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State of the Art

Visit-to-Visit Blood Pressure Variability, Silent Cerebral  
Injury, and Risk of Stroke
Michiaki Nagai1 and Kazuomi Kario1

Apart from the well-known role of hypertension in cerebrovascular dis-
ease, visit-to-visit blood pressure (BP) variability is emerging as an inde-
pendent risk factor for stroke. Although the underlying mechanism is 
not fully understood, artery remodeling is thought to be closely involved 
in the relationship between visit-to-visit BP variability and stroke. This 
review article summarizes the recent literature on these topics. Silent cer-
ebral injury is considered to serve as a common pathophysiology in the 
relationship of visit-to-visit BP variability with cognitive impairment and 

stroke. Here we review visit-to-visit BP variability, some comparisons of 
the effects of antihypertensive agents on visit-to-visit BP variability, and 
an issue regarding the impact of these agents on stroke.
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Vascular disease of the brain is a major cause of death and 
disability.1 Hypertension is the most potent risk factor for 
cardiovascular disease, including stroke and coronary artery 
disease.

Blood pressure (BP) fluctuates around average val-
ues over both the short and long terms. Its fluctuation is 
suggested to be caused by a complex interaction between 
external environmental stimuli and the response of car-
diovascular control mechanisms. Diurnal and minute-
to-minute BP variability through 24-hour ambulatory BP 
monitoring (ABPM) have both been recognized as impor-
tant cardiovascular risk markers.2,3 Aside from short-term 
BP variability, a substantial variation in BP exists when a 
subject is observed over months with repeated clinical 
visits.

Up to now, visit-to-visit BP variability had been mostly 
dismissed as “background noise” that dilutes the prognostic 
effects of average BP measurement or as a so-called “regres-
sion dilution bias,” which must be neutralized by appropri-
ate statistical techniques to appreciate the “true” associations 
with the usual BP measurement in patients with disease.4,5 
The demonstration that visit-to-visit BP variability car-
ries independent prognostic information for stroke has the 
potential of modifying our current understanding of the 
importance of BP.6 In addition, visit-to-visit BP variability 
has been shown to increase with the number of visits7 and to 
have high reproducibility.8

It is thus apparent that the relationship between visit-
to-visit BP variability and stroke could have clinical rel-
evance. The goal of this review is to thoroughly elucidate 
the association of visit-to-visit BP variability with stroke. 
To set the stage, we summarize current insights into this 
relationship, and we propose an updated explanation of the 

pathophysiology of the link between visit-to-visit BP vari-
ability and stroke.

References for this review were identified through 
searches of PubMed as of July 2013, using the search terms 
“visit-to-visit blood pressure variability,” “blood pres-
sure variability,” “meta-analysis,” “antihypertensive,” and/
or “stroke.” We reviewed the articles identified from these 
searches and relevant references cited in those articles. 
Articles were also identified through searches of our own 
files and literature databases. The final reference list was 
generated on the basis of originality and relevance to the 
topic of this review.

VISIT-TO-VISIT BLOOD PRESSURE VARIABILITY 
AND STROKE

The clinical significance of ambulatory BP variability has 
been demonstrated.9 Increased nighttime systolic BP vari-
ability was shown to be an independent risk factor for stroke 
in subjects with isolated systolic hypertension.10 A  more 
recent study failed to show a positive relationship between 
ambulatory BP variability and cardiovascular events.11

Hata et  al.12 analyzed the relationship between visit-to-
visit BP variability and cerebral infarction risk in an elderly 
population being treated with antihypertensive therapy. 
Sex- and age-matched control patients were registered for 
each case patient. The coefficients of variation (CV) in sys-
tolic BP (SBP) and diastolic BP (DBP) were each signifi-
cantly higher in the cerebral infarction group than in the 
control group. Higher visit-to-visit variability in SBP and 
DBP were associated with a higher risk of cerebral infarc-
tion after adjustment for the average BP level and other con-
founding factors.
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In a large cohort of patients with a history of transient 
ischemic attacks (TIAs; the UK-TIA Aspirin Trials) and in a 
broad population of patients with hypertension in the Anglo-
Scandinavian Cardiac Outcomes Trial–Blood Pressure 
Lowering Arm (ASCOT-BPLA), Rothwell et  al.6 reported 
that visit-to-visit SBP variability and maximum SBP were 
strong predictors of stroke independently of average SBP.

In the Third National Health And Nutrition Examination
Survey (NHANES III) trial,13 3 consecutive BP readings 

were taken during 3 separate study visits from 1988 to 1994 
from 956 US adults aged ≥20 years. Mortality was assessed 
through a median follow-up period of 14 years. After multi-
variable adjustment, it was observed that the factors of older 
age, female sex, history of myocardial infarction, higher 
mean SBP and pulse pressure, and use of angiotensin-con-
verting enzyme inhibitors were associated with higher SD 
in SBP. The SD and CV values in SBP were associated with 
significantly high hazard ratios for all-cause mortality after 
multivariable adjustment.

In the Women’s Health Initiative, Shimbo et  al.14 exam-
ined the association between visit-to-visit BP variability 
and stroke in 58,228 postmenopausal women. Visit-to-visit 
BP variability was defined as the SD across visits. Over a 
median follow-up of 5.4 years, 997 strokes occurred. In an 
adjusted model including average SBP over time, the hazard 
ratios of stroke for the higher quartiles of SD SBP compared 
with the lowest quartile (referent) were 1.39 (95% confiden-
tial interval (CI) = 1.03–1.89) for the second quartile, 1.52 
(95% CI = 1.13–2.03) for the third quartile, and 1.72 (95% 
CI = 1.28–2.32) for the fourth quartile. The associations did 
not differ by stroke type (ischemic vs. hemorrhagic). In post-
menopausal women, greater visit-to-visit SBP variability was 
associated with an increased risk of stroke.

On the other hand, in a family-based random popula-
tion sample representative of the general population, Schutte 
et al.15 assessed the prognostic significance of visit-to-visit BP 
variability on health outcomes in 2,944 middle-aged subjects. 
The within-subject overall of 10 consecutive BP readings, 
the visit-to-visit BP variability, and the difference between 
maximum and minimum BP (delta in BP) were measured. 
Over a median follow-up of 12  years, 401 deaths occurred 
and 311 participants experienced a fatal or nonfatal cardio-
vascular event. In multivariable-adjusted analyses, visit-to-
visit BP variability as well as delta in BP did not predict the 
total or cardiovascular mortality or the composite of any 
fatal plus nonfatal cardiovascular endpoint. In the European 
Lacidipine Study on Atherosclerosis (ELSA),16 a randomized, 
double-blind, 4-year trial, visit-to-visit BP variability was 
not significantly associated with cardiovascular outcomes in 
treated mildly to moderately hypertensive patients.

Visit-to-visit BP variability was shown to be associated 
with cardiovascular disease including stroke, although the 
degree of association between visit-to-visit BP variability and 
stroke incidence might differ among study populations. In 
the UK-TIA, ASCOT, and Medical Research Council (MRC) 
elderly trials,6 the patients’ ages were higher and they were at 
higher risk of developing cardiovascular disease compared 
with the patients in other studies.15,16 Thus it was speculated 
that the clinical importance of visit-to-visit BP variability 
might depend on the level of total cardiovascular risk.

Concerning DBP, the clinical implications of the BP level 
and variability for stroke might be slightly different from 
those of SBP. In the NHANES III trial, no association was 
revealed between visit-to-visit variability in DBP and all-
cause mortality.13 This is consistent with previous research. 
For example, in the Honolulu Heart Program, variance of 
DBP across 4 visits was not associated with the subsequent 
incidence of coronary heart disease.17 Additionally, in the 
UK-TIA study, the visit-to-visit variability in DBP was not 
associated with stroke, and an association was present only 
in the highest deciles in the ASCOT-BPLA.6 In light of these 
findings, the visit-to-visit variability in SBP might be a better 
indicator for stroke than that in DBP.

Rothwell et al. found that visit-to-visit variability in SBP 
was more predictive of ischemic than hemorrhagic strokes 
in treated hypertensive participants enrolled in the ASCOT-
BPLA.6 In contrast, Shimbo et al.14 found that the relation-
ship between visit-to-visit variability in SBP and stroke did 
not differ by subtype such as ischemic and hemorrhagic 
stroke. The reasons for these divergent results are unclear. 
The different populations examined and the substantially 
smaller percentage of hemorrhagic vs. ischemic strokes in 
either sample may be possible explanatory factors.14

MEASUREMENT OF VISIT-TO-VISIT BP VARIABILITY 

Table 1 summarizes the measurements of visit-to-visit BP 
variability obtained in 8 relevant studies. In most of the stud-
ies, SD and CV were used as measures in visit-to-visit BP 
variability. Delta and maximum BP were measured in sev-
eral studies. CV was estimated from the equation: SD/ aver-
age BP value over 12 visits × 100 [%]. Delta BP was estimated 
from the equation: maximum BP – minimum BP level. 
However, the number of BP measurements and the BP fol-
low-up period were not consistent among the studies. Until 
now, there has been no standardization for the measurement 
of visit-to-visit BP variability. Future studies are needed to 
determine the number of visits required to obtain reproduc-
ible and valid estimates of visit-to-visit BP variability and the 
optimal interval between visits.14

VISIT-TO-VISIT VS. AMBULATORY BP VARIABILITY

Ambulatory BP variability is influenced by various daily 
activities, such as diet, exercise, rest, change in temperature, 
sleep, and mental stress, and it reflects the dynamic changes 
of BP during daily life.18 Because clinic BP is measured under 
relatively controlled conditions, the mechanism underlying 
the fluctuation of these values is likely to be completely dif-
ferent from that underlying the changes in ambulatory BP. 
Variations in BP at clinic visits reflect many factors, such as 
the subject’s emotional state, posture during BP measure-
ment, respiratory cycle, diet, salt intake, alcohol ingestion, 
physical activity, and the amount of rest the subject had got-
ten, as well as the time of day and room temperature during 
the measurement and the potential presence of other non-
standardized conditions for BP measurements.19,20

Numerous BP readings obtained from a single 24-hour 
ABPM allow the calculation of ambulatory BP variability in 
daily life, but the generalizability of the results beyond the single 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/article/26/12/1369/154392 by guest on 10 April 2024



American Journal of Hypertension  26(12)  December 2013  1371

Blood Pressure Variability, Stroke, and Cognitive Impairment

day being measured is unclear, and ABPM requires special 
equipment.18 Visit-to-visit BP variability has an advantage in 
that it provides data without any special device, but it requires 
time to collect sufficient readings to calculate BP variability.18

The ASCOT-BPLA ABPM study demonstrated that day-
time SBP variability on ABPM correlated with visit-to-visit 
SBP variability, indicating a contribution from fluctuations in 
the underlying BP.6 That study also showed that variability in 
BP on ABPM was a weaker predictor of vascular events than 
was visit-to-visit variability, suggesting that average variability 
from minute-to-minute could not capture elements of vari-
ability that are associated with the risk of stroke.6 In addition, 
Muntner et al.21 reported that the visit-to-visit BP variability 
and BP variability from ABPM are weakly correlated and not 
interchangeable in untreated normotensive participants.

VISIT-TO-VISIT BP VARIABILITY, SILENT CEREBRAL  
INJURY, AND COGNITIVE FUNCTION

Magnetic resonance imaging has revealed that silent cer-
ebral injury such as white matter lesions are common in the 
elderly.22 White matter hyperintensity (WMH) has been 
shown to be associated with stroke.23 Hypertension is a well-
known risk for WMH.24,25

In the Washington Heights–Inwood Columbia Aging 
Project,26 a total of 686 nondemented elderly who had BP 
measurements during 3 study visits at 24-month intervals 
and underwent structural magnetic resonance imaging were 
studied. The WMH volume increased across the 4 groups in 

a linear manner, with the lowest WMH volume in the lowest 
mean/lowest SD group and the highest WMH volume in the 
highest mean/highest SD group. Compared with individuals 
with low BP and low SD, the risk of WMH increased with 
high BP and high BP SD.26 However, it was not clear whether 
the relationship between visit-to-visit BP variability and 
WMH was independent of the average BP level.

In contrast, in the Honolulu–Asia Aging Study,27 midlife 
BP measurements at 3 clinical visits in the period 1965–1974 
and brain magnetic resonance imaging in the period 1994–
1996 were performed on a subset of 575 Japanese American 
men (average age = 82 years). WMH and brain atrophy were 
observed and quantified. The study’s logistic regression anal-
ysis controlling for age, apolipoprotein E4 status, dementia 
diagnosis, and history of stroke revealed that there were sig-
nificant 2-fold increased risks for WMH and brain atrophy 
among the subjects, with the highest quintile of visit-to-visit 
SBP variability compared with the lowest quintile, inde-
pendent of the average SBP level.27

In the CASISP (Cilostazol vs. Aspirin for Secondary 
Ischemic Stroke Prevention) study, Liu et al.28 investigated 
the relationship between visit-to-visit BP variability and the 
progression of cerebral small vessel diseases. Of 720 patients 
recruited, 500 and 584 had follow-up results for cerebral 
microbleeds (CMBs) and WMH, and 13.2% and 48.1% of 
the patients showed CMBs and WMH progression over 
a median of 14  months, respectively. Patients with CMBs 
had higher average, maximum values, SD, CV, and succes-
sive variation in BP. Visit-to-visit SBP variability was an 

Table 1.  Visit-to-visit blood pressure variability measurement

Study Subjects and age

Number of BP 

measurements

BP follow- up  

period

BP measurement  

at each visit

Visit-to-visit blood pressure  

variability measurement

Hata et al.12 138 patients with cer-
ebral infarction and 
350 controls; aged 
≥ 60 y

12 times 1 mo 2 times, average of  
the 2 readings

Coefficient of variation (CV)/ 
delta in blood pressure 
(BP)

UK-TIA: 
Rothwell 
et al.6

2,006 patients with 
a recent transient 
ischemic attack; 
mean age of 60.3 y

Median 10 times 4 mo Single blood  
pressure 
measurement

SD/CV/ Variation inde-
pendent of mean C (SD/
mean1.67)/ Maximum BP

ASCOT-BPLA: 
Rothwell 
et al.6

18,530 patients with 
hypertension with 
>3 other risks; 
aged 40–79 y

Median 10 times 6 mo 3 times, average of  
the 2nd and 3rd 
readings

SD/CV/ Variation independ-
ent of mean BP (SD/
mean1.78)/ Maximum BP

3SCO: Nagai 
et al.36

201 high-risk elderly 
patients; mean aged 
of 79.9 y

12 times 1 mo 3 times, average of 
the 2nd and 3rd 
readings

SD/CV/ Delta in BP/ 
Maximum BP

NHANES III:  
Muntner 
et al.13

956 adults; aged ≥ 20 y 3 times from 1988 
to 1994

— 3 times, average of 
the 2nd and 3rd 
readings

SD/CV

Eguchi et al.18 457 hypertensives, 
mean aged of 67 y

Mean 36.5 times 1 mo 3 times, average of 
the 2nd and 3rd 
readings

SD

ELSA: Mancia 
et al.16

1,521 mild to moderate 
hypertensives; aged 
45–75 y

>7 times 6 mo 3 times, average of 
the 3 readings

SD/CV

WHI: Shimbo 
et al.14

58,228 postmenopau-
sal women, aged 
50–79 y

Mean 7.9 times 1 y 2 times, average of 
the 2 readings

SD and that about the 
participant’s regression 
line with BP regressed 
across visits
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independent risk factor for deep and infratentorial CMBs 
progression, whereas visit-to-visit DBP variability was 
independently associated with CMB development in deep 
regions. However, visit-to-visit SBP variability was not sig-
nificantly associated with WMH progression.28

Although hypertension is a risk factor for vascular demen-
tia,29,30 trials of BP-lowering drugs have not shown a consist-
ent reduction in the risk of dementia.31–33 Most of the studies 
have been focused on absolute BP levels in relation to cogni-
tive dysfunction or dementia. However, in the Kungsholmen 
Project, a greater decline in SBP occurring 3–6 years before 
diagnosis was associated with an increased risk of dementia 
in the elderly.34 In the Honolulu Heart Program/Honolulu–
Asia Aging Study, which had a 32-year follow-up period, the 
subjects who developed dementia had a greater SBP increase 
that was followed by a greater SBP decrease compared with 
those who did not.30

In the HiroShima–Shobara–Soryo Cohort (3SCO) 
study,35 we investigated the relationship between visit-
to-visit BP variations and cognitive function among 201 
elderly patients at high risk of cardiovascular disease 
(aged 79.9 ± 6.4  years; 75% female; 71% antihyperten-
sive medication use). Exaggerated long-term visit-to-visit 

BP fluctuations were significantly associated with lower 
Mini-Mental State Examination scores (Figure  1), higher 
Geriatric Deterioration Scale scores, and cognitive impair-
ment independently of average BP. Specifically, the CV SBP 
and delta SBP values were significantly positively associated 
with cognitive impairment in multiple regression models.

MECHANISMS UNDERLYING THE INCREASED  
VISIT-TO-VISIT BP VARIABILITY IN RELATION  
TO ARTERY REMODELING

Although higher visit-to-visit BP variability is associated 
with increased cardiovascular disease in the high-risk popu-
lation, the physiological basis of visit-to-visit BP variability 
for stroke is incompletely understood.

We recently found that visit-to-visit BP variability was a 
significant indicator for carotid artery atherosclerosis and 
stiffness in the elderly at high risk of cardiovascular disease 
(Figure 2).36 Okada et al.37 measured BP once a month dur-
ing a 1-year period in 422 consecutive patients with type 2 
diabetes. The CV SBP positively correlated with pulse wave 
velocity, whereas CV SBP inversely correlated with ankle 
brachial index. Multiple regression analysis demonstrated 

Figure 1.  Visit-to-visit blood pressure variations and Mini-Mental State Examination (MMSE) scores. The mean MMSE scores are presented according to 
the quartiles of delta systolic blood pressure (SBP) (a), coefficient of variation (CV) SBP (b), and average SBP (c). An analysis of variance (ANOVA) was used 
to determine the differences among the 4 groups. Abbreviation: CI, confidence interval. Reconstructed from Nagai et al.35
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that the CV SBP was independently correlated with pulse 
wave velocity and ankle brachial index.

Simbo et  al.38 examined the associations of aortic dis-
tensibility and artery elasticity indices with visit-to-visit BP 
variability in 2,640 and 4,560 participants, respectively, from 
the Multi-Ethnic Study of Atherosclerosis. The SD SBP was 
inversely associated with aortic distensibility after adjust-
ment for demographics, cardiovascular risk factors, average 
SBP, and antihypertensive medication use. These results sug-
gest that increased visit-to-visit BP variability is associated 
with atherosclerosis and increased arterial stiffness.

Although the causes of abnormal BP variability are still 
debated, autonomic factors, including sympathetic nervous 
system overactivity and blunted arterial baroreflex function, 
are likely to be involved.39 It has also been suggested that 
hypothalamo-pituitary-adrenal axis dysregulation is asso-
ciated with sympathovagal imbalance due to factors such 
as internal emotional stress, external environmental stress, 
and sleep deprivation.40–42 In fact, insomnia and long sleep 
duration were associated with exaggerated visit-to-visit BP 
variability.43 Figure 3 illustrates the pathophysiology of visit-
to-visit BP variability for silent cerebral injury and stroke.

One major determinant of BP variability depends on the 
sensitivity of baroreceptor function.44 Vascular structural 
changes may reduce baroreceptor sensitivity in hypertension. 
Reduced large arterial compliance appears to contribute to the 
depressed baroreceptor sensitivity in hypertensive individu-
als.45 Arterial stiffness might be a crucial factor underlying the 
relationship between BP variability and cerebral damage by 
reduced dampening of BP changes in response to changes in 
stroke volume and by contributing to baroreflex impairment. 
These flows may be associated with silent cerebral injury such 
as WMH and CMB and with the incidence of stroke.

MANAGEMENT OF BLOOD PRESSURE VARIABILITY  
FOR PREVENTION OF STROKE

Antihypertensive treatment and stroke prevention

In the UK’s National Institute of Health and Clinical 
Excellence guidelines,46 the treatment algorithm has been 
changed, with a greater emphasis on using calcium channel 
blockers (CCBs) for those aged >55 years and for patients of 
African or Caribbean descent.

Figure 2.  Scatterplots of coefficient of variation (CV) and delta systolic blood pressure (BP) with common carotid artery measures. The CV SBP and delta 
SBP were positively significantly correlated with maximum intima-media thickness (Max IMT) and stiffness parameter β. From Nagai et al.36
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Costanzo et  al.47 assessed the effect of CCB treatment on 
stroke in a meta-analysis of 27 randomized controlled trials 
with 175,634 patients. They reported that CCBs decreased the 
risk of fatal or nonfatal stroke (odds ratio (OR) = 0.86; 95% 
CI = 0.82–0.90) and also did so compared with angiotensin-
converting enzyme inhibitors (OR = 0.87; 95% CI = 0.78–0.97).

In a quantitative overview of 12 trials with 94,338 patients, 
Wang et  al.48 showed that amlodipine provided more pro-
tection against stroke than other antihypertensive drugs, 
including angiotensis receptor blockers and placebo. The 
meta-regression analysis correlating ORs with BP differences 
showed a negative relationship, which reached statistical 
significance for stroke in the trials involving an amlodi-
pine group. Similarly, Takagi et  al.49 conducted reanalyses 
to determine the relative contribution of BP-dependent and 
-independent mechanisms to the reduction in the risk of 
stroke produced by amlodipine. The magnitude of the risk 
reduction achieved for stroke was positively associated with 
the size of BP reduction. In the meta-regression analysis, for 
stroke, amlodipine conferred additional protection beyond 
that conferred by BP reduction alone. At zero BP reduction, 
the estimated relative risk reduction for stroke was 10.3% 
(95% CI = 2.9–17.2). In particular, there was clear evidence 
of protection against stroke with amlodipine even in the 
absence of any reduction in BP, in what is called the “beyond 
blood pressure–lowering effect.”49

Antihypertensive treatment and reduction in blood 
pressure variability

In the ASCOT-BPLA,50 the group SBP SD was lower 
in the amlodipine group than in the atenolol group at all 

follow-up visits. The ABPM variability in SBP was also lower 
in the amlodipine group than in the atenolol group. The lower 
risk of stroke in the amlodipine group was partly attenuated 
by adjusting for average SBP during the follow-up, but it was 
abolished by also adjusting for within-individual SD in SBP. In 
the ABPM substudy, reduced variability in daytime SBP in the 
amlodipine group partly accounted for the reduced risk of vas-
cular events, but reduced visit-to-visit variability in SBP had a 
greater effect. In the MRC trial,50 the group SD SBP and within-
individual visit-to-visit variability in SBP were increased in the 
atenolol group compared with both the placebo group and the 
diuretic group during the initial follow-up. Subsequent tempo-
ral trends in variability in BP during follow-up in the atenolol 
group correlated with trends in stroke risk.

In a systematic review, Webb et al.51 assessed the effect of 
treatment on interindividual variance in BP, a surrogate for 
within-individual visit-to-visit BP variability, and they found 
that interindividual variance in BP was related to effects on 
clinical outcomes in a random-effects meta-analysis. Mean 
SD SBP at follow-up was reported in 389 of 1,372 eligible 
trials. Compared with other drugs, the interindividual vari-
ation in SBP was reduced by CCBs and nonloop diuretics 
and increased by angiotensin-converting enzyme inhibitors, 
angiotensin receptor blockers, and β-blockers. Compared 
with placebo only, interindividual variation in SBP was 
reduced the most by CCBs. Across all trials, the effects of 
treatment on interindividual variation in SBP and on aver-
age SBP accounted for the effects on stroke risk. In light 
of these points, CCBs are the most effective drug class for 
reducing BP variability.

However, there was no significant association between 
interindividual variation in SBP and the risk of myocardial 

Cardiovascular controldysregulation 
(i.e., Baroreflex sensitivity )  

Visit-to-visit BP variability

White matter lesion/ 
silent cerebral injury

Stroke

External environmental/
internal stimuli/insomnia

Cerebral circulation dysregulation
/ Cerebral blood flow

Cognitive impairment/dementia

Arterial remodeling

Sympathetic nervous 
system activity 

Figure 3.  The pathophysiology of visit-to-visit blood pressure (BP) variability for silent cerebral injury and stroke. Visit-to-visit BP variability is associ-
ated with artery remodeling. This relationship is suggested as a risk factor for silent cerebral injury, leading to both stroke and cognitive impairment.
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infarction, heart failure, or cardiovascular mortality in this 
meta-analysis.51 The smaller benefit from amlodipine for 
coronary events than for stroke might be because of the 
opposite effects on heart rate, although neither mean heart 
rate nor its variability had prognostic value in the ASCOT-
BPLA.6 Alternatively, mean SBP is a stronger risk factor for 
stroke than for coronary heart disease. This might also be the 
case for visit-to-visit BP variability.

Although it has been hypothesized that high visit-to-visit 
SBP variability may be the result of poor antihypertensive 
medication adherence, only a small proportion of visit-to-
visit SBP variability was explained by low antihypertensive 
medication adherence.52

CCB use might be effective for preventing stroke, and this 
might be due to the reduction in BP variability as well as the 
absolute BP level.

CONCLUSION

The recent literature confirms that visit-to-visit BP 
variability is associated with stroke. In addition, arterial 
remodeling has been found to be closely related to the 
relationship between visit-to-visit BP variability and stroke. 
Silent cerebral injury is thought to serve as a common 
pathophysiology in the relationship of visit-to-visit BP 
variability with cognitive impairment and stroke. Strict BP 
control based on CCB use may be useful to prevent the 
progression of cognitive impairment and stroke in light of 
the reduction in visit-to-visit BP variability.
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