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Abstract
Romania is an East European country with high mortality rates for ischemic heart and cerebrovascular diseases largely attributable to an increased level of uncontrolled hypertension. We aimed to analyze the data of SEPHAR II epidemiological study
in order to identify the factors associated with treatment control in Romanian hypertensives. A total of 1975 subjects, selected
on the base of stratified proportional sampling and consented to participate in the study, were evaluated during the two study
visits. Hypertension was diagnosed according to current ESH-ESC guidelines (≥140/80 mmHg). High blood pressure (BP) variability was defined as visit-to-visit standard deviation (s.d.) of systolic blood pressure (SBP) situated in the 4th percentile with
values ≥8.49 mmHg (Q4_SBP_s.d.). Arterial stiffness recordings were realized with an oscillometric device (Medexpert Arteriograph IrDA). According to the multivariate analysis for the validation of parameters associated with lack of BP control were
found significant: a low level of education [OR=2.86; 95% confidence interval (CI) 1.84-4.45, p<0.0001] or income [OR=1.04;
95% CI 1.03-1.05, p<0.0001], increased aortic pulse wave velocity (PWVao) [OR=1.32; 95% CI 1.23-1.43, p<0.0001], high BP
variability [OR=0.15; 95% CI 0.07-0.33, p<0.0001] and treatment with less than 3 antihypertensive or with ≥ 3 drugs, not including a diuretic [OR=1.91; 95% CI 0.95-3.84, p<0.031]. These results are confirming the association of uncontrolled hypertension with a low level of education or income, are highlighting the efficiency of ≥ 3 drug associations including a diuretic and
are launching the attention of the effects of arterial stiffness and SBP variability on BP levels under antihypertensive treatment.
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Arterial hypertension was assigned the leading risk factor by
Global Burden of Disease Study in 2010, responsible for 9.4
million deaths each year [1, 2]. Despite an impressive arsenal
of drugs for this condition the therapeutic control of arterial
©The Author(s) 2016. This article is published with open access
under the terms of the Creative Commons Attribution License.
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hypertension remains unsatisfactory [3]. Persistence of high
blood pressure under antihypertensive treatment is associated with increased cardiovascular risk [4] and uncontrolled
hypertension remains the main cause of fatal stroke, as it
was reconfirmed in PREV-ICTUS study [5].
Romania is an East European country with high mortality rates for ischemic heart and cerebrovascular diseases
[6]. This feature is largely attributable to an increased level
of uncontrolled hypertension. SEPHAR (Study for the Evaluation of Prevalence of Hypertension and Cardiovascular
Risk in Romania) and SEPHAR II surveys are two epidemiological studies conducted in Romania in 2005 and 20112012 respectively, addressing the prevalence of arterial
hypertension and of the associated risk factors in a representative sample for the adult population of this country.
These studies revealed an important improvement in the
proportion of treated hypertensives - from 39% to 59%,
while the rate of treatment control rose only from 20% to
25% in these seven years [7]. Therefore, we aimed to analyze
the data of SEPHAR II study in order to identify the factors
associated with hypertension control in treated hypertensives.
Methods
SEPHAR II is a cross-sectional national survey, approved by
the local Ethics Committee.
According to the last census data, reported by the National Institute of Statistics, the adult stable population in
Romania accounted 16 833 541 people in 2011 [7]. With a
previously estimated 40% prevalence of arterial hypertension and a maximum error of ±2.18% at a confidence level
of 95% the minimum required sample size for SEPHAR II
study had to include 1942 individuals [8].
The sample selection was based on the multi stratified
proportional sampling procedure and it is detailed elsewhere [9, 10]. At the end of the study 1975 individuals selected and consented to participate in the study had eligible
data for analysis. These individuals have been evaluated between 2011- 2012 in two study visits with a 76 item questionnaire, anthropometric parameters and three blood pressure
(BP) measurements recorded on visit 1 and with laboratory
workup, BP, electrocardiography (ECG) and arterial stiffness
measurements on visit 2.
BP measurements were realized with an automatic oscillometric device model A&D UA 95 Plus, certified by the
Association for the Advancement of Medical Instrumenta20

tion and European Society of Hypertension. At each study
visit three consecutive BP measurements were taken at time
interval of at least 1 min, with a cuff size adapted to arm circumference. Hypertension was defined as systolic blood
pressure (SBP) at least 140 mmHg and or diastolic blood
pressure (DBP) at least 90 mmHg at both study visits, using
the arithmetic mean of the second and third BP measurements of each study visit or previously diagnosed hypertension. Hypertension control was considered for SBP less than
140 mmHg and DPB less than 90 mmHg in subjects under
current treatment, recording the maximum value between
the two SBP/DBP values from each visit. Visit-to-visit BP
variability was assessed as the standard deviation (SD) of the
mean SBP [11-13]. The ECG recording was performed with
a General Electric CardioSoft MAC600 1.02 device and the
arterial stiffness parameters – aortic augmentation index
(AIXao) and aortic pulse wave velocity (PWVao) – were evaluated using Medexpert Arteriograph IrDA system.
Diabetes mellitus (DM) was stated in conformity with
the current definition of the American Diabetes Association
at the time of database analysis [14]. Obesity was recorded
as a body mass index ≥30 kg/m2 and visceral obesity when
a waist-to-hip ratio was >0.95 in males and >0.85 in females.
Metabolic syndrome and the reference values for lipids were
defined according to NCEP ATP III criteria [15]. Left ventricular hypertrophy was assessed by Cornell product ≥2440
mm x ms on 12-lead ECG. Renal impairment was affirmed
and classified based on eGFRMDRD and the presence or absence of albuminuria. Cardiovascular risk categories were
evaluated according to the current ESH/ESC risk stratification chart [3].
A large variety of factors have been associated with hypertension control in different populational studies. Our
data allowed us to evaluate the following parameters in regard with hypertension control: age, gender, level of education and income, area of residence, medical insurance
status, conventional risk factors or emerging risk factors - arterial stiffness parameters or BP variability, target organ
damage, history of overt cardiovascular disease, reported
lifestyle changes and the characteristics of antihypertensive
treatment.
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. Kolmogorov-Smirnov test was used to analyze continuous data distribution, according to which independent
samples T test or Mann-Whitney U test were further used
in analysis for differences between means of 2 independent
©The Author(s) 2016
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Table 1. Distribution of variables between patients with controlled blood pressure in comparison with those with uncontrolled blood pressure.

Age (years)
Gender
• Female
• Male

Income (RON)

Area of residence
• Rural
• Urban

Level of education
• No education
• Primary
• Secondary
• High

Controlled
BP values
N = 118

Uncontrolled
BP values
N = 354

p value for
differences

60.05 ± 12.25

61.39 ± 11.16

NS*

69 (58.8)
49 (41.5)

224 (63.3)
130 (36.7)

NS**
NS**

SOCIODEMOGRAPHIC CHARACTERISTICS

800 (200-5000)

700 (0-8472)

0.021**

21 (17.8)
97 (82.2)

127 (35.9)
227 (64.1)

<0.0001
<0.0001

3 (2.5)
24 (20.3)
59 (50)
32 (27.1)

11 (3.1)
99 (28)
199 (56.2)
45 (12.7)

0.003
0.003
0.003
0.003

rs for correlation
with BP control

-0.043
-0.110

p value for
correlation with
BP control
NS
NS
0.021

-0.169

<0.0001

-0.141

0.002

CONVENTIONAL CV RISK FACTORS

Obesity
• by BMI
• by WC

52 (44.4)
78 (66.7)

174 (49.9)
241 (68.3)

NS**
NS**

0.047
0.015

NS
NS

DM

31 (26.3)

89 (25.2)

NS**

0.011

NS

0.006**

0.126

NS**

0.015

Smoking

19 (26.4)

Hypercholesterolemia

50 (42.4)

Hypertriglyceridemia

3 (30)

High LDL-cholesterol

53 (15.1)

NS**

219 (81.4)

<0.0001**

7 (70)

NS**

0.014

NS

0.174

<0.0001

0.017

NS

51 (43.2)

203 (57.7)

Mixed dyslipidemia

37 (31.4)

116 (33)

Target organ damage
• LVH on ECG
• UACR: 30-300mg/g
• PWVao
• PWVao >10m/s
• Q4_SBP_s.d

4 (3.7)
9 (7.6)
9.94±2.15
34 (47.9)
19 (16.1)

13 (4.5)
29 (8.3)
10.53±2.37
104 (52.5)
155 (43.8)

NS**
NS**
0.049*
NS**
<0.0001**

0.016
0.011
-0.135
0.041
0.248

NS
NS
0.026
NS
<0.0001

44 (37.3)

98 (27.2)

0.033**

-0.191

0.049

0.217

<0.0001

Antihypertensive treatment
≥3 drugs (D)

Self-evaluation of BP values
• Normal/low
• High
• Don’t know

62 (56.9)
39 (35.8)
8 (7.3)

EMERGING CV RISK FACTORS

OTHER FACTORS

101 (32)
196 (62)
19 (6)

<0.0001**
<0.0001**
<0.0001**

0.006
NS

Values are presented as mean±s.d. for parametric continuous variable, median (range) for nonparametric continuous variables, and total
number (percent) for categorical variables; *independent samples t test; **chi
square test; ***Mann-Whitney U test; NS: non statistical
significant (p >0,05); rs: Sperman correlation coefficient; BP: blood pressure; BMI: body mass index;, WC: waist circumference; DM: diabetes
mellitus; LVH: left ventricular hypertrophy; ECG: electrocardiogram; UACR: urinary albumin to creatinine ratio; PWVao: aortic puls-wave
velocity; Q4_SBP_s.d.: 4th quartile of SBP s.d. distribution (SBP’ s.d values > 8.49mmHg); D: diuretic; CV: cardiovascular
©The Author(s) 2016
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study subgroups. 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 BP control and variables for which statistically
significant differences between the 2 study subgroups.
Binary logistic regression using a stepwise Likelihood
ratio method including multicolliniarity testing (tolerance
less than 0.1 and VIF value greater than 10) was used for
validation of predictors of BP control in treated hypertensive
patients (as dependent variable).
Performance of the prediction model was assessed by
ROC curve (Receiver Operating Characteristics).
Statistical analysis was performed using IBM SPSS Statistics 20.0 software at a chosen significance threshold of p
<0.05.
Results
Distribution of variables between patients with controlled
in comparison with those with uncontrolled hypertension
are presented in Table 1. Two remarks are worth making.
Firstly, BP control was not correlated with age, gender, associated cardiovascular risk factors (except for dyslipidemia), left
ventricular hypertrophy on ECG or microalbuminuria
(UACR=30-300 mg/g). Secondly, uncontrolled blood pressure
was positively correlated with rural area of residence, a lower
level of education or income, hypercholesterolemia consisting in high concentrations of plasmatic LDL-cholesterol, increased PWVao, high BP variability defined as visit-to-visit
standard deviation of SBP situated in the 4th percentile,

Predictors

B

Wald

0.37

0.82

Income

0.03

ED_cat

Area of residence

95% CI for OR

1.45

0.65 – 3.25

0.56

0.23-1.34

1.05

21.74

< 0.0001

2.86

0.23

0.27

0.602

1.26

0.53-2.97

<0.0001

1.32

1.23-1.43

0.046

0.86

-1.91

1.69

3.257

0.031

0.150

3.964

Constant

1.492

0.193

< 0.0001

55.53

0.644

0.365

21.67

-0.28

3_AHT_D

22

OR

1.04

Q4_SBP_sd

EV_BP

It is difficult to compare BP control in different countries
due to a high disparity between studies: variable age groups
and categories of subjects, different blood pressure measurement methodologies, and, from the previous to the current
ESH Guidelines for the management of arterial hypertension, different thresholds of control depending on risk category [3, 16-17].
SEPHAR II study, conducted on a representative sample for the Romanian adult population during 2011-2012,
showed that only 24% of patients are attending target blood
pressure values under antihypertensive treatment [3]. Similar results have been previously reported by BP-CARE survey, but on treated hypertensives evaluated in outpatient
offices from nine Central and Eastern European countries,
indicating a rate of 26% for hypertension control in Romania [18]. The most appropriate comparison of BP control

<0.0001

0.59

PWVao

Discussion

47.19

Hypercholesterolemia
High LDLcholesterol

P value

more precisely ≥8.49 mmHg (Q4_SBP_s.d.) and self-estimation of BP values as being high, whereas was inversely correlated with antihypertensive treatment based on ≥3 drugs,
including a diuretic.
After multivariate analysis for the validation of parameters associated with lack of BP control remained significant
only: a low level of education or income, increased PWVao
or Q4-_SBP_s.d., treatment with less than 3 antihypertensive or with ≥3 drugs, not including a diuretic and self-estimation of BP as being high (Table 2). The model has 75.9%
power of correctly predicting uncontrolled hypertension
(Figure 1).

1.673

<0.0001

0.15
1.91

4.445

1.03-1.05

1.84-4.45

0.07-0.33

0.95-3.84
0.74-0.99

Table 2. Model for prediction of BP control in
treated hypertensive patients.

Ed_cat: level of education; Q4_SBP_sd: 4th quartile
of systolic blood pressure’ standard deviation;
PWVao: aortic pulse weave velocity, 3_AHT_D: at
least 3 antihypertensive drugs including 1 diuretic;
EV_BP: self-assessment of BP values; OR: odds
ratio; 95% CI: 95% confidence interval; ns: no statistical significant (p > 0.05); The model has 75.9%
power of correctly predicting high and very high
total CV risk
©The Author(s) 2016
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Figure 1. ROC Curve for prediction model of BP control in treated
hypertensives. ROC: Receiver Operating Characteristic. Model 1:
-2 Loglikelihood = 241.51; R2 = 0.151 (Cox&Snell); 0.220 (Nagelkerke), model χ2 = 42.97; Variables in equation: Income; Ed_cat;
PWVao; Q4_SBP_sd; E_BP; 3_AHT_D; constant; 75.9% power
of correctly predicting BP control in treated hypertensives. Ed_cat:
level of education; Q4_SBP_sd: 4th quartile of systolic blood pressure’ standard deviation; PWVao: aortic pulse weave velocity,
3_AHT_D: at least 3 antihypertensive drugs including 1 diuretic;
EV_BP: self-assessment of BP values.

rates in Romania should be done with Poland, because the
main surveys addressing hypertension and associated risk
factors realized in the last years in those countries - SEPHAR
and NATPOL – are based on the same methodology [9].
The available data from Poland are indicating also a low rate
of treatment control in hypertension – 21%, but they were
collected in different periods of time, almost ten years before
SEPHAR II study [19]. Studies conducted more recently are
showing higher trends of BP control in certain countries
from western Europe: 37% in Italy [20], 22% for men and
38% for women in France – the MONA LISA study [21]
and 49% in Switzerland - 2009 Swiss Hypertension Survey
(SWISSHYPE) [22].
In our study BP control was not associated with age, as
in BP-CARE study [18], while other studies have opposite
results, from a better [23] to a worst control among older
hypertensives [21].
©The Author(s) 2016

We did not found a correlation of BP control with
other risk factors, except for LDL-cholesterol. These were
unexpected results taking into account that a series of studies have found a lower BP control in the presence of additional cardiovascular risk factors, including smoking, obesity
or dyslipidemia [22, 24-26]. However, for certain conditions
the association with blood pressure control remains controversial, as for diabetes mellitus. Despite a well-recognized
difficulty to control hypertension in patients with diabetes
mellitus [21, 27], some surveys have revealed the presence
of this pathology as a predictor for a higher therapeutic control in hypertension [23, 28]. The association of BP control
with subclinical organ damage was emphasized in other
studies, but we have to mention that some of them have
been conducted on individuals having a higher profile of
cardiovascular risk, like in BP-CARE survey, than that including a general population of a country [18].
The results of SEPHAR II study are in line with previously reported associations of BP control with high educational level and mean income per family, being better in
urban as compared with rural area of residence [21, 29-31].
Also, BP at goal prevailed significantly under three or more
drugs, including a diuretic, compared with less than two or
three or more drugs without a diuretic. This data are converging with the recent assumption that three-drug combinations can control hypertension in about 90% of patients
with the condition of an active identification of patients and
affordable access to therapy [32]. The lack of arterial hypertension control in individuals with self-estimation of BP values as being high worth a special attention. They are aware
of their condition, but could be without resources or determination to take care of their own or might be the subjects
of inappropriate medical care.
Our study revealed a significant correlation of BP control with emergent factors of cardiovascular risk prediction
- blood pressure variability and aortic stiffness (evaluated by
PWVao). Both, BP variability (high versus low standard deviation) and PWVao, are independent predictors of cardiovascular morbidity and mortality [33-38]. Moreover, data
from ASCOT-BPLA showed that residual visit-to-visit variability of systolic BP was a strong predictor of stroke or coronary events in treated hypertensives [39]. In a previous
analysis of SEPHAR II study we have found a significant
correlation between BP variability and PWVao [40], and the
current data are supporting the hypothesis that aortic stiffness induces high BP variability through sympathetic nerve
activations and impaired barorefelex sensitivity [41]. Finally,
in a retrospective study PWV was a highly sensitive marker
23
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of the effective BP control throughout all decades of age,
but the authors have concluded that this observation was
needing confirmation from other studies [42]. We have to
notice that the lack of BP control increased with PWVao
throughout the values of arterial stiffness parameter and not
delimited by the current cut-off for abnormal PWV established at >10m/sec [43].
The limits of this study consists in the fact that we have
analyzed only a part of the factors related to the patient that
could influence BP control and none of those related to medical care characteristics, due to the specific methodology of a
populational study. Moreover, we did not evaluate the efficacy
of antihypertensive treatment through 24-hour blood pressure
monitoring which is a better tool for BP control assessment.
Impact of variables like stress, anxiety and depression, the duration and quality of sleep or the level of salt consumption
will be addressed in the upcoming survey SEPHAR III for the
prevalence of arterial hypertension and associated risk factors
in Romania. The results of this study are waited also in order
to find out if the intensive program of continuing medical
education developed by the Romanian Society of Hypertension during 2012-2015 have contributed to the improvement
of blood pressure control in our country.

Conclusions
According to binary logistic regression the lack of BP control
was correlated with low levels of education or income, increased PWVao or high blood SBP variability and treatment
with less than 3 antihypertensive or with ≥ 3 drugs not including a diuretic. These results are confirming the association of uncontrolled hypertension with a low level of
education or income, are highlighting the efficiency of ≥ 3
drug associations including a diuretic and are launching the
attention of the effects of arterial stiffness and SBP variability on BP levels under antihypertensive treatment.
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