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ABSTRACT

Predictive Value of Red Blood Cdll Distribution Width on All-Cause
Mortality in ESRD Patients on Peritoneal Dialysis

Fa Mee Doh

Department of Medicine
The Graduate School, Yonsel University

(Directed by Professor Tae-Hyun Y00)

Background

Red blood cell distribution width (RDW), which expresses variation in size
of circulating erythrocytes, is routinely reported as a part of complete blood cell
count test. Recent studies have demonstrated a strong independent association
between increased RDW and the risk of adverse outcomes in patients with heart
failure and coronary heart disease. In addition, RDW has been found to be
predictive of all-cause mortality in two community-based cohorts irrespective of
hemoglobin levels. Increased RDW levels are frequently observed in patients
with end-stage renal disease (ESRD), however, little is known on the
relationship between RDW and outcomes in this population. In this study, I
sought to determine whether RDW value is associated with mortality in ESRD
patients treated with continuous ambulatory peritoneal dialysis (CAPD).
M ethods

A retrospective analysis was undertaken in 197 incident CAPD patients,
who started CAPD between January 2005 and December 2010 at Yonsei
University Health System and maintained CAPD for more than 3 months.
Demographic, biochemical and echocardiographic data of the patients were

collected based on their medical records. Patients were divided into 2 groups



according to the RDW levels at 3-month, and all-cause and cardiovascular
mortalities were compared between groups.
Results

The mean age was 55.1 years and 115 patients (58.4%) were male. The
main cause of ESRD was diabetic nephropathy (43.1%), followed by
hypertensive nephropathy (34.0%) and chronic glomerulonephritis (16.8%).
RDW at 3-month ranged from 11.3 to 16.8% (mean 13.6%+1.1%), and 51
patients (25.8%) had RDW above the upper limit of normal value (>14.5%).
There were significant positive correlations between RDW levels and age
(r=0.22, p<0.01), Charlson comorbidity index (CCI) score (r=0.27, p<0.01), left
ventricular mass index (r=0.28, p<0.05), left atrial volume index (LAVI) (r=0.26,
p<0.01), the ratio of early mitral inflow velocity to peak mitral annulus velocity
(E/E’) (r=0.16, p<0.05) and left ventricular end diastolic dimension (r=0.271,
p<0.01). In contrast, RDW values were negatively correlated with hemoglobin
(r=-0.16, p<0.05) and albumin levels (r=-0.28, p<0.01). The all-cause mortality
rates were significantly higher in the high RDW group compared to the normal
RDW group (p<0.05). Cox regression analysis revealed that RDW was a
significant independent predictor of all-cause mortality even after multivariate
adjustment for age, gender, CCI score, hemoglobin, albumin, total cholesterol,
LAVI, left ventricular ejection fraction (LVEF), and E/E’ (HR 1.20, p<0.05).
Conclusion

This study demonstrates that RDW provide a meaningful prognostic value

on all-cause mortality in incident CAPD patients.

Keywords: Red blood cell distribution width, Peritoneal dialysis, Mortality
Short summary: RDW predicts all-cause mortality in CAPD patients.
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|. Introduction

Even though the dialysis technology has rapidly improved during the last 20
years, the mortality rates are still very high in patients with end-stage renal
disease (ESRD). The main cause of death in ESRD patients is cardiovascular
disease (CVD) with annual mortality rates of approximately 9%, which is 10- to
20-folds higher than those in the general population, even after adjusting for age,
gender, race, and the presence of diabetes mellitus®.

Red blood cell (RBC) distribution width (RDW), which expresses variation
in size of circulating erythrocytes, is routinely reported as a part of complete
blood cell count test. Recent studies have demonstrated a strong independent
association between increased RDW and the risk of adverse outcomes in
patients with heart failure and coronary heart disease””. In addition, RDW has
been found to be predictive of all-cause mortality in two community-based
cohorts irrespective of hemoglobin levels®’. Based on these findings, the
prognostic significance of RDW could also be valuable for risk stratification in
ESRD patients; however, little is known on the relationship between RDW and
outcomes in this population. Therefore, in this study, | sought to determine
whether RDW value is associated with mortality in ESRD patients. Since RDW
is closely related with hemoglobin levels and the variability of hemoglobin is

narrow in continuous ambulatory peritoneal dialysis (CAPD) patients compared



to hemodialysis patients, | elucidated the prognostic value of RDW levels only
in CAPD patients.

Il. Method

1. Patients
Five hundred and fifty ESRD patients, who started CAPD between January
2005 and December 2010 at the Yonsei University Health System, Seoul, Korea,
were recruited. Among them, patients who had underlying malignancy or
previous history of kidney transplantation or hemodialysis before CAPD were
excluded. | also excluded patients who did not undergo baseline
echocardiography nor maintain CAPD more than 3 months. Thus, a total of 197

patients were included for final analysis.

Patients who start peritoneal
dialysis (n= 550)

[ Excluded (n = 196) ]
ARF or Decompensate heart failure

(n= 80)
Malignancy (n = 63)
4 Historv of kidney transplantation (n= 15)
History of previous Hemodialysis (n = 38)
Incidental ESRD patients with
peritoneal dialysis (n = 354)

[ Excluded (n=158) ]

Dead within 3 months (n = 39)
Patients who did not done baseline
W echocardiography (n= 99)

Enrolled patients
N=197

Figure 1. Flow diagram for patient selection




2. Datacollection

Demographic and clinical data at the time of CAPD initiation, such as age,
gender and comorbid conditions, were recorded. Comorbid conditions included
hypertension, diabetes mellitus, coronary artery disease (CAD) and
cerebrovascular accident (CVA), and the comorbidities was quantified by using
age-unadjusted Charlson Comorbidity Index (CCI)®. Coronary artery disease
was defined as a history of angioplasty, coronary artery bypass grafts,
myocardial infarction, or angina. Cerebrovascular disease was defined as a
previous transient ischemic attack, stroke, or carotid endarterectomy. Primary
causes of ESRD, transfusion history, technical failure event and death were also
checked. The following laboratory data were measured from blood samples at
the start of CAPD and at-3-month after CAPD; hemoglobin (Hb), white blood
cell count, blood urea nitrogen, creatinine, calcium, phosphorus, albumin, total
cholesterol, high-sensitivity C-reactive protein (hsCRP) and intact parathyroid
hormone. hsCRP concentration was measured by laser nephelometry
(IMMAGE, Beckman Coulter, Brea, CA, USA). Hb levels and RDW were
determined using the Advia 2120 Hematology Analyzer (Siemens Healthcare
Diagnostics, Deerfield, IL, USA). RDW was reported as a coefficient of
variation (percentage) of RBC volume and the reference range for RDW was
11.5%-14.5%. Residual GFR was calculated as the average clearance of urea
and creatinine from a 24-hour urine collection. Kt/V urea was determined from
the total loss of urea nitrogen in the spent dialysate using the Watson equation.
The modified peritoneal equilibration test was performed with 4.25% glucose
dialysis solution as described previously and the dialysate to plasma creatinine
concentration ratios (D/P Cr) at 4-hours of dwell were used to describe the

peritoneal small solute transport rate®.



3. Echocardiography assessment

All patients underwent echocardiography with an empty abdomen based on
the imaging protocol recommended by the American Society of
Echocardiography™ using a SONOS 7500 (Philips Ultrasound, Bothell, WA,
USA). Left ventricular (LV) systolic function was defined by left ventricular
gjection fraction (LVEF) using a modified biplane Simpson’s method from the
apical 2- and 4-chamber views'. LV mass (LVM) was determined by the
method described by Devereux and Reichek and the LVM index (LVMI) was
calculated by dividing LVM by body surface area (BSA)™. Left atrial volume
(LAV) was assessed by the biplane area-length method from the apical 2- and
4-chamber views and was indexed for BSA (LAVI)*. Measurements were
obtained in end systole from the frame preceding mitral valve opening.
According to population-based studies, a value of 32 ml/m* was considered as

the upper limit of a normal LAVI*

. Mitral inflow was assessed with pulse-wave
Doppler echocardiography from the apical 4-chamber view, and the mitral
inflow profile was used to measure the peak E-wave velocity and its
deceleration time, the peak A-wave velocity, and the isovolumetric relaxation
time™. Doppler tissue imaging of the mitral annulus was also obtained from the
apical 4-chamber view. Systolic right ventricular pressure (RVP) was calculated
using the modified Bernoulli equation [4 X (tricuspid systolic jet)® +

10mmHg]™.

4. Hatistical analysis

Statistical analysis was performed using SPSS version 18.0 (SPSS Inc.,
Chicago, IL, USA). Continuous variables were expressed as mean + SD, and
categorical variables as a number (percentage). Based on RDW levels, the
patients were divided into 2 groups; a high RDW group (>14.5%) and a normal
RDW group (14.5%). To compare differences between the two groups,

Student’s t-test or the chi-square test were used. Univariate and multivariate



Cox proportional hazard analysis was performed to determine the independent
prognostic power for all-cause mortality of RDW. In univariate analysis, |
included a series of traditional risk factors (age, gender, hypertension, diabetes
mellitus, previous history of CV events and cholesterol), factors that are
peculiar to ESRD (Hb, calcium, phosphate, albumin, and hsCRP), and emerging
risk factors (LAVI, LVMI). To reduce the risk of confounding, | determined a
set of parameters significantly associated with all-cause mortality (p<0.10), and
then adjusted for these factors in multivariate analysis. These Cox proportional
hazard analyses were performed in 2 different ways; by using RDW as a
categorical or continuous variable. The results of univariate and multivariate
Cox proportional hazard analysis were presented as hazard ratios (HRs) and the
95% confidence interval (Cl). Kaplan-Meier curves were constructed to
compare the difference in all-cause mortality between the two groups. | also
conducted receiver operating characteristic (ROC) analysis to compare the
predictive accuracy of RDW and, Hb levels on mortality and the area under the
curve (AUC) was calculated. A p-value of less than 0.05 was considered

significant.



I11. Results

1. Patient characteristics
The baseline demographic and clinical characteristics of the patients are
shown in Table 1. The mean age was 55.1 years, 115 patients (58.4%) were
male and the most common cause of ESRD was diabetic nephropathy (43.1%).
Sixty nine patients had a previous history of transfusion, and the majority of
them (65 patients, 94.2%) received transfusion within 3 months before the
initiation of CAPD. The mean CCI score was 4.0 £ 1.9.

Table 1. Basdline patient characteristics

Parameters N=197

Demographic data

Age (years) 55.1+12.9

Male (%) 115 (58.4%)
Cause of ESRD

Diabetic nephropathy 85 (43.1%)

Hypertensive nephropathy 67 (34.0%)

Chronic glomerulonephritis 33 (16.8%)

Others 12 (6.1%)
Comorbidity

Charlson comorbidity index 40+19

Data are shown as n (%) or mean +SD.
ESRD; end stage renal disease.

2. Comparison between patients with high RDW and nor mal RDW

The mean RDW at 3-month was 13.6+1.1% (range: 11.3 to 16.8%). The
patients were divided into 2 groups based on the upper normal limit of normal
RDW value (14.5%); normal RDW group (RDW<14.5%) (N=146) and high
RDW group (RDW>14.5%) (N=51), and the baseline clinical, laboratory and

echocardiographic data were compared between the two groups. Patients with



Table 2. Comparisons of demographic, laboratory and echocardiographic

data between patients with nor mal and high RDW

RDW<14.5 RDW>14.5
Parameters (n=146) (n=51) p-value
Demographic data
Age (years) 53.1+£12.6 58.3+12.7 <0.01
Male, n (%) 79 (54.0%) 33 (64.7%) 0.014
CCl score 3.75+1.7 436 +2.0 0.032
Biochemical data
RDW (%) 13.2+0.7 15.3+0.6 <0.01
Hb (g/dL) 109+15 105+15 0.113
BUN (mg/ dL) 50.8 +£20.9 54.7 £16.7 0.302
Cr (mg/dL) 8.1+3.2 8.1+4.0 0.926
hsCRP (mg/dL) 1.18+3.0 176 £2.3 0.633
Albumin (g/dL) 3.7+0.6 35+0.5 0.041
T. chol (mg/dL) 179.7 £40.9 163.6 £37.8 0.042
Calcium (mg/ dL) 89+0.7 89+0.8 0.949
Phosphorus (mg/dL) 45+12 46+12 0.692
Intact PTH (pg/mL) 150.7 £ 161.1 134.5 £ 166.9 0.686
Iron (ug/dL) 76.5+£355 76.7 £50.5 0.982
TIBC (ug/dL) 242.4 +£49.8 237.1+£37.1 0.594
Ferritin (ng/mL) 294.1 +£330.2 307.8 £381.1 0.847
Echocardiographic data
LVEDD (mm) 51.2+6.2 54774 <0.01
LVMI (g/m?) 127.1£345 1459 £ 46.5 <0.01
LVEF (%) 60.4 £13.2 57.2+14.1 0.102
LAVI (ml/m?) 31.5+£126 40.0+£19.1 <0.01
RVP (mmHg) 30.1+£9.7 345+124 <0.01
E/E’ 140+5.9 17.5+8.9 <0.01
Kt/V
RRF 4.01+£3.13 3.2+2.85 0.619
D/P Cr 4hr 0.70+0.14 0.76£0.14 0.062
Total Kt/V 2.37+£0.62 2.13+0.52 0.086
Transfusion History, n (%) 42 (29.0 %) 27 (53.4 %) 0.011

Data are shown as n (%), mean (£SD).

CCl, Charlson comorbidity index; RDW, red blood cell distribution width; Hb,
hemoglobin; BUN, blood wurea nitrogen; Cr, creatinine; hsCRP,
high-sensitivity C-reactive protein; T. chol, total cholesterol; PTH, parathyroid
hormone; TIBC, total iron binding capacity; LVEDD, left ventricular end
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diastolic dimension; LVVMI, left ventricular mass index; LVEF, left ventricular
gjection fraction; LAVI, left atrial volume index; RVP, Right ventricular
pressure; E/E’, early mitral inflow velocity to peak mitral annulus velocity ratio;
RRF, residual renal function; D/P Cr, dialysate to plasma creatinine ratio; Kt/V,
K is the rate of clearance, t is the amount of time of the session, and V is the
urea distribution volume.

high RDW were significantly older and had significantly more comorbidities
than patients with normal RDW. The proportion of male patients was
significantly higher, and the concentrations of serum albumin and total
cholesterol were significantly lower in high RDW group. In addition, LVMI,
LAVI, RVP and E/E’ were significantly higher in patients with high RDW
compared to patients with normal RDW. In contrast, there were no significant
differences in Hb levels, iron profile (serum iron and TIBC concentration, and

transferrin saturation) and Kt/V between the two groups (Table 2).

3. Factorsassociated with RDW values

To identify factors associated with RDW levels, correlation analysis was
performed. There were significant positive correlations between RDW values
and age (r=0.22, p<0.01), CCI score (r=0.27, p<0.01), LVEDD (r=0.271,
p<0.01), LVMI (r=0.24, p<0.01), LAVI (r=0.26, p<0.01) and E/E’ (r=0.16,
p<0.01). In contrast, RDW values were negatively correlated with Hb (r=-0.16,
p<0.05) and albumin levels (r=-0.28, p<0.01), and LVEF(r=-0.182, p=0.01). On
the other hand, there were no significant correlations between RDW values and

white blood cell count, and hsCRP and total cholesterol levels (Table 3).
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Table 3. Correlations between RDW values and selected clinical parameters

Variable . RDW (%) o-value
Age (years) 0.224 <0.01
CCl score 0.271 <0.01
WBC (10¥mm?®) -0.014 0.85
Hb (g/dL) -0.159 0.04
hsCRP (mg/dL) 0.154 0.40
Albumin (g/dL) -0.276 <0.01
T.chol (mg/dL) -0.073 0.39
LVEDD (mm) 0.271 <0.01
LVMI (g/m®) 0.243 <0.01
LVEF (%) -0.182 0.01
LAVI (ml/m?) 0.261 <0.01
E/E’ 0.239 <0.01

CCl, Charlson comorbidity index; WBC, white blood cell count; Hb,
hemoglobin; hsCRP, high-sensitivity C-reactive protein; T. chol, total
cholesterol; LVEDD, left ventricular end diastolic dimension; LVMI, left
ventricular mass index; LVEF, left ventricular ejection fraction; LAVI, left atrial
volume index; E/E’, early mitral inflow velocity to peak mitral annulus velocity
ratio.

4. Comparisons between survivor and non-survivor groups

During the median duration of follow-up of 26 months, 20 patients (10.1%)
died. When the patients were divided into survivor and non-survivor groups, the
mean RDW (15.0£1.2 vs. 14.0£1.4%, p<0.01) and hsCRP levels (2.62+2.7 vs.
1.21+2.1 mg/dL, p<0.05) were significantly higher, whereas serum albumin
concentrations were significantly lower in non-survivor (3.3£0.6 vs. 3.7£0.6
g/dL, p<0.01) compared to survivor group. In addition, patients who died during
the follow-up period were significantly older (p<0.01), and had significantly
more comorbidities and worse cardiac function (lower LVEF and higher LAVI
and E/E’) at baseline (p<0.05). However, there was no difference in Hb levels

between the two groups (Table 4).
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Table 4. Comparisons of demographic, biochemical and echocardiographic
data between survivor and non-survivor groups

Survivor Non-survivor
Parameters (N=177) (N=20) p-value

Demographic data

Age (years) 53.1+£12.6 58.3+12.7 <0.01

Male, n (%) 105 (59.3 %) 10 (50.0 %) 0.423

CCl score 3.75+1.7 436 +2.0 0.032
Biochemical data (3 month’s)

RDW (%) 140+14 150+1.2 <0.01

Hb (g/dL) 109+14 105+1.9 0.320

hsCRP (mg/dL) 121+21 2.62+2.7 0.045

Albumin (g/dL) 3.7+0.6 3.3+0.6 0.005
Echocardiographic data

LVEDD (mm) 52.1+£6.7 559+ 7.7 0.017

LVMI (g/m?) 132.9£39.9 144.4 + 43.6 0.270

LVEF (%) 60.3+£12.6 50.0 £18.3 0.023

LAVI (ml/m?) 33.7+£153 43.2+17.8 0.011

E/E’ 149+6.9 18.8+10.8 0.032

Data are shown as n (%), mean (£SD).

CCl, Charlson comorbidity index; RDW, red blood cell distribution width; Hb,
hemoglobin; hsCRP, high-sensitivity C-reactive protein; LVEDD, left
ventricular end diastolic dimension; LVVMI, left ventricular mass index; LVEF,
left ventricular ejection fraction; LAVI, left atrial volume index; E/E’, early
mitral inflow velocity to peak mitral annulus velocity ratio.

5. Comparison of mortality between patients with normal and high
RDW
The most common cause of death was cardiovascular disease (13 patients,
65.0%), followed by infection (6, 30.0%) and gastrointestinal bleeding (1,
5.0%). The all-cause mortality rates were significantly higher in patients with
high RDW (13/51, 25.5%) compared to the normal RDW group (7/146, 4.8%)
(p<0.01). The cardiovascular mortality rates were also significantly higher in
patients with high RDW (p<0.01) compared to the normal RDW group (Figure
2).
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Figure 2. Kaplan-Meier survival curves for (A) all-cause mortality and (B)
cardiovascular mortality according to the baseline RDW values. Both all-cause
and cardiovascular mortalities were significantly higher in patients with high
RDW compared to the normal RDW group.

6. RDW asan independent predictor of all-cause mortality

Univariate Cox regression analysis revealed that high RDW values, high
CClI score and low albumin concentrations were associated with increased
all-cause mortality. The association between RDW levels and mortality
remained significant even after adjusting for age, gender, CCIl score, Hb,
albumin, total cholesterol, LVEDD, LVEF, LAVI and E/E’ (HR: 1.29, 95% CI:
1.07 to 2.45, p=0.049) (Table 5). When analysis was performed with RDW
values as a categorical variable, the adjusted HR was also significantly high in
the high RDW group (HR: 3.69, 95% CI: 1.91 to 7.12, p<0.01).

ROC curves examining the power of RDW and Hb to predict all-cause and
cardiovascular mortality are shown in Figure 3. The AUCs of RDW and 1-Hb
for all-cause mortality were 77.5% and 57.5% (p<0.05), respectively, and those

for cardiovascular mortality were 73.6% and 48.9% (p<0.05), respectively.
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RDW provided a higher predictability of all-cause and cardiovascular mortality
than Hb. The cutoff value of RDW greater than 14.35% provided a sensitivity of
60.0% and specificity of 81.6% for predicting all-cause mortality.

Table 5. Cox proportional hazard analysis for all-cause mortality according
to RDW values

RDW as continuous variable

HR 95% ClI p-value
Model 1 2.26 1.54-3.92 <0.01
Model 2 1.69 1.31-3.12 0.024
Model 3 1.29 1.07-2.45 0.049

HR, hazard ratio; Cl, confidence interval.

Model 1: unadjusted relative risk

Model 2: adjusted for age, gender, Charlson comorbidity index score,
hemoglobin, albumin and total cholesterol.

Model 3: adjusted for Model 2 plus LVEDD, LVEF, LAVI and E/E’.
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Figure 3. ROC curves for (A) all-cause mortality and (B) cardiovascular
mortality with calculated AUCs.
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7. Consistency of RDW values
The tendency of high RDW did not change during the 6-month follow-up.
There was a positive and statistically significant correlation between baseline
and 6-month RDW levels (r=0.176, p<0.001). This tendency may in part
conquer the shortcoming of this study, using a single measurement of RDW for

the analysis.

I'V. Discussion

The results of the present study indicate that RDW levels are an independent
predictor of all-cause mortality in ESRD patients on CAPD. As RDW levels
increased by 1%, the risk of all-cause mortality rose by 29% (HR: 1.29) even
after adjusting for other risk factors. In addition, the survival rates were
significantly lower in patients with high RDW compared to the normal RDW
patients.

RDW reflects the variability in size of circulating erythrocytes and is
defined as the SD of erythrocyte size divided by the mean corpuscular volume
(MCV). Traditionally, along with the MCV, RDW played a role in the
differential diagnosis of anemia'’. High RDW represents the state of
anisocytosis and is typically observed in conditions of ineffective RBC
production, including iron deficiency, vitamin B12 deficiency, folate deficiency
and hemoglobinopathies, increased RBC destruction and following blood
transfusion'”*°. However, previous studies have demonstrated that high RDW
levels are not uncommonly accompanied in patients with liver disease,
malnutrition, occult colon cancer, and neoplastic metastases to marrow” %, In
addition, RDW has often been found to be increased in patients with renal
failure. Moreover, Lippi et al. observed that high RDW values were associated
with reduced residual renal functions independent of age, gender, MCV and

hemoglobin levels*. On the other hand, numerous studies have shown a strong
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association between high RDW and adverse clinical outcomes in patients with
various conditions. In patients with chronic heart failure or ischemic heart
discase, RDW is regarded as a potential predictor of mortality”>?.
Epidemiologic cohort studies have also demonstrated that high RDW levels are
associated with increased risk of mortality from CVD, cancer, and any other
causes °. Moreover, a recent study carried out in patients with acute heart failure
suggests that RDW has a prognostic significance in acute conditions as well %.
Even though the subjects of my study were incident CAPD patients, the results
of this study provide new evidence on the prognostic significance of RDW on
mortality.

What is the mechanism underlying the strong association between RDW and
patients’ outcome? Several plausible explanations have been suggested in prior
studies. Some studies speculated that underlying inflammatory state, which is
associated with adverse clinical outcomes®’, could impair RBC maturation®,
resulting in high levels of RDW. In addition, systemic inflammatory response

impacts bone marrow function and iron metabolism®*°,

Moreover,
proinflammatory cytokines are known to inhibit erythropoietin-induced RBC
maturation and proliferation, and to down-regulate erythropoietin receptor
expression, which may lead to an increase in RDW values®. Furthermore, a
recent study has demonstrated that RDW levels significantly correlate with CRP
concentrations, a well-known acute phase reactant, and are significantly
associated with worse outcomes in patients with heart failure®. In the present
study, unfortunately, | failed to find any correlation between RDW levels and
hsCRP. In addition, there was no difference in hsCRP levels between patients
with normal and high RDW. Since accumulating evidence has revealed that
ESRD is a state of chronic low grade inflammation, | surmise that the influence
of inflammation on RDW levels may be weakened in these subjects.

Another possibility is that high RDW values may be attributed to

malnutrition. Previous studies have demonostrated a significant correlation
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between malnutrition and RDW levels. In addition, a recent study showed that
low cholesterol concentrations were associated with high mortality rates and
were strongly correlated with high RDW levels in patients heart failure®*,
Moreover, since ESRD patients are under an increased catabolic state®,
malnutrition is frequently observed and is considered an independent predictor
of poor clinical outcomes in patients with ESRD*. The results of this study
revealed that there was a significant inverse correation between RDW and
serum albumin levels. In addition, serum albumin concentrations were
significantly lower in the high RDW group. Taken together, malnutrition may be
associated with adverse outcomes in critically ill patients and RDW can be a
simple integrative marker of malnutrition-inflammation syndrome® in this
population.

In complete accordance with previous studies, | found that heart failure had
an adverse effect on clinical outcomes in CAPD patients®”* LAVI and E/E’
were higher and LVEF was lower in non-survivor group. In addition, univariate
Cox proportional hazard analysis revealed that high LVMI, LAVI and E/E’ and
low LVEF were associated with mortality. Meanwhile, RDW was positively
correlated with LVMI, LAVI and E/E’. Moreover, although RDW remained as a
significant independent predictor of mortality even after adjusting for other risk
factors, the significance decreased after adjustment for echocardiographic
parameters. Based on these findings, it is speculated that heart failure may in
part contribute to the prognostic power of RDW on mortality in ESRD patients
on CAPD.

Current study has several limitations that should be considered. First, the
present study was a retrospective study based on the medical records of a
relatively small number of patients from a single centre, and therefore it can not
rule out the possibility of residual confounding. Second, the results of a single
measurement of RDW levels were used for the analysis. Even though there was

a strong correlation between baseline and 6-month RDW levels, the possibility
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of variation in RDW values over time still exists. In addition, there was a wide
range of Hb concentrations (3.6 to 14.0%) at the time of CAPD initiation and
some patients received transfusion at that time. For analysis, therefore, the data
of RDW levels at 3-month, when the Hb concetrations were stabilized and the
patients were sufficiently adapted to CAPD, was used as baseline. Lastly, the
use of erythropoietin and reticulocyte count, that might affect RDW levels, was

not considered.

V. Conclusion

In conclusion, | found that RDW levels were an independent predictor of
all-cause mortality in incident CAPD patients. In addition, the survival rates
were significantly lower in patients with high RDW compared to the normal
RDW patients. Since RDW is a simple, inexpensive, and widely available test,
these findings may have significant clinical implications for determining
prognosis in ESRD patients who start CAPD. Further studies are needed to
clarify the exact mechanisms underlying the impact of RDW values on clinical

outcomes in these patients.

18



References

10.

11.

Stenvinkel P, Alvestrand A. Inflammation in end-stage renal
disease: sources, consequences, and therapy. Semin Dial
2002;15:329-37.

Tonelli M, Sacks F, Arnold M, Moye L, Davis B, Pfeffer M. Relation
Between Red Blood Cell Distribution Width and Cardiovascular
Event Rate in People With Coronary Disease. Circulation
2008;117:163-8.

Felker GM, Allen LA, Pocock SJ, Shaw LK, McMurray JJ, Pfeffer
MA, et al. Red cell distribution width as a novel prognostic marker
in heart failure: data from the CHARM Program and the Duke
Databank. J Am Coll Cardiol 2007;50:40-7.

Al-Najjar Y, Goode KM, Zhang J, Cleland JG, Clark AL. Red cell
distribution width: an inexpensive and powerful prognostic marker
in heart failure. Eur J Heart Fail 2009;11:1155-62.

Cavusoglu E, Chopra V, Gupta A, Battala VR, Poludasu S, Eng C, et
al. Relation between red blood cell distribution width (RDW) and
all-cause mortality at two years in an unselected population
referred for coronary angiography. Int J Cardiol 2010;141:141-6.
Patel KV, Ferrucci L, Ershler WB, Longo DL, Guralnik JM. Red
blood cell distribution width and the risk of death in middle-aged
and older adults. Arch Intern Med 2009;169:515-23.

Perlstein TS, Weuve J, Pfeffer MA, Beckman JA. Red blood cell
distribution width and mortality risk in a community—-based
prospective cohort. Arch Intern Med 2009;169:588-94.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis 1987;40:373-83.
Watson PE, Watson ID, Batt RD. Total body water volumes for adult
males and females estimated from simple anthropometric
measurements. Am J Clin Nutr 1980;33:27-39.

Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R,
Feigenbaum H, et al. Recommendations for quantitation of the left
ventricle by two—dimensional echocardiography. American Society
of Echocardiography Committee on Standards, Subcommittee on
Quantitation of Two-Dimensional Echocardiograms. J Am Soc
Echocardiogr 1989;2:358-67.

Otterstad JE, Froeland G, St John Sutton M, Holme I. Accuracy and
reproducibility of biplane two—dimensional echocardiographic
measurements of left ventricular dimensions and function. Eur
Heart J 1997;18:507-13.

19



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs I,
et al. Echocardiographic assessment of left ventricular
hypertrophy: comparison to necropsy findings. Am J Cardiol
1986;57:450-8.

Lester SJ, Ryan EW, Schiller NB, Foster E. Best method in clinical
practice and in research studies to determine left atrial size. Am J
Cardiol 1999;84:829-32.

Pritchett AM, Mahoney DW, Jacobsen SJ, Rodeheffer RJ, Karon BL,
Redfield MM. Diastolic dysfunction and left atrial volume: a
population—-based study. J Am Coll Cardiol 2005;45:87-92.

Oki T, Tabata T, Yamada H, Wakatsuki T, Shinohara H, Nishikado A,
et al. Clinical application of pulsed Doppler tissue imaging for
assessing abnormal left ventricular relaxation. Am J Cardiol
1997;79:921-8.

Unal A, Sipahioglu M, Oguz F, Kaya M, Kucuk H, Tokgoz B, et al.
Pulmonary hypertension in peritoneal dialysis patients: prevalence
and risk factors. Perit Dial Int 2009;29:191-8.

Bessman JD, Gilmer PR, Jr., Gardner FH. Improved classification of
anemias by MCV and RDW. Am J Clin Pathol 1983;80:322-6.
Karnad A, Poskitt TR. The automated complete blood cell count.
Use of the red blood cell volume distribution width and mean
platelet volume in evaluating anemia and thrombocytopenia. Arch
Intern Med 1985;145:1270-2.

Thompson WG, Meola T, Lipkin M, Jr., Freedman ML. Red cell
distribution width, mean corpuscular volume, and transferrin
saturation in the diagnosis of iron deficiency. Arch Intern Med
1988;148:2128-30.

Aslan D, Gumruk F, Gurgey A, Altay C. Importance of RDW value in
differential diagnosis of hypochrome anemias. Am J Hematol
2002;69:31-3.

Maruyama S, Hirayama C, Yamamoto S, Koda M, Udagawa A,
Kadowaki Y, et al. Red blood cell status in alcoholic and
non-alcoholic liver disease. J Lab Clin Med 2001;138:332-7.
Ozkalemkas F, Ali R, Ozkocaman V, Ozcelik T, Ozan U, Ozturk H, et
al. The bone marrow aspirate and biopsy in the diagnosis of
unsuspected nonhematologic malignancy: a clinical study of 19
cases. BMC Cancer 2005;5:144.

Spell DW, Jones DV, Jr., Harper WF, David Bessman J. The value of
a complete blood count in predicting cancer of the colon. Cancer
Detect Prev 2004;28:37-42.

Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G, Guidi
GC. Relationship between red blood cell distribution width and

20



20.

26.

27.

28.

29.

30.

31.

32.

33.

34.

30.

36.

kidney function tests in a large cohort of unselected outpatients.
Scand J Clin Lab Invest 2008;68:745-8.

Dabbah S, Hammerman H, Markiewicz W, Aronson D. Relation
between red cell distribution width and clinical outcomes after
acute myocardial infarction. Am J Cardiol 2010;105:312-7.

van Kimmenade RR, Mohammed AA, Uthamalingam S, van der Meer
P, Felker GM, Januzzi JL, Jr. Red blood cell distribution width and
l-year mortality in acute heart failure. Eur J Heart Fail
2010;12:129-36.

Ridker PM, Rifai N, Clearfield M, Downs JR, Weis SE, Miles JS, et al.
Measurement of C-reactive protein for the targeting of statin
therapy in the primary prevention of acute coronary events. N Engl
J Med 2001;344:1959-65.

Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med
2005;352:1011-23.

Deswal A, Petersen NJ, Feldman AM, Young JB, White BG, Mann
DL. Cytokines and cytokine receptors in advanced heart failure: an
analysis of the cytokine database from the Vesnarinone trial
(VEST). Circulation 2001;103:2055-9.

Chiari MM, Bagnoli R, De Luca PD, Monti M, Rampoldi E, Cunietti E.
Influence of acute inflammation on iron and nutritional status
indexes in older inpatients. J Am Geriatr Soc 1995;43:767-71.
Pierce CN, Larson DF. Inflammatory cytokine inhibition of
erythropoiesis in patients implanted with a mechanical circulatory
assist device. Perfusion 2005;20:83-90.

Gottdiener JS, Arnold AM, Aurigemma GP, Polak JF, Tracy RP,
Kitzman DW, et al. Predictors of congestive heart failure in the
elderly: the Cardiovascular Health Study. J Am Coll Cardiol
2000;35:1628-37.

Horwich TB, Hamilton MA, Maclellan WR, Fonarow GC. Low serum
total cholesterol is associated with marked increase in mortality in
advanced heart failure. J Card Fail 2002;8:216-24.

Forhecz Z, Gombos T, Borgulya G, Pozsonyi Z, Prohaszka Z,
Janoskuti L. Red cell distribution width in heart failure: prediction
of clinical events and relationship with markers of ineffective
erythropoiesis, inflammation, renal function, and nutritional state.
Am Heart J 2009;158:659-66.

Wooley JA, Btaiche IF, Good KL. Metabolic and nutritional aspects
of acute renal failure in critically ill patients requiring continuous
renal replacement therapy. Nutr Clin Pract 2005;20:176-91.
Fiaccadori E, Parenti E, Maggiore U. Nutritional support in acute
kidney injury. J Nephrol 2008;21:645-56.

21



37.

38.

Wang AY, Wang M, Lam CW, Chan IH, Zhang Y, Sanderson JE. Left
ventricular filling pressure by Doppler echocardiography in
patients  with  end-stage renal disease. Hypertension
2008;52:107-14.

Kim SJ, Han SH, Park JT, Kim JK, Oh HJ, Yoo DE, et al. Left atrial
volume is an independent predictor of mortality in CAPD patients.
Nephrol Dial Transplant 2011.

22



Abstract (In Korean)
BeRN g AAss @7] AR B A
RDWS] o] F21224 9] ofe]

AE=ug e F>

Ax st tetel o st}

TP ARG E=Le] oF 70%7F Aldd A3 A Qon <oF

odelA ok AT

B E (Red blood cell distribution width)= 428 A&dF+ 379 t}
o

Azoln] AEAoZ M) A e o] g

40%2°] A7 A AAZFo R ALEEh= o=

o
i
Y
rd
o>,
;@j: I
i
B
lo
(m e
o
ot
£
Lo
1o
1=
X
ot
s
i
s
0,
rlr
P
o
ftl

2005 1€9H-H 20109 12€97FA] AAM e Al B garg ol A

BUENS Adste] 3749 o4 HdHoR §4 F9 19799 @

23



Oft

AbETS] BAE AT

5ol HE ol 55.1 + 1294 ol At 1159
(58.4%) °lAt}. 37H€e RDWE Hi 13.6 £ 1.1019leH 519
(25.8%) o #AE°] 5 RDW#S Btk RDWeF A& (r=0.22,
p<0.01), CCI ®4* (r=0.27, p<0.01), LAVI (r=0.26, p<0.01), LVMI
(r=0.28, p<0.05), E/E’ (r=0.16, p<0.05), LVEDD (r=0.271, p<0.01)
bl frolgk ko] ARdATE Addem FHE=ER (r=-0.16,
p<0.05), ¢HFR (r=-0.28, p<0.01) = 59 AFHAA7F At &
T3 A2l A RDWeF Al EL SAHCR ou e AAdAE
Bt (HR=2.26, 95% CI 1.54 to 3.92, p<0.01). RDWell wa} o],
44, CCL 3RZ=d, 48y, F FdazHs, 2533 424
LAVI, EF, E/E’, LVEDDE XHA3slo] t53]7EAS AAsds o
RDW7F 1% S7te 5 AP S1d%7F 12992 S718hs &l
Ao (95% CI 1.07 to 2.45, p=0.049), RDWol| wje} & o=
Urols wl RDW7F B4 ooz Aed dxEo] 3.69u]9 Al
=S BTt (95% CI 1.91 to 7.12, p<0.01).

A58 5 ot Al v



