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ABSTRACT 

Purpose of Review To conduct a scoping review of articles which have evaluated BPV and 

cognitive function. Articles with keywords, titles or abstracts containing the terms ‘cognitive’ OR 

‘cognition’ OR ‘dementia’ AND ‘blood pressure variability’ were identified from CINAHL, 

Medline, PMC and Web of Science.  

Recent Findings Methods of acquisition and analysis of BPV and cognitive measurements and their 

relationship were extracted from selected articles. Of 656 studies identified, 53 articles were 

selected. 25 evaluated long-term (LTBPV), nine mid-term (MTBPV), 12 short-term (STBPV) and 

nine very-short-term BPV (VSTBPV) with conflicting findings on the relationship between BPV 

and cognition. Variations existed in devices, period and procedure for acquisition. The studies also 

utilized a wide range of methods of BPV calculation. Thirteen cognitive assessment tools were used 

to measure global cognition or domain functions which were influenced by the population of 

interest.  

Summary The interpretation of available studies was hence limited by heterogeneity. There is an 

urgent need for standardization of BPV assessments to streamline research on BPV and cognition. 

Future studies should also establish whether BPV could be a potential modifiable risk factor for 

cognitive decline, as well as a marker for treatment response.  

Keywords: Aged; cognition; dementia; blood pressure; blood pressure variability 
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Introduction 

Globally, an estimated 75 million persons will be living with dementia by 2030[1]. Common risk factors 

for dementia include low educational attainment, diabetes, heart disease and reduced physical activity. 

Individuals with mild cognitive impairment (MCI) are also at increased risk of developing dementia 

[2**,3]. Hypertension is now considered an established risk factor for dementia, with optimal blood 

pressure control linked to reduced risk of developing dementia [4]. However, the measurement of blood 

pressure (BP) which is required to determine the presence of hypertension usually uses single snapshot 

measures, despite blood pressure actually varying with each heartbeat [5]. The relevance of variations in 

the measurements obtained over time in the context of dementia risk remains unclear.  

The relationship between increased blood pressure variability (BPV) observed during 24-hour 

ambulatory blood pressure monitoring and end-organ damage has been investigated for three decades [6]. 

Some evidence has since become available demonstrating an association between increased blood pressure 

variability using various measurement methods with cardiovascular outcomes [7*]. In particular, several 

studies have linked BPV with stroke [8] which is associated with vascular dementia, one of the most 

common causes of dementia. In contrast, others have suggested that fluctuations in blood pressure observed 

with posture change are associated with the volume of deep white matter changes within magnetic 

resonance images of the brain [9]. 

While evidence supporting a possible link between BPV and cognitive function is emerging within 

the published literature, numerous factors such as choice of indicators and methods of quantification, appear 

to lead to the current confusion with regards to whether there is truly a link between BPV and cognition. 

We, therefore, conducted a scoping review in order to rationalize the methods and results of available 

studies on BPV and cognitive performance.  

Search Strategy and Data Extraction 

The Medline, Pubmed Central, CINAHL and Web of Science medical databases were searched for articles 

published between 2006 and 2020 containing the terms: ‘cognitive’ OR ‘cognition’ OR ‘dementia’ AND 

‘blood pressure variability’ within keywords, or within their article titles or abstracts which compared BPV 

and cognitive impairment determined using validated assessment tools  or with clinical diagnoses of minor 

or major cognitive disorders, mild cognitive impairment (MCI) or dementia. Only English language articles 
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were included. From the initial 656 titles identified from the database search, a total of 53 articles were 

selected.  

Information extracted from selected articles included methods of calculating variability, BP 

devices use, BP acquisition methods, period of measurement, as well as cognitive measures.  The period of 

measurement is also known as BPV range[10,11*,12**], and is classified into long-term blood pressure 

variability (LTBPV), mid-term blood pressure variability (MTBPV), short-term blood pressure (STBPV) 

and very short-term blood pressure variability (VSTBPV) (Table 1). Whether the selected study evaluated 

systolic (SBPV) or diastolic BPV (DBPV) was also extracted and are included in Supplementary Tables 1 

to 4. All studies evaluated SBPV while some studies also included DBPV. The presence of any significant 

relationship between any measure of either SBPV or DBPV with cognitive performance was also recorded. 

Blood Pressure Variability Indices 

Figure 1 summarizes the methods of estimation utilized by the various included studies to estimate each 

type of BPV. Standard deviation (SD) and coefficient of variance (CV) were the most commonly used 

methods of calculation for all types of BPV. Both SD and CV are time domain methods of analysis. Other 

time domain methods are average real variability (ARV), variability independent of mean (VIM), and delta. 

Variability in the time domain reflects fluctuations in blood pressure that result from defective regulatory 

processes within the autonomic nervous system and neurohumoral system in addition to arterial stiffness 

which are associated with hypertension and atherosclerosis, though the role each plays in the different time 

periods of variability remains unclear [10], [11], [29], [30]. Due to the influence of stressor and day-night 

differences towards SD index, ARV is a solution to obtain the average of the absolute differences between 

consecutive measurements and residual BPV [13]**. Time domain analyses are possible with a limited 

number of observations and hence are usually employed for LTBPV and MTBPV.  

Frequency domain analyses require large numbers of observations, and hence are more suitable for 

VSTBPV, but provide the advantage of differentiating high and low frequency fluctuations, which 

determine parasympathetic and sympathetic responses respectively [31]*. Frequency domain assessments 

involve power spectral analyses to determine low and high frequency BPV and low to high frequency ratio. 

Frequency domain analysis in VSTBPV is more susceptible to the influence of the autonomic nervous 

system, with high frequency variability attributed to fluctuations in BP associated with respiration and 
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therefore considered a marker of parasympathetic function [16]. Low frequency variability in VSTBPV is 

usually linked to sympathetic activation. Therefore, the ratio between low to high frequency VSTBPV is a 

marker of sympathovagal balance. However, interindividual differences in VSTBPV may also be attributed 

to arterial stiffness [5]. Spontaneous VSTBPV is also known to occur. The supine rest position is said to 

provide an accurate estimate of real BPV due to the stability of BP measurements while head-up tilt and 

active standing is utilized to investigate the presence of orthostatic hypotension due to the decline in venous 

return leading to reduced cardiac output as blood accumulates in the peripheral vasculature [33]. 

 

Measurement Devices 

Figure 2 provides a summary of types of blood pressure measurement (BPM) device used according to 

whether associations were established. Manual measurements obtained using a mercury 

sphygmomanometer was the most utilized method to measure LTBPV. Oscillometric measurements using 

automated sphygmomanometers were, however, most commonly used to measure BP for LTBPV to SBPV 

in the clinic and home settings [18, 19*, 20]. Continuous, non-invasive, beat-to-beat BP monitoring, which 

provides waveform measurements, were used for VSTBPV in nine studies [21,22**,23-29]. Unlike manual 

sphygmomanometers which require skilled individuals to obtain measurements using the auscultatory 

method, and beat-to-beat BP monitoring which requires heavy and expensive equipment which are often 

only limited to tertiary or specialist centres, the automated oscillometric measurement devices can be 

operated by unskilled personnel in the clinic or at home, and has hence increased the accessibility of BPV 

as a clinical measurement. Though determination of VSTBPV remains only accessible to specialist centres 

at present, rapid advances in monitoring technology would no doubt ensure that this can be obtained more 

conveniently should the role of this measurement be established.  

Duration of Variability 

While BPV measurements tend to be categorized, researchers are actually measuring variability within a 

continuum which has been illustrated in Figure 3. In studies which evaluated differences within one month 

to 12 months, most studies measured BP every three months, while others reported six monthly or monthly 

measurements. Blood pressure measured over more than a year used a variable number of visits while other 

studies stated the minimum number of visits included to determine LTBPV. In studies which looked at 
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MTBPV, an equal number of studies acquired weekly or four weekly measurements. In studies which 

evaluated BPV over 24 hours, 35.7% failed to mention measurement intervals, with 10, 20 and 30 minutes 

intervals with and without reduction to 60 minutes at night employed. Heterogeneity exists in the duration 

of position of measurement and use of the standing position or head-up tilt for VSTBPV studies which 

utilized beat-to-beat measurements.  Conflicting findings may have resulted from the current observed 

variations in intervals between BP measurements [44**]. 

Blood Pressure Variability and Cognition 

Table 2 summarizes the findings of our selected studies according to study population, design, geographical 

location and cognitive assessment tools. Additional information on sample population and strength of 

association to cognitive performance according to type of BPV are included in Supplementary Tables 1 to 

4 [32]. 

Long-Term Blood-Pressure Variability 

Of the 23 articles identified, 20 articles found a negative association between LTBPV and cognition.  The 

presence of a negative association indicates that a reduction in cognitive performance is observed with 

increased LTBPV. Twenty articles included participants with cardiovascular disease [33,34*,35, 36*], 

cognitively impairment [37-42] and community dwelling [43,44**,45**, 46-48,49**] populations with 

single studies evaluating the relationship between LTBPV and cognition in Parkinson’s Disease [50], 

chronic disease [51] and depression [52]*. A longitudinal study among post-menopausal women in North 

America using manual BP measurements found no association between LTBPV and cognitive impairment. 

LTBPV may bear clinical importance in the management of hypertension in individuals with increased 

systolic LTBPV, as hypotensive adverse effects such as falls and syncope may occur during hypotensive 

events associated with BP troughs, limiting the ability to achieve target blood pressure [13].  

Mid-Term Blood Pressure Variability  

Of the nine studies which studied MTBPV, eight found a negative association between MTBPV and 

cognitive function while one found no significant association among individuals with cardiovascular 

disease. A cross-sectional study conducted in Europe on a newly diagnosed hypertensive population found 
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no significant association between MTBPV and cognitive function [53]. Other studies found reductions in 

cognitive performance with increased MTBPV utilizing community-dwelling [54**,55,56,57**], 

cardiovascular disease  [58], or cognitively impaired [59], [60] populations or patients with lacunar 

infarction [61].  

Short-Term Blood Pressure Variability  

The 12 studies which evaluated STBPV yielded similar association results. Nine found significant negative 

associations in community-dwelling [62*,63-65] and people with cardiovascular disease [66-69] or a 

cognitively impaired [70] population. Three studies found no significant association within a cognitively 

impaired  population [71], [72]. [73]**. Ambulatory blood pressure monitoring conveniently provides 

repeated measurements under standardized conditions, which makes STBPV a potentially useful clinical 

tool, in addition to LTBPV and MTBPV, in clinical practice. 

Very Short-Term Blood Pressure Variability 

Nine articles evaluated the relationship between VSTBPV and cognition. Unlike the other types of BPV 

measured, six articles found a significant positive association between BPV and cognitive function[21], 

[23], [27], [74], [75], indicating that lower BPV was associated with poorer cognitive performance. Only 

one study found a negative association [26]* and two no significant association [28], [29].  Factors which 

connect variations in BP between each heartbeat and resulting clinical effects remain unclear. Posture 

change is known to activate central autonomic control due to the baroreceptor reflex, renin angiotensin 

system, vascular myogenic tone, release of nitric oxide from the endothelium [10], [76], which then 

influences VSTBPV changes.   

Cognitive Assessment Tools 

A total of 13 tools have been evaluated with BPV. The most widely used tool was the Mini Mental State 

Examination (MMSE) followed by the Neuropsychological Assessment Battery (NAB) and the Wechsler 

Adult Intelligence Scale (WAIS). Typically, cognitive assessment tools measure cognition in a number of 

domains which are controlled by different areas of the brain. Any pathology arising from pathological 

increases or reduction in BPV is likely to influence specific domains more than others. Conversely, 

pathological processes within the brain, which may influence BPV, may also favour specific domains, 
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which at present have yet to be studied in detail. Furthermore, preferences for cognitive tools should be 

influenced by the population of interest. Cognitive assessment tools may be selected based on geographical 

and cultural settings.  For instance, the Korean MMSE, and the Chinese and Japan Montreal Cognitive 

Assessment (MoCA) were utilized for studies involving Korean, Chinese and Japanese populations. Few 

studies have used consensus diagnosis of dementia or cognitive disorder using accepted definitions. Other 

methods of determining the effects of BPV on neurological disease associated with cognitive decline, 

including neuroimaging and post-mortem examination, were not considered in available published studies. 

Intervention 

The effects of antihypertensive treatment on blood pressure variability has been poorly studied in the 

literature. Blood pressure variability is known to decrease with antihypertensive use with non-

dihydropyridines calcium channel blockers and loop diuretics which correspondingly are known to  lower 

dementia risk [66]. The Systolic Pressure Intervention (SPRINT) study evaluated the effects of blood 

pressure lowering agents on LTBPV and found that thiazide-type diuretics and non-dihydropyridine 

calcium channel blockers reduced LTBPV while angiotensin converting enzyme inhibitors and angiotensin 

receptor blockers increased LTBPV. Cognitive outcomes were not considered within the SPRINT study 

with respect to LTBPV [66]. Few other studies have actually evaluated the effects of pharmacological 

agents on BPV and cognition. Non-pharmacological intervention, such as using cognitive behavioural 

therapy for hostility, has been considered but this did not alter VSTBPV [29]  

 

Recommendations for Future Research  

Despite the availability of multiple studies evaluating the relationship between BPV and cognition, the 

conflicting results found between published studies suggest that far more research is required to gain a 

better understanding of the implications of the varied findings between the studies. More studies have, 

however, found a negative association between short to long term BPV indicating that increased BPV 

within these time periods may adversely influence cognitive performance, though the converse appears to 

be true for VSTBPV. Further research is required to determine factors that influence BPV which will in 

turn help inform the management strategies for this potentially modifiable risk factor. Future studies could 
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also seek to determine whether the alteration of dementia risk associated with some antihypertensive 

medication classes and not others may be associated with their effect on BPV. 

CONCLUSION 

The relationship between BPV and cognition has been evaluated in a number of studies. While more studies 

have found a negative association suggesting that increased BPV, particularly over the long-term, medium-

term and short-term, may negatively influence cognition, other studies, very short-term, have also found 

the opposite effect and the remaining an absence of association. Major differences in methods of BPV 

calculation, duration of BP monitoring, cognitive assessment tools and sample populations exist between 

studies. Thus, standardization of definitions and methods of acquisition should be considered in order to 

obtain more meaningful comparisons between studies in the future.  
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FIGURE LEGENDS 

Figure 1: Blood Pressure Variability Indices 

 

Stacked column showed the number of  BPV indices used in each type of BPV based on significance of 

association. 

  

Figure 2: Blood Pressure Measuring Devices and Types of Blood Pressure Variability Obtained  

 

Flow chart indicating types of blood pressure measurement devices utilized in included studies. Beneath 

the textbox of each measurement method, the fraction of studies for each BPV type which indicated an 

association between BPV and cognition is included. The numerator of each fraction represents the number 

of studies in which BPV was associated with cognitive performance while the denominator indicates the 

total number of studies which evaluated the relationship between BPV and cognition. 

LTBPV= long-term blood pressure variability; MTBPV= mid-term blood pressure variability, 

STBPV=short-term blood pressure variability, VSTBPV=very short-term blood pressure variability  

 

 

Figure 3. Duration of Blood Pressure Monitoring 

The horizontal arrow indicates the duration of blood pressure measurements, with the arrowed boxes 

containing the interval between each BP measurement and the percentage of studies which employed each 

interval. 
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Stacked column shows the number of  BPV indices used in each type of BPV based on significant association. 
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Figure 2: Blood Pressure Measuring Device Used in the Association Between BPV and Cognitive Performance Study 
 
 

 
 
LTBPV = long-term blood pressure variability, MTBPV = mid-term blood pressure variability, STBPV = short-term blood pressure variability, VSTBPV = 
very short-term blood pressure variability, BPM = blood pressure measurement. Numerator =number of studies in which BPV was associated with 
cognitive performance; Denominator= total number of studies which evaluated the relationship between BPV and cognition. 
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Figure 3.  Duration of Blood Pressure Monitoring 

 

The horizontal arrow indicates the duration of blood pressure measurements, with the arrowed boxes containing the interval between each BP measurement and 

the percentage of studies which employed each interval 
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Table 1: Classification of Blood Pressure Variability  
 

Types of BPV Period of Measurement 

Long Term Blood Pressure 
Variability (LTBPV) 
(25 articles) 

Visit-to-visit, seasonal measurements 
 

Mid-Term Blood Pressure 
Variability (MTBPV) 
(12 articles) 

Day-to-day 

Short-Term Blood Pressure 
Variability (STBPV) 
(11 articles) 

24-hour period and discontinuous BP 
recordings obtained over seconds or minutes 

Very Short-Term Blood Pressure 
Variability (VSTBPV) 
(8 articles) 

Continuous beat-to-beat BP recordings 

 

BPV=blood pressure variability 
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Table 2. Types of Blood Pressure Variability and Cognitive Function 
 

BPV=blood pressure variability; LTBPV=long term BPV, MTBPV=mid-term BPV, STBPV= short term BPV; 
VSTBPV=very short term BPV; MMSE=Mini Mental State Examination; NAB= Neuropsychological 
Assessment Battery; MoCA= Montreal Cognitive Assessment; CDR= Clinical Dementia Rate; 
WAIS=  Weschler Adult Intelligence Scale; TICS= Telephone Interview Cognitive; ADAS-COG= Assessment 
Scale Cognitive Component; CAMCI= Computer Assessment of Mild Cognitive Impairment; HIS= Hachinski 
Ischemic Score; CAMDEX = Cambridge Examination of Mental Disorders of the Elderly 

 LTBPV (n=23) MTBPV (n=9) STBPV (n=12) VSTBPV (n=9) 

 None +ve -ve None +ve -ve None +ve -ve None +ve -ve 

Population             
Healthy 
Community 
Dwellers 

1/7 - 6/7 - - 4/4 1/6 - 4/6 1/3 2/3 - 

Cardiovascular 
Disease  - - 4/4 1/2 - 1/2 - - 4/4 1/5 3/5 1/5 

Cognitive 
Impairment 1/8 - 7/8 - - 2/2 2/2 - - - 1/1 - 

Parkinson 
Disease - - 1/1 - - - - - - - - - 

Post-
Menopausal 
Women  

1/1 - - - - - - - - - - - 

Depression - - 1/1 - - - - - - - - - 

Other disease 
specific  - - 1/1 - - 1/1 - - - - - - 

Study Design             

Prospective 3/22  19/22 - - 5/5 2/6 - 4/6 2/5 3/5 - 

Cross Sectional - - 1/1 1/4 - 3/4 1/6 - 5/6  3/4 1/4 
Geographically 
Setting 

            

Asia - - 5/5 - - 6/6 1/2 - 1/2 - - - 

North America 3/11 - 9/11 - - - 1/4 - 3/4 1/7 5/7 1/7 

South America - - - - - - - - - 1/1 - - 
Europe - - 7/7 1/3 - 2/3 1/6 - 5/6 - 1/1 - 

Cognitive 
Assessment 
Tools 

            

MMSE 5/20 - 15/20 - - 4/4 2/8 - 6/8 - 3/4 1/4 

NAB 2/10 - 8/10 1/4 - 3/4 2/4 - 2/4 2/6 3/6 1/6 

MoCA - - - - - 2/2 2/4 - 2/4 - - - 

CDR - - 3/3 - - - - - - - 1/1 - 
WAIS - - 2/2 - - 1/1 - - 1/1 - - - 

TICS - - 1/1 - - - - - - - - - 

ADAS-COG 1/2 - 1/2 - - 1/1 - - -- 1/8 6/8 1/8 

CAMCI - - 1/1 - - - - - - - - - 

Hasegawa - - - - - 1/1 - - - - - - 

HIS - - - - - - 1/1 - - - - - 
CAMDEX - - - - - - - - 1/1 - 1/1 - 
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None indicates no association; +ve indicates ↑BPV ↑Cognition; -ve indicates ↑BPV ↓cognition. The 

denominator denotes total number of studies which has evaluated each area, while the numerator indicates 
in number of studies which fulfil the criteria. E.g. 1/7 in the first cell means 7 studies have evaluated the 
cognition of healthy community dwellers against LTBPV and 1 found no significant association.  
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