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1 | INTRODUCTION

Blood pressure (BP) is a physiologic parameter characterized by
continuous dynamic fluctuations that occur over time spans ranging
from seconds to years. These fluctuations are the result of a com-
plex interplay between environmental (eg, seasons, altitude, stress),
physical (posture or volemia), and emotional factors inducing BP
changes, and cardiovascular regulatory mechanisms aimed at main-
taining the so-called BP “homeostasis.” These mechanisms are in-
tended to ensure a constantly adequate organ perfusion, being able
to modify BP levels in response to the changing demands of differ-
ent organs (eg, BP increase when facing physical or emotional stress
and BP reduction during sleep). The size and patterns characterizing
these BP variations define the term BP variability (BPV).! Thus, BPV
represents a dynamic and characteristic physiologic feature of the
cardiovascular system function, its size being widely different among
individual subjects in response to their daily challenges, and also de-
termined by the characterisitc reactivity of their cardiovascular con-
trol mechanisms. On the other hand, from a clinical perspective, BPV
could be seen as a source of noise that creates difficulties in assessing
the individual's “true” BP level. Moreover, evidence is now available

to support its role also as an independent predictor of cardiovascular

Blood pressure variability is an entity that characterizes the continuous and dynamic
fluctuations that occur in blood pressure levels throughout a lifetime. This phenom-
enon has a complex and yet not fully understood physiological background and can
be evaluated over time spans ranging from seconds to years. The present paper pro-
vides a short overview of methodological aspects, clinical relevance, and potential

therapeutic interventions related to the management of blood pressure variability.

risk.! Finally, recent studies have suggested that an increased BPV

could be a possible target for pharmacological treatment.

2 | MEASURING BPV

The term BPV encompasses a wide range of BP variations, oc-
curring over seconds or minutes (very short-term BPV), along
24 hours (short-term BPV, usually assessed by ambulatory BP
monitoring), and between days (mid-term or day-to-day BPV, as-
sessed with home BP monitoring). Long-term BPV has also been
described, including seasonal BP variations and changes between
clinic visits over months or years (visit-to-visit BPV; Figure 1).1
Generally, the changes in BP can be divided into those without reg-
ular features (random or erratic changes) and those characterized
by well-defined patterns over time, typically related to biological
rhythms or behavioral factors (eg, rhythmic fluctuations with pe-
riods of 3 seconds, 10 seconds or slower, nocturnal BP fall, siesta
dip, morning BP surge, seasonal variations). The former are usually
described using simple measures of dispersion (such as standard
deviation [SD]) of average values over a given time window or es-

timates that also take into account the sequence of measurements
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FIGURE 1 Various types of BPV, their determinants, and prognostic relevance for cardiovascular and renal outcomes. From Parati et
al' by permission. *Assessed in laboratory conditions; *cardiac, vascular, and renal subclinical organ damage; SBPV on a beat-to-beat basis
has not been routinely measured in population studies. Abbreviations: AHT, antihypertensive treatment; BP, blood pressure; BPV, blood-
pressure variability; ESRD, end-stage renal disease; eGFR, estimated glomerular filtration rate

Overall BPV

TABLE 1 Summary of principal indices
of blood pressure variability

Type of Index

Frequency: Short-term BPV
- Spectral indices (HF, LF, VLF)

- Residual variability
Short-term BPV

Mid-term BPV
Long-term BPV

Dispersion:

- Standard deviation (SD)

- Coefficient of variation (CV)

- Variability independent of the mean (VIM)
- Weighted 24h SD (wSD)?

Short-term BPV
Mid-term BPV
Long-term BPV

Sequence:

- Average Real Variability (ARV)
- Interval Weighted SD (wSD)

- Time rate of BP fluctuations®

Instability: Short-term BPV
- Range (Maximum-minimum BP) Mid-term BPV
- Peak size (Maximum BP)
- Trough size (Mean-minimum BP)

Specific patterns of BPV

Nocturnal BP fall

Night/day ratio

Morning blood pressure surge (MBPS)
Afternoon siesta dipping

Postprandial blood pressure fall

Short-term BPV

From 22, by permission.
2Assessment of Short term BPV only.
PNot for assessment of Short term BPV.

over time (average real variability [ARV], the time rate of variations;
see Table 1). Among more sophisticated methods for BPV assess-
ment, spectral analysis techniques are particularly relevant when
describing faster BP changes in beat-by-beat recordings, but can

also be used for discontinuous 24-hour BP monitoring. In fact, the

Type of BPV assessed

Very short-term BPV (spectral analysis)

In

so-called “residual” variability is obtained by removing the slower

cyclic components of 24-hour BP variation using Fourier analysis.
The few studies directly comparing the prognostic value of dif-

ferent estimates of BPV did not provide clear indications as to which

index should be preferred. At present, a reasonable choice could be
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to use the indices supported by the strongest outcome evidence,
at least until better solutions are found. Based on a recent meta-
analysis,2 the preferred indices might include SD for the clinic (visit-
to-visit) and home BPV, and ARV, or SD (specifically, the “weighted”
SD mentioned below) for 24-hour BPV. It is also important to con-
sider that that these estimates of BPV are directly correlated with
mean BP levels, and therefore it is important to adjust them for av-
erage BP. In research, this can be achieved with statistical methods,
while in individual patients, a mathematical correction can be made
by calculating the coefficient of variation (CV = SD*100/mean) or
the variation independent of the mean (VIM).

In regards to 24-hour BPV, one should consider that 24-hour SD
is confounded by the contribution of nocturnal BP fall and gener-
ally should not be used for cardiovascular risk assessment.® Instead,
indices unaffected by day-to-night changes should be preferred,
such as ARV or weighted 24-hour SD (ie, the average of daytime and
nighttime SD corrected for the respective duration of day and night).
Daytime and nighttime SD, used separately, may also be applied, but
it is unclear which should be preferred. Nocturnal BPV appeared su-
perior to daytime BPV in 2 studies, but this finding should be further
confirmed.** The methodology for assessing specific BP patterns
(ie, nocturnal dipping, morning surge, etc.) is not discussed in this
article.

3 | CLINICAL RELEVANCE

Over the years, some studies have demonstrated an independent
relationship between the different components of BPV and organ
damage or cardiovascular events persisting even after adjustment
to average BP levels. Concerning 24-hour BPV, although a collab-

orative analysis of population data from different countries (each

WILEY- %

of them, however, applying somewhat different methods for 24-
hour BP monitoring) concluded that the independent prognostic
value of 24-hour BPV might be Iimited,6 this was not confirmed
in other populations.” A recent study formally demonstrated that
BPV (especially nighttime SD) might have significant potential to
reclassify cardiovascular risk.* More recently, the prognostic role
of day-by-day home BPV and clinic-within-visit and visit-to-visit
BPV was also addressed by outcome studies, indicating their pos-
sible role in risk stratification. The results of the available studies
were formally summarized in recent systematic reviews and meta-
analyses.?®? In particular, the paper by Stevens et al considered
all 3 principal types of BPV (24-hour, home, and clinic), and for
all of them, was able to show a significant impact on the risk of
events and/or mortality. Although only a few studies fulfilled the
formal requirements for inclusion in this meta-analysis, the results
indicate that all the BPV indices considered were independently
associated with outcome, with the respective hazard ratios being
quite similar.? This is not to say that these indices are to be con-
sidered interchangeable; in fact, the correlation between them is
quite poor.'° Moreover, the relationship with outcomes may differ
depending on the choice of BPV estimate. Generally, most studies
indicate systolic BPV as being more closely related to outcome,
but as far as 24-hour BPV is considered, diastolic BPV seems more
closely related to events, at least in adults (Figure 2), while a more
prominent role of SBP variability is suggested in the elderly.®” The
pathophysiological meaning of these differences is unclear, but it
should be emphasized that BPV (in particular systolic BPV) cor-
relates with arterial stiffness,!* which in turn is related to aging
and increasing SBP (but not DBP) levels. In fact, a recent large
study on the relationship between BPV and chronic kidney dis-
ease (where arterial stiffness is also relevant) showed that with

worsening renal function, an increase occurs in systolic, but not
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FIGURE 2 Opposite impact on cardiovascular mortality of day-night change in diastolic blood pressure (DBP; left) and of “erratic”
residual DBP variability (right). Kaplan-Meier curves are shown for subjects with values above (black lines) and below (gray lines) the

population median. From Mancia et al” used by permission
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in diastolic, BPV.'? This might imply that systolic BPV reflects
primarily vascular stiffness and aging, while diastolic BPV has a
different pathophysiological background such as, for instance,
impaired autonomic function with increased sympathetic activity,
and endothelial dysfunction.*®

4 | TREATMENT EFFECTS ON BPV

BPV is known to decrease along with the decrease in average BP
induced by antihypertensive drug treatment. It is less clear whether
some antihypertensive drug classes might show a more pronounced
ability to reduce BPV, compared with others. Undoubtedly, long-
acting dihydropyridine calcium antagonists seem the most promis-
ing drugs in this regard. This class of antihypertensive agents was
indeed found to be was more effective in reducing BPV and the
related organ damage in experimental animals.!* Currently, several
clinical studies have also consistently supported the potential ad-
vantage of these drugs in reducing ambulatory, home, and clinic BPV,
but these papers mainly included post hoc analyses of trials, while
ad hoc studies are few.!>¢ Apart from the use of specific drugs,
it seems fundamental that iatrogenic increase in BPV, induced for
example by short-acting antihypertensive drugs, should be avoided.
In fact, the smoothness index, an index that includes information
on the homogeneity of antihypertensive drug effects over 24 hours,
correlates with both a reduction in 24 hour BPV and the regression
of organ damage in hypertension.17 Also, the combination of long-
acting drugs seems useful to buffer excessive BP fluctuations over a
24 hour period, with their administration being characterized by the
highest rating in the smoothness index.’®2° In the long-term man-
agement of hypertensive patients (concerning clinic BPV) adherence

to prescribed treatment appears to also be an important factor.?*

5 | CLINICAL CONSIDERATIONS

The possible clinical significance of BPV is not yet fully established,
but 3 aspects should be considered. (1) BPV by definition introduces
uncertainty in assessing subject’s BP status, especially when spot
clinic measurements are used. (2) Assessment of BPV might be use-
ful in improving cardiovascular risk stratification although the size
of its actual independent contribution in this regard remains to be
better documented. (3) Increased BPV may be a target for treatment,
aiming at improved outcome possibly without generating additional
costs. The choice of long-acting drugs, in particular, dihydropyridine
calcium antagonists and the combination of long-lasting compounds,
might be indicated in individuals with elevated BPV, although the
possible clinical benefits from such an approach have not yet been

fully demonstrated.
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