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4. Rationale:

Orthostatic hypotension (OH), a drop in standing and supine systolic blood
pressure of 20 mm Hg or diastolic blood pressure of 10 mm Hg,*? is a predictor of
cardiovascular disease events, stroke, falls, syncope, and premature death among 40-60
year-old ARIC participants.>* It has largely been thought that this drop in blood pressure
results in organ hypoperfusion and progressive injury. As a result, clinical management
of OH focuses on blood pressure augmentation through increased consumption of salt
and fluids, de-prescription of antihypertensive therapies, or the introduction of
mineralocorticoids to raise blood pressure.> However, given that OH is derived from both
supine and standing BP measurements, it is conceivable that either an elevated supine BP
(i.e. supine hypertension) or a low standing BP (i.e. standing hypotension) may drive the
association of OH with adverse events independent of the difference in BP between the
two positions. This could have direct implications for clinical management of OH, as
supine hypertension would ideally be lowered with more aggressive BP treatment versus
traditional approaches to OH. Indeed, in a recent meta-analysis we demonstrated that
more aggressive BP reduction reduced incidence of OH in 9 trials of hypertension
treatment.®

Study objectives

Our objectives in this proposal are to determine the association between distinct
phenotypes of OH, namely, supine hypertension or standing hypotension, with adverse
health outcomes. We hypothesize that the underlying OH phenotype will be associated
with distinct health outcomes: (1) Supine hypertensive OH will be associated with CVD
events and stroke due to high blood pressure (a prominent CVD risk factor), while (2)
Standing hypotensive OH will be associated with falls and syncope (due to cerebral
hypoperfusion) and (3) either or both will be associated with premature death.

We believe delineating these phenotypes of OH and their associated health implications
will inform clinical management decisions for OH.

The ARIC population is ideal to address this question because of the availability of
supine and standing BP measurements in over 13,000 middle-aged adults at visit 1
combined with ARIC’s longitudinal surveillance for CVD and linkage with CMS claims,
which included fall and syncope events. Furthermore, the comprehensive assessments in
ARIC afford the opportunity to address numerous confounding variables.

5. Main Hypothesis/Study Questions:

Primary study questions:

1. How many people have hypertensive OH or hypotensive OH?

2. What is the relationship between supine BP, standing BP, or postural change
associated with CVD (fatal, all cvd, chf, stroke), falls, syncope, and death? Are
they independent of each other? How do the magnitudes of association compare
with postural change?



3. Is hypertensive OH or hypotensive OH associated with CVD, dementia, fall,
syncope, and death?

Hypotheses:

1. Supine hypertensive OH will be associated with CVVD outcomes compared to the
population without OH, without supine hypertension, and without standing
hypotension.

2. Standing hypotensive OH will be associated with falls and syncope compared to
the population without OH, without supine hypertension, and without standing
hypotension.

3. Both supine hypertensive OH and/or standing hypotensive OH will be associated
with premature death.

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:
e ARIC participants without supine or standing BP measured at visit 1
e Missing covariates of interest
e Persons of ethnicity other than African American or white
e African-Americans from Washington County or Minnesota

Exposure assessment:
Orthostatic hypotension will be derived from the following equation:

Standing BP - supine BP = Postural change in BP
OH is defined as a postural change in SBP <-20 mm Hg or DBP <-10 mm Hg.
In addition, we will use the following definitions:

e Supine hypertension: a supine SBP >140 mm Hg or DBP >90 mm Hg
e Standing hypotension: a standing SBP <105 mm Hg or DBP <65 mm Hg

Based on these definitions we will classify the ARIC population, using the following OH
phenotypes:

(1) No OH, no supine hypertension, no standing hypotension (reference group)
(2) No OH, supine hypertension, no standing hypotension

(3) No OH, no supine hypertension, standing hypotension

(4) No OH, both supine hypertension and standing hypotension

(5) OH, no supine hypertension, no standing hypotension



(6) OH, supine hypertension, no standing hypotension
(7) OH, no supine hypertension, standing hypotension
(8) OH, both supine hypertension and standing hypotension

Outcomes: Any CVD event, fatal CVD, stroke, CHF, falls, syncope, and all-cause
mortality

We will examine incident CHD (“c7_in_13sp”), fatal CVD, chf, and stroke through
December 31, 2019 or most recent data available

Falls will be defined at 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
1991-2019.78

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 1%, 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 falls 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.”® 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 and syncope. Outpatient falls and syncope were identified using the Clinical
Classification System (CCS) category 2603, E codes, which were based on International
Classification of Diseases, 9" revision (ICD-9) external cause of injury codes. Falls were
identified using the following ICD9 codes: E880.X-E888.X. Syncope was based on ICD9
code 780.2.

Other variables of interest:



Models will be adjusted for age, sex, race-study center, estimated glomerular
filtration rate, body mass index, resting heart rate, history of diabetes, alcohol use,
education, leisure activity, smoking status, history of cardiovascular disease, history of
stroke, history of heart failure, antidepressant use, sedative use, hypnotic use,
antipsychotic use, and anticholinergic use.

Data analysis:
Our primary analyses will be as follows:

Baseline characteristics by OH phenotype (Table 1).
0 Means, proportions
Association of supine hypertension or standing hypotension with events (Table 2)
o Cox proportional hazards models
0 Model covariates:
= Unadjusted
= Minimally adjusted: age/sex/race adjusted
= Fully adjusted (details above) +/- adjustment for OH
Association of OH phenotypes with events (Table 3)
0 OH phenotypes:
= No OH with supine HTN without standing hypotension
No OH without supine HTN and with standing hypotension
No OH with both supine hypertension and standing hypotension
OH without supine HTN or standing hypotension
OH with supine HTN without standing hypotension
OH without supine hypertension with standing hypotension
OH with both supine hypertension and standing hypotension
o0 Cox proportional hazards models
0 Model covariates:
= Unadjusted
= Minimally adjusted: age/sex/race adjusted
= Fully adjusted (details above)
¢ Independent and joint models examining the association of supine SBP, standing
SBP, the difference in SBP, or mean SBP with respect to outcomes (Table 4)
o0 Cox proportional hazards models
= Model covariates:
e Supine SBP or standing SBP fully adjusted (details above)
e Supine SBP or standing SBP fully adjusted (details above)
+ difference in SBP
e Supine SBP or standing SBP fully adjusted (details above)
+ mean of supine and standing SBP
e Difference and mean SBP full adjusted (details above)
e Characterization of association between standing SBP, supine SBP, the difference
in SBP, and mean SBP with outcomes using fully adjusted restricted cubic splines
(Figure 1 A-C); 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 SBP



0 Supplement Figure repeating for DBP
e Sensitivity analyses
0 Alternate definitions of supine HTN (130/80) or standing hypotension
(110/70)
o0 Splines of DBP
0 Models based on OH defined by systolic or diastolic components only
0 Independent and joint models with DBP (instead of SBP)

Limitations:
e Insensitive event ascertainment (falls/syncope)
e Supine and standing BP are not available in all participants
e The number of individuals with some of the OH phenotypes of interest is limited,;
we may need to aggregate these strata
e Residual confounding is always a concern with observational studies.
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