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ABSTRACT

Introduction: Hypertension is significantly contributing to global mortality and morbidity and
has been identified as the most important modifiable risk factor for early development of cardio-
vascular diseases (CVD). Aim: The aim of this study was to investigate the efficacy of different
combinations of antihypertensive therapy on blood pressure, arterial stiffness and peripheral
resistance in patients with essential hypertension using the brachial oscillometric ambulatory
blood pressure monitor. Methods: This study was designed as an observational, prospective,
multi centric study conducted in eight primary care centers of the Health Center of Canton
Sarajevo during the period of six months. The study included 655 participants, both genders,
aged between 30 and 75, who were diagnosed with hypertension according to the ESC/ESH
guidelines. Participants were divided into six treatment groups based on the hypertensive
drug therapy they were using; lisinopril, losartan or valsartan alone or in combination with
hydrochlorothiazide (A, B and C group respectively) or combination of lisinopril, losartan or
valsartan with/without hydrochlorothiazide together with amlodipine (D, E and F respectively).
The participants were monitored at baseline, after 3 and 6 months (1t and 2" follow-up).
Brachial oscillometric ambulatory blood pressure monitor was used for measuring systolic
(SBP), diastolic (DBP), pulse pressure (PP), pulse wave velocity (PWV) and peripheral re-
sistance (PR). Results: SBP, DPB, PP, and PWV significantly decreased from baseline to 2™
follow-up in all treatment groups. The mean reductions in SBP were from -11.7 (95%Cl; 9.3-
14.1) to -23.2 (95%Cl; 18.3-28.1) mmHg and DBP reductions varied from -5.5 (95%Cl; 3.9-
7.1) to -13.4 (95%Cl; 7.7-19.1) mmHg. PWV decreased in all treatment groups (from -3.3%
to -8.2%). Treatment regiment was not associated with significant differences in SBP, DBP,
PP or PWV reductions or their values measured at 2" follow-up. Peripheral resistance signifi-
cantly decreased only in group C (p=0.011), group D (p=0.009) and group F (p=0.027). Con-
clusion: These data suggest that lisinopril/lisinopril + hydrochlorothiazide, losartan/losartan
+ hydrochlorothiazide and valsartan/valsartan + hydrochlorothiazide alone or in combination
with amlodipine are equally effective and well tolerated for the reduction of both systolic and
diastolic blood pressure and improve arterial stiffness in patients with essential hypertension.
Keywords: hypertension, arterial stiffness, pulse wave velocity, antihypertensive therapy.

1. INTRODUCTION

the number of patients will increase

Hypertension is significantly con-
tributing to global mortality and
morbidity and has been identified
as the most important modifiable
risk factor for early development of
cardiovascular diseases (CVD) (1-3).
However, in recent years, great em-
phasis has been placed on the role of
arterial stiffness in the development
of CVD (4). Arterial stiffness has
long been viewed as a consequence
of long-standing hypertension, but
recent studies suggest that it may ac-
tually contribute to the pathogenesis
of hypertension (5). Reports show
that over one billion people world-
wide suffer from hypertension, while
research data predicts that in 2025
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by additional 560 million (3, 6). The
latest epidemiological data from
2016 shows that the overall mortality
rate due to CVD in Bosnia and Her-
zegovina is 47.2% (45.6% in Federa-
tion of Bosnia and Herzegovina and
49.5% in Republika Srpska) (7, 8).
CVD was the seventh leading cause
of death in Federation of Bosnia and
Herzegovina in 2016 (7).
Ambulatory blood pressure mea-
surement (ABPM) is increasingly be-
ing used in clinical practice, since it
provides more accurate and noninva-
sive measurement of blood pressure
(BP) and pulse wave velocity (PWV)
(9). all 45 measures differed less than
15 mmHg, 43 and 33 out of 45 dif-
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fered less than 10 and 5 mmHg. As for diastolic pressures
even better scores were reached when the device passed
the eHs score. In phase II, data were collected in an addi-
tional 18 individuals leaving a total of 33 individuals and
99 measures. The phase counts the achieved percentages
of two or three measures per individual within 15, 10 and
5 mmHg limits. Systolic pressures exceeded the required
95, 80 and 65% for 15, 10 and 5 mmHg differences with
values of 98, 94 and 71%, respectively. As again for di-
astolic pressure the values were even better, the device
passed phase II also. Thus, all phases of the European
society of Hypertension procedure were passed and the
results of this study can recommend the use of the mo-
bil-o-Graph new generation ambulatory blood pressure
monitor device in clinical practice. This is particularly
important since the European Society of Hypertension/
European Society of Cardiology (ESH/ESC) guidelines
for the management of arterial hypertension suggests
that measuring pulse wave velocity (PWYV) can be used
as a golden standard method for assessing the arterial
stiffness (5,10).

The aim of pharmacological treatment of hypertension
is to achieve values of systolic blood pressure (SBP) <140
mmHg and diastolic blood pressure (DBP) <90 mmHg.
There are five main drug groups used as the first-line
drugs: diuretics, p-blockers, calcium antagonists, angio-
tensin-converting enzyme (ACE) inhibitors and angio-
tensin-II receptor blockers (ARBs) (6, 11) peer-reviewed
journals. "The following is a brief statement of the 2003
European Society of Hypertension (ESH. Studies sug-
gest that these antihypertensive drugs may also improve
arterial stiffness to varying degree, since the improve-
ments in PWV has become assessment indicators for the
treatment of hypertension (12). This can essentially con-
tribute to reducing the risk of cardiovascular and renal
complications as well as improvement of quality of life in
patients with hypertension (4, 13, 14).

2. AIM

The aim of this study was to investigate the efficacy of
different combinations of antihypertensive therapy in re-
duction of arterial stiffness and blood pressure using the
brachial oscillometric ambulatory blood pressure mon-
itor.

3. METHODS

This study was designed as a multi center, prospective,
open-label, randomized study that was conducted in
eight primary care centers of the Health Center of Can-
ton Sarajevo over the period of six months. The study
included 655 patients of both gender, 30 to 75 years old,
who were diagnosed with hypertension according to the
ESC/ESH guidelines (15). The participants with: hyper-
sensitivity to components of the drugs, anamnestic an-
gioedema, non-regulated hypertension using more than
three antihypertension drugs, diagnosis of a mental dis-
order, presence of other chronic diseases (heart, liver or
kidney failure), cancer and pregnancy were not included
in the study. Patients who showed deterioration of the
underlying disease, developed serious adverse reactions
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that required discontinuation of therapy or developed
diseases that affected the course of research were further
excluded from the study. The participants were random-
ly assigned to the treatment groups during the baseline
observation. There were six treatment groups based on
the hypertensive drug combination that was prescribed.
The treatment groups and drug dosage are shown in the
Table 1. The dosage of each drug was titrated during the
baseline and the follow-ups according to the values of BP
measured and ESC/ESH guidelines. Bosnalijek JSC man-
ufactured all the drugs used in the study. The study was
conducted according to the principles of the Declaration
of Helsinki and was approved by the Agency for medical
products and medical devices of Bosnia and Herzegov-
ina, according to the Law on medicines of Bosnia and
Herzegovina.

Group  Treatment Dosage (mg)

A ||s!nopr|I and/or lisinopril +hydrochlorothi- 5/10412.5
azide

B Iosgrtan and/or losartan + hydrochlorothi- 25/50+12.5
azide

c va'Isa.rtan and/or valsartan +hydrochloro- 80/80+12.5
thiazide

D I|§|noprll and/or. I|§|n0pr|I+hydroch|oroth|a- 5/10+125+5
zide and amlodipine

E Iqsartan and/orllqsartan + hydrochlorothia- 25/50+12.5+ 5
zide and amlodipine

F valsartan and/or valsartan +hydrochlorothi- 80/80+12.5+5

azide and amlodipine

Table 1. Treatment groups and drug dosage in milligrams (mg)

The patients were followed during three visits: baseline
and two follow-ups, with three months apart. Brachial
blood pressure and pulse wave analysis was performed
by Mobil-O-Graph (LE.M., Stolberg, Germany). This
device is a commercially available brachial oscillome-
tric ambulatory blood pressure monitor and has been
validated previously according to European Society of
Hypertension recommendations (15) all 45 measures
differed less than 15 mmHg, 43 and 33 out of 45 differed
less than 10 and 5 mmHg. As for diastolic pressures even
better scores were reached when the device passed the
EHS score. In phase II, data were collected in an addi-
tional 18 individuals leaving a total of 33 individuals and
99 measures. The phase counts the achieved percentag-
es of two or three measures per individual within 15, 10
and 5 mmHg limits. Systolic pressures exceeded the re-
quired 95, 80 and 65% for 15, 10 and 5 mmHg differenc-
es with values of 98, 94 and 71%, respectively. As again
for diastolic pressure the values were even better, the
device passed phase II also. Thus, all phases of the Eu-
ropean Society of Hypertension procedure were passed
and the results of this study can recommend the use of
the Mobil-O-Graph new generation ambulatory blood
pressure monitor device in clinical practice. A common
cuff was centered to the left upper arm and the cuff size
was chosen according to the circumference of the mid
upper arm. During the first visit, general characteristics
of participants were recorded, including common hy-
pertension risk factors, (gender, age, body mass index,
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Treatment groups

A B C E F
N=237 N=78 N=180 N=81 N=29 N=60 P
Age (mean = SD) 61.01:9.6  57.01+11.8*  61.28+9.2 60.01+8.4 60.97+9.8 62.02+7.7 0.016
Gender M/F (%) 38.1/61.9 38.5/61.5 41.7/58.3 38.3/61.7 48.3/51.7 38.3/61.7 0.9
BMI (kg/m2) 29.6+15.3 28.6+5.6 30.3+11.3 28.7+4.1 28.1+35 30.0+4.7 0.8
Waist circumference (cm) 95.3+15.3 95.7+18.9 98.6+13.9 95.0+15.4 90.2+18.2 100.0+13.6 0.07
Physical activity (%) 60.2 52.6 52.0 55.8 43.1 65.5 0.32

) Non-smoker 54.7 42.1 54.2 50.6 44.8 60.0
?,ZOk'”g Ex- smoker 225 25.0 201 17.3 24.1 20.0 050

Smoker 22.8 32.9 25.7 32.1 31.1 20.0

Alcohol consumption (%) 6.96 14.5 10.6 15.2 14.8 8.5 0.22
Diabetes mellitus (%) 19.6 273 28.9 20.3 22.2 32.1 0.18
Antidiabetic drugs (%) 14.9 18.4 24.3 19.0 17.2 23.7 0.11
Lipid-lowering drugs (%) 56.4 51.9 59.0 64.6 75.9** 75.0** 0.025
Cholesterol (mmol/L) 5.8+1.2 6.2+4.5 5.7+1.4 5.8+1.4 6.1+1.2 6.3+1.3 0.23
Triglycerides (mmol/L) 2.2+1.3 2.2+0.9 2.3+1.3 2.2+1.1 2.4+1.1 2.5+1.2 0.62
Blood glucose (mmol/L) 6.01.8 5.9+1.2 6.2+1.7 6.9+1.3 5.9+1.3 6.4+1.5 0.23

Table 2. Baseline characteristics of enrolled patients by treatment groups. A-lisinopril and/or lisinopril +hydrochlorothiazide; B-losartan and/or

losartan + hydrochlorothiazide;

waist circumference, smoking and alcohol status, phys-
ical activity, blood lipid profile and blood glucose), as
well as comorbidities and medications used. Using the
oscillometric monitor during every visit systolic blood
pressure (SBP), diastolic blood pressure (DBP), average
values of pulse wave velocity (PWV), pulse pressure (PP)
and mean arterial pressure (MAP) were recorded. The
participants were assessed for response to treatment and
adverse effects at each visit. Statistical analysis was per-
formed by SPSS (Statistical Package for Social Sciences),
version 13.0. The distribution of data from the study
was tested by Kolmogorov-Smirnov test for normality
and then described by measurements of central tenden-
cy and variability (median and interquartile range). A
comparison of the mean values between the groups was
performed by ANOVA test, followed by post hoc test
(Tuckey test). ANOVA for repeated measurements was
used to measure the significance of differences in vari-
ables measured at time intervals. Difference in distribu-
tion of participants with hypertension before and after
the treatment was tested by McNemar test. Analysis of
covariance (ANCOVA) was used evaluate the treatment
effects on assessed variables adjusting for baseline mea-
sures. The level of significance was set to p<0.05.

4. RESULTS

Baseline characteristics of the participants are shown
in the Table 1. Participants in the group B were signifi-
cantly younger compared to participants in the group
A (p=0.017); the group C (p=0.013) and the group F
(p=0.028). The use of lipid-lowering medication was
more common in E and F groups compared with other
groups (p=0.025) (Table 2). There were no significant dif-
ferences in gender distribution, anthropometric parame-
ters, smoking and alcohol status, physical activity, lipids
or blood glucose levels between the study groups (Table
2). During the study, no adverse reactions were record-
ed in any of the treatment groups. C-valsartan and/or
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valsartan +hydrochlorothiazide; D-lisinopril and/or lis-
inopril+hydrochlorothiazide and amlodipine; E-losartan
and/or losartan + hydrochlorothiazide and amlodipine;
F-valsartan and/or valsartan +hydrochlorothiazide and
amlodipine; *p<0.05 compared to A, C and F groups;
**p<0.05 compared to other study groups; M-male;
F-female; BMI- Body Mass Index. SBP significantly de-
creased from baseline to 2™ follow-up visit in all treat-
ment groups (from -11.7 to -23.2 mmHg; p<0.001) (Ta-
ble 3). Since baseline SBP value was significantly lower
in group A (142.5+1.1) compared to group C (p<0.001)
and group F (p<0.001), we tested different treatment ef-
fect on SBP reductions by controlling for differences in
baseline systolic blood pressure and age. Reductions in
SBP from baseline to 2" follow-up were not significantly
different across treatment groups once adjusted for base-
line SBP and age (p=0.35).

Baseline DBP value was significantly lower in group A
compared to group D (p=0.017) and group F (p=0.001).
DBP significantly decreased from baseline to 2™ fol-
low-up visit in all treatment groups (from -6.4 to -14.6
mmHg; p<0.001) (Table 3). After controlling for differ-
ences in baseline DBP and age, no significant difference
in DBP reductions from baseline to 2™ follow-up visit
across the treatment groups was observed (p=0.061).

Distribution of participants with systolic and diastolic
blood pressure above the recommendations (SBP>140
mmHg and DBP>90 mmHg) at baseline and 2™ fol-
low-up is shown in the Table 3. During the antihyper-
tensive treatment, rate of increased systolic and diastolic
blood pressure significantly decreased in all study groups
(p<0.001). At the 2" follow-up, there was no significant
difference in rate of increased systolic and diastolic
blood pressure between the treatment groups (p=0.07)
(Table 4). Also, increased diastolic blood pressure at
the 2™ follow-up visit, although prevalent in 24.6% and
24.5% of participants in group C and F respectively, was
not significantly higher compared to the other treatment
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SBP (mmHg) DBP (mmHg)
baseline 2nd followup %A ASBP (95%Cl) mmHg  baseline 2ndfollow up %A ADBP (95%Cl) mmHg
-11.7 5.5
A (N=237) 142.5+1.1 130.8+1.0 -8.8 (9.3-14.1)* 87.4+0.8 81.8+0.7 -6.4 (3.9-7.1)*
-18.0 -10.0
B(N=78) 148.7+2.1 131.0£2.1 -11.9 (13.6-22.4)* 91.4+14 81.3+1.2 -11.1 (6.7-13.3)*
CN-180)  151.8:14  1353:12 -109 .73 904:09 838:07 73 08
- T T ) (14.1-20.5)* T T ' (4.8-8.8)*
-14.6 -10.4
D(N=81) 148.2+1.9 133.9:1.6 -9.6 (10.7-17.9)* 92.6:1.3 82.2+1.2 -11.2 (7.6-13.2)*
-17.8 -13.4
E(N=29) 150.3+3.8 132.5+3.3 -11.8 (9.6-26.0)* 92.6+2.2 79.1+1.8 -14.6 (7.7-19.1)*
-23.2 -11.2
F(N=60) 155.1+2.2 131.9+1.6 -15 (18.3-28.1)* 94.6+1.6  83.4+1.2 -11.8 (7.9-14.5)*

Table 3. Systolic and diastolic blood pressure during antihypertensive treatment. SBP- systolic blood pressure; DBP-diastolic blood pressure;

*-p<0.001; A-lisinopril and/or lisinopril +hydrochlorothiazide; B-losartan and/or losartan + hydrochlorothiazide; C-valsartan and/or valsartan

+hydrochlorothiazide; D-lisinopril and/or lisinopril+hydrochlorothiazide and amlodipine; E-losartan and/or losartan + hydrochlorothiazide and
amlodipine; F-valsartan and/or valsartan +hydrochlorothiazide and amlodipine

groups (p=0.48) (Table 3).Pulse pres- A B C D E F P
sure significantly decreased in all treat- . N=237 N=78 N-180 N=81 N=29 N=60

ment groups (from -3.2% in group D SBP+140 Baseline 57.0% 67.9% 75.0% 716% 69.0% 90.0% 0.001
to -19.4% in group F)(p<0.001)(Figure mmHg 2nd fO”OW-Up 23.9% 16.0% 33.1% 29.6% 31.0% 21.1% 0.07
1). Pulse pressure reduction at 2 fol. DBP>90 _Baseline 47.2% 551% 533% 59.3% 693% 683% 0.025
low-up although higher in treatment MMHE  2ndfollow-up  23.0% 14.7% 245% 235% 138% 24.6% 048

groups C and F (-12.2% and -19.4%
respectively) was not significant com-
pared to the pulse pressure reductions
in other treatment groups when ad-
justed for age and baseline PP values
(p=0.23) and no significant differences

50,00

[ Baseline *p=0.016
2nd follow-up
. *p=0.31 %A 19.4;
by T <0.001
45,00
%A 16;
yazg, 00
<0.001

40,00

Puls pressure (mmHg)

35 001

30,00
A B c D E F

Figure 1. Pulse pressure in patients on antihypertensive treatment

at baseline and 2nd follow-up. *-between treatment groups

at baseline; “*-between treatment groups at 2ndfollowup.

A-lisinopril and/or lisinopril +hydrochlorothiazide; B-losartan and/

or losartan + hydrochlorothiazide;. C-valsartan and/or valsartan
+hydrochlorothiazide; D-lisinopril and/or lisinopril+hydrochlorothiazide
and amlodipine; E-losartan and/or losartan + hydrochlorothiazide and
amlodipine; F-valsartan and/or valsartan +hydrochlorothiazide and
amlodipine
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Table 4. Distribution of patients with increased systolic and diastolic blood pressureabove

the recommendations (SBP>140 mmHg and DBP>90 mmHg) at baseline and the 2nd follow-

up visit. A-lisinopril and/or lisinopril +hydrochlorothiazide; B-losartan and/or losartan +
hydrochlorothiazide; C-valsartan and/or valsartan +hydrochlorothiazide; D-lisinopril and/or
lisinopril+hydrochlorothiazide and amlodipine; E-losartan and/or losartan + hydrochlorothiazide
and amlodipine; F-valsartan and/or valsartan +hydrochlorothiazide and amlodipine

in pulse pressure values at 2™ follow-up between treat-
ment groups was observed (p=0.31).

Pulse wave velocity significantly decreased in all treat-
ment groups (from -3.3% in groups A and D to -8.2% in
group F; p<0.001)(Figure 2). At baseline, participants in
group F had significantly higher PWYV values compared
to other groups (p=0.006), but at the 2™ follow-up no
significant differences in PWV values between treatment
groups was observed (p=0.09) (Figure 3). Differences in
PWYV reduction across treatment groups were not sig-
nificant when adjusted for baseline PWP values and age
(p=0.288)(Figure 2). Peripheral resistance significantly
decreased only in group C (p=0.011), group D (p=0.009)
and group F (p=0.027). When adjusted for age and base-
line peripheral resistance values no significant effect of
different treatments was observed (p=0.332)(Figure 2).

5. DISCUSSION

With this study, we aimed to investigate the effects of
different combinations of antihypertensive treatment on
lowering both high blood pressure and arterial stiffness.

The results of our study show that SBP significantly
decreased from baseline to 2™ follow-up in all treatment
groups. SBP reduction varied from -11.7 mmHg in group
A to -23.2 mmHg in F group. DBP values significantly
decreased from baseline to 2™ follow-up in all treatment
groups from -6.4 to -14.6 mmHg. Due to the difference
in baseline DBP and SBP values across treatment groups,
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10,00 * p=0.006
[IBaseline P
[£] 2nd follow-up **p=0.09 %A 8.2;
<0.001
%A £.3; %A 7.4
<0.001 <0.001
9507
£
- %A -3.3; %A -3.3;
= <0.001 <0.001
(1] ey
o
.
=
2 9,00 %A 5.8;
o .
H _
@
n
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8,50

00
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Adjusted p=0.288

1,00

1,20
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A B c D E F

8,00

%A 6.6;
OBaseline _p=ﬂ.16
3 2nd follow-up o

1,950 “p=0.11 %
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= ]
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§ 1,850 E
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H 2 Adjusted p=0.332
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Figure 2. Changes in pulse wave velocity and peripheral resistance in patients on antihypertensive treatment at baseline and 2nd follow-up.
*-between treatment groups at baseline; **-between treatment groups at 2nd follow-up; adjustedp — p value adjusted for baseline PWV or peripheral
resistance values and age. A-lisinopril and/or lisinopril +hydrochlorothiazide; B-losartan and/or losartan + hydrochlorothiazide;. C-valsartan and/or
valsartan +hydrochlorothiazide; D-lisinopril and/or lisinopril-+hydrochlorothiazide and amlodipine; E-losartan and/or losartan + hydrochlorothiazide
and amlodipine; F-valsartan and/or valsartan +hydrochlorothiazide and amlodipine

we evaluated treatments effect by adjusting for baseline
blood pressure and age. Adjusted model revealed the ob-
served differences in SBP and DBP reductions were not
statistically significant across treatment groups suggest-
ing that the different antihypertensive treatment regi-
mens were equally efficient in reducing both systolic and
diastolic blood pressure. Adjusted systolic and diastolic
blood values 6 months after therapy were not significant-
ly different between treatment groups. During the study,
no adverse reactions were recorded in any of the treat-
ment groups. The results of our study could not show
superiority of one treatment regimen over other since
all of them had significant efficacy in lowering both sys-
tolic and diastolic blood pressure. Meta-analyses, which
included several hundred thousand participants, has
shown that a 10 mmHg reduction in SBP or a 5 mmHg
reduction in DBP is associated with significant reduc-
tions in all major CV events by -20%, all-cause mortality

ORIGINAL PAPER | MED ARCH. 2019 JUN; 73(3): 157-162

by 10 - 15%, stroke by -35%, coronary events by -20%, and
heart failure by -40% (15). In our study mean reductions
in systolic and diastolic blood pressure was >10 mmHg
and >5 mmHg in all treatment groups respectively. Six
months after treatment was initiated, significant reduc-
tion in number of participants with systolic and diastolic
hypertension was observed in all treatment groups.
Hypertension and arterial stiffness together as well as
separately are one of the most important modifiable risk
factors for CVD. Whether hypertension is a cause or a
consequence of increased arterial stiffness is still a mat-
ter of academic discussion (16). A systematic review and
meta-analysis conducted by Viachopoulos et al. showed
that the risk of cardiovascular (CV) events, CV mortality
and all-cause mortality in subjects with increased PWV
was almost twice as high compared with the risk of sub-
jects with lower PWV. Although for each patient group
exact values may differ slightly, for an increase in aortic
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PWYV of 1 m/s or of 1 SD, the risk increases by more than
10% or 40%, respectively. These results highlighted the
role of arterial stiffness as a potential treatment target
in broader patient groups (10). Antihypertensive agents
may have different effects on arterial stiffness, and thus,
on central hemodynamic parameters despite having
similar effects on brachial artery BP. Selecting antihyper-
tensive agents that not only lower brachial artery BP but
have a favorable impact on central BP and arterial stiff-
ness may be an important consideration in selecting the
optimal cardiovascular drug therapy (17).

In most of the conducted randomized studies, ACE
inhibitors show positive effect in lowering BP as well as
arterial stiffness (18). Many short to medium (less than 6
months) term studies showed a reduction of arterial stiff-
ness when ACE inhibitors were used. These effects were
obtained for most drugs in the ACE inhibitors class. These
effects were attributed to the ACE inhibitors’ capability
of chronically reducing remodeling of the small arteries,
leading to reduction of reflection coefficients (19) pro-
gressively leading to arterial stiffening. Arterial stiffness is
best characterized by measurement of pulse wave velocity
(PWYV). The use of lisinopril in our study also confirmed
these findings. ARBs seemingly have a beneficial effect on
arterial stiffness, but the results are conflicting and larger
studies are needed (17). The VALUE study on valsartan
long-term antihypertensive use showed that valsartan re-
duced central blood pressure more than the SBP and in-
creased PP, while reducing the PWV (20) we investigated
outcomes in 15 245 high-risk hypertensive subjects treat-
ed with valsartan- or amlodipine-based regimens. In this
report, we analyzed outcomes in 7080 participants (46.4%.
Our study also confirms these findings.

Calcium channel blockers also lower PWV and reduce
wave reflections, but to a lesser degree than renin-angio-
tensin inhibitors. The largest amount of evidence is for
the dihydropyridine calcium channel blocker amlodip-
ine (19) progressively leading to arterial stiffening. Ar-
terial stiffness is best characterized by measurement of
pulse wave velocity (PWV). This drug was evaluated in
the CAFE study, among other trials, where it proved to
reduce central blood pressure more than peripheral blood
pressure; it amplified PP and reduced PWV (19, 21) pro-
gressively leading to arterial stiffening. Arterial stiffness is
best characterized by measurement of pulse wave velocity
(PWV). Diuretics, in first line hydrochlorothiazide, have
been shown to lower BP both as monotherapy and as an
add-on agent (17). Although, many studies show positive
effects of diuretics on lowering BP these studies indicate
that diuretics have a rather neutral effect on central BP
without any favorable effect on arterial wall composition
and arterial stiffness (17,19) progressively leading to ar-
terial stiffening. Arterial stiffness is best characterized by
measurement of pulse wave velocity (PWYV). Since hydro-
chlorothiazide was used as a single-pill combination with
ACE inhibitors or ARBs, we cannot comment whether
hydrochlorothiazide had positive or neutral effect on im-
proving the arterial stiffness.

The results of our study may be limited by the relatively
short follow up period which is why a large-scale study
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may be needed to further evaluate the long-term effica-
cy of these drug combinations. . Large observational and
interventional studies are needed to demonstrate that
targeting treatment to reduce arterial stiffness and wave
reflections can reduce cardiovascular complications over
and beyond BP reduction alone (16).
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6. CONCLUSION

The results of our study confirm that lisinopril/lisin-
opril + hydrochlorothiazide, losartan/losartan + hydro-
chlorothiazide and valsartan/valsartan + hydrochlo-
rothiazide drug combinations alone or in combination
with amlodipine are equally effective in reducing both
systolic and diastolic blood pressures and also proved to
have similar effect on improving arterial stiffness.
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