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Abstract 
Background: Cardiovascular remodeling is a recognized chronic kidney disease (CKD) complication. 
The clinical implication of heart failure with mildly reduced ejection fraction (HFmrEF) and  
preserved ejection fraction (HFpEF) in CKD, including their underlying pathogenic mechanisms, remains  
incompletely understood.
Objectives: This study aimed to determine the association between arterial stiffness, as measured  
by the cardio-ankle vascular index (CAVI), and impaired interaction between the left ventricle and 
the arterial system by ventricular-arterial coupling (VAC) determined by echocardiography with heart 
failure with HFmrEF or HFpEF in non-dialysis CKD. Secondly, to evaluate the prognostic impact of 
baseline HFmrEF/HFpEF, abnormal CAVI, and VAC on long-term outcomes.  
Methods:  A cross-sectional and prospective analysis was conducted in the CORE-CKD cohort of 66 
non-dialysis CKD patients, stages 3-5. The relationship between CAVI or VAC and HFmrEF/HFpEF 
at baseline was assessed using multivariate logistic regression. Subsequently, the association between 
HFmrEF/HFpEF, high CAVI, and high VAC with a composite outcome of all-cause mortality and car-
diovascular hospitalization was evaluated using the multivariate Cox proportional hazards model. 
Results: At baseline, those with HFmrEF/HFpEF (n=18) had significantly higher CAVI (9.4 vs. 8.4, 
p=0.001) and VAC values (1.02 vs. 0.88, p=0.033) than those without HFmrEF/HFpEF. High CAVI  
was significantly associated with HFmrEF/HFpEF by multivariate analysis (OR 5.11, 95% CI:  
1.27-20.42). This prospective study showed that the median follow-up time was six years. The risk for  
primary composite outcome was substantially higher in patients with HFmrEF/HFpEF than those  
without (HR 43.8, 95%CI: 5.89-304.8). 
Conclusion: HFmrEF/HFpEF was associated with increased arterial stiffness, impaired left ventric-
ular-arterial coupling, and a significantly elevated risk of mortality or cardiovascular hospitalization 
among CKD patients. 

Keywords: Chronic kidney disease, heart failure with mildly reduced ejection fraction, heart failure 
with preserved ejection fraction, cardio-ankle vascular index, ventricular-arterial coupling, mortality.
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Introduction 
    Chronic kidney disease (CKD) is a signif-
icant public health problem, affecting approxi-
mately 10-15% of the global adult population.(1) 

Patients with CKD are at an increased risk of  
developing cardiovascular complications, including 
heart failure, which is the leading cause of  
morbidity and mortality in this population.(2,3) 
The pathophysiology of cardiovascular disease in 
CKD is multifactorial, resulting in structural and 
functional changes in the heart and vasculature, 
including arterial stiffness, vascular calcification, 
and endothelial dysfunction.(4,5) Arterial stiff-
ness refers to the loss of elasticity and compli-
ance of the arterial walls, leading to increased  
pulse wave velocity and elevated pulse pressure.(6) 

The cardio-ankle vascular index (CAVI) is  
a non-invasive measure of arterial stiffness proposed 
as a helpful tool for cardiovascular risk assess-
ment.(7,8) A recent meta-analysis of different  
populations, including CKD, showed that high 
CAVI increased the risk of cardiovascular events 
and kidney function decline.(8)  High CAVI in-
creased all-cause mortality in Japanese hemodi-
alysis patients,(9) and major adverse cardiovascular 
events (MACE) in predialysis CKD patients.(10)  
In addition, high CAVI is associated with renal 
progression in high cardiovascular-risk Thai  
subjects.(11)

    Another essential concept in assessing  
cardiovascular function is ventricular-arterial 
coupling (VAC), which describes the interac-
tion between the left ventricle and the arterial  
system.(12) Specifically, it refers to the dynamic 

relationship between the heart-pumping action 
and the loading conditions imposed by the  
vascular system.(13) VAC is indexed by the ratio 
of effective arterial elastance (Ea) to end-systolic 
elastance (Ees).(14,15) Ea measures the net 
arterial load imposed on the left ventricle.  
It encompasses the effects of both resistive and 
pulsatile afterload components.(16) Ea can be  
calculated as the ratio of end-systolic pressure 
(ESP) to stroke volume (SV). Ees measures  
the contractile properties of the left ventri-
cle, reflecting its systolic stiffness or elastance.  
VA coupling (Ea/Ees) is close to 1.0 in healthy 
individuals, which means optimal coupling  
between the heart and arterial system. When 
VA coupling is <1.0, the heart pumping remains 
close to optimal values. Still, when VA coupling 
is >1.0, it suggests that the arterial load is too 
high relative to ventricular contractility. This may 
lead to reduced cardiovascular efficiency and  
impaired left ventricular performance, including 
increased risk of heart failure. VAC is a predictor 
for clinical outcomes in many different settings, 
including aortic valve replacement, myocardial 
infarction, hemodialysis, and chemotherapy- 
related cardiac impairment.(17-20) Patients with 
early-stage CKD (stages 2-3) may have reduced 
aortic distensibility, increased arterial elastance 
(Ea), and increased end-systolic and end-diastolic 
ventricular elastances (Ees) consistent with in-
creased arterial and ventricular stiffness compared 
to controls.(21) However, limited data on VAC in 
non-dialysis CKD remains. 
 Heart failure with mildly reduced ejection 
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fraction (HFmrEF) and heart failure with pre-
served ejection fraction (HFpEF) are growing 
public health problems, particularly in the  
elderly population and those with CKD.(22)  
HFmrEF or HFpEF (HFmrEF/HFpEF) is asso-
ciated with an increased risk of adverse cardio-
vascular outcomes and mortality. (23,24) HFpEF 
is characterized by impaired diastolic function, 
increased left ventricular stiffness, and abnormal 
vascular arterial coupling despite preserved left 
ventricular ejection fraction. (25) A relationship 
between arterial stiffness and left ventricular di-
astolic function has been shown in patients with 
IgA nephropathy. (26) Still, limited studies evalu-
ate the associations of CAVI with VAC and heart 
failure with mildly reduced ejection fraction or 
preserved ejection fraction in CKD. 
 Our study’s primary objective was to inves-
tigate the association between CAVI or VAC  
and HFmrEF/HFpEF. The secondary aim was 
to examine the association between HFmrEF/ 
HFpEF and long-term outcomes, including death 
and cardiovascular hospitalization, as well as  
the rate of progression to end-stage renal disease 
requiring renal replacement therapy.

Methods
Study design and population
 A prospective and cross-sectional analysis 
was conducted; this study was part of a planned 
prospective substudy of the “Cohort of CKD  
Patients with High Risk for Cardiovascular 
Events or Renal Disease Progression Multicenter 
Study” (CORE-CKD Thailand). CORE-CKD 
Thailand study (TCTR20211209001) (www.tha-
iclinicaltrials.org) is a multicenter prospective 
cohort study of CKD and its complications and 
outcomes. In this substudy, CKD patients aged 
over 18 years enrolled from 2 sites (Ramathi-
bodi Hospital and Ratchaburi Hospital) from 
November 2015 to December 2018, with echo-
cardiogram and CAVI performed at the time of 
enrollment were included. CKD was defined 
as an estimated glomerular filtration rate lower 
than 60ml/min/1.73m2, calculated by the CKD 
epidemiology formula for >3 months. Exclusion  
criteria included previous kidney transplanta-
tion, end-stage kidney disease requiring dialysis,  
advanced cirrhosis or malignancy, known  

peripheral arterial disease or Ankle-Brachial  
Index(ABI) <0.9 or limb amputations, prior car-
diac surgery, mechanically assisted or biventric-
ular pacemaker implantation or those with left 
ventricular ejection fraction less than 40%, at 
baseline, and patients with unsuitable echocar-
diographic images. 
 This study was approved by the Ethics  
Research Ethics Board at Ramathibodi and  
the Central Research Ethics Committee (ID: 
COA-CREC 005/57 and MURA2024/371) and 
conducted according to the Declarations of  
Helsinki. All participants gave written informed 
consent. 

Study protocol
 The study collected demographic, clinical, 
laboratory, and medication data on CKD patients 
at baseline by direct interview and review of 
medical charts by trained nurses under a stan-
dardized protocol. Blood was obtained after  
an overnight fast. Serum creatinine was mea-
sured by enzymatic method, and estimated GFR 
was calculated using the CKD Epidemiology  
formula for non-Blacks (27) as the Nephrology  
Society of Thailand recommended. CKD stag-
es were assigned according to KDIGO 2012. (28)  
The patients were followed up every six months 
for up to eight years to determine outcomes. 
Medical therapy was administered by physicians 
based on standard guidelines without knowledge 
of CAVI or echocardiography results. (27) 

Definitions
 HFmrEF and HFpEF were diagnosed ac-
cording to current international guidelines(29-31)  

as patients with LVEF ≥40% and LVEF ≥50%, 
respectively, with a clinical syndrome of char-
acteristic clinical signs and symptoms of pul-
monary congestion confirmed by chest radiogra-
phy. All of the patients in our study were treated  
with intravenous diuretics, confirming the  
clinical congestion. 
 Hypertension was defined using office-based 
blood pressure as systolic pressure ≥140 mmHg 
or diastolic pressure ≥90 mmHg.(32) Diabetes 
mellitus (DM) was defined as fasting plasma  
glucose ≥126 mg/dl or HbA1C ≥6.5%.(33)
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Measurement of Ventricular-arterial coupling
   Ventricular-arterial coupling (VAC) was 
measured non-invasively by transthoracic echo-
cardiography. Echocardiography parameters were 
measured by trained sonographers unaware of  
patient clinical details using an ultrasound  
machine (Phillip IE33, The Netherlands) and 
following the standard imaging protocols  
recommended by the American Society of  
Echocardiography.(34) 
 Left ventricular end-systolic elastance was 
derived from arm-cuff blood pressure measure-
ment. Effective arterial elastance was calculated 
using echo-Doppler derived stroke volume, the 
time intervals from onset to end-ejection, and 
ejection fraction (EF). Stroke volume (SV) was 
determined from the aortic outflow velocity-time 
integral multiplied by the cross-sectional area.  
 Ea can be calculated as the ratio of end- 
systolic pressure (ESP) to stroke volume (SV). 
Ees measures the contractile properties of the 
left ventricle, reflecting its systolic stiffness 
or elastance. It is the slope of the end-systol-
ic pressure-volume relationship (ESPVR).(35)  
The ESPVR is a linear relationship between  
ESP, end-systolic volume (ESV), and its slope. 
Ees can be calculated as Ees = ESP/(ESV-V0), 
where V0 represents the left ventricular volume 
at zero pressure. (36) VAC can be calculated by the 
formula. (37)

VAC= Ea/Ees = (ESP/SV)/[ESP/(ESV-V0)]

Measurement of Cardio-ankle Vascular Index
 Cardio-ankle Vascular Index (CAVI) was 
measured with a VaSera CAVI instrument (Fuku-
da Denshi Co. Ltd, Tokyo, Japan) using the meth-
ods described in the literature. (7) Patients rested 
supine for 10-15 minutes before the measure-
ment, with the ECG and PCG monitored. Blood 
pressure cuffs were placed on the upper arms and 
ankles of the four limbs. The CAVI was derived 
from the pulse wave velocity (PWV) and blood 
pressure using the equation calculation.  
                                  

CAVI = {(2p÷∆P) x ln (Ps ÷Pd) x PWV²}

 Ps is systolic blood pressure, Pd is diastolic 
blood pressure, ∆P is Ps-Pd, p is the blood den-
sity, and PWV denotes the cardio-ankle pulse 
wave velocity.   

Outcomes
 The outcomes evaluated consisted of a cross- 
sectional outcome and prospective outcomes. 
The cross-sectional outcome was the presence 
of heart failure with mildly reduced or preserved 
ejection fraction (HFmrEF/HFpEF). 
 The long-term outcomes consisted of primary 
and secondary outcomes: The primary long-term 
outcome was a composite endpoint of all-cause 
mortality or hospitalization due to cardiovascu-
lar events with ICD10 codes [nonfatal myocardi-
al infarction (I21), nonfatal stroke (I64), or heart 
failure hospitalization (I50)]. 
 The secondary long-term outcomes were in-
dividual components of 1) hospitalization due to 
cardiovascular events, 2) all-cause mortality, and 
3) initiation of renal replacement therapy (RRT).
 Cardiovascular events and mortality, hospital 
admission, and initiation of RRT were obtained 
from medical records and National statistics, 
chart review, and telephone interviews with  
patients or relatives.

Statistical Analysis
 Data was presented as mean and standard de-
viation, with a median and interquartile range for 
continuous variables. Categorical variables data 
were shown as a percentage. Comparisons were 
made between HFmrEF/HFpEF and non-HFm-
rEF/HFpEF groups using an independent T-test 
for normally distributed parameters and a 
Mann-Whitley test for non-normally distributed 
data. The correlation between various clinical 
parameters and VAC and CAVI was analyzed us-
ing a chi-square test. Multivariate analysis was 
performed using logistic regression analysis to 
identify the independent risk factor of HFmrEF/
HFpEF groups. The sensitivity and specificity 
of CAVI and VA coupling to detect HFmrEF/
HFpEF or other outcomes in CKD will be an-
alyzed using a receiver-operating-characteristic 
(ROC) curve. The association between HFmrEF/
HFpEF, high CAVI, high VAC, and other factors 
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with a primary composite outcome of all-cause 
mortality and cardiovascular hospitalization was 
evaluated using the multivariate Cox proportion-
al hazards model.  Kaplan-Meier curves assessed 
the cumulative incidence of all-cause mortality 
and cardiovascular hospitalization. For all tests, 
a p < 0.05 was considered significant. All statisti-
cal analyses were performed using SPSS version 
28.0 (IBM, Armonk, NY).

Results 
Baseline characteristics
  Data are shown in mean ± SD and median 

with interquartile range (IQR). Baseline charac-
teristics are shown in Table 1. Sixty-six CKD  
patients were enrolled; 43 (65.2%) were male, 
and 23 (34.8%) were female. The median age of 
patients was 67.5(15) years, the mean BMI was 
25.1 ± 4.1, and the mean eGFR was 31.9±13.3 
mL/min. CKD stages were: stage 3A (n=12), stage 
3B (n=21), stage 4 (n=27) and stage 5 (n=6). 
Forty-three patients had DM, and 55 patients  
had hypertension. The mean LVEF was 65 ± 8%. 
The median CAVI was 8.7 (1.58), and the mean 
VAC was 0.91 ± 0.24.

Table1. Baseline characteristics of the enrolled patients

Overall no HFmrEF/HFpEF HFmrEF/HFpEF p -value
  (n=66) (n=48) (n=18)

Age (years) 67.5 (15) 64.5 (14)            71 (14) 0.011
Male (N,%) 43 (65.2) 34 (70.8) 9 (50)  0.114
BMI (kg/m²) 25.1±4.1 25.4±4.2 24.2±4.0 0.306
eGFR(ml/min)  31.9 ±13.3 32.0 ±11.8 31.5 ±17.0 0.883
CAVI 8.7 (1.58) 8.4 (1.25) 9.4 (1.80) 0.001
VAC 0.91±0.24 0.88 ±0.21 1.02 ±0.28 0.033
LVEF (%) 65±8 66 ±8 63±7 0.112
Stroke volume (mL) 63.5 ±20.4 63.1±21.2 64.4 ±18.8 0.823
SBP (mmHg) 143±21 143±21 143±20 0.863
DBP (mmHg) 80 ±14 81 ±13 79 ±15 0.512
Diabetes mellitus (N, %) 43 (65.2) 29 (60.4) 14 (77.8) 0.187
Hypertension (N, %) 55 (83.3) 39 (81.1) 16 (88.9) 0.713
Dyslipedemia (N, %) 43 (65.2) 33 (68.6) 10 (55.6) 0.316

CAD (N,%) 12 (18.2) 7 (14.6) 5 (27.8) 0.284
Medications
ACEI/ARB (N, %) 24 (36.4) 19 (39.6) 5 (27.8) 0.566
CCB (N, %) 37 (56.0) 25 (52.1)  12 (66.7) 0.288
Beta-blocker (N, %) 35 (53.0) 23 (47.9) 12 (66.7) 0.174
Outcomes
Primary composite-
Outcome (N, %) 

21 (31.8) 11 (22.9) 10 (55.5) 0.017

Secondary outcomes (N, %)
CV hospitalization 10 (15) 1 (2) 9 (50)  0.001
All-cause mortality 13 (19.7) 10 (20.8) 3 (16.7) 1.000
RRT 17 (25.8) 13 (27.0) 4 (22.2) 0.763

Data are mean ± SD, median (IQR), or n (%). BMI, body mass index; SBP, systolic blood pressure; DBP,  
diastolic blood pressure; ACEI/ARB; angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; 
CCB, calcium channel blocker; CAD, coronary artery disease; RRT, renal replacement therapy
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 The relationship between parameters at  
baseline was evaluated. In addition, we assessed 
the associations of baseline heart failure, high 
VAC, or high CAVI with long-term outcomes. 

Cross-sectional analysis of baseline parameters
  The associations between CAVI and VAC  
(r = -0.035, p = 0.780) or between eGFR and VAC. 
(r = 0.011, p = 0.931) or eGFR with CAVI 
(r = -0.011, p = 0.931) at baseline was not  observed.

Comparison between groups with or without 
HFmrEF/HFpEF at baseline
 Of the 66 patients, 18 (27%) had HFmrEF/
HFpEF [HFmrEF (n= 1), HFpEF (n=17)], and 
48 (73%) had no HFmrEF/HFpEF at baseline. 

   Figure 1A. Box and plot show CAVI in CKD with versus without HFmrEF/HFpEF

(Table 1). Patients with HFmrEF/HFpEF  
were older than those without HFmrEF/HFpEF  
(p = 0.011). The mean LVEF were similar (p = 
0.112). Systolic and diastolic blood pressure and 
the prevalence of DM or hypertension or use of 
ACEI or ARB, CCB, and beta-blockers were not 
significantly different in those without HFmrEF/ 
HFpEF compared to those with HFmrEF/HF-
pEF. Median CAVI was significantly higher in 
HFmrEF/HFpEF compared to the patients with-
out HFmrEF/HFpEF [9.4 (1.80) vs. 8.4 (1.25), 
p=0.001] (Figure 1A). VAC was significantly 
higher in HFmrEF/ HFpEF than patients without 
HFmrEF/HFpEF (1.02 ± 0.28 vs. 0.88 ± 0.21,  
p = 0.033). (Figure 1B)

HFmrEF /HFpEF p-value=0.001
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Figure 1B. Box and plot show VAC in CKD with versus without HFmrEF/HFpEF 

Analysis of discrimination of HFmrEF/HFpEF 
at baseline 
 Using an ROC curve analysis, we determined 
the optimal cut-off for CAVI predicting HFm-
rEF/HFpEF. The ROC curve for the presence 
of HFmrEF/HFpEF revealed that a high CAVI 
(≥ 8.8) had a sensitivity of 72% and specificity 
of 63% (Figure 2A). In comparison, a high 
VAC (≥ 0.91) yielded a sensitivity of 67% and 
a specificity of 48% (Figure 2B). Applying 
these cut-offs, we found that high CAVI was  
significantly associated with a 4.7-fold increased 
risk of baseline HFmrEF/HFpEF (p = 0.010), 
whereas high VAC was not significant (Table2). 
Multivariate analysis using a forced entry regres-
sion model including CAVI, VAC, age, hyper-
tension, diabetes mellitus, and coronary artery 
disease identified high CAVI as an independent 
risk factor for HFmrEF/HFpEF (OR 5.11, 95% 
CI: 1.27-20.42) (Table2).

Effects of HFmrEF and HFpEF, high CAVI  
or high VAC on long-term outcomes 
Primary long-term outcome
 After a median follow-up time of 6 (4,7.5) 
years, 21 patients (33%) experienced the primary 

composite outcome of CV hospitalization or  
all-cause mortality (10 CV hospitalization and 
13 all-cause mortality) (Table 1). The most  
common causes of death were malignancy (4/13, 
30.9%), infection (3/13, 23%), cardiovascular 
(1/13, 7.7%), and unknown causes (2/13, 15.4%). 
Other causes accounted for three deaths (23%). 
Cardiovascular events included nonfatal myocar-
dial infarction, nonfatal stroke, and heart failure. 
The Kaplan-Meier survival curve for the prima-
ry composite outcome of CV hospitalization and  
all-cause mortality of HFmrEf/HFpEF or non- 
HFmrEF/HFpEF patients is shown in Figure 3. 
 The long-term primary composite endpoint 
risk was significantly higher in HFmrEF/HFpEF  
(p = 0.034). By contrast, high CAVI (p = 0.754) 
and high VAC (p = 0.633) were not associated 
with primary long-term outcomes. Multivariate 
analysis using forced entry regression model  
using HFmrEf/HFpEF, CAVI, VAC, age, hyper-
tension, diabetes mellitus, and coronary artery 
disease, HFmrEF/HFpEF was an independent 
risk of the long-term primary composite endpoint 
(HR 43.8, 95% CI: 5.89-304.8) (Table3).

HFmrEF /HFpEF p =0.033
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 Figure 2B. ROC of VAC in CKD with HFmrEF/HFpEF.

                                Figure 2A. ROC of CAVI in CKD with HFmrEF/HFpEF.

   p = 0.001

   p = 0.179
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Secondary long-term outcomes
All-cause mortality
 Table 1 shows the rates of each secondary 
outcome. Death occurred in 13 (19.7%).  
The presence of HFmrEF/HFpEF, high CAVI, or 
high VAC was not associated with increased risk.      
         
Cardiovascular hospitalization
 CV hospitalization occurred in 10 (15%) 
patients. The CV hospitalization rate was sig-
nificantly higher in the HFmrEF/HFpEF group 
(p = 0.001) (9 out of 18 patients vs. 1 out of 48 
patients). By contrast, there were no differences 
in CV admission rate between high CAVI (p = 

Figure 3. The Kaplan-Meier survival curve for the primary composite outcome of CV hospitalization 
and all-cause mortality of HFmrEf/HFpEF or non-HFmrEF/HFpEF patients.   

Primary composite outcome

Time (years)

0.684) or high VAC (p = 0.713) or combined 
high CAVI and high VAC (p = 0.308). 

Renal replacement therapy
 Seventeen patients (25.8%) developed end-
stage kidney disease. The proportion of patients 
who initiated renal replacement therapy (RRT) 
did not differ significantly between the HFmrEF/
HFpEF and no HFmrEF/HFpEF groups, with 
four patients (22.2%) in the HFmr/HFpEF group 
and 13 patients (27%) in the no HFmrEF/HF-
pEF group (p =0.763). Similarly, the percentage 
that reached RRT did not differ in the group with 
combined high CAVI and high VAC (p = 0.977).
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Discussion
 This study investigated the association  
between CAVI and VAC with heart failure 
in CKD patients with mildly reduced or pre-
served ejection fraction (HFmrEF/HFpEF). 
Patients with HFmrEF/HFpEF had high-
er CAVI and VAC values than those with-
out HFmrEF/HFpEF. ROC curve analysis 
demonstrated that a CAVI value > 8.8 had a 
sensitivity of 72% and specificity of 65% for 
predicting HFmrEF/HFpEF, while VAC val-
ues > 0.91 had a sensitivity of 67% and spec-
ificity of 48%. Patients with HFmrEF/HFpEF  
had a substantially higher primary composite 
outcome of all-cause mortality and cardiovas-
cular hospitalization compared to those without 
HFmrEF/HFpEF. However, the rates of primary 
outcomes were not significantly different be-
tween high CAVI or high VAC groups at the 
end of the median of 6 years follow-up.
 Heart failure with preserved ejection fraction 
(HFpEF) and CKD share common risk factors, 
including obesity, diabetes, and metabolic syn-
drome, as well as similar pathophysiology, in-
cluding systemic inflammation, oxidative stress,  
elevated neurohormones, mineralocorticoid-re-
ceptor activation, and venous congestion.(38) 

Previous studies in non-CKD patients have  
reported a higher incidence of cardiovascular 
events, including myocardial infarction and 
stroke, in patients with heart failure with preserved  
and reduced ejection fraction.(39) There are few 
 extensive epidemiologic studies on the preva-
lence and severity of HFmrEF/HFpEF in CKD. In  
the US Chronic Renal Insufficiency Cohort 
(CRIC), when CKD patients without prior HF  
were followed for hospitalization for HF over ten 
years, more patients developed HFpEF-related 
events than HFrEF-related events.(40) Addition-
ally, HFmrEF is independently associated with 
an increased risk of 30-months all-cause mortal-
ity or rehospitalization in CKD stage 3-4 patients  
in the UK. (41)  Our findings of increased re-
hospitalization risk in Thai CKD patients with 
HFmrEF/ HFpEF are consistent with these 
findings.
 Several mechanisms contribute to the patho-
genesis of arterial stiffening in CKD patients. (5) 

The increase in aortic stiffness leads to higher 
cardiac workload and decreased perfusion of  
the coronary arteries, which, in turn, may lead 
to microvascular cardiac ischemia, myocardial 
fibrosis, heart failure, and fatal arrhythmias. (42)  
The higher CAVI values in HFmrEF/HFpEF 
patients in our study align with the notion that 
arterial stiffness is a critical factor in the devel-
opment of HFmrEF/HFpEF. A recent meta-anal-
ysis highlighted the prognostic value of CAVI 
for cardiovascular and kidney outcomes, with 
high CAVI increasing the risk of cardiovascular 
events and GFR decline.(8) These studies gener-
ally encompassed high cardiovascular risk and 
dialysis patients, but there have been fewer stud-
ies in predialysis CKD. Murakami et al. (2021) 
demonstrated that high CAVI predicted mortality 
in hemodialysis patients.(9)  In 460  Japanese  
patients with predialysis CKD, the risk for major 
cardiovascular events was significantly higher 
in those with high CAVI after six years of  
follow-up.(10)  Aiumtrakul et al. (2022) conduct-
ed a prospective cohort study in Thailand, which 
showed that high CAVI was associated with 
mortality in high cardiovascular-risk subjects, 
including those with chronic kidney disease. (11)  
Together, these findings emphasize the impor-
tance of arterial stiffness as a prognostic marker 
of cardiovascular risk in CKD patients. 
 The lack of association between CAVI and 
cardiovascular and all-cause mortality in this 
study contrasts with previous findings that have 
shown increased arterial stiffness was associat-
ed with worse outcomes in patients with CKD. 
(8) This discrepancy may be attributed to the rel-
atively small sample size, resulting in limited 
power to detect significant differences in out-
comes between the groups and the potential for 
unmeasured confounders to influence the results. 
Many of our patients died of cancers or infec-
tious complications, which may be unrelated to 
arterial stiffness. In the high cardiovascular-risk 
Thai subjects described above, (11) high CAVI 
was also a risk factor for GFR decline. Our study 
differed from the previous study by focusing ex-
clusively on CKD patients and using the timing 
of dialysis initiation as the outcome rather than 
GFR decline. While dialysis initiation is a chal-
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lenging clinical outcome, it may also be affected 
by several factors, including death, which may 
have occurred before the need for dialysis. 
 Fewer studies have examined the prognostic 
value of VAC in CKD. In Japanese hemodialy-
sis patients, VAC was an independent predictor 
for the primary composite endpoint: all-cause 
death, nonfatal myocardial infarction, and hospi-
talization due to worsening heart failure over two 
years. (19)   A recent study evaluating echocardio-
grams before and after dialysis in hemodialysis 
patients has shown that VAC did not markedly 
alter due to the HD session. VA uncoupling was 
found to be related to abnormal cardiac structure 
and worse systolic function; this suggests that 
VAC obtained from echocardiography is likely 
volume-independent and valuable as a reliable 
index for stratifying the risk of cardiovascular 
diseases in hemodialysis.(43)  Studies in predialysis 
CKD are limited. So far, data on associations 
of VAC with long-term data in predialysis  
CKD is lacking. The relationship between arterial 
stiffness, diastolic dysfunction, and renal function 
was evaluated in 79 patients with IgA nephropathy. 
Although this study showed correlations between 
arterial stiffness and diastolic dysfunction, 
the study did not assess the association of  VAC 
with heart failure or long-term outcomes. (26)

 The findings of this study have important 
clinical implications. So far, limited studies have 
explored the relationship of mildly reduced or 
preserved ejection fraction with CAVI and VAC 
in non-dialysis patients. The association of high 
CAVI and VAC values with HFmrEF/HFpEF ob-
served in our study suggests a complex interplay 
between kidney dysfunction, vascular aging, and 
cardiac remodeling. In CKD, HFmrEF/HFpEF 
may further exacerbate the already increased  
arterial stiffness and impaired VAC, leading to  
a vicious cycle of cardiovascular dysfunction. 
The identification of increased CAVI and VAC 
in patients with CKD and HFmrEF/HFpEF  
highlights the need for close monitoring and 
management of cardiovascular risk factors in this 
population. The potential utility of combining 
CAVI and VAC as a screening tool for HFmrEF/

HFpEF and long-term outcome predictions in  
patients with CKD warrants further investigation 
in larger, prospective studies. 
 This study encountered some limitations. First, 
the small sample size and low event numbers 
might result in large confidence intervals and 
hazard ratios that have reduced statistical pow-
er to detect significant outcome differences be-
tween groups. Second, due to the complex na-
ture of our CKD population, our results could 
be affected by residual confounding factors even 
after multiple adjustments for several covariates. 
Third, the study was conducted at only two hos-
pital centers, which limits the generalizability to 
other populations. Our study mainly included pa-
tients with preserved ejection fraction; therefore, 
results likely pertain to this group rather than 
patients with mildly reduced ejection fraction. 
Finally, the study did not assess the potential  
impact of intervention to reduce arterial stiffness  
or improve VAC on outcomes.

Conclusion
 In non-dialysis CKD, the presence of heart 
failure with mildly reduced or preserved ejec-
tion fraction is associated with vascular stiffness 
and abnormal vascular arterial coupling. Patients 
with HFmrEF/HFpEF had an increased risk of 
mortality or cardiovascular hospitalization and 
should be monitored closely. Future prospective 
studies are needed to understand better the  
complex relationship between arterial stiffness, 
ventricular function, and outcomes in patients 
with CKD and heart failure to identify potential 
therapeutic targets for improving patient care.

References
1.  Hill NR, Fatoba ST, Oke JL, Hirst JA,  

O’Callaghan CA, Lasserson DS, et al. Global 
prevalence of chronic kidney disease – a sys-
tematic review and meta-analysis. PLOSONE 
2016; 11: e0158765.

2.  Provenzano M, Coppolino G, Faga T, 
Garofalo C, Serra R, Andreucci M. Epide-
miology of cardiovascular risk in chronic 
kidney disease patients: the real silent killer. 
Rev Cardiovasc Med 2019; 20: 209-20. 



14/16

JOURNAL OF SOUTHEAST ASIAN MEDICAL RESEARCHe217

3.  Webster AC, Nagler EV, Morton RL, Masson 
P. Chronic kidney disease. The Lancet  2017; 
389: 1238–52.

4.  Tonelli M, Karumanchi SA, Thadhani R.  
Epidemiology and mechanisms of uremia-re-
lated cardiovascular disease. Circulation 
2016; 133: 518–36. 

5.  Townsend RR. Arterial stiffness and chron-
ic kidney disease: lessons from the chronic 
renal insufficiency cohort study. Curr Opin 
Nephrol Hypertens 2015; 24: 47-53.

6.  Vasan RS, Short MI, Niiranen TJ, Xanthakis V, 
DeCarli C, Cheng S, Seshadri S,    Mitchell GF. 
Interrelations Between Arterial Stiffness, 
Target Organ Damage, and Cardiovascular 
Disease Outcomes. J Am Heart Assoc 2019; 
8: e012141. 

7.  Namba T, Masaki N, Takase B, Adachi T. 
Arterial Stiffness Assessed by Cardio-Ankle  
Vascular Index. Int J Mol Sci 2019; 20: 3664.

8.  Tavolinejad H, Erten O, Maynard H, Chiri-
nos JA. Prognostic value of cardio-ankle 
vascular Index for cardiovascular and kidney 
outcome: systemic review and meta-analysis. 
JACC: Advances 2024; 3: 101019.

9.  Marakami K, Inayama E, Itoh Y, Tuchiya 
S, Iwasaki M, Tamura N, et al. The role of 
Cardio-ankle vascular index as a predictor of 
mortality in patients on maintenance Hemo-
dialysis. Vasc Health Risk Manag 2021; 17: 
791-8.

10. Hitsumoto T. Clinical usefulness of the car-
dio-ankle vascular index as a predictor of pri-
mary cardiovascular events in patients with 
chronic kidney disease. J Clin Med Res 2018; 
10: 883-90. 

11. Aiumtrakul N, Supasyndh O, Krittayaphong 
R, Phrommintikul A, Satirapoj B. Cardio- 
ankle vascular index with renal progression 
and mortality in high atherosclerosis risk:  
a prospective cohort study in CORE-Thai-
land. Clin Exp Nephrol 2022; 26: 247-56.

12. Borlaug BA, Kass DA. Ventricular-vascular 
interaction in heart failure. Cardiol Clin  
2011; 29: 447-59. 

13. Shim CY, Hong GR, Ha JW. Ventricular stiff-
ness and ventricular-arterial coupling in heart 
failure: what is it, how to assess, and why?. 
Heart Fail Clin 2019; 15: 267–74.

14. Chirinos JA. Ventricular-arterial coupling: 
Invasive and non-invasive assessment. Artery 
Res 2013; 7: 10.

15. Chirinos JA, Sweitzer N. Ventricular-Arterial 
Coupling in Chronic Heart Failure. Card Fail 
Rev 2017; 3: 12-8.

16. Chemla D, Antony I, Lecarpentier Y, Niten-
berg A. Contribution of systemic vascular  
resistance and total arterial compliance to 
effective arterial elastance in humans. Am J 
Physiol Heart Circ Physiol 2003; 285: H614-20.

17. Yokoyama H, Yamanaka F, Shishido K, 
Ochiai T, Yokota S, Moriyama N, et al. Prog-
nostic value of ventricular-arterial coupling 
after transcatheter aortic valve replacement 
on midterm clinical outcomes. J Am Heart 
Assoc 2021; 10: e019267.

18. Trambaiolo P, Bertini P, Borrelli N, Poli M, 
Romano S, Ferraiuolo G, et al. Evaluation of  
ventriculo-arterial coupling in ST elevation 
myocardial infarction with left ventricular 
dysfunction treated with levosimendan. Int J 
Cardiol 2019; 288: 1-4.

19. Obokata M, Kurosawa K, Ishida H, Ito K, 
Ogawa T, Ando Y, et al. Incremental prog-
nostic value of ventricular-arterial coupling 
over ejection fraction in patients with mainte-
nance hemodialysis. J Am Soc Echocardiogr 
2017; 30: 444-53. e2.

20. Narayan H, French B, Khan A, Plappert T, 
Hyman D, Bajulaiye A, et al. Noninvasive 
measures of ventricular-arterial coupling and 
circumferential strain predict cancer thera-
peutics-related cardiac dysfunction. JACC: 
Cardiovasc Imaging 2016; 9: 1131-41.

21. Edwards NC, Ferro CJ, Townend JN, Steeds RP. 
Aortic distensibility and arterial-ventricular 
coupling in early chronic kidney disease: a 
pattern resembling heart failure with preserved 
ejection fraction. Heart 2008; 94: 1038-43.

22. Savarese G, Stolfo D, Sinagra G, Lund LH. 
Heart failure with mid-range or mildly re-
duced ejection fraction. Nat Rev Cardiol 
2022; 19: 100-16.

23. Smith DH, Thorp ML, Gurwitz JH, McManus 
DD, Goldberg RJ, Allen LA, et al. Chronic 
kidney disease and outcomes in heart failure 
with preserved versus reduced ejection frac-



15/16

JOURNAL OF SOUTHEAST ASIAN MEDICAL RESEARCH e217

tion: the Cardiovascular Research Network 
PRESERVE Study. Circ Cardiovasc Qual 
Outcomes 2013; 6: 333–42.

24. Van Deursen VM, Urso R, Laroche C, Dam-
man K, Dahlström U, Tavazzi L, et al. Co-  
morbidities in patients with heart failure: an 
analysis of the European Heart Failure Pilot 
Survey. Eur J Heart Fail 2014; 16: 103–11.

25. Chen C, Liu Y, Xu Y, Xu D. Association  
between arterial stiffness and heart failure 
with preserved ejection fraction. Front Car-
diovasc Med. 2021; 8: 707162.

26. Sagi B, Keso I, Vas T, Csiky B, Nagy J, Kovacs 
T. Relationship between arterial stiffness, left 
ventricular diastolic function, and renal func-
tion in chronic kidney disease. BMC Nephrol 
2023; 24: 261.

27. Inker LA, Astor BC, Fox CH, Isakova T, Lash 
JP, Peralta CA, et al. KDOQI US commen-
tary on the 2012 KDIGO clinical practice 
guideline for the evaluation and management 
of CKD. Am J Kidney Dis 2014; 63: 713-35.

28. Eknoyan G, Lameire N, Eckardt K, Kasiske 
B, Wheeler D, Levin A et, al. KDIGO 2012 
clinical practice guideline for the evaluation 
and management of chronic kidney disease. 
Kidney int 2013; 3: 5-14.

29. Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid 
CM, Adamopoulos S, Albert N, et al. Uni-
versal definition and classification of heart 
failure: a report of the Heart Failure Society  
of America, Heart Failure Association of the 
European Society of Cardiology, Japanese  
Heart Failure Society and Writing Committee 
of the Universal Definition of Heart Failure.  
Eur J Heart Fail 2021; 23: 352-80.

30. Heidenreich PA, Bozkurt B, Aguilar D, Al-
len LA, Byun JJ, Colvin MM, et al. 2022  
AHA/ACC/HFSA Guideline for the Manage-
ment of Heart Failure: A Report of the Amer-
ican College of Cardiology/American Heart 
Association Joint Committee on Clinical 
Practice Guidelines. Circulation 2022; 145: 
e895-e1032.

31. McDonagh TA, Metra M, Adamo M, Gardner 
RS, Baumbach A, Böhm M, et al. 2021 ESC 
Guidelines for the diagnosis and treatment of 
acute and chronic heart failure. Eur Heart J 

2021; 42: 3599-726.
32. Mancia G, Kreutz R, Brunström M, Burnier 

M, Grassi G, Januszewicz A, et al. 2023 
ESH Guidelines for the management of ar-
terial hypertension The Task Force for the  
management of arterial hypertension of the 
European Society of Hypertension: En-
dorsed by the International Society of Hy-
pertension (ISH) and the European Renal  
Association (ERA). J Hypertens 2023; 41: 
1874-2071.

 33. Petersmann A, Müller-Wieland D, Müller UA, 
Landgraf R, Nauck M, Freckmann G, et al. 
Definition, classification and diagnosis of dia-
betes mellitus. Exp Clin Endocrinol Diabetes  
2019; 127: S1-S7.

34. Lang RM, Badano LP, Mor-Avi V, Afilalo J, 
Armstrong A, Ernande L, et al. Recommen-
dations for cardiac chamber quantification by 
echocardiography in adults: an update from 
the American Society of Echocardiography 
and the European Association of Cardiovas-
cular Imaging. J Am Soc Echocardiogr 2015; 
28: 1-39.e14.

 35.Chen CH, Fetics B, Nevo E, Rochitte CE, 
Chiou KR, Ding PA, Kawaguchi M, Kass DA. 
Noninvasive single-beat determination of left 
ventricular end-systolic elastance in humans. 
J Am Coll Cardiol 2001; 38: 2028-34.

36. Burkhoff D, Mirsky I, Suga H. Assessment of 
systolic and diastolic ventricular properties 
via pressure-volume analysis: a guide for 
clinical, translational, and basic researchers. 
Am J Physiol Heart Circ Physiol 2005; 289: 
H501-12.

37. Antonini-Canterin F, Poli S, Vriz O, Pavan D, 
Bello VD, Nicolosi GL. The Ventricular-  
Arterial Coupling: From Basic Pathophysiol-
ogy to Clinical Application in the Echocar-
diography Laboratory. J Cardiovasc Echogr 
2013; 23: 91–5.

38. Patel RN, Sharma A, Prasad A, Bansal S. 
Heart failure with preserved ejection fraction 
with CKD: a narrative review of a multispe-
cialty disorder. Kidney Med 2023; 5: 100705.

39. Tsao CW, Lyass A, Enserro D, Larson MG, 
Ho JE, Kizer JR, et al. Temporal trends in 
the  incidence of and mortality associated 



16/16

JOURNAL OF SOUTHEAST ASIAN MEDICAL RESEARCHe217

with heart failure with preserved and reduced 
ejection fraction. JACC Heart Fail 2018; 
6:678-85.

40. Zelnick LR, Shlipak MG, Soliman EZ,  
Anderson A, Christenson R, Kansal M, et al. 
Prediction of Incident Heart Failure in CKD: 
the CRIC study. Kidney Int Rep 2022; 7: 
708-19.

41. Schupp T, Weidner K, Lau F, Forner J, Schmitt 
A, Reinhardt M, et, al. Effect of severity and 
etiology of chronic kidney disease in patients 

with heart failure with mildly reduced ejec-
tion fraction. Clin Res Cardiol 2024: 1-11.

42. Zanoli L, Lentini P, Briet M, Castellino P, 
House AA, London GM, et al. Arterial stiff-
ness in the heart disease of CKD. J Am Soc 
Nephrol 2019; 30: 918-28.

43. Zuo M, Chen Q, PU L, Shi L. Impact of  
hemodialysis on left ventricular-arterial 
coupling in end-stage renal disease patients. 
Blood Purification 2023; 52: 702-11.


	_heading=h.gjdgxs
	_Hlk168222501
	_Hlk172453755
	_Hlk172454496
	_Hlk172456762
	_Hlk172753641
	_Hlk172754217
	_Hlk167286701
	_heading=h.tyjcwt
	_Hlk172819754
	_Hlk172581894

