary information 



(glucose levels before and after onset of diabetes, use of diabetes medications, correction 
for nonfasting glucose values) to obtain an estimated time/date of onset.  

The proportional hazards (PH) assumption will be tested by comparing estimated ln(−ln) 
survival curves of those with and without OH. Crude and age-, gender-, and ethnicity-
adjusted PH models will be performed. Other potential effect modifiers and confounders 
will then be assessed.  
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