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Introduction: The aim of our study was to evaluate visit-to-visit blood pressure variability (BPV) and the association of this parameter with cardiovascular risk determinants, according to the SEPHAR II survey.
Methods: Following a selection based on the multi-stratified proportional sampling procedure, a total of
1975 subjects who gave informed consent were evaluated by means of a questionnaire, anthropometric,
blood pressure (BP) and arterial stiffness measurements (pulse wave velocity and augmentation index),
12-lead ECG recordings, and blood and urine analysis. BPV was quantified in terms of the standard deviation
(SD) of the mean systolic blood pressure (SBP) and high BPV was defined as SBP-SD above the 4th quartile. Total cardiovascular risk was assessed by the 2013 ESH/ESC risk stratification chart.
Results: Mean BP was 132.37/82.01 mmHg. Mean systolic BPV was 6.16 mmHg, with 24.62% of values
above the 75th percentile (≥8.48 mmHg). Factors found to be associated with high systolic BPV were age,
SBP, pulse pressure, total and LDL-cholesterol, triglycerides, visceral obesity, diabetes mellitus, metabolic
syndrome and increased aortic stiffness. In addition, in the hypertensive group high BPV was associated
with the severity of hypertension and a lack of treatment control. Both visit-to-visit systolic BPV and aortic
stiffness proved to be positively and independently correlated with the risk category. Based on these parameters it was possible to predict with 72.6% accuracy the probability of finding subjects in a high and very
high cardiovascular risk category.
Conclusions: The results of our study indicate a notable prevalence of high BPV, affecting almost a quarter
of the Romanian adult population. Visit-to-visit systolic BPV and arterial stiffness are strongly correlated and
together might contribute to the improvement of cardiovascular risk prediction models.

B

lood pressure variability (BPV)
can be assessed either by standard deviation (SD) or by the
coefficient of variation (the within-subject SD normalized for mean blood pres-

208 • HJC (Hellenic Journal of Cardiology)

sure). These parameters can be calculated
from repeated measurements in a clinical setting, which characterizes the intervisit variability, or from successive measurements at short time intervals obtained

Visit-to-Visit Blood Pressure Variability

during 24-hour ambulatory blood pressure (BP) monitoring.1,2
Visit-to-visit BPV has been considered mostly as
a random fluctuation around a baseline, with some
dependence on office BP measurement accuracy. 3,4
Data gathered during the past 30 to 40 years, in both
experimental and clinical studies, have brought clarifications regarding the determinants and the significance of BPV.5 A strong body of evidence indicates
that visit-to-visit BPV is a reproducible, rather than
a random phenomenon, 6 and has an important impact on cardiovascular outcome.1,7-11 In 2000, Hata
et al reported, in a retrospective case-control study,
that office BPV, as expressed by the systolic and diastolic variation coefficient, was an independent predictor of brain infarction in elderly hypertensive patients.7 Subsequently, in 2002, the same author and
his team revealed that diastolic office BPV is a predictor of myocardial infarction in treated hypertensives.8 In another study by Kikuya et al, day-by-day
systolic BPV, defined as within-subject SDs of home
measurements, was associated with cardiovascular
and stroke mortality, but not with cardiac mortality.1
In 2010, an analysis derived from the ASCOT-BPLA
study showed that residual visit-to-visit variability of
systolic BP was a strong predictor of stroke and coronary events in treated hypertensives, independent
of mean systolic BP in clinic or ambulatory measurements.9 Results from the NHANES III survey have
emphasized that systolic BPV is associated with a
50% increase in mortality risk for an SD≥8.35 mmHg
in comparison with an SD<4.80 mmHg.10 Recently, it
has been reported that increased visit-to-visit BP fluctuations are significant indicators of cognitive impairment in high-risk elderly subjects.11
More information is needed regarding the distribution of BPV in the general population, since the
available data about visit-to-visit BPV are derived specifically from analyses of selected populations (treated
or older hypertensives). In addition, finding the link
between high BPV and increased cardiovascular risk
may be considered as an open field of research. Consistent data indicate that overall 24-hour BPV is associated with target organ damage,12,13 but very few studies have addressed the association of visit-to-visit BPV
with cardiac and vascular damage. Several hypotheses
have been proposed to explain the mechanisms underlying increased BPV. It has been suggested that arterial
stiffness may be one factor.14
The aim of our study was to evaluate visit-to-visit
BPV and the association of this parameter with con-

ventional and emerging cardiovascular risk determinants according to the SEPHAR II survey (Study for
the Evaluation of Prevalence of Hypertension and
Cardiovascular Risk in Romania).
Methods
Study population
SEPHAR II is a cross-sectional national survey, approved by the local Ethics Committee and conducted on a representative sample of the Romanian adult
population. The sample selection was based on the
multi-stratified proportional sampling procedure and
is described in detail elsewhere.15 Between 15th October 2011 and 15th March 2012, 2044 of the 2223
subjects approached by the investigators gave written
consent to participate in the study. At the end of the
study, only 1975 subjects provided valid data for analysis (completed questionnaires and both study visits),
giving a response rate of 69.06%.
Data collection
The study comprised two study visits, 7-10 days
apart. During the first visit, carried out at the subject’s home, a trained general practitioner administered a 76-item questionnaire (including information on demographics, lifestyle, medical history, and
main cardiovascular risk factors) and measured BP,
heart rate and anthropometric parameters: weight—
using an approved electronic scale, model Tanita
HD 95 (maximum deviation of 0.1 kg); height—using a measuring device (maximum deviation of 0.5
cm); waist circumference, hip circumference, and
arm circumference—using a tailor’s measuring tool
(maximum deviation of 0.5 cm). During the second
visit, performed at the general practitioner’s office,
each subject had BP and heart rate measurements,
laboratory tests, a 12-lead ECG—using a General Electric CardioSoft MAC600 1.02 device—and
measurement of arterial stiffness parameters using
a Medexpert Arteriograph IrDA system: aortic augmentation index (AIXao) and aortic pulse wave velocity (PWVao).
Fasting blood and urine samples were collected by trained nurses representing a central laboratory (Synlab Romania) for laboratory workup (fasting plasma glucose, glycated hemoglobin, total serum
cholesterol, serum triglycerides, high-density lipoprotein [HDL]-cholesterol, low-density lipoprotein
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[LDL]-cholesterol, serum creatinine, and serum uric
acid, microalbuminuria and urinary creatinine).
Blood pressure measurements
At each study visit, three BP measurements were
made using an automatic oscillometric BP measuring
device – model A&D UA 95 Plus (A&D Company
Limited, Tokyo, Japan) certified by the Association
for the Advancement of Medical Instrumentation.
Measurements were separated by at least 1 minute, in
accordance with ESH/ESC recommendations.16
BP measurements were performed on the first
visit at any time of day, depending on the availability
of the enrolled subjects. On the second visit, BP measurements were made in the morning. On both occasions, the patient was not allowed to smoke, drink
coffee, or do exercise for 30 minutes before the BP
measurements.
BP values were defined by the arithmetic mean of
the second and third measurements from each of the
2 study visits. The first BP measurement was not taken into account.
Blood pressure variability
Based on previous evidence, visit-to-visit BP variability was assessed as the SD of the mean systolic blood
pressure (SBP).1,9-11
Study subgroups
The study participants were divided into 4 subgroups
according to the quartiles of SBP-SD. A separate
analysis was conducted for hypertensive subjects.
Arterial stiffness measurements
The arterial stiffness parameters PWVao and AIXao
were measured during the second study visit, using an
Arteriograph IrDA (Medexpert, Budapest, Hungary). This device determines PWV and AIX by analysis
of the oscillometric pressure curves registered on the
upper arm. Measurements were performed according to a specific methodology. The reproducibility of
measurements with this device is 1.18 m2/s2.17
Definitions
Hypertension and target organ damage were defined
according to current ESH/ESC guidelines,16 and di210 • HJC (Hellenic Journal of Cardiology)

abetes mellitus (DM) in conformity with the actual
position statement of the American Diabetes Association.18 Obesity was diagnosed by a body mass index ≥30 kg/m2 and visceral obesity by a waist-to-hip
ratio >0.95 for males and >0.85 for females. Metabolic syndrome and the reference values for lipids
were defined using NCEP ATP III criteria.19 Lipid
disorders were defined as follows: total serum cholesterol ≥200 mg/dL, LDL-cholesterol ≥130 mg/dL,
HDL-cholesterol ≤40 mg/dL for men and ≤50 mg/dL
for women, triglycerides ≥150 mg/dL. Left ventricular
hypertrophy was assessed by Cornell product ≥2440
mm·ms on 12-lead ECGs. Renal impairment was considered mild if eGFRMDRD was between 60-90 mL/
min/1.73m2 and moderate to severe if eGFRMDRD was
<60 mL/min/1.73m2. Albuminuria was defined by a
urinary albumin to creatinine ratio of 30-300 mg/g,
while values >300 mg/g defined macroalbuminuria.
Cardiovascular risk categories were defined according to the current ESH/ESC risk stratification chart.16
Statistical analysis
A descriptive analysis (means, medians, standard deviations, and range for continuous data and frequency analysis for categorical data) was performed for all
the target variables. The 25th, 50th and 75th percentiles were calculated in order to determine the 4 quartiles of the SBP-SD distribution.
The Kolmogorov–Smirnov test was used to analyze continuous data distribution, according to which
ANOVA or the Kruskal–Wallis test were further used
in analysis for differences between means of the 4 independent study subgroups. The chi-square test was
used to analyze differences between categorical data.
Bivariate correlation analysis (Spearman correlation coefficient calculation) was used to validate the
association between BPV and variables for which statistically significant differences between the 4 study
subgroups were highlighted.
Binary logistic regression using a stepwise likelihood ratio method including multicollinearity testing
(tolerance less than 0.1 and VIF value greater than
10) was used for validation of predictors of high and
very high total cardiovascular risk category (as dependent variable).
Adjustments for major confounders (age, sex,
differences in mean SBP between the 2 study visits,
heart rate, total cholesterol, LDL-cholesterol, triglycerides, visceral obesity, diabetes mellitus, and smoking) were made whenever considered appropriate.

Visit-to-Visit Blood Pressure Variability

The performance of the prediction model was assessed by receiver operating characteristics (ROC)
curve.
Statistical analysis was performed using IBM
SPSS Statistics 20.0 software at a chosen significance
threshold of p<0.05.
Results
The characteristics of the study group are summarized in Table 1.
Blood pressure variability
Mean BP was 132.37/ 82.01 mmHg. The standard deviation of SBP across the two study visits ranged beTable 1. Baseline characteristics of the study group.
Age (years)
Female
Medical history
• Myocardial infarction
• Interventional myocardial revascularization
• Surgical myocardial revascularization
• Stroke
Smoking
Obesity
• Body mass index ≥30 kg/m2
• Waist to hip ratio >0.95 in males, >0.85
in females
Diabetes mellitus
Metabolic syndrome (ATP III)
Lipid profile
• Total cholesterol (mg/dL)
• Hypercholesterolemia
• LDL-cholesterol (mg/dL)
• High LDL-cholesterol
• HDL-cholesterol (mg/dL)
• Low HDL-cholesterol
• Triglycerides (mg/dL)
• Hypertriglyceridemia
Arterial stiffness
• PWVao (m/s)
• AIXao (%)
SBP (mmHg)
SBP-SD (mmHg)
• 25th percentile
• 50th percentile
• 75th percentile
Diastolic blood pressure (mmHg)
Pulse pressure (mmHg)

47.14 ± 15.41
1038 (52.6)
44 (2.3)
19 (1)
3 (0.2)
41 (2.2)
532 (27.1)
536 (27.5)
844 (45.8)
201 (10.2)
1339 (68.2)
205.16 ± 46.22
1004 (50.84)
133.03 ± 42.04
979 (49.57)
54.83 ± 16.98
580 (29.37)
128.67 ± 117.9
506 (5.62)
8.98 ± 2.25
30.34 ± 17.2
132.37 ± 21.34
6.16 ± 6.97
1.41
3.89
8.49
82.01 ± 11.25
50.46 ± 15.93

Values are given as mean ± SD (standard deviation) for continuous data
and absolute number (percent) for categorical data. ATP III – Adult
Treatment Panel III; HbA1c – glycated hemoglobin; PWVao – aortic pulse
wave velocity, AIXao – aortic augmentation index, SBP – systolic blood
pressure; SBP-SD – standard deviation of systolic blood pressure.

tween 0 and 72.12 mmHg, having a mean value of
6.16 mmHg. The 25th, 50th, and 75th percentile values were 1.41 mmHg, 3.88 mmHg, and 8.48 mmHg,
respectively. The first quartile included SD values
<1.41 mmHg, the second quartile included values between 1.41-3.88 mmHg, the third quartile included
values between 3.89-8.48 mmHg, and the fourth quartile included values ≥8.49 mmHg.
Almost one quarter (24.62%) of the study group
had an SD of the SBP values in the highest quartile.
Mean heart rate was 74.57 ± 10.10 beats per minute, ranging from 46 to 143 beats per minute, 63.4%
of subjects having a heart rate above 70 beats per
minute (1253 cases).
Rates of hypertension prevalence, treatment, and
control
Hypertension was detected in 798 subjects (40.41%);
472 (59.1%) of the hypertensive subjects were treated
and only 111 (25%) of treated patients achieved BP
values <140/90 mmHg.
Distribution of cardiovascular risk categories
Cardiovascular risk categories were distributed as follows: low risk, 843 subjects (42.7%); moderate risk,
423 subjects (21.4%); high risk, 294 subjects (14.9%),
very high risk, 415 subjects (21%). High to very high
cardiovascular risk class was thus identified in 709
cases (35.9%).
Distribution of risk determinants across the four
quartiles of blood pressure variability
Age, SBP, and pulse pressure were higher in the 4th
quartile than in the other 3 quartile groups (p<0.0001),
with no significant differences for heart rate or sex.
Similar distributions were observed for total and LDLcholesterol levels and triglycerides (Table 2).
The proportion of obese subjects defined by waist
to hip ratio increased significantly from the first quartile group (p=0.001), while no significant differences
were observed among the four groups for obesity defined by body mass index (p=0.065).
Between the first and the fourth SBP-SD quartile
there was a slight increase in the percentage of diabetic subjects (p=0.029) and a highly significant rise
in the number of hypertensives (p<0.0001). Consequently, the metabolic syndrome was preponderant
in the fourth quartile group, with 198 cases (29.3%)
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Table 2. Characteristics across quartiles of standard deviation of systolic blood pressure.
Q1

Age (years)
Female sex
Male sex

Q2

Q3

Q4

n=410

n=556

n=503

n=506

44.24 ± 15.35
213 (52.0)
197 (21)

45.57 ± 14.80
298 (53.6)
258 (27.5)

46.61 ± 14.93
261 (51.9)
242 (25.8)

51.75 ± 15.61
266 (52.6)
240 (25.6)

p
<0.0001*
NS†
NS†

Smokers
SBP (mmHg)

108 (26.5)
127.39 ± 19.56

156 (28.2)
129.44 ± 19.44

138 (27.7)
132.26 ± 21.18

130 (25.9)
139.77 ± 22.93

NS†
<0.0001*

Total cholesterol (mg/dL)

197.47 ± 43.6

204.21 ± 45.34

204.80 ± 45.7

212.81 ± 48.69

0.0001‡

Pulse pressure (mmHg)

47.98 ± 14.89

48.53 ± 14.21

49.96 ± 15.34

55.09 ± 18.03

0.0001*

LDL-cholesterol (mg/dL)

126.82 ± 40.37

131.66 ± 41.43

133.18 ± 40.86

139.43 ± 44.38

<0.0001*

Triglycerides (mg/dL)

111.86 ± 74.58

126.68 ± 100.69

133.02 ± 152.11

140.18 ± 123.67

<0.0001*

Obesity by WHR

161 (17.9)

253 (28.1)

225 (25)

260 (28.9)

0.001†

HT
MS

128 (16)
95 (15.2)

260 (32.6)
198 (31.9)

<0.0001†
<0.0001†

HDL-cholesterol (mg/dL)

Obesity by BMI (kg/m2)
DM

55.86 ± 16.98
94 (17.5)

30 (14.9)

55.33 ± 17.05
147 (27.4)
51 (25.4)

214 (26.8)
170 (27.3)

53.69 ± 16.86
138 (25.7)
54 (26.9)

196 (24.6)
160 (25.7)

54.59 ± 17.01
157 (29.3)
66 (32.8)

NS*
NS†

0.003†

*Kruskal-Wallis test; †chi-square test; ‡ANOVA; NS – not statistically significant (p≥0.05). Values are presented as mean ± standard deviation for
continuous data and absolute number (percent) for categorical data. Q1-4 quartiles of SBP-SD; SBP – systolic blood pressure; BMI – body mass index;
WHR – waist-to-hip ratio; DM – diabetes mellitus; HT – hypertension; MS – metabolic syndrome.

versus 95 cases (23.5%) in the first group (p<0.0001)
(Table 2).
PWVao had significantly higher values among subjects from the fourth quartile group compared to the
values recorded in the other three groups, rising from
a mean value of 8.69 ± 2.22 m/s up to 9.34 ± 2.18 m/s
(p=0.001). AIXao had a similar distribution across the
four study groups, with highest values among the fourth
quartile group and an increase from a mean value of
28.05 ± 16.43% up to 34.61 ± 17.18% (p<0.0001). All
these differences remained statistically significant after adjustment for age, visceral obesity, lipid disorders,
mean SBP, and pulse pressure (Figure 1).
The proportion of subjects in the high and very
high cardiovascular risk categories increased significantly from the first quartile to the fourth (from 102
subjects, 24.9%, to 250 subjects, 49.4%; p<0.0001),
differences that remained statistically significant after adjusting for age, visceral obesity, medical history,
lipid disorders, mean SBP, and pulse pressure.
Distribution of risk determinants across the four
quartiles of blood pressure variability in hypertensive
subjects
Differences in aortic stiffness parameters were minor,
reaching the statistical significance threshold only for
PWVao (Table 3).
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Although in the highest quartile group the number of hypertensive subjects with subclinical target
organ damage was higher than in the other three
groups, this difference did not reach statistical significance, most probably because of the low number of
subjects in each group (Table 3).
The proportion of hypertensive subjects with
uncontrolled BP values increased among the four
groups, independently of the grade of hypertension.
The highest proportion of uncontrolled hypertensive
subjects was recorded in the fourth quartile group:
241 cases (35.4%) (p<0.0001) (Table 3).
Blood pressure variability and cardiovascular risk
categories
Factors found to be associated with increased BPV in
the whole group were: age (r s=0.173, p<0.0001);
S B P ( r s= 0 . 2 1 0 , p < 0 . 0 0 0 1 ) ; p u l s e p r e s s u r e
(r s=0.152, p<0.0001); lipid profile, i.e. total cholesterol (r s =0.104, p<0.0001), LDL-cholesterol
(rs=0.099, p<0.0001), and triglycerides (r s=0.111,
p<0.0001); visceral obesity (rs=0.073, p=0.001); diabetes mellitus (rs=0.067, p=0.003); metabolic syndrome (rs=0.111, p<0.0001); parameters of aortic
stiffness, PWVao (r s=0.115, p<0001) and AIXao
(rs=0.139, p<0.0001); and cardiovascular risk category (rs=0.158, p<0.0001).
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Figure 1. Distribution of arterial stiffness parameters across quartiles of SBP-SD. SBP – systolic blood pressure; PWVao – aortic pulse
wave velocity; AIXao – aortic augmentation index; SD – standard deviation.
Table 3. Distribution of target organ damage and severity of hypertension across quartiles of standard deviation of systolic blood pressure
in hypertensive subjects.

Age (years)
Female
Male
Target organ damage
• LVH on ECG
• Microalbuminuria
• Macroscopic proteinuria
• Serum creatinine (mg/dL)
• eGFR < 60 mL/min/m2
• PWVao
• AIXao
Smokers
SBP (mmHg)
Pulse pressure (mmHg)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Triglycerides (mg/dL)
Severity
• Controlled HT
• Uncontrolled HT
• Grade I HT
• Grade II HT
• Grade III HT

Q1
n=128

Q2
n=214

Q3
n=196

Q4
n=260

p

57.55 ± 13.69
80 (18.3)
48 (13.3)

54.93 ± 14.22
107 (24.4)
107 (29.7)

57.16 ± 12.54
105 (24)
91 (25.3)

59.59 ± 12.82
146 (33.3)
114 (31.7)

0.002*
NS†
NS†

1 (4)
8 (14)
0 (0)
0.74 ± 0.18
6 (13.3)
10.03 ± 2.26
38.93 ± 16
23 (14.4)
127.39 ± 19.56
47.98 ± 14.89
208.86 ± 42.34
135.73 ± 37.46
57.61 ± 17.84
120.17 ± 66.92

7 (28)
17 (29.8)
3 (27.3)
0.75 ± 0.17
10 (22.2)
9.83 ± 2.25
36.87 ± 16.59
48 (30)
129.44 ± 19.44
48.53 ± 14.21
216.53 ± 48.64
139.5 ± 43.35
55.78 ± 19.43
156 ± 63.23

7 (28)
9 (15.8)
3 (27.3)
0.81 ± 1.07
10 (22.2)
10.65 ± 10.6
40.25 ± 17.68
28 (17.5)
132.26 ± 21.18
49.96 ± 15.34
214.79 ± 46.43
138.28 ± 40.94
53.10 ± 17.18
155.89 ± 61.16

10 (40)
23 (40.4)
5 (45.5)
0.78 ± 0.29
19 (42.2)
10.25 ± 9.9
40.39 ± 16.07
61 (38.1)
139.77 ± 22.93
55.09 ± 18.03
217.83 ± 47.67
143.05 ± 43.8
53.72 ± 16.74
170.89 ± 69.78

NS*
NS*
NS*
NS‡
NS*
0.046†
NS†
NS†
<0.0001‡
0.0001‡
0.0341†
0.0390‡
NS‡
0.015‡

20 (16.9)
108 (15.9)
66 (21.6)
34 (13.2)
8 (6.8)

42 (35.6)
172 (25.3)
103 (33.8)
55 (21.3)
14 (12)

37 (31.4)
159 (23.4)
62 (20.3)
74 (28.7)
23 (19.7)

19 (16.1)
241 (35.4)
74 (24.3)
95 (36.8)
72 (61.5)

<0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

*Chi-square test; †ANOVA; ‡Kruskal-Wallis test; NS – not statistically significant (p≥0.05). Values are presented as absolute number (percent) for categorical
data and mean ± standard deviation for continuous data. Q1-4 quartiles of SBP-SD; SBP – systolic blood pressure; PWVao – aortic pulse wave velocity;
AIXao – aortic augmentation index; LVH – left ventricular hypertrophy; eGFR – estimated glomerular filtration rate by Modification of Diet in Renal
Disease formula; HT – hypertension
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Regression analysis
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0.6

0.4
Model 1 Predicted probability
Model 2 Predicted probability
Model 3 Predicted probability
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Model 5 Predicted probability
Reference Line

0.2
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0.0

0.2

0.4

0.6

0.8

1.0

1 - Specificity
Figure 2. ROC curve for high and very high cardiovascular risk
category prediction. ROC – receiver operating characteristic; CV
– cardiovascular; SBP – systolic blood pressure; PWVao – aortic
pulse wave velocity; AIXao – aortic augmentation index; PP –
pulse pressure; SD – standard deviation.

Model 1: -2 log likelihood = 2514.52; R2=0.032 (Cox & Snell);
0.044 (Nagelkerke), model χ2=40.01. Variables in equation: SBPSD quartiles, constant; 64.1% power of correctly predicting high
and very high total CV risk category.

Model 2: -2 log likelihood = 1242.87; R2=0.152 (Cox & Snell);
0.210 (Nagelkerke), model χ 2=45.06. Variables in equation:
PWVao, constant; 69.7.% power of correctly predicting high and
very high total CV risk category.
Model 3: -2 log likelihood = 1414.87; R2=0.125 (Cox & Snell);
0.172 (Nagelkerke), model χ 2=42.03. Variables in equation:
AIXao; 69.5.% power of correctly predicting high and very high
total CV risk category.
Model 4: -2 log likelihood = 1170.83; R2=0.206 (Cox & Snell);
0.284 (Nagelkerke), model χ2=37.26. Variables in equation: SBPSD quartiles, PWVao, AIXao, constant; 72.6.% power of correctly
predicting high and very high total CV risk category.
Model 5: -2 log likelihood = 765.03; R 2=0.450 (Cox & Snell);
0.624 (Nagelkerke), model χ2=59.51. Variables in equation: SBPSD quartiles, PWVao, AIXao, mean SBP, PP, age, constant;
84.7.% power of correctly predicting high and very high total CV
risk category.

In the hypertensive group, in addition to the
abovementioned factors (age, SBP, pulse pressure,
lipid profile, visceral obesity, diabetes mellitus, and
metabolic syndrome), increased BPV was associated
with severity of hypertension (rs=0.283, p<0.0001)
and lack of treatment control (rs=0.111, p<0.002).
There was also a significant direct association between PWVao and BPV (rs=0.112, p<0.014).
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The probability of an adult subject with BPV≥8.49
mmHg belonging to a high or very high cardiovascular risk category was 2.95 times higher than that
of one with BPV<1.41 mmHg (95%CI: 2.22-3.92,
p<0.0001) (Figure 2, Model 1).
For every 1 m/s increase in PWVao, the odds of
belonging to a high or very high cardiovascular risk
category rose by 1.51 (95%CI: 1.41-1.61, p<0.0001)
(Figure 2, Model 2), and for every 1% increase in
AIXao this probability rose by 1.05 (95% CI: 1.041.06, p<0.0001) (Figure 2, Model 3).
Based only on the aforementioned 3 parameters
(Figure 2, Model 4) it was possible to predict with
72.6% accuracy the probability of finding subjects
in a high or very high cardiovascular risk category.
Furthermore, the addition of BPV and arterial stiffness parameters to mean SBP, pulse pressure, and
age increased the accuracy of the prediction model to
84.7% for detecting persons with a high or very high
estimated cardiovascular risk (Figure 2 - Model 5).
Discussion
While relatively few data are available for BPV evaluation at a population level, this study reports results
based on a representative sample for an East European country. Almost a quarter of our adult population were found to have high systolic BPV. The cutoff
value of the highest quartile of SBP-SD found in our
study (8.48 mmHg) is similar to the value obtained in
the NHANES III survey (8.3 mmHg).10
Our results show that high systolic BPV is associated with age, SBP, pulse pressure, total and LDLcholesterol, triglycerides, visceral obesity, diabetes
mellitus, metabolic syndrome, and increased aortic
stiffness. Moreover, both visit-to-visit systolic BPV
and aortic stiffness proved to be positively and independently correlated with the risk category. Based
on these parameters it was possible to predict with
72.6% accuracy the probability of finding subjects in a
high or very high cardiovascular risk category.
BPV and arterial stiffness are considered emerging indicators of cardiovascular risk. On the one
hand, we have already underlined the data that sustain the association of high BPV with cardiovascular
morbidity and mortality.1,7-11 On the other hand, arterial stiffness is currently considered as a cumulative measure of the damaging effects of cardiovascular risk factors on the arterial wall,20 and there is an
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impressive amount of data to suggest that this emerging biomarker can independently predict cardiovascular events and increase the accuracy of risk prediction beyond the classical risk scores.21-27 The ability
of aortic stiffness parameters to predict future events
is stronger in high-risk populations compared to lowrisk populations, as was shown in a meta-analysis
published in 2010.28,29
The association of BPV with arterial stiffness highlights a pathogenetic link that could contribute to the
augmentation of cardiovascular risk. Data on the relationship between BPV and arterial stiffness are limited. The first report was published in relation to short
term BPV (assessed by ambulatory BP monitoring).14
Recently, the MESA study identified an association
between aortic distensibility and elasticity and longterm visit-to-visit variability.30 Our observations, based
on systolic visit-to-visit BPV and aortic stiffness evaluated by PWVao and AIXao, are among the few that
address the link between these two emergent markers
of risk. It is worth noting that visit-to-visit systolic BPV
was associated in our study mostly with conventional
risk factors that define the metabolic syndrome, a condition proved to amplify the age-associated increases
in vascular thickness and arterial stiffness.31 However,
most investigators consider that aortic stiffness induces high BPV mainly through sympathetic nerve activation32 and impaired baroreflex sensitivity.33
Study limitations
One important limitation of this study is related to the
methodological restrictions imposed by a population
survey. Therefore, BPV was investigated using measurements performed during only two study visits in two
different settings: the subject’s home and the general
practitioner’s office. In order to overcome the bias, the
same person (a specially trained general practitioner)
performed the measurements, using the same arm, and
the statistical analysis included adjustment for the difference in mean SBP between the two study visits.
Because of the logistic and financial aspects of the
SEPHAR II study, arterial stiffness parameters were
measured at only one study visit with an oscillometric device (Arteriograph) and not with Complior or SphygmoCor devices, which have defined reference values.34 However, published data acknowledge the close agreement
between arterial stiffness parameters (aortic PWV and
AIX) measured by the three different techniques.35-38
Although the use of antihypertensive medications
is recognized as a potential determinant of BPV, the

limited sample size of participants on antihypertensive monotherapy precluded a direct head-to-head
comparison of the drug classes’ effect on BPV.
Conclusions
This survey provides information about visit-to-visit BPV at a population level, showing that high BPV
(≥8.48 mmHg) has a significant prevalence (24.62%)
in the adult population of an East European country.
In addition, we found an association between visit-to-visit systolic BPV, arterial stiffness, and high and
very high cardiovascular risk categories, independent
of mean SBP, pulse pressure, or age. This result reveals a pathogenetic link between visit-to-visit systolic
BPV and arterial stiffness, with possible implications
for cardiovascular risk prediction beyond the classical
scores. The prediction model based on these parameters needs validation in a prospective survey.
Acknowledgments
The authors express their gratitude to those who contributed to the SEPHAR II study: Dr. Tomas Zdrojewski from Poland, for methodological aspects; Servier Pharma Romania, HelliMed and Arteriograph
SRL for financial and logistic support; and last but
not least, all the general practitioners, nurses, and
residents that were involved in this study.
The second author’s (Oana-Florentina Tautu)
work is supported by the Sectoral Operational Programme, Human Resources Development (SOP
HRD) 2007-2013, financed from the European Social
Fund and by the Romanian Government (contract
number POSDRU/107/1.5/S/82839)
This study received financial support from the
Romanian Society of Hypertension and from Servier
Pharma, Romanian branch.
References
1. Kikuya M, Ohkubo T, Metoki H, et al. Day-by-day variability of blood pressure and heart rate at home as a novel predictor of prognosis: the Ohasama study. Hypertension. 2008;
52: 1045-1050.
2. Kikuya M, Hozawa A, Ohokubo T, et al. Prognostic significance of blood pressure and heart rate variabilities: the
Ohasama study. Hypertension. 2000; 36: 901-906.
3. Clarke R, Shipley M, Lewington S, et al. Underestimation of
risk associations due to regression dilution in long-term follow-up of prospective studies. Am J Epidemiol. 1999; 150:
341-353.
4. MacMahon S, Peto R, Cutler J, et al. Blood pressure, stroke,
(Hellenic Journal of Cardiology) HJC • 215

R. Darabont et al

5.
6.
7.
8.

9.
10.

11.

12.
13.

14.

15.
16.

17.

18.
19.

20.

and coronary heart disease. Part 1, Prolonged differences in
blood pressure: prospective observational studies corrected
for the regression dilution bias. Lancet. 1990; 335: 765-774.
Parati G, Faini A, Valentini M. Blood pressure variability: its
measurement and significance in hypertension. Curr Hypertens Rep. 2006; 8: 199-204.
Howard SC, Rothwell PM. Reproducibility of measures of visit-to-visit variability in blood pressure after transient ischaemic
attack or minor stroke. Cerebrovasc Dis. 2009; 28: 331-340.
Hata Y, Kimura Y, Muratani H, et al. Office blood pressure
variability as a predictor of brain infarction in elderly hypertensive patients. Hypertens Res. 2000; 23: 553-560.
Hata Y, Muratani H, Kimura Y, et al. Office blood pressure
variability as a predictor of acute myocardial infarction in elderly patients receiving antihypertensive therapy. J Hum Hypertens. 2002; 16: 141-146.
Rothwell PM, Howard SC, Dolan E, et al. Prognostic significance of visit-to-visit variability, maximum systolic blood pressure, and episodic hypertension. Lancet. 2010; 375: 895-905.
Muntner P, Shimbo D, Tonelli M, Reynolds K, Arnett DK,
Oparil S. The relationship between visit-to-visit variability in
systolic blood pressure and all-cause mortality in the general
population: findings from NHANES III, 1988 to 1994. Hypertension. 2011; 57: 160-166.
Nagai M, Hoshide S, Ishikawa J, Shimada K, Kario K. Visitto-visit blood pressure variations: new independent determinants for cognitive function in the elderly at high risk of cardiovascular disease, J Hypertens. 2012; 30: 1556-1563.
Frattola A, Parati G, Cuspidi C, Albini F, Mancia G. Prognostic value of 24-hour blood pressure variability. J. Hypertens. 1993; 11: 1133-1137.
Sander D, Kukla C, Klingelhöfer J, Winbeck K, Conrad B.
Relationship between circadian blood pressure patterns and
progression of early carotid atherosclerosis: A 3-year followup study. Circulation. 2000; 102: 1536-1541.
Schillaci G, Bilo G, Pucci G, et al. Relationship between
short-term blood pressure variability and large-artery stiffness in human hypertension: findings from 2 large databases.
Hypertension. 2012; 60: 369-377.
Dorobanţu M, Darabont R, Ghiorghe S, et al. Hypertension prevalence and control in Romania at a seven-year interval. Comparison of SEPHAR I and II surveys. J Hypertens. 2014; 32: 39-47.
Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC
Guidelines for the management of arterial hypertension: the
Task Force for the management of arterial hypertension of the
European Society of Hypertension (ESH) and of the European
Society of Cardiology (ESC). J Hypertens. 2013; 31: 1281-1357.
Baulmann J, Schillings U, Rickert S, et al. A new oscillometric method for assessment of arterial stiffness: comparison
with tonometric and piezo-electronic methods. J Hypertens.
2008; 26: 523-528.
Standards of medical care in diabetes–2013. Diabetes Care.
2013; 36 Suppl 1: S11-66.
National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III). Third Report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III)
final report. Circulation. 2002; 106: 3143-3421.
Nilsson PM, Boutouyrie P, Laurent S. Vascular aging: A tale
of EVA and ADAM in cardiovascular risk assessment and

216 • HJC (Hellenic Journal of Cardiology)

prevention. Hypertension. 2009; 54: 3-10.
21. Laurent S, Boutouyrie P. Arterial stiffness as an early marker
of organ damage. In: Berbari AE, Mancia G, editors. Special
issues in hypertension. Italia: Springer-Verlag; 2012. p. 9-18.
22. Willum-Hansen T, Staessen JA, Torp-Pedersen C, et al.
Prognostic value of aortic pulse wave velocity as index of arterial stiffness in the general population. Circulation. 2006;
113: 664-670.
23. Mitchell GF, Hwang SJ, Vasan RS, et al. Arterial stiffness
and cardiovascular events: the Framingham Heart Study. Circulation. 2010; 121: 505-511.
24. Sutton-Tyrrell K, Najjar SS, Boudreau RM, et al. Elevated
aortic pulse wave velocity, a marker of arterial stiffness, predicts cardiovascular events in well-functioning older adults.
Circulation. 2005; 111: 3384-3390.
25. Wang KL, Cheng HM, Sung SH, et al. Wave reflection and
arterial stiffness in the prediction of 15-year all-cause and
cardiovascular mortalities: a community-based study. Hypertension. 2010; 55: 799-805.
26. Mitchell GF, Hwang SJ, Vasan RS, et al. Arterial stiffness
and cardiovascular events: the Framingham Heart Study. Circulation. 2010; 121: 505-511.
27. Naka KK, Bechlioulis A. Vascular biomarkers in cardiovascular risk prediction: the central role of the cardiologist. Hellenic J Cardiol. 2014; 55: 181-183.
28. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of
cardiovascular events and all-cause mortality with arterial
stiffness: a systematic review and meta-analysis. J Am Coll
Cardiol. 2010; 55: 1318-1327.
29. Vlachopoulos C, Alexopoulos N, Stefanadis C. Aortic stiffness: prime time for integration into clinical practice? Hellenic J Cardiol. 2010; 51: 385-390.
30. Shimbo D, Shea S, McClelland RL, et al. Associations of aortic distensibility and arterial elasticity with long-term visitto-visit blood pressure variability: the Multi-Ethnic Study of
Atherosclerosis (MESA). Am J Hypertens. 2013; 26: 896-902.
31. Scuteri A, Najjar SS, Muller DC, et al. Metabolic syndrome
amplifies the age-associated increases in vascular thickness
and stiffness. J Am Coll Cardiol. 2004; 43: 1388-1395.
32. Narkiewicz K, Winnicki M, Schroeder K, et al. Relationship
between muscle sympathetic nerve activity and diurnal blood
pressure profile. Hypertension. 2002; 39: 168-172.
33. Mancia G, Parati G, Pomidossi G, Casadei R, Di Rienzo M,
Zanchetti A. Arterial baroreflexes and blood pressure and heart
rate variabilities in humans. Hypertension. 1986; 8: 147-153.
34. Determinants of pulse wave velocity in healthy people and in
the presence of cardiovascular risk factors: ‘establishing normal and reference values’. Eur Heart J. 2010; 31: 2338-2350.
35. Boutouyrie P, Revera M, Parati G. Obtaining arterial stiffness indices from simple arm cuff measurements: the holy
grail? J Hypertens. 2009; 27: 2159-2161.
36. Parati G, De Buyzere M. Evaluating aortic stiffness through
an arm cuff oscillometric device: is validation against invasive
measurements enough? J Hypertens. 2010; 28: 2003-2006.
37. Rajzer MW, Wojciechowska W, Klocek M, Palka I, Brzozowska-Kiszka M, Kawecka-Jaszcz K. Comparison of aortic pulse
wave velocity measured by three techniques: Complior, SphygmoCor and Arteriograph. J Hypertens. 2008; 26: 2001-2007.
38. Jatoi NA, Mahmud A, Bennett K, Feely J. Assessment of arterial stiffness in hypertension: comparison of oscillometric
(Arteriograph), piezoelectronic (Complior) and tonometric
(SphygmoCor) techniques. J Hypertens. 2009; 27: 2186-2191.

