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4. Rationale:  
 Blood pressure (BP) is an important modifiable risk factor directly related to cardiovascular 
disease, stroke and mortality.1 The Systolic Blood Pressure Intervention Trial (SPRINT) 
demonstrated that intensive (systolic BP [SBP] <120 mm Hg) versus moderate (SBP of 135–139 
mm Hg) BP treatment reduced the risk of cardiovascular disease in older adults.2 SPRINT 
recruited 9,361 adults with age ≥50 years at a high risk for cardiovascular disease (CVD) with a 
seated SBP 130 to 180 mm Hg, and a standing SBP ≥110 mm Hg. The exclusion of participants 
with a standing SBP <110 mm Hg has generated discussion regarding the generalizability of the 
SPRINT findings3 as the prevalence of standing SBP <110 mm Hg in the general population is 
not well-known, nor is it routinely measured in the clinical setting. 
 
 Orthostatic hypotension (OH) is a predictor of syncope, falls, CVD, and early mortality.4–9 
OH is frequently observed with hypertension treatment,10 often leading to a down-titration of 
therapy even when patients are asymptomatic. In SPRINT, however, OH was not associated with 
injurious falls, syncope, or CVD events, suggesting symptomless OH should not be a reason to 
reduce antihypertensive treatment.11 One limitation of the SPRINT cohort is the exclusion of 
more severe OH phenotypes with standing SBP < 110 mmHg. Thus, further examination of 
absolute standing SBP and its association with adverse events will help clinicians improve 
management of hypertensive patients.  
 
 We hypothesize that a standing SBP less than 110 mm Hg is not associated with falls, 
fracture, syncope, CVD, or mortality. The ARIC population is ideal to address this question 
given visit 1 included a large sample of middle-aged, community-dwelling African American or 
white adults, a standardized protocol to record OH along with other covariates, and reliable 
monitoring of long-term outcomes. Furthermore, we will be able to stratify the ARIC population 
by different stages of hypertension, cardiovascular disease risk (using participants’ 10-year 
ASCVD risk score), and age to evaluate if there is effect modification on an association between 
low standing SBP and clinical outcomes. As such, our objectives will be to 1) determine the 
prevalence of standing SBP <110 mm Hg in ARIC overall and by hypertension stage (elevated, 
stage 1, and stage 2, defined below), 2) determine if there is an association between standing 
SBP <110 mm Hg and adverse clinical outcomes such as falls, fracture, syncope, CVD, or death, 
and 3) determine if there is effect modification by hypertension stage, cardiovascular disease 
risk, or age on the association between standing SBP and adverse clinical outcomes. 
 
 
5. Main Hypothesis/Study Questions: 

1. What is the prevalence of standing SBP <110 mm Hg (the standing exclusion used in 
SPRINT) in middle-age adult participants of the ARIC population overall and by 
hypertension stage? 

2. Is standing SBP <110 mm Hg associated with falls, fracture, syncope, CVD, or death? 
3. Is there effect modification by hypertension stage, cardiovascular disease risk, or age on 

the association between standing SBP and falls, syncope, CVD, or death? 
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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 seated or standing BP measured at visit 1 
• Missing covariates of interest (listed below) 
• Persons of ethnicities other than African American or white 
• African Americans from Washington County or Minnesota 
• No prior history of falls, syncope, CVD or stroke. 

 
Exposure assessment: 
Seated and standing blood pressures were measured during ARIC visit 1 (1987-1989) in over 
13,000 ARIC participants.  

 
Primary outcomes: Falls, Fracture, Syncope, CVD, and Mortality 
The primary outcomes in this study are (1) falls, (2) fractures, (3) syncope, (4) incident CVD 
(and its subtypes), and (5) mortality, after visit 1 through December 31, 2019. Falls, fracture, and 
syncope will be defined as the first occurrence of any related hospitalization or claim for 
inpatient or outpatient services after the baseline visit. These outcomes were identified via two 
sources: 1) active surveillance of all hospitalizations for all ARIC participants; and 2) linkage to 
Centers for Medicare and Medicaid Services (CMS) claims data from 1991-2013.5,12 For CVD, 
we will use the variables “C7_IN_19SP,” “C7_IN19DP,” and “C7_INCHF19.” For mortality, we 
will use the variable “DEAD19.”  
 
The ARIC Study obtains hospitalization information from annual telephone contact with study 
participants and through surveillance of hospitals in the study communities (inpatient 
hospitalization data currently available from January 1st, 1988, through December 31, 2015). In 
the original ARIC protocol, surveillance was primarily focused on coronary heart disease, stroke, 
and heart failure outcomes, but thereafter included other diagnostic codes for hospitalized events, 
including those attributed to fall, fracture, and syncope.  
 
Participant data were also linked to CMS claims data using a finder file that included 
participants’ social security numbers, sex, and date of birth through a matching process described 
previously.5,12 These claims were available for eligible persons derived from two forms of 
coverage: (1) fee-for-service (FFS) or (2) managed care organizations. CMS data included 
inpatient and outpatient claims for participants enrolled in FFS continuously after reaching CMS 
Medicare eligibility and those with intermittent FFS enrollment during the period of observation. 
While no outpatient claims were available for cohort participants enrolled in managed care 
programs, inpatient claims were available for all participants with Medicare on a selective basis 
from the year 2008 onward. 
  
MedPar files were used to identify inpatient CMS records for hospital encounters related to falls, 
fractures, and syncope. Outpatient falls were identified using the Clinical Classification System 
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(CCS) category 2603, E codes, which were based on International Classification of Diseases, 9th 
revision (ICD-9) external cause of injury codes. Falls were identified using the following ICD9 
codes: E880.X-E888.X. Fractures were defined by ICD9 codes: 733.10-733.19, 733.93- 
733.98, and 800-829. Syncope was defined by ICD9 code: 780.2. 
 
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, prevalent cardiovascular 
disease, alcohol use, education, smoking status, prior stroke, prior heart failure, antidepressant 
use, sedative use, hypnotic use, antipsychotic use, anticholinergic use.  
 
Data analysis: 
 Our primary analyses will be as follows: 
 

• Cross-sectional examination of baseline characteristics (Table 1). 
o Means, proportions 

• Association of standing SBP or SBP <110 mm Hg with falls, fracture, syncope, CVD and 
death (Table 2). 

o Exposures: 
 Categorical (2): standing SBP and standing SBP <110 mm Hg 

o Cox proportional hazard models by outcome: 
 Falls, fracture, syncope, CVD, death 
 Adjusted for model covariates (see above) 

o Characterization of association between standing SBP (mm Hg) and falls, 
fracture, and syncope fully adjusted restricted cubic splines (Figure 1 A-C); 
standing SBP (mm Hg) and CVD and death (Figure 2 A-B); 4 knots will be 
selected via Harrell’s method; histogram of values by outcome status will overlay 
each figure; splines will be centered at the median values for standing SBP. 

• Association of standing SBP with falls, fracture, syncope, CVD, death, stratified by 
hypertension stage. (Table 3) 

o Exposures: 
 Categorical: standing SBP and standing SBP <110 mm Hg 

o Effect modification strata 
 Hypertension stage (3 strata): No hypertension, Stage 1 (SBP ≥130-139 

mm Hg/ Diastolic Blood Pressure (DBP) ≥80-89 mm Hg), Stage 2 (SBP 
≥140 mmHg/DBP ≥90 mm Hg) 

o Cox proportional hazard models by outcome: 
 Falls, fracture, syncope, CVD, death 
 Adjusted for model covariates (see above) 

• Association of standing SBP with falls, fracture, syncope, CVD, death, stratified by age 
and CVD risk (Table 4). 

o Exposures: 
 Categorical: standing SBP and standing SBP <110 mm Hg 

o Effect modification strata 
 Age (3 strata): <50 years, 50-59 years, ≥60 years 
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 Baseline 10-year atherosclerotic cardiovascular disease (ASCVD) risk (3 
strata): ASCVD <10%, ASCVD ≥10%, and prior CVD history 

• Baseline 10-year ASCVD risk will be calculated with the U.S.-
derived pooled cohort equations.13 

o Cox proportional hazard models by outcome: 
 Falls, fracture, syncope, CVD, death 
 Adjusted for model covariates (see above; note history of CVD is not 

applicable here) 
• Supplemental analysis: Characterization of association between standing SBP (mm Hg) 

and stroke using fully adjusted restricted cubic splines (Supplemental Figure 1); 4 knots 
will be selected via Harrell’s method; histogram of values by outcome status will overlay 
each figure; splines will be centered at the median values for standing SBP. 

 
Limitations: 

• Insensitive event ascertainment (falls) 
• Standing SBP are not available on all participants 
• Residual confounding is always a concern with observational studies. 
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