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Blood pressure variability
 with different
measurement methods
Reliability and predictors. A proof of concept cross sectional
study in elderly hypertensive hospitalized patients
Rosaria Del Giorno, MDa, Lorenzo Balestra, MDa, Pascal Simon Heiniger, MDb, Luca Gabutti, MDa,c,∗

Abstract
Blood pressure variability (BPV) is an independent cardiovascular risk factor in hypertensive patients. The best method for quantifying
BPV is still an object of debate. The existence of different BPV patterns, particularly age and arterial stiffness related, is postulated.
Our aims were:

i) to compare BPV using different blood pressure (BP) measurement methods

ii) to compare different calculation approaches

iii) to analyze the predictors of BPV.
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Cross-sectional study in 108 elderly hypertensive hospitalized patients. Each patient underwent blood pressure measurements
with 5 different modalities: 24 hour BP and pulse wave velocity (PWV) monitoring (24hBPM), measurement by nurses or physicians,
self-measurement and beat-to-beat monitoring. Differences betweenmaximum andminimum values (DBP), averages of the absolute
differences between consecutive values (ARV) and coefficients of variation (CV) were calculated.
DBP showed the wider values’ dispersion (D systolic blood pressure (SBP): 66.4±22.9 andD diastolic blood pressure [DBP]: 45.0

±13.5 mmHg). ARV and CV were highest with nurses’ measurements (SBP-ARV 9.2±6.2; DBP-ARV 6.9±5.2; SBP-CV 7.6±5.3;
DBP-CV 9.6±5.5). The strongest correlation was found comparing physicians’ SBP measurements and 24hBPM ARVs (R2 0.23,
P<.05). 24hBPM DSBP in a multivariate analysis was significantly associated with age (b �3.85, SE 0.83; P<.001) and PWV (b
20.29, SE 3.70; P<.001). Calcium antagonists were associated with a lower DSBP (b �14.6, SE 6.1, P<.05) while diuretics and
alpha-blockers with a significant increase (b 14.4 SE 5.4, P<.01; b 26.9 SE 11.7, P<.05).
Age, PWV, diuretics, alpha-blockers, but also measurements obtained by nurses, increase BP variability while calcium antagonists

reduce it. BP profiles in elderly in-hospital patients potentially provide important information; they should, however, be interpreted
cautiously.

Abbreviations: 24hBPM = 24 hour (in-hospital) Blood Pressure Monitoring, ABPM = 24 hour ambulatory BP monitoring, ARV =
average real variability, BMI = body mass index, BP = blood pressure, BPV = blood pressure variability, CV = coefficient of variation,
CVD = cardiovascular diseases, DBP = diastolic blood pressure, PWV = pulse wave velocity, SBP = systolic blood pressure, DBP =
difference between the maximum and the minimum BP values.

Keywords: ambulatory blood pressure monitoring, beat-to-beat blood pressure monitoring, blood pressure accuracy, blood
pressure variability, hospitalized patients, self blood pressure monitoring
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1. Introduction

A large and increasing number of studies support the evidence
that blood pressure variability (BPV) represents a strong and
independent risk factor for cardiovascular diseases (CVD),[1,2] as
well as for hypertension-related morbidity and mortality.[3]

Furthermore, it has been shown that BPV is associated with the
development and severity of target organ damage (involving in
particular blood vessels, kidneys, and the heart).[4,5]

Fluctuations in blood pressure (BP) can be classified as short-
term (assessed as beat-to-beat, minute-to-minute, hour-to-hour
or daytime-to-nighttime changes), mid-term (over several days),
and long-term (over weeks, months, seasons, or years) variability.
Independently from the modality of assessing it, several factors
can affect BPV, including in particular gender, age, diabetes,
some antihypertensive medications, and obviously the mean
blood pressure.[6,7] Autonomic, humoral, neural, vascular, and
environmental mechanisms influence in turn BPV.[8] Sustained
BPV could also reflect alterations in regulatory mechanisms such
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as impaired sympathetic drive and baroreflex function (mainly
correlated to increased arterial stiffness).[9,10]

Knowing that BPV is not only a “background noise” of blood
pressure (BP), but an independent risk entity and that evidence is
lacking on the best quantitative method for measuring it; more
and more questions on BPV reliability arise. Different methods to
estimate BPV have in fact been proposed during the last years;
among them, the most commonly applied is the average real
variability (ARV), which is the average of the absolute differences
between consecutive BP readings.[11] ARV has the advantage of
taking into account the temporal order of BP measurements, and
therefore the BP time series variability. Another parameter
frequently used is the coefficient of variation (CV), which is the
standard deviation divided by the corresponding mean. Howev-
er, even if CV provides a good intra-individual estimate of BPV, it
does not take into account the order of BP measurements.[12]

Lastly, with the intention to quantify the extremes of BP
excursions, it was proposed to calculate the difference between
the maximum and the minimum BP values (DBP), which has the
advantage of being independent from the mean.[13]

The majority of studies on BPV have been focused on the
results of 24-hour ambulatory BP monitoring (ABPM), and
comparisons of BPV on other modalities of measurement are
lacking. Moreover, BP fluctuations reflect the complex inter-
actions of several, and at least in part, dynamic factors (e.g.,
environmental, behavioral, drug-related, and dependent on
cardiovascular regulatory mechanisms),[14,15] which could
produce different patterns of BPV. In this complex panorama,
specific BP measurement technique predictor factors for BPV are
not available.
This point is potentially relevant, knowing that, in some

studies, the association between CVD mortality and BPV was
stronger than between the same and mean BP.[16] Hence, the best
antihypertensive therapy management should be planned not
only considering the mean BP but also taking into account the
intra-individual BP fluctuations.[17]

In addition, most studies have evaluated factors associated
with BPV in young subjects; while in the inpatient real life, elderly
are mainly represented; inpatient dynamic in which, at least in the
internal medicine wards, the antihypertensive home therapy is
often reassessed.
Elderly is a heterogeneous group in which chronic conditions

are strongly represented; among those hypertension concerns
about 60% of the subjects.[18] Hospitalization per se represents
an environmental factor, which could largely affect BP, primarily
through the stressful experience of adapting to the new setting,
which could increase both BP and BP variability.[19] Furthermore,
the arterial stiffness increase seen in the elderly, predisposes, in
the presence of state of stress, to an excessive pressure response
with related large BP fluctuations.[20]

Considering the important number of variables potentially
affecting BPV in the internal medicine hospital setting, we
designed a real-world cross-sectional study aimed at evaluating
BPV using different estimation methods (ARV, CV, DBP) and
different BP measurement strategies: obtained by physicians or
nurses; obtained by self-measurement; registered by a 24 hour
automatedmonitor; obtained using a beat-to-beat. The objectives
were: i) to compare BPV using different BP measurement
methods, ii) to compare different calculation approaches, and iii)
to analyze the predictors of BPV, in an elderly in-hospital
population.
2

2. Methods

2.1. Study design, setting

Single center, cross-sectional study in elderly patients consecu-
tively hospitalized at the internal medicine ward of the teaching
Hospital “La Carità” (Locarno, Switzerland) between June
2014 and March 2015. Eligibility criteria for enrollment
included:
i)
 age older than 70 years;

ii)
 hospitalization in the internal medicine ward not motivated by

the hypertension itself.

The exclusions criteria were:
i)
 inability to understand and to sign the informed consent;

ii)
 mental illness;

iii)
 inability to perform BP self-measurements.

The study was carried out according to the Helsinki
Declaration and was approved by the Swiss Ethics Committee.
All of the participants gave written informed consent.
2.2. Study population and procedures

One hundred and eight elderly hospitalized patients were
investigated. Each patient underwent 5 modalities of BP
measurement:
1)
 performed by nurses’ staff

2)
 performed by physicians’ staff

3)
 performed by the patient himself

4)
 Performed by a physician using a beat-to-beat

5)
 Performed over 24hours by an automated device measuring

BP and estimating pulse wave velocity (PWV).

Nurses, physicians, and patients used the same electronic
device to measure BP. A Finometer was chosen to register beat-to-
beat BP fluctuations. The BP values of the first 2 days of the
hospital stay were not considered for the analysis. BP measure-
ments by nurses, physicians and self-measurements by patients
were carried out 3 times per day during daytime.
On the 4th day of hospitalization, a 24-hour BP and PWV

monitoring using an automated device (Mobil-O-Graph, I.E.M.
GmbH, Stolberg, Germany) was performed. See Figure 1 for the
flow diagram of the study.

2.3. Blood pressure measurements performed by
physicians and nurses

BPmeasurements were performed by physicians and nurses using
a, validated and calibrated, automatic oscillometric device (506N
monitor, Criticare System Inc.). The upper non-dominant arm
was measured and then, a small cuff was used by circumferences
of less than 24cm, a medium cuff by circumferences between 24
and 34cm, and a large cuff by circumferences of 35cm or more.
Blood pressure measurements were performed after a comfort-
able resting of 5 minutes in the seated position. Measurements
were performed before taking the medication and without
consuming caffeine or tobacco in the preceding 30 minutes.
Measurements were performed during daytime at 08h00, 12h00
and 18h00. Recorded systolic blood pressure (SBP) and diastolic
blood pressure (DBP) values represented the lowest of 3 different
readings measured at 5-minute intervals.



Figure 1. Flow diagram of study and Timeline of the Procedures.
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2.4. Patient self-measurement

Patients were asked to measure their seated BP thrice, at 08h00,
12h00, and 18h00; after more than 5 minutes of rest each time.
BP was measured using the same oscillometric device used by
nurses and physicians. Patients were asked to record the results
over a 3-day period. The mean of all measurements was
calculated for each patient and used for the analysis.

2.5. Non-invasive continuous beat-to-beat blood pressure
measurement

The Finometer is a device allowing a non-invasive continuous
beat-to-beat BP measurement, with a real-time display of the
arterial pressure. A calibration of the finger BP on the basis of the
brachial BP using an integrated brachial cuff system was
performed for every patient. The beat-to-beat blood pressure
was registered thanks to small cuffs applied to the fourth finger of
the non-dominant hand, which accordingly to a continuous
Doppler flow monitoring, inflated and deflated rhythmically
extrapolating BP values. After the first 2 minutes dedicated to
familiarization, parameters were recorded at 30seconds, 1, 2, 4,
and 6 minutes. At the end of the procedure a “stress induction
test” based on standardized questions was performed.
2.6. Twenty-four-hour blood pressure monitoring

The 24 hour Blood Pressure Monitoring (24hBPM) was
performed using a Mobil-O-Graph (I.E.M. GmbH, Stolberg,
Germany); an electronic blood pressure and pulse wave velocity
3

monitor equipped with an arm cuff validated for clinical use. The
24hBPM was applied the fourth day of the study. The cuff was
fixed to the non-dominant arm and the device was set to
automatically obtain readings every 30 minutes during the day
(06:00 AM–10:00 PM) and every hour during the night (10:00
PM–06:00 AM). Eight Mobil-O-Graphs were employed for the
study. The supplying company guaranteed the calibration.
2.7. Data collection and definitions

Demographic data for each patient were recorded, as well as
height, weight, body mass index (BMI), smoking status, patients’
chronic conditions (hypertension, diabetes mellitus, dyslipide-
mia, chronic kidney disease, ischemic heart disease) and
medications in use at home. The weight, in Kg, of the patient
was collected with the help of a scale and the height, in cm with a
stadiometer. The BMI was calculated with the formula: weight in
Kg/(height in m)2. The diagnosis of diabetes was considered by
the presence of hypoglycemic medications (insulin and/or
diabetes oral hypoglycemic agents) or if their fasting blood
glucose levels reached 7.0mmol/L or more. Dyslipidemia was
defined by total cholesterol >5.18mmol/L, triglycerides >1.70
mmol/L, low-density lipoprotein >3.37mmol/L, high-density
lipoprotein <1.04mmol/L or if the patient was on a lipid-
lowering treatment at home. Participants who smoked at least
one cigarette per day were classified as current smokers and those
who had stopped smoking for more than 3 years were classified
as former smokers. Hypertension was defined based on patient’s
medical history or if the patient was on BP lowering medications

http://www.md-journal.com


Table 1

Characteristics of The Study Population.
Age, years, median (Q1-Q3) 85.0 (81.0–89.5)
Gender, females, n (%) 57 (52.8)
BMI, Kg/m2, median (Q1-Q3) 25.8 (22.6–30.3)
Diabetes, n (%) 37 (34.2)
Dyslipidemia, n (%) 57 (52.78)
Current Smoking, n (%) 28 (25.9)
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over the last 15 consecutive days. Antihypertensive medications
in use at home were recorded at admission and categorized into
the following groups: renin angiotensin aldosterone system
inhibitors (RAAS-I), alpha-adrenergic blocking agents (a-block),
calcium channel blockers (Ca-antag), diuretics, beta-adrenergic
blocking agents (b-Block), and others. Controlled BP was defined
as systolic BP less than 140 mm Hg and diastolic BP less than 90
mm Hg in patients under BP-lowering medications.
Hypertension, n (%) 87 (80.6)
Creatinine, mmol/L, median (Q1-Q3) 83 (67.5–106)
GFR, mL/min/1.73 m2, median (Q1-Q3) 51 (36.5–66.0)
CVD, n (%) 52 (48.2)
PWV, m/sec, median (Q1-Q3) 12.3 (11.5- 13.7)
24hBPM daytime, SBP, mmHg, median (Q1-Q3) 129.5 (116.5–138.5)
24hBPM daytime, DBP, mmH, median (Q1-Q3) 73.0 (67.5–79.0)
Nurses’ measured SBP, mmHg, median (Q1-Q3) 132.0 (125.2–144.3)
Nurses’measured DBP, mmHg, median (Q1-Q3) 76.0 (72.0–81.3)
Self-measured SBP, mmHg, median (Q1-Q3) 129.4 (119.0–139.9)
Self-measured DBP, mmHg, median (Q1-Q3) 72.0 (66.7–78.5)
2.8. Statistical analysis

Variables were shown as median (interquartile range, IQR) or
mean ± Standard Deviation (SD); or value and relative
frequencies (%) as appropriate. We compared continuous
variables and proportions by standard parametric tests and x2

statistics, respectively.
For each measurement method, BPV was estimated for both

SBP and DBP, using 3 indices of variability:

Physicians’ measured SBP, mmHg, median (Q1-Q3) 134.5 (121.5–146.5)
Physicians’ measured DBP, mmHg, median (Q1-Q3) 76.5 (69.0–83.0)
I)
Beat-to-Beat measured, SBP, mmHg, median (Q1-Q3) 149.9 (134.3–173.0)
Beat-to-Beat measured, DBP, mmHg, median (Q1-Q3) 82.6 (71.9–93.3)

Ta

Blo

Meth

24hB
Phys
Nurs
Self-
Beat

D-BP
blood
delta-systolic and diastolic blood pressure (DSBP and DDBP),
expressing for both the difference between maximum and
minimum blood pressure values;
24hBPM=24 hour Blood Pressure Monitoring, BMI=body mass index, CVD= cardiovascular

II)
diseases, DBP=diastolic blood pressure, GFR=Glomerular Filtration Rate, PWV=pulse wave
velocity, Q1=quartile 1, Q3=quartile 3, SBP= systolic blood pressure.
average real variability (ARV), computed as the average of
the absolute differences between consecutive BP measure-
ments;
III)
 coefficient of variation (CV) obtained by dividing the SD by
the average BP level and multiplying by 100.
Correlations between BP obtained with the different measure-
ment methods and the calculated indices of variability were
quantified with the Pearson coefficient (expressed as R and
relative P value).
Subjects were classified in 2 groups of high and respectively low

variability, based on the 50th percentile values of each BPV
determinant (DSBP, DDBP, ARV-SBP; ARV-DBP; CV-SBP; CV-
DBP) by BP-measurement strategy, and differences among
groups were investigated.
Stepwise multiple linear regression analyses were performed in

order to explore the covariates associated with BPV. As
covariates we considered: gender, age, BMI, dyslipidemia,
diabetes, serum creatinine, history of cardiovascular disease,
current smoking, pulse wave velocity, height, hypertension, anti-
diabetic medication, antihypertensive medication. In the tables,
we report the b regression coefficients with their asymptotic
standard errors and the associated 2-sided P value for the null
hypothesis. To explore a possible departure from linearity of the
age effect, we repeated the analysis using restricted cubic splines
with 3 internal knots.
ble 2

od pressure mean (± SD) and variability determinants calculated

od

Mean SBP and DBP
(mm Hg) ± SD

D-SBP an
(mm Hg

SBP DBP SBP

PM 128.5±16.8 73.6±9.6 66.4±22.9
icians’ measurement 134.9±22.1 77.0±14.8 6.5±17.7
es’ measurement 135.1±14.2 77.4±8.9 18.1±14.2
measurement 130.5±16.3 74.0±10.4 13.8±10.8
-to-beat 152.8±25.7 84.0±14.9 23.3±14.6

=delta blood pressure, 24hBPM=24hours blood pressure monitoring, ARV= average real variabili
pressure, SBP= systolic blood pressure, SD= standard deviation.

4

All statistical analyses were performed using Stata Statistical
Software, Release 14, College Station, TX, STATA Corp LP and
SPSS 20, SPSS Inc., Chicago, IL. P values <.05 (2 tailed) were
considered significant.
3. Results

A total of 108 patients completed the study and were included in
the analysis. Baseline demographic and clinical characteristics of
the study population are summarized in Table 1. The median age
of the patients was 85.0 years (81.0–89.5), gender was equally
distributed (females 52.8%); the BMI was 25.8kg/m2 (22.6–
30.3) and 48.2% of the patients had a history of CVD. Patients’
first diagnosis at admission was as follows, n (%): cardiovascular
diseases 24 (22.2); pneumonia 20 (18.5); other infectious diseases
15 (13.9); neurological diseases 15 (13.9); gastrointestinal
diseases 11 (10.2); oncological diseases 5 (4.6); syncope 4
(3.7); nephrological diseases 3 (2.8); endocrinological diseases 3
(2.8); fractures 3(2.8); falls 2 (1.9); miscellaneous 3 (2.8).
Mean BP and BPV indices (DBP, CV, and ARV) were

calculated for each BP measurement method (Table 2). 24hBPM
for each measurement method.

d D-DBP
) ± SD

ARV SBP and DBP
(mm Hg) ± SD

CV SBP and DBP
(mm Hg) ± SD

DBP SBP DBP SBP DBP

45.0±13.5 8.6±6.2 5.9±4.4 4.4±2.9 5.8±4.5
10.3±10.6 7.3±7.0 6.5±6.2 4.8±3.8 6.6±6.2
12.4±9.1 9.2±6.2 6.9±5.2 7.6±5.3 9.6±5.5
22.1±13.4 7.4±5.6 6.3±4.2 7.5±5.2 9.5±6.4
14.4±14.5 8.9±6.7 5.9±6.4 6.2±3.9 6.4±6.2

ty, BP=blood pressure, BPV=blood pressure variability, CV= coefficient of variation, DBP=diastolic



Table 3

Correlations between blood pressure (Panel A) and variability parameters (Panel B), obtainedwith the appliedmeasurement methods and
daytime 24hBPM.

A

SBP DBP

Physicians’ measurement-daytime 24hBPM 0.61 (<0.001) 0.56 (<0.001)
Nurses’ measurement- daytime 24hBPM 0.72 (<0.001) 0.39 (<0.001)
Self-measurement- daytime 24hBPM 0.64 (<0.001) 0.48 (<0.001)
Beat-to-beat- daytime 24hBPM 0.52 (<0.001) 0.53 (<0.001)

B

Blood Pressure Variability Between Methods D-Blood Pressure ARV CV

SBP DBP SBP DBP SBP DBP

Physicians’ measurement- daytime 24hBPM –0.04 (0.641) 0.08 (0.436) 0.23 (0.018) 0.03 (0.784) 0.06 (0.561) –0.02 (0.832)
Nurses’ measurement- daytime 24hBPM 0.21 (0.031) –0.16 (0.105) 0.10 (0.349) -0.12 (0.251) 0.13 (0.193) 0.04 (0.673)
Self-measurement- daytime 24hBPM 0.16.(0.098) 0.21 (0.030) 0.09 (0.396) 0.02 (0.847) 0.13 (0.193) –0.02 (0.871)
Beat-to-beat- daytime 24hBPM 0.12 (0.223) –0.08 (0.413) 0.05 (0.645) 0.22 (0.031) 0.21 (0.032) 0.09 (0.368)

All correlations are expressed as R2 (P value). 24hBPM=24 hour blood pressure monitoring, ARV=average real variability, BPV=blood pressure variability, CV= coefficient of variation, DBP=diastolic blood
pressure, SBP= systolic blood pressure.
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presented the lowest absolute mean BP value and the highest
variability for both DSBP and DDBP (mean ± SD: SBP 128.5±
16.8 mmHg; DBP 73.6±9.6 mmHg; DSBP and DDBP,
respectively 66.4±22.9 and 45.0±13.5 mmHg). Analyzing
ARV and CV, parameters of variability dependent from the
mean, the highest values were obtained with nurses’ BP
measurements (SBP-ARV 9.2±6.2 mmHg; DBP-ARV 6.9±5.2
mmHg; SBP-CV 7.6±5.3 mmHg; DBP-CV 9.6±5.5 mmHg),
while 24hBPM and Finometer showed lower and similar results
(Table 2). The mean BPs of the measurement methods under
study were highly correlated for both SDB and DBP (Table 3,
panel A). SBP measured by nurses (Pearson coefficient R2 0.72,
P<.001) and self-assessed (R2 0.62, P<.001) showed the highest
degree of correlation with 24hBPM. The weakest correlation, on
the contrary, was found between SBP obtained by Finometer and
24hBPM (R2 0.52, P<.001). Finometer and 24hBPM showed,
however, the highest correlation coefficient for DBP (R2 0.53;
P<.001) (Table 3, panel A). A significant BPV correlation was
found comparing ARV of SBP measured by physicians and DBP
measured by Finometer, and 24hBPM (R2 0.23 and 0.22, P<.05
for both) (Table 3, panel B). Finometer and 24hBPM were
significantly associated also for SBP and the determinant of BPV,
CV (R2 0.21, P<.05). DBP was significantly associated for SBP
obtained by nurses and 24hBPM (R2 0.21, P<.05) and for DBP
obtained by patients and 24hBPM (R2 0.21, P<.05) (Table 3,
panel B). The intra-individual variability of BP was further
evaluated based on DBP. The subset of patients with higher and
lower variability was identified based on the 50th percentile of
DSBP and DDBP. The higher- versus lower-variability groups
were investigated across the different BP measurement methods.
Descriptive results are shown in Table 4. In Table 4, Panel A, the
2 groups (high- vs. low-variability) of DSBP obtained by 24hBPM
significantly differed for gender (males 51.7 vs 53.2%; P<.05)
and pulse wave velocity (13.0±1.3 vs 12.1±1.3m/s, P<.01).
Although not statistically significant, age and creatinine were
lower in the low-variability group, with respectively 86.3±6.0 vs
84.2±6.2 years, P= .077 and 102.2±59.1 versus 96.5±56.6m
mol/L, P= .089. Pulse wave velocity values significantly differed
also for DDBP in 24hBPM (12.8±1.4 vs 12.3±1.4m/s, P<.05)
5

(Table 4, Panel B). The pulse wave velocity was significantly
higher also for DSBP in the nurses’ BP measurements (12.8±1.3
vs 12.3±1.4m/s, P<.05) (Table 4, Panel A).
Multiple linear regression to determine the effect of the

potential explanatory variables on different BPV determinants
and across different BP measurement methods were also
performed (DBP, Table 5, Panel A; ARV Table 5, Panel B; CV
Table 5, Panel C). 24hBPM DSBP was significantly associated
with age (b coefficient �3.85, SE 0.83; P<.001) and with PWV
(b 20.29, SE 3.70; P<.001). Similar associations were found for
DSBP obtained with Finometer, with significant values for age (b
-3.58, SE 1.03; P= .001) and for PWV (b 17.5, SE 4.64; P<.001).
In addition, antihypertensive drugs were significantly associated
with Finometer DSBP, although in opposite directions: calcium
antagonists, with a significant reduction (b �14.6, SE 6.1,
P<.05) while diuretics with a significant increase (b 14.9, SE 5.4,
P<.01). DSBP calculated on the basis of physicians’ measure-
ments was significantly associated with age (b 1.71, SE 0.84,
P<.05) and with PWV (b -8.25, SE 3.82, P<.05). Although not
statistically significant, we found a trend towards an association
between physicians’ DSBP and alpha-blockers (b �36.65, SE
19.31, P= .061). Patient DSBP was on the contrary significantly
associated (b 26.91, SE 11.74, P<.05). Considering other
determinants of variability we found that ARV-SBP based on
nurses’measurements was significantly associated with the use of
beta-blockers (b �3.15, SE 1.47; P value .036). ARV-SBP and
ARV-DBP based on physicians’ measurements were respectively
significantly associated with a positive cardiovascular history (b
3.10, SE 1.48, P<.05) and age (b �0.62; SE 1.45; P<.05). No
other significant associations were found for ARV-SBP and ARV-
DBP (Table 5, Panel B). Considering CV as a determinant of
variability, we found a significant association between the use of
beta-blockers, patients’ SBP measurements (b–2.68, SE 1.18,
P<.05); and nurses’ SBPmeasurements (b 2.90; SE 1.14; P<.05).
DBP CV based on physicians’measurement was also significantly
associated with age and PWV: b �0.75, SE 0.30, P<.05; b 2.70,
SE 1.38, P= .05. DBP CV based on nurses’ measurements was
significantly associated with BMI (b 0.25, SE 0.10, P<.05)
(Table 5, Panel C).

http://www.md-journal.com


Table 4

Differences in clinical characteristics of 2 subgroups based on high versus low systolic (Panel A) and diastolic (Panel B) blood pressure
variability assessed with different measurements methods.
A

24hBPM Measurements by Physicians Measurement by beat-to-beat Measurments by nurses Self-measurements

Parameter
High
SBPV

Low
SBPV

P
value

High
SBPV

Low
SBPV

P
value

High
SBPV

Low
SBPV

P
value

High
SBPV

Low
SBPV

P
value

High
SBPV

Low
SBPV

P
value

Gender 31 (51.7) 25 (53.2) .025 26 (51.0) 25 (49.0) .650 35 (47.2) 16 (47.9) .549 23 (50.0) 28 (45.9) .674 18 (41.9) 33 (51.6) .325
Age (y) 86.3±6.0 84.2±6.2 .077 84.6±5.7 85.6±6.7 .416 85.4±4.9 85.0±6.76 .751 86.3±6.0 84.2±6.3 .076 85.2±6.3 85.1±6.2 .914
BMI (kg/m2) 26.2±6.4 26.8±5.1 .599 27.1±5.5 26.1±6.1 .373 27.1±6.1 26.3±5.6 .478 25.9±5.6 27.2±5. .271 27.1±6.9 26.3±4.9 .469
Smoking 9 (19.1) 19 (31.7) .144 41 (51.9) 38 (48.1) .633 8 (27.4) 20 (23.5) .431 9 (19.6) 19 (31.2) .177 10 (23.3) 18 (28.13) .574
Diabetes 21 (35.0) 16 (34.0) .543 25 (7.6) 12 (32.4) .031

∗
12 (35.3) 25 (34.2) .541 16 (34.8) 21 (34.43) .969 14 (32.6) 23 (35.9) .719

DYS 28 (59.6) 28 (46.7) .185 30 (53.6) 26 (46.4) .948 20 (58.82) 36 (49.32) .359 25 (54.5) 31 (50.8) .718 22 (51.2) 34 (53.1) .842
HT 39 (83.0) 48 (80.0) .154 39 (44.8) 48 (47.5) .818 27 (79.4) 60 (82.2) .461 13 (34.8) 21 (34.4) .969 14 (32.6) 23 (35.9) .719
CVD 26 (55.3) 26 (43.3) .218 28 (53.8) 28 (53.8) .151 12 (35.3) 40 (54.8) .066 20 (43.5) 32 (52.5) .357 18 (41.9) 54 (53.1) .253
Creatinine (mmol/L) 102.2±59.1 96.5±56.6 .089 98.2±51.9 99.9±63.7 .879 104.5±57.6 96.4±57.6 .502 95.6±44.3 101.6±65.9 .592 96.4±47.3 100.8±63.7 .696
PWV (m/s) 13.0±1.3 12.1±1.3 .002 12.3±1.3 12.7±1.4 .145 12.7±1.2 12.4±1.4 .328 12.8±1.3 12.3±1.4 .036

∗
12.6±1.4 12.5±1.4 .660

B
24hBPM Measurements by Physicians Measurement by beat-to-beat Measuremets by nurses Self-measurements

Parameter
High
DBPV

Low
DBPV

P
value

High
DBPV

Low
DBPV

P
value

High
DBPV

Low
DBPV

P
value

High
DBPV

Low
DBPV

P
value

High
DBPV

Low
DBPV

P
value

Gender 18 (40.9) 33 (51.6) .329 34 (48.6) 17 (44.7) .145 16 (44.4) 35 (48.6) .683 24 (45.3) 27 (49.1) .692 27 (56.2) 24 (40.0) .093
Age (y) 85.5±6.1 84.9±6.3 .606 86.7±6.1 84.3±6.1 .109 85.4±5.7 85.0±6.5 .756 84.6±6.2 85.6±6.3 .391 84.9±6.4 85.3±6.1 .779
BMI (kg/m2) 26.9±6.6 26.4±5.2 .603 26.5±5.6 26.9±6.1 .478 25.5±5.6 27.1±5.8 .170 26.5±5.5 26.6±6.1 .887 26.5±6.1 26.7±5.5 .809
Smoking 31 (38.8) 13 (46.4) .507 19 (27.1) 9 (23.7) .695 9 (25.0) 19 (26.4) .877 16 (30.2) 12 (21.8) .321 11 (22.9) 17 (28.3) .523
Diabetes 11 (25.0) 26 (40.6) .093 28 (40.0) 9 (23.7) .088 24 (33.3) 13 (36.1) .774 20 (37.7) 15 (27.3) .245 14 (29.2) 23 (38.3) .319
DYS 23 (52.3) 34 (53.1) .931 21 (55.3) 36 (51.4) .703 36 (50.0) 21 (58.3) .413 26 (49.1) 31 (56.4) .447 20 (41.7) 37 (61.7) .039
HT 31 (70.5) 56 (87.5) .749 34 (89.5) 53 (75.7) .084 59 (81.9) 28 (77.8) .606 43 (81.1) 44 (80.0) .882 36 (75.0) 51 (85.0) .192
CVD 30 (46.9) 22 (50.0) .102 18 (47.4) 34 (48.6) .905 39 (54.1) 13 (36.1) .077 27 (50.9) 25 (45.5) .568 21 (43.8) 31 (51.7) .413
Creatinine (mmol/L) 106.4±69.0 93.5±47.4 .089 95.35 95.35±40.0 .212 103.6±57.1 96.3±57.6 .536 103.6±56.8 94.0±57. .388 97.4±62.6 99.8±53.1 .829
PWV (m/s) 12.8±1.4 12.3±1.4 .042 12.79±1.2 12.35±1.4 .067 12.7±1.4 12.4±1.4 .258 12.4±1.3 12.6±1.5 .456 12.6±1.4 12.45±1.4 .628

Data are expressed as mean±standard deviation (SD; for continuous variables); P values compare the group of patients with High SBPV versus the group with Low-SBPV (and High- and Low-DBPV respectively)
DBPV=diastolic blood pressure variability, DYS=dyslipidemia, HT=hypertension, PWV=Pulse Wave Velocity, SBPV= systolic blood pressure variability.
∗
P value<.05.
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4. Discussion

In this study, we confirmed that blood pressure variability is a
blood pressure measurement method dependent phenomenon
and that the different mathematical determinants of variability
used, likely assess peculiar aspects of individual blood pressure
behavior.
In our population sample, poor correlation was seen

comparing respectively blood pressure obtained with the
different methods proposed and the estimators of variability.
BP measured by nurses showed the highest variability values
compared with measurement performed by physicians and self-
measurements.
Although blood pressure variability represents an intriguing

research field, with notable clinical and patient outcome
implications, 1 important issue still has to be clarified. To date,
neither consensus nor gold standard has been published on how
and with which method variability should be estimated.
Our proof of concept study is the first one comparing several

approaches to calculate blood pressure variability in a specific
and distinctive population composed of over 70-year-old in-
hospital hypertensive patients. Previous findings did already
analyze the topic, highlighting a poor correlation between
methods used for variability estimation and investigating the
variability agreement between ABPM and beat-to-beat and
between ABPM and self-measurements.[21–24] However, our
study is the first one in which a full between-methods comparison
of blood pressure variability was explored starting from 5
different blood pressure assessment strategies. Furthermore, a
wide and exhaustive comparison between blood pressure
variability assessment methods was performed. No former study
6

.

did indeed investigate these variables using 3 different determi-
nants of short-term variability (ARV, CV, and DBP). Further-
more, in previous studies, younger populations in heterogeneous
environmental circumstances and potentially with several factors
influencing punctual BP fluctuations were evaluated.[23,24]

Finally, our study is the first one aimed at comparing BPV, also
analyzing values obtained with a continuous beat-to-beat
noninvasive monitoring system (Finometer).
Our choice to calculate 3 different determinants of short-term

variability arises from the attempt to highlight peculiarities of
the within-individual differences; peculiarities that can only
partially be investigated by BPV determinants dependent on the
mean BP.[25,26]

In our population, variability calculated on the basis of BP
measured by beat-to-beat showed the better systolic and diastolic
correlation with values obtained from the 24hBPM. Similarities
and differences between BPV determinants were highlighted by
the fact that some of them only showed a significant correlation.
Recently, findings of observational studies showed an

association between ABPM-BPV and arterial stiffness. This
association was more evident focusing on short-term BP
variability determinants such as ARV and CV.[27–28] Further-
more, a strong association between arterial stiffness, estimated
with a beat-to-beat analyzer in a hypertensive population, and
Systolic BPV was shown.[29]

Our study confirms, in an in-hospital elderly population, the
association between high beat-to-beat BPV and the magnitude of
vascular damage measured by pulse wave velocity obtained with
an independent method (24hBP and PWVmonitor). The fact that
arterial stiffness confirms a correlation with the amplitude of BP



Table 5

Predictors of systolic and diastolic blood pressure variability according to different blood pressure measurments methods (24hBPM, by
physicians, by nurses, self-measurements, by beat-to-beat) and variability determinants (a: D-BP, b: ARV, c: CV).

a DELTA SBP-b (SE)-P value DELTA DBP-b (SE)-P value

Variable 24hBPM By physicians By nurses Self-measur By beat-to-beat 24hBPM By Physicians By nurses Self-measur By beat-to-beat

Age –3.68 (0.98) 1.71 (0.84) –2.38 (0.50) –0.13 (0.51) –3.58 (1.03) –1.25 (0.60) 0.68 (0.51) 0.07 (0.45) –0.04 (0.41) –1.57 (0.71)
<0.001

∗
0.047

∗
0.001

∗
0.797 0.001

∗
0.038

∗
0.186 0.875 0.926 0.028

∗

Gender, 3.98 (4.74) –1.09 (4.10) –2.07 (2.44) –3.01 (2.49) 1.91 (4.98) –1.48 (2.88) 0.29 (2.48) –3.53 (2.18) –1.07 (2.02) –3.06 (3.41)
male 0.404 0.790 0.398 0.230 0.702 0.608 0.906 0.110 0.598 0.372
BMI 0.14 (0.36) 0.48 (0.31) –0.24 (0.19) 0.18 (0.19) 0.45 (0.38) –0.06 (0.22) 0.03 (0.19) 0.13 (0.17) –0.02 (0.15) –0.15 (0.26)

0.808 0.129 0.206 0.331 0.241 0.788 0.848 0.424 0.985 0.571
Height –0.49 (0.25) 0.39 (0.22) –0.20 (0.13) –0.11 (0.14) –0.17 (0.27) 0.23 (0.16) 0.02 (0.13) 0.03 (0.11) –0.04 (0.11) 0.14 (0.18)

0.061 0.082 0.146 0.392 0.543 0.153 0.883 0.743 0.683 0.461
Diabetes 6.58 (4.74) 2.75 (3.87) –0.37 (2.31) –2.98 (2.35) 0.72 (4.71) 1.59 (2.72) –0.68 (2.34) 1.52 (2.06) –1.15 (1.91) 3.38 (3.22)

0.143 0.479 0.874 0.208 0.879 0.559 0.770 0.464 0.547 0.297
Anti-Diab 4.64 (7.28) –7.25 (6.92) 2.41 (4.12) –0.74 (4.21) 3.32 (8.42) 1.56 (4.86) –1.08 (4.20) 1.47 (3.69) 0.692 2.91 (3.41) 5.63 (5.77)

0.525 0.298 0.560 0.861 0.694 0.748 0.797 0.692 0.396 0.311
DYS –2.57 (4.28) 4.49 (3.71) 0.82 (2.21) –0.84 (2.25) 0.05 (4.51) 1.27 (2.70) –0.29 (2.25) –1.86 (1.98) –1.65 (1.83) 0.57 (3.09)

0.550 0.229 0.711 0.710 0.991 0.385 0.895 0.349 0.369 0.854
Smoking –7.82 (5.20) –0.66 (4.51) –0.44 (2.69) 2.92 (2.74) –1.47 (5.49) –3.04 (3.17) –0.15 (2.74) 1.38 (2.41) 1.07 (2.23) 0.55 (3.77)

0.136 0.883 0.870 0.291 0.790 0.341 0.995 0.568 0.630 0.884
HYP –0.51 (5.46) –1.43 (4.71) 0.54 (2.81) –0.93 (2.86) –0.66 (5.73) 0.94 (3.31) 5.68 (2.86) 1.77 (2.51) 2.07 (2.32) 2.15 (3.93)

0.717 0.762 0.846 0.745 0.909 0.778 0.005
∗

0.482 0.375 0.584
CVD 3.79 (4.35) –0.28 (3.77) 2.13 (2.24) –4.03 (2.29) –6.82 (4.59) 2.28 (2.65) –1.47 (2.29) 0.93 (2.01) –0.24 (1.86) –3.85 (3.14)

0.385 0.940 0.347 0.083 0.140 0.392 0.522 0.643 0.897 0.224
Creatinine –0.003 (0.37) –0.01 (0.03) 0.01 (0.19) 0.003 (0.02) –0.04 (0.03) 0.03 (0.02) –0.02 (0.01) 0.07 (0.02) –0.01 (0.01) –0.01 (0.02)

0.919 0.652 0.500 0.847 0.286 0.127 0.156 0.657 0.926 0.625
PWV 19.19 (4.41) –8.25 (3.82) 9.65 (2.27) 1.83 (2.33) 17.55 (4.64) 7.50 (2.68) –2.02 (2.31) –1.11 (2.03) 0.37 (1.88) 6.59 (3.18)

<0.001
∗

0.033
∗

0.001
∗

0.431 <0.001 0.006
∗

0.385 0.585 0.842 0.041
∗

b-Block 1.11 (4.38) 0.72 (3.87) 0.45 (2.30) 3.11 (2.35) 0.61 (4.71) 3.01 (2.72) 2.27 (2.37) 3.11 (2.06) 2.46 (1.91) 0.73 (3.23)
0.800 0.852 0.843 0.190 0.990 0.271 0.384 0.135 0.200 0.820

Diuretics –61.18 (5.12) –5.92 (4.45) –2.92 (2.65) –3.75 (2.70) 14.40 (5.41) –8.51 (3.13) –5.72 (2.70) –2.21 (2.37) –1.89 (2.19) –1.83 (3.71)
0.230 0.187 0.628 0.170 0.007

∗
0.008

∗
0.037

∗
0.359 0.392 0.623

Ca-antag –5.20 (5.81) 5.63 (5.05) 2.43 (3.00) –3.80 (3.07) –14.63 (6.14) 1.56 (3.54) –1.10 (3.06) 2.27 (2.69) 3.51 (2.49) –2.55 (4.20)
0.373 0.268 0.420 0.219 0.019

∗
0.661 0.718 0.401 0.162 0.546

a-block 17.34 (22.27) –36.65 (19.31) –0.29 (11.50) 26.91 (11.74) 29.30 (23.48) –13.74 (13.54) –5.11 (11.71) 15.87 (10.30) –6.04 (9.53) –2.43 (16.09)
0.438 0.061 0.980 0.024

∗
0.215 0.314 0.664 0.127 0.527 0.028

∗

RAAS-I 4.21 (4.53) 3.34 (3.91) –3.23 (2.32) 2.58 (2.37) –2.77 (4.75) 3.57 (2.74) 2.07 (2.37) –1.71 (2.08) –1.58 (1.93) –4.77 (3.26)
0.356 0.395 0.168 0.280 0.562 0.197 0.384 0.415 0.413 0.146

b DELTA SBP b (SE) P value DELTA DBP b (SE) P value

Variable 24hBPM By Physicians By nurses Self-measur. By beat-to-beat 24hBPM By Physicians By nurses Self-measur. By beat-to-beat

Age –0.18 (0.32) –0.47 (0.33) –0.04 (0.31) 0.21 (0.28) 0.15 (0.34) 0.13 (0.25) –0.62 (0.30) –0.11 (0.27) 0.46 (0.21) 0.27 (0.32)
0.570 0.156 0.897 0.453 0.642 0.605 0.042

∗
0.682 0.032

∗
0.399

Gender, 1.28 (1.61) 2.02 (1.61) 148 (1.54) 1.82 (1.35) 1.69 (1.64) 0.21 (0.16) –0.46 (1.45) 1.64 (1.36) –0.02 (1.02) 0.58 (1.58)
male 0.430 0.213 0.340 0.183 0.626 0.854 0.752 0.233 0.983 0.712
BMI 0.16 (0.12) –0.05 (0.12) –0.06 (0.11) –0.09 (0.10) –0.02 (0.12) 0.11 (0.09) –0.11 (0.11) 0.04 (0.10) –0.05 (0.07) 0.01 (0.12)

0.190 0.655 0.565 0.359 0.853 0.223 0.319 0.646 0.459 0.891
Height –0.06 (0.08) –0.10 (0.08) –0.14 (0.08) 0.03 (0.07) 0.07 (0.08) –0.04 (0.06) 0.12 (0.07) 0.01 (0.07) 0.05 (0.05) –0.02 (0.08)

0.444 0.219 0.090 0.672 0.403 0.535 0.112 0.859 0.359 0.765
Diabetes 0.71 (1.49) –1.39 (1.52) 0.03 (1.46) 0.27 (1.28) –1.32 (1.55) 0.09 (1.09) –0.27 (1.37) –0.66 (1.30) –0.53 (0.97) 1.85 (1.49)

0.635 0.362 0.983 0.829 0.398 0.132 0.840 0.614 0.582 0.271
Anti-Diab 0.77 (2.62) 1.35 (2.72) 0.54 (2.56) –1.71 (2.29) 1.51 (2.78) 1.09 (1.98) –0.84 (2.45) –0.06 (2.26) –0.37 (1.73) –3.14 (2.67)

0.777 0.620 0.832 0.457 0.588 0.582 0.733 0.977 0.828 0.243
DYS –0.58 (1.41) –0.24 (1.45) –0.98 (1.42) 0.91 (1.22) 0.55 (1.49) –0.07 (1.05) 0.02 (1.31) 1.14 (1.26) 1.15 (0.93) 0.42 (1.43)

0.679 0.864 0.493 0.460 0.713 0.940 0.984 0.369 0.219 0.767
Smoking –0.62 (1.77) –2.09 (1.67) 1.04 (1.60) 0.46 (1.49) 0.38 (1.81) –0.78 (1.29) –1.78 (1.60) 2.00 (1.43) –0.63 (1.13) –1.55 (1.74)

0.727 0.240 0.502 0.758 0.834 0.547 0.629 0.165 0.576 0.376
HYP –1.18 (1.76) 2.19 (1.85) –2.50 (1.83) –1.05 (1.56) 1.35 (1.89) –1.17 (1.31) 1.23 (1.67) –2.72 (1.62) –0.21 (1.18) 0.96 (1.82)

0.505 0.241 0.177 0.500 0.476 0.375 0.461 0.097 0.854 0.598
CVD –2.28 (1.47) 3.10 (1.48) –2.14 (1.41) –0.09 (1.25) 1.37 (1.51) –1.12 (1.10) 1.12 (1.33) –1.79 (1.25) 0.64 (0.94) 0.67 (1.45)

0.127 0.039
∗

0.136 0.429 0.367 0.310 0.403 0.157 0.500 0.644
Creatinine –0.07 (0.01) –0.01 (0.01) 0.01 (0.001) 0.001 (0.01) –0.003 (0.01) –0.011 (0.009) 0.01 (0.01) –0.002 (0.01) –0.004 (0.008) –0.006 (0.01)

0.546 0.370 0.380 0.886 0.793 0.201 0.364 0.859 0.586 0.611

(continued )
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Table 5

(continued).

b DELTA SBP b (SE) P value DELTA DBP b (SE) P value

Variable 24hBPM By Physicians By nurses Self-measur. By beat-to-beat 24hBPM By Physicians By nurses Self-measur. By beat-to-beat

PWV 1.09 (1.47) 2.07 (1.50) 0.75 (1.40) –1.10 (1.26) –0.60 (1.53) –0.19 (1.15) 2.35 (1.35) 0.64 (1.23) 2.14 (0.95) –1.38 (1.47)
0.462 0.171 0.594 0.485 0.693 0.865 0.085 0.606 0.028

∗
0.352

b-Block 0.74 (1.47) 0.05 (1.52) –3.15 (1.47) –1.92 (1.28) –1.02 (1.55) –0.40 (1.10) –1.51 (1.37) –1.58 (1.30) –0.61 (0.97) 1.38 (1.49)
0.616 0.972 0.036

∗
0.138 0.512 0.714 0.274 0.229 0.531 0.365

Diuretics 0.65 (1.70) 2.22 (1.75) 0.95 (1.66) –0–19 (1.47) 1.73 (1.79) 0.16 (1.22) 2.38 (1.57) 1.45 (1.48) –1.14 (1.11) 1.16 (1.72)
0.702 0.270 0.569 0.894 0.335 0.892 0.134 0.332 0.207 0.499

Ca-antag –1.25 (1.91) –3.13 (1.28) 0.76 (1.98) 0.34 (1.67) –0.54 (2.03) –0.79 (1.43) –2.54 (1.79) –2.08 (1.75) 1.96 (1.26) –1.17 (1.95)
0.514 0.118 0.702 0.835 0.788 0.582 0.159 0.239 0.125 0.547

a-block 2.64 (7.24) 9.19 (7.59) –4.49 (6.72) –4.85 (6.39) –5.54 (7.75) –3.78 (5.14) –1.17 (6.84) –4.17 (5.92) –4.90 (4.84) –1.17 (7.45)
0.716 0.229 0.462 0.450 0.477 0.464 0.864 0.483 0.315 0.876

RAAS-I –0.70 (1.48) –0.75 (1.53) 2.44 (1.50) –0.05 (1.29) –2.17 (1.57) –0.71 (1.07) 036 (1.38) –0.40 (1.33) 0.19 (0.98) 0.18 (1.51)
0.368 0.623 0.110 0.964 0.170 0.508 0.796 0.760 0.839 0.905

c CV SBP b (SE) P value CV DBP b (SE) P value

Variable 24hBPM By Physicians By nurses Self-measur. By beat-to-beat 24hBPM By Physicians By nurses Self-measur. By beat-to-beat

Age –0.12 (0.15) –0.21 (0.18) 0.13 (0.25) 0.20 (0.25) 0.31 (0.19) 0.09 (0.25) –0.75 (0.21) –0.15 (0.27) 0.31 (0.32) 0.41 (0.31)
0.404 0.252 0.611 0.463 0.108 0.713 0.017

∗
0.590 0.332 0.281

Gender, 1.27 (0.66) 0.64 (0.88) 1.13 (1.21) 1.51 (1.25) 0.84 (0.91) 0.02 (1.16) 0.45 (1.49) 0.52 (1.32) 1.65 (1.54) 0.89 (1.50)
male 0.097 0.472 0.354 0.230 0.359 0.980 0.761 0.695 0.287 0.533
BMI 0.02 (0.05) –0.10 (0.02) 0.17 (0.09) 0.03 (0.09) 0.03 (0.07) 0.08 (0.09) 0.024 (0.11) 0.25 (0.10) –0.01 (0.11) 0.07 (0.12)

0.731 0.127 0.070 0.747 0.646 0.376 0.829 0.014
∗

0.986 0.951
Height –0.03 (0.04) –0.04 (0.05) 0.07 (0.06) –0.01 (0.06) 0.09 (0.05) –0.06 (0.06) 0.08 (0.07) 0.002 (0.07) 0.014 (0.08) 0.006 (0.08)

0.412 0.352 0.291 0.866 0.059 0.327 0.295 0.968 0.912 0.939
Diabetes 0.24 (0.70) –0.05 (0.84) 2.90 (1.14) 0.15 (1.18) 0.36 (0.86) –0.04 (1.10) 0.20 (1.40) 0.78 (1.25) 0.532 0.84 (1.45) 0.29 (1.42)

0.725 0.995 0.013
∗

0.900 0.673 0.974 0.883 0.564 0.835
Anti-Diab 0.26 (1.28) 1.10 (1.50) 0.84 (2.05) –2.31 (2.11) 0.39 (1.55) 1.23 (1.99) 0.50 (1.51) 1.28 (2.23) –2.14 (2.60) 0.41 (2.54)

0.841 0.465 0.683 0.277 0.802 0.537 0.842 0.567 0.414 0.873
DYS 0.07 (0.66) 0.43 (0.80) –0.95 (0.10) 1.58 (1.32) 0.88 (0.83) 0.57 (1.06) 0.08 (1.34) 0.01 (1.19) 1.08 (1.39) 1.11 (1.36)

0.913 0.591 0.390 0.165 0.291 0.592 0.952 0.986 0.441 0.415
Smoking –1.16 (0.83) –1.30 (0.98) 0.17 (1.33) 0.006 (1.26) 0.70 (1.01) 0.82 (1.32) –1.38 (1.63) –0.71 (1.45) –0.30 (1.70) 0.05 (1.66)

0.168 0.186 0.900 1.000 0.494 0.363 0.402 0.626 0.860 0.973
HYP –1.28 (0.83) 1.33 (1.02) 0.64 (1.40) –0.45 (1.43) 0.19 (1.05) 1.21 (1.32) 0.86 (0.72) –2.07 (1.52) –0.42 (1.77) 1.15 (1.73)

0.168 0.270 0.650 0.754 0.859 0.363 0.613 0.177 0.812 0.508
CVD 0.41 (0.70) 1.30 (0.81) 0.13 (1.12) 0.44 (1.15) 0.68 (0.84) –1.05 (1.10) 0.33 (1.37) 0.43 (1.21) –1.34 (1.42) 1.21 (1.38)

0.588 0.144 0.911 0.701 0.420 0.344 0.809 0.723 0.350 0.386
Creatinine 0.004 (0.005) –0.11 (0.02) –0.009 (0.009) 0.001 (0.009) –0.001 (0.007) 0.001 (0.003) –0.009 (0.001) 0.004 (0.001) 0.007 (0.02) –0.001 (0.001)

0.444 0.115 0.309 0.914 0.858 0.634 0.936 0.672 0.535 0.349
PWV 0.41 (0.69) 1.02 (0.83) –0.34 (1.13) 0.58 (1.16) –1.41 (0.56) –0.32 (1.16) 2.70 (1.31) 1.02 (1.23) –1.68 (1.43) –2.14 (1.40)

0.558 0.219 0.766 0.619 0.103 0.782 0.054 0.406 0.246 0.130
b-Block –0.27 (0.70) –1.07 (0.83) –1.33 (1.50) –2.67 (1.18) –0.24 (0.86) 0.26 (1.10) –0.50 (1.40) –0.01 (1.25) –0.72 (1.47) 0.94 (1.42)

0.699 0.202 0.250 0.026 0.799 0.817 2.73 0.990 0.621 0.511
Diuretics 0.23 (0.80) 1.50 (0.96) –0.91 (1.32) 0.04 (1.35) 1.58 (0.99) 0.20 (1.23) 2.17 (2.61) 0.33 (1.43) –2.06 (1.67) 1.47 (1.63)

0.771 0.125 0.491 0.972 0.117 0.877 0.159 0.817 0.221 0.372
Ca-antag 0.24 (0.90) –1.67 (1.09) –0.50 (1.50) –0.51 (1.53) 0.32 (1.13) 1.26 (1.44) –2.60 (1.83) –2.17 (1.63) 1.43 (1.90) 0.35 (1.85)

0.790 0.131 0.737 0.740 0.779 0.385 0.159 0.186 0.453 0.850
a-block 3.74 (3.40) 2.60 (4.18) –2.80 (5.70) –3.00 (5.88) –4.80 (4.32) –5.20 (5.17) 0.96 (6.99) 7.35 (6.23) –3.26 (7.27) –2.78 (7.10)

0.276 0.535 0.626 0.611 0.271 0.318 0.891 0.241 0.655 0.696
RAAS-I 0.22 (0.69) 0.42 (0.82) 1.66 (1.16) 0.62 (1.19) –0.82 (0.87) 0.72 (1.07) 0.45 (1.41) 0.77 (1.26) –0.58 (1.47) –0.25 (1.43)

0.745 0.621 0.156 0.600 0.352 0.505 0.748 0.542 0.694 0.858

Data are shown as b coefficient (Standard Error, SE).
a-block= alpha-blocker, b-Block=beta blockers, D-BP=delta blood pressure, 24hBPM=24hours Blood Pressure Monitoring, ARV= average real variability, Ca-antag=Calcium antagonists, CV= coefficient
of variation, RAAS-I= renin angiotensin aldosterone system inhibitors.
∗
P value<.05.
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fluctuations, does not, however, tell us in which way BPV itself
impacts on the progression of vascular damage. In our data,
moreover, PWV was significantly higher in the High-BPV group.
Finally, a rise in PWV correlates with an increase in BP variability
for both 24hBPM and measurements obtained by physicians.
Recently, great interest was shown in exploring the contribu-

tion of different classes of antihypertensive medications on BPV.
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In our study, we attempt to provide an estimation of the impact of
calcium antagonists, diuretics, alpha-blockers, beta-blockers, and
renin angiotensin aldosterone system inhibitors on BPV. As
suggested from previous findings, we confirm the association
between the use of calcium antagonists and low BPV values.
Interestingly, the effect of calcium antagonists on beat-to-beat
BP variability was not previously highlighted. Furthermore,
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increasing the interest in the topic, it was shown in a previous
study, that BPV reduction related to calcium antagonist treatment
was associated with a concomitant improvement in baroreflex
sensitivity, suggesting this mechanism as one of the components
of BP stabilization.[30] Diuretics and, as recently shown, alpha-
blockers, confirm on the contrary an association with higher BPV
values.[31]

Moreover increasing evidence suggests a relationship between
BPV and, falls, symptomatic hypotension and syncope, mostly in
elderly people.[32,33] However, in our study, due to the limited
number of patients admitted for the cited diagnoses, we were
unable to conduct a targeted sub-analysis. For the same reason,
even if some diagnoses justifying hospital admission, especially
infections, could impact BPV, we did not investigate their
potential role.
We have to acknowledge some limitations of our study. Firstly,

the observational design, which does not allow to conclude
definitively about causality. Moreover, some strong associations
found in our data could not be recognizable in younger patient or
in population samples with other characteristics. As a conse-
quence of structural vessel changes, diminished baroreflex
sensitivity and enhanced response to sympathetic activation
related to increased arterial stiffness, elderly patients represent, in
fact, a population with a non-linear and extremely variable
pattern of arterial aging and BP behavior. [34] Moreover, our
study was conducted in hospitalized patients; in a setting far from
the patient’s everyday life in which blood pressure shows a
peculiar pattern, related to several influencing factors (e.g., stress
generating circumstances, prescription of drugs influencing BP,
. . . ), susceptible to impact on reliability and variability and
associated with a higher prevalence of symptomatic and
asymptomatic orthostatic hypotension.[35]

Finally, even if we did not consider the BP values of the first 2
days, to reduce in particular the impact on BP of the adrenergic
response to environmental adaptation and the magnitude of
white coat hypertension, we cannot exclude a residual hospital
mediated “stress-response”.
In this fascinating but still cloudy research field, we can

conclude on 1 hand that, individual characteristics and
antihypertensive treatments are susceptible to producing peculiar
blood pressure variability patterns and on the other that, the way
blood pressure is measured and variability is calculated play a
significant role. Age, PWV, diuretics, alpha-blockers, but also
measurements obtained by nurses, increase blood pressure
variability while calcium antagonists reduce it. The cited factors
of variability are highly prevalent in the in-hospital internal
medicine population; setting in which antihypertensive treat-
ments are often readapted. Blood pressure profiles obtained on
the wards, potentially provide important information; they are
however difficult to interpret and influenced by numerous biases.
A unique consensus about the way of measuring blood pressure
variability and their significance as a function of the patients’
characteristics would be helpful.
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