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ABSTRACT
Background: Blood pressure variability (BPV) has recently been associated with adverse cardiovas-

cular (CV) events, endothelial dysfunction as well as both CV and non-CV morbidity and mortality. 
Different BPV indicators have been associated with increased CV risk. 
Methods: We included 744 hypertensive patients referred to our clinic for uncontrolled arterial hy-

pertension (HTN) between 2012 and 2014, with a minimum of 40 successful daytime and 8 successful 
nighttime readings on automatic blood pressure monitoring (ABPM Meditech-05 device, recordings 
at 15-20 minutes intervals during daytime and 20-30 minutes intervals during nighttime). Exclusion 
criteria were presence of secondary HTN, significant CV disease and estimated glomerular filtration rate 
<30 ml/min/1.73 m2. BPV was expressed as dipping pattern, BP load, SD of 24-hour mean BP, average 
weighted SD and average real variability (ARV).
Results: All patients were known hypertensives, however their average blood pressure (BP) values 

on 24-hour ABPM were below 135/85 mmHg. The average dipping was higher in dippers (p<0.01) and 
nighttime systolic BP (SBP) load was increased among the non-dippers group (p<0.01). Mean diastolic 
BP (DBP) was slightly increased in dippers vs. non-dippers (75.82 ± 10.28 mmHg vs. 71.42 ± 10.17 
mmHg, p<0.01). Of the total of 407 dippers, 31.2% displayed an extreme dipping pattern, whereas 
29.67% of the 337 non-dippers were risers. In our study, average SBP, daytime and nighttime SBP SD 
and ARV did not differ significantly between the two extreme groups, as opposed to classical indicators 
such as SBP load (p<0.01) and weighted SD (p 0.02).
Conclusion: In the emergency hospital setting, hypertensive patients can have normal mean BP va-

lues, but still can display a very high variability and in most cases abnormal dipping profiles, requiring 
a strictly controlled drug therapy that is able to match each individual’s chronobiology.

Keywords: arterial hypertension, blood pressure variability, dipping profile,
standard deviation, average real variability
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BACKGROUND

Blood pressure variability (BPV) – the 
degree of variation between BP 
readings – has recently been shown 
to be responsible for adverse cardio-
vascular (CV) events, development 

and progression of renal disease, endothelial 
dysfunction as well as both CV and non-CV 
morbidity and mortality (1,2).

Blood pressure (BP) is a continuous, not a 
static variable. As a consequence, BPV is char-
acterized by short-term fluctuations within 24 
hours (beat-to-beat, minute-to-minute,
hour-to-hour and day-to-night changes) and 
long-term fluctuations within a larger period of 
time (days, weeks, months, seasons and years) 
(3). Patients with similar office or home BP va-
lues can display different daytime and night-
time average values depending on extrinsic fac-
tors (environmental or behavioral) or intrinsic 
CV regulatory mechanisms (central neural me-
chanisms, neural reflexes, humoral factors) (3).

BP normally follows a circadian pattern 
characterized by a decline of 10-20% in mean 
BP levels from day to night, a physiological 
phenomenon known as the dipping profile. Al-
terations in these intrinsic circadian rhythms 
can result in a non-dipping profile (BP decline 
during nighttime less than 10%). Hypertensive 
patients who demonstrate an exaggerated cir-
cadian BP rhythm (more than 20%) are known 
as extreme dippers, while patients with an in-
crease of nocturnal BP values are known as ri-
sers (reverse or inverted dippers).

Different BPV indicators have been proven 
to correlate with an increased risk of CV events 
even in patients with controlled hypertension 
(4), however none, except for dipping profile, 
has become a standard of measure well enough 
to enter the guidelines. Average real variability 
(ARV) of daytime systolic BP and not high stan-
dard deviation (SD) has been recently pro-
posed as a more reliable representation of BP 
variability than SD (5).

The aim of our study was to underline the 
significance of novel BPV indicators beyond 
the dipping pattern on the 24-hour ABPM eval-
uation of uncontrolled hypertensive patients 
referred to an emergency hospital.

METHODS

We included 744 hypertensive patients re-
ferred to our clinic for uncontrolled HTN 

between 2012 and 2014. For each patient we 
recorded demographic data, 24-hour automat-
ic BP monitoring (ABPM) data and BPV indices.

All ABPM recordings had a minimum of 40 
successful daytime and 8 successful nighttime 
readings on ABPM (Meditech-05 device) with 
BP recordings programmed at 15-20 minutes 
intervals during daytime (6 AM to 22 PM) and 
20-30 minutes intervals during nighttime (22 
PM to 6 AM). During monitoring, each subject 
maintained a diary, listing the time they went to 
bed at night, woke up in the morning, took the 
medication, ate meals, performed physical ac-
tivity, experienced events or emotional states 
that might have affected BP.

Exclusion criteria were presence of secon-
dary HTN, significant CV disease and estimated 
glomerular filtration rate (eGFR) CKD-EPI <30 
ml/min/1.73 m2. 

BPV was expressed as dipping pattern, BP 
load, standard deviation (SD) of 24-hour mean 
BP, average weighted SD and ARV.

The BP load was obtained for each profile 
of ABPM as the percentage of values greater 
than 135/85 mmHg and 120/70 mmHg during 
daytime and nighttime, respectively.

Weighted SD (wSD) was defined as the 
mean of day and night SD values, corrected for 
the number of hours included in each of these 
subintervals and was calculated according to 
the following formula (6):

wSD = [(day SD × hours included during 
daytime) + (night SD × hours included during 
nighttime)] / (hours included during daytime + 
nighttime).

ARV expressed the absolute differences of 
consecutive measurements and was calculated 
by the following formula (5):

where N stands for the number of valid BP 
readings, k is the order of measurements from 
each patient monitoring (ranging from 1 to 
N-1) and w is the time interval between BPk 
and BPk+1.

Comparisons were performed by paired-
sample z-test. Two-tailed p<0.05 was consi-
dered significant.
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RESULTS

All patients were known hypertensives. 
However, their average BP values on 24-

hour ABPM were below 135/85 mmHg. Of the 
whole cohort of 744 patients, 412 (55.38%) 
were females. Normal dipping profile was ob-
served in 407 cases (54.7%) with no significant 
difference between genders. Patients with a 
non-dipping pattern (45.29%) were older than 
the ones with a dipping one (65.37 ± 11.24 vs. 
56.38 ± 14.13 years old, p<0.01) and were 
predominantly females (62.32% vs. 37.78% 
males, p<0.01) (see Table 1 and Figure 1). In-
terestingly, mean diastolic BP (DBP) was slightly 
increased in dippers vs. non-dippers (75.82 ± 
10.28 mmHg vs. 71.42 ± 10.17 mmHg, 
p<0.01).

Analyzing beyond dipping profiles, major 
differences between BPV indices in the dippers 
versus non-dippers groups were observed (see 
Table 1 and Figure 2). Thus average dipping 
was considerably higher in dippers (p<0.01) 
and nighttime SBP load was increased among 
the non-dippers group (p<0.01) (Figure 3).

Of the total of 407 dippers, 127 patients 
(31.2%) displayed an extreme dipping pattern, 
whereas 100 patients (29.67%) of the 337 non-
dippers were risers. There was no significant 
difference in terms of gender distribution be-
tween the two groups (Figure 1), however ex-
treme-dippers were younger (54.5 ± 13.2 
mmHg vs. 69.29 ± 10.54 mmHg, p<0.01).

In our study, average SBP, daytime and 
nighttime SBP SD and ARV did not differ sig-
nificantly between the two extreme groups (see 
Table 2), as opposed to classical indicators such 
as SBP load and weighted SD (p<0.01 and p 
0.02 respectively) (Figure 3 and 4). As expec-
ted, risers had an increased mean SBP and 
DBP during nighttime (p<0.01 for SBP and 

p<0.05 for DBP) (Figure 5) and a lower aver-
age dipping (-5.81 ± 4.89 mmHg, p<0.01).

DISCUSSION

Hypertension guidelines offer no recom-
mendations on documenting and targeting 

BPV, even though evermore research has docu-
mented its role in residual CV risk in patients 
with both controlled and uncontrolled HTN.

The introduction of out-of-office BP mea-
surement techniques (home BP monitoring - 
HBPM, 24-hour ABPM) has improved the 
management of arterial HTN, providing BP 
measurements in the patient’s natural environ-
ment. Nowadays, noninvasive ABPM tech-
niques are widely available and provide BP 
measurements both during daytime and night-
time when BP levels are known to have the 
strongest prognostic value (7). However, be-
cause these noninvasive techniques require the 
patient to stop any activity at the time of mea-
surement, this approach does not capture BPV 
in truly real-life conditions and, thus, the deve-
lopment of devices capable of measuring beat-

TABLE 1. Dippers versus non-dippers.
DBP = diastolic blood pressure, SBP = systolic blood pressure, SD = standard deviation, wSD = weighted standard 
deviation.

Dippers Non-Dippers
Dippers vs.

non-dippers (p)
No. pts. 407 337
Females, no. (%) 202 (49.64%) 210 (62.32%) <0.01
Age, years 56.38 ± 14.13 65.37 ± 11.24 <0.01
Mean SBP, mmHg 129.82 ± 3.21 128.28 ± 15.27 ns
Mean DBP, mmHg 75.82 ± 10.28 71.42 ± 10.17 <0.01
Daytime SBP SD, mmHg 13.61 ± 3.47 13.24 ± 3.56 <0.01
Nighttime SBP SD, mmHg 11.67 ± 3.74 11.81 ± 4.42 <0.01
Average dipping, mmHg 18.38 ± 6.57 2.31 ± 6.41 <0.01
Daytime SBP load, % 45 34 <0.01
Nighttime SBP load, % 15 31 <0.01
wSD, mmHg 12.38 ± 2.75 11.91 ± 2.93 <0.01

FIGURE 1. Gender distribution between studied groups.
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to-beat ambulatory BP even in long-term stu-
dies is strongly required.

Short-term blood pressure variability

Various indices have been used to assess 
short-term BPV, including 24-hour, daytime 
and nighttime SD and the coefficient of varia-
tion of SBP and DBP (8). It has been questioned 
whether standard deviation is or is not an ap-
propriate parameter for assessing short-term 
BPV, considering that SD represents the disper-
sion of BP values around the mean. SD doesn’t 
take in consideration the order in which BP 
measurements are obtained, hence being sen-
sitive to the low sampling frequency of ABPM 
(9). Hence, two subjects with significantly dif-
ferent BP measurements could display the 
same SD value.

In order to improve the prognostic value of 
short-term BPV, ARV of daytime and nighttime 
BP has been introduced, expressing the ave-
rage of the absolute differences of consecutive 
measurements. This indicator is sensitive to the 
individual BP measurement order and less sen-
sitive to low sampling frequency of ABPM (9). 
Thus, ARV is a more accurate method to assess 
BPV when compared to SD. In 2005, Mena et 
al. (5) first compared the impact of BPV evalu-
ated with SD and ARV. Patients were grouped 
according to tertiles of SD and ARV of daytime 
SBP, defined as having low, moderate or high 
BPV and followed-up for 2 years. Results 
showed that CV risk was not significantly higher 
in subjects with high BPV evaluated through 
SD, but in contrast it was significantly higher in 
those with high BPV according to ARV (p 
<0.02). Thus, the authors concluded that ARV 
is a more appropriate index of BPV and is supe-
rior to SD in predicting CV events, as subjects 
with different BP profiles may have the same 
SD, but different ARV. Also, the results sugges-
ted that ARV adds prognostic value to the 
ABPM and prompts the use of therapeutic 
measures to control BPV. Recently, Mena et al. 
(10) concluded that a number of 48 readings is 
sufficient for an accurate assessment of the 
ARV and CV risk without any loss of prognostic 
information.

Short-term BPV is independently associated 
with target organ damage and rate of CV events 
in both general population and in hypertensive 

FIGURE 2. Blood pressure variability indicators in dippers and 
non-dippers.

TABLE 2. Extreme dippers versus risers.
ARV = average real variability, DBP = diastolic blood pressure, SBP = systolic blood pressure, SD = standard deviation, 
wSD = weighted standard deviation.

Extreme dippers Risers
Extreme dippers 

vs. risers (p)
No pts 127 100
Females, no. (%) 75 (59.06%) 63 (63%) ns
Age, years 54.5 ± 13.2 69.29 ± 10.54 <0.01
Mean SBP, mmHg 132.72 ± 13.34 131.46 ± 16.92 ns
Daytime SBP, mmHg 138.99 ± 13.7 129.77 ± 16.83 <0.01
Nighttime SBP, mmHg 113.6 ± 13.34 136.58 ± 17.72 <0.01
Mean DBP, mmHg 78.7 ± 11.15 70.74 ± 10.56 <0.01
Daytime DBP, mmHg 83.24 ± 11.82 70.9 ± 10.41 <0.01
Nighttime DBP, mmHg 64.75 ± 10.0 70.93 ± 11.4 <0.05
Mean SBP SD, mmHg 18.09 ± 3.41 14.13 ± 3.98 <0.01
Daytime SBP SD, mmHg 14.73 ± 3.94 13.91 ± 3.94 ns
Nighttime SBP SD, mmHg 12.11 ± 4.36 12.35 ± 6.23 ns
Mean DBP SD, mmHg 13.28 ± 2.5 8.98 ± 2.42 <0.01
Daytime DBP SD, mmHg 10.68 ± 2.99 9.05 ± 2.49 <0.01
Nighttime DBP SD, mmHg 9.12 ± 3.19 7.94 ± 3.58 <0.04
Average dipping, mmHg 26.39 ± 5.27 -5.81 ± 4.89 <0.01
Daytime SBP load, % 56 36 <0.01
Nighttime SBP load, % 12 47 <0.01
wSD, mmHg 13.33 ± 3.09 12.43 ± 3.37 0.02
ARV, mmHg 11.63 ± 2.54 11.71 ± 3.81 ns
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patients (11). Studies have shown that BPV in-
dicators are strongly correlated with the preva-
lence and severity of target organ damage (left 
ventricular hypertrophy, carotid intima-media 
thickness) (12), CV events and mortality (13). 
Other studies determined a positive relation-
ship between short-term BPV and arterial stiff-
ness in diabetic hypertensives (14). By using 
ABPM, daytime SBP was proven to correlate 
with renal vascular resistance, while nighttime 
SBP was associated with intima-media thick-
ness (15). Furthermore, nighttime SBP variabil-
ity is independently associated with large arch 
plaque suggesting that excessive fluctuations of 
BP could contribute to the formation and pro-
gression aortic arch atherosclerosis (16).

Data from the Pressioni Arteriose Monitor-
ate e Loro Associazioni (PAMELA) study showed 
that the risk of CV death is inversely related to 
day-night DBP decrease (17). Also, diastolic 
BPV seems to be a better outcome predictor 
than systolic BPV (18). In normal conditions, 
SBP and DBP both change in the same manner 
in response to physiological stimuli. However, 
in subjects with arterial stiffness, usually, when 
SBP increases, DBP increases less or even falls, 
thus being responsible for a greater variability 
(19).

Increased short-term BPV is associated with 
increased risk of stent restenosis after percuta-
neous coronary intervention in normotensive 
patients (20).

Short-term BPV also involves cerebrovascu-
lar damage and decline in cognitive function in 
hypertensive patients. Increased daytime SBP 
was associated with cognitive dysfunction in 
the elderly (21). The impact of aging on BPV is 
due to impaired baroreceptor sensitivity pro-
moting transient BP fluctuations and to exag-
gerated pressor response to mental and physi-
cal stimuli. Also, advanced age is accompanied 
by arterial stiffness that decreases baroreceptor 
function and contributes to increased BPV (22).

Long-term blood pressure variability

BP also displays a long-term variability (day-
by-day, visit-to-visit, seasonal BP variations) 
that has been associated with increased risk of 
CV disease. Large variation of long-term BPV 
could be influenced by poor BP control in 
treated patients, incorrect dosing and titration 
of antihypertensive medication, poor patient 
adherence to prescribed treatment as dose 

omission or delay in drug intake during the 
follow-up period may contribute to an in-
creased day-by-day and visit-to-visit BPV.

FIGURE 3. Daytime and nighttime systolic blood pressure load 
between studied groups.

FIGURE 4. Blood pressure variability indicators in extreme dippers 
and risers.

FIGURE 5. Mean, daytime and nighttime blood pressure in extreme 
dippers and risers.
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Day-to-day BPV is situated between short-
term BPV (within the 24 hours) and visit-to-
visit BPV (within weeks, months or years). Mea-
surement of day-to-day BPV can be performed 
by using ABPM over consecutive days (i.e. 48 
hours) or by HBPM, even if the latter does not 
provide the same extensive information as 
ABPM. Home BP measurement seems a more 
appropriate BP measurement technique for 
long-term assessment of BPV and BP control 
than repeated office or ambulatory BP moni-
toring.

In clinical practice, visit-to-visit BPV assess-
ment is rather difficult to obtain. Office BP 
measurement cannot provide information re-
garding BP values within long periods of time, 
whereas ABPM cannot be repeated routinely 
even though it provides extensive information 
on BP values. Thus, probably the best method 
to assess long-term BPV could be HBPM (23).

Visit-to-visit BPV is associated with endo-
thelial dysfunction, cognitive dysfunction, cere-
bral (white matter lesions, cerebral infarctions) 
(24), cardiac (diastolic dysfunction), microvas-
cular (development of micro- and macroalbu-
minuria and renal vascular atherosclerosis) and 
macrovascular (increased intima-media thick-
ness and arterial stiffness) (25) complications in 
diabetic hypertensives. Thus, visit-to-visit BPV 
could be considered a risk factor for the devel-
opment and progression of diabetic nephropa-
thy in diabetic patients.

Visit-to-visit BPV contributes to target organ 
damage and CV events in patients with chronic 
kidney disease or under hemodialysis. Studies 
have demonstrated that SD and the coefficient 
of variation of office SBP measured at 12 con-
secutive visits were strongly associated with de-
terioration of renal function in patients with 
nondiabetic chronic kidney disease (26). A co-
hort study including 1088 patients under he-
modialysis which were followed-up for 5 years 
showed that long-term BPV is a predictor of CV 
mortality in patients with end-stage renal dis-
ease under hemodialysis (27).

Therapeutic implications

In recent years, evidence from clinical trials 
show the effect of antihypertensive medication 
on both short- and long-term BPV. Anglo Scan-
dinavian Cardiac Outcomes Trial Blood Pres-
sure Lowering Arm (ASCOT-BLPA) revealed 
that when compared to the atenolol group, pa-

tients treated with amlodipine had a lower 
SBP-SD, mainly due to lower visit-to-visit vari-
ability, and a lower risk of stroke and coronary 
events (28). The Medical Research Council 
(MRC) trial showed that SD of within-individu-
al visit-to-visit systolic BPV and the risk of stroke 
were increased in the atenolol group compared 
with placebo and the diuretic groups during 
initial follow-up (29), while a recent review 
found that systolic BPV is increased more by 
non-selective beta-blockers than by selective 
beta1-blockers (30). Consequently, antihyper-
tensive drugs need to reduce mean BP values 
and its short- and long-term variability in order 
to prevent cerebrovascular events.

Webb at al. studied the effect of antihyper-
tensive drugs on inter-individual BPV. Thus, 
they revealed that the most effective therapeu-
tic class in reducing BPV was represented by 
the calcium antagonists and that angiotensin 
converting enzyme inhibitors, angiotensin II re-
ceptor antagonists, thiazide-type diuretics and 
beta-blockers were less effective and showed 
neutral effects in comparison with placebo 
(31). Furthermore, adding calcium antagonist 
to any another antihypertensive drug signifi-
cantly reduced visit-to-visit BPV.

The Natrilix SR versus Candesartan and Am-
lodipine in the Reduction of Systolic Blood 
Pressure in Hypertensive Patients (X-CELLENT) 
Study compared the effect of candesartan, in-
dapamide sustained release and amlodipine on 
BPV assessed by SD of 24-hour ABPM. The 
study revealed that amlodipine had the greater 
effect on short-term BPV indicators ameliorat-
ing daytime, nighttime and 24-hour SBP-SD 
and ARV, while candesartan showed neutral ef-
fects on short-term BPV and indapamide re-
duced only daytime and 24-hours systolic BPV 
(32).

Also, Scholze et al. (33) studied the effect of 
fixed-dose combination of 10 mg lercanidipine 
hydrochloride and 20 mg enalapril maleate by 
using ABPM, office and self-measured BP. After 
a three months follow-up, this fixed-dose com-
bination improved pulse pressure, BPV indica-
tors and microalbuminuria and significantly re-
duced 24-hour and nighttime BPV.

STUDY LIMITATIONS

The present study must be interpreted within 
the context of its limitations as we applied 

intermittent techniques of 24-hour ABPM, 
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which compared with intra-arterial recordings 
or continuous recordings of the arterial signal, 
is a less precise technique to capture
short-term BPV. The study analysed the pat-
terns and profiles of BPV during one visit and 
did not include follow-up. Also it did not evalu-
ate the patients’ CV risk profile and did not col-
lect information on antihypertensive medica-
tion or target organ damage.

CONCLUSION

In an emergency hospital setting, hypertensive 
patients can have normal mean BP values, but 

still can display a very high variability and in 
most cases abnormal dipping profiles, thus re-

quiring a strictly controlled drug therapy that is 
able to match each individual’s chronobiology.

Our study highlights the importance of 24-
hour ABPM and the utility of BP indicators, al-
though it doesn’t reflect a complete 24-hour 
BP variability profile. New parameters such as 
ARV may overcome the deficiencies of the 
classically used BP indices, although it still has a 
questionable value in our study as it did not 
differ significantly between the studied groups. 
As such, the usefulness of ARV in the clinical 
setting still remains to be determined.
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