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Introduction  Aortic stenosis (AS) is the most 
common valvular heart disease in adults, with 
the highest prevalence among elderly patients. 
Aortic valvular lesions have some similarities to 
atherosclerosis including chronic inflammation, 
the presence of lipoproteins, cholesterol, mac‑
rophages, T cells,1 and calcification.2 Growing 

evidence indicates that AS is an active, potential‑
ly modifiable inflammatory process.

In contrast to multiple cytokines involved in 
the development of AS, adipocytokines in AS 
have attracted less interest despite their role in 
atherosclerosis. Adiponectin, leptin, and resistin 
play a major role in glucose metabolism, insulin 
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Abstract

Introduction  Early stages of atherosclerosis and aortic stenosis (AS) are similar. Advanced coronary 
artery disease is characterized by altered profile of circulating adipocytokines. We hypothesized that 
plasma profile of adipocytokines is associated with the severity of AS.
Objectives  The aim of the study was to evaluate the relationship between AS and adipocytokines.
Patients and methods  In 74 patients with AS without atherosclerosis and left ventricular ejection 
fraction above 50% (57 men, 17 women, aged 58 ±9.1 years) and 74 controls, resistin, leptin, and 
adiponectin levels were determined by the Bio‑Rad Luminex system. Aortic valve area indexed to body 
surface area (AVAI) as well as the mean and peak transvalvular pressure gradients (PG) were assessed 
by echocardiography.
Results  We observed similar adiponectin and leptin levels in patients with AS and controls (20.8 ±7.9 
vs. 20.4 ±3.9 µg/ml, P = 0.67 and 17.0 ±6.4 vs. 16.4 ±5.9 ng/ml, P = 0.52, respectively). Twenty‑one 
patients had mild, 21 moderate, and 32 severe AS. After adjusting for age and the body mass index, 
adiponectin levels were 20.3 ±0.5 µg/ml in controls, 26.7 ±0.9 µg/ml in mild, 20.2 ±0.9 µg/ml in mod‑
erate, and 17.5 ±0.7 µg/ml in severe AS (P <0.001). Leptin levels were 16.4 ±0.7 ng/ml in controls, 
21.1 ±1.3 ng/ml in mild, 16.9 ±1.3 ng/ml in moderate, and 14.4 ±1.1 ng/ml in severe AS (P = 0.003). 
Adiponectin and leptin correlated with the AVAI (r = 0.70, P <0.001; r = 0.37, P = 0.001; respectively), 
mean PG (r = –0.72, P <0.001; r = –0.27, P = 0.009; respectively), and peak PG (r = –0.67, P <0.001; 
r = –0.23, P = 0.03; respectively). In a multivariable analysis, the mean PG was the only independent 
echocardiographic predictor of adiponectin levels (P <0.001), while the AVAI was the only independent 
echocardiographic predictor of leptin levels in AS patients (P = 0.049).
Conclusions  Lower levels of adiponectin and leptin, but not resistin, are associated with severe AS, 
suggesting that adipocytokines may be involved in the progression of AS, and especially adiponectin, 
which plays a protective role in this process.

Key words

adipocytokines, 
adiponectin, aortic 
stenosis, leptin, 
resistin



ORIGINAL ARTICLE  Adiponectin, leptin, and resistin in patients with aortic stenosis... 353

transthoracic echocardiography (TTE). Subjects 
with a concomitant valvular disease in the form 
of only mild-to-moderate aortic/mitral/tricus‑
pid/pulmonary regurgitation without mitral/
tricuspid/pulmonary stenosis were eligible. Pa‑
tients with decreased left ventricular (LV) con‑
tractility, defined as LV ejection fraction (LVEF) 
below 50%, known or suspected coronary ar‑
tery disease, carotid artery stenosis or ischemic 
stroke, diagnosed type 2 diabetes, atrial fibrilla‑
tion at the time of TTE, and suboptimal image 
quality were excluded. Sex- and age‑matched in‑
dividuals recruited from the hospital personnel 
served as controls. The University Ethical Com‑
mittee approved the study; and the patients pro‑
vided written informed consent.

Data concerning demographics, cardiovascu‑
lar risk factors, and current treatment were col‑
lected from all participants using a standardized 
questionnaire. Patients were classified as having 
arterial hypertension if they met one of the fol‑
lowing criteria: 1) diagnosis of hypertension in 
medical history; 2) antihypertensive treatment 
before admission; 3) systolic or diastolic pres‑
sure ≥140 mmHg or ≥90mmHg, respectively, on 
at least 2 different occasions. Diabetes was de‑
fined as a history of diabetes, regardless of the du‑
ration of the disease or treatment with hypogly‑
cemic agents. Current smoking was defined as 
smoking at least 5 cigarettes a day.

Echocardiography  TTE was performed using 
the Vivid 7 ultrasound device (GE Vingmed Ul‑
trasound A/S, Horten, Norway). In each pa‑
tient, M‑mode and two‑dimensional echocar‑
diograms were obtained, followed by pulsed and 
continuous‑wave Doppler ultrasound. Conven‑
tional techniques were used for measurement of 
LVEF and end‑diastolic volume, which was in‑
dexed to body surface area. Aortic valve area in‑
dexed to body surface area (AVAI) was calculat‑
ed using the standard continuity equation. Trans‑
valvular pressure gradients (PG) were measured 
by Doppler echocardiography using the modified 
Bernoulli equation.

Laboratory parameters  Fasting blood samples 
were drawn from an antecubital vein with min‑
imal stasis at 8 to 10 a.m. Lipid profiles, blood 
cell count, glucose, and creatinine were assayed 
by routine laboratory techniques. Blood samples 
(vol/vol, 9:1 of 3.2% trisodium citrate) were cen‑
trifuged at 2560 g for 20 minutes; the superna‑
tant was aliquoted and stored at –80oC. Fibrin‑
ogen was determined using the Clauss method. 
High‑sensitivity C‑reactive protein was measured 
by nephelometry (Dade Behring, Marburg, Ger‑
many). Adiponectin, leptin, and resistin were 
measured in plasma using the Bio‑Rad Luminex 
system (Millepore, Billerica, Massachusetts, Unit‑
ed States). Coefficients of variation for the 3 an‑
alytes ranged from 6.5% to 10%.

resistance, and inflammatory state associated 
with adipose tissue dysfunction.3 Visceral adipos‑
ity contributes to chronic subclinical inflamma‑
tion with infiltration of T cells and macrophages, 
both associated with systemic vascular dysfunc‑
tion and insulin resistance in obese subjects.4

Adiponectin is considered to be an antiath‑
erosclerotic and cardioprotective cytokine.5 Ad‑
iponectin releases nitric oxide, modulates mac‑
rophage function, and inhibits the production of 
tumor necrosis factor α and interleukin (IL) 6.6 It 
stimulates the synthesis of anti‑inflammatory cy‑
tokines such as IL‑10 and IL‑1β.6 Plasma adiponec‑
tin levels are reduced in obese, insulin‑resistant, 
or dyslipidemic subjects.7 Shibata et al.8 demon‑
strated the cardioprotective action of adiponectin 
in patients after myocardial infarction (MI) by in‑
hibiting myocardial hypertrophy and interstitial 
fibrosis.8 However, not all studies have confirmed 
the inhibitory effect of adiponectin on myocardial 
hypertrophy and fibrosis.9 Moreover, a protective 
role of adiponectin in the vascular calcification has 
been demonstrated in a mouse model.10

Leptin is a proatherogenic hormone. It stim‑
ulates platelet activity and smooth muscle cell 
proliferation and induces oxidative stress and 
endothelial dysfunction.11 Hyperleptinemia may 
contribute to an increased cardiovascular morbid‑
ity12 and a higher risk of arterial hypertension.13 
Serum leptin levels are significantly higher in pa‑
tients with chronic stable angina and ST‑elevated 
MI.14 Leptin has been shown to have both vaso‑
constricting and relaxing properties.15 It is also 
involved in myocardial hypertrophy16 and the reg‑
ulation of cardiac contraction.17 Moreover, lep‑
tin has been associated with a reduction in car‑
diac lipid accumulation18 and protection against 
ischemia‑reperfusion injury.19

Resistin has proinflammatory properties. It 
induces the release of proinflammatory markers 
from endothelial cells (endothelin‑1) and the pro‑
duction of vascular cell adhesion molecule 1.12 In 
rodents, the main action of resistin is to impair 
insulin sensitivity.20 Mice deficient in resistin are 
protected against obesity. However, the role of re‑
sistin in humans remains unclear. Plasma resistin 
levels have been shown to correlate with inflam‑
mation, but not with insulin resistance, and they 
may predict coronary atherosclerosis.21 Of note, 
Monthy et al.22 have demonstrated that higher 
plasma resistin levels are associated with the ex‑
tent of valvular calcification and inflammation in 
elderly patients with AS.

Since atherosclerosis, metabolic syndrome, and 
AS are considered as chronic inflammation, we hy‑
pothesized that adipocytokines, which partici‑
pate in inflammation and cardiac hypertrophy 
and remodeling, might be implicated in the pro‑
gression of AS. Therefore, the aim of our study 
was to assess the association between these cy‑
tokines and the severity of AS.

Patients and methods  We studied consec‑
utive patients with AS, who were scheduled for 
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post‑hoc Sidak tests was performed to assess dif‑
ferences between groups. A multiple linear re‑
gression analysis was performed in a two‑step 
sequential model to determine incremental val‑
ue of echocardiographic (second step) over clini‑
cal (first step) predictors for adiponectin, leptin, 
and resistin. The clinical and echocardiographic 
variables, which demonstrated associations in 
the initial linear regression analysis, were includ‑
ed into the sequential models. The incremental 
prognostic value was defined by a significant in‑
crease in the global χ2. The presented data repre‑
sent the best‑fit model as determined by R2 value. 
A univariable‑logistic regression analysis was per‑
formed to determine potential predictors of se‑
vere AS among clinical, laboratory, and echocar‑
diographic data. Afterwards, a multivariable lo‑
gistic regression of these potential predictors 
was performed in a stepwise forward fashion to 
identify parameters associated with severe AS. 
The odds ratio (OR) with the corresponding 95% 
confidence interval (CI) was calculated for each 
parameter. Entry was set at P <0.05, while reten‑
tion at P <0.10. P <0.05 was considered statistical‑
ly significant. Statistical analysis was performed 
using the SPSS software (version 12.0, SPSS Inc., 
Chicago, IL, United States).

Results  Clinical data  Of 83 screened subjects, 
74 patients with AS were included in the final 
analysis (57 men, 17 women, mean age 58 ±9.1 
years). Three patients were excluded due to inad‑
equate quality of echocardiographic image (n = 3). 
Patient characteristics are summarized in TABLE 1. 
Distribution of the BMI in patients with various 

Statistical analysis  Continuous data are present‑
ed as a mean ± standard deviation and categorical 
data as prevalence (%). The Kolmogorov–Smirnov 
test was performed to assess conformity with nor‑
mal distribution. Unpaired categorical variables 
were compared by the Fisher exact test or χ2 test 
as appropriate. The t test and one‑way analysis of 
variance (ANOVA) were applied to determine dif‑
ferences between continuous variables. A linear 
regression analysis was used to correlate variables. 
An analysis of covariance was performed to elim‑
inate the confounding effect of age and the body 
mass index (BMI) on tested variables among pa‑
tients with different AS severity. The ANOVA with 

TABLE 1  Patient characteristics

AS patients 
n = 74

Controls 
n = 74

P a Mild AS 
n = 21

Moderate AS 
n = 21

Severe AS 
n = 32

P b

male sex, n (%) 57 (77) 57 (77) 1.0 14 (67) 16 (76) 27 (84) 0.32

age, y 58.0 ±9.1 57.7 ±9.2 0.84 65.3 ±9.7 58.0 ±7.7 53.3 ±6.1 <0.001

BMI, kg/m2 28.0 ±3.5 27.8 ±3.1 0.68 26.7 ±4.0 28.3 ±3.2 28.7 ±3.3 0.13

smoking, n (%) 30 (41) 22 (30) 0.23 6 (29) 11 (52) 13 (41) 0.29

arterial hypertension, n (%) 45 (61) 40 (55) 0.51 13 (62) 10 (48) 22 (69) 0.31

hypercholesterolemia, n (%) 66 (89) 25 (34) <0.0001 20 (95) 20 (95) 26 (81) 0.16

laboratory parameters

fasting glucose, mmol/l 5.4 ± 0.1 5.0 ±0.1 <0.001 5.3 ±0.1 5.4 ±0.1 5.6 ±0.1 <0.001

TC, mmol/l 5.0 ±0.1 4.8 ±0.1 0.18 5.2 ±0.2 5.4 ±0.2 4.7 ±0.2 0.03

LDL-C, mmol/l 3.0 ±0.1 2.8 ±0.1 0.10 3.3 ±0.1 3.2 ±0.2 2.7 ±1.3 0.048

HDL-C, mmol/l 1.2 ±0.03 1.4 ±0.03 <0.001 1.2 ±0.06 1.2 ±0.06 1.2 ±0.05 <0.001

TG, mmol/l 1.7 ±0.1 1.3 ±0.1 0.007 1.4 ±0.2 1.9 ±0.2 1.7 ±0.2 0.02

creatinine, µmol/l 85.6 ±1.5 77.3 ±1.5 <0.001 86.5 ±3.1 87.5 ±2.9 83.7 ±2.4 0.002

hsCRP, mg/l 3.3 ±0.2 1.5 ±0.2 <0.001 3.1 ± 0.3 4.0 ±0.3 3.0 ±0.3 <0.001

fibrinogen, g/l 4.5 ± 0.1 2.7 ±0.1 <0.001 4.5 ± 0.2 4.4 ±0.2 4.6 ±0.2 <0.001

a  P value refers to comparisons between all AS patients and controls 
b  P value refers to comparisons between patients with mild, moderate, and severe AS

Continuous data are presented as mean ± SD and categorical data as number (%); laboratory data were adjusted for age and BMI.

Abbreviations: AS – aortic stenosis, BMI – body mass index, HDL-C – high-density lipoprotein cholesterol, hsCRP – high-sensitivity C-reactive protein, 
LDL-C – low-density lipoprotein cholesterol, SD – standard deviation, TC – total cholesterol, TG – triglycerides
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FIGURE 1  Body mass index in patients with aortic stenosis and in controls;  
values are shown as mean ± SD and 95% CI 
Abbreviations: CI – confidence interval, others – see TABLE 1
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levels of AS severity and in controls is presented 
in FIGURE 1. We observed similar adiponectin and 
leptin levels in patients with AS and controls 
(20.8 ±7.9 vs. 20.4 ±3.9 µg/ml, P = 0.67 and 17.0 
±6.4 vs. 16.4 ±5.9 ng/ml, P = 0.52, respectively). 
In patients with AS, adiponectin showed a strong 
correlation with age (r = 0.80, P <0.001) and 
moderate with BMI (r = –0.50, P <0.001). Sim‑
ilar, though weaker, correlations were observed 
for leptin (r = 0.33, P = 0.002 and r = –0.37, P = 
0.001, respectively). Resistin did not correlate 
with age (r = –0.08, P = 0.24), but correlated pos‑
itively with BMI (r = 0.60, P <0.001). Adiponec‑
tin, leptin, and resistin were not associated with 
smoking, obesity, sex, and medications.

Based on the continuity equation, 32 patients 
had severe, 21 moderate, and 21 mild AS (TABLE 2). 
Patients with severe AS were younger than those 
with with mild/moderate AS (53.3 ±6.1 vs. 61.7 
±9.4 years, P <0.001). Adiponectin correlated pos‑
itively with the AVAI (r = 0.70, P <0.001) and in‑
versely with the mean PG (r = –0.72, P <0.001) 
and peak PG (r = –0.67, P <0.001). Leptin corre‑
lated positively with the AVAI (r = 0.37, P = 0.001), 
and inversely with the mean PG (r = –0.27, P = 
0.009) and peak PG (r = –0.23, P = 0.03). No cor‑
relations were observed between resistin and 
the above variables (P >0.1).

After adjusting for age and BMI, adiponec‑
tin levels differed depending on the severity 
of AS, with the highest values in patients with 
mild AS (26.7 ±0.9 µg/ml), lower in moderate AS 
(20.2 ±0.9 µg/ml), and the lowest in severe AS 
(17.5 ±0.7 µg/ml) (P <0.001). The post‑hoc Sidak 
corrected comparison showed that patients with 
mild AS had higher adiponectin adjusted for age 
and BMI that those with moderate (P = 0.001) 
or severe AS (P <0.001). Compared with con‑
trols, adiponectin adjusted for age and BMI was 
higher in mild AS, but lower in severe AS (both 
P <0.001). No difference in adiponectin was ob‑
served between subjects with moderate AS and 
controls (FIGURE 2).

After adjusting for age and BMI, leptin tend‑
ed to decrease with increasing severity of AS – 
mild AS (21.1 ±1.3 ng/ml), moderate AS (16.9 
±1.3 ng/ml), and severe AS (14.4 ±1.1 ng/ml)  
(P = 0.003). Leptin adjusted for age and BMI was 

12

14

16

18

20

22

24

26

28

ng/ml leptin

controls

post-hoc analysis:
controls vs. mild AS (P <0.014), moderate AS (P = 0.999), severe AS (P = 0.505)
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TABLE 2  Echocardiographic parameters

Variable AS patients (n = 74) Mild AS (n = 21) Moderate AS (n = 21) Severe AS (n = 32) P

LVEF, % 62.5 ±8.0 62.7 ±8.0 59.6 ± 7.0 64.1 ±8.4 0.13

LVEDV index, ml/m2 73.2 ±19.5 77.8 ±19.1 72.6 ± 5.5 70.6 ±15.2 0.42

mean pressure gradient, mmHg 50.1 ±19.7 29.4 ±12.1 49.8 ±14.0 64.0 ±14.2 <0.001

peak pressure gradient, mmHg 74.8 ±21.6 52.7 ±15.3 74.6 ±16.0 89.5 ±15.1 <0.001

bicuspid aortic valve, n (%) 15 (20) 1 (5) 4 (19) 10 (31) 0.06

AVAI, cm2/m2 0.8 ±0.3 1.2 ±0.2 0.8 ±0.1 0.5 ±0.1 <0.001

intraventricular septum, mm 12.8 ±1.3 11.8 ±1.4 12.8 ±1.1 13.6 ±0.8 <0.001

posterior wall, mm 13.4 ±1.7 11.9 ±1.6 13.8 ±1.7 14.1 ±1.1 <0.001

Abbreviations: AVAI – aortic valve area index, LVEDV – left ventricular end diastolic volume, LVEF – left ventricular ejection fraction, others – see 
TABLE 1
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FIGURE 2  Plasma levels of adiponectin in patients with aortic stenosis and in controls; 
values are shown as mean ± SD and 95% CI 
Abbreviations: see TABLE 1 and figure 1

FIGURE 3  Plasma levels of leptin in patients with aortic stenosis and in controls; 
values are shown as mean ± SD and 95% CI 
Abbreviations: see TABLE 1 and figure 1
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The  following parameters were associated 
with severe AS in a univariable logistic regres‑
sion analysis: age (OR 0.88; 95% CI 0.82–0.94, 
P <0.001), low‑density lipoprotein cholesterol 
(OR 0.56; 95% CI 0.33–0.95, P = 0.03), total cho‑
lesterol (OR 0.59; 95% CI 0.38–0.93, P = 0.02), 
bicuspid aortic valve (OR 3.4; 95% CI 1.02–11.2,  
P = 0.047), thickness of interventricular septum 
(OR 2.89; 95% CI 1.63–5.13, P <0.001), thickness 
of LV posterior wall (OR 1.61, 95% CI 1.16–2.24, P 
= 0.004), adiponectin (OR 0.75; 95% CI 0.64–0.89, 
P = 0.001), and leptin (OR 0.89; 95% CI 0.82–0.97, 
P = 0.01). In a multivariable analysis, only adi‑
ponectin (OR 0.74; 95% CI 0.62–0.88, P = 0.001) 
and total cholesterol (OR 0.58; 95% CI 0.36–0.94, 
P = 0.03) were independently associated with se‑
vere AS (TABLE 4).

Discussion  The main finding of the current 
study is that plasma adiponectin and leptin lev‑
els are associated with AS severity. Mean PG is 
an independent predictor of adiponectin levels, 
while the AVAI predicts leptin levels in patients 
with AS. Our findings expand our knowledge on 
the links between adipocytokines and cardiac dis‑
eases, showing for the first time that AS might be 
to some extent modulated by adipocytokine pro‑
file in circulating blood, with a major role of adi‑
ponectin. We have shown that patients with se‑
vere AS have lower adiponectin levels compared 
with those with moderate and mild AS.

Subjects with atherosclerotic vascular disease 
were excluded from our study. This suggests that 
the association between adiponectin levels and 
AS is independent of coronary artery disease. Giv‑
en the accumulating evidence for similarity be‑
tween the pathogenesis of atherosclerosis and AS, 
our results have reinforced the available data on 
a protective role of adiponectin in cardiovascular 

lower in severe than in mild AS (P = 0.001). Com‑
pared with controls, subjects with mild AS had  
higher leptin levels (P = 0.02). No difference in 
leptin levels was observed between controls and 
patients with moderate and severe AS (FIGURE 3).

After adjustment for age and BMI, no differ‑
ences in resistin levels were observed between 
the subjects with mild, moderate, and severe 
AS (18.3 ±0.5 ng/ml, 17.3 ±0.5 ng/ml, and 17.4 
±0.4 ng/ml, respectively, P = 0.11; FIGURE 4).

Predictors of severe aortic stenosis  In regres‑
sion analysis models, after adjusting for poten‑
tial confounding factors including age and BMI, 
the mean PG was the only independent echocar‑
diographic predictor of adiponectin (ΔR2 = 0.08, 
P <0.001), while the AVAI was the only inde‑
pendent echocardiographic predictor of lep‑
tin (ΔR2 = 0.04, P = 0.049) in patients with AS 
(TABLE 3). No echocardiographic parameters pre‑
dicted resistin levels in patients with AS.
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FIGURE 4  Plasma levels of resistin in patients with aortic stenosis and in controls; 
values are shown as mean ± SD and 95% CI 
Abbreviations: see TABLE 1 and figure 1

TABLE 3  Multiple regression analysis: the incremental value of echocardiographic variables in the prediction  
of plasma adiponectin and leptin levels in patients with aortic stenosis

b bSE β P R2

adiponectin

step 1

age 0.61 0.06 0.70 <0.001 0.70

BMI –0.58 0.16 –0.26 <0.001

step 2

age 0.46 0.06 0.53 <0.001 0.78a

BMI –0.46 0.14 –0.21 0.001

mean pressure gradient –0.14 0.03 –0.34 <0.001

leptin

step 1

age 0.15 0.08 0.21 0.08 0.18

BMI –0.53 0.21 –0.29 0.02

step 2

age 0.04 0.10 0.05 0.70 0.22a

BMI –0.51 0.21 –0.28 0.02

AVAI 5.51 2.75 0.27 0.049

a   P <0.05 compared with step 1

Abbreviations: see TABLEs 1 and 2
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results obtained in the control group were simi‑
lar to those reported in another study that also 
used this method.25 Moreover, we excluded pa‑
tients with coronary artery disease and type 2 
diabetes, which significantly affected adiponec‑
tin levels.

Reduced valve area in AS causes LV overload. 
Similar phenomenon can be observed in arteri‑
al hypertension and hypertrophic cardiomyopa‑
thy, especially with outflow obstruction. In arteri‑
al hypertension, the blood pressure increase and 
myocardial hypertrophy were shown to be asso‑
ciated with lower adiponectin levels.26 It can be 
assumed that, similarly to hypertensive patients, 
reduced adiponectin levels linked to increased se‑
verity of AS might predispose to LV hypertrophy 

inflammatory disorders. Hypoadiponectinemia 
is associated with an increased risk of coronary 
artery disease and higher carotid intima‑media 
thickness.11 Moreover, it predicts the severity, 
extent, and pattern of atherosclerosis in coro‑
nary arteries.23 

To our knowledge, there has been only 1 study, 
by Mohty et al.,24 showing that lower adiponec‑
tin levels are associated with inflammation and 
calcification in AS.24 However, we did not obtain 
similar results.24 Differences in adiponectin lev‑
els may result from the use of different meth‑
ods to determine this parameter. Mohty et al.24 
used an enzyme‑linked immunosorbent assay, 
while we applied the recently introduced meth‑
od based on the Bio‑Rad Luminex system. Our 

TABLE 4  Association of clinical, laboratory, and echocardiographic parameters with severe aortic stenosis

Univariable Multivariable

OR (95% CI) P OR (95% CI) P

clinical data

male sex 2.16 (0.67–6.93) 0.20

age, y 0.88 (0.82–0.94) <0.001

BMI, kg/m2 1.1 (0.96–1.26) 0.16

smoking 1.01 (0.39–2.57) 0.99

hypertension 1.82 (0.69–4.76) 0.22

hypercholesterolemia 0.22 (0.04–1.16) 0.07

laboratory tests

fasting glucose, mmol/l 1.49 (0.71–3.12) 0.29

TC, mmol/l 0.59 (0.38–0.93) 0.02 0.58 (0.36–9.34) 0.03

LDL-C, mmol/l 0.56 (0.33–0.95) 0.03

HDL-C, mmol/l 0.68 (0.12–3.89) 0.67

TG, mmol/l 1.01 (0.62–1.66) 0.97

creatinine, µmol/l 0.97 (0.93–1.0) 0.08

hsCRP, mg/l 0.85 (0.67–1.09) 0.20

fibrinogen, g/l 0.96 (0.67–1.38) 0.83

adiponectin, µg/ml 0.75 (0.64–0.89) 0.001 0.74 (0.62–0.88) 0.001

resistin, ng/ml 1.03 (0.88–1.21) 0.74

leptin, ng/ml 0.89 (0.82–0.97) 0.01

echocardiographic variables

LVEF, % 1.05 (0.99–1.11) 0.13

LVEDV index, ml/m2 0.99 (0.96–1.01) 0.31

bicuspid aortic valve 3.4 (1.02–11.2) 0.047

interventricular septum, mm 2.89 (1.63–5.13) <0.001

posterior wall, mm 1.61 (1.16–2.24) 0.004

medications 

β-blockers 0.5 (0.19–1.28) 0.15

ACEI 0.66 (0.25–1.72) 0.39

ARB 0.68 (0.31–5.9) 0.68

calcium blockers 0.98 (0.35–2.72) 0.97

diuretics 0.79 (0.27–2.33) 0.67

ASA 0.62 (0.14–2.70) 0.53

statins 1.26 (0.50–3.22) 0.62

Abbreviations: ACEI – angiotensin-converting enzyme inhibitors, ARB – angiotensin II receptor blockers, ASA – 
acetylsalicylic acid, OR – odds ratio, others – see TABLE 1, table 2, and figure 1
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AS prevalence; this could be partly due to the in‑
clusion of patients with both tricuspid and bi‑
cuspid aortic valve stenosis. Third, no measure‑
ments were performed following valve replace‑
ment; therefore, it is unclear whether decreased 
adiponectin and leptin levels in severe AS are 
reversible.

In conclusion, the main finding of our study is 
that plasma adiponectin and leptin levels are asso‑
ciated with AS severity. Presumably, adiponectin 
and leptin are involved in the development and 
progression of AS. It might be speculated that ad‑
iponectin plays a protective role in this process 
and lower adiponectin levels may predispose to 
severe AS. A larger study on patients with mild 
AS and a long follow‑up are needed to assess clin‑
ical relevance of the present findings.
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Streszczenie

Wprowadzenie  Wczesne stadia miażdżycy i stenozy aortalnej (aortic stenosis – AS) są podobne. Za‑
awansowana choroba wieńcowa charakteryzuje się zmienionym profilem krążących we krwi adipocytokin. 
Wysunęliśmy hipotezę, że osoczowy profil adipocytokin wiąże się z ciężkością AS.
Cele  Celem pracy była ocena związku pomiędzy AS a adipocytokinami.
Pacjenci i metody  U 74 chorych z AS, bez towarzyszącej miażdżycy oraz z frakcją wyrzutową >50% 
(57 mężczyzn, 17 kobiet, wiek 58 ±9,1 lat), i u 74 osób z grupy kontrolnej oznaczono w osoczu poziom 
rezystyny, leptyny i adiponektyny metodą Bio‑Rad Luminex. W badaniu echokardiograficznym mierzono 
powierzchnię zastawki aortalnej z indeksacją do powierzchni ciała (aortic valve area indexed to body surface 
area – AVAI) oraz średniego i maksymalnego gradientu przezzastawkowego (pressure gradient – PG).
Wyniki  Obserwowano podobny poziom adiponektyny i leptyny u pacjentów z AS i w grupie kontrolnej 
(odpowiednio 20,8 ±7,9 vs 20,4 ±3,9 µg/ml; p = 0,67 i 17,0 ±6,4 vs 16,4 ±5,9 ng/ml; p = 0,52). U 21 
pacjentów stwierdzono łagodną AS, u 21 – umiarkowaną, a u 32 – ciężką. Po uwzględnieniu wieku i wskaź‑
nika masy ciała poziom adiponektyny wynosił 20,3 ±0,5 µg/ml w grupie kontrolnej oraz 26,7 ±0,9 µg/ml 
w grupie łagodnej AS, 20,2 ±0,9 µg/ml w grupie umiarkowanej AS i 17,5 ±0,7 µg/ml w grupie ciężkiej AS  
(p <0,001). Poziom leptyny wynosił 16,4 ±0,7 ng/ml w grupie kontrolnej oraz 21,1 ±1,3 ng/ml w grupie 
łagodnej, 16,9 ±1,3 ng/ml w grupie umiarkowanej i 14,4 ±1,1 ng/ml w grupie ciężkiej AS (p = 0,003). 
Adiponektyna i  leptyna korelowały z AVAI (odpowiednio r = 0,70, p <0,001 i r = 0,37, p = 0,001), 
średnim PG (odpowiednio r = –0,72, p <0,001 i r = –0,27, p = 0,009) i maksymalnym PG (odpowied‑
nio r = –0,67, p <0,001 i r = –0,23, p = 0,03). W analizie wieloczynnikowej średni PG był jedynym 
niezależnym echokardiograficznym predyktorem poziomu adiponektyny (p <0,001), natomiast AVAI 
była jedynym niezależnym echokardiograficznym predyktorem poziomu leptyny w surowicy u chorych 
z AS (p = 0,049).
Wnioski  Obniżony poziom adiponektyny i leptyny, ale nie rezystyny, wiąże się z ciężką AS, co sugeruje, 
że adipocytokiny mogą uczestniczyć w progresji AS, szczególnie adiponektyna pełniąca w tym procesie 
rolę ochronną.
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