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SUMMARY 

Objectives. Higher serum resistin levels were reported to be associated with increased mortality 

risk. We aimed to assess the predictive value of resistin levels in perivascular adipose tissue 

(PVAT) around the left main coronary artery (LMCA) for mid-term survival of patients with 

advanced coronary artery disease (CAD). 

Methods. This was a prospective study including patients referred for elective coronary artery 

grafting in 2016 and 2017, performed using a standard approach. A sample of PVAT was 

harvested and resistin levels were measured using an enzyme-linked immunosorbent assay. 

Patients were followed from the day of the procedure until March 2021. In each patient, the 

SYNTAX score and EuroSCORE II were calculated. 

Results. The study included 108 patients aged 68.1 ±7.9 years, including 83 men (76.9%). The 

duration of follow-up was 731 (range, 275-1020) for nonsurvivors and 1418 median (range, 

1174-1559) for survivors (p <0.001).  

 Patients who died had a higher SYNTAX score, higher EuroSCORE II, and lower resistin 

levels in PVAT than survivors (p <0.001, p = 0.004, and p = 0.041, respectively). A stepwise 

regression analysis revealed that survival was related to resistin concentrations above the 

median value (hazard ratio [HR], 4.67; 95% CI, 1.02-21.4; p = 0.048) and EuroSCORE II (used 

as continuous variable; HR, 1.55; 95% CI, 1.16-2.07; p = 0.003).  

Conclusions. The mid-term mortality in patients with advanced CAD is associated with low 

resistin concentrations in PVAT surrounding the LMCA. 
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Introduction 

Numerous studies have shown the role of local inflammation in the development of 

atherosclerotic plaque (Nosalski et al. 2017). Perivascular adipose tissue (PVAT), which 

surrounds most of the vasculature, has been implicated in the pathogenesis of atherosclerosis. 

Its proximity to the arterial wall creates conditions for their mutual interaction. The tissue exerts 

both proinflammatory and anti-inflammatory properties. A balance between these opposite 

effects plays an important role in regulating vascular function both in physiological and 

pathological processes. 

One of the adipokines secreted by PVAT is resistin. It acts as a proinflammatory factor 

but its exact physiological significance is unknown. The serum resistin concentration positively 

correlates with the presence and severity of coronary atherosclerosis (Krecki et al.2008; 

Laframboise et al. 2012). Moreover, in a meta-analysis of patients with type 2 diabetes mellitus 

and coronary artery disease (CAD), higher circulating serum resistin levels were associated 

with an increased risk of mortality (Fontane et al. 2015). Circulating resistin is mainly derived 

from macrophages and monocytes and, to a lesser extent, from adipocytes. The secretory role 

of monocytes has been confirmed by the observation of simultaneous increase of resistin and 

monocyte chemoattractant protein-1 (MCP-1) generated by these cells  in the event of an 

induced inflammatory reaction (Saracevic A et al. 2020).Therefore, the concentrations of 

resistin in serum may not reflect those in PVAT, while resistin concentrations in PVAT alone 

may differ depending on the coronary artery. 

The aim of this study was to assess the predictive value of resistin concentrations in 

PVAT surrounding the left main coronary artery (LMCA) for mid-term survival of patients 

with advanced CAD. 

 

Methods  



This was a prospective study comprising patients referred for elective coronary artery 

bypass grafting (CABG)-on pump method due to advanced CAD. Inclusion criteria for the 

study were: three-vessel coronary artery disease (3VD), age less than 80 years, written consent 

to participate in the study. The exclusion criteria were concomitant severe or moderate valvular 

disease requiring an additional procedure, and left ventricular ejection fraction (LVEF) lower 

than 30%.  

 We enrolled 108 consecutive patients who met the inclusion criteria and underwent 

CABG in 2016 and 2017. We excluded patients who died up to 120 days after surgery from the 

final analysis, (n=3), which may be related to post-CABG perioperative complications. 

Demographic and clinical data (history of arterial hypertension, stroke, myocardial infarction, 

diabetes, and atrial fibrillation) were collected. Before CABG, each patient underwent 

echocardiography and the measurement of LVEF. Angiography results of each participant were 

analyzed by an interventional cardiologist. The anatomic-based SYNTAX score (Synergy 

Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery) and the degree 

of left main stenosis were assessed using the SYNTAX Score Calculator by a trained analyst 

blinded to patient characteristics. EuroSCORE II (European System for Cardiac Operative Risk 

Evaluation) was calculated for each patient as part of routine clinical practice. The life status of 

patients was determined on the basis of data obtained from the Ministry of Digital Affairs for 

March 18, 2021. The follow-up lasted from the date of the cardiac surgery to March 18, 2021, 

or until patient’s death. 

The CABG procedure was performed using a standard sternotomy approach. 

Cardiopulmonary bypass was established with an aortic cannula inserted to the ascending aorta 

and a venous return through the cannula to the right atrial appendage. After the cross-clamp of 

the aorta and administration of antegrade cold blood cardioplegia (according to the del Nido 

protocol), the heart was lifted and a sample of PVAT around the LMCA was harvested using 



the surgical scissors and blade. A small portion of the sample (3 × 3 × 3 mm) was immediately 

frozen at a temperature of -80° and stored until further analysis. After sampling, the bypasses 

were performed using a standard approach with the internal thoracic arteries and saphenous 

veins. 

For the homogenization of tissue samples, a FastPrep homogenizer (MP Biomedicals, 

Santa Ana, CA, USA) and PMSF buffer were used. Centrifugation was performed twice for 10 

minutes at 14000 x g and a temperature of 4°C. The second centrifugation was performed just 

before the analysis. The concentration of resistin in PVAT was measured using Human Resistin 

Quantikine ELISA Kit (R&D Systems, Minneapolis, MN, USA) according to the 

manufacturer’s instructions and expressed in ng/g of tissue. If the laboratory result was marked 

as exceeding the maximum, the maximum value obtained in other measurements was used for 

analysis.   

The study was approved by the local ethics committee (KB 392/2016).  

 

Statistical analysis 

Continuous variables were presented as mean and standard deviation or median and 

interquartile range (IQR) according to their distribution and compared with the t test or the 

Mann-Whitney test, respectively. Categorical variables were presented as numbers and 

percentages and compared with the χ2 test. Patients were divided into those who survived and 

those who died during follow-up. The continuous variables that differed between groups in a 

univariate analysis with a p value of at least less than 0.15 were included in stepwise 

multivariate analyses as continuous or dichotomized variables according to their median value 

or the upper limit of normal when it was known for a given variable. The Kaplan-Meier curves 

were generated to visualize differences in survival between groups classified on the basis of the 

median values of parameters that differed in the univariate analysis between survivors and 



nonsurvivors. In the case of continuous variables, the cutoff points were selected on the basis 

of their median values and the subgroups with the values lower and higher than the median 

were compared. The stepwise Cox proportional hazards regression analysis was performed to 

assess the associations between survival and independent variables. A p value of less than 0.05 

was considered significant. 

 

Results 

The study group included 108 patients aged 68.1 ±7.9 years, including 83 men (76.9%). 

All patients underwent a successful CABG due to advanced CAD. Based on the information 

obtained from the Ministry of Digital Affairs, we excluded 3 patients who died in the early follow-up 

period - up to 120 days after the procedure. On this basis, we found that 14 patients died 120 days after 

the surgery.103 patients were included for further analysis. The duration of follow-up was  731 (range, 

275-1020) for nonsurvivors and 1418 median (range, 1174-1559) for survivors (p <0.001). Therefore, 

mean follow-up for patients who did not die early after surgery was IQR 1407 (1152-1552) range 122-

1694. The median follow-up duration for the whole group was IQR  1405.5 (1142-1552) range 26- 1694. 

The assessment of mortality in the study group refers to March 18, 2021.  

 The comparison of clinical and laboratory parameters between nonsurvivors and 

survivors is presented in Table 1. There were no differences in the history of diabetes, 

hypertension, infarction stroke, and revascularization of the coronary arteries between groups. 

History of atrial fibrillation was more common in nonsurvivors. Laboratory parameters were 

similar between groups, except a trend for higher glucose levels in patients who died. 

The severity of CAD measured by the SYNTAX score was significantly higher in nonsurvivors. 

The median SYNTAX score in the study group was 34.95 (IQR, 28.75-45.00), and the 

SYNTAX score above the median value was more frequent in nonsurvivors. Similarly, 

EuroSCORE II was higher in nonsurvivors than in survivors. The median EuroSCORE II for 

all patients was 1.24 (IQR, 0.87-1.84). 



The median resistin concentration in PVAT for the whole study group was 106.1 ng/g 

(IQR, 31.1-358.2). The concentrations were significantly higher in survivors (Table 1). Patients 

with a EuroSCORE II below the median value had higher resistin concentrations than those 

with the score above the median (Figure 1). Among patients with the SYNTAX score below 

the median value, the median resistin concentration was 53.1 ng/g (IQR, 21.5-134.4), as 

compared with 54.9 ng/g (IQR, 16.5-377.0) in those with the score above the median (p = 0.49).  

The stepwise Cox proportional hazards regression analysis revealed that survival was 

related to the resistin concentration above the median value (hazard ratio [HR], 4.67; 95% CI, 

1.02-21.4; p = 0.048) and EuroSCORE II (used as a continuous variable; HR, 1.55; 95% CI 

1.16-2.07; p = 0.003). The Kaplan-Meier survival curves for the subgroups of patients divided 

according to the median values of resistin, EuroSCORE II, and SYNTAX score are presented 

in Figure 2. 

 

Discussion 

The main finding of our study is that the mid-term survival of patients after CABG is 

associated with a higher concentration of PVAT resistin surrounding the LMCA. Additionally, 

the factor that favored survival in our study was a lower EuroSCORE II index, which was 

demonstrated in large trials. EuroSCORE II is considered the standard scoring system for the 

assessment of perioperative mortality risk in cardiac surgery procedures in routine clinical 

practice (Nashef et al.2016; Sulivan et al. 2016). However, the scale can be also used to assess 

the risk of mid-term mortality in patients undergoing combined aortic valve replacement and 

CABG (Spoliopoulos et al. 2014). Therefore, our finding on the relationship between a higher 

EuroSCORE II value and mortality is concordant with previous reports. The novelty of our 

study is the observed association between the higher resistin level in PVAT surrounding the 

LMCA and better mid-term prognosis in patients undergoing CABG.  



The relationship between serum resistin levels and mortality has not been fully 

elucidated. Moreover, the serum levels do not reflect those in PVAT. In the LURIC study 

(Ludwigshafen Risk and Cardiovascular Health), which assessed patients with angiographically 

confirmed coronary atherosclerosis, no relationship between serum resistin levels and coronary 

atherosclerosis or cardiovascular mortality was reported (Pilz et al. 2007). However, the study 

found a positive correlation between resistin and inflammatory markers. Moreover, elevated 

resistin levels were reported as an indicator of heart muscle injury and were detected in patients 

with acute coronary syndromes (Lubos et al. 2007;Wang et al. 2009).  

Atherosclerosis is caused by lipids accumulation  in early stages  and thereafter the 

inflammation of the coronary arteries which consumes PVAT and leads to its local cachexia 

(11Antoniades et al.2019). A study on patients with chronic inflammation showed a decrease 

in the amount of adipose tissue and its antiatherosclerotic properties in individuals with and 

without significant cardiovascular disease (Antonopoulos et al. 2014). Similarly, in patients 

with heart failure, cachexia was shown to be related to higher mortality (Carbone et al. 2013). 

Furthermore, noninvasive studies assessing PVAT indicated that not only the amount but also 

the properties of adipose tissue are important for patient outcomes. The presence of a higher 

amount of PVAT was related to the occurrence of CAD in the general population and low-risk 

patients (Bos et al. 2015; Dey et al. 2012; Ito et al. 2013;Versteylen et al. 2012). However, in 

the SMART study (Secondary Manifestations of ARTerial Disease), Franssens et al showed 

that, in addition to the volume, also the quality of epicardial adipose tissue is associated with 

CAD in high-risk patients (Franssens et al. 2017). They suggested that the radiodensity of 

epicardial adipose tissue is correlated with coronary atherosclerosis. A potential explanation for 

our results may be the progressive cachexia of PVAT, expressed as a decrease in resistin 

concentrations in epicardial fat surrounding LMCA in the 3VD group. PVAT cachexia 

expressed in this way was statistically higher in the nonsurvivor group. 



Recently, a new biomarker has been developed for the assessment of inflammation in 

PVAT, namely, the fat attenuation index (FAI) (Antonopoulos et al. 2014). Local inflammation 

leads to a decrease in the size, lipid accumulation, and differentiation of adipocytes, which 

correlates with a gradient in attenuation of pericoronary or epicardial fat from more negative to 

less negative Hounsfield unit values on computed tomography angiography, which is reflected 

by an increase in the FAI (Mancio et al. 2018). In the CRIPS-CT study, a J-shape association 

between the FAI of the PVAT and the risk of cardiac death was shown (Oikonomou et al. 2018). 

Patients with a very high FAI had approximately 9-fold higher risk of cardiac death. 

Additionally, in this study, the FAI was weakly correlated with plasma C-reactive protein, 

which can be multifactorial in origin and come from other  sources. 

 Our patients had advanced atherosclerosis and it could be presumed that there were local 

depletion of reserves on resistin in PVAT in patients with poor outcome. Moreover, 

nonsurvivors also had a higher EuroSCORE II despite the fact that all patients underwent  

elective CABG and had preserved LVEF. The significance of EuroSCORE II for predicting 

mid-term outcome lies in its components, namely, older age, male sex, the presence of 

noncardiac atherosclerosis, previous myocardial infarction, CABG, and stroke. 

Due to the effect of PVAT on the vasculature, the assessment of local resistin 

concentrations may be relevant for the understanding of atherosclerosis development, which 

may have important implications for the management and prognosis of patients with CAD. 

 In the face of studies indicating that proinflammatory cytokines produced by adipose tissue 

can induce myocardial dysfunction and promote the formation of atherosclerotic plaques, our 

results can appear paradoxical. However, no studies comparing the levels of resistin in plasma 

and adipose tissue have been performed to date, and it cannot be assumed that this relationship 

is proportional, especially that resistin in blood comes from various sources. In addition, the so-

called obesity paradox is observed, whereby patients with obesity and heart failure or coronary 



heart disease show higher survival rates than normal-weight or underweight individuals 

(Horwich et al. 2018 ,Elagizi et al. 2018). 

 The obtained results are also in line with findings of Al-Nimer et al. who found that high 

serum leptin levels are associated with negative coronary computed tomography (Al-Nimer et 

al. 2018). 

 The main limitation of the study is a small sample size. However, the median follow-up 

was almost 4 years; therefore, the analysis is justified as a mid-term survival. Moreover, we did 

not assess serum resistin levels. The  serum resistin comes from many sources – mainly from 

macrophages and monocytes (Saracevic  A et al. 2020). Therefore, the measurement in the 

PVAT may be more specific for assessing the significance of local factors on the outcomes of 

coronary atherosclerosis. Moreover, no additional characterization of adipose tissue was 

presented using the measurements of adipose tissue thickness, FAI (Fat Attenuation Index) 

obtained from others modalities of imaging.  Another limitation is that we assessed all-cause 

mortality and not cardiovascular mortality. All-cause mortality is used as a primary endpoint in 

numerous clinical trials because it is less sensitive to bias. Moreover, the most common cause 

of death in this group of patients is cardiovascular death. 

Our results cannot be easily compared with previous studies because only serum resistin 

concentrations are typically measured. The adipose tissue surrounding cardiac muscle could be 

obtained only during cardiac surgery whereas the blood from peripheral veins is much easier to 

draw. 

Conclusions 

In conclusion, our study showed that mid-term mortality in patients with multivessel CAD is 

associated with low resistin concentrations in the PVAT surrounding the LMCA. Higher 

resistin concentrations in this tissue are associated with a lower EuroSCORE II in patients with 

multivessel CAD.  



 

 

Ethics approval and consent to participate: The study was approved by the local ethics 

committee [KB 392/2016]. All patients provided written informed consent to participate in the 

study. 
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Table 1 Demographic and clinical characteristics of survivors and nonsurvivors patients  

Parameter Survivors (n = 91) Nonsurvivors (n 

= 14) 

p value 

Age, years, mean±SD 67.7±8 70.5±8.0 0.239 

Male sex, n (%) 71 (78) 10 (71) 0.584 

BMI, kg/m2, mean±SD 27.5±4.4 28.9±6.7 0.314 

Diabetes, n (%) 33 (36) 8 (57) 0.136 

Hypertension, n (%) 80 (88) 13 (93) 0.588 

Previous infarction, n (%) 50 (55) 9 (64) 0.511 

Previous CABG/PCI, n (%) 20 (22) 5 (36) 0.432 

Previous stroke, n (%) 8 (9) 1 (7) 0.758 

History of atrial fibrillation, n (%) 2 (2) 3 (21.0) 0.013 

Renal insufficiency, n (%) 4 (4) 0 (0) 0.96 

Left ventricular ejection fraction, % 55.5±8.1 53.6±9.6 0.445 

Left ventricular  diastolic dimension, n 

(mm)  

52.9±4.4 49.8±5.24 0.05 

IVS, n (mm) 12.9±1.7 12.1±1.2 0.18 

PWd, n (mm) 10.6±1.7 10.9±1.7 0.49 

Left ventricular mass, n (mg) 255.8±51.1 226.4±54.5 0.085 

SYNTAX score, mean±SD 35.3±11.7 52.4 ±14.4 <0.001 

Median SYNTAX score, 34.95 (28.75-

45.00), n (%) 

40 (44) 13 (93) 0.014 

EuroSCORE II, median (IQR) 1.18 (0.84-1.69) 1.44 (1.23-2.59) 0.061 

Median EuroSCORE II >1.24, n (%) 41 (45) 10 (71) 0.066 



LMCA stenosis ≥50%, n (%) 40 (44) 8(57) 0.357 

LMCA stenosis, median (IQR) 40 (0-60) 50 (30-80) 0.285 

Resistin in the PVAT surrounding the 

LMCA, ng/g, median (IQR) 

124.9 (32.7-362.7) 61 (6.3-104.6) 0.094 

Resistin in the PVAT surrounding the 

LMCA LM > median, n (%) 

40 (44) 11(79) 0.016 

Glycemia, mg%, median (IQR) 119±35 127±47 0.016 

Creatinine, mg%, mean±SD 1.12±0.36 1.06±0.21 0.55 

eGFR, ml/min/1.73 m2, mean±SD 71.7±20.5 70.1±13.1 0.786 

Hemoglobin, g/l, mean±SD 13.9±1.5 13.5±1.8 0.379 

BMI – body mass index, CABG – coronary artery bypass graft, eGFR – estimated glomerular 

filtration rate, LMCA – left main coronary artery, PCI – percutaneous coronary intervention, 

PVAT – perivascular adipose tissue, IVS - intraventricular septum, PWd - Posterior wall 

diameter. 

Figure 1 Resistin concentrations in the perivascular adipose tissue surrounding the left main 
coronary artery in patients with EuroSCORE II below and above the median value 

 

 



 

 

 

Figure 2 The Kaplan-Meier survival curves for patients who underwent coronary artery bypass 

grafting divided according to the median value of: A - SYNTAX score (median, 34.95) B - 

resistin levels in the perivascular adipose tissue surrounding the left main coronary artery 

(median, 106.1 ng/g); C - EuroSCORE II (median, 1.24); 

A 

 



B.

 



C.

 


