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Purpose: Red cell distribution width (RDW) has been evidenced to be related to various
diabetes-associated macrovascular and microvascular complications. However, the studies on
the association between RDW and diabetic chronic kidney disease (CKD) are still scarce.
The aim of the study is to explore whether there is any association between RDW and the
severity of diabetic CKD.

Patients and Methods: The study recruited 396 patients diagnosed with diabetic CKD at
People’s Hospital of Gaochun from January 2006 to April 2021. Baseline characteristics were
gathered and laboratory tests were performed to measure clinical indexes. Patients were also
categorized into three groups based on their CKD stages. Correlation analysis and multivariate
ordinal logistic regression were performed to investigate the association between RDW and the
severity of diabetic CKD. The risk size was described as odds ratio (OR) and 95% confidence
interval (CI).

Results: We found a significant association between RDW and the severity of CKD, with
a correlation coefficient of 0.32 (P < 0.01). We used three models for multivariate ordinal
logistic regression to investigate the relationship between RDW and the severity of CKD.
Results showed that RDW is an independent and significant risk factor of diabetic CKD after
adjustment for demographic data, physiological indexes, and drug history [Model 3 OR (95%
CI) = 1.225 (1.023-1.467)]. In subgroup analysis, RDW remained a significant risk factor in
all three models for patients who had diabetes of 5-10 years [Model 3 OR (95% CI) = 1.480
(1.067-2.052)] and had a HbA Ic level >7% [(Model 3 OR (95% CI) = 1.478 (1.184—1.845)].
Conclusion: RDW is significantly associated with the disease stages of diabetic CKD, and
the risk is higher for people with 5-10 years of diabetes and for those who do not control the
HbAlc level well. This study has implications for the diagnosis, monitoring, and timely
treatment of the diabetic CKD.
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Introduction

Red cell distribution width (RDW) is the measure of the size variability of red
blood cells, and is not different in women compared to men." It is often used in the
assessment of anemia, as the increase in RDW levels is related to impaired red
blood cell production or red blood cell degradation.” Additionally, RDW is also
considered as a novel inflammatory marker associated with conditions characterized
by subtle or overt inflammation, which included thyroiditis,3 rheumatoid arthritis,”*
hepatic steatosis,” vertebral disc hernia,” malignant thyroid nodules,” and T2 DM.®
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Previous study pointed that an increase in RDW level has
been shown to be closely related to T2 DM or its compli-
cations, and may also be marker of worsening diabetes
control.® Not only that, in a study conducted by Zhang
et al,” higher RDW values were found to be negatively
correlated with estimated glomerular filtration rate (¢GFR)
and positively correlated with heavier proteinuria, lower
levels of albumin, which indicated that the increase in
RDW could bring the higher risk of diabetic nephropathy
patients, with possible mechanisms of accelerating chronic
inflammation and increasing oxidative stress. RDW values
were also significantly associated with the risk of progres-
sion from DN to ESRD as reported by Chen et al.'
However, there are few research reports on the relationship
between RDW and diabetes-related complications, espe-
cially on the severity of diabetic CKD.

Previous study that focused on RDW as a risk factor of
diabetic nephropathy generally divided patients into sev-
eral categories based on their RDW levels. Therefore, our
study aimed to explore whether an association exists
between the severity of diabetic CKD and patients’
RDW values. A better understanding of the relationship
between RDW and diabetic CKD could inform and facil-
itate doctors in assessing the severity of the diabetic CKD,
and

formulating targeted treatment plans, inferring

prognosis.

Materials and Methods

Patient and Public Involvement
Participants received no extra interventions and the only
risk came from the conventional treatment, thus requiring

no informed consents.

Study Design

The study was a retrospective, observational study that
analyzed the data gathered previously. We enrolled 396
patients with diagnosed diabetic CKD at People’s
Hospital of Gaochun from January 2006 to April 2021.
Participants received no extra interventions and the only
risk came from the conventional treatment, thus requir-
ing no informed consents. Patients’ information should
be deidentified to protect privacy. This study was con-
ducted in accordance with the Declaration of Helsinki;
The study was approved by the Institutional Review
Board (IRB: No. 2021-164-01) from People’s Hospital
of Gaochun.

Inclusion Criteria

Patients must meet all of the following criteria in order to
be included in the study: 1) age > 18 years old; 2)
Diagnosed with diabetic CKD (diagnostic criteria see
Table 1) through clinical and laboratory tests; 3) eGFR >
15mL/min*1.73m?; 4) Intact data on baseline, clinical and

laboratory examinations.

Exclusion Criteria

Patients meeting any one of the following criteria should be
excluded from the study: 1) having other systematic diseases
(acute pancreatitis, iron deficiency anemia, pernicious ane-
mia); 2) having acute diabetic complications; 3) having
malignant tumors; 4) having other kidney diseases; 5) hav-
ing taken drugs that could affect the RDW within one week
of the blood draw; 6) having taken other test drugs or under
other clinical trials within 1 month of the study.

Data Collection

Baseline characteristics included age, gender, weight,
height, diastolic blood pressure, systolic blood pressure,
duration of diabetes, smoking history, drinking history, etc.
The laboratory tests measured RDW, C-reactive protein
(CRP), fasting blood glucose (FBG), glycosylated hemo-
globin (HbAlc), total cholesterol (TC), triglycerides (TG),
blood uric acid (UA), and history of drug use; of which the
determination of RDW adopted automated blood cell
counter (model number: SYSMEX XN9000); the other
biochemical indexes were measured by biochemical detec-
tor (model number: Beckman 5800).

Statistical Analysis

All statistical analysis was performed using SAS 9.4. All
statistical tests were two-sided and used o=0.05 as
a statistically significant level. Kolmogorov—Smirnov test
was used to test the normality of the qualitative data, and
the continuous variables of normal distribution were used as

Table | Groups of Diabetic CKD

Stage Kidney Damage eGFR
Stage | (GI) Yes 290

Stage 2 (G2) Yes 60-89
Stage 3—4 (G3a, G3b, G4) Yes or no 15-59

Notes: Kidney damage mainly refers to albuminuria (urinary albumin/creatinine
ratio 2 30mg/g), but also includes hematuria, other abnormal urine sediments,
imaging or pathological abnormalities, etc.

Abbreviations: diabetic CKD, diabetic chronic kidney disease; eGFR, estimated
glomerular filtration rate.
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mean * standard deviation (Mean + SD). Comparison
between groups is tested by analysis of variance. Data of
non-normal distribution is represented by the median and
interquartile range, and the comparison between groups was
analyzed by Kruskal-Wallis H rank sum test. Categorical
variables described the number and percentage of each type,
and comparisons between groups will be processed by chi-
square (y°) test. A correlation coefficient heat map was used
to display the correlation between laboratory indicators and
the severity of diabetic CKD. A multivariate ordinal logistic
regression was performed with the severity of diabetic CKD
as the dependent variable and the RDW as the independent
variable. Model 1 only includes RDW. Model 2 adjusted for
the factors of gender, age, diabetic course and UA. Model 3
adjusted for gender, age, diabetic course, UA and other
factors that have been shown to be related to diabetic CKD
in previous literature. Based on the duration of diabetes,
patients were divided into three subgroups for analysis of
correlation between RDW and the severity of diabetic CKD:
<5 years, 5-10 years, and >10 years. A cutoff of
HbAlc >7% was also used to categorize the patients into
two subgroups and examine the correlation between RDW
and the severity of the disease of interest.
P < 0.05 was regarded as statistically significant.

Results

Comparison Between Groups

Patients were divided into three groups based on the stage of
the diabetic CKD: stage 1, stage 2, stage 3—4. The results for
comparison between groups in demographic data and
laboratory measurements were shown in Tables 2 and 3.
Significant differences in demographic data were found
between groups in age (stage 1: 55.07 + 13.23, stage 2:
64.59 + 11.14, stage 3—4: 66.66 + 11.29), gender [stage 1:
66 (40.49) male, stage 2: 75 (54.35), stage 3—4: 49 (51.58)],
duration of diabetes [stage 1: 60.00 (6.00, 120.00), stage 2:
120.00 (60.00, 168.00), stage 3—4: 120.00 (60.00, 120.00)],
and smoking history [stage 1:20 (12.27), stage 2: 13 (9.42),
stage 3—4: 3 (3.16)]. In laboratory measurements, systolic
blood pressure (stage 1: 142.14 + 19.30, stage 2: 147.21 +
20.60, stage 3—4: 148.07 = 24.18), RDW (stage 1: 13.04 +
1.34, stage 2: 13.52 + 1.08, stage 3: 13.78+ 1.25), FBG
[stage 1: 10.65 (7.84, 13.78), stage 2: 10.17 (6.86, 12.87),
stage 3—4: 8.23 (5.93, 10.76)], HbAlc (stage 1: 10.10 + 2.30,
stage 2: 9.62 + 2.21, stage 3—4: 8.75 = 2.30), HDL-C (stage
1: 1.21 £ 0.30, stage 2: 1.30 £ 0.35, stage 3—4: 1.37 £ 0.44),
and UA (stage 1: 289.09 + 85.60, stage 2: 335.27 + 95.69,

Table 2 Comparison Among the Three Groups in Demographic Data
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Figure 2 Correlation coefficient heat map. *P < 0.1, **P < 0.05, ***P < 0.001 (CKD represents the severity of kidney disease).
Abbreviations: RDW, red blood cell distribution width; UA, blood uric acid; GLU, glucose; HbAlc, glycosylated hemoglobin; TC, total cholesterol; TG, triglycerides; CRP,

C-reactive protein; diabetic CKD, diabetic chronic kidney disease.

Multivariate Ordinal Logistic Regression

We used three models to evaluate the association between
RDW and the severity of diabetic CKD. Model 1 was a crude
model that only included RDW [OR (95% CI)=1.546 (1.302—
1.835)] as the dependent variable without any adjustment of
other factors. Model 2 adjusted for gender, age, duration of
diabetes, and UA. The OR (95% CI) of RDW in model 2 was
1.289 (1.070-1.540). Model 3 further adjusted for gender, age,
duration of diabetes, smoking history, systolic blood pressure,
FBG, HbAlc, UA, CRP, and history of renin-angiotensin-
aldosterone-system (RAAS) drug and antihypertensive drug
use, resulting in an OR (95% CI) of 1.2225 (1.023-1.467). It
can be seen that RDW has been a consistent significant risk
factor for CKD in all three models, though the effect size
declined with the inclusion of more adjusted factors (Figure 4).

Subgroup Analysis
We divided patients into three subgroups based on the dura-
tion of diabetes and performed multivariate ordinal logistic

regression analysis for each subgroup using all three models.
We found that only in patients who have diabetes for 5-10
years, RDW was a significant risk factor in all three models
[Model 3 OR (95% CI) = 1.480 (1.067-2.052)] (Figure 5).

We also divided patients into two subgroups using
a HbAlc cutoff value of 7%. When the HbAlc level is
not well controlled (>7%), RDW is a significant risk factor
for all three models [Model 3 OR (95% CI) = 1.478
(1.184-1.845)] (Figure 6).

Discussion

Our study found a significant association between the
severity of diabetic CKD and the RDW level. Higher
RDW levels were associated with more severe forms of
diabetic CKD. The RDW remained an independent risk
factor of diabetic CKD after adjustment and the risk
increased for patients who had diabetes for 5-10 years
and who did not control the HbAlc level well. The
RDW level could be a useful prognostic biomarker in
stratifying patients regarding the disease stages of CKD.

International Journal of General Medicine 2021:14
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Figure 3 Scatter plot matrix of laboratory measurements.
Model 1 Model 2 Model 3
Variable OR(95%CI) P OR(95%CI) P OR(95%CTI) P OR Confidence Interval
RDW 1.546(1.302-1.835) <0.001 1.289(1.079-1.540) 0.005 1.225(1.023-1.467) 0.027
@ Model 1: Crude model 1 1?5 '2

Groups® Model 2: Adjust age, gender, diabetes month, and UA

@ Model 3: Adjusting age, gender, diabetes month, smoking, SBP, GLU, HbA1C, UA, CRP, RAAS, and antihypertention drug

Figure 4 Multivariate ordinal logistic regression.

Abbreviations: RDW, red blood cell distribution width; UA, blood uric acid; SBP, systolic pressure; GLU, glucose; HbAlc, glycosylated hemoglobin; CRP, C-reactive protein;

RAAS, renin—angiotensin—aldosterone system; OR, odds ratio; Cl, confidence interval.

The findings of our study are mostly in line with
previous research. In recent years, there has been
a growing interest in investigating the relationship
between RDW and diabetic CKD due to a recognition of
the role that RDW plays in cardiovascular diseases

through the possible mechanism of increasing oxidative

stress and inducing vascular inflammation.'" One study
divided patients into four quartiles based on their RDW
levels (Q1 < 12.4%, 12.4% < Q2 < 12.9%, 12.9%< Q3 <
13.5%, Q4 > 13.5%) found that the incidence of diabetic
CKD was higher in Q3 or Q4 group compared with Q1.

A study in Egypt that divided 100 patients into five
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Model 1 Model 2 Model 3

Variables OR(95%CI) P OR(95%CI) P OR(95%CI) P OR Confidence Interval
Diabetes Month <60

RDW 1.454(1.098-1.925) 0.009 1.087(0.857-1.378) 0.492 1.017(0.797-1.304) 0.879 —_—
60<Diabetes Month <120

RDW 1.567(1.177-2.085) 0.002 1.490(1.094-2.030) 0.012 1.480(1.067-2.052) 0.019 E
120<Diabetes Month

RDW 1.456(1.031-2.055) 0.033 1.180(0.796—1.749) 0.411 1.003(0.631-1.595) 0.988 -

@ Model 1: Crude model 65 1 ll 5 |2
Groups @ Model 2: Adjusting age, gender, and UA

@ Model 3: Adjusting age, gender, smoking, SBP, GLU, HbAIC, UA, CRP, RAAS, and antihypertention drug

Figure 5 Multivariate ordinal logistic regression for subgroups (duration of diabetes).

Abbreviations: RDW, red blood cell distribution width; UA, blood uric acid; SBP, systolic pressure; GLU, glucose; HbAlc, glycosylated hemoglobin; CRP, C-reactive protein;

RAAS, renin—angiotensin—aldosterone system; OR, odds ratio; Cl, confidence interval.

Model 1 Model 2 Model 3
Variables OR(95%C P OR(E3%CD P OR(3%CD P OR Confidence Interval
HbAlce<7
RDW 0.894(0.691-1.157) 0.394  0.751(0.554-1.018) 0.065  0.737(0.532-1.021) 0.067 —o—:_
HbAlc>7
RDW 1.732(1.416-2.119) <0.001 1.485(1.198-1.184) <0.001 1.478(1.184-1.845) <0.001
@ Model 1: Crude model 6 5 1 1 5 2

Groups @ Model 2: Adjusting age, gender, diabetes month,and UA

@ Model 3: Adjusting age, gender, diabetes month, smoking, SBP, GLU, UA, CRP, RAAS, and antihypertention drug

Figure 6 Multivariate ordinal logistic regression for subgroups (HbAlc).

Abbreviations: RDW, red blood cell distribution width; UA, blood uric acid; SBP, systolic pressure; GLU, glucose; HbAlc, glycosylated hemoglobin; CRP, C-reactive protein;

RAAS, renin—angiotensin—aldosterone system; OR, odds ratio; Cl, confidence interval.

groups—diabetic patients, pre-renal failure patients, dia-
betic pre-renal failure patients, renal failure patients, and
diabetic renal failure patients—also showed that patients
from the diabetic renal dysfunction group have elevated
levels of RDW compared to normal people in the control
group.'?

RDW could be a potential predictive index of the
kidney damage by serving as an indicator of elevated
level of inflammation in the body. Low grade, persistent
inflammation is considered as the hallmark of CKD.'
Inflammation could affect the growth, shorten half-life of
red blood cells and induce anisocytosis, which then leads
to increased level of RDW.'® Not only that, RDW has also
been proved by previous studies to be linked to CPR and
interleukin-6 (IL-6). CPR and IL-6 are both well-
established biomarkers reflecting the inflammatory status
and are evidenced to be involved in the development of
diabetic complications. Diabetic CKD, was a disease asso-
ciated with inflammation, may lead to an increase in

inflammatory cytokines, leading to an increase in
RDW.'® Additionally, oxidative stress is another important
factor that cannot be ignored in the progression of diabetic
CKD."” It can cause the abnormality and deformity of red
blood cells,'"® providing another possible explanation
regarding the association between RDW and diabetic
CKD. Zhang et al'’ studied a group of 320 patients with
newly diagnosed type 2 diabetes and reported that RDW is
independently associated with microalbuminuria (MAU),
which is an indicator of oxidative stress and inflammatory
response in the body and is associated with CKD.
Inflammatory status and oxidative stress in the devel-
opment of diabetic CKD reflected in elevated RDW levels,
which may accelerate kidney damage. Increased RDW
values have also been reported in end-stage renal disease
(ESRD) patients of hemodialysis,”® which indicated the
association between RDW and renal functions. However,
there have been some contrary reports to note that RDW

was not associated with inflammatory conditions such as
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coronary heart disease’’ and vitamin D deficiency,”
because accompanied diseases, such as iron deficiency
anemia, might also affect RDW values as well as, which
caused an enhance in RDW. Therefore, our conclusion
needs to be confirmed by more related studies.

Previous studies have already identified Cystatin C,
serum neutrophil gelatinase-associated lipocalin, and
Chitinase-3-like protein 1 (YKL-40) etc. as effective pre-
dictive biomarkers of diabetic CKD. Our study adds to the
current knowledge that RDW could be another potential
biomarker for the severity stratification and prognostic pre-
diction of patients with diabetes. Moreover, the subgroup
analysis revealed that it might be of higher predictive value
for patients with 5-10 years of diabetes duration and those
who have HbAlc levels higher than 7%. Therefore, physi-
cians should pay closer attention to those populations in
monitoring their RDW values and the severity of the dia-
betic CKD in order to provide timely treatment.

Compared with previous studies, our study presents its own
strength. Previous studies have mainly focused on the associa-
tion between eGFR and RDW. None of them have examined
the association by looking at the specific CKD stage that the
patients belonged to. Our study analyzed the association
between RDW and diabetic CKD by categorizing patients
into three groups based on their CKD stage, which might be
of higher practical value for physicians. We also performed
subgroup analysis according to the duration of disease and
HbAlc level. The variations in the association found between
subgroups indicate that the effectiveness of using RDW as
a prognostic biomarker might differ for population with differ-
ent characteristics. Certain groups of populations should be
more cautious in monitoring the risk of developing more
severe forms of CKD if they have elevated levels of RDW.
Moreover, our study used laboratory testing data and is there-
fore without subjective bias associated with self-reporting
results. However, our study does have limitations. One is that
it is a single-center study with data from one country, so the
results might not be able to be extrapolated to other clinical
settings or other ethnic groups. Another limitation is that the
study was an observational study so we could not establish
a causal relationship between RDW and the CKD status. Also,
other factors might have an impact on the RDW level but were
not examined or controlled in this study, such as the mineral
level like iron and vitamin level like B12 and folic acid."*

Conclusion
In summary, our study established an association between
RDW and the severity of diabetic CKD. High RDW level

indicates a greater risk of developing more severe forms of
diabetic CKD. The risk size also differs between subgroups
with a higher risk for patients who have diabetes for 5-10
years or have HbAlc levels >7%. RDW could be a potential
biomarker for the screening, diagnosis and prognosis of the
diabetic CKD, providing a new approach in determining the
disease stage and thus planning for the best possible health
care for patients. Future research is still needed to unveil the
biological and physiological mechanisms behind the asso-
ciation and determine whether a causal relationship exists.
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