advang,

& ", International Heart and Vascular Disease Journal
Volume 4, Number 10, June 2016

ORIGINAL ARTICLES

ion
{\,_w‘ fo,

o§ Journal of the Cardioprogress Foundation

o

Combined therapy’s antihypertensive
efficacy and influence on metabolic
parameters in patients with arterial
hypertension and diabetes mellitus

Koshelskaya 0.A.*, Zhuravleva 0.A.

Research Institute of Cardiology, Tomsk, Russia

Autors

Olga A. Koshelskaya, M.D., doctor of sciences, leading researcher of the Department of atheroscle-
rosis and chronic coronary heart disease, Research Institute of Cardiology, Tomsk, Russia

Olga A. Zhuravleva, M.D., Ph.D., researcher of the Department of atherosclerosis and chronic coro-
nary heart disease, Research Institute of Cardiology, Tomsk, Russia

Summary

Objective

To compare three regimen of long-term combined antihypertensive therapy in order to reach target levels of blood
pressure (BP), dynamics of daily BP profile and metabolic parameters in patients with arterial hypertension (AH)
associated with diabetes mellitus, type 2 (DM-2).

Materials and methods

69 patients with the combination of AH and DM-2 completed the treatment course [male/female 22/47; average
age 57,1%6,5 years). Target BP <130/80 mm Hg. in the group N°1 [n=22) was achieved using the combination of per-
indopril arginine, indapamide retard and amlodipine, in the group N°2 (n=25) it was reached with the combination
of valsartan, indapamide retard and amlodipine, and in the group N°3 (n=22)- using the combination of amlodip-
ine, indapamide retard and metoprolol succinate. Body weight and the levels of office BP, 24 hour ambulatory BP
monitoring, parameters of lipid and carbohydrate metabolism were measured before prescription of drugs and
30-32 weeks after and HOMA index was quantified.

Results

The degree of office BP levels reduction didn’t differ in all three groups of patients. Values of systolic BP (SBP)
and diastolic BP (DBP] “load” for 24 were higher in the patients of the group N°3 comparing with the group N°1,
and achieved levels of night SBP were higher than in the group N°1 and the group N°2. The treatment based on
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perindopril arginine and amlodipine and not the combination of valsartan and amlodipine led to decrease of body
weight and HbA1c serum levels. Patients of groups N°1 and 2 were united into one common group of therapy based
on renin-angiotensin-aldosterone system (RAAS) blockers, and after the treatment increased levels of high den-
sity lipids cholesterol (HDL cholesterol] levels (from 1,2920,2 to 1,45+0,3 mmol/L, p=0,006) and improved glycemic
control (expressed as HbAc levels reduction from 8,1+2,2% to 7,0+2,3% (p=0,01)) were detected, and it was pres-
ent in case of unchanged glucose-lowering therapy and was realized in case of three-component regimen (after
addition of amlodipine). Combination of metoprolol succinate, indapamide retard and amlodipine was considered

as metabolically neutral in patients with DM-2.
Conclusion

Although all three antihypertensive therapy regimens allow to reach target BP levels in the majority of patients
with AH+DM-2, the value of night AH correction and metabolic effects of this therapy re not equal.
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Introduction

The number of Russian patients suffering from dia-
betes mellitus type 2 (DM-2] is drastically increas-
ing, and it goes along with worldwide tendency [1].
Strict control of blood pressure (BP) is a necessary
condition to improve cardiovascular and renal prog-
nosis of patients with diabetes, and for the majority
of DM-2 patients combined antihypertensive therapy
(AHT) is recommended since the beginning of treat-
ment because arterial hypertension pathogenesis
involves many components in case of associated pa-
thology [2]. Although according with modern guide-
lines, it is possible to choose any drug that allows
achieving target BP levels, and rennin-angiotensin-
aldosterone system (RAAS] blockers are considered
preferable only in case of present albuminuria/pro-
teinuria [2, 3], it is not possible to exclude that they
can have advantages over other antihypertensive
drugs (AHD) in patients with DM-2 due to their high
organoprotective potential and favorable metabolic
effects. B-blockers administration (8-B) in patients
with diabetes is reasonable due to hyperactivation
of sympathetic nervous system, but they are known
to cause unfavorable metabolic shifts, due to it
their combination with dihydropyridine calcium re-
ceptor blockers (CB) seem to be more promising.
Up to nowadays it is still unclear if the dynamics
of 24-hours BP profile characteristics differs after
achievement of target levels in different therapeutic
schemes of combined AHT, and possible advantages
of RAAS blockers and metabolic effects of different
AGD combinations in patients with DM-2 require fur-
ther investigation.

The objective of this study - is to perform compar-
ative estimation of three regimen of long combined
AHT based on two variants of RAAS blockers and
other AGD in relation to reaching target BP levels, dy-

namics of daily BP profile and metabolic parameters
in patients with AH+DM-2.

Materials and methods

Open, randomized, comparative in parallel groups
trial included patients with AH associated with DM-2.
Patients with symptomatic AH, acute vascular com-
plications that occurred less than one year before
inclusion into study, unstable angina, arrhythmias
requiring special treatment, chronic heart failure >
than 2 functional class (NYHA], evident peripheral
atherosclerosis, DM type 1, clinically apparent dia-
betic nephropathy, severe concomitant diseases, ab-
solute contraindications to investigated drugs. Target
BP level at the moment of the beginning of this study
was defined as BP < 130/80 mm Hg. according with
the previous issue of guideline dedicated to AH di-
agnostics and treatment [4]. After patients signed
informed consent about participation in this study,
all their previous AHT except of “emergency” drugs
was cancelled for the period of 2-3 weeks, and after it
patients underwent examination Then patients were
randomized into three groups, in which AHT started
from perindopril, valsartan or amlodipine respec-
tively. AHT intensity increased in stepwise way: in the
beginning of treatment patients were administered
with 5 mg of perindopril arginine (n=23), 80 mg of val-
sartan (n=25) and 5 mg of amlodipine (n=23). After
three weeks of treatment if the target levels of PB had
not been achieved, indapamide retard (IR} in the dose
of 1.5 mg (in the morning, on an empty stomach) was
added to the therapy. After every three weeks if the
target levels still had not been achieved therapy was
augmented with: increased daily dose of perindorpil
up to 10 mg, valsartan - up to 160 mg, amlodipine -
up to 10 mg; addition of amlodipine 5mg/day to the
therapy with RAAS inhibitors and then increase of
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Table 1. Clinical characterization of patients completed the therapy (n=69)

Characteristic Group 1 (n=22) Group 2 (n=25) Group 3 (n=22)
0 0, 0
Gender (male, female) 0739 Wiéen] s 7375
Average age, [years) 57.146.1 58.04£6.9 56.1£6.8
AH duration, years 10 (5-15) 16 (9-30)# 9 (5-15)
DM duration, years 4 (3-8) 9(3-12) 4(2-10)
Body mass index, kg/m? 33.3%4.3 32.4t4 .4 33.414.6
Fasting glucose levels, mmol/L 7.412.0 7.7+2.0 7.612.1
HbA ¢, % 7.842.0 8.3+1.8 8.2+1.8
Office SBP, mm Hg 148.348.4 150.3£14.3 149.6£12.3
Office DBP, mm Hg 90.5¢7.1 89.048.6 89.948.9
SBP 24h, mm Hg 136.949.9 132.3£10.8 138.1+£14.7
DBP 24h, mm Hg 82.417.5 78.04£6.9% 81.7+11.8
Smoking 3(13.6) 4(16%) 4(18.2%)

Comment: — p<0.05: — for comparison of group 1 and 2

its ose up to 10 mg per day; addition of metoprolol
succinate to amlodipine, starting from 50 mg per day
and, if necessary, increasing its dose up to 100 mg.
Thus, patients of the first group received perindopril
arginine in combination with IR and amlodipine, pa-
tients of the second group - valsartan, IR and amlo-
dipine, patients of the third group - amlodipine, IR
and metoprolol succinate. This study included 71 pa-
tients, and 69 patients (male/female - 22/47, average
age 57,1%6,5 years] - their clinical characterization
is present in Table 1. Therapy of one female patient
was cancelled due to development of dry cough, one
adverse effects of perindopril monotherapy. Therapy
of another female patient was terminated because of
shin edema, adverse effect of amlodipine monothera-
py. Body weight, office BP values, results of 24-hours
outpatient BP monitoring, lipid, carbohydrate and
insulin metabolism characteristics and HOMA index
value were obtained before drug prescription and 30-
32 weeks after the beginning of therapy.

Statistical analysis was performed using Statistica
6.0 software (StatSoft Inc, USA). Kolmogorov-Smirnov
test was used to check the normality of selection.
Results are present as Mtm where M is mean value,
m - error of mean, or median (Me) or interquantile
range (Q25-Q75), where Q25 is the 25" quartile, Q75
is the 75" quartile. Significance of differences was
controlled with Mann-Whitney test. p=0,05 was taken
as the critical significance level for hypothesis testing

Results

Degree of office BP reduction and reached levels did
not differ in all three groups, BP levels after treat-
ment were 124,5+6,5/76,5+4,9, 125,0£9,2/77,0+4,8
and 126,5+6,2/76,2+5,7 in groups 1, 2 and 3, respec-

tively). Percentage of patients who reached target BP
levels was: for therapy based on perindopril arginine
-95,5%, for therapy based on valsartan - 80%, for
therapy based on amlodipine - 86,4% (differences are
not significant).

If RAAS blockers were not present in therapy
scheme, 24 hours systolic BP (SBP) reduction was
not enough, especially at night time: patients of the
3 group had higher levels of night SBP comparing
with its levels after therapy based on RAAS inhibitors;
the degree of day SBP reduction was more evident in
the 1%t group (-11,6 (-16,2; -7,9)%) comparing with
the 3 group (8,3 (-10,3; -4,2)%, p=0,05). It is worth
to mention that reached levels of night SAD in case
of therapy based on amlodipine, IR and metoprolol
succinate combination were higher than its target
levels (<120 mm Hg]. So, night SAD levels in the 3
group were 120,2+10,9 mm Hg., whereas its levels in
groups 1 and 2 were 113,9+8,9 1 112,8+13,8 mm Hg,
respectively. Images 1 and 2 demonstrate the degree
of day diastolic BP (DBP) reduction (p=0,03) and re-
duction of DBP loads during all studied periods in this
group were less evident than in the 1¢ group. More
than that, comparing groups 1 and 3, we found that
the frequency of “double” AHT administration in the
group 1 was higher (59,1% vs 27,3%, p<0,05), and the
frequency of “triple” therapy in the group 1 was lower
(39,1% vs 63,6%, p=0,07). So, in case of two drugs
combination reaching of target BP levels was more
likely for RAAS blocker and IR combination compar-
ing with IR and CB combination that required addition
of the third drug for adequate BP control.

At the same time, therapeutic regimen based on
perindopril and amlodipine combination had advan-
tages over the combination of valsartan and amlodip-
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Image 1. Comparison of BP reduction degree (%) in different therapeutic schemes of combined AHT in patients with AH+DM-2.
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Image 2. Comparison of the degree of AH duration reduction (%) with different schemes of combined AHT in patients with AH+DM-2

ine, because it caused better night diastolic AH cor-
rection: duration of diastolic AH at night time was sig-
nificantly more reduced in the group 1 comparing with
the group 2 (p=0,02). The percentage of patients who
received amlodipine and its average dose didn’t dif-
fer significantly between two groups: 39,1% in group
1vs 48% in group2 and 6,3+3,5 mg/day. vs 6,5+3,3 mg/
day, respectively. It was also documented that antihy-
pertensive effect of the therapy based on angiotensin
receptor type Il antagonists (ARAII) and CB was asso-
ciated with higher heart rate [HR] at night time, com-
paring to the combination of angiotensin-converting
enzyme (ACE] inhibitors and CB. Individual analysis
demonstrated that the highest level of HR during
sleep after treatment was between the patients with
less prominent degree of 24 hours SBP reduction:
-6,9 (-10,8; -2,7)% vs -15,9 (-21,5; -8,6)% (p<0,05).

During estimation of impact of different schemes
of compined AHT on metabolic characteristics we
identified that only patients of group1 demonstrated
significant weight loss from 87,8+11,9 to 85,8+11,4
kg (p<0,05) and glycated hemoglobin levels (HbA1c)
from 7,8+2,0% to 7,2+1,9% (p<0,05) in absence of any
changes of glucose-lowering therapy, whereas there
was no such dynamics in other two groups. There was
only the tendency to HOMA index of insulin resistance
reduction in the 2" group from 5,44 (3,4-6,8) to 3,8
(2,3-5,2) (p=0,07).

To perform sub-analysis that aimed to estimate
metabolic effects of combined therapy based on RAAS
blockers, we united the patients who received ACE
inhibitor and ARAIl into one common group (n=47)
and analyzed the dynamics of lipid and carbohydrate
metabolism characteristics in this group of patients.



Combined therapy’s antihypertensive efficacy and influence on metabolic parameters in patients... 37

Combined AHT that included RAAS blockers caused
improvement of glycemic control that was reflected
in HbA1c levels reduction from 7,9+2,0 to 7,2+2,0%
(p=0,01], although there were no changes of glucose-
lowering therapy, and there was also a tendency to
reduction of initially high median values of HOMA in-
sulin resistance index from 4,1 (2,7-5,9) to 3,8 (2,3-
5,2) (p=0,08). More than that, we identified positive
changes of lipid-transporting blood components that
was expressed as a tendency to increase of high den-
sity lipids (HDL) cholesterol concentration in serum
from 1,26+0,2 to 1,32#0,3 mmol/L (p=0,08). These
favorable metabolic changes were realized through
the group of patients who received “triple” therapy
with addition of amlodipine. Table 2 demonstrates
that there were no statistically significant changes of
carbohydrate and lipid metabolism characteristics in
patients receiving RAAS blockers combined with IR,
whereas patients who received RAAS blocker togeth-
er with IR and amlodipine demonstrated such evident
positive metabolic changes like reduction of HbA1lc
serum levels from 8,1£2,2% to 7,0£2,3% (p=0,01),
change of ratio of low density lipids (LDL) choles-
terol/HDL cholesterol from 2,4+0,9 to 2,3+1,0 (p=0,05)
and increase of HDL cholesterol concentration from
1,29+0,2 to 1,45£0,3 mmol/L (p=0,006).

Discussion

Diabetes mellitus is an important predictor of bad
clinical prognosis. Its association with AH goes along
with early atherosclerosis development, coronary

heart disease, high frequency of vascular catastro-
phes, cardiac failure and impaired kidney function,
and because of it the problem of rational AHT and
organoprotective therapy in this category of patients
is very important [1, 2]. It is known that modern guil-
delines allow prescription of any AHD for reaching
target BP levels in patients with DM, and RAAS block-
ers are considered preferable only in case of present
albuminuria/proteinuria [3]. At the same time there
are many evidences that RAAS blockers have poten-
tial advantages particularly in patients with diabetes
due to the presence of high potential of organ protec-
tion and favorable metabolic effects [2-4]. Nowadays
RAAS blockers and their combination have the big-
gest amount of evidences proving the presence of
organoprotective properties that do not depend on
their antihypertensive action and ability to improve
cardiovascular prognosis in general population of pa-
tients with AH and diabetes [2-13]. The most promis-
ing approaches to improve the prognosis of patients
with AH+DM-2 are combinations of RAAS blockers
with dihydropyridine CB or thiazide-like diuretic IR,
that have synergic antihypertensive, organoprotective
and metabolic effects and good base of evidences of
their efficacy in reduction of cardiovascular morbidity
and mortality [5-10]. It is known that indapamide drug
form with prolonged release demonstrated metabolic
neutrality in patients with DM [14]. Combination of di-
hydropyridine CB and B-B in patients with DM is more
reasonable from pathogenetic point of view but at the
same time much less studied.

Table 2. Biochemical characteristic dynamics in different schemes of AHT

Characteristic RAAS blockers+IR (n=26) (n=26) RAAS blockers+IR+amlodipine (n=20)
Before treatment After treatment Before treatment After treatment

Fasting glycemia, mmol/L 7,6+2,0 7,2+1,9 7,3+2,1 7,5+1,9
Postprandial glycemia, mmol/L 9,5+3,5 9,1+3,0 8,6+3,2 8,3+3,1
Insulin, basal, yU/mL (110-163 92552 9751 79091
Insulin, posprandial, pU/mL 218.524) (195-55.) 23 437) (181 39.)
C-peptide, basal, pU/mL 2,8(2,5-3,4) 2,9(2,3-3,4) 2,9(2,3-3,8) 3,9(2,6-4,3)
C-pepdide, postprandial, pU/mL 7,0 (4,5-8,9) 6,11(4,3-9,4) 7,7 (5,3-8,9) 6,8 (5,6-7,9)
HbA1c, % 7,9+1,9 7,61£1,8 8,142,2 7,0+2,3*
Total cholesterol, mmol/L 4,9+0,9 4,8+0,9 5,2+1,2 5,5+1,5
Triglycerides, mmol/L 1,8+0,7 1,8+0,7 2,0+0,7 1,9+0,7
LDL cholesterol, mmol/L 2,8+0,8 2,7+0,7 3,0+1,1 3,2+1,3
HDL cholesterol, mmol/L 1,24+0,3 1,2140,3 1,29+0,2 1,45+0,3**
Is_t[;tdc:roc}is;i;ol/HDL cholesterol, 24408 24108 2.440,9 234100

Comment: * — p<0,05: significance of differences between characteristic values achieved with treatment and their initial levels
nokasartensmu; ** -p<0,05: significance of differences between characteristic values achieved with treatment in 2 subgroups.
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This study aimed to perform comparative estima-
tion of efficacy of three therapeutic regimens of long
AHT based on two RAAS block variants or dihydro-
pyridine CB in relation to reaching target BP levels,
dynamics of night AH and metabolic characteristics
in patients with DM-2. It was demonstrated that, al-
though there was no significant difference between
the frequency of reaching office BP target levels in
three groups of patients, the percentage of patients
who received combination of two AHD was signifi-
cantly higher in the group which received combined
therapy based on ACE inhibitor, comparing with the
group where patients did not receive RAAS block-
ers. We identified that adequate correction of night
AH was impossible in absence of RAAS inhibitors.
Activity of intrarenal RAAS under dihydropyridine CB
[15] and less prominent antihypertensive action of
B-blockers at night hours due to naturally impared
adrenergic activity during sleep can be considered
as possible reasons of this BP reduction [16]. More
evident decrease of the frequency of night diastolic
AH in patients of the 1% group comparing with the
2" group can be explained with additional impact of
ACE inhibitors on kallicrein-kinin system that allows
the drugs of this class to have more prominent and
more stable during daytime and night time influence
on neurohumoral systems and BP regulation [17].
Antihypertensive effect of therapy based on com-
bination of ARAIl and CB was accompanied with in-
creased HR at night time, especially in patients with
less evident reduction of 24-hours SBP, that can
reflect some activation of sympathoadrenal system
under amlodipine influence that was not compen-
sated with valsartan action.

These results indicate of metabolic neutrality of
CB, IR and B-B combination in patients with diabetes,
since no negative changes of carbohydrate, insulin or
lipid metabolism were detected. At the same time,
combined administration of ACE inhibitor, IR and
amlodipine caused favorable metabolic shifts: sta-
tistically significant improvement of glycemic control
and weight loss. Results of meta-analysis performed
by Sharma A., et al. (2001) go along with our data, it
has been reported that patients who received ACE in-
hibitors lost 0,3-5,3 kg of weight during therapy [18].
More evident influence of the therapy based on ACE
inhibitor and CB combination on HbAlc comparing
with combined use of ARAIl and CB can be explained
with this possible mechanism: ACE inhibitors poten-
tiate endogenous kinins’ effects and cause second-
ary stimulation of prostaglandins in different organs

including pancreas [19], that increases transmem-
brane transport of glucose into cells.

It is necessary to understand which exactly AHD
combination was responsible for detected improve-
ment of glycemic control and weight loss in patients
who received ACE inhibitor, IR and amlodipine, and
to identify if RAAS blockers by themselves have be-
nignant influence on metabolic characteristics in pa-
tients with DM-2. To answer this question we analyzed
metabolic effects of two-component (without amlo-
dipine addition) and three-component (with addition
of amlodipine) therapy in united group of patients who
received perindopril and valsartan. We found out sig-
nificant improvement of glycemic control, tendency to
increase of antiatherogenic part of blood cholesterol
and reduced insulin resistance index in the common
group of RAAS blockers that was realized because of
patients who received combination of amlodipine with
RAAS blockers and IR, whereas in absence of amlo-
dipine no significant change of lipid and carbohydrate
metabolism was detected. Observations of synergic
positive metabolic effects of RAAS blockers and am-
lodipine go along with existing ideas of clinical ben-
efits of this combination.

Rubio A.F., et al. found out that normotensive pa-
tients with DM who received combination of ACE in-
hibitor and CB for nephroprotection achieved better
glycemic control than the same patients who received
monotherapy with ACE inhibitors [20]. The study of
Fogari R., et al. (2010) demonstrated that valsartan
and amlodipine combination improves insulin sen-
sitivity of tissues better than separate therapy with
each drug [21], and after this it was proposed that
combined administration of RAAS blocker and CB can
play an important role in metabolic control of DM pa-
tients due to antihypertensive action of these drugs.

Conclusion

Our results demonstrate that although all three
therapeutic regimen of long AHT allow to reach tar-
get BP levels in majority of patients with AH+DM-2,
their degree of night AH correction and metabolic ef-
fects are not equivalent. Therapeutic scheme based
on amlodipine, IR and metoprolol succinate combina-
tion is less effective in correction of night systolic AH
than combination of RAAS blocker, IR and amlodipine.
Combined administration of ACE inhibitor, IR and am-
lodipine has advantages over combined therapy with
ARAII, IR and amlodipine in majority of patients with
DM-2, it promotes weight loss and reduction of HbA1c
levels. Increased levels of HDL cholesterol and favor-
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able dynamics of glycemic control in case of com-
bined therapy with RAAS blocker, IR and amlodipine
can be explained with their synergic metabolic effects
and they can be realized after addition of amlodipine
to the therapy.

Study’s limitations

This study has several limitations. First of all, target
levels of glycated hemoglopin at the moment of inclu-
sion into the study have not been achieved in patients
of all three groups. At second, only half of patients
did not receive lipid-lowering therapy with statins at
the moment of inclusion into the study and did not
take it constantly during the study that can have an
impact on estimation of AHT influence on metabolic
characteristics.

Conflict of interest: None declared
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