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4. Rationale:  
 
Orthostatic blood pressure (BP) assessment is an important tool for assessing autonomic dysfunction and potentially 
impaired baroreflex sensitivity in older adults. Orthostatic hypotension is frequently observed in older adults, 
especially individuals with frailty and hypertension.1 Many, though not all, epidemiological studies have linked 
orthostatic hypotension to increased risk of cardiovascular events, syncope, falls, and death.1,2 It has been reported in 
several prospective cohort studies that orthostatic hypotension was also associated with cognitive decline and a 
higher risk of dementia.3-8  
 
Increasing evidence, however, suggests that focusing only on the dichotomized component of orthostatic 
hypotension may not sufficiently capture the important clinical relevance of the highly dynamic BP regulatory 
processes during the first few minutes of postural change. Specifically, during the first 30s to 60s following postural 
change, there would be an abrupt decrease in BP due to reduced ventricular filling and cardiac output.9 During this 
initial phase of orthostatic BP response, individuals with intact cerebral autoregulation are generally able to maintain 
stable cerebral blood flow, irrespective of such abrupt decreases in BP10, whereas individuals with autoregulatory 
dysfunction, especially older adults and individuals with hypertension, might be susceptible to disturbed cerebral 
perfusion.11,12 From approximately 60s onwards after the postural change, this transient decrease in BP would 
activate baroreflex-mediated compensatory sympathetic activities, decrease parasympathetic activities and invoke 
other compensatory mechanisms to restore cardiac output and BP. During this subsequent compensatory phase, a 
lack of these compensatory mechanisms, for example in the presence of autonomic dysfunction, may fail to restore 
BP level (e.g., manifested as orthostatic hypotension) whereas the hyperreactivity of certain compensatory 
mechanisms may also lead to increased BP (e.g., manifested as orthostatic hypertension).1,13 Taken together, BP 
responses during the few minutes upon standing, although short, are likely to invoke different regulatory 
mechanisms across multiple stages. The changes in BP measured at different time points may reflect different 
underlying physiological responses and thus their association with disease outcomes may also differ by the timing of 
the orthostatic BP assessment.  
 
Indeed, it has been reported in previous studies that the first measurement (~30 seconds within standing) of 
orthostatic BP change within 1 minute upon standing has the strongest association with dizziness and higher risk of 
fracture, fall, syncope, and mortality.14,15 It remains undetermined whether the association of orthostatic BP change 
with the risk of dementia differs by the timing of orthostatic BP assessment. Moreover, orthostatic hypertension has 
been suggested to be an independent risk predictor for cardiovascular disease, stroke, and renal events16-20, but the 
relationship between orthostatic hypertension and the risk of dementia is undetermined. Prior evidence has linked 
orthostatic BP change to subclinical brain vascular diseases, but it remains unclear to what extent the association 
between orthostatic BP change and dementia may be explained by subclinical brain vascular injury.  
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5. Main Hypothesis/Study Questions: 
 
We hypothesize that increased orthostatic BP variability, including both large decreases and increases in BP,  at 
different time points after the postural change, may be associated with increased risk of dementia and the association 
may vary with time of postural change. The putative association between orthostatic BP change and dementia may 
be partly explained by the presence of subclinical brain vascular injury. 
 
 
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  
Inclusion criteria: participants free of major neurological diseases (including dementia, stroke and Parkinson's 
disease) at baseline with available data on orthostatic BP assessment at visit 1. In our primary analyses, we will only 
include participants who completed at least 4 out of 5 orthostatic BP measurements at visit 1.  
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Primary exposure measure: supine to standing BP change at five time points during baseline assessment as both 
continuous variables and categorical variables (cut-off points for orthostatic changes in SBP as categorical variables: 
<-20, -20 to -10, -10 to 10, 10-20 and >20 mmHg; cut-off points for orthostatic changes in DBP as categorical 
variables: <-10, -10 to -5, -5 to 5, 5-10 and >10 mmHg). We will assess orthostatic changes in SBP and DBP 
separately.  
 
Primary outcome: incident dementia cases identified throughout the follow-up period. To allow for statistically 
adequate analyses among all the participants with available orthostatic BP assessment, we will use dementia 
adjudication that combines surveillance and clinical visits (i.e., level 3 dementia diagnosis) for all participants.  
 
Statistical analyses 

Dynamic patterns of orthostatic BP changes and dizziness  We will first describe the dynamic changes in 
BP upon standing at five individual time points at approximately 30, 50, 80, 100 and 120 seconds after standing, for 
all participants and then stratified by self-reported orthostatic dizziness, respectively. To determine the trajectory 
and rate of orthostatic BP changes within the first 2 minutes of standing, we will fit mixed models with piecewise 
cubic spline functions for orthostatic BP changes as continuous variables.  The pattern of orthostatic BP change over 
time will be illustrated as Figure 1. The consideration of orthostatic dizziness in the analyses is to better inform the 
clinical relevance of a symptomatic measure with orthostatic BP assessment and the risk stratification of dementia. 
To deal with missing data in orthostatic BP assessment, especially the fifth (last) measurement, likelihood based 
random effects model will be used assuming data are missing at random. The characteristics of participants with and 
without missing data will also be compared to inform the potential mechanisms of missingness, including the 
comparison of orthostatic dizziness. Sensitivity analyses will be carried out to assess its impact on the findings.  

Orthostatic BP changes and risk of dementia. In our primary analyses, we will assess the association of 
postural BP change measured with risk of dementia using Cox proportional-hazards models, where postural BP 
changes at the five individual time points will be analyzed in separate models. In our primary analyses, we will 
verify the proportional hazards assumption through visually inspecting the Schoenfeld residual plots. To control for 
potential confounding factors, we will adjust for age, sex and race in the initial model and in the final fully adjusted 
model (i.e., the primary model) we will further adjust for attained education, APOE 4 carrier status, body mass 
index, alcohol intake, smoking status, total cholesterol level, sitting systolic blood pressure, and history of diabetes 
and coronary heart disease at baseline. Since the primary exposure orthostatic BP change was only measured at visit 
1, we will consider potential confounding variables collected at the same visit in our primary model to avoid 
adjustment of potential mediators at subsequent visits. To account for the potential confounding by time-varying 
covariates such as smoking, alcohol consumption and weight status at subsequent visits, we will conduct sensitivity 
analyses treating these variables as time-varying covariates. To provide causal relative risk estimates in the presence 
of the competing risk of death, we will use cause-specific hazard ratios.  

In our secondary analyses, we will examine potential effect modification by age, sex, hypertension status, 
antihypertension medication use, APOE genotype, and length of follow-up (to assess the potential explanation of the 
association as reverse causation), and duration of standing through subgroup analyses stratified by these factors. To 
explore potential underlying mechanisms, we will further conduct the analyses stratified by arterial stiffness as 
measured by ankle-brachial index and the presence of atherosclerotic plaques in carotid arteries at visit 1. Since in 
typical orthostatic BP responses, a transient decrease in BP will be followed by increases in BP resulting from 
multiple compensatory mechanisms, we will assess whether the putative association of initial decreases in BP with 
the risk of dementia attenuates or disappears after additionally adjusting for subsequent compensatory increases in 
BP and whether this association attenuates with further adjustment for orthostatic dizziness. In our sensitivity 
analyses, we will further adjust for diastolic blood pressure and antihypertensive medication use in separate models. 

Orthostatic BP change and presence of subclinical brain vascular disease. To further shed light on the 
underlying brain pathology that may link orthostatic BP changes to dementia, we will assess the association between 
orthostatic BP changes and imaging markers of brain vascular pathology, including both brain MRI markers and 
retinopathy assessed by fundus photography. For the analyses on the presence of retinopathy as a potential mediator, 
since this measurement is available for nearly all participants (~12,000), dementia diagnosis that combines 
surveillance and clinical visit data (level 3 dementia diagnosis) will be used. We will assess the severity of 
retinopathy as a categorical variable (none, mild, or moderate/severe). Although retinal assessment does not directly 
quantify brain vascular pathology, it has been considered as a surrogate of cerebrovascular pathology given that 
retinal microvasculature resembles brain microvasculature and it can be more conveniently assessed compared to 
brain MRI assessment. For the analyses on brain MRI structural measures among a subset of participants who 
underwent Brain MRI scan at visit 3 (approximately 2000 participants at visit 3 and nearly 2000 at visit 5), level 3 
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dementia diagnosis will be used in the primary analyses to be consistent with the analyses described above in the 
overall study population. In a sensitivity analysis, we will also conduct the analysis using level 1 dementia 
adjudication (which requires in-person clinical visits at visit 5) to assess the robustness of the findings. For brain 
MRI assessment, potential mediators of interest include total brain tissue volume, hippocampus volume (as an 
important marker for Alzheimer’s disease), and presumed markers of cerebral small vessel disease, including white 
matter hyperintensities (0-9 rating scale at visit 3 and volumetric measure at visit 5), silent infarcts (as a binary 
indicator of presence or absence), cerebral microbleeds (as a binary indicator of presence or absence, and also based 
on the presence of lobar and deep microbleeds given their potential different pathophysiology). Causal mediation 
analyses will be conducted to quantify to what extent the putative association of orthostatic BP changes with the risk 
of dementia may be mediated by the markers of brain vascular pathology as described above. There are several 
methodological limitations in conducting the causal mediation analyses. The first one is potential inadequate 
statistical power to examine the above brain MRI markers as potential mediators since these data are only available 
in approximately 2,000 participants. We will consider using a composite score of overall subclinical brain vascular 
burdens to examine the overall proportion of the putative association that could be mediated. Also, brain MRI 
markers were available at both visit 3 and visit 5, given the timing of MRI may affect the mediated effect and the 
measures are quantified slightly different (e.g., white matter hyperintensities using visual rating scale at visit 3 and 
automatic volumetric measure at visit 5), mediation analyses will be conducted for these two sets of brain MRI 
markers in different models. We will also consult with experts on causal mediation analyses to consider the option 
of multi-stage mediation analyses. Also given that neuroimaging markers were not available in all participants, we 
will also compare the characteristics of the participants included in and excluded from the mediation analyses to 
evaluate potential selection bias and inform the generalizability of our findings.  

 
Other methodological considerations: There has been limited evidence on the clinical relevance of the timing of 
orthostatic BP assessment, largely because of the unavailability of orthostatic BP measures within the first minute in 
most studies. To test the robustness and generalizability of our findings, we will also consider replicating the 
analyses in the Rotterdam Study, another population-based cohort study that has a similar assessment of orthostatic 
BP change at five-time points after the postural change and standardized diagnosis of dementia, but have a slighter 
older study population.  
 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
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Note: because this manuscript proposal will focus on analyzing the risk of dementia and 
subclinical vascular brain changes in relation to time pattern of orthostatic BP change at five 
individual time points, it does not overlap with prior two publications on dementia listed below. 
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the ongoing manuscript proposal on orthostatic hypotension and adverse clinical outcomes, we 
have made sure there is no overlap in our proposed analyses.  
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12a. Manuscript preparation is expected to be completed in one to three years.  If a 
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 
approval, the manuscript proposal will expire. 
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has access to the published results of NIH funded research.  It is your responsibility to upload 
manuscripts to PubMed Central whenever the journal does not and be in compliance with this 
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http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms. 
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