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Arterial stiffness as a factor of structural and functional cardiac remodeling 
in obesity

Druzhilov M. A., Kuznetsova T. Yu.

Aim. To analyze the association of parameters characterizing 
the degree of arterial stiffness and echocardiographic criteria 
for cardiac remodeling in patients with abdominal obesity.
Material and methods. The study included 194 patients 
(men aged 46 to 55 years (49,0±2,3 years)), without hyper-
tension (24-hour average blood pressure (BP) 117,5±5,5/ 
73,0±4,1 mmHg), diabetes and cardiovascular diseases, 
with abdominal obesity (waist circumference >94 cm, body 
mass index 31,3±3,5 kg/m

2
). Lipids and glucose concentra-

tions were evaluated, and glomerular filtration rate was esti-
mated using the CKD-EPI equation. We conducted 24-hour 
monitoring of blood pressure and arterial stiffness parame-
ters (aortic pulse wave velocity (PWV), augmentation index 
(AIx) and systolic BP in the aorta), and echocardiography.
Results. Left ventricular (LV) hypertrophy was detected in 14 
(7,2%) patients, LV diastolic dysfunction  — in 36 (18,6%) 
patients. The correlation of the average aortic PWV and the 
AIx with the LV mass index and the left atrial volume was 
shown. Patients with a high aortic PWV exceeding the 75th 
percentile of distribution (8,2 m/s) were characterized by 
a higher incidence of hypertrophy (18,8% vs 4,9%, p<0,01) 
and LV diastolic dysfunction (50,0% vs 12,3%, p<0,001). 
Patients with/without LV hypertrophy and diastolic dysfunc-
tion were characterized by higher values of average 24-hour 
aortic PWV, AIx and systolic BP in the aorta. According to the 
regression analysis, the predictors of LV diastolic dysfunction 
were age, waist circumference, aortic PWV, and AIx.

Conclusion. The relationship of parameters characterizing 
the degree of arterial stiffness, primarily, aortic PWV and 
echocardiographic parameters of the structural and func-
tional cardiac remodeling in obese patients was revealed. 
Patients with a high aortic PWV (>8,2 m/s for men aged 
46-55 years) are characterized by a higher prevalence of LV 
hypertrophy and diastolic dysfunction, as well as left atrial 
dilatation. This association is probably a reflection of one of 
the many pathogenesis links of HF and supraventricular car-
diac arrhythmias in obese patients.
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(waist circumference >94 cm, body mass index 
31,3±3,5 kg/m2). Patients did not receive any antihy‑
pertensive, lipid-lowering and antidiabetic drugs.

The study included 194 patients (men aged 
46  to 55 years (49,0±2,3 years)), without hyper‑
tension (24-hour average blood pressure (BP) 
117,5±5,5/73,0±4,1 mm Hg), diabetes and cardio‑
vascular diseases, with abdominal obesity (waist 
circumference >94 cm, body mass index 31,3±3,5 
kg/m2). Patients did not receive any antihyperten‑
sive, lipid-lowering and antidiabetic drugs. Lipids 
and glucose concentrations were evaluated, and 
glomerular filtration rate was estimated using the 
CKD-EPI equation. We conducted 24-hour moni- 
toring of blood pressure and arterial stiffness parame- 
ters (aortic pulse wave velocity (PWV), augmenta‑
tion index (AIx) and systolic BP) (BPlab MnSDP-3 
monitor, Vasotens 24 software, OOO Petr Telegin, 
Russia), and echocardiography (Logiq 5P Pre‑
mium, General Electric, USA).

LV mass was calculated by the formula of Ameri‑
can Society of Echocardiography (ASE). LV mass 
was indexed to height2,7 (LV mass/height2,7). LV 
hypertrophy was considered LVMI ≥50 g/m2,7 [14]. 
The relative wall thickness index (RWT) was calcu‑
lated as RWT=(IVSd+PWTd)/LVIDd (with IVS: 
inter-ventricular septum; PWT: posterior wall thick‑
ness; LVID: LV internal diameter; d, in diastole). 
LA volume was calculated using an ellipsoid model, 
and then indexed to the body surface area and to 
height2,7. LV diastolic function was investigated 
using pulsed-wave and tissue Doppler imaging. We 
calculated the average early diastolic mitral annular 
velocity, the early diastolic transmitral f low velocity 
and their ratio, the tricuspid regurgitation peak 
velocity, the transmitral f low deceleration time and 
the ratio of early to late filling velocity of LV. LV 
diastolic dysfunction was verified in accordance 
with guidelines of American Society of Echocar‑
diography and the European Association of Cardio‑
vascular Imaging [15].

Statistical processing was carried out using soft‑
ware packages Statistica 10, SPSS 22. The data are 
presented as the mean and standard deviation, as well 
as the frequencies. A correlation analysis was per‑
formed with the calculation of the Pearson’s linear 
correlation coefficient (r) and related significance by 
the t-test. Group comparability was analyzed using 
the two-tailed Student’s t-test and the Pearson’s chi-
squared test. Binary stepwise logistic regression was 
used. The differences were considered significant at 
p<0,05.

Results
Table 1 presents the main characteristics of sub‑

jects. Impaired fasting glycemia and impaired glucose 

A large number of metabolic, neurohumoral and 
hemodynamic disorders in obesity, even in patients 
without associated diseases and medical conditions, 
lead to remodeling of cardiac structure and function, 
manifested in various patterns, including left ven‑
tricular (LV) concentric hypertrophy, left atrial (LA) 
dilatation, LV diastolic and systolic dysfunction [1].

Various pathophysiological pathways of this asso‑
ciation are actively studied. The results of papers have 
demonstrated the dominate importance of abdomi‑
nal visceral and ectopic (epicardial) obesity [2, 3], 
hyperactivation of sympathoadrenal and renin-
angiotensin-aldosterone systems, selective leptin and 
insulin resistance [3, 4], chronic inflammation due to 
excessive secretion of pro-inflammatory adipocyto‑
kines, neprilysin hypersecretion, leading to more 
intense removal of circulating natriuretic peptides 
[5], decreasing adiponectin levels and the develop‑
ment of adiponectin resistance [6].

In addition, remodeling of cardiac structure and 
function is associated with increased arterial stiffness 
[7]. Currently, the related pathophysiological path‑
ways are being specified, among which the dysfunc‑
tion of smooth muscle cells and changes in its pro‑
portions with extracellular matrix are of major impor‑
tance [8]. 

At present, the gold standard for assessing arte‑
rial stiffness is the definition of carotid-femoral 
pulse wave velocity (PWV) [9]. An alternative easy-
to-use indicator, characterized by a high correlation 
with carotid-femoral PWV, is the aortic PWV [10]. 
In addition, an increase in the augmentation index, 
as well as the level of central blood pressure (BP), 
may indirectly indicate an increased vascular stiff‑
ness [11].

In obesity, large elastic artery remodeling due to 
dysfunctional adipose tissue and dysadipokinemia 
develops faster than the “normal” aging process [12]. 
We also demonstrated the relationship of visceral 
obesity, verified by echocardiography with determi‑
nation of epicardial fat thickness, and parameters 
characterizing arterial stiffness [13].

The aim of this study was to analyze the associa‑
tion of parameters characterizing the arterial stiffness 
and echocardiographic criteria for cardiac remode
ling in patients with abdominal obesity. This study 
was performed in accordance with the Helsinki dec‑
laration. The medical ethics committees of the Min‑
istry of Health of the Republic of Karelia approved 
this study. All patients signed informed consent.

Material and methods
The study included 194 patients (men aged 46 to 

55 years (49,0±2,3)) without hypertension (mean 
BP  — 117,5±5,5/73,0±4,1 mm Hg), diabetes and 
cardiovascular diseases, with abdominal obesity 
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tolerance were detected in 28 patients (49,4%), vari‑
ous dyslipidemia types  — in 182 (93,8%) patients.

The average 24-hour aortic PWV, systolic BP, and 
augmentation index were 7,4±0,8 m/s, 107,7±5,3 
mm Hg and -33,6±16,8%, respectively. The 75th 
percentile for aortic PWV was 8,2 m/s. LVMI, LV 
volume and indexed volume were 40,8±7,0 g/m2,7, 
44,6±7,3 ml and 21,5±3,2 ml/m2 (10,2±1,9 ml/
m2,7), respectively. LV hypertrophy was revealed in 14 

(7,2%) patients. The LV ejection fraction by Simpson’s 
rule exceeded 60% in all patients; LV diastolic 
dysfunction was detected in 36 (18,6%) cases.

To assess the relationships of arterial stiffness and 
echocardiographic parameters of cardiac remode
ling, a correlation analysis was performed. The Pear‑
son’s linear correlation coefficient for aortic PWV 
with LVMI and indexed LA volume (ml/m2,7) was 
0,32 (p<0,001) and 0,31 (p<0,001), for aortic systolic 

Table 1 
The main characteristics of the patients

Parameter Value
Age, years 49,0±2,3
Body mass index, kg/m2 31,3±3,5
Body mass index ≥30 kg/m2, % 63,9
Body mass index 25-29, kg/m2, % 36,1
Waist circumference, cm 104,8±7,3
Prediabetes, % 14,4
Impaired lipid metabolism, % 93,8
Average 24-hour SBP, mm Hg 117,5±5,5
Average 24-hour DBP, mm Hg 73,0±4,1
LV mass index, g/m2,7 40,8±7,0
LV hypertrophy, % 7,2
LA volume, ml 44,6±7,3
Indexed LA volume, ml/m2 21,5±3,2
Indexed LA volume, ml/m2,7 10,2±1,9
LV diastolic dysfunction, % 18,6
Aortic pulse wave velocity, m/s 7,4±0,8
Average 24-hour aortic SBP, mm Hg 107,7±5,3
Average 24-hour augmentation index, % -33,6±16,8

Abbreviations: DBP — diastolic blood pressure, LV — left ventricle, LA — left atrium, SBP — systolic blood pressure.

Table 2
Echocardiographic parameters of the structural  

and functional cardiac remodeling with/without high aortic pulse wave velocity 

Parameter Aortic PWV >8,2 m/s  
(n=32)

Aortic PWV <8,2 m/s 
(n=162)

LV mass index, g/m2,7 45,1±7,0** 39,9±6,7**
LV relative wall thickness index 0,42±0,03* 0,40±0,04*
LV hypertrophy, % 18,8* 4,9*
Indexed LA volume, ml/m2 23,1±3,0* 21,2±3,1*
Indexed LA volume, ml/m2,7 11,0±1,9* 10,0±1,9*
LV diastolic dysfunction, % 50,0** 12,3**

Note: * — p<0,01, ** — p<0,001.
Abbreviations: LV — left ventricle, LA — left atrium, PWV — pulse wave velocity.
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BP — 0,20 (p<0,01) and 0,15 (p<0,05), for the aug‑
mentation index  — 0,31 (p<0,001) and 0,49 
(p<0,001), respectively.

As shown in Table 2, patients with a “high” aor‑
tic PWV exceeding the 75th percentile of distribution 
(n=32) were characterized by a higher LVMI 
(45,1±7,0 g/m2,7 vs 39,9±6,7 g/m2,7, p<0,001), LV 
relative wall thickness index (0,42±0,03 vs 
0,40±0,04, p<0,01), indexed LA volume (23,1±3,0 
ml/m2 vs 21,2±3,1 ml/m2, p<0,01; 11,0±1,9 ml/m2,7 
vs 10,0±1,9 ml/m2,7, p<0,01). This subgroup was 
characterized by a higher incidence of LV hypertro‑
phy (18,8% vs 4,9%, p<0,01) and LV diastolic dys‑
function according to echocardiography (50,0% vs 
12,3%, p<0,001).

We carried out a comparative analysis of arterial 
stiffness parameters in subgroups with/without LV 
hypertrophy and LV diastolic dysfunction (Table 
3). Patients with LV hypertrophy had a higher aver‑
age 24-hour aortic PWV (8,1±0,2 m/s vs 7,3±0,8 
m/s, p<0,001), average augmentation index 
(-22,4±22,0% vs -34,5±16,5%, p<0,05) and aver‑
age 24-hour aortic systolic BP (110,9±3,4 mm Hg 
vs 107,4±5,3 mm Hg, p<0,01). A similar data was 
observed in patients with/without LV diastolic dys‑
function: 8,0±0,5 m/s vs 7,2±0,7 m/s (p<0,001), 
-21,7±16,7% vs  — 36,3±15,7% (p<0,01) and 

110,3±4,1 mm Hg vs 107,1±5,3 mm Hg (p<0,001), 
respectively.

The risk of LV diastolic dysfunction in patients 
with abdominal obesity was evaluated by binary 
logistic regression analysis. Clinical and labora‑
tory data, 24-hour BP monitoring indicators, 
aortic PWV, augmentation index and systolic BP 
were studied as predictors (Table 4). The compo‑
nents of the mathematical model were age, waist 
circumference, aortic PWV and augmentation 
index: -31,74+0,263*age+0,068*waist circumfe- 
rence+1,427*aortic PWV+0,03*augmentation index. 
Moreover, aortic PWV was characterized by the hi
ghest standardized regression coefficient (0,384, 
p<0,001). The significance level of the Hosmer-
Lemeshow test was 0,76, which indicates adequate 
goodness of fit.

Discussion
Various epidemiological studies and their meta-

analyzes confirmed the independent role of obesity 
in the pathogenesis of cardiac remodeling and heart 
failure, and based on the results of experimental and 
clinical studies, numerous underlying etiopathoge‑
netic pathways have been identified [1, 3]. There is 
more and more evidence for the presence of neuro‑
hormonal imbalance in patients with visceral obesity, 

Table 3
Arterial stiffness parameters in subgroups  

of patients with/without left ventricular hypertrophy and diastolic dysfunction

Parameter LVH+
(n=14)

LVH- 
(n=180)

LVDD+
(n=36)

LVDD- 
(n=158) 

Aortic pulse wave velocity, m/s 8,1±0,2*** 7,3±0,8*** 8,0±0,5*** 7,2±0,7***
Average 24-hour aortic SBP, mm Hg 110,9±3,4** 107,4±5,3** 110,3±4,1*** 107,1±5,3***
Average 24-hour augmentation index, % -22,4±22,0* -34,5±16,5* -21,7±16,7** -36,3±15,7**

Note: * — р<0,05, ** — р<0,01, *** — р<0,001.
Abbreviations: LVH — left ventricular hypertrophy, LVDD — left ventricular diastolic dysfunction, SBP — systolic blood pressure.  

Table 4
Results of the regression analysis  

of LV diastolic dysfunction predictors

Predictor Unstandardized coefficient Standardized coefficient р
Age 0,263 0,101 <0,01
Waist circumference 0,068 0,034 <0,05
Aortic PWV 1,427 0,384 <0,001
Augmentation Index 0,03 0,015 <0,05
Constant -31,74 7,469 <0,001

Abbreviations: PWV — pulse wave velocity.
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which becomes the subsequent basis for cardiac 
pathology [5].

To assess the association of arterial stiffness and 
echocardiographic parameters, we specifically in
cluded obese patients without hypertension, diabe‑
tes and any cardiovascular diseases in order to 
exclude the contribution of comorbidities. More‑
over, in 7,2% and 18,6% of cases, LV hypertrophy 
and diastolic dysfunction were detected, which 
emphasizes the independent role of obesity in their 
development.

Probably, pathophysiological pathways that spe
cify the processes of cardiac and vascular remodeling 
in obese patients are common. Reflection of the lat‑
ter is excessive arterial stiffness. At the same time, the 
developing vascular wall changes are already beco
ming an independent component in the pathogenesis 
of further cardiac remodeling.

In our studies, we repeatedly analyzed the rela‑
tionship of obesity, verified by various criteria, 
including ectopic (epicardial) visceral obesity, with 
arterial stiffness [12, thirteen].

In this study, we demonstrated the association of 
vascular and cardiac remodeling parameters in obese 
patients. The performed correlation analysis revealed 
correlation of aortic PWV and augmentation index 
with indexed LV mass and LA volume. It was shown 
that patients with a high aortic PWV are more likely 
to have LV hypertrophy and diastolic dysfunction, 
and both remodeling and LV hypertrophy are con‑

centric in nature. The results of binary logistic regres‑
sion analysis showed the leading role of arterial stiff‑
ness parameters in assessing the likelihood of echo‑
cardiographic signs of LV diastolic dysfunction in 
a patient with abdominal obesity.

The data obtained allow to consider arterial 
stiffness parameters, as a possible additional pre‑
dictor that broadens indications for echocardiogra‑
phy. At the same time, understanding the etio‑
pathogenesis of structural and functional cardiac 
impairment in obesity will allow to develop both 
pharmacological and non-pharmacological meth‑
ods for preventing the development and progres‑
sion of cardiac disease.

Conclusion
The relationship of parameters characterizing 

the degree of arterial stiffness, primarily, aortic 
PWV and echocardiographic parameters of the 
structural and functional cardiac remodeling in 
obese patients was revealed. Patients with a high 
aortic PWV (>8,2 m/s for men aged 46-55 years) 
are characterized by a higher prevalence of LV 
hypertrophy and diastolic dysfunction, as well as 
LA dilatation. This association is probably a ref lec‑
tion of one of the many pathogenesis links of HF 
and supraventricular cardiac arrhythmias in obese 
patients.

Relationships and Activities: none.
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