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Abstract

Background: Cardiovascular disease (CVD) is the primary cause of 
mortality and morbidity in chronic kidney disease (CKD) patients. 
Aortic propagation velocity (APV), epicardial fat thickness (EFT) 
and carotid intima-media thickness (CIMT) measurements could 
provide additional information on assessing renal decline in CKD 
patients. The study aimed to evaluate EFT, AVP and CIMT in CKD 
patients and then investigate the association among those parameters.

Methods: A total of 170 CKD consecutive subjects were enrolled in 
the study. Patients were divided into five groups according to their 
estimated glomerular filtration rate (eGFR) values. Each patient un-
derwent complete transthoracic echocardiography examination. APV, 
EFT and CIMT were measured for analyses. A multivariate linear re-
gression model was used for analysis to determine the independent 
predictors of eGFR.

Results: The lowest APV was observed in stage IV-V, and the high-
est APV was observed in stage I-II (P < 0.001). Stage IV-V patients 
had the highest EFT and stage I-II patients had the lowest EFT (P < 
0.001). Moreover, the lowest CIMT was observed in stage III, and the 
highest CIMT was observed in stage V (P < 0.001). eGFR was sig-
nificantly and positively correlated with APV and negatively corre-
lated with EFT and CIMT. In multivariate analyses, APV (odds ratio 
(OR): 0.289, P < 0.001), EFT (OR: -0.135, P < 0.001) and CIMT (OR: 

-0.388, P < 0.001) were independent predictors of eGFR.

Conclusion: We found that APV decreased, and EFT and CIMT in-
creased as CKD progress. The present study suggests that APV, EFT 
and CIMT might be incorporated with the examination of CKD pa-
tients in daily practice.

Keywords: Chronic kidney disease; Aortic propagation velocity; 
Epicardial fat thickness; Carotid intima-media thickness

Introduction

Patients with chronic kidney diseases (CKDs) are at higher 
risk for morbidity and mortality in comparison to the healthy 
population. Cardiovascular disease (CVD) is the primary rea-
son for death in these patients. Early vascular aging and arte-
rial stiffness are the most prominent changes in the arteries 
of CKD patients; these malformations can also be seen in the 
early stages of CKD [1]. Many explanations have been docu-
mented for decreased vascular compliance and increased ar-
terial stiffness, including activation of the renin-angiotensin 
system, vascular calcification and endothelial dysfunction in 
CKD patients [2].

Arterial stiffness has been recognized as a vascular bio-
marker, and it describes the arterial pressure response to stroke 
volume changes [3]. In addition, arterial stiffness is also close-
ly related to the propagation velocity of the pressure. Carotid-
to-femoral pulse wave velocity (PWV), used to identify arte-
rial stiffening, has been documented as a strong prognosticator 
of severe complications in CKD patients [4]. Arterial stiffness 
is most prominently observed in the aorta and becomes pro-
gressively worse as CKD progresses [5]. Aortic propagation 
velocity (APV), measured by echocardiography, can be used 
to identify aortic stiffness. APV is calculated by collecting 
the propagation velocity from the descending thoracic aorta. 
Gunes et al used the APV to evaluate aortic stiffness in coro-
nary artery disease (CAD) patients and showed that it is related 
to carotid and coronary atherosclerosis [6].

Epicardial adipose tissue (EAT) is found at the junction of 
the pericardial visceral layer and myocardium. EAT directly 
contacts the surface of the myocardium and coronary vessels 
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[7]. In addition, it secrets adipocytokines that have cardiopro-
tective effects [8]. The pathological increase in EAT has been 
linked to CVD risk [9]. Many studies have proposed an asso-
ciation of CKD with epicardial fat thickness (EFT). Previously 
increased EFT has been noted in hemodialysis patients [10]. 
Increased EFT has been accepted as a cardiovascular risk fac-
tor in CKD patients. Nakanishi et al evaluated EAT volume us-
ing computed tomography and showed that CKD patients had 
more EAT compared to those without CKD [11]. Moreover, 
increased EFT has been linked to cardiovascular worsening in 
CKD [12].

Lipid accumulation in the artery causes intima-medial 
thickening and atherosclerotic plaque formation [13]. Carotid 
intima-media thickness (CIMT) has been used in the diagnosis 
of subclinical atherosclerosis and is associated with the pres-
ence of CAD [14]. CKD patients may be susceptible to sub-
clinical atherosclerosis as well. The prominence in the carotid 
artery wall and outward remodeling has been reported in sub-
jects with CKD [15]. CIMT has been linked to cardiovascular 
events and mortality in CKD patients [16]. Zuo et al showed 
that hypertensive CKD subjects with hypertension had aug-
mented CIMT in comparison with non-CKD hypertensive pa-
tients [17]. Another study described that there was a negative 
correlation between CIMT and estimated glomerular filtration 
rate (eGFR) [16].

APV, EFT and CIMT measurements may indicate addi-
tional evidence in the assessment of renal decline in CKD pa-
tients. We postulate that APV, EFT and CIMT may be linked 
to the CKD stages. The objective of the present study was to 
determine the role of EFT, APV and CIMT in CKD and the 
relationships these parameters have in the disease.

Materials and Methods

Subjects

This study included 170 CKD subjects greater than 18 years 
of age. They were admitted to our clinic from September 
2016 to July 2017. The criteria for CKD were based on the K/

DOQI guidelines: eGFR (mL/min/1.73 m2) calculated by the 
MDRD formula [18]. Subjects were separated into five groups 
based on eGFR values (stage I = 76 (eGFR > 90), stage II = 39 
(eGFR = 60 - 89), stage III = 25 (eGFR = 30 - 59), stage IV = 
15 (eGFR = 15 - 29), stage V = 15 (eGFR < 15)). Subjects were 
excluded if they had uncontrolled hypertension, left ventricular 
(LV) systolic dysfunction, valvular pathology, effusion, acute 
coronary syndromes, chronic lung or hepatic disease, known 
malignancy, inflammatory disorders and dialysis application.

All procedures performed in this study were in accordance 
with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki Declaration 
and its later amendments or comparable ethical standards. The 
study was approved by the local ethics committee of the Van 
Training and Research Hospital.

Examination

Physical examinations were performed following an 8-h over-
night fast. Blood was collected and subjected to laboratory 
workup. A complete transthoracic echocardiography (TTE) 
was recorded for each subject following the American Soci-
ety of Echocardiography guidelines. The TTE (Vivid S6, GE, 
Norway) was performed in the resting position with the sub-
jects facing left lateral decubitus with a 3.0-MHz transducer. 
Two proficient blinded cardiologists performed the TTE. TTE 
images were also collected and measurements were recorded.

APV analysis

Color M-mode Doppler images were acquired while the sub-
ject was in the supine position by placing the cursor parallel to 
the descending aorta main directional flow. The Nyquist limit 
was 30 - 50 cm/s and M-mode was done at a rate of 200 mm/s. 
If the slope of the flame was unclear, then baseline shifting was 
used to change the aliasing velocity until a clear delineation of 
the velocity slope was obtained (Fig. 1). APV was determined 
by dividing the distance between the beginning and end of the 

Figure 1. APV in a patient with stage V CKD (APV = 38.2 cm/s) (a) and in a patient with stage III (APV = 57.3 cm/s) (b). APV: 
aortic propagation velocity; CKD: chronic kidney disease.
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propagation slope by the duration. The mean of triplicate re-
cordings was used to calculate APV [6].

EFT analysis

The EFT was measured using RV free wall from using long-
axis view, while referencing the aortic annulus. The thickness 
of RV wall was calculated at the end-diastolic interval. The 
space between the visceral pericardium/myocardium was iden-
tified as the epicardial fat. To measure EFT, the thickest area 
was chosen to measure and the RV area was typically used 
(Fig. 2). The mean value of triplicate cardiac cycles was re-
corded [7].

CIMT analysis

Carotid arteries were assessed using a Logiq 7 (GE, Wauke-
sha, WI, USA) with a transducer (7.5 MHz). All analyses were 
blinded and overseen by two knowledgeable radiologists. 
Measurements were recorded from the carotid arteries and in-
cluded the primary transverse and longitudinal scanning of the 
common carotid artery, bifurcation and internal carotid. The 
subject was set in the supine position with their head turned 
to give best access for the examination. The CIMT was calcu-
lated from the frozen frame of a suitable longitudinal image 
1 cm from the bifurcation of the common carotid artery. This 
was the distance from the lumen intima to the media-adventitia 
interface. Measurements were performed in triplicate, and the 
mean was recorded. All measurements made were at sites lack-
ing plaque [14].

Statistical analyses

Data were analyzed using SPSS software v25.0 for Win-
dows (SPSS Inc., Chicago, IL). A Kolmogorov-Smirnov test 
was used to test whether the data were distributed normally. 

Continuous variables were expressed using mean and stand-
ard deviation. In multiple comparisons, analysis of variance 
(ANOVA) was used for normally distributed continuous data 
followed by the Tukey post hoc test. Chi-square test or Fisher 
exact test as appropriate with Bonferroni correction was used 
for categorical data comparisons. Pearson’s correlation test 
was used for correlation analysis. Multivariate linear regres-
sion was used to analyze independent predictors. Finally, in-
tra- and inter-observer variability was used and variables were 
expressed as intra-class correlation coefficients (ICCs). A P-
value of less than 0.05 was considered statistically significant.

Results

The clinical parameters and demographics of the subjects are 
shown in Table 1. Subjects were assembled into five different 
groups based on the eGFR levels (stage I-V). Subjects in stage 
II-III-V were older than stage I and IV. Body mass index (BMI) 
and gender were not different between the groups of CKD sub-
jects. While diabetes mellitus (DM) and smoking were similar 
in the groups, CAD was mostly observed in stage V. Increased 
hypertension and hyperlipidemia were observed in stage IV 
subjects. From the hematology analysis, white blood cell count 
and hemoglobin were the lowest in stage IV-V, while the high-
est creatinine value was observed in stage IV-V. Stage IV pa-
tients had the lowest C-reactive protein value.

In the echocardiographic analysis, LV ejection fraction 
was similar between the CKD stages. The APV was lower in 
stage IV-V compared to other CKD stages (Fig. 3a). Stage IV 
and stage V subjects demonstrated increased EFT compared to 
the other stages (P < 0.001) (Fig. 3b). Furthermore, increased 
CIMT values were observed in stage IV-V (P < 0.001) (Fig. 
3c). The correlations among the eGFR, APV, EFT and CIMT 
are shown in Table 2. eGFR had a direct correlation with APV 
and an inverse correlation with EFT and CIMT (Figs. 4-6). 
APV was inversely correlated with EFT (r = -0.401, P < 0.001) 
and CIMT (r = -0.628, P < 0.001). EFT values had a signifi-
cantly positive association with CIMT (r = 0.522, P < 0.001).

Figure 2. Measurement of EFT in a patient with stage V (a) and a patient with stage I (b). EFT is perpendicular to the right ven-
tricular free wall (arrow). Ao: aort; LV: left ventricle; RV: right ventricle; EFT: epicardial fat thickness.
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Multivariate linear regression analyses of the association 
between the eGFR and multiple parameters are listed in Table 
3. APV (odds ratio (OR): 0.291, P < 0.001), EFT (OR: -0.131, 
P < 0.001) and CIMT (OR: -0.380, P < 0.001) all predicted 
eGFR independently.

Intra- and inter-observer reliability of APV and EFT were 
evaluated in 15 subjects selected randomly and recorded as 
ICCs. The ICCs for APV were intra-: 0.92 (95% confidence 
interval (CI): 0.86 - 0.95) and inter-: 0.88 (95% CI: 0.82 - 0.94) 
and for EFT were intra-: 0.92 (95% CI: 0.85 - 0.94) and inter-: 
0.90 (95% CI: 0.84 - 0.96).

Discussion

In this report, we evaluated APV, EFT and CIMT levels in the 
CKD stages. The key findings of this study are as follows. 
First, stage IV-V patients had the lower APV and higher EFT 
and CIMT. Second, eGFR was inversely correlated with APV 

and positively associated with EFT and CIMT. Third, APV was 
significantly and negatively associated with EFT and CIMT in 
CKD patients. Last but not least, APV, EFT and CIMT were 
independently associated with eGFR levels in CKD patients.

APV is an aortic stiffness constraint, which has been rou-
tinely recorded in electrocardiography exams. APV is cor-
related with aortic strain and aortic distensibility in patients 
with CAD [19]. Arterial stiffness is one of the early signs of 
cardiovascular dysfunction in CKD patients [20]. A decrease 
in propagation velocity can be observed with arterial stiffening 
in CKD patients. PWV, a marker of arterial stiffness, has been 
shown to independently predict CVD mortality/mortality in 
end-stage renal failure patients [21]. It was reported that eGFR 
is negatively correlated with arterial stiffness, and increased 
PWV could predict the presence of CKD [17]. Reduced arteri-
al stiffness improved life expectancy in end-stage renal failure 
patients regardless of blood pressure status [22]. It is demon-
strated that stage IV-V subjects had the lowest APV. This result 
is compatible with the work by Wang et al, who found that ar-

Table 2.  Correlation Analysis Among eGFR, APV, EFT and CIMT

eGFR APV EFT CIMT
r P r P r P r P

eGFR - - 0.587 < 0.001 -0.453 < 0.001 -0.640 < 0.001
APV 0.587 < 0.001 - - -0.401 < 0.001 -0.628 < 0.001
EFT -0.453 < 0.001 -0.401 < 0.001 - - 0.522 < 0.001
CIMT -0.640 < 0.001 -0.628 < 0.001 0.522 < 0.001 - -

eGFR: estimated glomerular filtration rate; APV: aortic propagation velocity; EFT: epicardial fat thickness; CIMT: carotid intima-media thickness.

Figure 3. Aortic propagation velocity (a), epicardial fat thickness (b) and carotid intima-media thickness (c) values in chronic 
kidney disease stages.
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terial stiffness gradually increased over time as CKD progress. 
Moreover, our finding shows that arterial stiffness increases 
gradually as eGFR decreases. APV was significantly and posi-
tively correlated with eGFR levels, which demonstrates the 
probable injury of large vessels in CKD subjects. Due to the 
negative correlation among the APV, EFT and CIMT levels in 
CKD patients, APV can be considered as a surrogate marker in 

subclinical atherosclerosis.
EAT contributes to cardiac function via paracrine and 

vasocrine secretion of pro-inflammatory/pro-atherogenic 
factors into the circulatory system. EAT has its protective ef-
fects in healthy people, such as mechanical protection, regu-
lation of coronary flow and energy supplementation of fatty 
acids. The pathological increase in EFT has been linked to 

Figure 4. Correlation analysis between estimated glomerular filtration rate and aortic propagation velocity (r = 0.587, P < 0.001).

Figure 5. Correlation analysis between estimated glomerular filtration rate and epicardial fat thickness (r = -0.453, P < 0.001).
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elevated CVD risk in CKD patients [9]. The reason for the 
increase in EFT is not fully understood in CKD patients. It 
is thought that increased inflammation may contribute to the 
increased EFT in these patients [23]. Aydin et al reported that 
hemodialysis was an independent predictor of increased EFT 
[24]. Patients with essential hypertension and microalbumi-
nuria had higher EFT compared to hypertension patients with 
normoalbuminuria [25]. Another study proposed that EFT 
was an independent predictor of albuminuria in type 2 DM 
patients [26]. Cordeiro et al evaluated the EFT in 227 non-
dialysis CKD patients and reported that EFT correlated with 
CVD severity. Moreover, the authors found that increased 
EFT was related to poor cardiovascular prognosis [12]. A 
meta-analysis, including the results of 17 studies, suggest-
ed that EFT and epicardial fatty volume were increased in 
CKD patients compared to the control group [27]. Sheng et al 
evaluated epicardial fatty volume by computed tomography 
in 120 CKD patients and 30 healthy subjects. They found 
that stage IV and V patients had higher epicardial fatty vol-

umes compared to the controls [28]. Despite this, Ozkurt et 
al showed that EFT was similar in CKD patients and controls 
[29]. In our study, we found that stage IV and V subjects 
had the higher EFT, which is consistent with a meta-analysis 
by Song et al [27]. In addition, we reported that EFT was 
inversely correlated with APV. The result is similar to work 
done by Turan et al [30].

CIMT has been shown to be increased in previous re-
ports on CKD patients. The increased CIMT was associated 
with low-grade systemic inflammation in CKD patients [31]. 
Higher CIMT was associated with progressively decreasing 
eGFR. Moreover, in CKD patients, eGFR could predict the in-
crease in CIMT [16]. CIMT is linked to increased mortality in 
CKD patients [32]. A previous study showed that CIMT was 
higher in hemodialysis subjects when compared with controls 
[24]. CIMT is independently associated with microalbuminu-
ria in type 2 DM patients [33]. Patel et al investigated CIMT 
in 62 CKD patients and 50 controls. They found that CIMT 
was increased in CKD subjects in comparison to controls. 

Figure 6. Correlation analysis between estimated glomerular filtration rate and carotid intima-media thickness (r = -0.640, P < 
0.001).

Table 3.  Independent Predictors for Estimated Glomerular Filtration Rate by Multivariate Linear Regression Analysis

Standardized coefficients beta t P
BMI -0.032 -0.561 0.576
APV 0.291 3.969 < 0.001
EFT -0.131 -1.967 0.048
CIMT -0.380 -4.694 < 0.001
Diabetes mellitus -0.043 -0.757 0.450
Hypertension -0.019 -0.322 0.748

BMI: body mass index; APV: aortic propagation velocity; EFT: epicardial fat thickness; CIMT: carotid intima-media thickness.
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Furthermore, the authors showed that dialysis patients had 
higher CIMT compared to stage III and V [31]. Another study 
indicated that HT patients with CKD had significantly higher 
CIMT compared to HT patients without CKD [17]. In con-
trast, Margekar et al found no significant differences in CIMT 
at the different stages of CKD [34]. In the current study, we 
showed that CIMT is significantly and negatively correlated 
with eGFR. This finding is consistent with previous findings in 
the literature [16]. Similar to the results of this study, Patel et al 
observed the higher CIMT in stage V patients [31].

Limitations

This study does have a few limitations. It was single-center 
study examining only a small cohort and may not be suffi-
cient to generalize the results. Patients on hemodialysis were 
also excluded; therefore, the validity of the results for differ-
ent populations is potentially limited. In addition, EFT was 
not validated by other means including magnetic resonance 
imaing or computed tomography. Another limitation was that 
the association with APV and PWV was not evaluated. A large 
randomized clinical trial is needed to provide strength to pre-
sent study findings.

Conclusion

In conclusion, APV was reduced, while EFT and CIMT were 
higher in CKD as the disease worsens in our study. Our find-
ings suggest that increased EFT and CIMT, and decreased 
APV are closely associated with reduced eGFR in CKD pa-
tients. APV, EFT and CIMT might be used for risk assessment 
in various stages of CKD. Further work is needed to validate 
the role of APV, EFT and CIMT as diagnostic parameters in 
CKD patients.
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