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To study the dynamics of serum levels of vascular 
remodeling in patients with hypertension, including 
in combination with type 2 diabetes mellitus 
during 12‑month therapy with perindopril A

Aim	 To study the dynamics of serum markers for vascular remodeling in patients with arterial hypertension 
(AH), including AH associated with type 2 diabetes mellitus (DM2) during the 12‑month treatment 
with the angiotensin-converting enzyme (ACE) inhibitor, perindopril A.

Material and methods	 The study included patients with grade 1–2 AH with or without type 2 DM (30 and 32, respectively). 
Perindopril A 10 mg / day was administered for the outpatient correction of previous, ineffective 
antihypertensive therapy. The following biomarkers were measured for all patients at baseline and at 
12 months: matrix metalloproteinase-9 (MMP-9), tissue inhibitor of metalloproteinase-1 (TIMP-1), 
E-selectin, endothelin 1, transforming growth factor β-1 (TGF-β1), and von Willebrand factor (WF). 
Laboratory tests were performed with enzyme immunoassay.

Results	 After 12 months of the perindopril A (perindopril arginine) 10 mg / day treatment, both groups 
achieved the goal blood pressure. Evaluation of biomarker dynamics during the perindopril A treatment 
showed significant decreases in MMP-9, TIMP-1, and endothelin 1 in the AH group; then the level 
of TIMP-1 returned to normal values (р<0.05). In the AH+DM2 group, the MMP-9 concentration 
was significantly decreased (р<0.05); the other values did not show any significant differences. In both 
groups, MMP-9 was significantly decreased (28.6 % (р=0.01) in group 1 and 33.2 % (р=0.00) in group 
2. Notably, in none of these groups, did this index reach normal values. Also, there were no significant 
differences in this index between the groups (р=0.66). It should be noted that the decreases in TIMP-1 
were significantly different between the groups (р=0.001). Thus, this biomarker did not significantly 
decrease in patients with AH and DM2 (р=0.26) whereas in group 1 (AH without DM2), the level of 
TIMP-1 decreased by 39.3 % and reached the normal range (р=0.005).

Conclusion	 Concentrations of biomarkers were decreased in both groups. However, in the AH group, there were 
statistically significant decreases in the markers that reflect processes of fibrosis and vasoconstriction. 
At the same time in the AH+DM2 group, there was no significant dynamics of the biomarkers, which 
was most likely due to more pronounced damage of blood vessels. However, the decrease in MMP-9 
may indicate an alleviation of fibrotic processes in arterial walls. These results allow a conclusion that 
the long-term treatment with the ACE inhibitor, perindopril A, may reverse remodeling of the vascular 
changes that are called «early vascular ageing».
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If the already high prevalence of arterial hypertension 
(AH) and diabetes mellitus (DM) in Russia continues to 
increase, it may soon reach pandemic proportions. With only 
14% of male patients and 30% of female patients achieving 
the target levels of blood pressure (BP), the percentage of 
patients with AH reaches 45% of the adult population [1, 2]. 
Out of over 425 million people diagnosed with DM so far, 

about 90% have DM type 2 [3]. The high prevalence of DM 
is due to significant changes in the contemporary lifestyle: 
easily available high-calorie food and lack of physical activity, 
as well as a lack of treatment efficacy due to poor adherence. 
According to the World Health Organization (WHO), the 
percentage of patients with AH will continue to increase, 
amounting to 15–20% by 2025 [4]. Thus, in order to develop 
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and improve the existing diagnostic algorithms, it is of 
immediate relevance to study these groups of patients, taking 
into consideration many emerging opportunities including 
the evaluation of biological markers [5].

The concept of early vascular aging, first defined by the 
European Society of Cardiology in 2017, is now one of the 
leading concepts explaining the cardiovascular continuum. 
Not only is the vascular wall a target for many diseases, but 
it also serves as a touchstone for determining the severity 
of abnormalities [6]. Thus, a detailed study of molecular 
processes accompanied by an increase or decrease in the 
levels of various biomarkers can significantly improve 
the efficacy of treatment [7, 8]. In this way, a prognosis is 
determined for patients with AH and DM not only by BP and 
blood glucose, but also the activity of biomarkers that change 
during modulation of endothelial function and vascular 
remodeling [9].

Along with smoking and hyperlipidemia, AH and DM 
are well-established risk factors for endothelial dysfunction 
(ED). ED is seen as a complex of interrelated changes, with 
the leading role taken by the regulatory mechanisms of 
biomarkers that affect vascular wall remodeling.

The main biomarkers actively involved in the development 
of ED are as follows:

1)	 factors derived from the endothelium and released 
from the cells in the basolateral direction or into the blood 
(nitric oxide, prostacyclin);

2)	 factors accumulated in the endothelium and released 
from during stimulation (von Willebrand factor, P-selectin, 
tissue plasminogen activator), which can enter the blood not 
only when the endothelium is stimulated, but also when it is 
activated and damaged;

3)	 factors that are not normally synthesized, but whose 
levels dramatically elevate when the endothelium is activated 
(endothelin-1, ICAM-1, VCAM-1, E-selectin, PAI-1);

4)	 factors derived from and accumulated in the 
endothelium (t-PA) or endothelial membrane proteins 
(receptors) (thrombomodulin, protein C receptor).

The following biomarkers were evaluated: E-selectin, 
endothelin-1, matrix metalloproteinase-9 (MMP-9), tissue 
inhibitor of metalloproteinase-1 (TIMP-1), MMP-9 /
TIMP-1 ratio, transforming growth factor β-1 (TGF-β1), 
VWF.

The protein E-selectin is involved in the binding of 
leukocytes to the endothelial wall due to numerous 
factors, including when the endothelium is damaged 
and inflammatory cytokines are expressed [10]. Thus, 
estimating blood levels of E-selectin is important not only 
for determining ED, but also for predicting the development 
of cardiovascular diseases (CVDs). As one of the most 
active participants of vascular platelet hemostasis [11], 
von Willebrand factor (VWF) has been shown to play a 

significant role in the formation of clots in small arteries [12]. 
Thus, increased plasma levels of VWF can be considered as 
the main predictor of hypercoagulation in patients with ED.

Since matrix metalloproteinases (MMPs) take a leading 
role in the development of such processes as morphogenesis, 
resorption, tissue remodeling, angiogenesis, their increased 
concentration affects the progression of atherosclerosis, 
plaque destabilization, and vascular remodeling (due to 
the degradation of various protein components) [13–
15]. Among the family of molecules that reduce MMP 
activity, TIMP-1 regulates the enzymatic activity of MMP-
9. In order to permit the reorganization of the extracellular 
matrix for preventing hyperactivation, it is necessary to 
maintain the balance between MMPs and their inhibitors, 
including TIMPs [16]. Endothelin-1 is one of the main 
triggers of vasospasm, which targets muscle receptors and 
provokes their contraction to increase BP and vascular 
stiffness [17]. The crucial role of endothelin-1 in staging and 
assessing the nature of the pathological process occurring 
in the vasculature was also hypothesized [18]. Thus, 
estimating endothelin-1 levels can play a fundamental role in 
determining the pathophysiological mechanisms that prevail 
in the development of AH. TGF-β1 belongs to a huge family 
of proteins that regulate many processes of proliferation, 
differentiation, adhesion of various cells, involvement in the 
processes of reproduction, embryonic growth, etc. Since 
increased concentration of TGF-β1 has been shown to be 
most often associated with endothelial damage, determining 
TGF-β1 levels becomes a useful consideration in the 
detection of ED.

All these closely interrelated factors form a virtually 
closed system, in which the interconnected processes are 
indefinitely looped. In this regard, assessing ED using various 
biomarkers is of great prognostic significance.

Thus, the efficacy of treatment and prognosis for patients 
with AH, including those with DM type 2, can be determined 
not only by BP, but also by the reduction of ED, which 
particularly affects the prognosis. According to previous 
studies, means for influencing the renin-angiotensin-
aldosterone system (RAAS) are among the most effective 
treatments for patients with AH. In the present study, in 
which angiotensin-converting enzyme (ACE) inhibitors are 
mainly administered, perindopril arginine (A) was used. This 
is supported by a large evidence base (EUROPE, ADVANCE, 
HYVET, ASCOT, PROGRESS) [19–21], as well as having 
significant organ protective properties, which are crucial for 
patients with AH and DM [22].

Objective
To study the changes in the plasma levels of vascular 

remodeling markers in patients with AH, including those 
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with concomitant DM type 2, during the 12-month 
administration of perindopril A.

Material and Methods
Open, non-randomized, observational study was 

conducted in Cardiology Department No. 1 of I.М. 
Sechenov First Moscow State Medical University (the 
Russian Federation). The study included patients with 
AH grade 1–2 divided into the groups with comparable 
size depending on the presence of DM type 2. All patients 
underwent clinical examinations before the administration 
of perindopril A and after 12 months of treatment. Before 
the inclusion, all patients received comparable concomitant 
treatment (calcium channel blockers, beta-blockers). DM 
was compensated in all patients to ensure comparable 
blood glucose levels; 90% of patients were treated with 
biguanides. At baseline, ACE inhibitors or angiotensin 
II receptor blockers were discontinued, with perindopril 
A 10 mg/day being prescribed following the two-week 
washout period. Follow-up visits were performed to assess 
the treatment efficacy once every 3 months. Exclusion 
criteria were as follows: secondary forms of AH; DM type 
1; coronary artery disease (CAD); chronic heart failure 
functional class III–IV; systemic diseases; cancer; clinically 
significant rhythm and conduction disorders; glomerular 
filtration rate less than 50 mL/min 1.73 m2; severe liver 
dysfunction.

Patients with AH were divided into 2 groups depending 
on the presence of DM type 2: Group 1 included AH patients 
without DM (n=32, 18 female and 14 male patients); Group 
2 comprised AH patients with DM 2 DM (n=30, 19 female 
and 11 male patients). The groups were comparable by 
age, sex, duration of AH. Characteristics of the patients are 
detailed in Table 1.

Enzyme-linked immunosorbent assay was used to 
determine the levels of biomarkers of ED and vascular 
remodeling (MMP-9, TIMP-1, E-selectin, endothelin-1, 
TGF-β1, VWF).

Data were processed using IBM SPSS v.22.0; data analysis 
used non-parametric criteria. Quantitative variables were 
expressed using the median and lower and upper quartiles 
(Me [LQ; UQ]), as well as minimum and maximum values. 
Statistical significance of the differences between the two 
samples was determined using the Mann–Whitney test 
(independent samples) and Wilcoxon test (dependent 
samples, i.e., before /after comparisons). Differences were 
statistically significant with p<0.05.

Results
The 12-month follow-up examination showed that the 

target BP levels were achieved in both groups. Changes in the 
serum marker levels were evaluated in the study groups. Table 

2 represents a comparison of biomarker levels in patients with 
AH before and after treatment.

The estimation of biomarker levels before and after 
treatment with perindopril A 10 mg/day revealed a 
statistically significant decrease in the levels of MMP-9 
and TIMP-1 (p<0.001 and p=0.005, respectively) along 
with normalized TIMP-1 levels. Positive changes were also 
observed in the levels of endothelin-1. While this was a 
statistically significant decrease, return to normal was not 
achieved. No statistically significant differences were found 
for the other parameters (see Table 2). Thus, the levels of 
markers of fibrosis and vasoconstriction decreased in patients 
with AH.

The assessment of changes in biomarker levels in AH 
patients with DM type 2 identified a statistically significant 
decrease in the concentration of MMP-9 before and after 
therapy; however, reference values were not achieved 
(p=0.011). There were no statistically significant differences 
in the levels of TIMP-1, endothelin-1, E-selectin, and VWF 
(p=0.260; p=0.940, p=0.140, and p=0.320, respectively) 
during therapy. Although a statistically significant decrease 
was found in the levels of TGF-β1, all values were within the 
reference range (Table 3).

Thus, the lack of statistically significant changes in the 
biomarkers of interest in the group of AH patients with DM 
is most likely due to more severe vascular damage. However, 
decreased levels of MMP-9 may be indicative of mitigating 
fibrosis of the vascular walls.

There was a statistically significant decrease in the levels 
of MMP-9 in both groups: by 28.6% (p=0.010) and 33.2% 
(p=0.001) in Group 1 and Group 2, respectively. It is notable 

Table 1. Demographic characteristics 
of patients included in the study

Parameter
AH + DM  

type 2  
(n=30)

AH  
(n=32) р

Age, years 60.5 [56; 64.75] 58.5 [54.75; 65.0] 0.311

Male/female 11/19 14/18 0.570

Duration of AH, years 12 [9.25; 15] 12.0 [9.0; 14.25] 0.799

BMI, kg/m2 35.6 [33.7; 37.8] 28.66  
[26.82; 29.83] < 0.001

Glucose, mmol/L 6.3 [6.0; 7.43] 5.1 [4.8; 5.2] < 0.001

Creatinine, mg/dL 1.14 [0.9; 1.25] 0.86 [0.8; 0.99] < 0.001

GFR, mL/min/1.73m2 62.09  
[52.73; 71.65]

76.99  
[72.00; 94.01] < 0.001

SBP, mm Hg 158 [156; 163.5] 156 [153; 160] 0.024

DBP, mm Hg 94 [90; 97.5] 88 [86; 90] < 0.001

AH – arterial hypertension; DM – diabetes mellitus;  
BMI – body mass index; GFR – glomerular filtration rate;  
SBP – systolic blood pressure; DBP – diastolic arterial hypertension.
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that the reference values were not achieved in any group. 
Moreover, there were no statistically significant differences in 
this indicator (p=0.660) between the groups (Figure 1).

Matrix metalloproteinase-9
The statistically significant difference between the 

groups in the decrease in TIMP-1 levels (p=0.001) should 
be noted. Although no statistically significant decrease in 
this biomarker was detected in AH patients with DM type 
2 (p=0.260), it decreased by 39.3% (p=0.005) in Group 1 
and returned to normal (Figure 2).

The comparison of the stoichiometric ratio of the 
fibrosis marker and its inhibitor (MMP-9/TIMP-1) 
showed no statistically significant changes in any group after 
12 months of treatment. There were also no statistically 
significant changes in LVEF in any group (p>0.05).

Evaluation of the trends in the severity of ED revealed a 
statistically significant decrease in endothelin-1 levels only 
in AH patients without DM type 2 to 0.38 [0.2; 1.2] ng/
mL (p=0.009).

Thus, perindopril A at 10 mg/day had a more 
pronounced effect on reducing the levels of fibrosis markers 
in patients without DM. The significant decrease in the 
vasoconstriction marker in patients without DM confirms 
the earlier conclusion of a more severe vascular damage in 
patients with DM.

Discussion
Diseases such as AH and DM involve endothelial 

dysfunction and vascular remodeling, which mirrors the 
increased expression of extracellular matrix proteins. An 

experimental study carried out by Flamant et al. showed 
that initial AH is associated with the induction of matrix 
metalloproteinases and collagen degradation [23].

ACE inhibitors have the largest evidence base of all 
antihypertensive drugs regarding the effect on vascular 
remodeling. This class of drugs is also effective in 
patients with hypertensive heart disease, including those 
with DM. Moreover, clinical trial data show that ACE 
inhibitors play an important role in the prevention of 
chronic kidney disease (CKD) progression. According 
to the Seventh Report of the Joint National Committee 
( JNC7), the European Society of Hypertension/
European Society of Cardiology (2003 ESH-ESC), as 
well as the Japanese Society of Hypertension, ACE 
inhibitors are recommended for the treatment of 
patients with AH and CKD [24]. Perindopril was 
chosen among ACE inhibitors for this study due to the 
large evidence base describing its effect on the prognosis 
in patients with CVDs (EUROPE, ADVANCE, HYVET, 
ASCOT, PROGRESS). The role of ACE inhibitors in 
improving endothelial function was also shown in the 
PERTINENT study [25].

In our study, changes in biomarker levels were 
demonstrated during a treatment with perindopril 10 mg/
day for 12 months. Although no statistically significant 
differences were found between the study groups in the 
levels of fibrosis biomarkers MMP-9 and TIMP-1, and 
the MMP-9 / TIMP-1 ratio, the levels of MMP-9 and 
TIMP-1 were elevated in both groups. Given the elevated 
levels of serum markers of vascular remodeling, namely 
MMP-9 TIMP-1, TGF-β1 and endothelin-1, these 

Table 2. Changes in biomarker levels in patients with AH before treatment 
and in 12 months of administering perindopril A 10 mg/day

Parameter References Baseline In 12 months р

Matrix metalloproteinase-9, ng/mL < 139.4 218.5 [189.0; 276.0] 146.0 [114.3; 216.3] < 0.001

Tissue inhibitor of metalloproteinase-1, ng/mL 9–321 431.5 [386.8; 488.5] 262.0 [225.8; 342.3] 0.005

Transforming growth factor β-1, ng/mL 5,222–13,731 3,938.5 [1,808.8; 7,694.0] 2,526.5 [1,726.3; 4,253.8] 0.076

Endothelin-1, ng/mL < 0.26 1.73 [0.63; 2.30] 0.38 [0.20; 1.19] 0.009

E-selectin, ng/mL 21–186 36.2 [28.5; 50.1] 35.7 [22.9; 41.9] 0.160

von Willebrand factor, IU/mL 0.5–1.5 0.58 [0.50; 0.73] 0.58 [0.47; 0.73] 0.670

Table 3. Changes in biomarker levels in patients with AH and DM type 2  
before treatment and in 12 months of administering perindopril A 10 mg/day

Parameter References Baseline In 12 months р

Matrix metalloproteinase-9, ng/mL < 139.4 223.5 [172.5; 254.0] 159.5 [115.3; 228.8] 0.011

Tissue inhibitor of metalloproteinase-1, ng/mL 9–321 459.5 [286.8; 726.5] 419.0 [310.5; 505.8] 0.260

Transforming growth factor β-1, ng/mL 5,222–13,731 116489.0 [4117.8; 37933.8] 2933.5 [1571.8; 11286.5] 0.050

Endothelin-1, ng/mL < 0.26 0.46 [0.29; 1.30] 0.74 [0.45; 1.13] 0.940

E-selectin, ng/mL 21–186 51.4 [31.9; 65.2] 45.8 [32.2; 61.2] 0.140
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changes can mainly be caused by the extracellular matrix 
restructuring, as well as the progression of fibrosis and 
ED. Thus, MMP-9 and TIMP-1 play a significant role 
in the proliferation (degradation and reorganization) of 
the extracellular matrix components, which underlie the 
progression of vascular fibrosis [26]. The involvement 
of metalloproteinases in the mechanisms of vascular wall 
remodeling has already been studied, demonstrating 
a significant effect on the vascular wall remodeling 
through the migration, proliferation, and apoptosis of 
smooth muscle cells, endothelial, and inflammatory 
cells, which determine the formation of intima [27]. 
According to previous studies, RAAS activation in AH 
also increases the production of metalloproteinases [28]. 
The observed activation of MMP-9 and TIMP-1 in our 
patient confirms the involvement of the combination 
of MMP-9 and TIMP-1 in the processes of vascular 
remodeling. Our findings are consistent with the Flavia 
Mariana Valente study, which revealed a significant 
increase in the levels of MMP-9 in hypertensive crisis 
[25]. Earlier, an increase in the MMP-9 levels was 
described during the formation and progression of 
atherosclerosis, leading to unfavorable outcomes and 
cardiovascular death [29]. Increased levels of MMP-9 
and TIMP-1 can also predict the development of CAD 
and other vascular diseases.

While TGF-β1 remained within the reference values, 
the intergroup comparison showed that TGF-β1 was 
significantly higher in AH patients with DM than those 
without DM. Since TGF-β1, whose production increases 
in hyperglycemia, is a factor in increased vascular wall 
stiffness, this identified feature mirrors more pronounced 
vascular remodeling in this group of patients; among the 
endothelial function markers (endothelin-1, E-selectin, 
and VWF), only changes in the levels of endothelin-1 were 
observed in both groups. We also detected a statistically 
significant increase in the levels of endothelin-1 in AH 
patients without DM type 2 as compared to those with 
DM type 2. Endothelin-1, as a powerful vasoconstrictor, 
is expected to largely determine the degree of ED and 
predict the clinical manifestations of various diseases. 
Endothelin-1 is considered as a marker and predictor 
of the severity of CVDs, which contributes to the 
development of vascular atherosclerosis, ischemic brain 
damage, pulmonary and systemic hypertension [30–32]. 
Thus, elevated levels of endothelin-1 may be indicative 
of ED and prevailing processes of vasoconstriction in the 
study groups. Previous studies also showed that increased 
serum levels of endothelin-1 are associated with higher 
systolic and diastolic BP [33]. Several studies have also 
provided evidence of improved microcirculation in 
various target organs [28].

Conclusion
Our study showed that long-term treatment with 

angiotensin-converting enzyme inhibitor perindopril A 
can slow down the remodeling of the vascular bed, referred 
to as early vascular aging. This is manifested as decreased 
levels of biomarkers responsible for fibrosis, proliferation, 
and vasoconstriction, which reduces vascular stiffness 
at all levels. The significant role played by decreased 
levels of biomarkers in the organ protective properties 

MMP – matrix metalloproteinase-9; AH – arterial hypertension;  
DM – diabetes mellitus; HHD – hypertensive heart disease.
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of perindopril A is of direct relevance to the prognosis 
for patients suffering from such disorders. In order to 
select the most effective therapy, further research into 
the role of matrix metalloproteinase-9, tissue inhibitor 
of metalloproteinase-1, endothelin-1, and transforming 

growth factor β-1 in vascular wall remodeling is clearly 
required.
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