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INFLUENCE OF ANTIHYPERTENSIVE DRUGS ON
CARDIOVASCULAR OUTCOMES IN PATIENTS WITH METABOLIC 
SYNDROME, COMPLICATED BY THE CHRONIC KIDNEY DISEASE

 Summary. The present study was conducted to compare the influence of 
amlodipine, ramipril and losartan on cardiovascular outcomes in patients with metabolic 
syndrome, complicated by the chronic kidney disease. Our study showed, that ramipril 
and losartan were more effective at regression of left ventricle hypertrophy and changing 
profile of blood pressure than amlodipine. Even so, losartan was more effective in 
patients with «full» (or ״complete״) metabolic syndrome than ramipril and amlodipine.

Key words: hypertension, metabolic syndrome, chronic kidney disease, antihypertensive 
drugs.

Introduction
 The problem of metabolic syndrome 
(MS) continues to be studied, but today we know 
that each individual MS component is associated 
with increased cardiovascular risk, cardiovascu-
lar morbidity and mortality [1,2]. The clinical 
significance of lesions, combined with the 
syndrome framework lies in the fact that their 
combination accelerates the development and 
progression of cardiovascular disease, which 
according to experts WHO (2001) and NCEP 
(United State National Education Program, 
2003) take the first place among the causes of 
morbidity of industrialized countries population. 
Framingham study showed that in 25% of newly 
diagnosed cardiovascular diseases the predictor 
of their development was MS [7]. In addition, 
cardiovascular risk grows with the increase of 
MS component amount [1,2,3].
 Hypertension in patients with MS is 
found in 50 - 76%. Genesis of hypertension at 
MS is multifactorial and includes the following 
pathogenetic links caused by chronic hyperinsu-
linemia:   activity stimulation of the renin-angio-

tensin-aldosterone system (RAAS); stimulation 
activity of sympathetic-adrenal system (SAS), 
leading to vascular tone increase; transmem-
brane ion exchange mechanism lock (sodium, 
potassium- and calcium-dependent ATP-ase), 
followed by  intracellular sodium increase, 
which leads to the sensitivity of the vascular wall 
to pressor effects; sodium reabsorption increase 
in the proximal and distal tubules of the nephron, 
which promotes fluid retention and hypervole-
mia; stimulation of  vascular wall smooth muscle 
cells  proliferation, which causes narrowing of 
arterioles and an increased vascular resistance 
[4,5].
 The role of the hypertension, with no 
doubt, is the leading one in the development of 
chronic kidney disease (CKD) of any genesis. 
There is no great difference whether the hyper-
tension is an independent disease, related to 
kidney disease or is a consequence of nephropa-
thy. In large-scale randomized trial MRFIT 
(Multiple Risk Factor Intervention Trial) a clear 
link between the hypertension severity, its dura-
tion and relative risk of CKD terminal stage was
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proved. The results of the trial showed that the 
increased blood pressure more than 130/85 mm 
Hg. was accompanied by an increase in the 
relative risk of renal pathology 2-3 times. 
Uncontrolled hypertension over 180/100 mm 
Hg. increases the risk of renal failure in 6-20 
times. When being combined hypertension and 
diabetes such risk increases 30 times, even with 
a moderate increase of blood pressure to 160/100 
mm Hg. [6].
 One of the most important manifesta-
tions of MS is a violation of the heart geometric 
parameters with the development of myocardi-
um hypertrophy [6,7]. Genesis of left ventricle 
hypertrophy (LVH) at MS is ambiguous: an 
increase in left ventricle myocardial mass 
(LVMM) and, respectively, the index of left 
ventricle myocardial mass (ILVMM) occurs as a 
result of hypertension and also as the develop-
ment of severe anemia at the basis of CKD (car-
diorenal anemia syndrome) [8]. According to 
studies, between myocardial mass, blood pres-
sure level and insulin a positive correlation 
connection was found. Changes of myocardium 
in patients with MS are characterized as "con-
centric hypertrophy" of the left ventricle. The 
LVH is an independent risk factor for hyperten-
sion complications, a more important predictor 
of cardiovascular mortality than age, systolic 
blood pressure (SBP) or diastolic blood pressure 
(DBP) [9]. Among people with LVH overall 
mortality rate is 4 times higher and with cardio-
vascular events in 7 - 9 times higher than in 
patients without LVH. It is proved that reducing 
ILVMM by 25g/m² is associated with a decrease 
of mortality and frequency of complications of 
hypertension by 20% [10].
 As patients with metabolic syndrome, 
which includes hypertension are at increased 
cardio-vascular risk, it is appropriate to ensure 
strict control of blood pressure [11].
 In connection with the described above, 
the search for therapeutic measures aimed at 
correcting the blood pressure and regression of 
structural changes in the heart, especially in the 
presence of metabolic syndrome and CKD, is 
regarded now as a priority treatment of these 

patients [8,11,12,13,14].
 Objective: to evaluate the dynamics of 
cardio hemodynamic parameters during treat-
ment with antihypertensive drugs in patients 
with metabolic syndrome complicated with the 
chronic kidney disease.

Materials and Methods.
 The study involved 157 people, includ-
ing 127 patients with MS, complicated by the 
CKD, and 30 healthy donors who have made up 
the control group. The diagnosis of MS was 
based on existing criteria [1,3]. If there were 
three or more criteria available in patients the 
MS was verified. The presence of CKD was 
defined regardless of the initial diagnosis based 
on signs of kidney damage and / or on glomeru-
lar filtration rate data (GFR) [9].
 In the course of the study the examined 
patients were divided into three groups depend-
ing on metabolic syndrome components. So, to 
group I were included 42 patients with MS, the 
components of which were hypertension, diabe-
tes type 2 and obesity; to the second group - 43 
patients with MS who combined hypertension, 
diabetes type 2 and dyslipidemia. People with 
MS, uniting four components - hypertension, 
diabetes type 2, obesity and dyslipidemia - 
formed the third group (42 patients). Patients of 
each of the three groups under study were divid-
ed into three subgroups. Patients of I-A, II-A, 
III-A subgroups received basic therapy drugs 
(antidiabetic drugs, statins, aspirin, amlodipine); 
of l-B, II-B, III-B subgroups were treated by 
basic therapy and ramipril. Persons of I-C, II-C, 
III-C subgroups, except for basic drug therapy 
were prescribed losartan. It should be noted that 
while selecting the doses of medications, the 
guidelines, which indicate the optimal dose of 
the antihypertensive drug in patients with 
impaired renal function, were used 
[15,16,17,18].
 Evaluation of blood pressure was 
conducted under the existing recommendations 
on detection, measurement and treatment of 
hypertension. To evaluate the  dynamics of 
cardio hemodynamic parameters  all the patients 
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except physical examination, underwent: mea-
surement of blood pressure on both hands by the 
standard method; daily monitoring of blood 
pressure and specifying the profile of hyperten-
sion by «Cardiotens-01» («Meditech 04", Hun-
gary); calculation of LVMM and ILVMM 
according to existing  methodics.

Results and Discussion.
 In the study, it was observed that patients 
of the third group are characterized by signifi-
cantly higher levels of SBP and DBP compared 
to those of the first (p<0.05) and second (p<0.01) 
groups. There are significant differences 
between the parameters of LVMM (p <0.05) and 
ILVMM (p <0.05) in patients of the II and III 
groups; at the same time, the difference between 
these parameters in patients of the I and III 
groups were unreliable (p> 0.05). Between index 
of LVMM and SBP the strong correlation was 
observed in all groups of patients (I group - r = 
0,94, p <0,001; group II - p = 0,89, p <0,001; 
group III - r = 0,96, p <0.001). In evaluating the 
results of daily monitoring of blood pressure it 
was found different frequency of hypertension 
profiles in the groups of patients being com-
pared. The largest part of patients - 14 people 
(33.3%), with revealed the profile of "Night-
peaker" hypertension, were in the third group; 
the smallest part of patients with this profile of 
hypertension was in the second group - 9 people 
(20.9%). The profile of hypertension «Nondip-
per» prevailed in patients of the II group - 24 
patients (55.8%) and was the lowest among the 
patients of the third group - 17 patients (40.5%). 
Among the compared groups profiles of hyper-
tension «Dipper» and «Overdipper» were 
observed most often in the first group of patients 

- 9 (21.4%) and 4 (9.5%) people being exam-
ined, respectively.
 The analysis of the results of treatment 
showed that effectiveness of studied drugs on 
blood pressure, hypertension profile, indexes of 
LVMM and ILVMM in groups of patients with 
various components of MS is not interchange-
able.
 Research results obtained during the 
treatment among patients of the I group. After 
two weeks of treatment by amlodipine SBP 
decreased by 7.1% and DBP by 3.9%, but not 
reliably. As for SBP and DBP levels in three 
months, they significantly decreased by 12.1% 
and 7.7%, respectively (p <0.01). Target values 
of blood pressure were not reached in most 
patients. In the subgroup of patients who 
received ramipril for their treatment, after 2 
weeks the decrease of SBP by 11.6% (p <0.05) 
and DBP by 8.6% (p <0.05) was observed. 
Correction of blood pressure after 3 months was 
satisfactory in all patients (p <0.01). Dynamics 
of blood pressure among patients of the 1-C 
subgroup treated by losartan was as follows: on 
the background of two weeks receiving losartan 
potassium decrease of SBP and DBP was regis-
tered by 7.9% and 6% respectively, but these 
figures are not reliably distinguished. However, 
3 months after initiation of treatment with the 
indicated means, it was noted a statistically 
significant decrease of blood pressure: SBP by 
17.7% (p<0.001), DBP by 7.8% (p<0.01).
 As for the profile of hypertension, in 
each of the subgroups under studies after the 
three months of treatment the positive dynamics 
of hypertension adverse prognostic profiles  was 
observed, but in different percentages (Tabl. 1).

Таbl. 1.  The  hypertension profile dynamics among the patients of the I group (%)

Profiles of 
hypertension

І group
hypertension, diabetes type 2, obesity

n=42
І-А

n = 14
І-В

n = 15
І-С

n = 13
Dipper Δ+2,37 р<0,05 Δ+2,38 р<0,05 Δ+2,59 р<0,05
Overdipper - Δ+2,38 р<0,05 Δ+4,77 р<0,01
Nondipper Δ-2,37 р<0,05 Δ-2,38 р<0,05 Δ-4,78 р<0,01
Nightpeaker - Δ-2,38 р<0,05 Δ-2,38 р<0,05
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 The analysis of  LVMM and ILVMM 
indicators before treatment and after 3 months of 
treatment showed insufficient decrease of the 
last in patients of group 1-A - by 6.5% compared 
to the original data. As for these same indicators 
in other subgroups of patients, combined with 
ramipril the level decreased by 17.4% (p <0.05), 
and when combined with losartan - by 13.3% 
(p<0.05).
 Research results obtained during the 
treatment among patients of the II group. After 
two weeks of treatment the decrease tendency in 
blood pressure was observed in all subgroups of 
patients. As a result of receiving amlodipine SBP 
decreased by 6.1% (although not reliably), of 
ramipril receiving - by 9% (p <0.05), of losartan 
- by 8.5% (p <0.05). After three months of treat-

ment SBP decreased in all patients being exam-
ined: in the subgroup receiving amlodipine 
11.2% (p <0.05) in the subgroup receiving rami-
pril - by 14% (p <0.01) and in patients treated 
with losartan - by 12% (p <0.01). As for DBP, 
after two weeks of treatment significant positive 
tendency was found only in patients in subgroup 
II-B - DBP decreased by 6% (p <0.05). On the  
basis of  receiving  the means under study within 
three months it was noted the reliable changes in 
data by 8% among patients treated with amlodip-
ine (p <0.05), 12.3%  among those  treated with 
ramipril (p <0.01) and  by 10.1% among those 
treated with losartan (p<0.01). After three 
months of treatment the hypertension profile 
dynamic was observed (Tabl. 2)

 The analysis of LVMM and ILVMM 
indicators have shown that the tendency to 
change the parameters to decrease was observed 
against the background of all the drugs under 
study – both: on average for sub-groups, and 
while making the analysis of individual values. 
However, statistical significance of distin-
guished results had only II-B and II-C 
subgroups. Thus, during the application of rami-
pril the LVMM decreased on average by 12.1% 
(p<0.05), and during the application of losartan 
-by 13.5% (p<0.05). Similar changes (p<0.05) of 
the ILVMM took place in the same subgroups.
 Research results obtained during the 

treatment among patients of the III group. When 
analyzing the indicators it was observed that 
SBP after two weeks of treatment was signifi-
cantly decreased in the subgroup III-B - 
by14.9%. In the patients treated by amlodipine 
and losartan statistically significant decrease in 
SBP on the background of two weeks of treat-
ment was not found. After three months of 
taking the drugs a significant decrease in SBP 
was observed in all patients: by13.3% (p<0.05) 
among patient treated by amlodipine, by 24.3% 
(p <0.001) among patient treated by ramipril, 
17.5% (p <0.01) among patient treated by losar-
tan. Thus, the highest percentage in SBP 

Таbl. 2
The hypertension profile dynamics in patients of the II group (%)

21

Profile of 
hypertension

ІІ група
hypertension, diabetes type 2, dyslipidemia 

n=43
ІІ-А

n = 12
ІІ-В

n = 16
ІІ-С

n = 15
Dipper Δ+2,33 р<0,05 Δ+6,97 р<0,01 Δ+7,01 р<0,01
Overdipper Δ+2,32 р<0,05 Δ+2,33 р<0,05 Δ+2,29 р<0,05
Nondipper Δ-4,64 р<0,01 Δ-4,65 р<0,01 Δ-4,78 р<0,01
Nightpeaker - Δ-4,65 р<0,01 Δ-4,62 р<0,01
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decrease was among patient treated by ramipril. 
The evolution of the DBP indicators during 
treatment was somewhat different. During the 
two-week treatment DBP decreased significant-
ly only in patients treated by ramipril -  by 8.3% 
from baseline values (p <0.05). After 3 months 
of treatment the DBP decreased significantly in 
all subgroups of patients: patients receiving 
amlodipine by 10.8% (p <0.05), ramipril - by 

13.9% (p <0.01), losartan - 11 1% (p <0.01). The 
data showed that the most effective way of pres-
sure decrease, both systolic and diastolic, was 
among the patients treated by ramipril. 
 After three months of treatment the mod-
ulating effect on the hypertension profile under 
the influence of all drugs under study was 
revealed (Tabl. 3).

 Other important indicators, assessment 
of which was conducted in the study were 
LVMM and ILVMM. As for the subgroup of 
patients taking amlodipine, the statistically 
significant changes in these parameters have not 
been identified, although the tendency to their 
decrease was still observed. Patients in subgroup 
III-B, treated by ramipril and patients of III-C 
subgroup treated by losartan, the indicators were 
reliably decreased (p <0.05). The ILVMM 
reduce by ramipril was by 12.3% of the original 
rate and by 15.6% for losartan. Moreover,  SBP 
reduction correlated with the decrease of 
ILVMM during the ramipril application  (r = 
0,72, p <0.001) and during  the application of 
losartan (r = 0,58, p <0.01).

Conclusions. 
 1. The patients with metabolic syndrome 
complicated by the chronic kidney desease were 
characterized by a predominance of hyperten-
sion profile type «Nondipper» and «Nightpeak-
er». The highest percentage of patients with such 
unfavorable hypertension profiles was observed 
among the "full" (or ״complete״) metabolic 
syndrome.

 2. Remodeling of left ventricle was 
found in almost all the surveyed individuals; the 
highest part of patients with left ventricle hyper-
trophy was observed in the third group of 
patients who had four components of the meta-
bolic syndrome being combined.
 3. The treatment by amlodipine did not 
show the decrease of the number of people with 
hypertension profile «Nightpeaker» and was not 
indicated reliable regression of left ventricle 
hypertrophy.
 4. Ramipril and losartan potassium have 
almost similar properties to reliably reduce 
blood pressure, reduce left ventricle hypertrophy 
and favorably influence the profile of hyperten-
sion. However, at "full" metabolic syndrome the 
greater efficiency of losartan is marked.
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