
684
Received August 7, 2023
Accepted for publication September 17, 2023

Original Research

Abstract
BACKGROUND: Blood pressure variability is an emerging risk 
factor for dementia, independent and oftentimes beyond mean 
blood pressure levels. Recent evidence from interventional 
cohorts with rigorously controlled mean blood pressure levels 
suggest blood pressure variability over months to years remains 
a risk for dementia, but no prior studies have investigated 
relationships with blood pressure variability over shorter time 
periods.
OBJECTIVES: To investigate the potential effect of ambulatory 
blood pressure variability on the rate of cognitive outcomes 
under intensive vs standard blood pressure lowering.
DESIGN: Post hoc analysis of the randomized, controlled, open-
label Systolic Blood Pressure Intervention Trial clinical trial.
SETTING: Multisite Systolic Blood Pressure Intervention Trial.
PARTICIPANTS: 793 participants at increased risk for 
cardiovascular disease and without history of dementia at study 
randomization.
INTERVENTION: Standard (<140 mmHg systolic blood 
pressure target) vs intensive (<120 mmHg systolic blood 
pressure target) lowering of mean blood pressure.
MEASUREMENTS: 24-hour ambulatory blood pressure 
monitoring 27 months after treatment randomization (standard 
vs intensive) and follow-up cognitive testing. Intraindividual 
blood pressure variability was calculated as the average real 
variability over 24-hour, daytime, and nighttime periods. 
Participants were categorized into 3 adjudicated clinical 
outcomes: no cognitive impairment, mild cognitive impairment, 
probable dementia. Cox proportional hazards models examined 
the potential effect of ambulatory blood pressure variability 
on the rate of cognitive outcomes under intensive vs standard 
blood pressure lowering. Associations with mean blood 
pressure were also explored.
RESULTS: Higher systolic 24-hour blood pressure variability 
was associated with increased risk for probable dementia in the 
standard group (adjusted hazard ratio [HR]: 2.56 [95% CI 1.16, 
5.62], p = 0.019) but not in the intensive group (HR: 0.54 [95% 
CI 0.24, 1.23], p = 0.141). Similar findings were observed with 
daytime systolic blood pressure variability but not nighttime 
blood pressure variability. Mean blood pressure was not 
associated with cognitive outcomes.
CONCLUSIONS: Higher systolic 24-hour and daytime blood 
pressure variability via ambulatory monitoring is associated 
with risk for dementia under standard blood pressure 
treatment. Findings support prior evidence that blood pressure 
variability remains a risk for dementia despite strict control of 
mean blood pressure levels.

Key words: Blood pressure variability, dementia, antihypertensives, 
ambulatory blood pressure monitoring. 

Introduction

Numerous observational studies suggest blood 
pressure (BP) variability (BPV), independent 
of mean BP, is an emerging risk factor for 

cognitive decline, dementia, and cerebrovascular disease 
(1–6). Once considered “noise” in BP management 
and research (7, 8) some studies now even indicate 
fluctuations in BP may have greater prognostic utility in 
predicting brain health outcomes than mean BP levels 
(1, 3). Mounting evidence for BPV as an independent 
risk factor for cognitive decline and dementia has 
fueled recent interest in studying the role of BPV in 
interventional cohorts, where the focus is typically on 
treating mean BP levels. By leveraging data from cohorts 
with rigorously controlled mean BP levels, such as the 
Systolic Blood Pressure Intervention Trial (SPRINT) 
clinical trial (9), several new studies have sought to 
identify the unique contribution of BPV to brain health 
outcomes. These retrospective studies suggest that 
higher BPV measured over a period of months to years 
remains a risk factor for cognitive decline (10), mild 
cognitive impairment (MCI), probable dementia (11, 
12) and cerebral perfusion decline (13), despite strict 
control of mean BP levels. These findings are potentially 
important for BP management strategies relevant to brain 
health, given certain treatment approaches and classes of 
antihypertensive medications may be better than others 
at controlling both the mean and variability in BP levels 
(14–18).   

In addition to variability over months to years, BP 
fluctuations can also be studied over shorter intervals, 
such as 24 hours, via ambulatory monitoring (7). 
Ambulatory monitoring captures the unique influence 
of the circadian rhythm on BP levels (e.g., morning 
surge, nighttime dip) that is strongly linked with 
cardiovascular health outcomes (e.g., risk for stroke 
and myocardial infarction) (19–21). This method has the 
added benefits of monitoring an individual’s BP in their 
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everyday environment (vs clinic setting) and reducing 
the potential for white-coat hypertension or masked 
hypertension (7, 22). Several observational studies of BPV 
via ambulatory monitoring suggest links with cognitive 
decline (1, 23–27) but relationships with dementia risk 
remain understudied. Additionally, no prior studies 
have investigated whether BPV over 24 hours may relate 
to risk for dementia under specific antihypertensive 
strategies. Data linking BPV to cognitive decline 
under specific treatment conditions could inform BP 
therapeutics aimed at improving brain health, especially 
those planning to use emerging wearable BP technologies. 
To investigate this possibility, we conducted a post hoc 
analysis of the SPRINT trial to examine whether 24-hour 
BPV via ambulatory monitoring is related to dementia 
risk based on antihypertensive treatment type.

Methods

Participants

Data were obtained from the SPRINT trial, a publicly 
available deidentified dataset from the National Heart, 
Lung, and Blood Institute that has been described in 
detailed elsewhere (9, 28). The present investigation was 
a post hoc analysis of this data. SPRINT was a multicenter 
randomized, controlled study cohort trial in the United 
States and Puerto Rico conducted between November 
2010 and March 2013 investigating whether intensive 
BP lowering could reduce cardiovascular risk when 
compared to standard BP treatment. Participants were 
recruited from the local community and a variety of 
clinical settings, such as primary care, nephrology, and 
geriatrics. At screening, participants were ≥ 50 years old, 
hypertensive (systolic BP 130 mmHg – 180 mmHg), and 
at risk for cardiovascular disease (≥1 of the following risk 
factors: history of cardiovascular disease, chronic kidney 
disease [estimated glomerular filtration rate < 60 mL/min 
per 1.73 m2], 10-year Framingham cardiovascular disease 
risk ≥ 15%, ≥ 75 years of age). Participants were excluded 
for history of stroke, diabetes, or heart failure, residing in 
a nursing home, diagnosis of dementia based on medical 
record review, or receiving medication primarily used 
to treat dementia. Participants were randomized 1:1 to 
either standard treatment (<140 mmHg systolic BP target) 
or intensive treatment (<120 mmHg systolic BP target). 
SPRINT was approved by an Institutional Review Board 
at each site. All participants provided their informed 
consent before treatment randomization.

Measures

BP assessment

As previously reported (21), a subset of SPRINT 
participants (897/9361) underwent 24-hour ambulatory 

BP monitoring using SpaceLabs Medical Model 90207 
monitors and standard collection protocol (29–32) within 
3 weeks of the 27-month follow-up visit. The primary 
aim of the ambulatory monitoring ancillary study was 
to evaluate the effect of clinic-based antihypertensive 
therapies on ambulatory BP (21). During this 24-hour 
period, BP was recorded every 30 minutes from the 
participant’s non-dominant arm and the readings 
were not displayed. Recordings with <14 BP readings 
between 6:00 AM and 12:00 midnight and <6 readings 
between 12:00 midnight and 6:00 AM were excluded 
(21, 29, 32). Consistent with other ambulatory BP studies 
and to reduce the influence of wake/sleep transitions 
on BP (21, 33) daytime BPV was calculated from BP 
readings collected between 9:00 AM and 9:00 PM and 
nighttime BPV was calculated from BP readings collected 
between 1:00 AM and 6:00 AM. Intraindividual BPV 
was calculated as the average real variability (ARV) 
over the 24-hour period, daytime period, and nighttime 
period. Identical analyses using the standard deviation 
(SD), coefficient of variation [CV; 100 x SD/mean], and 
variability independent of mean (VIM) (34) of BPV are 
reported in the Supplementary Materials. Pulse pressure 
(systolic BP – diastolic BP) variability (ARV) was also 
calculated.

Cognitive assessment

Participants underwent cognitive testing at study 
baseline and every 2 years during the planned 4-year 
follow-up, and study closeout if it was >1 year after 
the planned 4-year follow-up (9). The cognitive battery 
included: Montreal Cognitive Assessment, Logical 
Memory I and II, Digit Symbol Coding, Hopkins Verbal 
Learning Test – Revised, Modified Rey-Osterrieth 
Complex Figure, 15-item Boston Naming Test, Category 
Fluency – Animals, Trail Making Test parts A and B, 
and Digit Span. As previously described (35), clinicians 
masked to treatment group classified participants into 
one of three adjudicated clinical outcomes based on 
cognitive test scores and other health information (mood, 
sleep, functional abilities, medications, hospitalizations, 
informant report of participant functional status): no 
cognitive impairment, MCI, or probable dementia. 
Standardized diagnostic criteria for MCI (36) and 
probable dementia (37) were used, as previously reported 
(38).

Data availability statement

All data are available through the SPRINT group.

Statistical analysis

We used Cox proportional hazards models to examine 
the potential effects of ambulatory BPV (24-hour, daytime, 
nighttime ARV) on the rate of cognitive outcomes under 
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Table 1. Baseline clinical and demographic information
Intensive (n = 406) Standard (n = 387) F or x2 p-value

Age (years) 71.0 (9.1) 71.0 (9.6) 0.001 0.970
Sex (n, % female) 122 (30.1%) 112 (28.9%) 0.07 0.792
Race/ethnicity (n, %) 0.001 0.979
  Black 109 (26.9%) 106 (27.4%)
  Hispanic 13 (3.2%) 7 (1.8%)
  White 272 (67.0%) 266 (68.7%)
  Other 12 (3.0%) 8 (2.1%)
Education (n, %) 0.64 0.726
  Less than college/other 230 (56.7%) 216 (55.8%)
  College 64 (15.8%) 69 (17.8%)
  Graduate school 112 (27.6%) 102 (26.4%)
BMI (kg/m2) 29.2 (7.1) 29.0 (7.0) .18 0.668
FRS 10-year risk score 20.2 (11.1) 20.1 (10.4) .05 0.822
Medical history (n, %)
  Cardiovascular disease 77 (19.0%) 84 (21.7%) .76 0.384
  Hypertension 382 (94.1%) 357 (92.3%) .79 0.375
Medication use (n, %)
  Antihypertensive agents 371 (91.4%) 350 (90.4%) .11 0.736
No. antihypertensive agents used (median, IQR) 2 (2) 2 (2) .96 0.326
24-hour systolic BP (mmHg)
  Mean 122.3 (11.6) 134.5 (11.8) 216.9 <0.001
  ARV 9.8 (2.2) 10.4 (2.2) 10.87 0.001
  Count (median, IQR)* 45 (6) 46 (5.5) 45.38 0.258
24-hour diastolic BP (mmHg)
  Mean 68.9 (7.8) 75.2 (10.1) 95.22 <0.001
  ARV 7.3 (1.6) 7.8 (1.8) 14.73 <0.001
Daytime systolic BP (mmHg)
  Mean 126.23 (11.8) 139.3 (12.7) 224.8 <0.001
  ARV 10.0 (2.9) 10.5 (2.8) 6.1 0.014
  Count (median, IQR)* 22 (4) 23 (4) 30.2 0.507
Daytime diastolic BP (mmHg)
  Mean 72.2 (8.3) 79.1 (10.9) 99.32 <0.001
  ARV 7.3 (2.3) 7.8 (2.5) 9.88 0.002
Nighttime systolic BP (mmHg)
  Mean 115.1 (14.0) 126.0 (14.7) 114.9 <0.001
  ARV 9.3 (3.7) 9.8 (3.8) 3.55 0.06
  Count (median, IQR)* 10 (0) 10 (0) 5.77 0.834
Nighttime diastolic BP (mmHg)
  Mean 63.4 (9.2) 68.9 (10.8) 59.43 <0.001
  ARV 7.2 (2.8) 7.5 (3.0) 2.5 0.114
Means and SDs shown unless otherwise indicated; Bolded items indicate significant difference between treatment groups; *Number of valid BP readings over specified 
time period; Abbreviations: ARV = average real variability; BP = blood pressure; BMI = body mass index; FRS = Framingham Risk Score
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intensive vs standard BP lowering, with adjustment for 
age, sex, education, race/ethnicity, and mean BP over 
the same 24-hour/daytime/nighttime period. Results 
using the SD, CV, and VIM of systolic BPV are reported 
in the Supplementary Materials. We focused our analyses 
on systolic BP given the focus of lowering systolic BP in 
the SPRINT trial (9), consistent with other BPV studies 
using this dataset (10, 11, 13, 39). However, analyses 
with diastolic BPV are reported in the Supplementary 
Materials. We also examined associations with 24-hour, 
daytime, and nighttime mean BP in order to directly 
compare potential effects with BPV. Exploratory analyses 
included 1) associations with pulse pressure variability; 
2) interactions with sex; and 3) interactions with race 
(prespecified SPRINT subgroup Black vs non-Black (9, 
40)) (Supplementary Materials). Sensitivity analyses 
additionally controlled for history of atrial fibrillation. 
The no cognitive impairment group was set as the 
reference group among the three adjudicated clinical 
outcomes. Participants classified with an adjudicated 
clinical outcome before undergoing ambulatory BP 
monitoring were excluded in the present analysis (n = 99). 

All analyses were 2-tailed with significance set at p < .05 
and were carried out in R (41).

Results

793 participants (n = 406 in the intensive group; n = 
387 in the standard group) underwent ambulatory BP 
monitoring mean 27.6 (0.7 SD) months after treatment 
randomization (Table 1). The median (range) follow-up 
time after treatment randomization was 1957.5 (1070 - 
2570) days for participants in the intensive group and 
1948 (1056 - 2580) days for participants in the standard 
group. In the intensive group, 2/406 participants 
developed probable dementia and 7/406 participants 
developed MCI during follow-up. In the standard group, 
6/387 participants developed probable dementia and 
6/387 participants developed MCI during follow-up. 
As shown in Table 1, compared to participants in the 
standard group, participants in the intensive group had 
lower 24-hour mean BP, 24-hour BPV, daytime mean BP, 
daytime BPV, and nighttime mean BP (p’s = <0.001 – 

Table 2. Model estimates (adjusted hazard ratios [95% CI]) of ambulatory systolic BPV predicting cognitive outcomes
HR (95% CI)

Intensive (n = 406) p-value Standard (n = 387) p-value

Probable dementia
24-hour BPV 0.54 [0.24, 1.23] 0.141 2.56 [1.16, 5.62] 0.019
Daytime BPV 0.58 [0.29, 1.15] 0.116 1.53 [1.05, 2.23] 0.026
Nighttime BPV 0.94 [0.68, 1.29] 0.684 0.96 [0.75, 1.23] 0.745
MCI
24-hour BPV 1.13 [0.82, 1.56] 0.462 0.83 [0.53, 1.29] 0.407
Daytime BPV 1.10 [0.87, 1.39] 0.417 0.90 [0.65, 1.25] 0.540
Nighttime BPV 0.93 [0.72, 1.19] 0.551 0.75 [0.55, 1.03] 0.074
Beta (ß) and 95% confidence intervals shown unless otherwise indicated; Bolded items indicate ambulatory systolic BPV is significantly associated with risk for specified 
cognitive outcome; Models adjusted for age, sex, education, race/ethnicity, and mean systolic BP over the same 24-hour/daytime/nighttime period; Abbreviations: HR 
= hazard ratio; BPV = blood pressure variability; BP = blood pressure; MCI = mild cognitive impairment

Table 3. Model estimates (adjusted hazard ratios [95% CI]) of ambulatory systolic mean BP predicting cognitive 
outcomes

HR (95% CI)

Intensive (n = 406) p-value Standard (n = 387) p-value

Probable dementia
24-hour mean BP 1.08 [0.96, 1.21] 0.190 0.98 [0.93, 1.04] 0.523
Daytime mean BP 1.08 [0.97, 1.21] 0.180 0.97 [0.92, 1.02] 0.242
Nighttime mean BP 1.07 [0.97, 1.18] 0.183 1.01 [0.96, 1.07] 0.630
MCI
24-hour mean BP 0.95 [0.88, 1.01] 0.118 1.04 [0.97, 1.11] 0.261
Daytime mean BP 0.97 [0.91, 1.04] 0.365 1.03 [0.97, 1.10] 0.334
Nighttime mean BP 0.95 [0.90, 1.01] 0.116 1.02 [0.96, 1.07] 0.569
Beta (ß) and 95% confidence intervals shown unless otherwise indicated; Models adjusted for age, sex, education, and race/ethnicity; Abbreviations: HR = hazard ratio; 
BP = blood pressure; MCI = mild cognitive impairment
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0.014). The treatment groups did not significantly differ in 
nighttime BPV (p’s = 0.06 – 0.114).

BPV

As shown in Table 2 and Figure 1, higher 24-hour 
systolic BPV was associated with increased risk for 
probable dementia in the standard group (adjusted 
hazard ratio [HR]: 2.56 [95% CI 1.16, 5.62], p = 0.019) 
but not in the intensive group (HR: 0.54 [95% CI 0.24, 
1.23], p = 0.141). Similar findings were observed with 
daytime systolic BPV (standard group HR: 1.53 [95% 
CI 1.05, 2.23], p = 0.026 vs intensive group HR: 0.58 
[95% CI 0.29, 1.15], p = 0.116). Nighttime systolic BPV 
was not significantly associated with risk for probable 
dementia in either treatment group (p’s = 0.684 – 0.745). 
No systolic BPV metric (24-hour, daytime, nighttime) 
was related to risk for MCI (p’s = 0.074 – 0.551). Findings 
using the SD, CV, and VIM indices of BPV were consistent 
in direction, but were no longer significant (p’s = .065 
- .072) (Supplementary Table 1). Diastolic BPV was 
not significantly associated with cognitive outcomes 
(Supplementary Table 2).

Mean BP

As shown in Table 3, mean systolic BP over any time 
period (24-hour, daytime, nighttime) was not associated 
with risk for probable dementia or MCI in either 
treatment group (p’s = 0.116 - 630).

Exploratory analyses

Pulse pressure variability

Higher daytime pulse pressure variability was 
associated with increased risk for probable dementia 
in the standard group (HR: 1.64 [95% CI 1.05, 2.56], p = 
0.029) but not in the intensive group (HR: 0.98 [95% CI 
0.66, 1.46], p = 0.931) (Supplementary Table 3). 24-hour 
and nighttime pulse pressure variability were not 
significantly related to risk for probable dementia in 
either treatment group (p’s = 0.055 - 0.976). Pulse pressure 
variability was not significantly associated with risk for 
MCI under intensive (p’s = 0.528 – 0.930) or standard (p’s 
= 0.088 – 0.856) treatment.

Interactions with sex and race

Interactions between BPV and 1) sex and 2) race on 
cognitive outcomes were all non-significant (p’s = 0.130 – 
0.999) (Supplementary Table 4).

Sensitivity analyses

Higher 24-hour and daytime systolic BPV remained 
significantly associated with increased risk for probable 
dementia in the standard group after additionally 
controlling for history of atrial fibrillation (24-hour HR: 
3.50 [95% CI 1.02, 12.00], p = 0.046; daytime HR: 1.52 [95% 
CI 1.04, 2.21], p = 0.029).

Figure 1. Higher 24-hour systolic BPV via ambulatory monitoring is associated with increased risk for probable 
dementia in the standard treatment group

Kaplan-Meier curves showing event rates for probable dementia after stratification by treatment group.
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Discussion

The present study was the first to examine ambulatory 
BPV and cognitive outcomes in the SPRINT dataset. 
In this post hoc analysis of the SPRINT trial, higher 
systolic BPV over 24 hours remains a risk factor for 
probable dementia despite strictly controlled mean 
BP levels, particularly in the context of standard BP 
lowering treatment. Additionally, daytime systolic BPV, 
but not nighttime BPV, was reduced in the intensive 
treatment group and was predictive of probable dementia 
in the standard treatment group. The present findings 
add information about clinical diagnosis to previous 
observational studies linking BPV via ambulatory 
monitoring to cognitive decline typically measured with 
single tests of cognition (1, 23–27). Additionally, the 
current study used data from a cohort with rigorously 
controlled mean BP levels, which enabled us to assess 
the contribution of BPV vs mean BP to dementia risk at 
a level not typically available in observational cohorts. 
Findings are consistent with prior observational (1) and 
interventional (11) work examining BPV over months 
to years and offer new evidence that BP fluctuations 
captured over 24 hours via ambulatory monitoring may 
also be an emerging vascular risk factor associated with 
cognitive impairment, cognitive decline, and dementia. 
More studies using this relatively newer method 
to measure BPV in other interventional cohorts are 
warranted to replicate these findings.

Associations between ambulatory BPV and dementia 
risk were observed only in the standard treatment group. 
It has been hypothesized that, compared to standard 
lowering of mean BP, intensive lowering mitigates the 
effects of BPV that are strongly linked with dementia 
risk in observational cohorts with varied BP control (1). 
However, other SPRINT studies on BPV measured over 
a period of months to years have found associations 
with cognitive outcomes in one or both treatment groups 
(10–12). Additionally, these SPRINT studies reported 
links with MCI (11, 12). Although the current study on 
ambulatory BPV did not identify an association with 
MCI, the hazard ratio for probable dementia under 
standard treatment in the current study of 24-hour 
ambulatory BPV (2.56) was greater than the hazard ratio 
(2.4) in a previous SPRINT study of BPV over years 
(12). 24-hour and daytime BPV was related to dementia 
risk in the standard treatment group, whereas nighttime 
BPV was not associated with dementia risk in either 
group. There are few observational studies on ambulatory 
BPV and cognitive impairment/decline (1, 42), and 
only one that directly compares 24-hour vs daytime vs 
nighttime BPV (25). Our findings with daytime BPV 
and not nighttime BPV are consistent with the study 
by McDonald et al., on relationships with cognitive 
decline. BP levels typically undergo dramatic changes 
during sleep (e.g., nighttime dip, morning surge) due to 
the influence of the circadian rhythm (7). It is therefore 

interesting that the associations with cognition in the 
present study and the study by McDonald et al., were 
different between daytime and nighttime BPV.

Despite a growing literature linking BPV to poor 
cerebrovascular health and dementia (3, 5, 6), the 
causes and consequences of BP fluctuations are still 
under investigation. Some have hypothesized that 
large variations in BP, regardless of mean BP levels 
or the time period of variation measured, may pose a 
risk to the health and function of the cerebral arteries 
by way of mechanical injury to the cerebrovascular 
compartments (5–7, 43), or triggering transcriptomic 
changes in endothelial cells through mechanoreceptors 
on their surface (44) that support neurovascular unit 
functioning (45). Several studies support this possibility 
and suggest that higher BPV is associated with markers 
of cerebrovascular disease (5, 6, 46, 47) and dysfunction 
(48, 49), which may ultimately contribute to cognitive 
impairment, cognitive decline, and dementia risk (45, 
50). The current analysis did not directly address the 
potentially moderating effect of cerebrovascular disease, 
but a recent SPRINT study indicates that higher BPV 
over months, even with strictly controlled mean BP, 
is associated with cerebral perfusion decline in brain 
regions critical to cognitive function and vulnerable 
to Alzheimer ’s disease (13).  Although SPRINT 
ascertained adjudicated clinical outcomes for MCI and 
probable dementia, neuropathological information 
was not collected to confirm underlying pathologies. 
Prior observational work suggests elevated BPV, via 
ambulatory monitoring or other methods, is associated 
with Alzheimer’s disease and/or vascular disease process 
confirmed with plasma (51) cerebral spinal fluid (52), 
and postmortem evaluation (46, 47), but no studies to 
date have evaluated these associations under specific 
treatment conditions. Importantly, SPRINT participants 
had high vascular risk, which could increase the 
likelihood of comorbid vascular disease and Alzheimer’s 
disease. Future work that can elucidate underlying 
mechanisms and pathologies may have therapeutic 
implications for targeted dementia prevention. It is also 
important to note that underlying mechanisms driving 
BP fluctuations over shorter intervals – such as 24-hours 
in the present study – may be different from those 
driving fluctuations over longer intervals. For example, 
short-term fluctuations may reflect processes including 
baroreflex sensitivity, circadian rhythm, and emotional 
factors, whereas BPV over longer time intervals may 
be more related to arterial stiffening and adherence to 
antihypertensive therapies (7). Of course, it is expected 
that some of these mechanisms are shared across time 
intervals of BPV, and more research will help pinpoint 
specific therapeutic targets. Much of the work linking 
BPV to dementia risk has relied on mid- to long-term BPV 
(1, 42). Recent SPRINT post hoc analyses using clinic-
based BPV measured over longer time intervals reported 
links with dementia risk in both the standard and 
intensive treatment groups (11, 12), whereas the present 
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study using 24-hour BPV via ambulatory monitoring 
only found associations in the standard treatment group. 
The SPRINT trial was designed to treat clinic-based BP, 
and it is possible that different underlying mechanisms 
for short- and long-term BPV may be involved. 
Understanding mechanisms linking short-term BPV to 
dementia risk could add additional pharmacological and 
non-pharmacological targets for dementia prevention.

Interestingly, studies of BPV and brain health, 
including the present investigation, consistently report 
null or much weaker associations with mean BP levels 
(1, 6, 47), despite it being the overwhelming focus in 
current BP treatment strategies. This highlights the 
possibility that controlling BPV may require distinct 
interventions beyond standard approaches to BP control. 
Some evidence suggests differential antihypertensive 
class effects on BPV and risk for stroke (14, 15) and other 
cardiovascular events (17), and a recent study indicated 
this difference may also relate to dementia risk (16). 
Specifically, calcium-channel blockers may be superior 
in lowering both the mean and variability in BP levels 
(14, 16–18, 53). This finding is potentially important 
for translating BPV research into clinical practice since 
calcium-channel blockers are often recommended as first-
line antihypertensives (18). Certainly, more research on 
class effects is needed, but this accumulating evidence 
has generated considerable discussion on how best to 
treat BPV (in addition to treating mean BP levels) and 
is in line with the current interest in precision-medicine 
approaches to care.

Rather than waiting months to years to accumulate BP 
recordings to calculate BPV, ambulatory BP monitoring 
may enable scientists and clinicians to estimate BPV 
in a matter of 24 hours and accelerate individualized 
treatment planning goals. Although ambulatory 
BP monitoring is not currently ubiquitous in clinical 
settings, more care sites and clinical trials may utilize this 
approach in the future (54). Ambulatory BP monitoring 
has the advantages of measuring BP in one’s everyday 
environment, which may reduce the likelihood of a white-
coat effect or masked hypertension, and assessing the 
influence of circadian rhythms on BP. Recent advances in 
wearable BP technologies that make data collection more 
tolerable and accurate and the growing appetite for big 
data on various health metrics may also further promote 
this method. Additionally, the United States Preventative 
Services Task Force and the American College of 
Cardiology/American Heart Association made a grade 
A recommendation to use ambulatory BP monitoring 
to confirm a diagnosis of hypertension determined 
through standard office measurement, before initiating 
BP treatment (55–57). The present study captured 24-hour 
BPV via ambulatory monitoring well after initiating 
either intensive or standard lowering of mean BP - an 
average of 27 months after treatment randomization – 
and associations with dementia risk were still observed in 
a trial that was terminated early for cardiovascular benefit 

finding (58). The impact of BP therapies on cognition 
may take much longer to emerge than cardiovascular 
outcomes (35) and considering how to manage BPV at 
the outset of treatment may also benefit brain health. 
Of course, the SPRINT trial was not specifically focused 
on BPV – or ambulatory BP monitoring or cognitive 
outcomes - but future clinical trials that are may be 
interested in these approach considerations.

Findings provide novel evidence of a relationship 
between ambulatory BPV and clinical diagnosis and 
add to prior work relating to impairment and decline in 
typically single tests of cognition (1). The study is further 
strengthened by the use of data from an interventional 
cohort with rigorously controlled mean BP levels 
in terms of treatment initiation, dosing, titration, and 
adherence. Furthermore, the sample size is much larger 
than existing observational studies on ambulatory BP 
monitoring and cognitive outcomes (1). Additionally, the 
present investigation calculated BPV from ambulatory BP 
monitoring over just 24 hours and findings are consistent 
with previous studies measuring BPV over longer time 
periods (1, 3). SPRINT participants were diverse in terms 
of race and ethnicity, level of education, and geographical 
location, which increases generalizability of findings 
and demonstrates the feasibility, accessibility, and 
utility of BPV via ambulatory monitoring as a vascular 
measure linked to dementia risk. There are several study 
limitations worth noting. The BPV field is still emerging 
and standardized methods are not yet fully established 
(54). Ambulatory BP monitoring is also a relatively newer 
method to capture BPV when compared to standard 
office measurement and technological advances will 
likely promote more widespread use. Despite this fact, 
numerous studies using various BP collection methods 
provide compelling evidence that BPV may contribute to 
dementia risk in ways that are distinct from traditionally 
studied mean BP levels. Interestingly, associations with 
variability in more well-studied pulse pressure were 
similar to findings with BPV, albeit less robust (e.g., HR 
= 2.56 for 24-hour BPV and HR = 1.53 for daytime BPV vs 
HR = 1.89 for 24-hour pulse pressure variability and HR = 
1.64 for daytime pulse pressure variability). This further 
highlights the possibly unique role that fluctuations in 
BP may play in brain health. As previously noted, we did 
not assess potential antihypertensive class effects. Studies 
with larger samples adequately powered to do so may 
enhance our understanding of BP therapeutics aimed at 
improving brain health. Although SPRINT participants 
were well characterized in terms of vascular factors, less 
is known about the cohort’s neuropathological burden. 
BP intervention trials that obtain this type of information 
have the potential to elucidate growing links between 
vascular factors and dementia risk (45, 50, 59, 60). Finally, 
the current study is limited by the fact that it is a post 
hoc analysis of an intervention trial focused on lowering 
mean BP levels. BP clinical trials and therapies that 
can address both the mean and variability in BP levels 



691

JPAD  -  Volume 11, Number 3, 2024

are warranted and may have therapeutic potential for 
reducing dementia risk.

Conclusions

Higher systolic 24-hour and daytime BPV via 
ambulatory monitoring is associated with risk for 
dementia under standard BP treatment. Findings add to 
prior observational and interventional work studying 
BPV using various methods and highlight that BPV 
remains a risk for cognitive decline and dementia despite 
strict control of mean BP levels. 

Clinical trial information: ClinicalTrials.gov; NCT01206062.
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