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Aim: Mortality rate of maintenance hemodialysis patients is known to be high. Cardio-ankle
vascular index (CAVI) is an index reflecting the proper stiffness of the arterial tree from the
origin of the aorta to the ankle. We aimed to clarify the utility of CAVI as a predictor of
mortality in hemodialysis patients. The roles of age and nutritional conditions on survival
were also examined.

Methods: We followed 242 patients undergoing hemodialysis for 6 consecutive years. Data
from 209 patients (mean age was 60 £ 11 years) excluding those with ankle-brachial index
<0.90 were then analyzed. CAVI and heart to ankle pulse wave velocity (haPWV) were
measured using Vasera 1500.

Results: Thirty-eight hemodialysis patients who died during the 6-year period had higher
age, cardiothoracic ratio (CTR), CAVI, and haPWYV, and lower diastolic blood pressure,
albumin, phosphate, and calcium phosphate product. The Kaplan—-Meier curves for cumula-
tive survival among the tertile groups showed that the mortality rate was higher in the highest
tertile (T3) compared to T1/T2 for both CAVI and haPWV. Receiver operating characteristic
(ROC) analysis revealed that CAVI had better discriminatory power for all-cause mortality
compared to haPWV. In the Cox-proportional hazards analyses, 1 SD increase in both
parameters contributed independently to all-cause mortality [CAVI: HR 1.595 (95% CI
1.108-2.297), haPWV: HR 1.695 (95% CI 1.185-2.425)], as well as age and CTR. Both
parameters above the cut-offs estimated in the ROC analysis (CAVI > 9.2, haPWV > 8.9)
also had independent contributions to mortality.

Conclusion: Through the 6 consecutive years of follow-up in 209 HD patients, increased
CAVI might represent a major modifiable risk factor for all-cause mortality. Further research
is needed to examine whether CAVI-lowering interventions contribute to improved
prognosis.
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Introduction

The mortality rate of maintenance hemodialysis (HD) patients is high,' and numer-
ous causes of death in HD patients have been suggested.” Among them, the main
cause of death has been reported to be associated with atherosclerotic diseases.> To
evaluate the degree of atherosclerosis noninvasively is not easy. Nevertheless,
arterial stiffness is one of the candidate indexes reflecting the degree of arterio-
sclerosis, and pulse wave velocity (PWV) was used to evaluate the stiffness.* El
Ghoul et al® reported that carotid-femoral PWV (cfPWV) is a predictor of the
cardiovascular diseases (CVD) events among HD patients. However, PWV is
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essentially dependent on blood pressure (BP) at the time of
measurement, which has led to an overestimation of the
role of hypertension in epidemiological studies. To over-
come this problem, the cardio-ankle vascular index
(CAVI) has been developed.® CAVI reflects the stiffness
of the whole arterial tree composing the aorta, femoral
artery and tibial artery. This index was originally derived
from the stiffness parameter B proposed by Hayashi et al’
and Kawasaki et al.® The theory of stiffness parameter p
was applied to a length of artery with the application of
Bramwell-Hill’s equation.’ Independency of CAVI from
BP at measuring time was established both theoretically
and experimentally.'®"!

As for chronic kidney disease (CKD), several reports
state that CAVI is negatively correlated with the estimated
glomerular filtration rate.'>'? Besides, CAVI showed
a high value in HD patients.'*'> Furthermore, Sato et al
reported that CAVI is a predictor of future CVD events
based on the 6-year follow-up of 1003 patients with meta-
bolic disorders.'® Kirigaya et al reported that CAVI was an
independent long-term predictor of CVD death in patients
with acute coronary syndrome.'” Recently, Itano et al
reported that increased CAVI in adults without CKD may
be a risk for future renal dysfunction.'® On the other hand,
as for HD patients, Kato et al'® reported that brachial-
ankle PWV (baPWV) is superior to CAVI as a predictor
of CVD outcomes in 135 patients on regular HD in an
observation period of 110 months. Against this back-
ground, the significance of CAVI as a predictor of mortal-
ity in HD patients has not been well established yet.

In this report, the relationship of CAVI with mortality
rate was investigated by following 209 HD patients for 6
consecutive years of follow-up. Furthermore, several fac-
tors such as cardio-thoracic ratio (CTR), BP, glycated
hemoglobin (HbAlc), serum phosphorus and albumin,

1,20

which are known to be a risk for mortality, “~ were also

analyzed.

Aim

This study aimed to clarify the validity of CAVI as
a predictor of all-cause mortality in HD patients. The
other confounders were also examined.

Methods
Subjects

The initial subjects were 242 patients who received main-
tenance HD therapy at Seijinkai Mihama Narita Clinic and

Seijinkai Mihama Katori Clinic in 2009. Patients with
ankle brachial index less than 0.90 were excluded, because
a reliable CAVI value was not obtained. Finally, we ana-
lyzed archival data retrospectively on 209 HD patients for
6 consecutive years, collected from existing records. The
mean age was 60 = 11 (range 38-89) years old. The mean
duration of HD therapy was 110 + 93 months. The patients
were treated with conventional in-center HD three times
a week.

Ethics Approval and Consent to

Participate

The protocol of the study was prepared in accordance with
the Declaration of Helsinki, and this study was approved
by the Ethics Committee in Seijinkai Mihama Hospital
(No 21-001). Written informed consent was obtained in
the form of opt-out.

Factors Related to the Mortality

As for the possible contributing factors for the mortality
rates, sex, age, HD vintage, history of diabetes mellitus,
hypertension, BP, CTR and heart to ankle PWV (haPWV)
were analyzed. Height and body weight (dry weight) were
measured, and body mass index (BMI) was calculated as
follows: body weight (kg) divided by square of height (m).
Furthermore, biochemical laboratory levels, such as serum
albumin, HbAlc, triglyceride (TG), high-density lipopro-
tein (HDL)-cholesterol, low-density lipoprotein (LDL)-
cholesterol, calcium, inorganic phosphorus and uric acid
levels were included in the analysis. Calcium phosphate
product (CPP) was calculated as an index of disturbed
mineral metabolism. All these items were measured
using the venous blood sample obtained at the beginning
of HD therapy over a 2-day interval. The values used for
analysis were the means of 6 months from the beginning.

Measurement of CAVI

CAVI was measured using VaSeral500 (Fukuda Denshi,
Co., Ltd., Tokyo).® The timing of measuring CAVI was
from the first 30 min to 60 min during HD therapy,
because the CAVI value of most patients is rather stable
during this time period. Also, haPWV was obtained simul-
taneously by VaSeral500.

Statistical Analysis
The results are expressed as mean + standard deviation
(SD). For comparison of two independent groups, all data
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were analyzed using Mann—Whitney U-test or Fisher’s
exact test. Pearson’s product-moment correlation coeffi-
cient (r) was used to examine the relationship between
clinical variables. Kaplan—-Meier survival analysis was
employed to estimate the differences of the time to all-
cause mortality between the groups. Additionally, covari-
ate-adjusted survival curves were estimated from the Cox-
proportional hazards model. Sensitivity and specificity in
arterial stiffness parameters with respect to all-cause mor-
tality were analyzed using conventional receiver-operating
The ROC curves and
Youden’s J Index [J is defined as the maximum of (sensi-

-characteristic (ROC) curves.

tivity + specificity — 1) to provide cut-off points in the
ROC curve],?! were generated to evaluate the discrimina-
tory powers and cut-off values of both arterial stiffness
parameters for all-cause mortality. An area-under curve
(AUC) reflecting the discriminatory power of two arterial
stiffness parameters to predict all-cause mortality was
compared. Additionally, we calculated the continuous net
reclassification improvement and integrated discrimination
improvement to compare the contribution of both para-
meters for all-cause mortality. A Cox-proportional hazards
analyses were performed to identify the contributors to all-
cause mortality, and result is expressed as hazard ratio
(HR) with a 95% confidence interval (CI). A two-sided
P value of 0.05 was considered statistically significant.
Statistical analyses were performed using the software
EZR (version 1.40, Saitama Medical Jichi
Medical University, Saitama, Japan).*

Center,

Results
Comparison ldentifying Variables
Associated with All-Cause Mortality

The baseline characteristics and the clinical features of
patients who were alive and those who died during the 6
consecutive years of follow-up were compared (Table 1).
Compared with alive patients, patients who died were of
a higher age, CTR, CAVI and haPWYV, and of lower diastolic
BP, serum albumin, phosphate and CPP. Most of these
factors were then used as confounders in the Cox-

proportional hazards analyses shown in Figure 1 and Table 2.

Causes of Death of Participants

Of the 209 patients followed up, 38 (18.2%) died. Cerebral
stroke was the most common cause of death (23.7%), fol-
lowed by heart failure (15.7%), coronary events (13.7%),
pneumonia (7.7%) and disdialysis syndrome (7.7%). The

Table 1 Comparison Identifying Variables Associated with All-

Cause Mortality

Alive Dead P value
(N=171) (N=38)

Male (%) 60.8 65.8 0.461*
Age (years) 589 + 10.7 703+ 11.3 <0.001
Age = 65 years (%) 31 65.8 <0.001*
HD vintage (year) 79£69 75+ 64 0.843
BMI (kg/m?) 212 £25 206 2.7 0.162
BMI = 25 kg/m? (%) 58 7.9 0.709*
Systolic BP (mmHg) 149 £ 19 147 £ 21 0.822
Diastolic BP (mmHg) 8l +10 76 £ 10 0.040
CTR (%) 504 + 4.6 53762 0.001*
CAVI 8.64 + 1.32 9.64 + 1.47 <0.001
haPWV (m/sec) 8.60 £ 1.16 9.22 £ 1.39 0.005
Hypertension (%) 70.8 68.4 0.845
Albumin (g/dL) 392 +0.25 3.79 £ 029 0.002
Albumin < 3.5 g/dL 5.8 10.5 0.290%*
(%)
HbAlc (%) 5.24 + 0.68 5.36 + 0.80 0.202
Diabetes (%) 24.6 342 0.227*
TG (mg/dL) 119 + 59 107 + 53 0.122
TG = 150 mg/dL (%) 21.1 18.4 0.827*
HDL-C (mg/dL) 50 % I5 49+ 18 0.608
HDL-C < 40 mg/dL 26.3 263 1.000%*
(%)
LDL-C (mg/dL) 99 +£27 100 + 31 0.722
LDL-C = 120 mg/dL 20.5 289 0.281*
(%)
Albumin-adjusted 92+07 9.0 £ 0.7 0.427
calcium (mg/dL)
Phosphate (mg/dL) 57%10 53 %09 0.042
CPP (mg?/dL?) 525+ 114 478 £ 9.6 0.026

Notes: Data are presented as mean + SD. P values were obtained using Mann—
Whitney's U-test or *Fisher’s exact test.

Abbreviations: HD, hemodialysis; BMI, body mass index; BP, blood pressure; CTR,
cardio-thoracic ratio; CAVI, cardio-ankle vascular index; haPWV, heart-ankle pulse
wave velocity; HbAlc, glycated hemoglobin; TG, triglyceride; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CPP, calcium
phosphate product.

less frequent causes included asphyxia (5.7%), disseminated
intravascular coagulation (2.7%), sepsis (2.7%), peripheral
artery disease (2.7%), femoral fracture (2.7%), liver failure
(2.7%) and gastrointestinal bleeding (2.7%). Deaths of

unknown cause also accounted for 10.7%.

Pearson Product-Moment Correlation
Coefficient Matrix (Color Coded)

The correlations between clinical variables and arterial
stiffness parameters were verified in Figure 2. In simple

linear regression analyses, CAVI was positively correlated

Vascular Health and Risk Management 2021:17

793

Dove:


https://www.dovepress.com
https://www.dovepress.com

Murakami et al

Dove

with male sex, age, systolic BP and HbA 1c, and negatively
correlated with BMI and CPP. The association with systo-
lic BP seemed to be greater for haPWV than for CAVI
[Pearson’s correlation coefficient (95% CI): CAVI 0.269
(0.138-0.390) vs haPWV 0.618 (0.527-0.696)].

Survival Curves for the Unadjusted and
Covariate-Adjusted Longitudinal
Association of the Tertiles of CAVI and
haPWYV with All-Cause Mortality

Figure 1 shows the event-free survival of all-cause mor-
tality. Patients were divided into the tertile of CAVI (A, B)
and haPWV (C, D). In addition, covariate-adjusted survi-
val curves were estimated from the Cox-proportional
hazards model, including age, albumin, CPP and diastolic
BP as confounders (B, D).

There were significant differences among the tertile
groups; the cumulative incidence of deaths was higher in
highest tertile (T3) compared to T1/T2 for both CAVI and
haPWV. The significant predictability of the arterial
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stiffness parameters on all-cause mortality were main-

tained after Cox-proportional hazards analyses.

The ROC Curves and Youden’s ] Index

Figure 3 shows the discriminatory powers of arterial stiff-
ness parameters for the prediction of all-cause mortality.
The diagnostic accuracy of each arterial stiffness para-
meter (AUC, 95% CI) for all-cause mortality was 0.698
(0.605-0.791) for CAVI, and 0.647 (0.545-0.749) for
haPWV. A significant difference was observed in the
AUC between CAVI and haPWV (P = 0.042).
Furthermore, comparing the contribution of CAVI to all-
cause mortality with haPWV, a category-free net reclassi-
fication index was 0.573 (95% CI 0.235-0.911, P < 0.001)
and an integrated discrimination gain was 0.040 (95% CI
0. 019-0.060, P < 0.001), indicating the significant differ-
ence in both parameters. Additionally, the ROC curve
analysis identified the cut-off values of both arterial stift-
ness parameters in predicting all-cause mortality as fol-
lows: 9.15 for CAVI, and 8.90 for haPWV. These cut-off

B 1.01

T1
< 09] T2
2 CAVI
% 0.8 T3
g 0.71
T
= 0.6
s Adjusted
& 5| HR1.655 (95%CI1.018-2691)
V1 P=o0042
ot
0 10 20 30 40 50 60 70
Months of follow-up
D 1o
T2
= 0.97 T1
=
E 0.81 haPWV
wn
g 07 T3
T
= 0.6
5 Adjusted
@ 5| HR1.798 (95%Cl1.129-2864)
L p=0014
oL

0 10 20 30 40 50 60 70
Months of follow-up

Figure | Survival curves for the unadjusted and covariate-adjusted longitudinal association of the tertiles of heart-ankle pulse wave velocity (haPWV) and cardio-ankle
vascular index (CAVI) with all-cause mortality. Patients stratified by tertile of (A and B) CAVI and (C and D) haPWYV values. (B and D) Covariate-adjusted survival curves
estimated from the Cox-proportional hazards model, including age, albumin, CPP and diastolic BP as confounders.

Abbreviations: T, lowest tertile; T2, middle tertile; T3, highest tertile.

79 4 https:

Dove!

Vascular Health and Risk Management 2021:17


https://www.dovepress.com
https://www.dovepress.com

Dove

Murakami et al

values were used in Cox-proportional hazards analyses
shown in Table 2.

Cox-Proportional Hazards Analyses for
All-Cause Mortality

The contribution of each arterial stiffness parameter to all-
cause mortality was examined using the Cox-proportional
hazards analysis (Table 2). Because of the intraclass cor-
relation between CAVI and haPWYV, they were not used in
the same model. Consequently, increases in the two para-
meters above the cut-off or every 1 SD were independent
predictors for all-cause mortality. In addition, age and
CTR also contributed to all-cause mortality, whereas
serum albumin, CPP, and diastolic BP did not.

Discussion

In order to clarify the role of arterial stiffness as
a predictor of mortality rate of HD patients, CAVI
which reflects the stiffness of the arterial tree from the
origin of the aorta to the ankle was measured in 209 HD
patients. During 6 consecutive years of follow-up, 38
patients (18%) died. Patients who died had higher age,
CTR, CAVI, haPWV, and lower diastolic BP, serum
albumin and CPP compared to alive patients. In the
Cox-proportional hazards analyses, 1 SD increase in
both arterial stiffness parameters contributed indepen-
dently to all-cause mortality, as well as age and CTR.
Both parameters above the cut-offs estimated in the
ROC analysis (CAVI > 9.2, haPWV > 8.9) also had
independent contributions to mortality, although serum
albumin and CPP did not. The Kaplan—Meier curves for
cumulative survival among the tertile groups showed
that the mortality rate was higher in highest tertile
(T3) compared to T1/T2 for both CAVI and haPWV.
These results suggested that CAVI could be a predictor
for all-cause mortality in HD patients.

In the present study, although haPWV was also shown
to be a predictor for the mortality, ROC analysis showed
that CAVI had better discriminatory power for all-cause
mortality compared to haPWV. This result seems to be
inconsistent to the findings of Kato et al'’ using baPWV.
The two studies have different subjects and observation
conditions, and it is still unclear why the results are dif-
ferent. In addition, the result of ROC analysis does not
necessarily guarantee a more effective clinical relevance of
CAVI. Based on these shortcomings, large-scale prospec-
tive cohort studies are needed in the future.

Table 2 Cox-Proportional Hazard Analyses for All-Cause Mortality
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Figure 2 Pearson product-moment correlation coefficient matrix. Pearson’s correlation coefficients are listed in the appropriate section in the matrix. The sections are

color-coded according to the degree of correlation.

There are several reasons to explain why high CAVI is
related to a high mortality rate in HD patients. First, it is
mentioned that the severity of atherosclerosis is directly
related to the occurrence of CVD events. In fact, Kirigaya
et al reported that CAVI is an independent long-term pre-
dictor of major adverse CVD events, especially CVD
death.!” Second, it is known that the correlation between
heart function and CAVI exists. Zhang et al** reported that
heart failure patients show a high CAVI, and improvement
of heart failure (elevated left ventricular ejection fraction)
was associated with a decrease in CAVI. These results
indicate that high CAVI causes heart failure to deteriorate.
Therefore, high CAVI in HD patients might be one of the
causes of mortality due to deteriorating heart failure. Third,
sarcopenia and/or frailty were significantly associated with
mortality for all age strata in men and women (except in
aged 37-45 years)
confounders.”* CAVI was reported to be high in subjects

women after adjustment for
with sarcopenia,”>*® suggesting that high CAVI might be
related to high mortality through sarcopenia and/or frailty.

Generally, diabetes mellitus, dyslipidemia, elevated BP
and lack of exercise are considered to be high risks for

CAVL?" In the present study, as shown in Figure 2, age,

systolic BP, HbAlc and CPP were related to CAVI in
simple regression analysis. Therefore, hypertension and
diabetes mellitus must be carefully treated in HD patients.
It has already been reported that CAVI can be decreased
by appropriate treatments and behavior modification.?’” In
addition to the management of metabolic disorders, smok-
ing cessation,?® treatment of periodontitis,?® improvement
of sleep duration,>® and correction of sleep apnea®' may
contribute to the improvement of CAVI. Accordingly, HD
patients with high CAVI may be able to reduce the risk of
mortality through the reduction of CAVI by therapeutic
approaches considering the cause.

In the present study, CTR was an independent predictor
to all-cause mortality in HD patients. This finding is con-
sistent with the previous report indicating that CTR can be
used for CVD risk stratification in HD patients.*”
Therefore, the combination of the arterial stiffness para-
meter and CTR may lead to greater accuracy in the assess-
ment of mortality risk in HD patients.

High serum phosphorus is generally reported to be
related to mortality in HD patients."** However, the pre-
sent study showed that serum phosphorus level and CPP
were rather low in the patients who died. Also, in this
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Figure 3 Discriminatory powers of arterial stiffness parameters for the prediction of all-cause mortality. Curves represent receiver-operating-characteristics (ROC)
analyses for discriminating the probability of all-cause mortality. The Youden Index was used to select the optimum cut-off point of each arterial stiffness parameter. *P <

0.05, TP < 0.001 between haPWV and CAVI.

Abbreviations: AUC, area under curve; NRI, net reclassification index; IDI, integrated discrimination improvement; 95% Cl, 95% confidence interval; haPWYV, heart-ankle

pulse wave velocity; CAVI, cardio-ankle vascular index.

study, CPP was rather negatively correlated with CAVI.
The paradox that CPP, a measure of disturbed mineral
metabolism, is associated with reduced arterial stiffness
needs to be further explored.

Limitations

The limitations of the present study are as follows: the
number of HD patients who were followed in the 2 institu-
tions managing HD included only a small number, and this
was a retrospective study.

Conclusion

Through the 6 consecutive years of follow-up in 209 HD
patients, increased CAVI might represent a major modifi-
able risk factor for all-cause mortality. Further research is
needed to examine whether CAVI-lowering interventions
contribute to improved prognosis.
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