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Abstract

Background: Impaired recovery of blood pressure (BP) after standing has been shown to be related to cognitive function and mortality
in people without dementia, but its role in people with Alzheimer’s disease (AD) is unknown. The aim of this study was to investigate the
association of the orthostatic BP response with cognitive decline and mortality in AD.

Methods: In this post hoc analysis of a randomized controlled trial (Nilvad), we measured the beat-to-beat response of BP upon active
standing in mild-to-moderate AD. This included the initial drop (nadir within 40 seconds) and recovery after 1 minute, both expressed relative
to resting values. We examined the relationship between a small or large initial drop (median split) and unimpaired (2100%) or impaired
recovery (<100%) with 1.5-year change in Alzheimer’s Disease Assessment—cognitive subscale (ADAS-cog) scores and all-cause mortality.
Results: We included 55 participants (age 73.1 = 6.2 years). Impaired BP recovery was associated with higher increases in ADAS-cog scores
(systolic: B [95% confidence interval] = 5.6 [0.4-10.8], p = .035; diastolic: 7.6 [2.3-13.0], p = .006). During a median follow-up time of
49 months, 20 participants died. Impaired BP recovery was associated with increased mortality (systolic: HR [95% confidence interval] = 2.9
[1.1-7.8], p = .039; diastolic: HR [95% confidence interval] = 5.5 [1.9-16.1], p = .002). The initial BP drop was not associated with any
outcome. Results were adjusted for age, sex, and intervention group.

Conclusions: Failure to fully recover BP after 1 minute of standing is associated with cognitive decline and mortality in AD. As such, BP
recovery can be regarded as an easily obtained marker of progression rate of AD.
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With increasing numbers of people to be affected by Alzheimer’s whether someone with dementia will progress quickly or slowly can

disease (AD) and in the absence of drugs that have a disease-
modifying effect, there also is an increasing need to identify po-
tentially modifiable factors that predict the longitudinal course of
the disease (1). The progression of AD is very heterogenous, and
understanding which factors contribute to this can identify targets
for disease modification, help clinical decision making, and inform
patients and their families (2). For example, being able to estimate

© The Author(s) 2020. Published by Oxford University Press on behalf of The Gerontological Society of America.

guide advance care decisions and may result in individualized de-
cisions on the management of this persons’ living conditions and
comorbidities (3).

A common comorbidity in AD is hypertension, with an esti-
mated prevalence of 45% (4). Although it is now widely accepted
that vascular factors play a crucial role in the development of AD,
the optimal treatment targets for blood pressure (BP), but also the
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prognostic role of BP once AD has been diagnosed, are unclear. Both
a high BP and a low BP have been associated with progression of
AD (5,6). One of the explanations for this inconsistency could be
that most studies focused on static BP measurements. Historically,
single BP readings have mostly been used in studies, and variations
observed between measurements were often discarded as noise (7).
However, recent findings have made us more aware of the import-
ance of the dynamics that we observe in a BP signal, and single BP
measurements are no longer the recommended approach (8).

More generally, this fits with the shifting focus in geriatric medi-
cine from using static measurements under basal conditions to quan-
tify a physiological system, toward recognizing that these systems
are highly dynamic (9,10). Rather than a static measurement, it may
be more meaningful to measure a person’s ability to recover fol-
lowing a stressor to the system (11). This concept can be referred
to as physical resilience (12). In the context of the cardiovascular
system, physical resilience could be quantified as the ability to re-
cover from an orthostatic challenge. The maintenance of BP during
a change in posture is complex, with neurological, cardiovascular,
and muscular systems involved (13,14). Impaired function of these
systems may result in low BP during standing and reduced organ
perfusion, including the brain. Given the frequent occurrence of a
posture change during daily life (15), impairments in this response
are likely to have clinical implications.

There is indeed evidence that an impaired BP response upon active
standing is associated with adverse health outcomes in aging individ-
uals, including mortality (16-18). In addition, an impaired BP response
upon standing has been associated with reduced cognitive function
(19), higher risk of dementia (20), and conversion from mild cogni-
tive impairment to dementia (21). Whether an orthostatic challenge
test also has prognostic value in the progression of established AD is
currently unknown. Therefore, we aimed to test the hypothesis that an
impaired BP response during an orthostatic challenge test is associated
with higher rate of progression of clinical AD. We investigated asso-
ciations of the BP response with cognitive decline after 1.5 years and
with all-cause mortality after a long-term follow-up.

Methods

Study Design and Participants

Data for this study were derived from the cerebral blood flow
substudy of the Nilvad trial (22). The Nilvad trial (NCT02017340)
was a randomized controlled trial investigating the effects of
nilvadipine on cognitive and functional outcomes in 511 people
with mild-to-moderate AD. The study found that nilvadipine
had no effect on disease progression (23). Between July 2013
and March 20135, the cerebral blood flow substudy included 58
participants from two study sites in the Netherlands (Radboud
University Medical Center, Nijmegen and Rijnstate, Arnhem, The
Netherlands). Participants were aged 50 and older and had a diag-
nosis of probable AD according to the criteria of the National
Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer’s disease and Related Disorders Association
(24). Using the recent National Institute on Aging—Alzheimer’s
Association Research Framework, these participants would now
be classified as Alzheimer’s Clinical Syndrome (25). The complete
list of inclusion and exclusion criteria for the Nilvad trial can be
found in the study protocol (26). Ethical approval was provided by
the medical ethics committee (CMO Arnhem-Nijmegen, number
2012-508), and written informed consent was obtained from every

patient and a relevant caregiver. The study was carried out ac-
cording to the Declaration of Helsinki.

Orthostatic Challenge Test

From the evening prior to the study visit, participants refrained from
caffeine and alcohol. During testing, beat-to-beat arterial BP was
measured in the index or middle finger of the nondominant hand
using volume-clamp photoplethysmography (Finapres Medical
Systems, Amsterdam, The Netherlands) (27). To prevent hydro-
static errors, an arm sling was used to keep the hand at heart level
throughout the procedure, and the Finometer height correction
system was used to correct for accidental movements in hand pos-
ition relative to the heart. The BP signal was calibrated with an
upper arm return-to-flow measurement (28). BP was recorded con-
tinuously at 200 Hz.

During the orthostatic challenge test, participants sat in a
straight-backed chair and were asked to stand up. Participants were
aided by research staff if necessary and were instructed to stand
calmly. Before the recording started, participants sat quietly for at
least 5 minutes. Subsequently, the measurement started with 2 min-
utes of sitting, followed by 1 minute of standing. This was repeated
three times. During the third trial patients remained standing for 5
minutes. Supplementary Figure 1 provides a visual presentation of
the protocol.

Semiautomated custom-written Matlab scripts (version 2014b,
the MathWorks Inc., Natick, MA) were used to preprocess the data
as described previously (29). Briefly, this included automatic detec-
tion of systolic and diastolic peaks, visual inspection, and manual
correction of this detection, waveform integration for each beat,
calculation of the inter-beat-interval and heart rate, and resampling
to 10 Hz. Subsequently, systolic BP (SBP), diastolic BP (DBP), and
heart rate were filtered using a moving average filter with a 5-second
window (30). We extracted the baseline, the initial response, and
the recovery values, in line with the normative data published by
Finucane and colleagues (see Supplementary Figure 1) (31). Baseline
was defined as the average of 30 seconds (-40 to -10) before
standing up. The initial orthostatic response was defined as the dif-
ference between the baseline and the nadir reached within the first
40 seconds after standing. Orthostatic recovery was defined as the
difference between the baseline and the average value after 50-60
seconds of standing. Outcomes were calculated as percentage from
baseline, and results of the three trials were averaged to increase re-
liability. The effect of prolonged standing was investigated by calcu-
lating BP recovery after 5 minutes of standing during the third trial
(average value after 280-300 seconds of standing).

The normative reference data from the Irish Longitudinal Study
on Ageing (TILDA) for the age group of 70-79 years were used to
define a cutoff for unimpaired (2100%) and impaired (<100%)
orthostatic recovery after 1 minute (31). A cutoff for the initial
drop upon standing could not be derived from the reference data,
which was based on the larger initial drop from supine to standing.
Therefore, patients were divided into smaller or larger initial drop
by a median split.

Study Outcomes

The primary outcome of the Nilvad trial was the 12-item Alzheimer’s
Disease Assessment Scale—cognitive subscale (ADAS-cog) (32). The
ADAS-cog covers several cognitive domains and ranges from 0 to
80 points, with higher scores indicating worse cognitive perform-
ance. Assessments were done at baseline and after 1.5 years and the
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change from baseline was used as the outcome. To visualize the full
BP response, we also compared those with a fast progression on the
ADAS-cog to the others. The mean rate of ADAS-cog progression is
estimated at 5.5 points/y (33), corresponding to a 1.5-year change
of 8.3 points when assuming linearity. Using this information, we
defined an ADAS-cog change >12 points in 1.5 years as fast progres-
sion. The fast progressors were compared with the others, that is,
those with ADAS-cog change <12 points.

The trial ended after 1.5 years, after which we passively followed
patients for survival status through the database of the Dutch muni-
cipal records. Survival data were extracted in March 2019, resulting
in a minimal follow-up period of 4 years.

Other Variables

One week prior to their study visit, participants conducted home
BP measurements using a validated, memory-equipped, automatic
oscillometric device (Microlife WatchBP Home, Microlife, Heerbrugg,
Switzerland), following recommendations of the European Society of
Hypertension (34,35). During their study visit, the Clinical Dementia
Rating (CDR) scale was assessed to describe the stage of dementia (36),
and the Disability Assessment for Dementia was used as a measure of
daily function (37). Moreover, information on medical history, medi-
cation use, and smoking (current, yes/no) was collected by using the
patient’s medical record and by consulting the patient’s general practi-
tioner, pharmacy, and informal caregiver.

In addition to the orthostatic challenge test, repeated sit-to-stand
challenges were performed at a frequency of 0.05 Hz, that is, alter-
nating 10-second sitting and 10-second standing, for 5 minutes. This
was done to induce enhanced BP oscillations at 0.05 Hz for estima-
tion of baroreflex sensitivity (BRS) (29). The majority of the partici-
pants also underwent magnetic resonance imaging, from which we
extracted total brain volume, gray and white matter volume, white
matter lesion volume, microbleeds, infarcts, and global cerebral
blood flow. Details on BRS and magnetic resonance imaging assess-
ment and analysis are provided in Supplementary Methods.

Statistical Analyses

Results are presented as mean = SD or number (percentage), unless
stated otherwise. Linear regression was used to assess associations
between normal or impaired BP response and change in ADAS-
cog. Analyses were adjusted for age, sex, and intervention (8 mg/d
nilvadipine or placebo) group. The sample size did not allow adding
more covariates.

Next, we divided participants into fast progressors and others, to
visualize their full orthostatic BP response. Participants with missing
ADAS-cog because of severe disease progression were also classified as
fast progressors. Cox proportional hazard models were used to inves-
tigate whether an impaired BP response was associated with mortality.
The model was adjusted for age, sex, and intervention group. Results
are presented as 3 or hazard ratio (HR) with 95% confidence interval.
All analyses were performed for SBP and DBP. Given the explorative
nature of the current analyses, p-value’s should be interpreted with cau-
tion. All analyses were performed using SPSS software.

Results

Fifty-five participants were included. A flow diagram is provided in
Supplementary Figure 2. Nine participants had missing data on the
change in ADAS-cog. This was because of severe disease progression at
follow-up (7 = 5, all CDR 3 after 1.5 years), because of the participant

refusing to participate in the cognitive test at baseline and follow-up
(n =2, both CDR 2 at baseline and follow-up), or because the caregiver
withdrew consent (7 = 2, both CDR 1 at baseline, CDR at follow-up
unknown). A magnetic resonance imaging scan was available for 48
participants, and BRS could be calculated in 49 participants. Baseline
characteristics of the sample are presented in Table 1.

Orthostatic Challenge Test

Sitting BP was 137.3/61.8 + 26.9/14.3 mm Hg. Upon standing, BP
decreased with 18.1/8.9 = 12.2/4.2 mm Hg to 86.7 + 9.0% of sitting
SBP and 85.2 + 6.7% of sitting DBP. The median drop was 12.0% for
SBP and 14.9% for DBP. After 1 minute of standing, in the complete
sample BP recovered to 98.2 = 8.9% for SBP and to 101.9 = 7.3%
for DBP. However, 30 (54.5%) and 20 (36.4%) participants failed to
recover to 100% of sitting SBP and DBP, respectively. Baseline char-
acteristics by 1-minute SBP recovery are presented in Supplementary
Table 1. Compared with participants with full SBP recovery, those
with impaired recovery tended to have lower BRS (BRS-gain, median
[interquartile range]: 2.31 [2.00-3.42] vs. 3.17 [2.30-4.46] ms/mm
Hg) and higher white matter lesion volume (median [interquartile
rangel: 11.3 [6.6-27.7] vs. 6.3 [3.4=10.1] x 10° mm?’).

Three participants did not complete the 5 minutes of standing
and were excluded for analysis of prolonged standing. After 5
minutes of standing, BP recovered to 97.6 = 11.4% for SBP and
to 105.1 = 10.0% for DBP. For SBP, 28 (52.8%) participants had
not recovered to 100% of sitting BP after 5 minutes. For DBP, this
number was 14 (26.4%).

Change in ADAS-cog Score

After 1.5 years, ADAS-cog had increased by 8.3 = 8.6 points.
Regression analyses showed that failure to fully recover to sitting
SBP (B [95% confidence interval]: 5.6 [0.4-10.8], p = .035) and DBP
(7.6 [2.3-13.0], p = .006) within 1 minute was associated with more
increase in ADAS-cog scores (Table 2). For SBP, impaired recovery
after 5 minutes of standing was also associated with more cognitive
decline (6.6 [1.3-11.9], p = .015). There was no association between
the initial BP drop and change in ADAS-cog.

Thirteen participants had an increase in ADAS-cog score of 212
and were together with the five participants who could not repeat the
ADAS-cog because of severe dementia at follow-up defined as fast
progressors. Compared with the others, fast progressors had higher
baseline ADAS-cog scores (35.9 = 12.9 vs. 28.7 = 7.0 points, p = .039)
and lower baseline gray matter volume (6.58 = 0.47 vs. 6.74 = 0.43 x
10° mm?, p = .019), see Table 1. Figure 1 shows the full orthostatic BP
response for the fast progressors compared with the others.

The difference in BP recovery between fast progressors (1 = 17)
and others (7 = 31) remained visible during the complete 5 min-
utes of standing of the third trial (Figure 2). After 5 minutes, fast
progressors had a SBP recovery of 93.6 = 10.0% compared with
99.4 + 12.3% for the others (p = .095). DBP recovery was 100.6 =
8.3% and 107.7 = 10.4%, for fast progressors and others, respect-
ively (p = .018).

Similar results were obtained if the five participants with missing
ADAS-cog scores were removed from the analysis (Supplementary
Figures 3 and 4). Supplementary Figure 5 shows the heart rate re-
sponse during the orthostatic challenge.

All-Cause Mortality
During the follow-up period after the trial ended, 21 participants
(37.5%) died, of whom one participant had not performed the
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Table 1. Baseline Characteristics

Fast
Variable Total Sample Progressors Others
n 55 18 33
Age (y) 73.1+6.2 71.7 £ 5.9 73.9 = 6.4
Sex (female) 56.4 (31) 55.6 (10) 63.6 (21)
ADAS-cog 12 score 31.7 =+ 10.1 35.9+12.9* 28.7+7.0
DAD score 33.0 (29.7-38.0) 32.6 (31.0-37.6) 33.5(31.0-37.9)
Smoking 9.1(5) 5.6(1) 9.1(3)
History of CVD 16.4 (9) 22.2 (4) 15.2 (5)
Diabetes mellitus 5.5(3) 0 9.1 (3)
BMI (kg/m?) 249 = 3.6 253 +3.1 24.8 4.1
Intervention group 52.7 (29) 55.6 (10) 51.5(17)
Antihypertensive drug use 29.1 (16) 33.3 (6) 24.2 (8)
Statin use 18.2 (10) 16.7 (3) 21.2(7)
Memantine use 10.9 (6) 11.1 (2) 12.1 (4)
Cholinesterase inhibitor use 81.8 (45) 77.8 (14) 84.8 (28)
Antidepressants use 14.5 (8) 16.7 (3) 15.2 (5)
Home systolic BP (mm Hg) 135.6 = 18.3 134.6 = 14.6 136.0 = 19.9
Home diastolic BP (mm Hg) 77.0 = 10.0 76.9 = 8.6 77.1 £10.6
BRS-gain (ms/mm Hg) 2.60 (2.12-3.57) 2.44 (1.99-3.26) 2.87 (2.16-3.68)
BRS-down (ms/mm Hg) 2.55 (1.75-4.64) 2.91 (2.27-4.20) 2.37 (1.63-3.50)
BRS-up (ms/mm Hg) 3.87 (2.58-5.53) 3.96 (2.76-4.77) 3.59 (2.59-6.10)
Brain volume (x 10° mm?) 13.62 + 0.67 13.57 £ 0.58 13.75 £ 0.70
Gray matter volume (x 10° mm?) 6.58 + 0.47 6.39 + 0.44* 6.74 = 0.43
White matter volume (x 10° mm?) 7.05 = 0.42 7.18 £ 0.37 7.01 = 0.44
Presence of microbleeds 20.9 (9) 15.4(2) 25.9(7)
Lacunair infarction 18.8 (9) 12.5 (2) 25.0 (7)
WML volume (x 10° mm?) 9.0 (3.8-23.1) 11.2 (5.8-26.9) 8.1(3.4-14.4)
Global CBF (mL/100 g/min) 84.51 +21.25 81.00 = 22.12 88.12 + 20.75

Notes: ADAS-cog = Alzheimer’s disease Assessment Scale—cognitive subscale; BMI = body mass index; BP = blood pressure; BRS = baroreflex sensitivity;

CBF = cerebral blood flow; CVD = cardiovascular disease; DAD = Disability Assessment for Dementia; WML = white matter lesion volume. Values are mean = SD,
median (interquartile range), or frequency (numbers).

*p < .05 for fast progressors versus others.

Table 2. The Association Between Orthostatic Blood Pressure Drop and Recovery With Changes in Cognitive Function After 1.5 y of

Follow-up

Unadjusted Adjusted®

B (95% CI) p B (95% CI) p
Initial SBP drop -0.3(-5.4t04.9) 922 -0.5 (-6.2 t0 5.3) .872
Initial DBP drop 2.3 (-2.8t07.4) 376 1.9(-3.4t07.2) 474
1-min SBP recovery 4.7 (-0.3 t0 6.8) .067 5.6 (0.4 t0 10.8) .035
1-min DBP recovery 5.6 (0.5 to 10.6) .033 7.6 (2.3 to 13.0) .006
S5-min SBP recovery 6.3 (1.3t07.7) 015 6.6 (1.3 t0 11.9) 015
5-min DBP recovery 4.1 (-2.0t0 10.2) 183 4.4 (-2.0 to 10.8) 176

Notes: ADAS-cog = Alzheimer’s disease Assessment Scale—cognitive subscale; CI = confidence interval; BP = blood pressure; DBP = diastolic blood pressure;

SBP = systolic blood pressure. Results from regression analyses of BP response and change in ADAS-cog. For the initial drop, groups with a smaller or larger drop

were compared (median split). For recovery, impaired recovery (<100% of sitting BP) was compared with unimpaired recovery (2100% of sitting BP).

“The adjusted model is corrected for intervention group, age, and sex.

orthostatic challenge test at baseline. Participants who died had
demonstrated greater ADAS-cog progression in the 1.5 years of
active follow-up (mean difference [95% confidence interval]: 7.0
[1.6-12.3] points, p = .012). Table 3 shows the results of the Cox
proportional hazard analyses together with the number of events
in each group. An impaired BP recovery after 1 minute was associ-
ated with a higher mortality risk, for both SBP (adjusted HR [95%
confidence interval]: 2.9 [1.1-7.8], p = .039) and DBP (adjusted HR
[95% confidence interval]: 5.5 [1.9-16.1], p = .002). Neither a large

initial drop in BP nor impaired BP recovery after 5 minutes was as-
sociated with a higher mortality risk. Figure 3 shows the adjusted
cumulative survival curves for impaired and unimpaired BP recovery
after 1 minute.

Discussion

This study presents an examination of the orthostatic challenge
test in people with mild-to-moderate AD, who participated in a
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Figure 1. Orthostatic challenge response for fast progressors (n = 18, black
lines) and others (n = 33, gray lines). (A) Systolic blood pressure (SBP).
(B) Diastolic blood pressure (DBP). Fast progressors were those with an
Alzheimer’s Disease Assessment—cognitive subscale (ADAS-cog) increase
of 212 points (n = 13) or who progressed too severely to perform the ADAS-
cog at follow-up (n = 5). Unfiltered results are presented with a sample
frequency of 10 Hz. Results of three trials within an individual are averaged.
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Figure 2. Prolonged orthostatic challenge response for fast progressors (n= 17,
black lines) and others (n = 31, gray lines). (A) Systolic blood pressure (SBP). (B)
Diastolic blood pressure (DBP). Fast progressors were those with an Alzheimer’s
Disease Assessment—cognitive subscale (ADAS-cog) increase of >12 points
(n=13) or who progressed too severely to perform the ADAS-cog at follow-up
(n = 4). Filtered results are presented with a sample frequency of 10 Hz.

randomized controlled trial that investigated the effect of nilvadipine
on cognitive decline after 1.5 years. In this post hoc analysis, we
showed that orthostatic BP recovery was associated with the clinical

prognosis in AD. Our main findings are that failure to recover to
100% of baseline BP after 1 minute of standing was associated with
greater cognitive decline after 1.5 years and with all-cause mortality.
The drop in BP observed immediately after standing was not as-
sociated with study outcomes. These results fit in the concept that
slowing down of recovery and maladaptive responses to perturba-
tions can be indicators of low physical resilience and loss of com-
plexity in older adults and highlight the potential and relevance of an
orthostatic challenge as a test of physical resilience (10,38).

Previous work on the orthostatic BP response in relation to cog-
nitive function did not investigate progression in those with estab-
lished AD. For example, Hayakawa and colleagues showed that less
recovery after 30 seconds was a predictor for conversion from mild
cognitive impairment to dementia (21). Also, the average BP recovery
of four annual observations was lower in those with dementia when
compared with controls (20). On the contrary, in the TILDA study,
there was no association between BP recovery and 2-year change in
cognition in healthy older adults (39). The latter might be explained
by the short follow-up in a relatively healthy sample in combination
with global cognitive testing. Our finding that failure to recover to
baseline BP predicts all-cause mortality matches with previous work
from our group performed in a falls clinic population (18). We now
show that this finding also applies to older adults with dementia,
thereby extending this observation to a larger part of the geriatric
population.

What could explain our observations? The physiology behind
the BP response upon active standing is complex. The immediate
fall in BP upon standing is mainly the result of reduced venous re-
turn due to gravitational forces that cause a sudden shift of central
blood volume into the lower trunk and extremities. At the same
time, heart rate already starts to increase induced by an exercise re-
flex (40). Approximately 5 seconds after standing, a further increase
in heart rate and an increase in vascular resistance are induced by
sympathetic activation, through baroreflex-mediated autonomic
regulation, in order to recover the fall in arterial pressure (41).
Thus, impaired BP recovery could be related to reduced baroreflex
function, specifically reduced sympathetic control of vasocon-
striction and heart rate increase. Cardiac BRS was indeed lower
in participants with an impaired BP recovery, although not statis-
tically significant. The observations of a lower heart rate response
during the recovery phase as well as a continuation of reduced BP
recovery during prolonged standing also indicate that autonomic
dysfunction may play a role in the pathophysiology. Autonomic
dysfunction has been associated with neurodegenerative diseases,
including AD (42). The cortical brain structures involved in auto-
nomic regulation are affected by AD pathology in an early phase
(43). Conversely, it has been hypothesized that impaired BP re-
covery contributes to cognitive decline by causing episodes of
cerebral hypoperfusion, especially in the presence of impaired cere-
bral autoregulation. However, in our previous work, neither BRS
nor cerebral autoregulation was impaired in AD compared with
healthy controls (29).

Impaired BP recovery could also be a marker of vascular disease.
Indeed, orthostatic hypotension is associated with an increased risk
of cardiovascular and cerebrovascular events, which is independent
of other vascular risk factors (44). Underlying vascular disease, iden-
tified by incomplete BP recovery, could explain both cognitive pro-
gression and increased mortality. Extending this hypothesis, failure
to fully recover after standing may be an expression of increased BP
variability during daily life, leading to high pulsatility in the brain
with microvascular dysfunction as a possible consequence (45).
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Table 3. Results of Cox Proportional Hazard Analyses for All-Cause Mortality

Events in Impaired Response Events in Unimpaired Response Hazard Ratio (95% CI) P
Initial SBP drop 11/27 (40.7%) 9128 (32.1%) 1.4 (0.5-3.6) 506
Initial DBP drop 12/27 (44.4%) 8/28 (28.6%) 1.6 (0.6-3.9) 328
1-min SBP recovery 14/30 (46.7%) 6/25 (24.0%) 2.9 (1.1-7.8) .039
1-min DBP recovery 11720 (55.0%) 9135 (25.7%) 5.5 (1.9-16.1) .002
S-min SBP recovery 11/28 (39.3%) 9125 (36.0%) 1 1(0.5-2.8) 794
S-min DBP recovery 714 (50.0%) 13/39 (33.3%) 6 (0.6-4.2) 337

Notes: CI = confidence interval; BP = blood pressure; DBP = diastolic blood pressure; SBP = systolic blood pressure. Adjusted for intervention group, age, and

sex. For the initial drop, groups with a smaller or larger drop were compared (median split). For recovery, impaired recovery (<100% of sitting BP) was compared

to unimpaired recovery (2100% of sitting BP).
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Figure 3. Cox proportional hazards adjusted cumulative survival curves for
unimpaired versus impaired systolic and diastolic blood pressure recovery
after 1 min of standing. Adjusted for age, sex, and intervention group.

In our study, AD was diagnosed using clinical criteria, without
amyloid biomarkers. This means that some participants may have
had other dementia subtypes, including dementia with Lewy bodies
(DLB). This might have been clinically diagnosed as AD, as the char-
acteristic motor signs (hypokinetic rigidity) of DLB may be masked

in early stages. DLB is associated with neurogenic orthostatic hypo-
tension due to autonomic dysfunction (46). As disease progression
and mortality risk may differ between AD and DLB (47), theoretic-
ally this could explain part of our observations. However, during the
1.5 years of trial participation, none of our participants developed
clinical evidence of DLB.

In summary, a cogent physiological explanation currently re-
mains speculative. Whether our findings are indeed the result of a
bidirectional link with more neurodegeneration leading to impaired
autonomic dysfunction, which in turns leads to more BP variability
and cognitive decline needs to be confirmed in further studies. The
same holds for whether it is possible to intervene in this pathway as
a way to slow progression. Irrespective of the pathophysiology, our
work has clear clinical relevance because it provides the field with an
easily performable test to identify a higher risk of disease progres-
sion. The clinical course of AD is known to be very heterogenous and
being able to identify factors associated with accelerated decline can
help care providers and families of people with dementia (1).

Our study, a substudy of the larger Nilvad trial, is limited by
its small sample size, hampering the addition of relevant covariates
such as hypertension (48). However, our study is enhanced, also
compared with the larger Nilvad trial, by the detailed and thorough
BP measurements and characterization of participants, including
cerebral imaging. Also, we had a complete follow-up for mortality
status. ADAS-cog changes were missing for 16% of the participants.
This was predominantly because of severe disease progression at
follow-up. However, results were similar whether we included these
participants as fast progressors or whether we excluded them from
the analysis. At baseline, the fast progressors differed from the others
in cognitive score and gray matter volume, both factors that could
well be associated with faster progression. This underscores why we
report impaired BP recovery to be associated with faster progression
and not infer a causal relationship. A methodological consideration
is the intervention with the calcium-channel blocker nilvadipine
that was used in this trial and which may be a confounder in these
analyses. However, we previously showed that lowering of BP with
nilvadipine in the main Nilvad study did not increase orthostatic
hypotension (49). In addition, the intervention had no effect on
ADAS-cog scores (26), but in the substudy, we found an effect of
nilvadipine on hippocampal cerebral blood flow (50). A particular
strength of this study is the use of continuous beat-to-beat finger
arterial BP measurements instead of the traditional arm-cuff-based
approaches, which allows capturing transient information instead
of steady-state measurements (51). The initial drop in BP upon
standing in our study (x18/9 mm Hg) was smaller compared with
previous studies, for example, in the normative data of people aged
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70-79 years from TILDA (+40/25 mm Hg) (31). This is likely the
result of studying the BP response using sitting instead of lying as
a reference position, which reduces gravitational stress. In addition,
we used the average of three sit-to-stand trials, rather than a single
measurement as often done in other studies, which also contributes
to observing less extreme values. Our sit-to-stand approach has the
advantage of being more easily performed by an older population,
making it a more feasible test for clinical practice. Furthermore, it
is the most frequently occurring posture change during daily activ-
ities, making it a relevant test for daily function (15). Despite the
smaller initial perturbation in BP, we still observed that the ability
to recover BP after 1 minute was associated with cognitive decline
and mortality. We did not have data on the presence of cerebral
hypoperfusion symptoms upon standing and as such could not study
the association with AD progression and initial orthostatic hypoten-
sion as defined by Wieling and colleagues (52).

In conclusion, we found evidence for the hypothesis that im-
paired BP recovery in the first minute after standing is associated
with higher rate of cognitive decline and higher all-cause mortality in
people with AD. Impaired BP recovery may be regarded as an easily
obtained marker of reduced physical and cognitive resilience in de-
mentia. Because of the small sample size and explorative nature of
the study, no firm conclusions should be drawn before results have
been confirmed in larger studies.
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