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Abstract: Among hemodialysis (HD) patients, cardiovascular disease (CVD) is recognized as a major
contributor to the high risk of mortality, and emerging evidence has ascertained arterial stiffness as
an independent predictor of adverse cardiovascular (CV) outcomes. We aimed to investigate the
efficacy of arterial stiffness measurement in predicting CV and all-cause mortality in patients on HD
(n = 130). Carotid–femoral pulse wave velocity (cfPWV) was measured by a validated tonometry
system. A cfPWV of >10 m/s was used to assign patients to the arterial stiffness group (n = 64).
Baseline and biochemical characteristics, as well as all-cause and CV mortality, were recorded. During
the 3-year follow-up period, a total of 32 deaths (25%) occurred. The patients who died had clinically
significant high cfPWV levels; were relatively old; and had hypoalbuminemia, low creatinine levels,
and diabetes. After adjustment for the prognostic variables, patients with elevated cfPWV had
significantly higher all-cause (p = 0.036) and CV mortality (p = 0.017), compared with the mortality
rates in the normal group. In this study, cfPWV was found to be an independent predictor of all-cause
and CV mortality in HD patients.

Keywords: carotid–femoral pulse wave velocity; arterial stiffness; hemodialysis; mortality

1. Introduction

Over the past five decades, studies have shown that, compared with the general
population, dialysis patients have higher risk of mortality [1,2]. In fact, of all the causes
of death, cardiovascular (CV) mortality accounted for 50% among dialysis patients and
26% among those with normal renal function [3–6]. Therefore, CV disease (CVD) is now
recognized as a major contributor to death in dialysis patients, who reportedly had a 10- to
30-fold increased risk of CV mortality, compared with that in the general population [7,8].

Patients with chronic kidney disease (CKD) are predisposed to develop increased
arterial stiffness secondary to fibroelastic intimal thickening, elastic lamellae calcification,
and increased extracellular matrix deposition, all of which alter arterial wall intrinsic
elasticity [9]. Increased arterial stiffness leads to elevated systolic blood pressure, which
results in increased pulse pressure, cardiac afterload, and decreased diastolic coronary
flow [10,11]. In a cross-sectional study of both central and peripheral arterial stiffness in
patients with treatment-naïve essential hypertension, glomerular filtration rate (GFR) and
arterial stiffness were found to be inversely related. The augmented arterial stiffness and
pulse pressure are, in turn, potentially damaging to the glomerular capillaries and may
lead to glomerulosclerosis.
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Emerging evidence has ascertained arterial stiffness as an independent predictor of
adverse CV outcomes in patients with CKD [12–14]. In a study by Sarafadis et al., on
patients with advanced CKD, arterial stiffness served as a better prognostic indicator,
compared with office and ambulatory measurements of systolic blood pressure [15].

Carotid–femoral pulse wave velocity (cfPWV) has been the gold standard measure of
arterial stiffness, given its simplicity in determination, reliability, and substantial evidence
supporting its predictive value for CV events [16,17]. In addition, a meta-analysis that
enrolled a total of 17,635 subjects showed that cfPWV improved the identification of subjects
with high CV risk [18]. Furthermore, the 2020 International Society of Hypertension
guidelines for the management of hypertension included cfPWV in the assessment of
asymptomatic organ damage [19]. In the present study, we aimed to investigate the efficacy
of cfPWV in predicting CV and all-cause mortality in patients on hemodialysis (HD).

2. Materials and Methods
2.1. Participants

This single-center observational longitudinal study was conducted from January to
April 2014 and enrolled patients who were >20 years old and were on chronic HD for
more than 3 months, with the following specifications: standard 4-hour HD, three times
a week, and use of high-flux polysulfone disposable artificial kidneys (FX class dialyzer;
Fresenius Medical Care, Bad Homburg, Germany). A total of 130 patients were enrolled
in this study. All participants provided informed consent prior to study participation.
This study was approved by the research ethics committees of Hualien Tzu Chi Hospital,
Buddhist Tzu Chi Medical Foundation (IRB103-136-B). Patients who had acute infection,
malignancy, amputations, acute heart failure, and a life expectancy of less than 6 months
at the time of blood sampling, as well as those who refused to provide informed consent,
were excluded from this study. Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured three times at 5-minute intervals; the average values were used
for further analysis. SBP ≥ 140 mmHg and/ or DBP ≥ 90 mmHg or receipt of any
antihypertensive medications in the past 2 weeks was defined as hypertension. Diabetes
mellitus (DM) was defined as a fasting plasma glucose of ≥126 mg/dL or intake of oral
hypoglycemic medications or insulin. To further analyze the relationships of all the clinical
and biochemical variables with arterial stiffness and mortality, the patients were classified
into the arterial stiffness and control group, based on the cf-PWV cut-off threshold of
10 m/s.

2.2. Anthropometric Analysis

Body weight and height were measured to the closest half kilogram and half centimeter,
respectively, wearing light clothing but without shoes. The post-HD body weight was used
to determine the body mass index (kg/m2) [20,21].

2.3. Biochemical Investigations

Before HD, 5 mL of blood were collected. The remaining blood sample was cen-
trifuged for biochemical analyses after the hemoglobin level was determined (Sysmex
SP-1000i; Sysmex American, Mundelein, IL, USA). These analyses included total choles-
terol, triglycerides (TG), glucose, blood urea nitrogen, creatinine, calcium, phosphorus,
and albumin (Sysmex SP-1000i; SiemensAdvia 1800, Siemens Healthcare GmbH, Henkestr,
Germany). Intact parathyroid hormone level (iPTH) was analyzed using a commercially
available enzyme-linked immunosorbent assay (IBL International GmbH, Hamburg, Ger-
many) [20,21]. The fractional clearance index for urea (Kt/V) and urea reduction ratio were
calculated in a single compartment dialysis urea kinetic model.

2.4. Carotid–Femoral Pulse Wave Velocity Measurements

Measurements of cfPWV were obtained after at least 10 min of rest, using pressure
applanation tonometry (SphygmoCor system; AtCor Medical, New South Wales, Australia),
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as detailed in previous studies [20,21]. Arterial stiffness was defined as cfPWV >10 m/s,
according to the European Society of Hypertension and the European Society of Cardiology
2018 guidelines [22].

2.5. Follow-Up and Endpoints

Patient conditions were monitored for 36 months until 30 June 2017 during follow-up
visits at the HD room and based on medical records. The study endpoint was all-cause
mortality. The causes of mortality were hemorrhagic stroke (n = 7), ischemic stroke (n = 10),
acute myocardial infarction (n = 5), and septic shock (n = 5). CV mortality comprised
hemorrhagic stroke, ischemic stroke, or acute myocardial infarction. Event-free survival
was defined as the interval between cfPWV evaluation and death or the end of study
follow-up.

2.6. Statistical Analysis

Continuous variables were evaluated for normal distribution using the Kolmogorov–
Smirnov test. The two-tailed independent Student’s t-test was used to compare the mean
and standard deviation of the variables with normal distribution between the groups.
Using the Mann–Whitney U test, nonnormally distributed variables (such as HD vintage,
TG, glucose, albumin, and iPTH) were reported as median and interquartile range and
compared between the groups. Categorical variables were quantified as a number (%),
and the chi-square test was used for analysis. Kaplan–Meier curves on all-cause and CV
mortality were used to illustrate the survival of the HD patients on follow-up analyses.
The cumulative proportion of HD patients who were free from all-cause or CV death was
compared between groups using a log-rank test. The risk factors for all-cause and CV
mortality were investigated using multivariate Cox regression models. SPSS for Windows
was used to examine the data (version 19.0; SPSS Inc., Chicago, IL, USA). A p value of <0.05
was considered statistically significant.

3. Results

Among the enrolled patients (n = 130), 64 were classified to the arterial stiffness group
and 66 were classified to the control group, based on the cf-PWV cut-off threshold of
10 m/s. The baseline characteristics of the cohort are presented in Table 1. The mean age
was 63 years and 47.7% were women. The average HD vintage was 55.9 months; 40% had
DM and 53% had hypertension. Compared with the control group, the arterial stiffness
group was significantly older (p = 0.047) and had significantly higher SBP (p = 0.003), serum
glucose level (p = 0.020), prevalence of DM (p < 0.001) and hypertension (p = 0.034), and
proportion of patients receiving statin treatment (p = 0.043).

Table 1. Clinical variables of arterial stiffness group or control group.

Variables All Participants (n = 130) Control Group (n = 66) Arterial Stiffness Group (n = 64) p Value

Age (years) 63.17 ± 12.94 60.95 ± 12.97 65.45 ± 12.59 0.047 *
HD vintage (months) 55.92 (23.40–115.68) 60.06 (21.99–136.80) 54.54 (24.99–99.30) 0.325

Height (cm) 160.47 ± 8.19 160.23 ± 8.46 160.72 ± 7.97 0.734
Pre-HD body weight (kg) 64.49 ± 14.63 63.76 ± 15.38 65.24 ± 13.90 0.566
Post-HD body weight (kg) 62.32 ± 14.12 61.68 ± 14.74 62.98 ± 13.54 0.601
Body mass index (kg/m2) 25.11 ± 4.81 24.88 ± 5.07 25.35 ± 4.56 0.573

Carotid-femoral PWV (m/s) 10.43 ± 3.28 7.82 ± 1.23 13.13 ± 2.44 <0.001 *
Systolic blood pressure (mmHg) 143.27 ± 26.58 136.58 ± 26.31 150.17 ± 25.24 0.003 *
Diastolic blood pressure (mmHg) 77.47 ± 16.35 76.68 ± 15.48 78.28 ± 17.29 0.579

Hemoglobin (g/dL) 10.45 ± 1.12 10.27 ± 1.21 10.63 ± 1.00 0.067
Total cholesterol (mg/dL) 145.83 ± 34.61 149.61 ± 38.78 141.94 ± 29.51 0.208

Triglyceride (mg/dL) 118.00 (87.00–185.50) 113.00 (84.00–205.50) 124.50 (89.25–175.75) 0.872
Albumin (g/dL) 4.10 (3.90–4.40) 4.20 (3.98–4.40) 4.10 (3.90–4.30) 0.214
Glucose (mg/dL) 131.00 (108.50–169.00) 126.50 (103.00–148.75) 138.00 (114.25–185.00) 0.020 *

Blood urea nitrogen (mg/dL) 61.36 ± 13.80 61.27 ± 13.53 61.45 ± 14.17 0.941
Creatinine (mg/dL) 9.55 ± 2.04 9.76 ± 2.09 9.33 ± 1.99 0.239

Total calcium (mg/dL) 9.03 ± 0.79 8.94 ± 0.78 9.12 ± 0.80 0.209
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Table 1. Cont.

Variables All Participants (n = 130) Control Group (n = 66) Arterial Stiffness Group (n = 64) p Value

Phosphorus (mg/dL) 4.72 ± 1.29 4.67 ± 1.33 4.77 ± 1.26 0.644
iPTH (pg/mL) 197.95 (69.38–440.68) 245.95 (102.40–375.85) 161.70 (57.28–463.85) 0.299

Urea reduction rate 0.73 ± 0.04 0.73 ± 0.04 0.73 ± 0.04 0.987
Kt/V (Gotch) 1.34 ± 0.17 1.34 ± 0.17 1.34 ± 0.16 0.935
Female, n (%) 62 (47.7) 33 (50.0) 29 (45.3) 0.593

Diabetes mellitus, n (%) 52 (40.0) 13 (19.7) 39 (60.9) <0.001 *
Hypertension, n (%) 69 (53.1) 29 (43.9) 40 (62.5) 0.034 *

ARB, n (%) 37 (28.5) 18 (27.3) 19 (29.7) 0.760
β-blocker, n (%) 41 (31.5) 20 (30.3) 21 (32.8) 0.758

CCB, n (%) 51 (39.2) 29 (43.9) 22 (34.4) 0.264
Statin, n (%) 20 (15.4) 6 (9.1) 14 (21.9) 0.043 *

Fibrate, n (%) 16 (12.3) 9 (13.6) 7 (10.9) 0.640

HD: hemodialysis; PWV: pulse wave velocity; iPTH: intact parathyroid hormone; Kt/V: fractional clearance
index for urea; ARB: angiotensin-receptor blocker; CCB: calcium-channel blocker. * p < 0.05 was considered
statistically significant.

During the 3-year follow-up period, a total of 32 deaths (25%) occurred, and 22 (16.9%)
were CV deaths. Compared with patients who survived, those who died were significantly
older (p = 0.007) and had significantly higher cfPWV levels (p < 0.001), lower serum albumin
(p = 0.003) and creatinine (p < 0.001) levels, and higher prevalence of DM (p = 0.003) (Table 2).
After adjustment for the prognostic variables (Cox Model 3), the hazard ratio (HR) for
all-cause mortality per 1 m/s increase in cfPWV was 1.17 (95% CI 1.033–1.326, p = 0.013)
(Table 3). Compared with the control group, the arterial stiffness group had significantly
higher all-cause mortality (p = 0.036), as shown in Figure 1.
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Figure 1. Kaplan–Meier analysis of carotid–femoral pulse wave velocity levels and all-cause mortality
events in hemodialysis patients.

Compared with patients who survived, those who died from CV causes had signifi-
cantly higher levels of cfPWV (p < 0.001), lower serum creatinine (p = 0.020), and higher
prevalence of DM (p = 0.001) (Table 4). On multivariate Cox regression analysis with adjust-
ment for prognostic variables, increased cfPWV level was significantly associated with CV
death (Cox Model 3, HR 1.317, 95% CI 1.13–1.534; p < 0.001) (Table 5). The Kaplan–Meier
plot in Figure 2 illustrates that an elevated cfPWV of >10 m/s was associated with increased
CV mortality in HD patients (p = 0.017).
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Table 2. Clinical variables of the 130 hemodialysis patients with or without mortality.

Variables Participants without
Mortality (n = 98)

Participants with
Mortality (n = 32) p Value

Age (years) 61.43 ± 12.95 68.50 ± 11.52 0.007 *
HD vintage (months) 57.00 (21.69–125.10) 51.48 (26.43–81.43) 0.693

Height (cm) 161.08 ± 8.50 158.59 ± 6.96 0.136
Pre-HD body weight (kg) 65.59 ± 14.18 61.12 ± 15.69 0.134
Post-HD body weight (kg) 63.34 ± 13.71 59.18 ± 15.09 0.149
Body mass index (kg/m2) 25.30 ± 4.70 24.54 ± 5.18 0.440

Carotid-femoral PWV (m/s) 9.67 ± 2.69 12.75 ± 3.85 <0.001 *
Systolic blood pressure (mmHg) 142.64 ± 25.35 145.19 ± 30.39 0.640
Diastolic blood pressure (mmHg) 78.59 ± 16.51 74.03 ± 15.60 0.172

Hemoglobin (g/dL) 10.45 ± 1.15 10.45 ± 1.07 0.982
Total cholesterol (mg/dL) 149.03 ± 34.94 136.03 ± 32.13 0.065

Triglyceride (mg/dL) 119.50 (88.50–197.75) 106.50 (87.00–140.00) 0.218
Albumin (g/dL) 4.20 (4.00–4.50) 4.10 (3.70–4.18) 0.003 *
Glucose (mg/dL) 128.50 (103.75–162.00) 143.00 (120.75–184.00) 0.060

Blood urea nitrogen (mg/dL) 62.12 ± 13.34 59.03 ± 15.08 0.273
Creatinine (mg/dL) 9.93 ± 1.94 8.38 ± 1.94 <0.001 *

Total calcium (mg/dL) 9.08 ± 0.79 8.89 ± 0.80 0.233
Phosphorus (mg/dL) 4.78 ± 1.29 4.53 ± 1.27 0.342

iPTH (pg/mL) 200.25 (73.05–416.65) 189.40 (60.48–466.90) 0.791
Urea reduction rate 0.73 ± 0.04 0.74 ± 0.05 0.380

Kt/V (Gotch) 1.33 ± 0.16 1.36 ± 0.19 0.346
Female, n (%) 48 (49.0) 14 (43.8) 0.607

Diabetes mellitus, n (%) 32 (32.7) 20 (62.5) 0.003 *
Hypertension, n (%) 50 (51.0) 19 (59.4) 0.411

ARB, n (%) 28 (28.6) 9 (28.1) 0.961
β-blocker, n (%) 33 (33.7) 8 (25.0) 0.359

CCB, n (%) 42 (42.9) 9 (28.1) 0.138
Statin, n (%) 17 (17.3) 3 (9.4) 0.278

Fibrate, n (%) 12 (12.2) 4 (12.5) 0.970
HD: hemodialysis; PWV: pulse wave velocity; iPTH: intact parathyroid hormone; Kt/V: fractional clearance index
for urea; ARB: angiotensin-receptor blocker; CCB: calcium-channel blocker. * p < 0.05 was considered statistically
significant.

Table 3. Hazard ratio for all-cause mortality events by multivariable Cox regression of carotid-femoral
pulse wave velocity levels among the 130 hemodialysis patients.

Carotid-Femoral
PWV (m/s)

Unadjusted Model 1 Model 2 Model 3
HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Per 1 m/s
carotid-femoral
PWV increase

1.267
(1.144–1.403) <0.001 * 1.241

(1.120–1.377) <0.001 * 1.179
(1.044–1.332) 0.008 * 1.170

(1.033–1.326) 0.013 *

Model 1 is adjusted for age, gender, and body mass index. Model 2 is adjusted using variables, including those in
Model 1, along with diabetes mellitus, hypertension, fasting glucose, total cholesterol, and triglyceride. Model
3 is adjusted using variables, including those in Model 2, along with albumin, blood urea nitrogen, creatinine,
and hemodialysis vintage. PWV: pulse wave velocity; HR: hazard ratio; CI: confidence interval. * p < 0.05 was
considered statistically significant after Cox regression analysis.

Table 4. Clinical variables of the 130 hemodialysis patients with or without cardiovascular mortality.

Variables Participants without
CV Mortality (n = 108)

Participants with CV
Mortality (n = 22) p Value

Age (years) 62.39 ± 13.37 67.00 ± 9.95 0.128
HD vintage (months) 56.52 (22.23–123.60) 51.48 (27.69–81.21) 0.675

Height (cm) 160.42 ± 8.64 160.73 ± 5.62 0.872
Pre-HD body weight (kg) 64.45 ± 14.34 64.68 ± 16.33 0.946
Post-HD body weight (kg) 62.26 ± 13.84 62.58 ± 15.75 0.924
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Table 4. Cont.

Variables Participants without
CV Mortality (n = 108)

Participants with CV
Mortality (n = 22) p Value

Body mass index (kg/m2) 25.06 ± 4.65 25.37 ± 5.64 0.787
Carotid-femoral PWV (m/s) 9.75 ± 2.78 13.78 ± 3.56 <0.001 *

Systolic blood pressure (mmHg) 142.87 ± 26.12 145.23 ± 29.30 0.706
Diastolic blood pressure (mmHg) 77.96 ± 16.47 75.04 ± 15.90 0.448

Hemoglobin (g/dL) 10.46 ± 1.12 10.41 ± 1.18 0.850
Total cholesterol (mg/dL) 147.36 ± 34.74 138.32 ± 33.75 0.266

Triglyceride (mg/dL) 119.50 (87.75–195.00) 106.50 (71.75–160.75) 0.290
Albumin (g/dL) 4.10 (3.93–4.40) 4.10 (3.70–4.20) 0.079
Glucose (mg/dL) 128.50 (104.25–162.00) 148.50 (124.50–182.00) 0.059

Blood urea nitrogen (mg/dL) 61.56 ± 13.68 60.41 ± 14.66 0.724
Creatinine (mg/dL) 9.74 ± 2.02 8.63 ± 1.96 0.020 *

Total calcium (mg/dL) 9.06 ± 0.79 8.90 ± 0.80 0.406
Phosphorus (mg/dL) 4.71 ± 1.29 4.75 ± 1.33 0.896

iPTH (pg/mL) 195.20 (57.53–401.13) 230.65 (88.10–577.33) 0.203
Urea reduction rate 0.74 ± 0.04 0.73 ± 0.05 0.445

Kt/V (Gotch) 1.34 ± 0.16 1.31 ± 0.18 0.454
Female, n (%) 54 (50.0) 8 (36.4) 0.243

Diabetes mellitus, n (%) 36 (33.3) 16 (72.7) 0.001 *
Hypertension, n (%) 54 (50.0) 15 (68.2) 0.119

ARB, n (%) 31 (28.7) 6 (27.3) 0.892
β-blocker, n (%) 33 (30.6) 8 (36.4) 0.593

CCB, n (%) 44 (40.7) 7 (31.8) 0.435
Statin, n (%) 17 (15.7) 3 (13.6) 0.803

Fibrate, n (%) 14 (13.0) 2 (9.1) 0.614
CV: cardiovascular; HD: hemodialysis; PWV: pulse wave velocity; iPTH: intact parathyroid hormone; Kt/V:
fractional clearance index for urea; ARB: angiotensin-receptor blocker; CCB: calcium-channel blocker. * p < 0.05
was considered statistically significant.

Table 5. Hazard ratio for cardiovascular mortality events by multivariable Cox regression of carotid–
femoral pulse wave velocity levels among the 130 hemodialysis patients.

Carotid-Femoral
PWV (m/s)

Unadjusted Model 1 Model 2 Model 3
HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Per 1 m/s
carotid-femoral
PWV increase

1.390
(1.234–1.567) <0.001 * 1.396

(1.227–1.588 <0.001 * 1.336
(1.149–1.552) <0.001 * 1.317

(1.130–1.534) <0.001 *

Model 1 is adjusted for age, gender, and body mass index. Model 2 is adjusted using variables including those in
Model 1, along with diabetes mellitus, hypertension, fasting glucose, total cholesterol, and triglyceride. Model
3 is adjusted using variables including those in Model 2, along with albumin, blood urea nitrogen, creatinine,
and hemodialysis vintage. PWV: pulse wave velocity; HR: hazard ratio; CI: confidence interval. * p < 0.05 was
considered statistically significant after Cox regression analysis.
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4. Discussion

After controlling for other significant factors in this longitudinal observational analysis,
we found that cfPWV had a substantial predictive value for all-cause and CV mortality in
patients on HD.

CKD is associated with a chronic inflammatory state and oxidative stress, which
promote arterial intima media calcification and results in increased arterial stiffness [23,24].
Aortic compliance decreases with the progression of CKD, thereby leading to higher SBP
and pulse pressure [23,24]. The augmented pulsatility results in accelerated pulse wave
transmission through the large arterial walls, as represented by the level of cfPWV [25].
A high SBP increases cardiac afterload, left ventricular contractile effort, and myocardial
oxygen consumption [26].

The cfPWV is currently regarded as the gold standard measure of arterial stiffness,
because it was demonstrated to correlate with mortality and was more predictive of CV
mortality compared with femorotibial PWV or carotid–radial PWV in a cohort study on
patients with end-stage renal disease (ESRD) [17,27,28]. Moreover, mounting evidence
has demonstrated cfPWV as a surrogate marker of future CV events [17,27,28]. In a meta-
analysis, participants who had high cfPWV by 1 m/s had high pooled relative risks for
CVD events (HR 1.12, 95% CI 1.07–1.18) and CVD mortality (HR 1.09, 95% CI 1.04–1.14) [29].
At the cut-off point of 10 m/s, cfPWV was identified as a prognostic indicator of death and
rehospitalization (hazard ratio of 1.7) in patients hospitalized with acute decompensated
heart failure.

Another meta-analysis that included 15,877 participants showed that the relative risk
of CV and all-cause mortality increased by 15% when the cfPWV increased by 1 m/s [30].
Moreover, cfPWV was shown to predict CV events better than conventional risk factors [18].
Another systematic review and meta-analysis indicated that cfPWV as a predictor had
good accuracy for CV mortality but slightly lower accuracy for all-cause mortality, with
area under the hierarchical summary receiver operating characteristic curve values of 0.75
(95% CI 0.69–0.81) and 0.78 (95% CI 0.74–0.83), respectively, and the closest cutoff point to
the summary point values of 10.7 and 11.5, respectively [31].

In the Chronic Renal Insufficiency Cohort study, which enrolled 2795 participants
with CKD (i.e., mean eGFR of 44 mL/min/1.73 m2) and included 47.3% with DM, cfPWV
was identified as a significant predictor of mortality and CKD progression within a mean
follow-up period of 5 years; moreover, those in the highest tertile of cfPWV (i.e., >10.3 m/s)
had increased mortality risk (HR 1.72, 95% CI 1.24–2.38) [32]. In a multicenter longitudinal
study on 2602 patients with CKD, cfPWV was found to be a significant predictor of incident
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heart failure hospitalization, with those in the highest tertile of cfPWV having an HR of
3.01 (95% CI 1.45–6.26), compared with that in cases in the lowest tertile [33]. In another
longitudinal study on 305 patients with ESRD, cfPWV was shown to have a prognostic
value for CV mortality; using a cutoff value of 10.75 m/s, the area under the receiver
operating characteristic curve value was 83.4 ± 2.3, with 84% sensitivity, 73% specificity,
87.3% negative predictive value, and 72% positive predictive value [14]. In a cohort of
1084 HD patients recruited from 47 European dialysis centers, each 1 m/s increase in
cfPWV was found to be associated with a 15% higher risk of CV events (HR 1.154, 95%
CI 1.085–1.228) after a median follow-up of 2 years [34]. In a French cohort study on HD
patients (n = 287), each 1 m/s increase in cfPWV was associated with 17% higher risk of
CV mortality (HR 1.17, 95% CI 1.07–1.28) and 10% higher risk of all-cause mortality (HR
1.10, 95% CI 1.02–1.20) [35]. However, a cohort study in Canada on HD patients (n = 246)
did not find an association between each 1 m/s increase in cfPWV and CV mortality or
all-cause mortality after adjustment for confounders [12]. Another study suggested that
cfPWV had a prognostic value for all-cause and CV mortality, although inferior to simple
clinical risk scores (i.e., annualized rate of occurrence cohort), only modestly improved the
risk discrimination and reclassification by the same risk scores, and worsened the model
calibrations [36]. In a longitudinal cohort study on 150 patients with ESRD, reduction in
PWV levels with the use of antihypertensive drugs had a beneficial effect on survival [37].
However, the beneficial effect of antihypertensives remains speculative. In this study, we
similarly found that elevated cfPWV was associated with CV and all-cause mortality, after
adjusting for prognostic variables, in patients on HD.

Our study had several limitations. First, the single-center observational design and
the setting in Taiwan only may limit the generalizability to all patients with CKD, those
on peritoneal dialysis, or those in different areas. Second, the number of HD patients was
limited and the follow-up period was only 36 months. In addition, many other factors affect
the risk of CV or all-cause mortality in patients undergoing HD [38]. Therefore, further
longitudinal studies with a large number of HD patients are needed to clarify our findings.

5. Conclusions

In this study, cfPWV was found to be an independent predictor of all-cause and CV
mortality in patients on HD. Therefore, we propose cfPWV as a potential modifiable risk
factor in this population. Finally, future validation of various interventions is required to
improve cfPWV measurements and decrease CV events.
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