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Bnuanue ¢akropoB pucka pasButus
cepAeYHo-cocyAMCTbIX 3abosieBaHMit Ha NnapaMeTpbl
YXeCTKOCTU apTepuM Y nauueHToB C apTepuasbHOM
runepreH3uei M aTepocKnepo3oM pasHoM CTeneHu
BbIPa)XK€HHOCTH

C.A. CawnraHos, B.E. ['ymMepoBa, B.B. [omoHoBa

CeBepo-3anafHblil rocyaapcTBeHHbIN MeAULMHCKIUA yHuBepcuTeT uM. U.A. MeunmkoBa, CaHkT-leTepbypr, Poccus

06ocHosaHue. ApTepuanbHas runepreH3us UMeeT LUMPOKOE pacnpocTpaHeHue B MONYNALMM, BELET K pa3BUTMIO apTepuo-
CKJIEp03a, YBENMYEHUIO XECTKOCTW apTepui U ABNSETCS OCHOBHBIM HENMMMAHBIM (haKTOPOM pUCKa Pa3BUTUS aTepoCKIIepo3a.
Bo MHOXeCTBe McCNe0BaHWIi NTOKA3aHo, YTO NOBBILLIEHUE XECTKOCTW apTepUiA — 3T0 HE3aBUCUMBIN HaKTOP PUCKa Pa3BUTHSA Cep-
Le4HO-COCYANCTbIX COBbITUIA. OfHAKO BAMAHWE TPAAMULMOHHBIX (haKTOPOB CEPAEYHO-COCYANCTONO PUCKA Ha KECTKOCTb apTepuil
Mnpu apTepuanbHOi TMNepTeH3WUM U pasHOiA CTENeHW BbIPAXKEHHOCTM aTepOCKIepOTUYECKOID NPOLIecca HEOCTaTOuHO M3YYeHO.

Llemy uccnedosaHus — oOLUEHUTL BMSHWE TPAAMLMOHHBIX (HAKTOPOB PUCKA PasBUTUS CEpAEYHO-COCYAMCTbIX 3abone-
BaHWM Ha NapaMeTpbl JKECTKOCTU apTepui Y MaLMEeHTOB C apTepuasnbHOM MMNepTEH3MeN U aTepOCKIepo30M pasHoii CTeneHu
BbIPaXEHHOCTH.

Mamepuanel u Memodel. 133 6onbHbLIX apTepUanbHON FMNepTeH3Mel pacnpeneneHsbl B TpU FpynMbl B 3aBUCUMOCTM OT CTe-
MneHu BbIPAXEHHOCTM aTepocknepo3a. B rpynny KoHTpons sowwnm 33 nauveHTa be3 M3BECTHbIX CepAeyHO-cocyanCTbIX 3abo-
neBaHumin. BceM naumeHTaM BbINOMHEHbI CTaHAAPTHOE KNIMHMYeCKoe W nabopatopHoe 0b6cnefoBaHus, CyTOUHOE MOHUTOPUPO-
BaHWe apTepuasbHOTo AABEHUS C OLEHKOW NapaMeTpoB ECTKOCTU apTepuit. [poaHanvsvpoBaHO BMSHWE TpagMLMOHHBIX
(aKTOpoB puCKa pa3BUTUS CEPAEYHO-COCYANUCTBIX 3ab0neBaHMin Ha NapaMeTpbl apTePUANTBHON KECTKOCTU.

Pesynemamel. B rpynne 6ombHbIX TONbKO apTepuanbHON rMnepTeH3NeN PocT UHAEKCA PUTMAHOCTM apTepuii CBA3aH C Mo-
BbILLEHWEM BO3PacTa M YPOBHA CUCTONMYECKOTO apTepuanbHOro AaBeHMs, @ UHAEKC ayrMEeHTaLMM, HOPMUPOBAHHBIN MO Ya-
CTOTe CepAEeYHbIX COKPALLEHN 75 B MUHYTY, MOBBILIAETCSA C BO3PAcTOM, YPOBHEM CUCTONIMUECKOIO apTepUanbHOre AaBfeHus
W BbILLE Y XEHLLMH. Y NauMeHTOB C apTepuanbHOM runepreHsuen U CyBKIIMHMYECKUM aTepocKepo30M CKOpOCTb pacnpocTpa-
HeHWs NYNbCOBOM BOJHBI B aopTe Haubosiee 3aBUCMT OT BO3pacTa, KYPEHWUS U OTATOLLEHHOTO0 CEMEMHOMO aHaMHe3a, MHAEKC
ayrMeHTaLuM — OT BO3pacTa M BhILLE Y KEHLUMH, @ UHAEKC PUTMAHOCTW apTepuii — OT BO3pacTa W YPOBHS CUCTONIMHECKOID
apTepuanbHoro faeneHus. B rpynne 6onbHbIX apTepuanbHoi rUnepTeH3ven U ULIEMUYECKON 60Ne3HbI0 cepaiLla CKOPOCTb pac-
MPOCTpPaHEHUs NYNbCOBOI BOJHbI B A0PTe 3aBMCUT OT MHAEKCA MAcChl Tefla W BbILLE Y MYXUWH, @ POCT MHAEKCA PUTMLHOCTH
apTepuin CBA3aH C XEHCKMM M0JI0M, MOBbILLEHWeM BO3pacTa M YPOBHSA CUCTONIMYECKOrO apTepUabHOro AaBneHus. Y naumeH-
T0B be3 apTepuanbHOi rMNepTeH3uy U NPM3HAKOB aTepoCKIIepO3a NpU HalMuMKM CepAeyHO-CoCyaUCTbIX 3aboneBaHuii B ceMen-
HOM aHaMHe3e CKOPOCTb PacnpoCcTpaHeHuMs NybCOBO BOJIHbI B a0pTe BbILLE, YEM Y NaLMEHTOB be3 OTAMOLLEHHOM0 CEMEIHOM
aHaMHesa.

Boigoder. YeHckuin non, KypeHue, NOBbILLEHWE BO3PAcTa, YPOBHA CUCTOSIMYECKOTO apTepuabHOre AABNEHUS M UHEKCA
Macchl TeNa CBA3aHbI C YBESMYEHWEM NapaMEeTPOB apTepuasbHO KEeCTKOCTU. BnnaHne daKkTopoB pucka pasBuTUA CepaeyHo-
cocyamcTbix 3aboneBaHnid Ha NapaMeTpbl XEeCTKOCTU apTepuil 3aBUCUT OT CTeMeHU BbIpaXKEHHOCTU aTepoCK/IepOTUHECKOID
npouecca.

KnioueBble cnoBa: apTepuanbHas runepreHsus; apTepuanbHas XeCTKOCTb; CYOKIMHUYECKMIA aTepOCKNepO3; UeMUYeCKas
bonesHb cepaua.
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Influence of risk factors for the development

of cardiovascular diseases on the parameters

of arterial stiffness in patients with arterial
hypertension and atherosclerosis of different degrees
of severity

Sergey A. Sayganov, Victoria E. Gumerova, Veronika V. Gomonova

North-Western State Medical University named after I.I. Mechnikov, Saint Petershurg, Russia

BACKGROUND: Arterial hypertension is widespread in the population, leads to the development of arteriosclerosis and in-
crease of arterial stiffness, and is the main non-lipid risk factor of atherosclerosis development. Multiple studies have shown
that increase of arterial stiffness is an independent risk factor for the development of cardiovascular events. However, the
influence of traditional cardiovascular risk factors on arterial stiffness in arterial hypertension and atherosclerotic process of
different degrees of severity has not been sufficiently studied.

AIM: To assess the influence of traditional risk factors on the parameters of arterial stiffness in patients with arterial
hypertension (AH) and atherosclerotic process of varying degrees of severity.

MATERIALS AND METHODS: 133 subjects with AH have been divided into 3 groups depending on the severity of the
atherosclerotic process. The control group included 33 individuals without known cardiovascular diseases. All the partici-
pants have undergone a standard clinical and laboratory examination, 24hr blood pressure monitoring with assessment of
arterial stiffness (AS) parameters. The influence of risk factors on AS parameters has been analyzed for all the participants
and separately by groups.

RESULTS: In the AH patients, an increase in the arterial stiffness index (ASI) is associated with an older age and an in-
crease in systolic blood pressure (SBP); an increase in the augmentation index (Alx,:) is associated with age; SBP in higher in
women. Pulse wave velocity in the aorta (PWVao) is most associated with age, smoking, and family history in patients with
hypertension and subclinical atherosclerosis. An increase in Alx; is associated with an older age and is higher in women,
while ASI has a positive relationship with age and SBP. In patients with hypertension and coronary artery disease, there is
a positive correlation between male body mass index and PWVao. The increase in ASI in this group is associated with female
gender, SBP and age. In individuals without hypertension and signs of atherosclerosis with a family history of CVD, PWVao
values are higher than in similar individuals without a family history of CVD.

CONCLUSIONS: In the group of all the participants, female gender, smoking, an older age, SBP, and body mass index
are associated with increased AS parameters. The association between risk factors and parameters of arterial stiffness has
peculiarities in patients with hypertension with varying degrees of severity of the atherosclerotic process.
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OPUTVHATTBHOE VICCTTELOBAHVE

BACKGROUND

Cardiovascular diseases represent the main problem
of modern medicine and the key cause of mortality world-
wide [1, 2]. According to the American Heart Association,
40.6% of lethal outcomes from cardiovascular causes are
associated with arterial hypertension (AH) [3].

In AH, vascular wall damage and endothelial dysfunction
lead to the progression of the atherosclerotic process
and an increase in arterial stiffness (AS), which causes
the deterioration in intravascular hemodynamics and tissue
perfusion. The pulse wave velocity in the aorta (PWVao) is one
of the most studied indicators characterizing AS. It enables
the prediction of cardiovascular morbidity and mortality and
all-cause mortality [4].

Arteriosclerosis and atherosclerosis are two processes
that often coexist due to common risk factors for
development. An increase in AS may be a better predictor of
cardiovascular events than traditional risk factors, such as
increased systolic blood pressure (SBP) and glucose levels,
lipid metabolism disorders, and smoking, since it reflects
their cumulative effect on the arterial wall [5]. In the study,
we revealed traditional risk factors and the extent they affect
AS in patients with AH accompanied by atherosclerosis of
varying severity.

The study aimed to evaluate the influence of traditional
risk factors for the development of cardiovascular diseases on
the parameters of AS in patients with AH and atherosclerosis
of varying severity.

MATERIALS AND METHODS

The study included 166 patients (123 men aged
40-70 years and 43 women aged 55-70 years in the post-
menopausal period) who underwent examination and treat-
ment at the City Pokrovskaya Hospital of St. Petersburg. They
were distributed into the following four groups:

+  Group 1 (control) included 33 patients without known car-
diovascular diseases (23 men and 10 women; mean age,
54.6 + 8.4 years).

« Group 2 included 42 patients with AH without coronary
heart disease and subclinical atherosclerosis (30 men
and 12 women; mean age, 53.3 + 7.6 years).

» Group 3 consisted of 52 patients with AH and subclini-
cal atherosclerosis (37 men and 15 women; mean age,
56.5 £ 7.95 years).

+ Group & included 39 patients with AH and confirmed
coronary heart disease (33 men and 6 women; mean age,
574 + 6.8 years).

The inclusion criteria were the absence of diabetes
mellitus, presence of confirmed AH in the main groups, and
signed voluntary informed consent for inclusion in the study.
The study was approved by the local ethics committee of
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All patients underwent clinical, laboratory, and instrumen-
tal examinations, including complaints and history taking, de-
termination of risk factors for the development of cardiovas-
cular diseases, measurement of anthropometric parameters
(height, weight, and body mass index), assessment of lipid
and carbohydrate metabolism, and ultrasound examination
of extracranial segments of the carotid arteries.

AS parameters were estimated from the shape of
the oscillometric curve using mathematical formulas in
Vasotens 24 of the BPLab blood pressure monitor (Russia).
PWVao was automatically calculated and normalized to an
arterial pressure of 100 mm Hg and a heart rate of 60 per
minute (PWVao,q,_4), the augmentation index was normalized
to a heart rate of 75 per minute (Alx;5), and an AS index (ASI).

Statistical data processing was performed using
Statistica 10 (USA) and StatTech v. 2.4.8 (Russia). For
qualitative variables, the absolute values of cases and
frequencies were compared using x? and Fisher’s exact test.
Quantitative parameters with a normal distribution were
defined as the mean value of the attribute and the mean-
square deviation. In the absence of a normal distribution,
guantitative data were described using the median and
the lower and upper quartiles. For comparison, Student’s
t-test was used. The relationship between variables was
described using Spearman’s rank correlation coefficient.
A significant threshold difference was defined as p < 0.05.

RESULTS

Table 1 presents the main data of the studied groups. Men
predominated in all groups. Participants of the control group
smoked significantly less frequently and had a lower body
mass index than patients from other groups (p < 0.05), but
no differences in these parameters were found in different
groups of patients with AH. The study of lipid metabolism
indicators revealed that the levels of total cholesterol and
low- and high-density lipoproteins were significantly lower
in groups 2 and 4 than in the control group (p < 0.05).
No differences in these parameters were observed between
groups 2 and 3. Group 4 had the lowest values of total
cholesterol and low-density lipoproteins (p < 0.05) probably
due to the more frequent use of inhibitors of 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (p < 0.001) than in
other groups.

An analysis of the relationship between AS parameters and
traditional risk factors for the development of cardiovascular
diseases is presented in Table 2. All patients had moderate
dependences of Alx,; and ASI on age (r=0.4 and r= 0.4,
respectively; p < 0.001) and a relationship between the level
of SBP and ASI (r = 0.7; p < 0.001). Weak positive correlations
were found between age and PWVao,g,_, (r=0.3; p = 0.02),
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Table 1. Characteristics of the studied groups
Tabnuua 1. XapakTepucTuKa uccnemyeMblx rpynn

i b b b
Sex male, n (%) 23 (69.7) 30 (71.4) 37 (N.2) 33 (84.6)

female, n (%) 10 (30.3) 12 (28.6) 15(28.9) 6 (15.4)
Age, years 54.6 + 8.4 53376 56.5+8 574+ 6.8
Smoking, n (%) 5(15.2) 17 (40.5)** 15 (29.9)* 18 (46.2)**
Total cholesterol, mmol/L 59+12 53+ 11% 5.6+15 I WA
Low-density lipoproteins, mmol/L 40+09 35+0.9* 4012 3+ 120k
High-density lipoproteins, mmol/L 14+0.3 1.36 £ 0.3** 1.3+0.3 1.2 £0.3*#
Triglycerides, mmol/L 1.3(1;2.2) 1.2 (1.1; 1.6) 1.4(1.1;2) 1.5(1.2; 2.3)
Glucose, mmol/L 5.1+£0.6 51+06 50106 50+0.6
Body mass index, kg/m? 268+38 30.1 + 4.5 299 + 4.6** 299 + 4.6**

Note. * p < 0.001 compared with group 1; ** p < 0.05 compared with group 1; # p < 0.05 compared with group 2; *p < 0.05 compared with group 3.
Table 2. Correlation between risk factors of cardiovascular disease development and parameters of arterial stiffness in the general
population group

Tabnuua 2. B3anMocBAsb aKTOpoB pucKa Pas3BUTMA CEpAEYHO-COCYAMCTLIX 3abonieBaHMiA M NapaMeTpoB apTepUanbHONM MECTKOCTM
B obLuen rpynne

Indicator PWVao, m/s PWVao,gy_.,, m/s Alxzs, % ASl, mmHg
Age, years 0.01 (ns) 0.3 (p=0.02) 0.4 (p < 0.001) 0.4 (p < 0.001)
Systolic blood pressure, mm Hg 0.2 (p=0.03) 0.1 (ns) 0.1 (ns) 0.7 (p < 0.001)
Total cholesterol, mmol/L 0 (ns) 0.01 (ns) —0.03 (ns) 0.04 (ns)
Low-density lipoproteins, mmol/L 0.03 (ns) -0.02 (ns) -0.1 (ns) 0.01 (ns)
High-density lipoproteins, mmol/L -0.1 (ns) -0.01 (ns) -0.01 (ns) -0.04 (ns)
Triglycerides, mmol/L 0.1 (ns) 0.1 (ns) -0.02 (ns) 0.1 (ns)
Body mass index, kg/m? 0.3 (p < 0.001) 0.2 (p=0.03) -0.1 (ns) 0.14 (ns)

Note. PWVao, pulse wave velocity in the aorta; PWVao,_g, pulse wave velocity in the aorta normalized to a systolic blood pressure of 100 mm
Hg and heart rate of 60 beats per minute; Alx,;, augmentation index normalized to heart rate of 75 beats per minute; ASI, arterial stiffness index;
ns, statistically insignificant.

Table 3. Significance of relationships among age, systolic blood pressure, body mass index, and arterial stiffness parameters
in the study groups

Ta6nuua 3. CraTucTMYeCKas 3HaYUMOCTb CBA3EI BO3PaCTa, CUCTONMYECKONO apTepuasbHOro aBNeHus, MHAEKCa Macchl Tefa U napaMeTpoB
apTepuanbHoil eCTKOCTU B rpynnax

Group 1 Group 2 Group 3 Group 4
Indicator
Age SBP BMI Age SBP BMI Age SBP BMI Age SBP BMI
PWVao ns ns ns ns ns ns ns ns ns ns ns ns
PWVao,4,_¢ ns ns ns ns ns ns 0.4 ns ns ns ns 0.4
Alxg 0.6 ns ns 0.4 0.4 -0.5 0.3 ns ns ns ns ns
ASI 0.4 0.5 ns 0.6 0.6 ns 0.4 0.6 ns 0.4 0.7 ns

Note. SBP, systolic blood pressure; BMI, body mass index; PWVao, pulse wave velocity in the aorta; PWVao,q,_,,, pulse wave velocity in the aorta
normalized to a systolic blood pressure of 100 mm Hg and heart rate of 60 beats per minute; Alx,;, augmentation index normalized to a heart
rate of 75 beats per minute; AS, arterial stiffness index; ns, statistically insignificant.

DOI: https://doi.org/10.17816/mechnikov99754



OPUTVHATTBHOE VICCTTELOBAHVE

SBP and PWVao (r=0.2; p=0.03), body mass index and
PWVao (r=0.03, p<0.001), and body mass index and
PWVao,gy_4; (r=0.2; p = 0.03). No relationship was detected
between AS parameters and lipid metabolism parameters.

The assessment of the influence of traditional risk factors
on the development of cardiovascular diseases within groups
revealed that an increase in age was associated with an
increase in AS in all groups, Alx; in groups 1, 2, and 3, and
PWVao,g,_4, in group 3 (Table 3).

The increase in SBP was associated with an increase
in ASI in all groups and an increase in Alx,; in group 2.
In group 4, a positive moderate correlation was identified
between body mass index and PWVao,y_. In group 2,
a negative correlation was noted between body mass index
and Alx;; (Table 3).

When studying the effect of sex on AS parameters in
female patients, higher values of ASI and Alx,; were re-
vealed, that is, 152 (135; 171) at p = 0.01 and -9 (-21; -0.5)
at p < 0.001, respectively. No sex-related differences were
found in other indicators of AS. In groups 1-3, women had
significantly higher Alx;; values (p < 0.001). In group 4, high-
er ASI values were detected in female patients (p = 0.04)
and higher PWVao values were noted in male patients
(p = 0.048).

Patients with a history of smoking had significantly higher
PWVao and PWVao,y,_,, values (p=0.008 and p=0.02,
respectively) (Fig. 1). However, in the within-group analysis,
significant differences were revealed only in the PWVao value
in group 3 (p = 0.03).

The influence of a family history of cardiovascular
diseases on PWVao was registered in all patients (p = 0.001)
(Fig. 2). The within-group analysis revealed significant
differences in this indicator only in group 1 (p =0.005) and
group 3 (p = 0.013).

DISCUSSION

Most studies have shown that an increase in SBP and
age are the main causes of an increase in AS [6], and
the present study confirms these findings. In groups, age
correlated with more AS parameters than SBP, which may
be associated with effective antihypertensive therapy in
patients. The largest number of AS parameters significantly
associated with age was noted in patients with AH and
subclinical atherosclerosis.

Interesting data were obtained on the effect of body
mass index on AS. Its positive correlation with PWVao
was obtained in the general population group and AH and
coronary heart disease group, and an increase in body
mass index was associated with a decrease in Alx;; only
in the AH group. The results of studies on the relationship
between body mass index and AS in various populations,
including patients with AH, are contradictory, probably due to
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Fig. 1. Analysis of pulse wave velocity in aorta depending on the
status of smoking
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Fig. 2. Analysis of pulse wave velocity in the aorta depending
on the presence of cardiovascular diseases in the family history
Puc. 2. AHanu3 cKopoCTM pacnpocTpaHeHusl MyNbCOBOM BOJHbI
B a0pTe B 3aBUCMMOCTM OT HalMuUA CEpAEYHO-COCYAMNCTBIX 3abo-
NeBaHuii B CEMEMHOM aHaMHe3e

the influence of additional risk factors, nature of the adipose
tissue distribution, and concentration of adipokines in blood
serum [/, 8].

Reproductive hormones have a direct effect on the arterial
wall. Estrogens increase the ratio of elastin and collagen,
reduce overall vascular resistance and metalloproteinase
activity, and improve endothelial function. Women in
the postmenopausal period have higher AS than men of
the same age, which is associated with a decrease in arterial
elasticity in the presence of hormonal changes [9].

Smoking is one of the most significant risk factors
for cardiovascular diseases. The degree of the influence
of smoking on AS remains the subject of discussion [10].
In our study, higher PWVao values were observed in pa-
tients with smoking habits, but when assessed within
groups, the relationship between AS and smoking was
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significant only in patients with AH and subclinical athero-
sclerosis. Under the influence of smoking, endothelial dys-
function occurs, normal lipid metabolism is impaired, and
remodeling and calcification of arteries occur, which induces
the development of not only atherosclerosis but also arte-
riosclerosis [11]. The incidence of AS is higher in patients
with a burdened family history and normal blood pressure
who consider themselves healthy than in people without
a family history of cardiovascular events. This confirms
again the influence of hereditary factors on the development
of arteriosclerosis [12].

Higher AS rates were noted in patients with subclinical
atherosclerosis than in individuals without this pathology [13].
In these patients, the main risk factors for the development
of cardiovascular diseases have the maximum effect
on AS. An increase in AS, as an independent risk factor,
may be a more significant predictor of the development
of cardiovascular events than traditional risk factors [4].
Subclinical atherosclerosis is widespread. In the PESA study,
63% of 4184 asymptomatic patients aged 40-54 years had
subclinical atherosclerosis on carotid ultrasonography [14].
It precedes most cardiovascular events, but its diagnostics is
still complicated. The study demonstrated that in the presence
of a carotid atherosclerotic plaque that narrows the lumen by
more than 50%, the risk of cardiovascular events increases
by two times [15]. Reducing the severity of modifiable risk
factors can reduce significantly the incidence of cardiovascular
events [16], which is especially important for patients with AH
associated with subclinical atherosclerosis.

CONCLUSIONS

The influence of traditional risk factors for the develop-
ment of cardiovascular diseases on AS parameters in pa-
tients with AH depends on the severity of the atherosclerotic
process.

In AH patients without atherosclerosis, an increase
in ASI is associated with an increase in age and SBP, and
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an increase in Alx;; is associated with age, SBP, and fe-
male sex.

PWVao is most associated with age, smoking, and
positive family history in patients with AH and subclinical
atherosclerosis. An increase in Alx;; in them is associated
with an increase in age and female sex, and ASI is positively
correlated with age and SBP.

In the group with AH and coronary heart disease,
the PWVao value correlated with body mass index and male
sex, and the increase in ASI correlated with female sex, SBP
level, and age.

PWVao values were higher in patients without AH or signs
of atherosclerosis with a family history of cardiovascular
diseases than in people without a positive family history.
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