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The combined clinical impact of red blood cell
distribution width and vascular calcification on
cardiovascular events and mortality in patients with end-
stage kidney disease

Da Won Kim, Munpyo Lee, Kwon Jae Lee, Yeon Hee Lee, Dongryul Kim, Seok Joon Shin, Hye Eun Yoon

Division of Nephrology, Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea

Background: Little is known about how the interaction between red blood cell distribution width (RDW) and vascular calcification (VC)
affects cardiovascular (CV) events and mortality in end-stage kidney disease (ESKD) patients. This study investigated the combined
prognostic effect of RDW and VC in ESKD patients starting dialysis.

Methods: A retrospective single-center study of 582 ESKD patients was conducted. VC was assessed by calculating the aortic calcifi-
cation index (ACI) using computed tomography. Patients were divided into low ACl-low RDW, low ACI-high RDW, high ACl-low RDW, and
high ACI-high RDW groups based on median ACI (17.12) and RDW (14.3) values. The association between RDW and VC and the com-
posite endpoint of CV events and death was analyzed.

Results: During a median follow-up of 3.1 years (range, 1.5-5.5 years), 165 CV events (28.4%) and 124 deaths (21.4%) occurred.
Cox regression showed that the low ACI-high RDW (adjusted hazard ratio [HR], 1.66; 95% confidence interval [Cl], 1.04-2.66; p =
0.03) and high ACl-low RDW (adjusted HR, 1.95; 95% Cl, 1.21-3.14; p = 0.006) groups had a greater risk of CV events and death
than the low ACIHow RDW group. The high ACI-high RDW group had the greatest risk (adjusted HR, 2.23; 95% Cl, 1.42-3.52; p =
0.001). The effect of the interaction between ACl and RDW on CV events and mortality was statistically significant (p = 0.005).
Conclusion: High RDW and VC interact to increase the risk of CV events and death in ESKD patients.
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Introduction disease in these patients by causing extensive media and

intima calcification [2]. Inappropriate calcification of vessel
Cardiovascular (CV) disease is a major cause of mortali- walls can be measured by diverse noninvasive methods,
ty in end-stage kidney disease (ESKD) patients [1]. Both and computed tomography (CT) is the gold standard for
atherosclerosis and arteriosclerosis contribute to arterial — quantification of vascular calcification (VC) [3]. Abdominal
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aortic calcification can be used to assess both atheroscle-
rosis and arteriosclerosis [4]. We previously demonstrated
that the aortic calcification index (ACI), an estimate of ab-
dominal aortic calcification, is a significant predictor of all-
cause death and CV events in ESKD patients [5,6].

Red blood cell distribution width (RDW) is an index of
erythrocyte size heterogeneity [7]. In addition to its role
as a marker for differential diagnosis of anemia, RDW has
emerged as an independent marker for predicting various
medical conditions. We previously reported that increased
RDW after initiation of dialysis independently predicts CV
events and deaths in ESKD patients [8]. In addition, RDW
has been reported to have a prognostic role in patients with
various stages of chronic kidney disease (CKD), includ-
ing ESKD [9,10]. However, the interaction between serum
RDW and VC has not been investigated in clinical studies.
We hypothesized that higher RDW at baseline would aug-
ment the risk of all-cause mortality and CV events associat-
ed with VC. This study evaluated the clinical impact of VC
and RDW in ESKD patients starting dialysis.

Methods
Study population

In our center, we perform CT of the abdomen at the initi-

ation of dialysis to evaluate for the presence of acquired
cystic lesions and malignancy in the kidney. Among 713
adult ESKD patients (age, >20 years) starting maintenance
dialysis (incident dialysis patients, including emergency
dialysis) between January 2006 and July 2017, 131 patients
who had not undergone noncontrast abdomen CT at the
initiation of dialysis, who had undergone a major surgical
procedure, or had incomplete medical records were ex-
cluded. A total of 582 patients who started maintenance
dialysis and who underwent a noncontrast abdominal CT
scan at the initiation of dialysis between January 2006 and
July 2017 were included (Fig. 1).

The study was approved by the Institutional Re-
view Board of The Catholic University of Korea (No.
0C1901S10172) and was conducted according to the prin-
ciples of the Declaration of Helsinki. This was a retrospec-
tive study of anonymized patient data and therefore the
need for written consent was waived.

Assessment of abdominal aortic calcification

The abdominal aorta was examined by noncontrast CT
on consecutive, sequential 8-mm slices. The proportion
of the aortic circumference covered by the most extensive
arteriosclerotic portion was quantified in cross-section and
expressed as the ACI [11]. Semiquantitative measurement

713 Adult ESKD patients (age, 220 yr) starting maintenance dialysis
(incident dialysis)
between January 2006 and July 2017

A4

131 Patients excluded

: those who had not undergone noncontrast abdomen CT scan
at the initiation of dialysis, had undergone a major surgical
procedure, or had incomplete medical records

582 Patients included in the final cohort

Low ACl-low RDW Low ACI-high RDW
(n=154) (n=138)

High ACI-low RDW High ACI-high RDW
(n = 135) (n = 155)

Figure 1. A flow diagram of study population.

AClI, aortic calcification index; ESKD, end-stage kidney disease; CT, computed tomography; RDW, red blood cell distribution width.
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of the ACI was conducted independently by two observers
and was reproducible for the patients examined.

Data collection and definitions

Demographic characteristics including age, sex, smoking
status, body mass index (BMI), dialysis modalities, comor-
bidities, laboratory data, and treatment characteristics
were compared. Blood samples were obtained from all
patients at the initiation of dialysis. BMI was defined as the
patient’s weight in kilograms divided by their height in me-
ters squared (kg/m?). Estimated glomerular filtration rate
(eGFR) was calculated using the following dialysis-specific
equation recommended by Shafi et al. [12]: eGFR (mL/

0.984

min/1.73 m?®) = 2.4 x blood urea nitrogen®** x creati-

nine—LSGS

. Serum levels of creatinine, blood urea nitrogen,
albumin, alkaline phosphatase, calcium, phosphorous,
total cholesterol, triglycerides, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, intact
parathyroid hormone (PTH), iron, transferrin saturation,
ferritin, vitamin B12, folate, and high sensitivity C-reactive
protein (hs-CRP) were measured by laboratory tests, and
hemoglobin content, RDW, leukocyte count, and platelet
count were also determined. History of medication use
such as erythropoiesis-stimulating agents, iron replace-
ment medications, renin-angiotensin-aldosterone system
(RAAS) blockers, beta-blockers, calcium channel blockers,
calcium-based phosphorus-binders, non-calcium-based
phosphorus-binders, statins, and vitamin D analogues was
recorded.

Patients were divided into four groups (low ACI-low
RDW, low ACI-high RDW, high ACI-low RDW, and high
ACI-high RDW) according to median ACI (17.12) and RDW
(14.3) values.

Echocardiography

In our center, we perform echocardiography at the initia-
tion of dialysis to evaluate cardiac function. Two-dimen-
sional echocardiographic measurements were performed
by trained sonographers according to the recommenda-
tions of the American Society of Echocardiography [13].
Left ventricular (LV) end-systolic volume, LV end-diastolic
volume (LVEDV), LV posterior wall thickness, interventric-
ular septal thickness (IVST), and LV internal dimension

(LVID) were assessed. LV ejection fraction and left atrial
(LA) diameter were measured by biplane Simpson’s rule.
LV mass index was calculated according to the Devereux
formula and indexed to body surface area [14]. LV diastolic
dysfunction was estimated by measuring mitral inflow ve-
locities and myocardial velocities using pulsed-wave Dop-
pler imaging. Peak velocity of early filling (E), peak velocity
of atrial filling (A), and ratio of E to A waves (E/A ratio) were
also recorded. Septal mitral annular early peak velocity (E’)
and E/E’ ratio were determined by tissue Doppler imaging.

Outcome measures

The primary study endpoint was the composite of patient
mortality and CV events. CV events were defined as the in-
cidence of coronary heart disease (angina pectoris or myo-
cardial infarction), heart failure, cerebrovascular disease
(transient ischemic attack, cerebral infarction, or cerebral
hemorrhage), peripheral vascular disease, or pulmonary
vascular disease.

Statistical analysis

Baseline characteristics of the study cohort stratified by ACI
and RDW are expressed as means + standard deviations or
medians with interquartile ranges (25th-75th percentile)
for variables with a skewed distribution. Categorical data
are expressed as numbers with percentages. Continuous
variables were compared using the Kruskal-Wallis test or
a one-way analysis of variance as appropriate. Categorical
data were compared using the chi-squared test. Survival
distributions of the different groups were estimated using
Kaplan-Meier curves and compared using log-rank tests.
Cox regression analysis was used to identify prognostic
variables contributing to all-cause mortality and CV events.
Univariate analysis was followed by multivariate analysis
using the forward method. Variables with statistical signif-
icance were included in multivariate analysis. Estimated
standard error of the coefficient (f1) was used to establish
the 95% confidence interval (CI) of the hazard ratio (HR).
An interaction model was conducted in the context of Cox
regression analyses using the forward method. In an inter-
action model, a third variable influences the relationship
between an independent and dependent variable [15]. In
this study, to determine if ACI mediated the relationship
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between RDW and the primary study endpoint, or to deter-
mine if RDW mediated the relationship between ACI and
the study endpoint, a two-way interaction term between
ACI and RDW was included in the model. Correlations
among variables were assessed by Spearman correlation
analysis. A p-value less than 0.05 denoted statistical sig-
nificance. Statistical analyses were performed using PASW
Statistics version 18.0 (IBM Corp., Armonk, NY, USA).

Results
Patient characteristics

In total, 582 patients were included in the analysis (low
ACI-low RDW, n = 154; low ACI-high RDW, n = 138; high
ACI-low RDW, n = 135; and high ACI-high RDW, n = 155).
Table 1 compares patient characteristics among the four
groups. Four hundred seventeen patients (71.6%) were
hemodialysis patients, and 165 (28.4%) were peritoneal di-
alysis patients. Patients in the high ACI groups were older,
more likely to have diabetes mellitus and CV disease, and
have higher eGFR, serum leukocyte counts, and calcium
and folate levels at the initiation of dialysis than patients
in the low ACI groups. The cause of ESKD, BMI, serum
albumin, phosphorus, hemoglobin, triglyceride, intact
PTH, hs-CRP, and iron levels, in addition to RDW, plate-
let count, and ACI differed significantly among the four
groups. Patients in the high ACI groups used significantly
less calcium-based and non-calcium-based phospho-
rus-binders and vitamin D analogues and significantly
more beta-blockers than those in the low ACI groups. Lev-
els of serum urea nitrogen, alkaline phosphatase, total cho-
lesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, transferrin saturation, ferritin, and
vitamin B12, in addition to dialysis modality, sex, smok-
ing percentage, and the use of erythropoiesis-stimulating
agents, iron replacement medications, RAAS blockers,
calcium channel blockers, and statins did not differ among
the four groups.

Echocardiographic measurements
Table 2 compares echocardiographic measurements

among the four groups. A total of 318 patients underwent
echocardiography at dialysis initiation. LVID in diastole,
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LVID in systole, LVEDV, IVST at end-diastole, LA diameter,
E/A ratio, and E/FE’ ratio differed significantly between the
four groups. Patients in the high ACI groups had a signifi-
cantly lower LVID in systole, LVID in diastole, and LVEDYV,
as well as a significantly higher IVST at diastole, LA diame-
ter, and E/E’ ratio, than patients in the low ACI groups.

Cardiovascular events and deaths

A total of 165 CV events (28.4%) and 124 deaths (21.4%)
occurred during the follow-up (median duration, 3.1 years;
range, 1.5-5.5 years). Kaplan-Meier analysis showed that
cumulative event-free survival was significantly lower in
the high ACI groups than in the low ACI groups (p < 0.001)
(Fig. 2). There was a significant difference in cumulative
event-free survival between the low ACI-high RDW group
and the low ACI-low RDW group (p = 0.03), whereas cu-
mulative event-free survival was not significantly different
between the high ACI-low RDW group and high ACI-high
RDW group (p = 0.99).

Predictors of cardiovascular events and death

Factors associated with CV events and death were com-
pared using the low ACI-low RDW group as the reference
(Table 3). In univariate analysis, the risk of CV events and
death was higher in the low ACI-high RDW, high ACI-low
RDW, and high ACI-high RDW groups than the low ACI-
low RDW group. Moreover, multivariate analysis adjusted
for older age, diabetes mellitus, history of CV disease,
eGFR, hemoglobin level, ACI value per se, RDW value per
se, albumin, hs-CRP, and total cholesterol levels, and use of
non-calcium-based phosphorus-binders verified that the
HR was increased in the low ACI-high RDW (adjusted HR,
1.66; 95% CI, 1.04-2.66; p = 0.03) and high ACI-low RDW
(adjusted HR, 1.95; 95% CI, 1.21-3.14; p = 0.006) groups
and was highest in the high ACI-high RDW group (adjusted
HR, 2.23; 95% CI, 1.42-3.52; p = 0.001). In addition, there
was a significant interaction between ACI and RDW for the
composite endpoint (p for interaction = 0.005).

In subgroup analysis of patients with baseline echocar-
diographic data (n = 318), the high ACI-high RDW group
(adjusted HR, 3.34; 95% CI, 1.62-6.89; p = 0.001) exhibited
the highest HR in multivariate analysis after adjusting for
older age, diabetes mellitus, history of CV disease, ACI,
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Table 1. Baseline demographic and laboratory data of the study population

Low ACl-low RDW

Low ACI-high RDW

High ACl-low RDW

High ACI-high RDW

Variable (n = 154) (n = 138) (n = 135) (n = 155) p-value
No. of patients 154 138 135 155
Age (yr) 50.3+12.7 53.6+125 67.0 £ 10.0 68.8 + 10.6 <0.001
Male sex 92 (15.8) 86 (14.8) 69 (11.9) 82(14.1) 0.17
Body mass index (kg/m?) 24.0+4.3 23.3+3.8 24.6 £ 3.8 23.2+3.8 0.01
Smoking (%)° 40 (7.0) 35(6.1) 30(5.2) 29 (5.0) 0.36
Diabetes mellitus (%) 83 (14.3) 58 (10.0) 96(16.5) 96 (16.5) <0.001
History of CV disease (%) 19 (3.3) 14 (2.4) 41 (7.0) 41 (7.0) <0.001
Cause of ESKD (%) <0.001

Diabetes mellitus 78 (13.4) 60 (10.3) 98 (16.8) 92 (15.8)

Hypertension 37 (6.4) 42 (7.2) 28 (4.8) 45 (7.7)

Glomerulonephritis 17 (2.9) 12 (2.1) 4(0.7) 4(0.7)

Others 22(3.8) 24 (4.1) 5(0.9) 14 (2.4)
Dialysis modality

Hemodialysis 9 (17.0) 9 (17.0) 104 (17.9) 115 (19.8) 0.08

Peritoneal dialysis 5 (9.5) 9 (6.7) 31 (5.3) 0 (6.9)
eGFR (mL/min/1.73 m?) 2(2.7-6.7) 9 (2.5-6.4) 1(4.0-9.8) 3(3.6-9.4) <0.001
Creatinine (mg/dL) 9 (5.4-9.4) 2(5.2-10.3) 5(4.3-6.9) 1(4.3-8.4) <0.001
Urea nitrogen (mg/dL) 775 (58-99) 84 9 (59-98) 71 7 (54-89) 78 2 (61-98) 0.06
Albumin (g/dL) 6 (3.1-4.0) 4 (2.9-3.9) 4 (2.9-3.9) 3(2.9-3.6) 0.003
ALP (U/L) 101 (77-182) 108 (82-189) 119 (82-167) 102 (78-184) 0.54
Calcium (mg/dL) 9 (7.2-8.6) 7(7.2-8.3) 2(7.6-8.7) 1(7.6-8.6) 0.001
Phosphorus (mg/dL) 5(4.5-7.2) 8 (4.5-7.3) 0(4.2-6.2) (4 1-6.6) 0.002
Hemoglobin (g/dL) 9 (7.7-9.9) 8 (7.6-9.7) 3(8.5-10.2) 9 (7.9-10) 0.004
RDW (%) 13 2(12.7-13.6) 15 1(14.5-16.1) 13 2(12.9-13.7) 15 0(14.6-15.9) <0.001
Leukocyte count (x10%/pL) 5(5.8-9.8) 4 (5.8-9.9) 4 (5.7-9.7) 8(6.0-10.2) 0.71
Platelet count (x10°/uL) 203 (159-261) 182 (135-247) 206 (166-258) 191 (140-255) 0.04
Total cholesterol (mg/dL) 170 (137-199) 158 (125-201) 153 (121-198) 157 (126-201) 0.21
Triglyceride (mg/dL) 139 (111-203) 122 (92-172) 142 (104-181) 117 (88-154) <0.001
HDL cholesterol (mg/dL) 37 (29-48) 8 (30-49) 6 (27-45) 8 (29-47) 0.36
LDL cholesterol (mg/dL) 107 (84-134) 8 (71-128) 4 (77-127) 6 (71-125) 0.08
Intact PTH (pg/mL) 3 (169-439) 257 (141-421) 198 (121-316) 191 (105-326) <0.001
hs-CRP (mg/L) 8(0.9-18.3) 5(1.1-16.0) 0(0.9-17.0) 6 (2.3-48.5) <0.001
Iron (ug/dL) 57 (40-88) 57 (36-84) 6 (39-74) 47 (26-76) 0.009
Transferrin saturation (%) 26.5(19-41) 25.6 (17-38) 25 1(18-38) 23.7 (14-36) 0.1
Ferritin (ng/mL) 187 (98-326) 180 (66-339) 194 (105-339) 190 (107-434) 0.499
ACP® 3.2+5.67 3.8+6.06 339+124 33.0+12.7 <0.001
Vitamin B12 (pg/mL) 756 (512-1,009) 811 (517-1,087) 807 (576-1,123) 845 (640-1,110) 0.36
Folate (ng/mL) 7.8 (6-17) 8.2 (5-19) 9 (6-23) 13.9 (7-25) 0.04
ESA 142 (24.4) 135 (23.2) 128 (22.0) 149 (25.6) 0.14
Iron replacement 135 (23.2) 116 (19.9) 114 (19.6) 134 (23.0) 0.79
Ca-based P-binders 110 (18.9) 101 (17.4) 5(12.9) (14 9) 0.001
Non-Ca-based P-binders 41 (7.0) 47 (8.1) 21 (3.6) 9 (3.3) <0.001
Vitamin D analogues 56 (9.6) 46 (7.9) 6 (6.2) ( 5) 0.01
RAAS blockers 118 (20.3) 95 (16.3) 97 (16.7) 107 (18.4) 0.4
Ca channels-blockers 108 (18.6) 102 (17.5) 97 (16.7) 124 (21.3) 0.22
Beta-blockers 83(14.3) 92 (15.8) 5(16.3) 106 (18.2) 0.01
Statins 84 (14.4) 63 (10.8) 0 (13.7) 8(13.4) 0.13

Data are expressed as mean + standard deviation, number (%), or median (range).

ACl, aortic calcification index; ALP, alkaline phosphatase; Ca, calcium; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESA, erythropoietin
stimulating agent; ESKD, end-stage kidney disease; HDL, high-density lipoprotein; hs-CRP, high sensitivity C-reactive protein; LDL, low-density lipoprotein; P,

phosphorus; PTH, parathyroid hormone; RAAS, renin-angiotensin-aldosterone system; RDW, red blood cell distribution width.
°n = 575. "Mean value despite skewed distribution since median value and interquartile range derive ‘zero’ in low ACI groups
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Table 2. Comparison of echocardiographic measurements of groups based on ACl and RDW

Variable Low ACI-low RDW Low ACI-high RDW High ACl-low RDW

High ACI-high RDW

(n =73) (n =81) (n = 80) (n = 84) pvalue
LV mass index (g/m°) 6 (47-66) 6 (44-70) 60 (50-70) 0 (48-72) 0.31
LVID in diastole (mm) 9 (47-53) 51 (45-55) 48 (43-51) 9 (44-52) 0.03
LVID in systole (mm) 5 (30-38) 3(30-39) 31 (27-34) 4 (29-37) 0.02
PW thickness in end-diastole (mm) 11 (10-12) 11 (10-12) 12 (11-12) 2 (11-12) 0.07
PW thickness in end-systole (mm) 15 (14-17) 15 (14-16) 5 (14-16) 15 (14-17) 0.54
LV end diastolic volume (mm?) 102 (89-139) 103 (79-132) 6 (78-107) 97 (78-117) 0.02
LV end systolic volume (mm?) 0(31-69) 5 (29-59) 36 (28-50) 41 (32-56) 0.09
IVST at end-diastole (mm) 2 (11-12) 11 (10-12) 2 (11-13) 2 (11-13) 0.008
IVST at end-systole (mm) 15 (14-16) 15 (13-16) 5 (14-16) 15 (14-16) 0.44
LV ejection fraction (%) 0 (54-64) 61 (55-64) 61 (56-65) 8 (49-64) 0.081
LA diameter (mm) 0 (34-44) 0 (35-44) 42 (40-45) 3 (40-47) 0.001
E/A ratio 0.87 (0.7-1.2) 0.90 (0.6-1.1) 0.94 (0.6-0.8) 0.88 (0.6-1.0) 0.02
E/E’ ratio 10.5 (8-14) 11.1 (9-14) 14.5 (12-17) 14.1 (11-19) <0.001

Data are expressed as median (interquartile range).

ACI, aortic calcification index; E/A ratio, ratio of peak velocity of early filling (E) to peak velocity of atrial filling (A); E/E’ ratio, ratio of peak velocity of early
filling (E) to early diastolic mitral annular early peak velocity (E’); IVST, interventricular septal thickness at end-diastole; LA, left atrium; LV, left ventricle; LVID,

left ventricular internal dimension; PW, left ventricular posterior wall; RDW, red blood cell distribution width.
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Figure 2. Comparison of event-free survival rate for all-cause mortality and cardiovascular events according to the ACl and serum

RDW value.
ACI, aortic calcification index; RDW, red blood cell distribution width.
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Table 3. Cox regression analysis of predictors of all-cause mortality and CV events

Univariate analysis

Multivariate analysis

Variable
HR (95% ClI) p-value HR (95% ClI) p-value
Male sex 1.12 (0.85-1.47) 0.44
Age, >60 yr 2.41(1.82-3.19) <0.001 1.84 (1.32-2.57) <0.001
Smoking 0.90 (0.66-1.23) 0.50
HD vs. PD 1.02 (0.77-1.36) 0.90
Body mass index 0.99 (0.97-1.03) 0.94
Diabetes mellitus 1.81 (1.35-2.42) <0.001 1.46 (1.05-2.02) 0.02
History of CV disease 1.97 (1.45-2.69) <0.001 1.45 (1.04-2.03) 0.03
eGFR 1.03 (1.01-1.06) 0.009
Hemoglobin 1.09 (1.01-1.18) 0.03
ACI 1.02 (1.02-1.03) <0.001
Albumin 0.72 (0.57-0.91) 0.007 0.74 (0.56-0.96) 0.02
hs-CRP 1.00 (1.00-1.01) 0.04
RAAS blockers 0.86 (0.63-1.17) 0.33
Beta-blockers 1.01 (0.76-1.35) 0.95
Statins 1.03 (0.79-1.36) 0.82
Non-Ca-based P-binders 0.44 (0.29-0.66) <0.001 0.51 (0.33-0.79) 0.003
Vitamin D analogues 0.75 (0.55-1.02) 0.07
Iron 0.99 (0.99-1.00) 0.08
Transferrin saturation 0.99 (0.99-1.00) 0.40
Ferritin 1.00 (0.99-1.00) 0.63
RDW 1.09 (1.01-1.18) 0.02
Total cholesterol 0.99 (0.99-1.00) 0.04
Vitamin B12 1.00 (0.99-1.00) 0.39
Folate 1.00 (0.99-1.00) 0.77
Low ACI-low RDW
Low ACI-high RDW 1.64 (1.03-2.59) 0.04 1.66 (1.04-2.66) 0.03
High ACl-low RDW 3.39 (2.21-5.22) <0.001 1.95(1.21-3.14) 0.006
High ACI-high RDW 3.46 (2.26-5.30) <0.001 2.23(1.42-3.52) 0.001

ACl, aortic calcification index; Ca, calcium; Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HD, hemodialysis; HR, haz-
ard ratio; hs-CRP, high sensitivity C-reactive protein; P, phosphorus; PD, peritoneal dialysis; RAAS, renin-angiotensin-aldosterone system; RDW, red blood

cell distribution width.

albumin and total cholesterol levels, use of non-calci-
um-based phosphorus-binders, and LV ejection fraction
(Table 4). The interaction between ACI and RDW for the
composite endpoint was also statistically significant (p for
interaction = 0.001).

Correlation between aortic calcification index and red
blood cell distribution width

In Spearman correlation analysis, ACI and RDW were not
significantly correlated (r = 0.068 and p = 0.100) (Fig. 3).

Discussion

This study showed that a high serum RDW and ACI inter-
acted to increase the risk of CV events and all-cause death
in ESKD patients. Using the low ACI-low RDW group as the
reference, there was a significant trend of increasing CV
events and deaths from the low ACI-low RDW group to the
high ACI-high RDW group. This finding was independent
of other powerful predictors such as age, traditional CV risk
factors, and laboratory parameters associated with mineral
metabolism disorders. In patients for whom echocardio-
graphic data were available at the initiation of dialysis,
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Table 4. Cox regression analysis of factors associated with CV events and death among patients with echocardiographic data available

Univariate analysis

Multivariate analysis

Variable
HR (95% ClI) p-value HR (95% ClI) p-value
Age, >60 yr 217 (1.42-3.32) <0.001
Diabetes mellitus 1.96 (1.27-3.04) 0.003
History of CV disease 1.83(1.15-2.93) 0.01
eGFR 1.03 (0.99-1.07) 0.11
Hemoglobin 1.09 (0.98-1.21) 0.10
ACI 1.02 (1.01-1.03) <0.001
Albumin 0.65 (0.46-0.91) 0.01 0.52 (0.36-0.76) 0.001
hs-CRP 1.00 (0.99-1.01) 0.10
Non-Ca-based P-binders 0.39 (0.23-0.66) <0.001 0.40 (0.23-0.69) 0.001
LV mass index 1.01 (0.99-1.01) 0.07
LV ejection fraction 0.98 (0.97-0.99) 0.03
E/E’ ratio 1.02 (0.99-1.06) 0.11
Vitamin D analogues 0.69 (0.45-1.05) 0.08
Iron 1.00 (0.99-1.01) 0.91
Transferrin saturation 1.01 (0.99-1.02) 0.24
Ferritin 1.00 (0.99-1.00) 0.51
RDW 1.05 (0.93-1.19) 0.42
Total cholesterol 0.99 (0.99-0.99) 0.008 0.99 (0.99-0.99) 0.005
Vitamin B12 1.00 (0.99-1.00) 0.78
Folate 1.00 (0.99-1.01) 0.90
Low ACl-low RDW
Low ACI-high RDW 1.71 (0.80-3.66) 0.17 1.70 (0.79-3.66) 0.18
High ACI-low RDW 3.50 (1.70-7.18) 0.001 2.66 (1.27-5.57) 0.009
High ACI-high RDW 4.01(1.97-8.16) <0.001 3.34 (1.62-6.89) 0.001

ACl, aortic calcification index; Ca, calcium; Cl, confidence interval; CV, cardiovascular; E/E’, ratio of mitral peak velocity of early filling (E) to early diastolic
mitral annular velocity (E'); eGFR, estimated glomerular filtration rate; HR, hazard ratio; hs-CRP, high sensitivity C-reactive protein; LV, left ventricle; P, phos-

phorous; RDW, red blood cell distribution width.
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Figure 3. Bivariate correlation analysis of RDW and ACI.
ACI, aortic calcification index; RDW, red blood cell distribution
width.
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there was also a consistent trend toward an increase in
the composite endpoint in the high ACI-high RDW group.
Thus, patients with a high ACI and high RDW had the
greatest risk of CV events and all-cause death.

The degree of red blood cell volume heterogeneity can
be measured as a percentage known as the RDW [7]. RDW
has been used for differential diagnosis of anemia. Elevat-
ed RDW suggests profound deregulation of erythrocyte ho-
meostasis, reflecting malnutrition, chronic inflammatory
status, and erythropoietin resistance [7,16,17]. In addition,
several studies have demonstrated the clinical usefulness
of RDW in various medical conditions. High RDW is as-
sociated with higher mortality rates in patients with con-
gestive heart failure, stroke, peripheral artery disease, and
acute kidney injury who are treated with continuous renal
replacement therapy [18-21]. Furthermore, in patients with
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stage 3-5 CKD, a high RDW is associated with all-cause
mortality and CV disease [22]. In hemodialysis patients, a
higher RDW is a stronger predictor of mortality than tradi-
tional laboratory markers of anemia such as hemoglobin,
ferritin, and transferrin saturation [10]. The findings of the
current study are consistent with previous studies, namely
that an elevated RDW was associated with increased risk of
CV events and death.

CV disease is the leading cause of death in patients with
ESKD (23], and the extent of arterial calcification is regard-
ed as the predominant determinant of CV disease and
mortality [24]. VC is a characteristic marker of coronary
atherosclerotic burden [25], and the extent of VC can be as-
sessed using various imaging modalities, with CT being the
gold standard for quantifying VC. Previous studies reported
a relationship between VC and CT-based abdominal aortic
calcification and demonstrated that quantification of CT-
based abdominal aortic calcification provided information
about the risk of CV events [26]. Advanced age, extended
dialysis vintage, diabetes mellitus, elevated calcium, phos-
phorus, and lipid levels, and inflammation are risk factors
for VC [25,27-31]. This study showed that patients in the
high-ACI groups were older, had a higher prevalence of di-
abetes mellitus and CV disease, and had a higher calcium
level and leukocyte count at the initiation of dialysis than
patients in the low-ACI groups. VC is also correlated with
LV diastolic dysfunction in ESKD patients [5]. We found a
significant relationship between LV diastolic stiffness and
limited diastolic filling in the high ACI groups based on a
higher LA diameter and E/E’ ratio, and LVEDV was lower
in the high ACI groups than in the low ACI groups.

In this study, the correlation between ACI and RDW was
not statistically significant. To the best of our knowledge,
no prior study has reported a significant correlation be-
tween VC and RDW in ESKD patients. Although there are
differences in the study population between our study and
previous studies, RDW and VC have also been reported to
show a relationship in other patient populations. Several
recent studies revealed a relationship between elevated
RDW and the burden of coronary atherosclerosis, where
elevated RDW was related to a higher coronary artery calci-
fication score [32]. Another study demonstrated a positive
correlation between RDW and the coronary artery calci-
fication score after adjustment for age, sex, BMI, diabetes
mellitus, glomerular filtration rate, and high-density lipo-

protein cholesterol level [33]. Oleksiak et al. [34] found that
an elevated RDW and coronary calcium score both inde-
pendently increased the coronary atherosclerotic burden
in patients diagnosed with coronary artery disease. RDW
also predicted the outcomes of patients with coronary ar-
tery disease. RDW was a clinically useful prognostic factor
for all-cause mortality in patients with coronary artery
disease [35]. Additionally, an incremental relationship was
found between increased RDW and the risk of death in pa-
tients with coronary disease [36]. Although the pathophys-
iological mechanism underlying the relationship between
RDW and CV outcomes is not fully understood, it has been
suggested that greater variation in erythrocyte volume
increases blood viscosity and impairs blood flow, leading
to vascular occlusion [37]. Another explanation involves
oxidative stress [38]; high oxidative stress can decrease the
erythrocyte lifespan and suppress the response of eryth-
ropoietin to anemia, which ultimately increases RDW [7].
Such anisocytosis disrupts blood flow through the micro-
circulation, resulting in tissue hypoxia and a concomitant
increase in CV events [7,37]. In the current study, increased
RDW at the initiation of dialysis had an additive effect on
the risk of CV events and mortality in both the low ACI and
high ACI groups, even after adjusting for traditional CV risk
factors. The prognostic significance of RDW was also evi-
dent after adjustment for echocardiographic parameters.
Therefore, it is reasonable to speculate that a high RDW
contributes to increased CV events and death in ESKD pa-
tients irrespective of the degree of VC at the start of dialysis.
The exact mechanism by which RDW augments VC-asso-
ciated risk is not known. An elevated RDW reflects several
conditions, such as impaired glycemic control, systemic
inflammation, oxidative stress, impaired iron metabolism,
hemodynamic overload, tissue hypoxia, endothelial dys-
function, and malnutrition [22]; a higher RDW may there-
fore reflect the presence of the conditions listed above that
confer a higher risk of VC.

When we compared survival between the low RDW and
high RDW groups, survival was not statistically significant
by Kaplan-Meier analysis (data not shown, p = 0.98). Addi-
tionally, RDW was statistically significant only in univariate
regression analysis, and not in multivariate analysis. Simi-
larly, in our previous study [8], a higher RDW at the start of
dialysis was not associated with mortality and CV events.
However, we found that a progressive increase in RDW was
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associated with increased mortality and CV events in ESKD
patients. Those with a higher increase in baseline RDW
and RDW over the follow-up period had lower event-free
survival rate than those with less of an increase in baseline
RDW and RDW [8]. A large cohort study of 109,674 hemo-
dialysis patients reported that a higher RDW was linked to
higher mortality [10]. The reason for RDW alone not being
a statistically significant risk factor in the current study
and our previous study [8] may be due to the relatively
small sample sizes of these studies. Nevertheless, the HR
increased incrementally in the low ACI-high RDW group,
high ACI-low RDW group, and high ACI-high RDW group
in this study. Large-scale studies are needed to determine
whether the effect of ACI is more important than that of
RDW and to further investigate the association between
RDW, mortality, and CV events.

In the current study, the interaction between ACI and
RDW was statistically significant in the entire patient pop-
ulation and in patients with echocardiography data. Since
the correlation between ACI and RDW was not significant,
this means that RDW and ACI do not interact as correlating
factors. Our results indicate that besides the effect of ACI,
the risk of CV events and all-cause mortality in ESKD pa-
tients is augmented by high RDW. Because patients with
ESKD have a high mortality rate compared to the general
population [39], our study suggests that the additive effect
of RDW on ACI requires further consideration. Monitoring
serial changes in ACI and RDW may be helpful to further
study the interaction between these two factors.

This study had several limitations. First, the retrospective
design limited robust analysis of the data. Second, data
were collected from a single center, which limits the gen-
eralizability of the results. Third, the pathophysiological
link underlying the interaction between high RDW and VC
is unclear. However, demographics, laboratory variables,
medications, and echocardiographic parameters were all
included in the analysis, which strengthens the clinical im-
plications of our findings of an interaction between RDW
and VC.

In conclusion, we found that high serum RDW aug-
mented the risk of CV events and death associated with
VC in ESKD patients starting dialysis. High RDW increased
the risks in all groups, including the low ACI and high
ACI groups, and the risk was highest in the high ACI-high
RDW group. This finding was consistent after adjusting for
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factors associated with anemia, nutritional status, inflam-
mation, mineral metabolism disorder, and traditional CV
risk factors. Therefore, the combination of RDW, which
is a convenient and cost-effective index marker, and ACI,
which reflects the degree of VC as assessed by abdominal
CT, can be used to stratify risk of future CV disease and
mortality in ESKD patients.
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