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Abstract
Objective
To determine whether orthostatic hypotension (OHYPO) and visit-to-visit blood pressure
(BP) postural changes variability are associated with incident dementia.

Methods
We studied 2,131 older adults from the Health, Aging, and Body Composition cohort study.
Orthostatic BP was repeatedly assessed over a 5-year baseline period. OHYPO was defined as a
fall ≥15mmHg in systolic or ≥7mmHg in diastolic BP after standing from a sitting position for
one-third or more of the visits. Systolic OHYPO and diastolic OHYPO were also examined
separately. BP postural changes variability over time was evaluated with several indicators,
including SD and coefficient of variation (CV). Incident dementia was determined over 12
years after the baseline period by dementia medication use, ≥1.5 SD decline in Modified Mini-
Mental State Examination score, or hospitalization records.

Results
Of 2,131 participants (mean age 73 years, 53% female, 39% Black), 309 (14.5%) had OHYPO,
192 (9.0%) had systolic OHYPO, 132 (6.2%) had diastolic OHYPO, and 462 (21.7%) de-
veloped dementia. After adjustment for demographics, seated systolic BP (SBP), antihyper-
tensive drugs, cerebrovascular disease, diabetes mellitus, depressive symptoms, smoking,
alcohol, body mass index, and presence of 1 or 2 APOE e4 alleles, systolic OHYPO was
associated with greater dementia risk (adjusted hazard ratio [HR] 1.37, 95% confidence interval
[CI] 1.01–1.88), unlike diastolic OHYPO and OHYPO. SBP postural changes variability was
also associated with higher dementia risk (highest tertile of variability [CV]: adjusted HR 1.35,
95% CI 1.06–1.71).

Conclusion
Systolic OHYPO and visit-to-visit SBP postural changes variability were associated with greater
dementia risk. Our findings raise the question of potential preventive interventions to control
orthostatic SBP and its fluctuations.
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Because postural changes in blood pressure (BP) affect 20%
to 30% of the elderly population1–3 and multiple pharmaco-
logic and nonpharmacologic interventions may improve or-
thostatic symptoms,4 the question of whether postural
changes in BP over time are risk factors for dementia has
major public health implications.

Orthostatic hypotension (OHYPO) has been associated
with an increased risk of cardiovascular events and all-cause
mortality,5 but the relationship with cognitive outcomes is
less clear. The few studies examining the impact of OHYPO
on incident dementia6–11 reported conflicting results, po-
tentially because of limited follow-up time, age at which
OHYPO was ascertained, and measurement of OHYPO at a
single time point, which may not be as sensitive as several
time points.

Over the past decade, higher BP variability has been in-
creasingly recognized, beyond hypertension, as a predictor of
clinical events such as stroke, myocardial infarction, and car-
diovascular and all-cause mortality12–15 and has recently been
suggested to be potentially associated with an increased risk of
dementia.16 However, the specific impact of visit-to-visit
variability of postural changes in BP on incident dementia has
never been considered.

Thus, the aim of our study was to investigate the association
between repeatedly assessed postural changes in BP,
OHYPO, and visit-to-visit variability of postural changes in
BP and risk of dementia in the prospective Health, Aging,
and Body Composition (Health ABC) study, a biracial co-
hort of community-dwelling older adults who were cogni-
tively normal at baseline and followed up for more than a
decade.

Methods
Standard protocol approvals, registrations,
and patient consents
This study was approved by the institutional review boards of
the 2 clinic sites and that of the coordinating center, the
University of California, San Francisco. All participants signed
an informed written consent, approved by the institutional
review boards at the clinical sites. This study was conducted in
compliance with the principles of the Declaration of Helsinki
and followed the international standards pertaining to pro-
tection of human research participants.

Study population
Starting in 1997, participants were enrolled in theHealth ABC
study, a prospective cohort of 3,075 community-dwelling
White (58%) and Black (42%) older adults 70 to 79 years of
age who were randomly sampled from Medicare enrollees
living in Memphis, TN, or Pittsburgh, PA. Subjects were all
dementia-free at baseline and were followed up for up to 17
years. Eligibility criteria included no self-reported mobility
difficulty (walking a quarter mile and climbing 10 steps
without resting) or functional disability, no known life-
threatening cancers, and no plans to leave the area within 3
years.

Assessment of orthostatic BP changes
Orthostatic BP changes weremeasured at baseline and follow-
up years 1, 3, and 5, making up a 5-year baseline period. Given
that older adults often have comorbid conditions that may
affect mobility and have a higher fall risk, a sit-to-stand mea-
sure, as used the in Health ABC study, often offers a safer
method to assess OHYPO.17 BP was measured twice in the
seated position at the brachial artery with a mercury sphyg-
momanometer after 5 minutes of quiet rest and once in the
standing position after 1 minute. All BP measurements were
obtained by centrally trained and certified clinic staff using
standardized protocols. Recently, diagnostic OHYPO
thresholds with a sit-to-stand test have been proposed18 and
used in studies such as the Hypertension in the Very Elderly
Trial (HYVET).19 We therefore defined OHYPO as a de-
crease in systolic BP (SBP) of at least 15 mmHg or a decrease
in diastolic BP (DBP) of at least 7 mm Hg after postural
change at any of the 2 measurements. In addition, systolic
OHYPO and diastolic OHYPO were examined separately.
OHYPO over the 5-year baseline period was defined as having
OHYPO for at least one-third of visits.

To assess the visit-to-visit variability of postural changes in
SBP over the 5-year baseline period, we first computed at each
time point (baseline, years 1, 3, and 5) an orthostatic SBP
ratio = (seated SBP/standing SBP) × 100.20 Standing SBP
may be higher or lower than seated SBP. Thus, participants
with an orthostatic SBP ratio >100% have a seated SBP that
exceeds standing SBP. We then investigated the visit-to-visit
variability of postural changes in SBP (variability of the or-
thostatic SBP ratio over the 5-year baseline period of ortho-
static assessment) according to indicators used in previous
studies12,21: mainly SD and coefficient of variation (CV) but
also variation independent of mean (VIM), residual SD
(RSD), average real variability, and successive variation (data

Glossary
BMI = body mass index; BP = blood pressure; CI = confidence interval; CV = coefficient of variation; DBP = diastolic BP;
HEALTHABC =Health, Aging, and Body Composition;HR = hazard ratio;HYVET =Hypertension in the Very Elderly Trial;
OHYPO = orthostatic hypotension; RSD = residual SD; SBP = systolic BP; 3 MS =Modified Mini-Mental State Examination;
VIM = variation independent of mean.
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available from Dryad, appendix e-1 and table e-1, doi.org/10.
5061/dryad.dncjsxkw6). Correlations between indicators are
shown in table e-2 (data available from Dryad). A similar
method was used to assess the visit-to-visit variability of
postural changes in DBP.

Assessment of dementia
Global cognition was assessed repeatedly with the Modified
Mini-Mental State Examination (3 MS), a cognitive measure
that assesses concentration, orientation, language, praxis, and
immediate and delayed memory.22 The 3MS has been shown
to be more sensitive in detecting dementia than other cog-
nitive screening instruments.23 After the 5-year baseline pe-
riod of orthostatic assessment, incident dementia was
evaluated over a 12-year period (total follow-up 17 years).
Dementia was determined if any of the following qualifica-
tions were met: record of a hospitalization with dementia
listed as a primary or secondary diagnosis, a documented
prescription for dementia medication (i.e., galantamine,
rivastigmine, donepezil, memantine), or ≥1.5 SD race-
stratified decline in 3 MS score on repeated measures from
participants’ baseline through the last visit.24 After exclusion
of individuals who did not attend year 5 or developed de-
mentia during the 5-year baseline orthostatic assessment pe-
riod (n = 839) and those who did not have at least 2
measurements of postural BP changes (n = 105), our final
analytic cohort consisted of 2,131 Health ABC participants.

Assessment of covariates
Several covariates such as demographics (age, race, sex, and
education) were considered potential confounders. Average
seated SBP or DBP was calculated as the mean of seated SBP
or DBP measurements over the 5-year period of orthostatic
assessment. Hypertension was also defined as prevalent or
incident over the 5-year baseline with the use of a ≥140/
90 mm Hg cutoff. Antihypertensive drug use was collected
over the same period. Diabetes mellitus, coronary heart dis-
ease, and cerebrovascular disease were determined from a
combination of self-report, physician diagnosis, medications,
and laboratory values and were coded according to baseline
prevalence and incidence during follow-up. Depressive
symptoms were defined as a score ≥10 on the Center for
Epidemiologic Studies Depression scale.25 Participants self-
reported current smoking and alcohol use (≤1 vs >1 drink a
day). Body mass index (BMI; kilograms per meters squared)
was categorized as normal (BMI <25 kg/m2), overweight (25
≤ BMI < 30 kg/m2), and obesity (≥30 kg/m2) according to
NIH guidelines.26 APOE genotype was considered the pres-
ence of 1 or 2 APOE e4 alleles.

Statistical analyses
Baseline characteristics were compared in patients with and
without baseline OYPO with Student tests for continuous
variables and χ2 tests for categorical variables. Comparisons
between tertile of variability of postural changes in BP over
time (CV) were done with an analysis of variance for con-
tinuous variables and χ2 tests for categorical variables. Cox

proportional hazards models were performed to assess the
association of OHYPO and visit-to-visit variability of postural
changes in BP with incident dementia over 12 years. Time to
dementia was coded as first record of diagnosis or censored
from observation at the end of the period for which data were
available. The proportional hazard assumption was checked
graphically for all covariates and using Schoenfeld residuals.
Log-linearity hypothesis was also tested for all covariates. A
significance threshold of 0.2 (based on either systolic
OHYPO or variability comparisons according to baseline
characteristics; table 1 and dementia univariate Cox models,
data available from Dryad, table e-3, doi.org/10.5061/dryad.
dncjsxkw6) was considered to select potential confounding
factors. Adjusted dementia-free survival curves by the pres-
ence of systolic OHYPO and tertile of visit-to-visit variability
(CV) of postural changes in SBP were also drawn. Interac-
tions between primary predictors and potential confounding
factors were checked. Sensitivity analyses with adjustment for
baseline cognition (3 MS score) were conducted. All statis-
tical analyses were performed with STATA software version
15 (StataCorp, College Station, TX).

Data availability
Anonymized data will be shared by request from any qualified
investigator.

Results
In our cohort, mean baseline age was 73.4 years, 1,136
(53.3%) participants were female, and 825 (38.7%) were
Black. Four hundred sixty-two participants (21.7%) de-
veloped incident dementia over 12 years. Of 2,131 partici-
pants, 1,978 (93%) had at least 3 orthostatic BP assessments
over time. One hundred ninety-two (9.0%) had systolic
OHYPO; 132 (6.2%) had diastolic OHYPO; and 309
(14.5%) had OHYPO over the 5-year baseline. Participants
with systolic OHYPO were more likely to have higher seated
SBP (p < 0.001), hypertension (p < 0.01), and depressive
symptoms (p < 0.01) (table 1).

Systolic OHYPO was significantly associated with an in-
creased risk of dementia in unadjusted model (unadjusted
hazard ratio [HR] 1.35, 95% confidence interval [CI]
1.01–1.81) (table 2). After adjustment for demographics,
seated SBP, antihypertensive drugs, cerebrovascular disease,
diabetes mellitus, depressive symptoms, smoking, alcohol,
BMI, and APOE, the results remained statistically significant,
with systolic OHYPO increasing the risk of dementia by al-
most 40% (adjusted HR 1.37, 95% CI 1.01–1.88) (table 2).
Figure 1 shows the incident dementia risk by systolic OHYPO
group over 12 years of follow-up. No interactions were found
between systolic OHYPO and age, race, or seated SBP on risk
of developing dementia (p > 0.2 for all). Diastolic OHYPOwas
not significantly associated with increased risk of dementia
(adjusted HR 0.92, 95% CI 0.60–1.40) (table 2), nor was
OHYPO defined on both systolic and diastolic components
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(adjusted HR 1.13, 95% CI 0.86–1.48) (table 2). Sensitivity
analyses after adjustment for baseline cognition (3 MS score)
reported similar findings: systolic OHYPO, adjusted HR 1.35,
95% CI 0.99–1.85; diastolic OHYPO, adjusted HR 0.92, 95%
CI 0.60–1.41; and systolic and/or diastolic OHYPO, adjusted
HR 1.11, 95% CI 0.85–1.47.

We also investigated the impact of the visit-to-visit variability
of postural changes in SBP on incident dementia. Baseline
characteristics of patients according to tertile of variability
(CV) are presented in table 1, and Cox proportional hazard
models for dementia risk over 12 years according to different
indicators of variability are shown in table 3. Compared to
participants with the lowest variability (CV) of postural
changes in SBP (first tertile), participants with the highest
variability (third tertile) had a greater risk of developing de-
mentia (unadjusted HR 1.33, 95% CI 1.06–1.66). After ad-
justment for demographics, seated SBP, antihypertensive

drugs, cerebrovascular disease, diabetes mellitus, depressive
symptoms, smoking, alcohol, BMI, and APOE, the results
remained statistically significant, with greater SBP postural
changes variability increasing the risk of dementia by 35%
(adjusted HR 1.35, 95% CI 1.06–1.71). Similar patterns were
observed for SD, average real variability, successive variation,
and VIM. Visit-to-visit variability of postural changes in SBP
assessed with RSD did not have significant results (table 3).
No interactions were found between visit-to-visit variability of
postural changes in SBP and age, race, or seated SBP on risk of
developing dementia (p > 0.2 for all). Figure 2 shows the
incident dementia risk according to tertile of visit-to-visit
variability (CV) of postural changes in SBP. Similar graphs
were obtained with other variability indicators. Visit-to-visit
variability of postural changes in DBP was not associated with
increased risk of dementia (data not shown). Sensitivity
analyses after adjustment for baseline cognition (3 MS score)
reported similar findings: highest tertile of SBP postural

Table 1 Baseline characteristics of patients according to systolic OHYPO and tertiles of variability of postural changes in
SBP

Baseline characteristics of
participants

No systolic OHYPO
(n = 1,939)

Systolic
OHYPO
(n = 192) p Value

Tertiles of variability of postural changes in SBP
over time (CV)

Tertile 1 Tertile 2 Tertile 3

p Value<4.5% 4.5%–7.7% >7.7%

Age, mean (SD), y 73.4 (2.8) 73.5 (2.9) 0.55 73.4 (2.8) 73.4 (2.9) 73.4 (2.8) 0.9

Female, n (%) 1,028 (53.0) 108 (56.3) 0.39 396 (55.7) 366 (51.6) 374 (52.7) 0.27

Black, n (%) 744 (38.4) 81 (42.2) 0.30 299 (42.1) 259 (36.5) 267 (37.6) 0.07

Education < high school, n (%) 447 (23.1) 57 (29.7) 0.04 177 (24.9) 138 (19.5) 189 (26.6) <0.01

Seated SBP, mean (SD), mm Hga 136.1 (15.7) 140.9 (17.4) <0.001 137.6 (16.4) 137.0 (15.3) 135.0 (16.0) 0.01

Antihypertensive treatment,
n (%)a

1,430 (74.6) 143 (75.3) 0.85 540 (76.9) 523 (74.7) 510 (72.4) 0.16

Hypertension, n (%)a 1,499 (78.8) 163 (88.6) <0.01 558 (80.4) 557 (79.3) 547 (79.2) 0.83

Cerebrovascular disease,
n (%)a

167 (8.6) 19 (9.9) 0.55 52 (7.3) 65 (9.2) 69 (9.7) 0.24

Diabetes mellitus, n (%)a 525 (27.1) 40 (20.8) 0.06 189 (26.6) 191 (26.9) 185 (26.1) 0.94

Coronary heart disease, n (%)a 400 (20.6) 41 (21.4) 0.81 154 (21.7) 138 (19.4) 149 (21.0) 0.57

Depressive symptoms, n (%)a 508 (26.6) 68 (36.4) <0.01 178 (25.4) 191 (27.3) 207 (29.7) 0.18

>1 Alcoholic drink/d, n (%) 143 (7.4) 8 (4.2) 0.09 45 (6.4) 63 (8.9) 43 (6.1) 0.08

Current smoking, n (%) 152 (7.9) 17 (8.9) 0.61 49 (6.9) 56 (7.9) 64 (9.0) 0.33

BMI, kg/m2 0.08 0.77

Normal BMI <25, n (%) 590 (30.4) 72 (37.5) 211 (29.7) 232 (32.7) 219 (30.9)

Overweight 25 ≤ BMI <30, n (%) 833 (43.0) 80 (41.7) 309 (43.5) 302 (42.5) 302 (42.5)

Obese BMI ≥30, n (%) 516 (26.6) 40 (20.8) 191 (26.9) 176 (24.8) 189 (26.6)

Presence of 1 or 2 APOE «4 alleles, n (%) 520 (28.3) 45 (25.0) 0.34 173 (25.3) 199 (29.9) 193 (28.9) 0.14

Abbreviations: BMI = body mass index; BP = blood pressure; CV = coefficient of variation; OHYPO = orthostatic hypotension; SBP = systolic BP.
a Over the 5-year baseline period.
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changes variability: CV, adjusted HR = 1.33, 95% CI
1.05–1.69. The results were consistent for all indicators of
variability except RSD.

Discussion
In this biracial cohort of community-dwelling older adults,
systolic but not diastolic OHYPO assessed at several time
points was associated with a higher risk of incident dementia
over the 12 years of follow-up. This relationship was in-
dependent of demographics and medical comorbid

conditions. Systolic OHYPO has also been suggested to be a
better predictor of cardiovascular events and all-cause
mortality than diastolic OHYPO or the combined
criteria.27,28 Our results are supported by several prior
studies. An inverse association was found between the av-
erage systolic orthostatic BP response and dementia di-
agnosis in a subsample of 240 participants recruited from the
Health ABC Study.20 However, this work did not assess
incident dementia risk over time and did not consider a
clinical definition of systolic OHYPO. Similarly, systolic but
not diastolic OHYPO was associated with greater risk of
dementia in the Swedish Good Aging in Skåne study9 and
with lower cognition in the Maine-Syracuse Longitudinal
Study.29 Other findings suggested that systolic but not di-
astolic OHYPO was associated with cognitive decline.30

Furthermore, we found a significantly greater risk of dementia
with more visit-to-visit variability over time of postural
changes in SBP. Although higher visit-to-visit SBP variability
has recently been suggested to be, beyond hypertension, a
clinical predictor of cognitive impairment and dementia,16 the
specific impact of visit-to-visit variability of postural changes
in SBP on incident dementia had never been considered.
Within-day orthostatic BP variability has only been suggested
to be associated with stroke in elderly nursing home resi-
dents.31 Other investigators reported an increased risk of
dementia associated with greater SBP variability between the
SBP measurement in the supine position and the 3 SBP
measurements in the standing position after several minutes.6

However, they did not focus on the visit-to-visit variability of
repeatedly assessed postural changes in SBP over several
years. Consistent with diastolic OHYPO, visit-to-visit

Figure 1 Incident dementia risk over 12 years among those older adultswith andwithout systolic OHYPO: adjusted survival
curves

Estimated survival curves after Cox proportional
hazards models. Adjusted for age, sex, race, ed-
ucation, seated systolic blood pressure, antihy-
pertensive drugs, cerebrovascular disease,
diabetes mellitus, depressive symptoms, smok-
ing status, alcohol use, body mass index, and
APOE. OHYPO = orthostatic hypotension.

Table 2 Unadjusted and adjusted Cox proportional
hazard models for dementia risk over 12 years
according to OHYPO

12-y Incident dementia

HR (95% CI)

Unadjusted Adjusted

Systolic OHYPO 1.35 (1.01–1.81) 1.37 (1.01–1.88)

Diastolic OHYPO 0.93 (0.63–1.39) 0.92 (0.60–1.40)

Systolic and/or diastolic OHYPO 1.11 (0.86–1.44) 1.13 (0.86–1.48)

Abbreviations: CI = confidence interval; HR = hazard ratio; OHYPO = ortho-
static hypotension.
Fully adjusted for age, sex, race, education, seated systolic blood pressure
(and/or diastolic blood pressure), antihypertensive drugs, cerebrovascular
disease, diabetes mellitus, depressive symptoms, smoking status, alcohol
use, body mass index, and APOE. Number of events (dementia cases): sys-
tolic OHYPO 50 (26.0%), no systolic OHYPO 412 (21.3%); diastolic OHYPO 26
(19.7%), no diastolic OHYPO 436 (21.8%); OHYPO 69 (22.3%), no OHYPO 393
(21.6%).
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variability of postural changes in DBP was not associated with
incident dementia. Our findings suggest that the detrimental
effects of orthostatic impairment and its variability over time
on brain functioning may be practically estimated by systolic
reaction only.

Several mechanisms may explain the association between
systolic OHYPO, visit-to-visit variability of postural changes
in SBP, and dementia. The most frequently mentioned ex-
planation is that OHYPO leads to recurrent transient cerebral
hypoperfusion. Cerebral autoregulation may be attenuated

with aging, with subsequent failure to adapt to repeated os-
cillations in BP resulting in impaired cerebral perfusion.32

Previous studies reported that cerebral blood flow is de-
creased in OHYPO33 predominantly in the hippocampus.34

Excessive fluctuations in BP postural changes also could have
greater detrimental consequences on cerebral blood flow and
hemodynamics35,36 than isolated OHYPO. Repeated epi-
sodes of hypoperfusion may lead to hypoxia with detrimental
effects on brain tissue through neuroinflammation and oxi-
dative stress.37 Several studies showed that BP variability and
repeated episodes of tissue hypoxia/ischemia could be re-
sponsible for cerebral small vessel diseases, including white
matter lesions, microbleeds, silent infarcts, and brain atrophy,
contributing to explain the association we found between
OHYPO, greater BP variability in postural changes, and in-
cident dementia.38,39 BP fluctuations, including those associ-
ated with postural changes, may also induce shear stress on
the vascular wall, leading to microvascular damage and arterial
remodeling.40 Consistent with this notion, higher BP vari-
ability has been found to be associated with endothelial in-
jury.41 Lesions in cerebral microvessels may compromise the
function of the blood-brain barrier, increasing vascular per-
meability and protein extravasation in cerebral parenchyma.
Accumulation of different vasculotoxic and neurotoxic
byproducts such as β-amyloid peptide would result in neu-
ronal dysfunction and neurodegenerative changes.42 Recent
studies also have hypothesized a role of arterial stiffness in the
pathogenesis of OHYPO and BP fluctuations in elderly
individuals.43–46 The stiffness of the large elastic arteries could
determine a low adaptive capacity to postural changes prob-
ably through a baroreflex dysfunction. Finally, the causality of
the relationship between OHYPO or SBP postural changes
variability and dementia remains poorly understood butmight
be bidirectional. The same cerebral areas involved in the
neurodegenerative process leading to dementia are implicated
in the autonomic control of the cardiovascular system.47

Changes in brain structure related to dementia have been
suggested to contribute to neurovascular instability and BP
dysregulation.48 Alternatively, OHYPO may result in neuro-
degeneration mediated by cerebral hypoperfusion.

Our study has some limitations that are worth noting. First,
our findings are based on an observational study, and residual
confounding may still exist despite extensive efforts to ac-
count for possible confounders. Second, although we believe
that our method for identifying cases of dementia was sensi-
tive to capturing people with dementia, our diagnosis was not
based on a formal and structured clinical assessment. How-
ever, our comprehensive algorithm represents a relatively
conservative approach to classifying incident dementia and
has been used in previous publications.49,50 We were also not
able to distinguish Alzheimer disease from vascular dementia.
Third, measuring OHYPO from a seated to standing position
after 1 minute may have blunted the full gravitational effect of
postural change, resulting in a relatively low prevalence of
OHYPO; therefore, the strength of the association between
OHYPO and dementia might have been slightly

Table 3 Unadjusted and adjusted Cox proportional
hazard models for dementia risk over 12 years
according to visit-to-visit variability of postural
changes in SBP

Visit-to-visit variability
of postural changes in SBP

12-y Incident dementia

HR (95% CI)

Unadjusted Adjusted

SD

Second tertile 1.23 (0.98–1.55) 1.09 (0.85–1.39)

Third tertile 1.33 (1.06–1.67) 1.36 (1.07–1.73)

CV

Second tertile 1.23 (0.97–1.55) 1.10 (0.86–1.40)

Third tertile 1.33 (1.06–1.66) 1.35 (1.06–1.71)

ARV

Second tertile 1.16 (0.92–1.46) 1.04 (0.81–1.34)

Third tertile 1.41 (1.13–1.77) 1.31 (1.04–1.67)

SV

Second tertile 1.20 (0.95–1.51) 1.11 (0.86–1.42)

Third tertile 1.41 (1.12–1.76) 1.34 (1.06–1.71)

VIM

Second tertile 1.15 (0.91–1.45) 1.06 (0.83–1.36)

Third tertile 1.28 (1.02–1.60) 1.29 (1.02–1.65)

RSD

Second tertile 1.13 (0.89–1.43) 1.14 (0.89–1.46)

Third tertile 1.17 (0.92–1.48) 1.16 (0.91–1.50)

Abbreviations: ARV = average real variability; CI = confidence interval; CV =
coefficient of variation; HR = hazard ratio; RSD = residual SD; SBP = systolic
blood pressure; SV = successive variation; VIM = variation independent of
mean.
Lowest tertile is the reference. Fully adjusted for age, sex, race, education,
seated SBP, antihypertensive drugs, cerebrovascular disease, diabetes
mellitus, depressive symptoms, smoking status, alcohol use, body mass
index, and APOE. Number of events (dementia cases): SD: first tertile 134
(18.9%), second tertile 157 (22.1%), third tertile 171 (24.1%); CV: first tertile
135 (19.0%), second tertile 157 (22.1%), third tertile 170 (23.9%); ARV: first
tertile 134 (18.9%), second tertile 149 (21.0%), third tertile 179 (25.2%); SV:
first tertile 133 (18.7%), second tertile 152 (21.4%), third tertile 177 (24.9%);
VIM: first tertile 138 (19.4%), second tertile 155 (21.8%), third tertile 169
(23.8%); RSD: first tertile 133 (20.2%), second tertile 145 (22.0%), third tertile
145 (22.0%).
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underestimated. Fourth, BP postural changes variability was
assessed by a relatively limited number of orthostatic BP
measures. However, we were able to find a significant asso-
ciation, and it is likely that a larger number of orthostatic BP
assessments would have reinforced the association with de-
mentia risk. Fifth, as in most previous studies, we had no data
on heart rate response to orthostatic challenge. We were not
able to differentiate neurogenic OHYPO from nonneurogenic
OHYPO and to assess the influence of overall autonomic
failure in the relationship of OHYPO and postural changes in
BP with dementia risk.

Nevertheless, our study has several strengths. It was con-
ducted on a large sample size that has been followed up
longitudinally over 17 years. In addition, the repeated mea-
surements of postural BP, rarely available in other datasets,
allowed us to define a 5-year baseline period of orthostatic
assessment and consecutive evaluation of incident dementia
over 12 years, making potential reverse causality less likely.
Moreover, we considered a biracial cohort of Black andWhite
individuals. The cohort was well characterized, allowing us to
control for important potential confounders. Seated and
standing BP measurements were done by rigorously trained
staff using standardized protocols, minimizing imprecision
and bias. Systolic and diastolic orthostatic responses were also
examined separately. To strengthen our findings as sensitivity
analyses, we extensively investigated the impact of visit-to-
visit variability of postural changes in BP by using several
indicators, taking into account the order of orthostatic BP
assessments, the influence of orthostatic BP change over time,
or uncorrelated to the mean orthostatic BP response. The
results were consistent, supporting the robustness of our

findings, and it seems unlikely that they have been influenced
by the very few numbers of participants who missed baseline
visits.

In the present study, systolic OHYPO and visit-to-visit
variability over time of postural changes in SBP were as-
sociated with an increased risk of dementia of almost 40%.
From a preventive medical point of view, orthostatic BP
monitoring should be done as accurately as possible to
analyze short- and long-term fluctuations. Controlling or-
thostatic SBP and its variability, including with an optimi-
zation of antihypertensive treatment, could be a promising
interventional target in preserving cognitive function
among older adults.
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Figure 2 Incident dementia risk over 12 years according to tertile of visit-to-visit variability (coefficient of variation) of
postural changes in SBP: adjusted survival curves

Estimated survival curves after Cox proportional
hazards models. Adjusted for age, sex, race, ed-
ucation, seated systolic blood pressure (SBP),
antihypertensive drugs, cerebrovascular dis-
ease, diabetes mellitus, depressive symptoms,
smoking status, alcohol use, body mass index,
and APOE.
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