
Introduction

Red cell distribution width (RDW) expressed as a per-
centage is a measure of the variation in red blood cell 

size and is routinely reported in a complete blood count 
[1]. RDW in association with mean corpuscular volume 
(MCV) has traditionally been useful for diagnosing cer-
tain types of anemia, as RDW is increased in iron defi-
ciency, sickle cell disease, myelodysplasia, and chronic 
liver disease [2].

Recent evidence has shown that a high RDW is associ-
ated with high cardiovascular morbidity and mortality as 
well as all-cause mortality [3,4]. Thus, RDW is considered 
an emerging risk prediction tool that is both inexpensive 
and easy to measure. However, the mechanisms underly-
ing these associations with RDW are not well understood.

There are a growing numbers of studies on RDW and its 
association with the kidneys, most of which have demon-
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strated that RDW has predictive power for poor prognosis 
in patients with existing chronic kidney disease (CKD) 
[5-8]. On the other hand, only a few studies have inves-
tigated the association between RDW and the develop-
ment of renal disease [9,10]. Albuminuria is not only a 
well-known marker of target organ damage in hyperten-
sion and diabetes, but is also an important component 
for diagnosing CKD [11,12]. Furthermore, albuminuria 
is a strong risk factor for poor renal outcome in CKD as 
well as high cardiovascular and all-cause mortality in 
the general population [13,14]. A few studies comprising 
relatively small numbers of patients have reported an as-
sociation between RDW and albuminuria in a high-risk 
group with hypertension and diabetes [15-17], while one 
large study with national data verified the relationship 
between RDW and albuminuria [18]. However, because 
these studies were cross-sectional by design, they are un-
able to provide evidence of a causal relationship.

The purpose of this study was to analyze the relation-
ship between RDW and development of albuminuria in 
patients without evidence of CKD and to confirm this as-
sociation in a large-scale longitudinal study.

Methods

Study design and population

We constructed a retrospective cohort using partici-
pants who received regular health maintenance exams 
at Kangbuk Samsung Hospital, Sungkyunkwan Univer-
sity, Seoul, Korea. A total of 127,581 participants who 
visited the center twice at a 4-year interval between 2005 
and 2014 were considered for inclusion in the study co-
hort. We excluded 34,016 records due to missing data 

for the variables of interest. We also excluded subjects 
aged < 30 years in order to prevent the possibility of 
orthostatic proteinuria (n = 6,945). We further excluded 
participants with evidence of CKD (dipstick albumin-
uria ≥ 1+, n = 1,920; estimated glomerular filtration rate 
[eGFR] < 60 mL/min/1.73 m2, n = 981) or a history of 
cancer (n = 810) at baseline. The final analysis included 
83,040 participants. The process for constructing the 
retrospective cohort is summarized in Fig. 1. This study 
was approved by the Institutional Review Board at 
Kangbuk Samsung Hospital (KBSMC 2017-01-033).

Clinical and laboratory measurements

The health check-up consisted of a medical history, 
physical examination, health-related behavior ques-
tionnaire, biochemistry studies, and anthropometric 
measurements. The examining physicians assessed each 
patient’s medical history and prior use of medications. 
Height, weight, and blood pressure were measured by 
trained nurses while the participants were wearing a light 
hospital gown without shoes. Body mass index (BMI) was 
calculated as weight (kg) divided by height squared (m2).

Blood specimens were sampled from an antecubi-
tal vein after > 12 hours of fasting. Hemoglobin, mean 
corpuscular volume, and RDW were measured with 
an automated hematology analysis system Sysmex XE-
2100D (Sysmex Corporation, Kobe, Japan) and Advia 
2120 (Siemens Medical Solutions Diagnostics, New York, 
NY, USA). Plasma glucose, total cholesterol, triglycerides 
(TG), low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein cholesterol, and uric acid level were 
measured using an autoanalyzer (Advia 1650 Autoana-
lyzer; Bayer Diagnostics, Leverkusen, Germany). Insulin 

Participants screened at 4-year intervals in 2005 2014 (n = 127,581)

Missing data (n = 34,016)

Participants without missing data (n = 93,565)

Final study subjects (n = 83,040)

Exclusion (n = 10,525)

Age < 30 yr (n = 6,945)

Albuminuria > 1+ (n = 1,920)

eGFR < 60 mL/min/1.73 m (n = 981)

History of cancer (n = 810)

2 Figure 1. Algorithm for selecting 
study subjects from health check-up 
participants.
eGFR, estimated glomerular filtration 
rate.
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was measured by immunoradiometric assay (Biosource, 
Nivelles, Belgium). Insulin resistance was assessed with 
the homeostasis model assessment of insulin resistance 
(HOMA-IR) calculated as fasting blood insulin (μU/mL) × 
FBG (mg/dL)/405. Serum creatinine level was measured 
with the alkaline picrate (Jaffe) method.

Trained medical technicians performed regular cali-
bration and quality control for creatinine measurements 
during the study period using a validated calibrator and 
quality control materials. In addition, our clinical labora-
tory participated in an annual inspection and survey by 
the Korean Association of Quality Assurance for Clinical 
Laboratories and is certified for quality control and per-
formance of various measurements. Because the labora-
tory method that was used to measure serum creatinine 
levels from 2002 to 2009 was not traceable to isotope 
dilution mass spectrometry, GFR was estimated using the 

4-variable Modification of Diet in Renal Disease Study 
equation [19,20]. Urine albumin was determined at each 
examination with a single urine dipstick semi-quantita-
tive analysis (URiSCAN Urine strip; YD Diagnostics, Yon-
gin, Korea). Dipstick urinalysis was performed on fresh, 
midstream urine samples collected in the morning. The 
amount of urine albumin was reported as absent, trace, 
1+, 2+, 3+, or 4+, corresponding to albumin levels of 
undetectable, 10, 30, 100, 300, or 1,000 mg/dL albumin, 
respectively. Albuminuria was defined as a grade ≥ 1+.

In this study, diabetes was defined as fasting glucose ≥ 
126 mg/dL, a history of previously diagnosed diabetes, 
or the use of anti-diabetic medications. Hypertension 
was defined as systolic blood pressure ≥ 140 mmHg or 
diastolic blood pressure ≥ 90 mmHg, a history of hyper-
tension, or the use of antihypertensive medications. Dys-
lipidemia was defined as total cholesterol > 240 mg/dL or 

Table 1. Baseline characteristics in relation to red cell distribution width (RDW)

Characteristic Total
RDW quartile

P value
1st (10.7-12.4) 2nd (12.5-12.8) 3rd (12.9-13.2) 4th (13.3-29.1)

Patient (n) 83,040 24,424 21,419 16,655 20,542
Age (yr) 36.1 (32.5-40.7) 35.1 (31.4-39.5) 36.2 (32.5-40.9) 36.6 (33-41.3) 36.9 (33.8-41.1) < 0.001
Sex, male 53,953 (65.0) 16,412 (67.2) 14,977 (69.9) 11,406 (68.5) 11,158 (54.3) < 0.001
BMI (kg/m2) 23.5 ± 3.1 23.4 ± 3.0 23.7 ± 3.1 23.7 ± 3.1 23.3 ± 3.2 < 0.001
SBP (mmHg) 113 ± 13 113 ± 13 114 ± 13 114 ± 13 113 ± 13 < 0.001
DBP (mmHg) 73 ± 9 73 ± 9 74 ± 9 74 ± 10 73 ± 10 < 0.001
Hemoglobin (g/dL) 14.7 ± 1.6 15.0 ± 1.3 15.0 ± 1.4 14.9 ± 1.4 14.1 ± 2.0 < 0.001
MCV (fL) 90.8 ± 4.5 91.2 ± 3.5 91.3 ± 3.7 91.2 ± 3.8 89.6 ± 6.3
Glucose (mg/dL) 94 ± 13 95 ± 14 94 ± 13 94 ± 12 93 ± 12 < 0.001
TC (mg/dL) 191 ± 33 190 ± 32 192 ± 33 192 ± 33 190 ± 33 < 0.001
LDL cholesterol (mg/dL) 110 ± 29 110 ± 28 112 ± 29 111 ± 29 108 ± 29 < 0.001
Triglyceride (mg/dL) 103 (72-152) 102 (72-150) 106 (75-156) 106 (74-158) 97 (69-145) < 0.001
HOMA-IR 1.13 (0.75-1.70) 1.15 (0.76-1.70) 1.13 (0.76-1.70) 1.11 (0.74-1.60) 1.08 (0.72-1.60) < 0.001
hsCRP (mg/dL) 0.04 (0.02-0.09) 0.04 (0.02-0.08) 0.05 (0.02-0.10) 0.05 (0.02-0.10) 0.04 (0.01-0.09) < 0.001
Albumin (mg/dL) 4.62 ± 0.23 4.64 ± 0.22 4.63 ± 0.22 4.62 ± 0.23 4.60 ± 0.24 < 0.001
eGFR (mL/min/1.73 m2) 82.0 ± 11.6 83.1 ± 11.8 81.8 ± 11.4 81.5 ± 11.8 81.3 ± 11.5 < 0.001
Uric acid (mg/dL) 5.5 ± 1.4 5.5 ± 1.4 5.6 ± 1.4 5.6 ± 1.4 5.2 ± 1.5 < 0.001
Hypertension 9,649 (11.6) 2,643 (10.8) 2,589 (12.1) 2,149 (12.9) 2,268 (11.0) < 0.001
Diabetes 1,834 (2.2) 549 (2.2) 488 (2.3) 391 (2.3) 406 (2.0) 0.064
Alcohol intake (≥ 10 g/day) 27,471 (33.1) 8,491 (34.8) 7,590 (35.4) 5,757 (34.6) 5,633 (27.4) < 0.001
Current smoker 25,051 (30.2) 7,962 (32.6) 6,827 (31.9) 5,193 (31.2) 5,069 (24.7) < 0.001
Vigorous exercise  
  (more than once a week)

37,543 (45.2) 10,674 (43.7) 9,914 (46.3) 7,686 (46.2) 9,269 (45.1) < 0.001

Data are presented as number only, median (interquartile range), number (%), or mean ± standard deviation. 
P values are for analysis of variance or Kruskal–Wallis tests for continuous variables and χ2 tests for categorical variables.
BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HOMA-IR, homeostasis model assessment of insulin resistance; 
hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; MCV, mean corpuscular volume; SBP, systolic blood pressure; TC, total cholesterol.
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previous history of dyslipidemia.

Statistical analyses

Continuous variables were expressed as the mean ± 
standard deviation for normally distributed variables or 
the median (interquartile range) if not normally distrib-
uted. Continuous variables were compared between two 
groups using Student’s t-test or the Mann-Whitney U 
test. Analysis of variance or the Kruskal-Wallis test was 
used for comparisons between the four groups. Categori-
cal variables are expressed as percentages and compared 
using the c2 test. We used multivariate logistic regression 
analysis to determine the odds ratios (ORs) for develop-
ing albuminuria by RDW quartile. The lowest RDW quar-
tile was used as the reference. Covariates for multivariate 
analysis consisted of age, gender, BMI, hypertension, dia-

Table 2. Characteristics of individuals with and without incident albuminuria
Characteristic Without albuminuria With albuminuria P value

Patient (n) 82,058 982
RDW (%) 12.9 ± 0.9 13.1 ± 1.0 < 0.001
Age (yr) 36.1 (32.5-40.6) 36.6 (33.2-40.9) 0.016
Sex, male 53,277 (64.9) 676 (68.8) 0.011
BMI (kg/m2) 23.5 ± 3.1 24.4 ± 3.6 < 0.001
SBP (mmHg) 113 ± 13 116 ± 14 < 0.001
DBP (mmHg) 73 ± 9 76 ± 10 < 0.001
Hemoglobin (g/dL) 14.7 ± 1.6 14.9 ± 1.7 < 0.001
MCV (fL) 90.8 ± 4.5 90.8 ± 4.8 0.767
Glucose (mg/dL) 94 ± 13 98 ± 24 < 0.001
TC (mg/dL) 191 ± 33 197 ± 34 < 0.001
LDL cholesterol (mg/dL) 110 ± 29 114 ± 30 < 0.001
Triglyceride (mg/dL) 103 (72-151) 116 (81-180) < 0.001
HOMA-IR 1.13 (0.75-1.66) 1.30 (0.92-2.06) < 0.001
hsCRP (mg/dL) 0.04 (0.02-0.09) 0.06 (0.03-0.11) < 0.001
Albumin (mg/dL) 4.62 ± 0.23 4.64 ± 0.24 0.071
eGFR (mL/min/1.73 m2) 82.0 ± 11.6 82.7 ± 12.3 0.093
Uric acid (mg/dL) 5.5 ± 1.4 5.6 ± 1.5 < 0.001
Hypertension 9,446 (11.5) 203 (20.7) < 0.001
Diabetes 1,778 (2.2) 56 (5.7) < 0.001
Alcohol intake (≥ 10 g/day) 27,057 (33.0) 414 (42.2) < 0.001
Current smoker 24,700 (30.1) 351 (35.7) < 0.001
Vigorous exercise (more than once a week) 37,081 (45.2) 462 (47.1) 0.245

Data are presented as number only, mean ± standard deviation, median (interquartile range), or number (%). 
P values were obtained using the t-test or Mann-Whitney U test for continuous variables and the χ2 test for categorical variables.
BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HOMA-IR, homeostasis model assessment of insulin resistance; 
hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; MCV, mean corpuscular volume; RDW, red cell distribution width; SBP, systolic blood pressure; 
TC, total cholesterol. 
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betes, dyslipidemia, hemoglobin, mean corpuscular vol-
ume, eGFR, high-sensitivity C-reactive protein (hsCRP), 
current smoking status, alcohol intake, and vigorous 
exercise frequency. For statistical calculations, we used 
Stata version 14.0 (StataCorp LP, College Station, TX, 
USA). Two-sided P values less than 0.05 were considered 
statistically significant.

Results

The baseline characteristics of study participants ac-
cording to RDW quartile are summarized in Table 1. 
Unexpectedly, subjects who were in the 2nd or 3rd RDW 
quartile, but not the 4th, had worse metabolic character-
istics. For example, BMI was 23.4 ± 3, 23.7 ± 3.1, 23.7 ± 3.1, 
and 23.3 ± 3.2 (P < 0.001) for the 1st through 4th quartiles, 
respectively. Likewise, the percentage of participants 
with hypertension was 10.8, 12.1, 12.9, and 11.0 (P < 0.001) 
for the 1st through 4th quartiles, respectively.

A total of 982 cases of incident albuminuria were ob-
served in the retrospective cohort of 83,040 participants 

over a period of 4 years. The degree of albuminuria was 
1+ in 712 participants, 2+ in 242 participants, 3+ in 17 
participants, and 4+ in 11 participants. The numbers (%) 
of patients with incident albuminuria from the lowest to 
highest quartiles were 230 (0.94), 224 (1.05), 196 (1.18), 
and 332 (1.62), respectively (Fig. 2).

The characteristics of participants with incident albu-
minuria were compared to those without albuminuria 
and are shown in Table 2. In general, participants with 
incident albuminuria had an unhealthy profile com-
pared to participants without albuminuria. Specifically, 
patients with incident albuminuria were older and had 
higher BMI, systolic blood pressure, diastolic blood pres-
sure, serum glucose, total cholesterol, LDL cholesterol, 
TG, HOMA-IR, hsCRP, uric acid, and alcohol intake. Par-
ticipants with incident albuminuria were also more likely 
to be male and current smokers and to have hypertension 
or diabetes.

Table 3 shows the association between RDW level and 
incident albuminuria according to multiple logistic re-
gression analysis. The development of albuminuria was 

Table 3. Association between red cell distribution width (RDW) and incident albuminuria

RDW quartile
Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
1st Reference Reference Reference
2nd 1.10 (0.91-1.32) 0.315 1.10 (0.92-1.33) 0.294 1.11 (0.92-1.34) 0.266
3rd 1.24 (1.02-1.50) 0.028 1.24 (1.02-1.50) 0.029 1.26 (1.04-1.52) 0.021
4th 1.77 (1.49-2.10) < 0.001 1.85 (1.56-2.21) < 0.001 1.88 (1.58-2.24) < 0.001

Model 1, adjusted for age and gender; Model 2, adjusted for Model 1 and body mass index, hypertension, diabetes, dyslipidemia, hemoglobin, mean corpuscular 
volume, albumin, estimated glomerular filtration rate, and high sensitivity C-reactive protein; Model 3, adjusted for Model 2 and current smoking, alcohol intake, and 
vigorous exercise frequency. 
CI, confidence interval; OR, odds ratio. 

Table 4. Association between red cell distribution width (RDW) and incident albuminuria in different subgroups

RDW  
quartile

Without diabetes and hypertension*  
(n = 72,182)  

Without hypertension and heart disease†  
(n = 70,429)

Without underweight‡  
(n = 79,902)

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
1st Reference Reference Reference
2nd 1.13 (0.91-1.40) 0.262 1.10 (0.89-1.36) 0.393 1.13 (0.93-1.36) 0.208
3rd 1.31 (1.05-1.63) 0.017 1.26 (1.01-1.57) 0.043 1.26 (1.03-1.53) 0.022
4th 1.86 (1.52-2.27) < 0.001 1.82 (1.49-2.22) < 0.001 1.92 (1.61-2.29) < 0.001

*Adjusted for age, gender, body mass index (BMI), dyslipidemia, hemoglobin (Hb), mean corpuscular volume (MCV), albumin, estimated glomerular filtration rate 
(eGFR), high sensitivity C-reactive protein (hsCRP), current smoking, alcohol intake, and vigorous exercise frequency.
†Adjusted for age, gender, BMI, diabetes, dyslipidemia, Hb, MCV, albumin, eGFR, hsCRP, current smoking, alcohol intake, and vigorous exercise frequency.
‡Adjusted for age, gender, BMI, hypertension, diabetes, dyslipidemia, Hb, MCV, albumin, eGFR, hsCRP, current smoking, alcohol intake, and vigorous exercise fre-
quency.
CI, confidence interval; OR, odds ratio.
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associated with a high RDW. As shown in Table 3, the OR 
for incident albuminuria in the 4th quartile compared to 
the 1st quartile was 1.88 (95% confidence interval, 1.58-
2.24; P < 0.001) in the fully adjusted model 3. To test the 
robustness of this association, we repeated the analysis 
with different subgroups (Table 4). In the repeat analysis, 
the 4th quartile when compared to 1st quartile of RDW 
was associated with incident albuminuria in participants 
without diabetes or hypertension (OR, 1.86; P < 0.001), as 
well as in participants without hypertension or heart dis-
ease (OR, 1.82; P < 0.001). This result was similar for par-
ticipants who were not underweight (OR, 1.92; P < 0.001).

Discussion

In this study, we found that high RDW was associated 
with incident dipstick albuminuria 4 years later in Kore-
ans without previous CKD. This relationship was inde-
pendent of markers of inflammation and nutrition as well 
as other potential risk factors for developing albumin-
uria.

Studies on RDW in the area of nephrology have largely 
addressed its potential to predict mortality, and RDW is 
indeed associated with high mortality in different CKD 
populations, including predialysis patients, patients on 
hemodialysis or peritoneal dialysis, and kidney trans-
plant recipients [5-8]. However, little is known about the 
specific relationship between RDW and CKD, although 
several studies have investigated the association between 
RDW and renal function or albuminuria. Lippi et al [21] 
was the first to show an inverse and graded association 
between RDW and eGFR in a large Italian outpatient 
cohort. This inverse association was reaffirmed in 723 
kidney transplant recipients and was shown to be inde-
pendent of various comorbidities and markers of inflam-
mation and nutrition [22]. In the present study, eGFR 
was low in patients with the highest RDW, which was 
compatible with the results of previous studies. In terms 
of albuminuria, Afonso et al [18] analyzed 8,499 repre-
sentative participants in the National Health and Nutri-
tion Examination Survey and found that elevated RDW 
was independently associated with microalbuminuria. A 
few other studies have demonstrated the same relation-
ship in smaller, high-risk groups of patients such as those 
with hypertension or diabetes [15,16,23]. However, the 
studies described above were cross-sectional in design, 

and only two other small longitudinal studies have been 
performed. These longitudinal studies analyzed patients 
undergoing coronary angiography or percutaneous coro-
nary intervention and showed that increased RDW pre-
dicts renal function decline after use of contrast media 
[9,10]. Thus, to the best of our knowledge, this is the first 
longitudinal study to show that high RDW predicts future 
development of albuminuria. Importantly, this relation-
ship was valid in participants without major risk factors 
such as diabetes or hypertension, as well as participants 
who were not underweight, which is a possible risk factor 
for albuminuria [24].

The mechanism involved in RDW and incident albu-
minuria is not clear, but there are several possible expla-
nations. First, RDW acts as a general marker of the sever-
ity of various comorbidities. For example, anisocytosis 
assessed as a high RDW is prevalent in different illness 
including cardiovascular disease, cancer, diabetes, lung 
disease, and liver disease [4], and most of these diseases 
are important risk factors for kidney damage and albu-
minuria. Although we corrected for major comorbidities 
and laboratory results in our analysis, it was not possible 
to completely cover the entire array and severity of all 
accompanying diseases. Second, previous studies have 
suggested that inflammation, oxidative stress, and mal-
nutrition might mediate the association between RDW 
and poor outcome [25,26]. Certainly, inflammation and 
oxidative stress are closely related to albuminuria [27,28], 
and malnutrition is one of the important characteristics 
of CKD. Thus, the two conditions might be connected 
through a common pathway, although the specific mech-
anism should be clarified in the future. A third explana-
tion is that a high RDW itself might be directly harmful 
to kidneys. Specifically, an increased RDW is associated 
with decreased RBC deformability, which can result in 
impairment of microcirculation and hypoxia [29]. In ad-
dition, RDW is also related to endothelial dysfunction as-
sessed by flow-mediated dilation [30], and both hypoxia 
and endothelial dysfunction are associated with different 
diseases that present with albuminuria [31,32].

This study had several limitations. First, we measured 
albuminuria only once at each examination. However, 
transient albuminuria can be observed in conditions 
such as febrile illness, strenuous exercise, emotional 
stress, and urinary tract infection [33]. Second, we used 
the semi-quantitative dipstick test to evaluate albumin-
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uria, which might be influenced by urine concentration. 
However, the effects of urine concentration would not fa-
vor a specific direction of results; thus, errors from varia-
tion in urine concentration would have been minimized 
by the large sample size. Third, we did not have informa-
tion on the use of medications such as angiotensin-con-
verting-enzyme inhibitors or angiotensin receptor block-
ers, which could affect the amount of albumin excretion. 
However, our results did not change after excluding pa-
tients with hypertension and heart disease, a population 
that has a high likelihood of taking these medications. 
Despite these limitations, the present study is significant 
in that it is the first to show an effect of high RDW on the 
development of albuminuria in individuals without CKD.

In conclusion, we identified a graded independent as-
sociation between higher RDW and new onset dipstick 
albuminuria in Korean adults without previous CKD. 
Further research is warranted to determine the exact 
mechanism by which RDW leads to the development of 
albuminuria and renal injury.
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