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S1 Text. Analysis plan
Association of blood pressure variability with the risk of dementia: a prospective

cohort study

Background

Dementia is one of the most common progressive neurological diseases associated with
disability and dependency in the elderly, and it is estimated that around 50 million individuals
are living with dementia globally [1]. With the increase of life expectancy, the number of
people living with dementia will continue to increase and is predicted to triple in 2050 [1,2].

High blood pressure is a major contributor not only to cardiovascular events but also to
accelerated cognitive decline and dementia [2,3]. However, It has also been shown that the
relationships between blood pressure level and health outcomes appear to attenuate with
aging in late life [4,5]. Specifically, the association of elevated blood pressure with risk of
dementia is controversial, with a positive association at mid-life and a likely inverse
relationship in late life [6]. This inconsistency has impeded the potential of leveraging
available antihypertensive treatment to prevent dementia. Emerging evidence, from post-hoc
analysis of clinical trials and systematic review, suggests that blood pressure variability may
relate to vascular-related outcomes, above and beyond the effect of mean blood pressure [7-
9]. Indeed, several studies have reported that higher blood pressure variability was associated
with impaired cognitive function independent of mean blood pressure in both young adults
[10] and the aging population [11-13]. A few cohort studies also reported that both higher
visit-to-visit and day-to-day BPV were associated with a higher risk of dementia, but the
temporal order of the association was not fully clarified due to the short follow-ups of most
studies [14-16]. The underlying mechanisms also remain poorly understood. We hypothesize
that large blood pressure variability is associated with a higher risk of dementia, and that
arterial stiffness may modify this putative association.

Analysis Objective

To investigate whether blood pressure variability is associated with the diagnosis of incident
dementia, and to further examine the potential mechanisms, specifically the role of arterial
remodeling in a prospective cohort study.

Study Design and Participants

This study will be conducted in The Rotterdam Study using a prospective cohort study
design. Subjects without dementia during baseline measurements are eligible for the proposed
study. A total of ~6000 participants from the original cohort (RS-I) initiated in year 1989 will
be included.
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Outcome-Assessment of Incident Dementia

e The primary outcome is all-cause incident dementia during the follow-up period.
e The secondary outcomes are major subtypes of dementia, i.e. Alzheimer’s disease
and vascular dementia.

Exposure-Blood Pressure Variability (BPV)

Visit-to-visit blood pressure variability will be calculated considering the following aspects:

e (Given that blood pressure was measured every 3-4 years with relatively long and
differential visit intervals, methods accounting for visit intervals will be considered.

e The direction of blood pressure variability will be considered, as the variation over 3-
4 years could be profound, reflecting either a decreasing or an increasing trend.

e The calculation of BPV will account for average blood pressure level.

e (Given the visit intervals of 3-4 years on average, which is significantly longer than
previous studies on visit-to-visit BP variability and health outcomes. Measures of
BPV, such as coefficient of variation, that require BP measured from three or more
visits may not be suitable for the current study, as it will introduce issues associated
with the assessment of sustained exposure, such as immortal time bias. Coefficient of
variation (CV), standard deviation (SD) and average successive variability (ASV) will
therefore be used as secondary measures to allow for the comparison with previous
studies.

Other Measurements
Covariates for potential confounding control include:

(1) time invariant covariates: age, sex, education, and ApoE genotype;

(2) time-varying covariates: lifestyle factors (smoking, alcohol drinking), total
cholesterol level, high-density lipoprotein, mean body weight and mean blood
pressure, antihypertensive drug treatment, and history of diabetes and CVD.

Potential effect modifier: indicators of arterial stiffness (assessed by carotid-femoral pulse
wave velocity index).

Statistical Methods
Primary Analysis

Primary Research Question: Is BPV associated with the risk of incident dementia?
The association of BPV with dementia will be examined using Cox proportional-hazard
models with adjustment of aforementioned covariates considering the following aspects.
e Informative censoring will be accounted for using inverse probability weighting.
e BPV will be evaluated first as time-dependent variable, and then as time-independent
variable (with first three waves as baseline measurement).
¢ In this analysis, any dementia cases reported during varied measurement period (with
lag periods ranging from 0 years to the median of follow-up period) will be censored
to assess potential reverse causation.
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e BPV will be first entered as continuous and then as categorical (based on quantile cut-
off points).

e To further allow for nonlinearity, smoothing splines will be employed.

e The above analysis will be repeated for vascular dementia and Alzheimer’s disease.

e The above analysis will also be repeated for variability in DBP and pulse pressure.

Secondary Analysis

(1) To test whether arterial stiffness modify the association between BPV and the risk of
incident dementia, analysis stratified by pulse wave velocity index will be performed.
The interaction between arterial stiffness and BPV will be examined by adding a
product term into the model.

(2) Pre-specified subgroup analyses: by age, sex, hypertension status, baseline blood
pressure level and antihypertensive drug treatment;

(3) Correlation between different types of BPV and BP level.

Sensitivity Analysis

Several sensitivity analyses will be performed, including changing the eligibility criteria of
study population, using different methods to calculate blood pressure variability, and testing
different model assumptions.

Missing Value Handling

Missing values will be handled using the missing indicator procedure if the proportion of
missing data is small (<20%), otherwise more complex approaches, such as multiple
imputation or model-based methods, will be used where appropriate.

Software
All the analyses will be performed using SAS and R.
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