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Abstract
Variability is an aspect of blood pressure (BP) relatively unknown and poorly evaluated systematically in clinical practice. Although the introduction of intensive BP measurement methods, such as ambulatory blood pressure monitoring provided evidence of the importance of BP variability in the short-term, more recently, however, emphasis has been placed on the relevance of variability of BP in the medium- and long-term. The adverse cardiovascular consequences of high BP not only depend on absolute BP values, but also on BP variability. Independently of mean BP levels, BP variations in the short- and long-term are associated an increased risk of cardiovascular events and mortality. Also, it has been suggested that modulation of such variability may explain the different level protection exerted by different antihypertensive-drug classes.
© 2013 Baishideng. All rights reserved.  
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Core tip: A recent focus of interest has been the relationship between variability of blood pressure (BP) and cardiovascular events. It has been documented that the impact of hypertension on the risk of cardiovascular diseases including cardiovascular-related death not only depends on absolute BP values, but also on BP variations in the short- and long-term. For this reason, besides to reducing absolute BP levels, control of BP variability is highly desirable and an important target of antihypertensive treatment.
PelegríA, Arboix A. Blood pressure variability and cerebrovascular disease. World J Hypertens 2013;
Available from: URL: http://www.wjgnet.com/esps/  
DOI: http://dx.doi.org/10.5494/wjh.v0.i0.0000
INTRODUCTION
It has been extensively recognized that hypertension is one the main risk factors for acute stroke. Some particular aspects of elevated blood pressure (BP), such as its systolic and diastolic components, pulse wave, the circadian pattern or the pharmacological control have been progressively defined as aspects with more or less impact on the global vascular risk associated with high BP.
The scientific interest in the role of BP variability was initially originated from technical advances allowing monitoring of BP during short periods of time, obtaining multiple measurements with the possibility of evaluating variations in the short term. Ambulatory blood pressure monitoring (ABPM) allowed assessing, in a reproducible manner, BP changes at different times of the day as well as between measurements, and although not consistently, it was shown that this short-term BP variability was an independent risk factor of cardiovascular morbidity and mortality[1]. Both morning surges and pronounced BP falls at night have been reported as predictors of silent or clinically manifested cerebrovascular disease.
However, and in general, most clinical trials and clinicians involved in the management of hypertension try to assess the real clinical condition of the patients by obtaining median BP levels, excluding distorting extreme and difficult to interpret values. The majority of clinical practice guidelines for hypertension emphasize to target BP levels below a certain cut-point according to the availability of scientific evidence for different patients’ conditions, but no recommendations are made regarding the importance of measuring and targeting BP variability.
On the other hand, BP variability involves different concepts, which in turn adds difficulty in the definition and assessment of its relevance from a clinical perspective[2]. This brief review is focused on a description of the scarce and recent evidences regarding the significance of the different aspects of BP variability as a risk factor of acute cerebrovascular disease.
BP variability in different scenarios
Short-term variability

In the subgroup of patients of the Syst-Eur trial[3] in which ABPM was performed on admission to the study, only night-time systolic BP calculated as the standard deviation  (SD) and only in the placebo group (but not in the active treatment group) was associated with an increase risk of stroke during the trial. In a reduced group of hypertensive subjects in which visit-to-visit BP variability and ABPM was assessed, Eguchi et al[4] also reported that only sleep systolic BP was an independent predictor of hard cardiovascular events defined as stroke, myocardial infarction and sudden death.

On the other hand, population-based studies, such as the Ohasama study, demonstrated that circadian BP variations (e.g., excessive nocturnal dipping of BP) may cause cerebrovascular lesions but also increased differences between diurnal and nocturnal BP may be associated with an increase in the relative risk of cardiovascular-related mortality and stroke[5,6] but correlated poorly with mean BP[7]. Therefore, there are evidences that alterations in the circadian BP behavior especially nocturnal systolic BP variations may increase the risk of cardiovascular events. In some cases, it cannot be excluded, that these alterations may be related with sleep-disordered breathing, particularly obstructive sleep apnea[8,9], which in turn may cause BP fluctuations through multiple pathogenetic mechanisms. The excessive nocturnal dipping of BP and a nocturnal rise of BP due to obstructive sleep apnea have been both considered important factors of the association between short-term BP variability and cardiovascular events but, in our opinion, it cannot be currently established which of the two factors is related to a higher cardiovascular risk.

However, not all evidences converge on the same line. Variability of BP measured by ABPM has been recently studied in a meta-analysis using data of the International Database on Ambulatory Blood Pressure in Relation to Cardiovascular Outcome, which included prospective studies of 11 populations and health outcomes in 8938 subjects, concluding that in a large population cohort which provided sufficient statistical power, BP variability assessed from 24-h ambulatory recordings did not contribute significantly to cardiovascular risk stratification obtained by absolute BP values[10]. The authors of this interesting meta-analysis, however, recognized the limitations of the study, which referred to the general applicability of results (particularly to Africans of black ancestry and African Americans), the fact that intermittent techniques of ABPM are less precise to capture short-term BP variability than continuous BP recording, and the low power to detect variability among strata (e.g. considering a tw-sided α-level of 0.05, the power to detect a 0.24 difference between normotensive and hypertensive subjects in the log-transformed hazard ratio of all cardiovascular events was only 46%)[10].

Medium- and long-term variability

Day-by-day BP variability defined as within-subject SDs of home measurements was also studied in the Ohasama cohort. An increase in systolic BP variability of +1 between-subject SD was associated with increased hazard ratios for cardiovascular (1.2, P = 0.002) and stroke mortality (1.41, P = 0.0009) over a median follow-up of 11.9 years[11]. A similar assessment in an ethnically different population has also confirmed the importance of medium-term BP variability[12].
Variability of BP assessed in a more prolonged period of time was evaluated in the International Verapamil SR-Trandolapril (INVEST) Study, in which consistency of BP control, defined as the proportion of visits in which BP was in control, was related to outcome. As proportion of visits with BP control increased, there was an associated steep reduction in cardiovascular morbidity and mortality, particularly in case of stroke[13]. Figure 1 shows a decrease in hazard ratio (HR) (95% confidence interval) for fatal and non-fatal stroke as the percentage of visits with BP control increases from < 25% (reference) to ≥ 75% in the INVEST study[13]. Also, sporadic increases in BP even in patients with an acceptable level of BP control have been shown to increase the cardiovascular risk[7,14].
It seems clear that visit-to-visit inter-individual variation of BP readings occurs in routine practice and that within-subject SDs of systolic BP increases as the interval between successive visits also increases. A frequent finding, even with ABPM, is to observe that only a small percentage of patients maintain an adequate control of BP in several consecutive visits. Following data from small observational studies with inconclusive results, the analysis of four cohorts of patients with history of transient ischemic attack or in patients on BP-lowering drugs (Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm) have provided more consistent results[14]. Visit-to-visit residual variability in systolic BP during antihypertensive treatment was a strong predictor of stroke and coronary events, independent of mean systolic BP in clinic or on ABPM[14]. Although an inverse causality by a higher variability in women, older age, diabetics, smokers, and patients with peripheral vascular disease or atrial fibrillation cannot be excluded, the pharmacological treatment received was the most determinant factor of this variability. The finding of the association between BP variability and antihypertensive pharmacological treatment prompted further analyses, such as a recently published report by Muntner et al[15] using data of the Third National Health and Nutrition Examination Survey (NHANES III). The characteristics of this registry based on data of US adults ≥ 20 years of age, the collection of which was probably not performed in optimal conditions to assess BP variability, concluded that the risk of all-cause mortality was 50% higher in subjects with a SD of systolic BP across visits of 4.80 mm Hg[15]. This relationship between BP variability and risk of mortality for all causes was also demonstrated in the subset of the study population with strictly normal BP[15]. Similar conclusions were reported by Shimbo et al[16] in the analysis of the association between visit-to-visit variability of BP and stroke (ischemic and hemorrhagic) in postmenopausal women from the Women’s Health Initiative over a median follow-up of 5.4 years. In this study, there was a significant association between increased visit-to-visit variability and increased risk of stroke, particularly with systolic BP below 120 mmHg[16].
On the other hand, re-analyses of older trials, such as the Medical Research Council’s Study or the more recent antihypertensive and lipid-lowering treatment to prevent heart attack trial suggest an association between the greater and lower BP variability during the study determined by the type of antihypertensive treatment and stroke protection. In fact, a meta-analysis of randomized controlled trials in which the effect of different BP-lowering treatments on the within-subject variance of BP, expressed as ratio of the variances, was assessed confirmed a relationship between interindividual BP variability and the results obtained[17].
In more specific populations, such as elderly people in the prospective study of pravastatin in the elderly at risk (PROSPER), visit-to-visit variability determined by the SD of a minimum of five BP measurements over 1 year was an independent predictor of all-cause and vascular-related mortality, although in this study visit-to-visit variability was not a predictor of stroke[18]. Since the reliability of BP variability increases with the number of measurements, authors of the PROSPER study suggested the possibility that measures of BP variability every 3 months during the randomized phase of the trial (mean follow-up 3.2 years) may still have underestimated the true effect of variability on clinical outcomes[18]. These results are consistent with recently published data of the Cardiovascular Health Study, a longitudinal cohort study of vascular risk factors and disease in 3852 elderly subjects in whom long-term visit-to-visit systolic BP variability was independently associated with a higher risk of subsequent mortality and myocardial infarction but not stroke[19]. In a population of hemodialysis patients, in which visit-to-visit variability was extremely high compared with other populations, visit-to-visit variability of BP was a major determinant of cardiovascular events[20]. 
When subclinical or small-vessel cerebral lesions detected by radioimaging techniques and their relationship with different parameters of BP variability has been assessed, patients with progression of this type of cerebral lesions showed a higher SD and coefficient of variation of systolic BP as an indication of higher BP fluctuation over time besides a greater mean BP level[21,22]. In experimental studies, BP-lowering treatments that reduced BP variability in a model of spontaneously hypertensive rats also showed a higher protection for target organ damage[23].
A particular case unfortunately not frequently being taken into account refers to acute variations of BP after an acute episode of cerebral ischemia. The importance of this hemodynamic alteration and its management has been a matter of controversy for years and event at the present time. Although different clinical guidelines suggest treatment strategies, which not always are the same, recommendations are based on insufficiently solid evidences[24,25]. The variability of BP during either the acute or subacute phase of stroke has been assessed in a limited number of studies. An increase in post-stroke BP variability has been demonstrated as well as its relationship with upper airway obstruction in this type of patients[26]. It has been shown that sequelae, neurological impairment or mortality[27] but also worsening of radiological lesions[28] increased with a higher BP variability in the acute stroke phase. A retrospective analysis of BP variability in the subacute period of an ischemic stroke also revealed a linear and independent association with functional outcome at 3 months in large study sample[29].
Diagnostic and therapeutic implications

In relation to the consideration of BP variability in daily practice, different questions emerge, such as the minimum number of visits that should be established, the optimal interval between visits, or the most adequate parameters to measure variability of BP, including within-subject SD, coefficient of variation, residual SD, successive variation, or average real variability[14,30].
Moreover, it is necessary to select therapeutic strategies associated with a higher stability of BP both in the short- and long-term. In a systematic review of randomized controlled trials comparing different types of β-blocker with placebo or other agents, pooled estimates of the effect of treatment on group variability in BP (ratio of the variances) and on the risk of stroke vs myocardial infarction during follow-up were determined[31]. Compared with other antihypertensives, variability in systolic BP was increased more by non-selective β-blockers, Also, the increase in stroke risk with non-selective β-blockers was significantly more marked than with β1-selective agents[31]. It has been shown that drug-class effects on interindividual variation in BP can account for differences in effects of antihypertensive drugs on the risk of stroke independently of effects on mean systolic BP[32]. To prevent stroke most effectively, BP-lowering drugs should reduce mean BP without increasing variability; ideally they should reduce both. Lower BP variability achieved by calcium-channel blockers and thiazide diuretics as compared with other antihypertensive-drug classes correlates with a more effective protection of the risk of stroke[33].

Limitations

Although the effect of BP variability on the risk of cardiovascular events especially stroke has been the focus of attention in recent years, it should be noted, firstly, that not all observations have consistently confirmed the relationship between variability of BP and cardiovascular events, and secondly, that most evidences are based on data from reviews and/or post hoc analyses of clinical trials, which have been primarily designed with other objectives. Therefore, prospective studies aimed to assess the significance of the different aspects of BP variability as unequivocal cardiovascular risk factor are warranted.
ConcluSION
There now is evidence that BP variability (expressed as average day and nighttime values, day-to-day or visit-to-visit) if augmented, increases the cardiovascular risk independent of the average of conventionally acquired BP readings. Also, antihypertensive-drug classes differ in their effects on visit-to-visit BP variability and associated risk of stroke. Antihypertensive treatment should ideally target alteration in BP variability, in addition to reducing absolute BP levels. However, to determine the causes of increased visit-to-visit BP variability, its best estimate and whether or not treatments that reduce blood pressure variability (and to what extent/target) improve clinical outcomes are open questions for which definitive answers are still pending.
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Figure 1 Reduction in the risk of fatal and non-fatal stroke according visits with blood pressure control in the International Verapamil SR-Trandolapril study[13]. Data expressed as hazard ratio (95% confidence interval) for each percentage of visits with blood pressure (BP) control (< 25% as the reference category).
