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Abstrak 

 
Red Cell Distribution Width (RDW) adalah biomarker prognostik pada penyakit ginjal kronis (PGK) yang 

dilaporkan sebagai RDW-SD (absolut) dan RDW-CV (relatif). Studi ini secara langsung membandingkan 

perubahan RDW-SD versus RDW-CV sebelum dan sesudah sesi hemodialisis (HD) tunggal. Studi observasional 

pra-pasca ini melibatkan 30 pasien PGK dewasa yang menjalani HD rutin. Sampel darah diambil pra-HD dan satu 

jam pasca-HD. RDW-SD, RDW-CV, dan parameter hematologi lainnya dianalisis menggunakan alat analisis 

hematologi (uji Wilcoxon). Median RDW-SD adalah 44,40 fL pra-HD vs. 43,80 fL pasca-HD (p = 0,186); rata-

rata RDW-CV adalah 14,35% pra-HD vs. 14,30% pasca-HD (p = 0,052). Keduanya tidak menunjukkan perubahan 

akut yang signifikan, meskipun hemoglobin dan leukosit meningkat sementara trombosit menurun. Satu sesi HD 

tidak secara signifikan mengubah RDW-SD atau RDW-CV, mengonfirmasi bahwa kedua parameter 

mencerminkan status penyakit kronis daripada efek prosedural akut. Implikasi klinis: Temuan awal ini 

menunjukkan bahwa RDW-SD dan RDW-CV dapat dianggap sebagai penanda prognostik jangka panjang yang 

potensial, meskipun ini memerlukan konfirmasi dalam penelitian yang lebih besar. 

 

Kata Kunci: Penyakit Ginjal Kronis; hemodialisis; RDW-CV; RDW-SD  

 

Abstract 

 
Red Cell Distribution Width (RDW) is a prognostic biomarker in chronic kidney disease (CKD), reported as RDW-

SD (absolute) and RDW-CV (relative). This study directly compares changes in RDW-SD versus RDW-CV before 

and after a single hemodialysis (HD) session. This pre-post observational study involved 30 adult CKD patients 

undergoing routine HD. Blood samples were taken pre-HD and one hour post-HD. RDW-SD, RDW-CV, and other 

hematological parameters were analyzed using a hematology analyzer (Wilcoxon test). Median RDW-SD was 

44.40 fL pre-HD vs. 43.80 fL post-HD (p=0.186); median RDW-CV was 14.35% pre-HD vs. 14.30% post-HD 

(p=0.052). Neither showed significant acute changes, although hemoglobin and leukocytes increased while 

platelets decreased. A single HD session does not significantly alter RDW-SD or RDW-CV, confirming both 

parameters reflect chronic disease status rather than acute procedural effects. Clinical implications: These 

preliminary findings suggest that RDW-SD and RDW-CV may be considered as potential long-term prognostic 

markers, although this requires confirmation in larger studies. 
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Introduction 

Chronic kidney disease (CKD) represents a growing global health crisis, characterized 

by the progressive and irreversible deterioration of kidney function [1]. When the disease 

reaches its end-stage (ESKD), hemodialysis (HD) is the most common therapy as a replacement 

for renal transplantation. HD  becomes essential for patient survival [2,3]. Hemodialysis is a 

life-saving procedure; it is associated with significant physiological consequences, including 

decreased bodily function and reduced quality of life [4,5]. The burden of CKD is substantial, 

with a global prevalence estimated at 1 in 10 people. In 2010, the Global Burden of Disease 

study highlighted its escalating impact, ranking it as the 27th leading cause of death in 1990, 

which rose to 18th by 2010. The prevalence of CKD in Palu City reached 3.8% in 2022 [6-8]. 

One of the complications in this population is anemia, driven by factors such as reduced 

erythropoietin production, chronic inflammation, and the effects of dialysis itself [9,10]. 

The Red Cell Distribution Width (RDW), a routine hematological parameter measuring 

anisocytosis (variation in red blood cell size), has emerged as a significant prognostic biomarker 

beyond its conventional role in anemia classification [3,11]. Red cell distribution width is 

reported in two forms: RDW-SD, an absolute measure of size variation, and RDW-CV, a 

relative measure dependent on mean corpuscular volume (MCV) [12,13]. Elevated RDW is 

increasingly recognized as an independent predictor of cardiovascular morbidity and mortality, 

driven by its association with chronic inflammation and oxidative stress conditions prevalent in 

CKD and HD patients [10,13]. In HD patients, high RDW is linked to a nearly fourfold higher 

risk of all-cause mortality and synergistically increases cardiovascular risk when combined with 

vascular calcification [2,9]. These findings highlight the potential of RDW as a clinically 

meaningful biomarker in this population. 

Previous research has extensively documented the prognostic value of RDW in CKD, 

yet it has largely focused on RDW-CV, leaving a gap in understanding the differential utility 

of RDW-SD and RDW-CV, especially in response to the acute physiological stress of a single 

HD session. Studies suggest that the two parameters, while correlated, are not interchangeable 

and may provide distinct clinical information [14,15]. For instance, in assessing coronary artery 

calcification, RDW-SD has proven superior [14], whereas RDW-CV has been useful in 

detecting renal tubular injury in diabetes [13]. The hemodialysis process itself is known to affect 

erythrocytes through mechanical stress, hemoconcentration, and the removal of uremic toxins, 

leading to fluctuations in erythrocyte profiles [16-18].  
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This gap is clinically important because changes in MCV are common in CKD due to 

iron deficiency, erythropoietin therapy, and chronic inflammation, which can mathematically 

alter RDW-CV independently of true changes in red blood cell size heterogeneity, whereas 

RDW-SD remains unaffected by MCV fluctuations. Therefore, failing to compare both 

parameters simultaneously in the pre- and post-HD setting may lead to misinterpretation of 

RDW changes as true anisocytosis when they merely reflect dialysis-induced MCV shifts. 

Based on the above, we tested the following hypothesis: A single session of hemodialysis does 

not significantly alter either RDW-SD or RDW-CV values in CKD patients, but the two 

parameters may show divergent trends due to their differential dependence on MCV changes, 

with RDW-SD remaining more stable than RDW-CV. Understanding this distinction will help 

determine which RDW parameter is more reliable for long-term prognostication in the 

hemodialysis population. 

 

Methods 

Study Design and Setting 

This study employed a pre-post observational design [19]. This research aims to 

evaluate changes in erythrocyte parameters in patients with chronic kidney disease (CKD) 

before and after a single hemodialysis (HD) session. The research was conducted at the 

Hemodialysis Unit of Anutapura Hospital, Palu, over two months. 

 

Study Population and Sample 

The target population was all adult patients with end-stage CKD undergoing routine HD 

at the Hemodialysis Unit of RSUD Anutapura Palu. A total of 30 patients were enrolled. No 

formal sample size calculation (power analysis) was performed; this study is therefore best 

characterized as a pilot study to generate preliminary data on the differential behavior of RDW-

SD and RDW-CV in the pre- and post-HD setting. Sample size was based on feasibility for 

intensive hematological monitoring during a single HD session. 

A consecutive sampling technique (a type of non-probability sampling) was employed, 

wherein all eligible patients meeting the inclusion criteria during the study period were recruited 

until the target sample size was reached. This approach minimized selection bias by avoiding 

purposive selection. 

1. Inclusion criteria: (1) age ≥18 years, (2) diagnosed with end-stage CKD undergoing routine 

HD (≥3 months to ensure chronic stability), and (3) provided written informed consent. 
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2. Exclusion criteria: Patients with primary hematological disorders (e.g., hemolytic anemia, 

thalassemia, myelodysplastic syndromes) that could confound RDW assessment. 

 

Research Procedures and Data Collection 

The independent variable was a single HD session (duration 4–5 hours). Blood samples 

were collected at two time points: (1) pre-HD (immediately before initiation) and (2) post-

HD (one hour after completion). The one-hour interval allowed for hemodynamic stabilization, 

minimizing acute fluid shift and mechanical stress effects. Confounding variables not 

controlled in this study (addressed in Limitations): 

1. Age and sex 

2. Comorbidities (diabetes mellitus, hypertension) 

3. Duration of HD therapy (months/years) 

4. Use of erythropoiesis-stimulating agents (ESAs) 

5. Iron supplementation status 

6. Dialysis adequacy (Kt/V) 

7. Presence of chronic inflammation or infection 

HD procedures followed standard institutional protocols using high-flux dialyzers with 

standardized blood flow rates (200–300 mL/min) and dialysate composition to ensure 

consistency. 

 

Data Analysis 

Data were analyzed using SPSS software (version 25.0). Normality was assessed using 

the Shapiro-Wilk test due to sample size <50. Results: RDW-SD pre-HD (W=0.921, p=0.031), 

RDW-SD post-HD (W=0.908, p=0.015), RDW-CV pre-HD (W=0.887, p=0.005), RDW-CV 

post-HD (W=0.896, p=0.008) — all not normally distributed. Consequently, the Wilcoxon 

Signed-Rank Test (non-parametric paired test) was used to compare pre- and post-HD 

measurements. Enhanced statistical reporting (beyond p-values alone): 

1. Test statistic (Z) reported for each Wilcoxon test 

2. Effect size (r) calculated as r = Z / √N, where N = number of observations (30). 

Interpretation: r=0.1 (small), r=0.3 (medium), r=0.5 (large) 

3. 95% confidence intervals (CI) for median differences using Hodges-Lehmann estimation 

4. A p-value <0.05 was considered statistically significant 
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Other hematological parameters (hemoglobin, leukocytes, platelets, MCV) presented in 

the results table were similarly tested using the Wilcoxon Signed-Rank Test, with effect sizes 

and CIs reported to avoid overinterpretation of borderline findings. 

 

Ethical Considerations 

Ethical approval was obtained from the Health Research Ethics Committee, Faculty of 

Medicine, Tadulako University (approval number: 3054/UN28.10/2026). All patients provided 

written informed consent. 

 

Research Results 

Operational Definitions and Variables 

Table 1. Operational Definitions and Variables Result 

 
Variable Definition Unit Normal 

Cut-off 

Value 

Derivation Method 

RDW-

SD 

Width of the red blood cell volume distribution 

curve measured at 20% above the baseline of the 

curve (absolute measure of anisocytosis, 

independent of MCV) 

fL 39–46 fL Derived from the 

RBC volume 

histogram at 20% 

height level 

RDW-

CV 

Coefficient of variation of red blood cell volume, 

calculated as (Standard deviation of RBC volume ÷ 

Mean Corpuscular Volume) × 100% (relative 

measure of anisocytosis, dependent on MCV) 

% 11.5–

14.5% 

Calculated as (SD of 

RBC volume ÷ MCV) 

× 100% 

 

Two forms of red cell distribution width were evaluated in this study: RDW-SD and 

RDW-CV. RDW-SD is an absolute measure of red blood cell size variation, calculated as the 

width (in femtoliters) of the erythrocyte volume distribution curve at the 20% level above the 

baseline. This parameter reflects true anisocytosis independent of mean corpuscular volume 

(MCV), with a normal reference range of 39–46 fL depending on the analyzer. In 

contrast, RDW-CV is a relative measure of red blood cell size variation, derived 

mathematically as the standard deviation of red blood cell volume divided by the MCV, 

multiplied by 100%. Because RDW-CV incorporates MCV in its calculation, it is 

mathematically dependent on MCV; therefore, changes in MCV can alter RDW-CV values 

even in the absence of true changes in red blood cell size heterogeneity. The normal cut-off 

value for RDW-CV is 11.5–14.5%. Both parameters were derived automatically by the 

hematology analyzer from the red blood cell volume histogram, ensuring standardized and 

reproducible measurements. 
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Respondent Characteristics 

Table 2. Distribution of Sample Characteristics 

 
Characteristic Frequency (n) Percentage (%) 

Gender 
  

Male 17 56.7 

Female 13 43.3 

Age Group 
  

20-30 Years 1 3.33 

31-40 Years 8 26.66 

41-50 Years 5 16.67 

51-60 Years 12 40.0 

>60 Years 4 13.3 

 

The study population consisted of 30 patients undergoing regular hemodialysis, with a 

male predominance (56.7%) compared to females (43.3%). The largest age group was patients 

aged 51–60 years (40.0%), followed by those aged 31–40 years (26.66%), 41–50 years 

(16.67%), over 60 years (13.3%), and the smallest group aged 20–30 years (3.33%). 

 

Hematological Parameter Profile Before and After Hemodialysis 

Table 3.  Hematological Parameter Profile Before and After Hemodialysis Result (n=30) 

 
Variable Pre-HD Median 

(Min–Max) (n=30) 

Post-HD Median 

(Min–Max) (n=30) 

Z-

value 

p-

value* 

Effect size 

(r) 

White Blood Cell 

(10³/μL) 

6.90 (3.50–14.20) 8.10 (4.10–16.50) -2.51 0.012† 0.46 

(medium) 

Hemoglobin (g/dL) 8.10 (5.80–11.90) 8.55 (6.10–11.80) -2.66 0.008† 0.49 

(medium) 

Platelet (10³/μL) 285.00 (95.00–

1250.00) 

250.50 (90.00–750.00) -2.46 0.014† 0.45 

(medium) 

MCV (fL) 84.50 (76.00–92.00) 84.80 (76.50–92.50) -0.32 0.746 0.06 

(negligible) 

MCH (pg) 29.10 (26.00–32.00) 29.20 (26.20–32.10) -0.79 0.432 0.14 (small) 

 

Table 3 presents the comparison of routine hematological parameters before and after a 

single hemodialysis session in 30 CKD patients using the Wilcoxon signed-rank tests. 

Following hemodialysis, median hemoglobin level increased significantly from 8.10 g/dL 

(range: 5.80–11.90) to 8.55 g/dL (range: 6.10–11.80) (Z = -2.66, p = 0.008, r = 0.49, medium 

effect). White blood cell count also rose significantly from a median of 6.90 × 10³/μL (3.50–

14.20) to 8.10 × 10³/μL (4.10–16.50) (Z = -2.51, p = 0.012, r = 0.46, medium effect). In contrast, 

platelet count decreased significantly from 285.00 × 10³/μL (95.00–1250.00) to 250.50 × 

10³/μL (90.00–750.00) (Z = -2.46, p = 0.014, r = 0.45, medium effect). Meanwhile, MCV (p = 

0.746, r = 0.06) and MCH (p = 0.432, r = 0.14) showed no statistically significant changes post-

HD, with negligible to small effect sizes. These findings indicate that a single HD session 
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induces significant acute changes in leukocytes, hemoglobin, and platelets, while erythrocyte 

indices such as MCV and MCH remain stable. 

 

Comparison of RDW-SD and RDW-CV Values Before and After Hemodialysis 

Table 4. Comparison of RDW-SD and RDW-CV Values Before and After Hemodialysis  

               Result 

 
Variable n Pre-HD 

Median (Min-

Max) 

Post-HD 

Median (Min-

Max) 

Median 

Difference (95% 

CI)* 

Z-

value 

p-

value† 

Effect size 

(r)‡ 

RDW-SD 

(fL) 

30 44.40 (38.5–

65.9) 

43.80 (37.8–

67.8) 

-0.60 (-1.50 to 

0.30) 

-1.32 0.186 0.24 (small-

medium) 

RDW-CV 

(%) 

30 14.35 (11.9–

21.2) 

14.30 (11.8–

21.7) 

-0.05 (-0.40 to 

0.01) 

-1.94 0.052 0.35 

(medium) 

 

Table 4 compares RDW-SD and RDW-CV values before and after a single hemodialysis 

session. The median RDW-SD value decreased slightly from 44.40 fL (range: 38.5–65.9) pre-

HD to 43.80 fL (range: 37.8–67.8) post-HD, with a median difference of -0.60 fL (95% CI: -

1.50 to 0.30). The Wilcoxon signed-rank test yielded Z = -1.32 (p = 0.186), with a small-to-

medium effect size (r = 0.24), indicating no statistically significant change. Similarly, median 

RDW-CV decreased marginally from 14.35% (range: 11.9–21.2) pre-HD to 14.30% (range: 

11.8–21.7) post-HD, with a median difference of -0.05% (95% CI: -0.40 to 0.01). The Wilcoxon 

test showed Z = -1.94 (p = 0.052) and a medium effect size (r = 0.35). Although the p-value for 

RDW-CV approached the conventional significance threshold (0.052), it did not reach 

statistical significance (p > 0.05), and the confidence interval included zero. Therefore, neither 

RDW-SD nor RDW-CV demonstrated a significant acute change following a single HD session, 

confirming that both parameters reflect chronic disease status rather than immediate procedural 

effects. 

 

Discussion 

Main Findings 

This study aimed to evaluate acute changes in RDW-SD and RDW-CV in 30 CKD 

patients undergoing a single hemodialysis session. The primary finding is that neither RDW-

SD (p = 0.186) nor RDW-CV (p = 0.052) showed statistically significant immediate changes 

following HD. In contrast, other hematological parameters exhibited expected fluctuations: 

hemoglobin and white blood cell counts increased, while platelet counts decreased. These 

results suggest that RDW parameters primarily reflect chronic disease status rather than acute 

procedural effects. 
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Comparison with Previous Studies 

The stability of RDW parameters following a single HD session is consistent with 

several previous reports. For instance, RDW remained stable immediately after HD despite 

hemoconcentration [20]. Similarly, RDW-CV did not change significantly after a single HD 

session in a cohort of 52 patients, attributed to the balance between mechanical erythrocyte 

damage and improved uremic milieu post-dialysis [9]. However, some studies have reported 

conflicting findings. One study observed a slight but significant decrease in RDW-CV 

following HD, explained by ultrafiltration-induced hemoconcentration affecting the 

mathematical relationship between RDW-SD and MCV. These discrepancies may arise from 

differences in dialysis duration, dialyzer type (low-flux vs. high-flux), or patient characteristics 

such as baseline anemia severity and ESA use [20]. In the present study, the median RDW-CV 

decreased minimally (14.35% to 14.30%), and the 95% confidence interval for the median 

difference included zero (-0.40 to 0.01), reinforcing the absence of a meaningful acute change. 

Most previous studies have focused exclusively on RDW-CV, whereas the present study 

directly compared both RDW-SD and RDW-CV simultaneously. This direct comparison is 

valuable because RDW-SD is mathematically independent of MCV, while RDW-CV is 

calculated as (RDW-SD / MCV) × 100. The stability of MCV observed in this study (84.63 fL 

pre-HD vs. 84.71 fL post-HD) explains why both parameters remained stable. Had MCV 

changed significantly, RDW-CV might have diverged from RDW-SD, potentially leading to 

different interpretations. 

 

Biological Interpretation 

The stability of RDW parameters following a single HD session can be explained by 

two opposing mechanisms reported in the literature. First, mechanical stress from the blood 

pump and dialyzer can cause erythrocyte fragmentation, theoretically increasing anisocytosis. 

Second, the removal of uremic toxins reduces oxidative stress and improves erythrocyte 

membrane stability. The absence of significant RDW change in this study suggests a balance 

between these mechanisms over a single session [21]. More fundamentally, elevated RDW in 

CKD patients originates from chronic factors rather than acute procedural effects: impaired 

erythropoiesis due to erythropoietin deficiency, the uremic environment that shortens red blood 

cell lifespan, and chronic inflammatory status [22]. Therefore, a single HD session does not 

immediately remodel the erythrocyte heterogeneity profile already established in the bone 

marrow. The stability of RDW parameters aligns with the stable MCV values observed, 
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reinforcing that RDW should be considered a marker for monitoring long-term patient 

conditions rather than an indicator of acute clinical changes [16], [23]. This study did not 

measure inflammatory markers (e.g., CRP, IL-6) or oxidative stress indicators (e.g., 

malondialdehyde); these mechanistic interpretations remain speculative and are drawn from 

cited literature rather than direct measurements. 

 

Limitations 

This study has several limitations. First, the sample size is small (n=30), and no power 

calculation was performed beforehand, limiting the generalizability of the findings. Second, the 

absence of a control group (e.g., healthy controls or CKD patients not on dialysis) precludes 

comparison of baseline RDW abnormalities. Third, potential confounders such as 

erythropoiesis-stimulating agent (ESA) use, iron status, and comorbid conditions (e.g., diabetes, 

hypertension, cardiovascular disease) were not controlled for in the analysis. Fourth, only a 

single HD session was evaluated; the stability of RDW parameters across multiple sessions or 

over longer time intervals remains unknown. Fifth, the p-value for RDW-CV (0.052) 

approached but did not reach statistical significance, and the effect size was medium (r = 0.35), 

suggesting that a larger sample might have yielded a significant result. Therefore, these findings 

should be interpreted as preliminary. 

 

Clinical Implications 

The stability of RDW-SD and RDW-CV following a single HD session offers 

preliminary clinical insights, though caution is warranted given the pilot nature of this study 

(n=30). The findings suggest that neither RDW parameters do not change acutely after 

hemodialysis, implying that RDW values obtained at pre- or post-HD time points may 

potentially reflect the patient's underlying chronic inflammatory and nutritional status rather 

than immediate procedural effects. However, because of the limited sample size, it would be 

premature to conclude that RDW can be interpreted regardless of blood sampling timing 

without further validation. Larger, well-powered studies are needed to confirm whether RDW-

SD and RDW-CV remain stable across multiple dialysis sessions and in different clinical 

subgroups. Nevertheless, the absence of significant acute change in this study supports the 

continued exploration of both RDW parameters as long-term prognostic markers for mortality 

and cardiovascular events in hemodialysis populations, as previously reported in the literature, 
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while recognizing that routine monitoring protocols should still adhere to standardized 

sampling until confirmatory evidence emerges. 

 

Conclusions and Suggestions 

This pilot study in 30 CKD patients found no significant acute changes in either RDW-

SD (p = 0.186) or RDW-CV (p = 0.052) following a single hemodialysis session, suggesting 

that both parameters remain stable during the procedure. These preliminary findings indicate 

that RDW-SD and RDW-CV primarily reflect chronic disease status rather than immediate 

procedural effects. However, due to the small sample size and uncontrolled confounders, larger 

longitudinal studies are required to confirm RDW stability and its prognostic value before any 

clinical recommendation regarding sampling timing can be made. 
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