Journal of Human Hypertension (2021) 35:884-895
https://doi.org/10.1038/541371-020-00417-z

ARTICLE

Check for
updates

High-normal blood pressure and related cardiovascular risk factors
prevalence in the Romanian adult population: insights from
the SEPHAR Il study

Calin Pop®'"? - Oana Florentina Gheorghe Fronea@®3* - Lavinia Pop' - Adriana losip' - Viorel Manea' -

Lucian Dorobantu® - Coralia Cotoraci’ - Cornelia Bala@®® - Dana Pop’ - Maria Dorobantu®*

Received: 15 March 2020 / Revised: 28 May 2020 / Accepted: 15 September 2020 / Published online: 25 September 2020
© The Author(s), under exclusive licence to Springer Nature Limited 2020

Abstract

High normal blood pressure (HNBP) is associated with an increased risk of incident high blood pressure (HBP) and of
cardiovascular diseases (CVD). To estimate the prevalence of HNBP and related cardiovascular risk factors, a representative
sample of 1970 Romanian adults was enrolled in SEPHAR III survey (Study for the Evaluation of Prevalence of
Hypertension and Cardiovascular Risk in Romania). All were evaluated for blood pressure values and by a 71-item
questionnaire, anthropometric measurements, together with extensive evaluation for target organ damage, blood, and urine
sample collection. Prevalence of HNBP was 11% [45.1% had HBP, 43.9% normal BP (NBP)]. HNBP individuals were older
(51.14 £ 17.13 years) than subjects with NBP (40.5 + 15.96 years) but younger than those with HBP (55.79 + 15.68 years),
p <0.0001 (95% CI 18-85, respectively 18-91). Values of weight, waist circumference, body mass index, total and LDL
cholesterol, triglycerides, fasting blood glucose, glycosylated hemoglobin (HbAlc), uric acid, serum creatinine, glomerular
filtration rate estimate by CKD-EPI equation, urinary albumin to creatinine ratio, intimae—media thickness, arterial stiffness
measurements and diastolic dysfunction, indexed left ventricular mass, interventricular septum and posterior left ventricle
wall thickness, left atrial volume, and LA dilatation were significantly higher in HNBP subjects than in NBP. Our study
showed that individuals with HNBP represent ~11% and most of them had an elevated total cardiovascular risk. It is
essential to educate the public and health care providers to be aware of these individuals and of steps that should be taken to
treat modifiable cardiovascular risk factors.

Introduction

In 2017, the US guidelines classify the 130-139 mmHg/
80-89 mmHg range as stage 1 high blood pressure (HBP)
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[1]. For the same blood pressure (BP) values, the former
2013, and the new 2018 European Society of Cardiology
(ESC) Guidelines for the management of arterial hyper-
tension consider those with 120—129 mmHg and/or 80—84
mmHg to have normal blood pressure (NBP) and those with
130-139 mmHg and/or 85-89 mmHg to have high normal
blood pressure (HNBP), with the intent to alert patients and
physicians to provide lifestyle education and sometimes
medications [1-3]. There is heterogeneity within this cate-
gory, who include 25-50% of adults worldwide, associated
with an increased risk of incident HBP at a rate of 8§-20%
reported in studies lasting 2—4 years, and also associated
with increased risk of cardiovascular diseases (CVD).
Among these individuals, for those who are middle-aged
and without diabetes (DM), the 10-year absolute risk of
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CVD is about 10% and rises to 40% in the presence of DM
and/or established CVD. ESC guidelines use the term
HNBP instead of “prehypertension” because the risk of
progressing to HBP and developing CVD is higher in
individuals with BP values of 130-139/85-89 mmHg than
in those with BP values of 120-129/80-84 mmHg [3, 4].
The use of antihypertensive therapy in patients with HNBP
who are at high risk (calculated Risk SCORE 25% and
<10%) and very high risk (calculated Risk SCORE 210%)
decreases the risk of CVD and death by about 15% [4, 5].

Romania, as previously shown in the three-national-
representative surveys [SEPHAR 1 (2005), SEPHAR II
(2012)], and SEPHAR III (2016)—Study for the Evaluation
of Prevalence of Hypertension and Cardiovascular Risk in
Romania], is a high cardiovascular risk East European
country with a high prevalence of HBP of 45.1% [6-9].

This study aims to evaluate the prevalence of HNBP and
to find if adults with HNBP associate more often other
cardiovascular risk factors than normotensives, and also to
provide a basis for future preventives strategies for HBP
and CVD.

Methods

Detailed SEPHAR III methodology has been previously
published; therefore, we present below only those aspects
regarding the collection of SEPHAR III data that are the
object of this study [8, 9].

SEPHAR llI: sample selection and data collection

The SEPHAR III survey was conducted between November
2015 and April 2016, in two stages. For an adult Romanian
population of 16,269,839 adult citizens, of which 40.41%
were estimated to be hypertensive patients (based on
SEPHAR I and II survey results), with a maximum error
of 2.18%, at a confidence level of 95%, the minimum
required sample size for representativity was 1379 study
participants [6, 7].

Like previous SEPHAR surveys, following a multi-
stratified sampling procedure, a representative sample of
Romanian adults (aged between 18 and 80 years), has been
randomly selected from the database of population records,
following the principle of equality of chances of being
enrolled in the study, regardless of the size of the place of
residency. The stratification criteria were: Romania’s terri-
torial regions (eight regions), type of residence (rural and
urban), gender and age groups (18-24, 25-34, 35-44,
45-54, 55-64, and 65-80 years). During the two study
visits, scheduled in the morning at a 4-day interval, all
enrolled individuals were evaluated by the following:
71-item survey questionnaire [of which 11 items regarding

sociodemographic data; 12 items regarding medical history
(including past medical and family history) and risk factors
(smoking, leisure time, physical activity); 3 items assessing
dietary habits (salt, fats and alcohol intake); 11 items about
the knowledge of methods of CVD prevention and com-
plications; 2 items regarding medication, 13 items for eva-
luation of state of depression], anthropometric and BP
measurements, together with evaluation for target organ
damage, blood, and urine sample collection after proper
fasting time (8—10h prior). The study protocol and its
implementation procedures were supervised by the project
reviewers and approved by the Local Ethics Committee.

Blood pressure measurement

BP measurement technique and definitions of hypertensions
were in line with both 2013 and 2018 ESH/ESC Guidelines
[2, 3]. At each study visit, three BP measurements were
performed at 1 min interval using an automatic certified
BP measuring device, with an adjustable cuff for arm cir-
cumferences from 24 to 42 cm. BP values were calculated
using the arithmetic mean of the second and third BP
measurement of each study visit.

Diagnostic criteria

The classification of optimal, NBP, HNBP, and HBP were
done in accordance with the 2013 ESH/ESC Guidelines,
unchanged by the new 2018 guidelines [2, 3]. The BP
category is defined by the highest level of BP, whether
systolic (SBP) or diastolic (DBP): Ex—HNBP, defined as
not being on antihypertensive medication and having an
SBP of 130-139 mmHg and/or DBP of 85-89 mmHg (136/
70 mmHg was classified as HNBP, but 136/90 mmHg as
HBP, 126/70 mmHg was classified as NBP, but 126/85
mmHg as HNBP).

HBP was defined as SBP at least 140 mmHg and/or DBP
at least 90 mmHg at both visits and previously diagnosed
hypertension with antihypertensive treatment during the
previous 2 weeks, regardless of BP values. Controlled BP
values were defined by SBP less than 140 mmHg and DBP
<90 mmHg at both study visits, in hypertensive patients
who were receiving antihypertensive treatment.

Risk factors and diagnostic categories

Detailed SEPHAR III data collection for risk factors and
diagnostic categories has been previously published [8, 9].

The SEPHAR III’s questionnaire included items dedicated
to HBP-related comorbidities: coronary heart disease (CHD),
heart failure (HF), atrial fibrillation (AF), transient ischemic
attack (TIA), stroke, peripheral artery disease (PAD), and
renal failure (RF), including the need for dialysis.
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The use of the special medical caravan—SEPHAR BUS,
fully equipped with medical and laboratory equipment
required for the clinical, paraclinical, and laboratory testing-
allowed to perform a complete evaluation of target organ
damage in a large number of subjects covering all of the
84 survey sites from the entire country.

Cardiovascular risk classification

We use charts for high risk countries, as recommended for
Romania in the 2016 edition of ESC cardiovascular disease
prevention guidelines. Total CV risk estimation was done
using SCORE risk estimation system recommended for
adults >40 years of age, unless they are automatically
categorized as being at high or very high risk [5].

Statistical analyses

Statistical analysis was performed with IBM SPSS Statistics
20.0 software at a significance level of p<0.05. A
descriptive analysis (means, medians, standard deviation,
and range for continuous data and frequency analysis for
categorical data) was performed for all the target variables.
Kolmogorov—Smirnov test was used to analyse continuous
data distribution, according to which appropriate tests were
further used in analysis: independent samples ¢ test or
Mann—Whitney U test for differences between means of two
independent groups, and ANOVA or Kruskal-Wallis test
for differences between means of three independent groups.
Chi-square test was used to analyse differences between
categorical data. Binary multiple logistic regression using a
stepwise likelihood ratio method including multicollinearity
testing (tolerance <0.1 and VIF value >10) was used for
validation of predictors of HNBP and HBP (as dependent
variable). Variables for which statistically significant
differences between the three study subgroups were high-
lighted, were used as independent variables (predictors) in
regression analysis. Data were weighted for region, locality
type, age groups, and gender.

Results
Response rate

From the total number of 4226 randomly selected addresses,
2124 adults signed written informed consent and were
enrolled in the study. A total number of 154 were lost to
follow-up; therefore, only 1970 study participants had eli-
gible data for analysis (complete questionnaires and both
study visits). The response rate in SEPHAR III survey was
72.58%.

SPRINGER NATURE

Prevalence of NBP, HNBP, and HBP

A total of 1970 subjects with complete data were included
in the statistical analysis: 1034 were females (52.4%) and
936 males (47.6%), p=0.03, 95% CI 0.3-9.1, mean age
48.5+17.5 years. Categorized by BP status, 865 (43.9%)
subjects had NBP, 216 (11%) subjects had HNBP and 889
(45.1%) subjects had HBP. Individuals with HBP were
older (mean age 55.7 £ 15.6 years) than those with HNBP
(mean age 51.1+17.1 years) and NBP (mean age 40.5 +
15.9 years), p<0.0001 (95% CI 18-85, respectively,
18-91).

Table 1. and associate Fig. 1 illustrates crude proportions
and graphic evolution of NBP, HNBP, and HBP accounted
for all participants by age in males and females.

Global rate of HBP awareness accounting for a rate of
80.9% [9].

Characteristics of study groups categorized by gender and
blood pressure status

Table 2 shows the characteristics of the three categories of
BP groups.

Values of SBP, DBP, weight, waist circumference, BMI,
TC, LDL and HDL cholesterol, TG, fasting blood glucose
(FBG), glycated hemoglobin HbAlc, uric acid, serum
creatinine, eGFR CKD-EPI, and albumin/creatinine ratio
were significantly higher in HNBP subjects than in NBP.
There were no significant differences for these variables
between HNBP and HBP subjects, respectively.

As expected, salt intake was significantly higher in HBP
and HNBP subjects compared with NBP ones (13.1+4.1
vs. 12.8 3.6 vs. 11.2 + 3.6 g/day, <0.0001). There were no
significant differences between HBP and HNBP subjects
regarding salt intake.

Arterial stiffness and ankle-brachial index (ABI) mea-
surements showed that aortic pulse wave velocity (Ao PWV)
was significantly higher in HNBP and HBP, while an ABI <
0.9 was more frequent in HBP group.

The evaluation of carotid arteries showed a higher
carotid intimae—media thickness (cIMT) in HNBP and HBP,
with more frequent instable plaques in the HBP group.

Transthoracic echocardiography (TTE) measurements
showed that values of indexed left ventricular mass
(LVMI), interventricular septum (ISV), and posterior left
ventricle wall thickness (PV), left atrial (LA) volume, and
LA dilatation, were higher in HNBP and HBP groups than
in NBP group. The rates of delayed and impaired relaxation,
as signs of diastolic dysfunction, defined by E/A and E/e’
ratio were 44% in HBP group vs. 41% in HNBP group (NS)
vs. 31% in NBP group (p <0.0001), being significantly
more frequent recorded in HBP and HNBP groups. Left
ventricular hypertrophy defined by LVMI and the LV
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Table 1 Prevalence of NBP, HNBP, and HBP accounted for all participants by age and gender.

P (95% CI)

HBP

HBP

HNBP

p (95% CI) HNBP

NBP

NBP

F

M (n)

Total (n)

Variables

F (n)

M ()

F (n) (95% CI)

M (1)

F (n)

M (n)

(n)

436 (42.2)° 0.06 (0.3-12.6)

453 (48.4)*

NS

511 (49.4)° 0.0007 (4.8-18.1) 129 (13.8) 87 (8.4)°

936° 1034° 354 (37.8)°

1970

Total

(%)

Age groups

NS

15 (14.7)°
36 (21.4)°

2 (1.9 15 (16.4)*
33 (21.9)*

503)P

12 (13)*

0.06 (0.5-26.3)

86 (83.4)°
127 (75.6)°
120 (62.5)

65 (70.6)*

103°

92?

195

18-24 years (%)
25-34 years (%)
35-44 years (%)

NS

NS
NS

24 (15.9)

0.003 (1.1-25.8)
0.07 (1.3-23)

94 (62.2)°

168°

151*

0.04 (0.6-32.4)

NS

50 (26.1)°

78 (43.9)"
77 (55)*
104 (68)*

22 (11.4)°
13 (8)°

23 (12.9)
20 (14.3)*

77 (43.2)*

1920
164°
176°

178%

370
304
329

267

76 (46.3)
102 (57.9)°

NS
NS

0.0008 (5.1-32.5)

NS

75 (45.7)°

43 (30.7)*

140°

45-54 years (%)
55-64 years (%)
65-74 years (%)
>75 years (%)

NS

20 (11.4)°
12 (8.7)°
13 (14)°

18 (11.7)*
14 (11)*

54 (30.7)°

31 (20.3)°

153*
129°
93¢

NS
NS

96 (69.6)°

91 (70.4)"
55 (59.2)°

NS
NS

NS
NS

30 (21.7)°

24 (18.6)"

138"
93>

61 (65.6)°

18 (19.3)*

19 (20.4)°

20 (21.5)°

186

NBP optimal and normal blood pressure, HNBP high normal blood pressure, HBP hypertension, M males, F' females, n numbers, % percentage, NS without statistical signification, 95% CI

confidence interval.

p<0.05.

(%)* Reported at column M.

(%)° Reported at column F.

90 %
80

70 S~ ' =TS
60 1d ~
50 ~
40

p -
30 4

P NBP
20 - —r

10

18-24 25-34 35-44 45-54 55-64 65-74 >75years
years years years years years years

Fig. 1 Evolution of NBP, HNBP, and HBP accounted for all
participants by age and gender. M males, F females, % percentage,
NBP optimal and normal blood pressure, *seseesee HNBP high
normal blood pressure, = == == HBP hypertension.

systolic dysfunction (defined by an LVEF <40%) increases
with BP values, being more frequent in the HBP group.

Association of risk factors with HNBP and HBP

The multivariable-adjusted ORs between HNBP and HBP
and various risk factors are presented in Table 3. Males are
more likely to have HNBP and to develop HBP. Age
(beginning from 55 years) and family history of CVD
(including HBP) are significantly associated with HNBP
and HBP. DM and dyslipidaemia are risk factors for HNBP
and significantly increase the risk of HBP. Overweight and
obesity were risk factors for both HNBP and HBP.
Although the state of depression is a well-recognized risk
factor for HBP, in our study the depression state was
not associated with HNBP. Compared to subjects with
an elementary education status, those with a higher school
education were less likely to have HNBP and HBP.
Daily alcohol consumption (300 ml wine or 30 ml strong
drinks) caused a modest, but non-significant rise in the risk
of HNBP and HBP. Cigarette smoking was not associated
with HNBP and was also found to have a significantly
negative association with HBP. Finally, salt intake is
significantly associated with HNBP and HBP, regardless of
age or sex.

After adjusting for age, gender, and family history of
CVD/HBP, individuals with overweight/obesity and those
with a high salt intake showed an increased risk for HNBP:
OR 1.62, CI 1.32-1.98, p <0.001, respectively OR 2.12, CI
1.67-2.68, p<0.001. Clustering of these two factors was
associated with a 3.52 higher OR (CI 2.78-4.76, p <0.001)
of HNBP compared with absence of the association.

Study groups related comorbidities and the risk of CVD

Related comorbidities among NBP, HNBP, and HBP sub-
jects are presented in Table 4.

SPRINGER NATURE
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Table 2 Characteristics of study groups categorized by BP status.

VARIABLES

NBP

HNBP

a

p
(95% CI)

HBP

pa, b

(95% CI)

Total—n, %

Mean age, years

Males—%

Female—%

SBP, mmHg

DBP, mmHg

Heart rate, bpm
Height, cm
Weight, kg

Waist circumference, cm

Body mass index

Obesity, %

Daily alcohol use, %
Current cigarette smokers %

Depression state, %

No formal education, %

Elementary school, %

High school, %

865 (43.9)

40.5+15.9

37.8

494

118.4+11.2

754+7.3

743+99
166.8 +9.5
72.4+154

89.1+13.3

259+49

24.6

45
28

13

14

41

216 (11)

S1L1+17.1

13.8

8.4

136.6 7.1

854+5.6

74.2+10.7
167.8 £10.3
82.4+16

99.05+13.2

29353

32.7

43
25

16

14

37

<0.0001 (27.03-37.7)

<0.0001 (8.1-13.01)

<0.0001 (17.8-29.1)

<0.0001 (35.4-45.4)

<0.0001 (16.6-19.7)

<0.0001 (8.9-11.06)

NS
NS
<0.0001 (7.6-12.2)

<0.0001 (7.9-11.9)

<0.0001 (2.6-4.1)

0.01 (1.4-15.1)

NS
NS

NS

0.003 (0.2-3.4)

NS

NS

889 (45.1)

55.7+15.6

48.4

42.2

142.1 £20.3

86.1+x11.4

74.4+10.8
166.2+9.8
83.01 £18.2

100.3 = 14.6

3059

47

43
17

17

21

26

NS?
<0.0001°
(28.2-38.9)

<0.0001*
(13.7-16.6)"
(2.2-6.9)°

<0.0001*
(5.9-15.1)
0.001°
(28.4-39.7)°

0.002°
(2.5-11.2)
<0.0001°
(35.4-45.4)

<0.0001%
(22.1-25.2)"
(2.7-8.2)°

<0.0001%
(9.8-11.6)
NSP

NS® b

N§& b

<0.0001*
(9.02-12.1)
NSP
<0.0001*
(9.8-12.5)
NSP
<0.0001*
(3.5-4.6)
NSP
<0.0001*®
(17.9-26.6)
(17-26.06)°

N§® b

<0.0001*
(7.1-14.9)*
0.006°
(2.1-14.6)°

0.01*
0.7-7.3)
NSP

<0.0001%
(1.1-3.1)
NSP

0.0001%
(3.4-10.5)
0.02°
(1.2-11.9)°

<0.0001%
(10.6-19.3)*
0.001°
(4.2-18.2)°
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Table 2 (continued)

VARIABLES

NBP

HNBP

a

p
(95% CI)

HBP

pﬂ, b

(95% CI)

Family history of CVD
(including HBP) %
Total cholesterol, mg/dL

LDL cholesterol, mg/dL

HDL cholesterol, mg/dL
Tryglicerides, mg/dL.

Dyslipidemia, %

Fasting blood glucose, mg/
dL

HbAlc, %

DM, %

Uric acid, mg/dL

Serum creatinine, mg/dl

eGFR CKD-EPI, ml/min

Albumine/creatinine ratio,
mg/mmol

Salt intake/Kawasaki
formula, g/day

Ao-PWV, m/s

ABI <0.9, %

cIMT, mm

24

190.01 +43.07

123.8+39.2

56.7+15.9
103.3 +83.7

72.3

96.3+18.4

52+0.6

7.8

45+1.1

0.8+0.1

113.8+18.5

8.3+26.4

11.2+3.6

7.8+1.9

1.1

0.5+0.1

30.5

198.9 +41.7

132.09 +38.7

55.1+17.1
133.5+115.6

71.6

106.3£29.3

5.6+0.8

5114

09+03

101.4+20

31.5+288.3

12.8+3.6

92+22

0.1

0.6+0.1

0.04 (0.03-13.4)

0.006 (2.5-15.2)

0.005 (2.4-14.1)

NS
<0.0001 (16.6-43.7)

NS

<0.0001 (6.8-13.1)

<0.0001 (0.3-0.5)

0.08 (0.4-8.9)

<0.0001 (0.4-0.7)

<0.0001 (0.07-0.12)

<0.0001 (—-15.1/-9.9)

0.02 (3.6-42.7)

<0.0001 (1.06-2.1)

<0.0001 (1.1-1.6)

NS

<0.0001 (0.08-0.1)

29

201.3+45.5

133.8+41.7

55.8+16.2
135.8 +£93.8

110.4 +31.8

5709

17.5

52+14

0.9+04

98.1+20.4

29.8+211.2

13.1+4.1

9.6+2.4

1.9

0.7+0.1

0.01*
(0.9-9.1)
NSP

<0.0001*
(16.1-24.4)
NSP

<0.0001%
(6.2-13.7)
NSP

N§& b

<0.0001%
(24.1-40.8)
NSP

<0.0001%
(7.02-14.7)
0.05°
(0.08-12.04)

<0.0001*
(11.6-16.5)
0.08°
(0.5-8.7)

<0.0001*
(0.4-0.5)
NSP

<0.0001%
(6.6-12.7)
0.03°
(0.5-10.4)

<0.0001*
(0.5-0.8)
NSP
<0.0001*
(0.07-0.13)
NSP
<0.0001*
(=17.5/-13)
0.03°
(—6.3/—0.2)°
0.003*
(7.3-35.6)
NSP
<0.0001?
(1.5-2.2)
NSP
<0.0001?
(1.6-2)
0.02°
(0.04-0.7)°
NS?
0.05°
0.1-2.9)
<0.0001*°
(0.1-0.2)
(0.08-1.05)°
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Table 2 (continued)

VARIABLES NBP HNBP

p* HBP prP
(95% CI) (95% CI)

cIMT > 0.9, % 1 0.6

Instable carotids plaques, % 0.9 0.6

LVMI, g/m? 749+21.6 87.4+£25.8

LVH, % 4 24

IS, mm 6.8+1.1 75+1.2

PV, mm 6.6+0.9 73+1.07

LA volume, ml 36.3+12.6 42.4+17.8

LA dilatation, % 9 18

Delayed relaxation, % 31 41

Sistolic dysfunction (FE < 1 2
40%), %

NS 3.6 0.0003*
(1.2-4.1)
0.02°

0.5-4.5)°

0.003*
0.6-3.2)
0.05°
0.1-3.5)

<0.0001%
(14.6-19.3)
0.03°
0.3-8.7)

<0.0001*°
(5.8-10.9)
(6.3-12.7)°

<0.0001*°
(1.1-1.3)*
(0.3-0.7)°

<0.0001*
(0.8-1)
0.01°
(0.04-0.3)°

<0.0001%
(8.3-11.04)
0.003°
(1.2-6)°
<0.0001*
(10.6-17.4)
NSP
<0.0001*
(8.5-17.4)
NSP
<0.0001*
(2.5-5.7)
<0.05° (0.1-5)

NS 2.8

<0.0001 (9.1-15.8) 91.9+28.8

NS 124
<0.0001 (0.5-0.8) 8.05+1.1

<0.0001 (0.5-0.8) 7.5+1.05

<0.0001 (4.04-8.1) 46 +15.7

0.0001 (4-14.9) 23

0.005 (2.9-17.3) 44

NS 5

NBP optimal and normal blood pressure, HNBP high normal blood pressure, HBP hypertension, SBP systolic blood pressure, DBP diastolic blood
pressure, CVD cardiovascular diseases, HbAIc glycated hemoglobin form, DM diabetes mellitus, eGFR CKD-EPI glomerular filtration rate
estimate by CKD-EPI equation, Ao PWV aortic pulse wave velocity, ABI ankle-brachial index, cIMT carotid intimae—media thickness, LV left
ventricular, ISV interventricular septum, PV posterior LV wall thickness, LVMI left ventricular mass Indexed to body surface area (g/mz), LVH left
ventricular hypertrophy indexation body surface area, LA left atrial, LA dilatation volume LA indexation body surface area, FE ejection fraction, n

numbers, % percentages, 95% CI confidence interval.
p< 0.05.

*Compared with NBP.

®Compared with HNBP.

Although the majority of the HBP subjects (78%) had
at least one comorbidity, 50% of subjects from HNBP
group had at least one associated comorbidity, while only
30% of subjects from NBP group associated at least one
comorbidity.

The rates of CHD, HF, PAD, TIA, and stroke were
significantly highest in HNBP and HBP patients compared
with NBP, whereas the rates of AF and RF were correlated
with the HBP status. Nevertheless, the use of statins and

SPRINGER NATURE

antiplatelet treatment was not frequent (from 3 to 5%) with
not significantly differences between the groups.

CV risk estimation using SCORE chart was possible for
1303 (66.1%) subjects: 312 (36.06%) in NBP, 102 (47.2%)
in HNBP, and 889 (100%) in HBP subjects. Table 5 shows
the characteristics of study groups associated with calcu-
lated SCORE risk. In each SCORE category, the proportion
of HBP subjects is significantly higher than the proportion
of NBP and HNBP subjects, respectively. The percentages
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Table 3 Adjusted OR (95% CI)

Variables HNBP P HBP P

of HNBP and HBP associated adjusted OR adjusted OR

with various factors using a 95% CD) 5% €D

multinomial logistic model. Males vs. females 14 (11-18) 0.003 1.2 (1.05-1.4) 0.01
Age groups 45-54 years 1.1 (0.7-1.6) 0.5 1.2 (0.9-1.6) 0.07
Age groups 55-64 years 1.8 (1.1-2.6) 0.005 2.3 (1.8-3.09) 0.0001
Age groups 65-74 years 1.9 (1.2-3.1) 0.008 3.3 (24-4.6) 0.0001
Age groups >75 years 3.1(1.9-5.2) 0.0001 2.9 (1.94.2) 0.0001
Diabetes mellitus 1.4 (0.9-2.4) 0.1 2.2 (1.6-3.04) 0.0001
Dyslipidemia 1.07 (0.8-1.3) 0.3 1.1 (0.9-1.3) 0.05
Overweight 1.2 (0.8-1.7) 0.06 1.4 (1.2-1.7) 0.0001
Obesity 1.3 (0.9-1.8) 0.04 1.9 (1.6-2.3) 0.0001
Depression 1.2 (0.8-1.9) 0.2 1.3 (1-1.7) 0.04
Alcohol use 1.05 (0.7-1.2) 0.6 1.1 (0.8-1.3) 0.75
Current cigarette smokers 0.9 (0.6-1.2) 0.5 0.6 (0.5-0.8) 0.001
Family history of CVD (including HBP) 1.4 (1.01-1.9) 0.04 1.3 (1.05-1.6) 0.01
Elementary school 0.9 (0.6-1.9) 0.9 1.5 (1.1-1.9) 0.001
High school 0.9 (0.6-1.1) 0.4 0.6 (0.5-0.8) 0.0001
Salt intake 1.4 (1.2-1.6) 0.0001 1.8 (1.6-2.06) 0.0001

HNBP high normal blood pressure, HBP hypertension, CVD cardiovascular diseases, OR odds ratio, 95% CI
confidence interval.

p < 0.05.
Table 4 Principal§ cpmorbidities Variables Total NBP HNBP » HBP PP
among study participants. N, (%) N, (%) N, (%) (95% CI) N, (%) (95% CI)
Total subjects 1970 865 216 - 889 -
CAD 507 (25.7) 164 (19) 58 (27)  0.009 (1.9-14.8) 28532.1)  <0.0001* (9.04-17.1)
NS
AF 118 (6) 35 (4) 11 (5) NS 72 (8.1) 0.0003* (1.8-6.3)
NS
HF 193 (9.8) 35 (4) 22 (10)  0.0004 2.3-10.9) 136 (15.3)  <0.0001* (8.6-14.01)*
0.04° (0.08-9.4)°
PAD 86 (4.3) 9(1) 6 (3) 0.02 (0.2-5.3) 71 8) <0.0001* (5.2-9)°
0.009° (1.4-7.5)°
TIA and stroke 60 (3.04) 9 (1) 6(3) 0.02 (0.2-5.3) 45 (5.1) <0.0001* (2.5-5.8)
NS
Renal failure 70 (3.5) 17 2) 5Q2) NS 48 (5.4) 0.0002° (1.6-5.2)
0.03° (0.2-5.4)
Statin treatment 90 (4.6) 43 (5) 11 (5) NS 36 (4) NS*©
Antiplatelet treatment 73 (3.7) 26 (3) 11 (5) NS 36 (4) NS*

NBP optimal and normal blood pressure, HNBP high normal blood pressure, HBP hypertension, CAD
coronary artery disease, AF atrial fibrillation, HF heart failure, PAD peripheral arterial disease, TIA transient
ischemic attack, N numbers, % percentage, 95% CI confidence interval.

p <0.05.
“Compared with NBP.
®Compared with HNBP.

of subjects at low and moderate CV risk is similar in NBP
and HNBP groups, but the percentages of subjects at high
and very high CV risk in higher in HNBP group than in
NBP group: 18.05% (39 subjects out of total 216 subjects)
vs. 10.6% (92 subjects our of total 865); p = 0.002, 95% CI:
2.3-13.4.

Discussion

This study focuses on a large sample of adults aged
between 18 and 80 years, representative for the Romanian

population. The prevalence of HNBP was 11% and the
prevalence of HBP was 45.1% in all participants, which
together means ~56% of population. By extrapolating the
results from the SEPHAR III survey to the entire adult
population of Romania, we can estimate that in 2016, there
were ~7.4 million HBP patients and 1.8—1.9 million HNBP
adult subjects.

The prevalence of HNBP in our study was only 11%,
which is significantly less than the 25% in Brisighella Heart
Study (Italy/Croatia), or the reported range of 30—40% in
others European countries, but similar with the one reported
in Turkey—14.5% [10-12]. The overall pooled prevalence
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Table 5 Characteristics of study 'y japles Total (%)  NBP (%)  HNBP (%) p"(95% CI) HBP (%)  p""® (95% CI)
groups associated with
calculated score risk. Total subjects 1970 865 216 - 889 -
Score risk evaluation, N 1303 (66.1) 312 (36.06) 102 (47.2)  <0.002 (3.8-18.4) 889 (100)  0.0001*°
(60.6-67)*
(46.1-59.3)°
Low to moderate 914 (46.3) 220 (254)  63(29.1) NS 631 (70.9)  <0.0001*"®
Score < 5%, N (41.2-49.5)
(34.7-48.1)°
High 37 (1.8) 9 (1.04) 3(1.3) NS 25 (2.8) 0.007*
Score 5-9%, N (0.4-3.1)
NS
Very high 352 (17.8) 83 (9.6) 36 (16.6)  0.003 (2.1-12.8) 233 (26.2) <0.0001*
Score > 10%, N (13.09-20.1)
0.003°
(3.4-14.8)

NBP optimal and normal blood pressure, HNBP high normal blood pressure, HBP hypertension, N numbers,
% percentage, NS without statistical signification, 95% CI confidence interval.

p< 0.05.
“Compared with NBP.
"Compared with HNBP.

of HNBP is thought to be 36% based on the results of a
meta-analysis performed in 2011, on a total sample of
250,741 individuals from 20 cross-sectional studies [13].
The maximum value of HNBP’s prevalence is 58.7% and
was reported in a study coming from Nigeria [14]. In a more
recent meta-analysis, HNBP’s prevalence ranged from 32.6
to 41.1% for the five US studies, from 25.2 to 46.0% for the
five Japanese studies, and from 30.0 to 35.3% for the three
Chinese studies [15]. It is well known that studies
who excluded individuals with HBP generally reported a
higher prevalence of HNBP, but this cannot explain the
surprisingly lower prevalence of HBP in our sample [4].
In contrast, the prevalence of 45.1% HBP in our study is on
the higher end between European Countries and this could
explain the distribution analysis ascertained that most par-
ticipants have HBP [16].

The gender difference in the prevalence rate of HNBP in
Romanian population, 13.8% male’s vs. 8.4% females, was
not as drastic as that seen in American adults, where 44.8%
of male’s vs. 27.3% of females were reported to have pre-
hypertension [17]. In our study the prevalence for males is
highest for those between 25 and 34 years (15.9%),
respectively, 35-44 years (11.9%) for females, and increase
after the age of 75 years (19.3% males, 14% females). The
prevalence of HNBP would be expected to be higher with
increasing age, but especially for men, the prevalence
decrease slightly in those between 45 and 74 years, in
parallel with the net increase (x1.5-5) of HBP prevalence
with age—Table 1 and Fig. 1. Although many reports have
observed a significant correlation between HNBP and
increasing age, in our study the distribution of HNBP is
more similar to those from East Asian Countries (Mongolia
and China) where the prevalence decreased with age in
males [4, 11, 18, 19]. Yet, sexual differences in the dis-
tribution of HNBP apparently exist and seem to vary from
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culture to culture, which implies an interaction between
social and biological the prevalence decreased with age in
males [4, 11, 18, 14]. Also, prevalence of obesity, which is
an important determinant of HNBP was 9.7% (18-24
years), 15% (25-34 years), 30% (35-44 years), 43.5%
(45-54 years), 52.9% (55-64 years), and 44.2% (65-80
years), with more 18-44 years overweight and obese HNBP
males (36/59) than females (11/29) [4, 18]. However,
another possible explanation could be the observations
coming from recent studies that autonomic dysfunction is
evident in prehypertensive young males aged from 2040
years, with an enhanced sympathetic activity and decreased
parasympathetic activity [20, 21].

HNBP individuals appear to have a greater prevalence of
CVD risk factors, compared to those with NBP. In this
study, waist circumference, BMI, TC, LDL, and HDL
cholesterol, TG, FBG, HbAlc, uric acid, serum creatinine,
eGFR CKD-EPI and albumin/creatinine ratio (ACR) were
significantly highest in HNBP subjects. There is no sig-
nificant difference for these values between HNBP and
HBP subjects and the results are generally concordant with
the other studies [4, 10-12].

The multiple logistic regression analysis showed that male
sex, age > 55 years, overweight, obesity, and salt intake, were
significantly associated with both HNBP and HBP. In addi-
tion, dyslipidaemia, DM, depression state, and a low level of
education were significantly associated with HBP. A high
education level was shown to be a protective factor, sug-
gesting as in other studies, that those with a higher education
were better informed about hypertension and subsequently
had a healthier lifestyle [4, 13]. In our study, alcohol use was
not a predictor of HNBP or HBP and we also found that
smoking appeared to be a protection factor for HBP [OR 0.60,
CI 0.48-0.75, p = 0.001]—Table 3. The relationship between
smoking and development of HBP is still unclear and
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controversial, but it was noted that a lower BP in smokers
than non-smokers might be ascribed to the effect of smoking
reducing weight [22]. Regarding smoking and HNBP, our
study did not conclude any association which is in line with
other studies. Only one study showed a positive association
between smoking and HNBP, but only among men, among
non-whites and among nonobese subjects [18, 23]. Like in
other studies, an index BMI, which defined overweight [OR
1.18, CI 0.82-1.70, p=0.06] and obesity [OR 1.33, CI
0.98-1.81, p =0.04], was a strong modifiable predictor of
HNBP and HBP [4, 13, 15, 17]—Table 3.

In SEPHAR III survey, the salt intake was estimates for
first time in a representative cohort for the general adult
population of Romania, based on the Kawasaki formula
[8, 9]. As expected, salt intake is significantly associated
with HNBP and HBP regardless of age or sex, being sig-
nificantly higher than in NBP (Table 3). Like other Central/
East European Countries, daily salt intake in Romania is
almost double beyond the recommended intake by current
guidelines [3, 5, 9, 16].

Arterial stiffness measurements estimated by Ao PWV
were significantly higher in HNBP and HBP, while an ABI
<0.9 was more frequent in the HBP group. Our results
confirm previous findings that claim that arterial functions
are impaired even at the prehypertensive stage [24, 25].
Also, the evaluation of carotid arteries showed a higher
cIMT in HNBP and HBP, with more frequents instable
plaques in HBP group [26].

TTE measurements showed values of LVMI, ISV, PV,
LA volume, and LA dilatation, being highest in HNBP
and HBP groups than in NBP. The MONICA/KORA
Augsburg trial was a study of individuals with HNBP with
a follow-up of 10 years, which found a significantly
greater age-related increase in LV wall thickness (11.9 vs.
4.7%, p<0.001) and LV mass (15.7 vs. 8.6%, p = 0.006)
and an increased incidence of LV concentric remodeling
(hazard ratio- HR 10.7; 95% CI 2.82-40.4) and LVH (HR
5.3; 95% CI 1.58-17.9), compared with individuals with
NBP [27]. Few studies have shown an association
between the diastolic dysfunction and HNBP status, but in
our study, the rates of delayed relaxation, LA volume
augmentation and LA dilatation like markers of diastolic
dysfunction, appears to be significantly more frequent in
HNBP than in NBP individuals, with no differences
between HNBP and HBP. Our data confirm the con-
tinuous relationship between increasing degree of BP and
deterioration of diastolic dysfunction, showing that
changes in diastolic function are already present in pre-
hypertensive stages [28-31].

Like other studies, hypertension related comorbidities are
significantly higher in HBP and HNBP groups than in NBP
individuals: 78% HBP participants had at least one
comorbidity, 50% in the group of HNBP and 30% between

those with NBP [32, 33]. A total of 507 participants (25.7%
of the total population) had CHD; 19% in NBP, 27% in
HNBP and 32.1% in HBP. This is extremely high and
unfortunately Romania holds fourth place in the world in
terms of mortality due to ischemic heart disease and stroke
in men and third place in women [7, 34].

In addition, a marker of subclinical renal disease, ACR is
significantly higher in HNBP than in NBP subjects: 31.5+
288.3 vs. 8.3 +26.4mg/mmol, p=0.02. There is no sig-
nificant difference in these values between HNBP and HBP
subjects (31.5+288.3 vs. 29.8 +211.2 mg/mmol) but it is
evident that increases in Albumin/Creatinine ratio, parallel
BP, and antedate development of HBP [35]. Interestingly, and
as suggested by 2018 ESC Hypertension Guidelines, in
HNBP and HBP groups, we found an increase in serum uric
acid to levels lower than those typically associated with gout,
but significantly higher than NBP individuals [3]—Table 3.

The present study showed that 47.2% of adults with
HNBP had at least one of the following CVD risk factors
(dyslipidaemia, DM, overweight/obesity) and 18.05% were
at high or very high cardiovascular risk, as estimated by the
SCORE system. The percentage of subjects with high or
very high CV risk are more in HNBP group compared with
NBP group: 18.05% vs. 10.6%; p=0.002, 95% CI
2.3-13.4—Table 5. Since HNBP is a stage in the progres-
sion to HBP, this might imply that almost half of these
individuals, and especially those at high and very high
cardiovascular risk (almost 1 for 5), are at risk of CVD
progression [4-7].

Limitations and strengths of SEPHAR Il survey

SEPHAR III methodology enables a complete estimation of
BP trends and a complete target organ damage evaluation
[8, 9]. The strengths of the study include the large sample
size associated with the principle of equality of chances of
being enrolled in the study and direct measurement of BP,
rather than self-reported values. Use of the automated BP
measuring device provided a reliable measurement of BP
and was beneficial in eliminating biases related to the tra-
ditional manual BP measurement [2, 3]. The response rate
in SEPHAR III survey was good (72.58%) but even that,
the results of this cross-sectional study may not entirely
reflect the health status of the general population in
Romania, since the study population represented a con-
venience sample of those who signed written consent to
participate.

Another study limit is the lack of ABPM, since this type
of evaluation could not be feasible (mainly for logistic
reasons) for use in large sample as SEPHAR III surveys. By
using ABPM, the reals percentages of NBP, HNBP, and
HBP could be more accurate, due to its superiority in
identifying the white-coat effect or masked hypertension.
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Conclusions

Individuals with HNBP represent ~11% of the Romanian
adult population and they associate in a higher proportion
other cardiovascular risk factors compared with normoten-
sive Romanian adults. This might imply that they are at
increased risk of developing sustained HBP and other CVD.
HNBP and HBP combined afflict ~56% of Romanian adults
(18-80 years). Possible explanations of this current alarm-
ing situation may be the following: unhealthy lifestyle and
diet, including increased salt intake and the increase rate of
obesity and DM. It is of paramount importance to inform
and educate the general public and health care providers not
only about HBP but also to be aware of HNBP subjects at
risk for CVD and of steps that should be taken to treat
modifiable risk factors in these people.

Summary
What is known about topic

e The oldest and new 2018 European Society of
Hypertension’s/ESC Guidelines for the management
of arterial hypertension consider BP 130-139/85-89
mmHg as High normal blood pressure (HNBP).

e HNBP affects ~25-50% of adults worldwide and
increases the risk of incident hypertension, with annual
rates ranging from 8 to 20% in studies lasting 2—4 years,
and 4 to 9% in longer-term studies.

e Antihypertensive medications reduce cardiovascular
events in adults with HNBP and diabetes or cardiovas-
cular disease, whereas data are lacking, and guidelines
do not recommend pharmacotherapy for primary pre-
vention without these comorbidities.

What this study adds

e HNBP is a common condition across age, sex, ethnicity,
and geographical boundaries in countries with devel-
oped and developing economies worldwide. For the first
time we estimate the prevalence of HNBP ~11% in
Romania which is a high cardiovascular risk East
European country with a high prevalence of general
hypertension around 45.1%.

e The present study showed that almost half of adults with
HNBP had at least one of the following CVD risk
factors (dyslipidaemia, DM, and overweight/obesity)
and 18.05% were at high or very high cardiovascular
risk, as estimated by the SCORE system. Since HNBP is
a phase in the progression to HBP, this might imply that
almost half of individuals with HNBP, and especially
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those at high and very high cardiovascular risk (almost 1
for 5), are at risk of CVD progression and need healthier
lifestyle and prevention medications.

e It’s of paramount importance to inform and educate the
general public and health care providers not only about
HBP but also to be aware of HNBP subjects at risk
for CVD and of steps that should be taken to treat
modifiable risk factors in these people.

e Our study has a reproducible method that could be easily
implemented on any other set of data from a national-
representative survey from any other country.
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