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3. Timeline:  
  
Data analysis will begin once this proposal is approved with the goal of a manuscript draft by 
December 2023.  
  
4. Rationale:   
  
There is considerable interest in orthostatic hypertension (OHTN), a rise in blood pressure after 
standing, as a new hypertension phenotype,1 which has been associated with adverse health 
outcomes, including cardiovascular disease, stroke, kidney disease, cognitive impairment, and 
all-cause mortality.2–5 However, there is no standard definition in the 

literature. Recent consensus statements advocate that OHTN include 

both an increase in blood pressure after standing as well as exceed a 

standing hypertension threshold of systolic blood pressure ≥140 mm 

Hg.6 However, this consensus definition could be problematic for both clinical care and future 
research, if either of these components (i.e., the orthostatic hypertension or standing 
hypertension) had different risk relationships with cardiovascular (CVD) risk, as the risk 
attributes of one may be incorrectly attributed to the other.   
Our study aims to address this question by examining distinct definitions of OHTN with respect 
to cardiovascular disease events. We will specifically examine change in systolic or diastolic 
blood pressure and standing hypertension with respect to incident coronary heart disease, stroke, 
congestive heart failure, fatal coronary heart disease, and all-cause mortality.  
This study will not only seek to refine the definition of OHTN but also aims to differentiate 
between the risks of cardiovascular disease and mortality associated with orthostatic 
hypertension and standing hypertension. By achieving these objectives, our study will enhance 
the understanding of the distinct cardiovascular risks posed by these two conditions, thereby 
informing the ongoing discussion surrounding the definition of OHTN.   
Our objectives are:  

1. To determine the prevalence of OHTN (assessed during visit 1) in the ARIC study 
population by definition.   
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2. To determine the association between different OHTN definitions and incident 
coronary heart disease, stroke, congestive heart failure, fatal coronary heart disease, 
and all-cause mortality.  

3. To compare rise in BP with standing BP thresholds in joint models with respect to 
incident coronary heart disease, stroke, congestive heart failure, fatal coronary heart 
disease, and all-cause mortality.  

  
5. Main Hypothesis/Study Aims:  
1. OHTN and standing hypertension (i.e., a systolic BP ≥140 mm Hg) 

will be prevalent in the ARIC population (i.e., affect over 10%)   
2. OTHN will not be associated with CVD risk, while standing hypertension will be associated 
with CVD risk   
3. Standing HTN will be an important risk factor for CVD events, while OHTN will be 
inconsistently associated with CVD events  
Overall hypothesis: Given differences in their association with CVD events, orthostatic change 
in BP upon standing should not be combined with standing hypertension in a consensus 
definition.  
  
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: Prospective cohort study with visit 1 as baseline.  
  
Exclusions:  

● ARIC participants without orthostatic hypertension readings measured at visit 1  
● Missing covariates of interest (listed below)  
● Persons of ethnicities other than African American or White (while race/ethnicity are 

unlikely to impact our analysis, since we will use the Field Center-Race categories 
this small number of participants, <N=15, will be excluded)  

● African Americans from Washington County or Minnesota  
● Prior history of CVD, heart failure, or stroke  
● Unknown high blood pressure treatment status (MSRD24A)  

  
Exposure assessment:  

Supine, seated and standing BPs were measured during ARIC visit 

1 (1987-1989) in over 13,000 ARIC participants. Orthostatic 

hypertension will be defined as a rise in systolic blood pressure of 

≥20 mm Hg or diastolic blood pressure of ≥10 mm Hg when moving 

from lying to standing. Additional pertinent exposures include 



systolic orthostatic hypertension (standing SBP ≥140 mm Hg), 

diastolic orthostatic hypertension (standing DBP ≥90 mm Hg), and 

combinations of systolic orthostatic hypertension with standing SBP 

≥140 mm Hg, and diastolic orthostatic hypertension with standing 

DBP ≥90 mm Hg.  
  

Primary outcomes: CVD, stroke, heart failure, and mortality  
The individual primary outcomes in this study are incident (1) coronary heart disease 

(CHD), (2) heart failure, (3) stroke, (4) fatal coronary heart disease, and (5) all-cause mortality 
after visit 1 through December 31, 2019 (this end date will be updated as more data is released). 
All events (except heart failure, which was not adjudicated initially) will be defined as the first 
occurrence of these adjudicated outcomes after the baseline visit. We will use the following 
outcome variables with their corresponding follow-up time for these analyses: CHD 
(c7_in_19sp), heart failure (c7_inchf19), definite/probable stroke (c7_ft19dp), fatal CHD 
(c7_fatchd19), and all-cause mortality (dead19; censdat7 and dated19 will be used for 
determining follow-up time for all-cause mortality).  
  
Other variables of interest:  
Models will be adjusted for age, sex, race-center, non-race adjusted estimated glomerular 
filtration rate, body mass index, resting heart rate, high density lipoprotein cholesterol, total 
cholesterol, cholesterol lowering medications, leisure activity, diabetes, education, and smoking 
status.   
  
Data analysis:  
Our primary analyses will be as follows:  
  

● Cross-sectional examination of baseline characteristics (Table 1).  
○ Means, proportions  

● Prevalence of orthostatic hypertension, systolic orthostatic 

hypertension, diastolic orthostatic hypertension, standing 

systolic BP ≥ 140 mmHg, standing diastolic BP ≥ 90 mm Hg, 

systolic orthostatic hypertesion and standing systolic BP ≥ 

140 mm Hg, and diastolic orthostatic hypertension and 

standing diastolic BP ≥ 90 mm Hg.    
● Association of OHTN by definition with outcomes (CHD, stroke, HF, fatal CHD, all-

cause mortality) (Table 3)  
○ Exposures:  

■ OHTN: rise in SBP ≥20 mm Hg or DBP ≥10 mm Hg  
■ Systolic OHTN: rise in SBP ≥20 mm Hg  



■ Diastolic OHTN: DBP ≥10 mm Hg  
■ Standing systolic hypertension: standing SBP ≥140 

mm Hg  
■ Standing diastolic hypertension: standing DBP ≥90 

mm Hg  
■ Systolic OH & standing SBP ≥140 mm Hg  
■ Diastolic OH & standing DBP ≥90 mm Hg  

○ Absolute risk  
■ Cumulative incidence plots  

○ Relative risk  
■ Cox proportional hazard models by outcome (hazard ratios)  
■ Adjusted for model covariates (see above)  
■ Restricted cubic splines of change in SBP or DBP by standing 

hypertension status with respect to outcomes  
● Comparison of orthostatic changes and standing hypertension in joint models (Table 

4)  
○ Models:  

■ Systolic OHTN & systolic standing hypertension  
■ Diastolic OHTN & diastolic standing hypertension  

○ Cox proportional hazard models by outcome:  
■ CHD, HF, stroke, fatal CHD, death  
■ Adjusted for model covariates (see above)  

● Supplemental analysis: Comparison of seated and standing BP as a scatter plot, using 
Lowess curves and a linear fit  

  
Limitations:  

● Supine BPs are not available on all participants  
● Seated and supine BPs were measured with different devices and protocols  
● Residual confounding is always a concern with observational studies.  
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