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Background: The red cell distribution width (RDW) has been shown to be associated with 

the incidence and complications of type 2 diabetes (T2D). However, the relevance of RDW 

with the risk of being in poor glycemic control among patients with established T2D is largely 

overlooked.

Methods: A total of 702 T2D participants from the REACTION study were enrolled in this 

study. Blood routine index, fasting plasma glucose, hemoglobin A1c and lipid profile data were 

available for all of the enrolled population.

Results: The univariate logistic analysis revealed a significant association between RDW 

and the risk of being in poor glycemic control among T2D subjects with an odds ratio (OR) 

and a 95% confidence interval (CI) of 0.5 and 0.3–0.8, respectively, for the fourth vs the first 

quartile of RDW. The association strengthened after multivariable adjustment (OR [95% CI]: 

0.3 [0.2–0.7]). Interaction and stratified analyses indicated that this association was seen only 

among T2D subjects with lower body mass index and/or serum lipid levels.

Conclusion: T2D patients with higher RDW had significantly lower risk of being in poor 

glycemic control. RDW may contribute to risk assessment for T2D individuals at risk of being 

in poor glycemic control.

Keywords: type 2 diabetes, red cell distribution width, glycemic control

Introduction
The red cell distribution width (RDW) is an index reflecting heterogeneity of the 

volume of red blood cells (RBCs).1 Traditionally, RDW is widely used for differential 

diagnosis of anemia, and can be measured by most hematologic analyzers.2 Several lines 

of evidence now attest that increased RDW values have been convincingly associated 

with numbers of human disorders including cardiovascular disease, diabetes, cancer and 

infections.3–7 In most of these conditions, the RDW value was reported to not only have 

a meaningful diagnostic utility but also have therapeutic implications, though these cor-

relations remain to be definitely disclosed.8 Regarding the available studies that sought 

to examine the relation between RDW and type 2 diabetes (T2D), the results for now 

are quite inconsistent. In a cross-sectional study including 15,343 nondiabetic adults 

from the National Health and Nutrition Examination Study (NHANES), RDW was 

found to be positively and independently associated with hemoglobin A1c (HbA1c).9 

In contrast with the above data, in a population of 26,709 nondiabetic participants 

aged 45 years and older from the Malmo Diet and Cancer Study, with a follow-up 

of about 14 years, high RDW was associated with a reduced incidence of diabetes, 

independent of related risk factors.10 Increased RDW values have also been linked to 

Correspondence: Yiming Mu
Department of Endocrinology, Chinese 
PLA General Hospital, 28 Fuxing Road, 
Beijing 100853, People’s Republic 
of China
Tel +86 10 5549 9001
Fax +86 10 6816 8631
Email muyiming@301hospital.com.cn 

Journal name: Therapeutics and Clinical Risk Management
Article Designation: Original Research
Year: 2018
Volume: 14
Running head verso: Yin et al
Running head recto: RBC distribution width and glycemic control in diabetes patients
DOI: 155753

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/TCRM.S155753
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:muyiming@301hospital.com.cn


Therapeutics and Clinical Risk Management 2018:14submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

266

Yin et al

diabetes-associated complications. In the NHANES III, sub-

jects in the highest quintile of RDW were more susceptible 

to diabetic complications than those in the lowest quintile.11 

Another small cross-sectional study revealed that patients 

suffering from diabetic ketoacidosis had higher value of 

RDW compared to the matched controls.12

Hyperglycemia has been indicated to promote forma-

tion of glycosylated hemoglobin, reduce deformability 

of RBCs and increase their osmotic fragility and enhance 

adhesiveness, leading to the shortened life span of RBCs.13–15 

In another word, hyperglycemia may have an effect on the 

value of RDW. However, the relationship between RDW 

and glycemic control has not been well studied. The aim of 

this study was to investigate the association of RDW with 

the risk of being in poor glycemic control in a population 

of adults who are 40 years and older and members of an 

ongoing longitudinal study (REACTION) in the People’s 

Republic of China.

Subjects and methods
The present study was nested in the REACTION study, 

an ongoing nationwide prospective cohort study in the 

People’s Republic of China, details of which were described 

previously.16 This study included questionnaires, physical 

examination and laboratory tests. The subjects who refused to 

participate in this investigation, had poor physical condition 

and were difficult to communicate with were excluded.

Study population
Residents aged 40 years and older in Gucheng, Jinding Street 

and Laoshan communities in Beijing were invited to partici-

pate in a screening examination for diabetes. The investigated 

communities locate in urban areas with upper-middle degree 

of urbanization and economic development status, and the 

subjects, to some extent, represented the middle-aged and 

elderly population of Beijing. Written informed consent 

was obtained from all participating subjects and the study 

protocol was approved by the ethics committee of Chinese 

PLA General Hospital.

Subject recruitment was performed by local resident 

associations in the community primary health care centers. 

A total of 19,434 individuals responded and registered in the 

baseline examination from November 2011 to August 2012. 

Of those, 9,778 individuals were randomly selected for 

extensive laboratory examinations.

Participants meeting the following criteria were excluded: 

1) without T2D at baseline; 2) missing information on 

RDW, total cholesterol (TC), triglyceride (TG), high-density 

lipoprotein (HDL-C), low-density lipoprotein (LDL-C), 

total white blood cell (WBC), total RBC, mean corpuscular 

volume (MCV), hemoglobin, fasting plasma glucose (FPG), 

2-h postprandial glucose (2-h PG) and HbA1c at baseline; 

3) with cancer, viral hepatitis, autoimmune hepatitis, acute 

infection and nephritis that may affect routine blood indexes; 

and 4) using steroid hormone within 3 months. Following 

these exclusions, the remaining study population comprised 

1,298 participants.

According to the optimal target for glycemic control sug-

gested by the Chinese Diabetes Society (CDS), perfect gly-

cemic control status was defined as FPG 4.4–7.0 mmol L−1, 

2-h PG #10 mmol L−1 and HbA1c ,7.0%, while poor 

glycemic control status was defined as FPG .7.0 mmol L−1, 

2-h PG .11.1 mmol L−1 and HbA1c $7.0%. Based on the 

75-g oral glucose tolerance test (OGTT) and medical history, 

145 subjects with perfect glycemic control were divided into 

well-controlled group, and 557 subjects with poor glycemic 

control were divided into poorly-controlled group. We 

compared these participants with those who were excluded 

and found no significant difference with respect to age and 

gender. (The screening process is shown in Figure 1.)

Clinical examinations and definitions
All participants were screened by comprehensive examina-

tions that included: 1) a detailed questionnaire covering 

age, gender, menstruation, alcohol intake, smoking habit, 

family history of diabetes, medical history, medication 

use, etc; 2) routine physical examinations that measured 

height, weight, blood pressure (BP), etc; and 3) laboratory 

tests including oral glucose tolerance, HbA1c, serum lipid 

profiles, blood routine examination, etc. Alcohol intake was 

classified as either drinking nearly/more than once a week 

currently or not. Smoking habit was defined as either smoking 

more than once a day or not. Family history of diabetes was 

recorded when there were first-degree relatives with T2D. 

Height and weight were measured when the subjects were 

in light clothing without shoes. Body mass index (BMI) was 

calculated as weight divided by height squared (in kg m−2). 

BP was measured three times from the upper left arm after 

5 minutes of rest in a seated position. The mean of these 

measurements was taken as the BP value. Hypertension 

was defined as having a systolic BP $140 mmHg and/or a 

diastolic BP $90 mmHg, a history of hypertension or current 

use of antihypertensive medications.

Blood specimen collection
All participants had been told to eat dinner before 8 pm on 

the day before interview. After a 12-h overnight fasting, the 

fasting blood samples were drawn at 8–9 am the next day. 
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After that, participants without a history of diabetes under-

went a 2-h 75-g OGTT, while those with a history of diabetes 

had 100 g of steamed bread, and then 2-h postprandial venous 

blood samples were drawn at the indicated time point.

Laboratory measurements
Plasma glucose, serum TC, TG, HDL-C and LDL-C were 

measured using an auto-analyzer (Cobas 8000 modular 

analyzer series; Roche Diagnostics, Basel, Switzerland). 

HbA1c was determined by a high-performance liquid chro-

matography method using the VARIANT II Hemoglobin 

Testing System (Tosoh Corporation, Tokyo, Japan). Hyper-

lipidemia was defined as having a TC of $5.7 mmol L−1, 

a TG of $1.7 mmol L−1, an LDL-C of $3.37 mmol L−1, 

or a history of hyperlipidemia, or current use of lipid-

lowering agents. Participants with FPG $7.0 mmol L−1, 

2-h PG $11.1 mmol L−1, HbA1c $6.5% or physician-

diagnosed T2D were classified into T2D group according 

to the 2014 American Diabetes Association (ADA) recom-

mendations.13 Routine blood indexes were measured by 

automated analyzer Sysmex XE-5000 (Sysmex Corporation, 

Kobe, Japan). All tests were performed in the Biochemistry 

Department and the Endocrine Laboratory of the Chinese 

PLA General Hospital.

Statistical analysis
Data are presented as mean ± standard deviation (SD) or 

median (interquartile range) for continuous variables, and as 

frequency and percentage for categorical variables. For base-

line characteristics analysis, the differences between well-

controlled group and poorly-controlled group and among 

quartiles of RDW were examined using Mann–Whitney 

U test and Kruskal–Wallis H test, respectively, for continuous 

variables, and chi-square test for categorical variables. For 

further analysis, binary logistic regression models were used 

to evaluate the association between the level of RDW and 

Figure 1 Selection of the study population.
Abbreviations: FPG, fasting plasma glucose; PG, postprandial glucose; HbA1c, hemoglobin A1c.
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the status of glycemic control. Unadjusted and multivariate 

adjusted models were applied, and odds ratio (OR) and 

95% confidence interval (CI) were calculated. Interaction 

and stratified analyses were conducted according to tertiles 

of BMI, TC, HDL-C and LDL-C.

All statistical analyses were undertaken using the statis-

tical software packages R (http://www.R-project.org; The 

R Foundation) and EmpowerStats (http://www.empowerstats.

com; X&Y Solutions, Inc., Boston, MA, USA). A two-tailed 

significance level of 0.05 was used to evaluate statistical 

significance.

Results
Characteristics of the study participants
Distribution of risk factors in relation to glycemic 
control status
The characteristics of 145 subjects in well-controlled group 

and 557 subjects in poorly-controlled group are presented 

in Table 1. Baseline demographics, biochemical data and 

hematologic parameters were compared between the two 

groups. Mean RDW in well-controlled group and poorly-

controlled group was 14.12%±0.67% and 13.95%±0.52%, 

respectively (P,0.001). With respect to age, gender and 

diabetes duration, there were no significant differences 

between the two groups. Subjects with poor glycemic 

control had higher level of FPG (10.6±2.9 mmol L−1 vs 

6.0±0.64 mmol L−1), 2-h PG (17.5±4.1 mmol L−1 vs 7.8±1.4 

mmol L−1) and HbA1c (7.86%±0.52% vs 6.16%±0.35%) at 

baseline (all P-values ,0.001). The lifestyle factor of active 

drinking was associated with worse glycemic control status. 

Cardiovascular risk factors of higher TC, higher TG, higher 

LDL-C and lower HDL-C were also associated with worse 

glycemic control status. RBC count, WBC count, lymphocyte 

count and neutrophil count were positively associated with 

poor glycemic control status.

Distribution of risk factors in relation to quartiles 
of RDW
RDWs were quartered into categorical variables, ranges of 

which are presented in Table 2. A significant difference in 

Table 1 Distribution of risk factors in relation to glycemic control status

Well-controlled group Poorly-controlled group P-value

n=145 n=557

Age (years) 60.9±8.4 62.1±9.5 0.161
Gender male (%) 60 (41.4) 254 (45.6) 0.362
DM duration (years) 7.9±1.4 7.8±1.7 0.176

BMI (kg m−2) 25.6±3.4 26.7±3.2 ,0.001
WHR 0.91 (0.73–1.07) 0.93 (0.75–1.24) ,0.001
FPG (mmol L−1) 6.0±0.6 10.6±2.9 ,0.001
2-h PG (mmol L−1) 7.8±1.4 17.5±4.1 ,0.001
HbA1c (%) 6.16±0.35 7.86±0.52 ,0.001
Current smoker, n (%) 17 (12.3) 105 (19.34) 0.12
Current drinker, n (%) 11 (9.1) 71 (15.1) 0.016
Hypertension, n (%) 80 (55.6) 298 (53.6) 0.674
Hyperlipidemia, n (%) 60 (41.7) 182 (32.7) 0.045
Family history of diabetes, n (%) 63 (43.5) 267 (47.9) 0.516
TC (mmol L−1) 5.03±1.04 5.33±1.27 0.009
TG (mmol L−1) 1.41±0.75 1.87±1.55 ,0.001
HDL-C (mmol L−1) 1.41±0.36 1.31±0.33 0.001
LDL-C (mmol L−1) 3.06±0.85 3.25±0.94 0.031
WBC count (1012 L−1) 6.16±1.71 6.61±1.49 0.002
RBC count (1012 L−1) 4.21±0.54 4.31±0.49 0.039
Leukocyte count (1012 L−1) 1.95±0.67 2.10±0.66 0.017
Neutrophil count (1012 L−1) 3.74±1.35 4.01±1.15 0.018
Hemoglobin (g L−1) 129.1±16.7 130.3±16.2 0.061
MCV (fl) 93.3±5.6 92.5±4.4 0.071
RDW (%) 14.12±0.67 13.95±0.52 ,0.001

Notes: Continuous data are shown as mean ± standard deviation or median (interquartile range) and categorical data are shown as frequency (%). P-values #0.05 are shown 
in bold.
Abbreviations: DM, diabetes mellitus; BMI, body mass index; WHR, waist–hip ratio; FPG, fasting plasma glucose; PG, postprandial glucose; HbA1c, hemoglobin A1c; TC, 
total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular 
volume; RDW, red cell distribution width.

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.R-project.org
http://www.empowerstats.com
http://www.empowerstats.com


Therapeutics and Clinical Risk Management 2018:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

269

RBC distribution width and glycemic control in diabetes patients

gender was found among quartiles, and mean age increased 

with quartiles of RDW. Compared to participants in lower 

quartiles of RDW, participants in higher quartiles tended to 

have lower levels of FPG and 2-h PG (P,0.01). HbA1c also 

showed a descending tendency, though no statistical differ-

ence was demonstrated with the increase of RDW. Higher 

RDW was associated with lower rate of smoking and family 

history of diabetes, as well as lower hemoglobin levels and 

MCV and higher prevalence rate of hypertension and hyper-

lipidemia. The differences in TC, TG, HDL-C, LDL-C, WBC 

count, RBC count, lymphocyte count and neutrophil count 

among quartiles of RDW were not statistically significant.

Relationship between RDW and the risk 
of being in poor glycemic control among 
T2D subjects
Table 3 shows the results of relationship between RDW and 

the risk of being in poor glycemic control. The univariate 

logistic analysis revealed a significant association between 

RDW and the risk of being in poor glycemic control among 

T2D subjects, with an OR (95% CI) of 0.5 (0.3–0.8) for the 

fourth vs the first quartile of RDW. The OR (95% CI) adjusted 

for age and gender was 0.4 (0.2–0.8). The association strength-

ened after adjustments for age, gender, BMI, waist–hip ratio, 

family history of diabetes, smoking status, drinking status, 

Table 2 Distribution of risk factors in relation to RDW

Q1 Q2 Q3 Q4 P-value

n=130 n=181 n=191 n=200

RDW range ,13.6 13.6–13.8 13.9–14.3 .14.3
Age (years) 59.8±9.6 60.6±8.9 62.8±9.0 63.3±9.3 0.001
Gender male (%) 70 (53.8) 82 (45.3) 88 (46.1) 74 (37) 0.025
BMI (kg m−2) 26.3±3.3 26.5±3.2 26.6±3.1 26.4±3.4 0.856
WHR 0.92 (0.89–0.95) 0.92 (0.88–0.96) 0.92 (0.89–0.96) 0.92 (0.88–0.97) 0.692
FPG (mmol L−1) 8.8±4.4 8.9±4.3 8.5±3.9 8.4±3.9 0.001
2-h PG (mmol L−1) 10.6±3.7 9.7±3.2 9.5±2.9 9.2±3.1 ,0.001
HbA1c (%) 8.32±1.53 8.05±1.38 8.02±1.53 7.89±1.48 0.087
Current smoker, n (%) 30 (23.6) 29 (16.7) 42 (22.8) 21 (10.7) 0.035
Current drinker, n (%) 17 (16.5) 21 (13.4) 23 (14.7) 21 (12.2) 0.829
Hypertension, n (%) 58 (44.9) 91 (50.1) 114 (60.0) 115 (57.5) 0.029
Hyperlipidemia, n (%) 30 (23.3) 60 (33.2) 79 (41.6) 73 (36.5) 0.008
Family history of diabetes, n (%) 78 (60) 91 (50.3) 80 (41.9) 81 (40.5) 0.002
TC (mmol L−1) 5.03±1.37 5.22±1.32 5.29±1.13 5.26±1.16 0.944
TG (mmol L−1) 1.91±1.72 1.88±1.70 1.70±1.31 1.66±1.03 0.269
HDL-C (mmol L−1) 1.31±0.35 1.31±0.34 1.33±0.30 1.39±0.36 0.088
LDL-C (mmol L−1) 3.20±0.95 3.17±0.93 3.27±0.89 3.20±0.93 0.756
WBC count (1012 L−1) 6.66±1.49 6.34±1.52 6.46±1.45 6.64±1.70 0.169
RBC count (1012 L−1) 4.29±0.50 4.30±0.50 4.29±0.43 4.27±0.56 0.952
Leukocyte count (1012 L−1) 2.01±0.63 2.07±0.64 2.08±0.68 2.10±0.69 0.713
Neutrophil count (1012 L−1) 4.15±1.11 3.82±1.19 3.87±1.07 4.02±1.35 0.064
Hemoglobin (g L−1) 133.9±17.4 133.8±16.8 131.6±14.7 128.2±18.1 0.003
MCV (fl) 93.5±3.6 93.4±3.8 92.8±3.9 91.6±6.3 ,0.001

Notes: Continuous data are shown as mean ± standard deviation or median (interquartile range) and categorical data are shown as frequency (%). P-values #0.05 are shown 
in bold.
Abbreviations: RDW, red cell distribution width; Q, quartile; BMI, body mass index; WHR, waist–hip ratio; FPG, fasting plasma glucose; PG, postprandial glucose; HbA1c, 
hemoglobin A1c; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; WBC, white blood cell; RBC, red blood cell; 
MCV, mean corpuscular volume.

Table 3 Binary logistic regression models evaluating the association of RDW with the risk of being in poor glycemic control

Q1 Q2 P-value Q3 P-value Q4 P-value

OR (95% CI) OR (95% CI) OR (95% CI)

Unadjusted 1.00 (reference) 0.6 (0.4–1.2) 0.153 0.8 (0.4–1.5) 0.526 0.5 (0.3–0.8) 0.007
Model 1 1.00 (reference) 0.6 (0.3–1.2) 0.146 0.8 (0.4–1.5) 0.407 0.4 (0.2–0.8) 0.005
Model 2 1.00 (reference) 0.6 (0.3–1.3) 0.227 0.7 (0.3–1.5) 0.323 0.3 (0.2–0.7) ,0.001
Model 3 1.00 (reference) 0.7 (0.3–1.4) 0.283 0.7 (0.3–1.5) 0.354 0.3 (0.2–0.6) 0.002

Notes: Model 1 adjusted for age and gender. Model 2 adjusted for age, gender, BMI, WHR, family history of diabetes, smoking status, drinking status, hypertension and 
hyperlipidemia. Model 3 adjusted for age, gender, BMI, WHR, family history of diabetes, smoking status, drinking status, hypertension, hyperlipidemia and WBC count. 
P-values #0.05 are shown in bold.
Abbreviations: RDW, red cell distribution width; Q, quartile; OR, odds ratio; CI, confidence interval; BMI, body mass index; WHR, waist–hip ratio; WBC, white blood cell.
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hypertension and hyperlipidemia (OR [95% CI]: 0.3 [0.2–0.7]). 

In addition, the results did not attenuate after further adjust-

ments for WBC count.

Interactive effects and stratified analyses 
of association of BMI, TC, HDL-C and 
LDL-C with risk of being in poor 
glycemic control among T2D subjects
We tested BMI, TC, HDL-C and LDL-C in the interaction 

analysis, and found from the results that BMI (P interac-

tion =0.014), TC (P interaction =0.028) and LDL-C (P inter-

action =0.003) played an interactive role in the association 

between RDW and the risk of being in poor glycemic control 

among T2D subjects after adjustment for age, gender, 

family history of diabetes, smoking status, drinking status, 

hypertension and hyperlipidemia, details of which are pre-

sented in Table 4. No interactions were seen between RDW 

and HDL-C.

Among the participants with BMI in the first tertile, 

compared with subjects in the lowest RDW quartile, subjects 

in the highest RDW quartile had an OR (95% CI) and a 

P-value of 0.2 (0.07–0.59) and 0.004, respectively, for 

being in poor glycemic control. In subgroups of tertile 1 and 

tertile 2 for TC, compared with subjects in the lowest RDW 

quartile, OR (95% CI) and P-value for being in poor glyce-

mic control for subjects in the highest RDW quartile were 

0.20 (0.05–0.71) and 0.013 vs 0.10 (0.02–0.52) and 0.006, 

respectively. A similar interaction was also observed between 

RDW and LDL-C. In tertile 1 and tertile 2 of LDL-C, com-

pared with subjects in the lowest RDW quartile, the adjusted 

OR (95% CI) and P-value for risk of being in poor glycemic 

control for T2D subjects in the highest RDW quartile were 

0.15 (0.04–0.56) and 0.005 vs 0.14 (0.03–0.74) and 0.021, 

respectively. However, the results did not differ substantially 

for those in tertile 3 of BMI, and the same trends were also 

evident in TC and LDL-C.

Discussion
In the present study, we demonstrated that T2D subjects with 

higher RDW had substantially lower risk of being in poor gly-

cemic control in a population belonging to the REACTION 

study. This relationship persisted after adjustment for a wide 

range of potential confounding factors. Furthermore, this 

association strengthened among T2D subjects with lower 

BMI and/or serum lipid levels.

The biological mechanism underlying the association 

of RDW with glycemic control in T2D subjects is unclear 

at present. Increased RDW, which mirrors a profound 

Table 4 Odds ratio with 95% confidence intervals for glycemic 
control in quartiles of RDW according to tertiles of BMI, TC, 
HDL-C and LDL-C

Interactive 
factors

Qs of 
RDW

Events 
(n)

OR (95% CI) P-value P for 
interaction

BMI 0.014
Tertile 1 Q1 36 1.00 (reference)
Tertile 1 Q2 48 0.51 (0.16–1.63) 0.255
Tertile 1 Q3 49 0.98 (0.28–3.44) 0.980
Tertile 1 Q4 60 0.20 (0.07–0.59) 0.004
Tertile 2 Q1 33 3.16 (0.45–22.02) 0.246
Tertile 2 Q2 60 1.26 (0.27–5.87) 0.768
Tertile 2 Q3 51 0.55 (0.12–2.54) 0.44
Tertile 2 Q4 46 1.05 (0.21–5.23) 0.951
Tertile 3 Q1 34 1.07 (0.21–5.23) 0.935
Tertile 3 Q2 45 1.60 (0.30–8.53) 0.581
Tertile 3 Q3 50 3.07 (0.52–17.98) 0.214
Tertile 3 Q4 62 1.07 (0.22–5.17) 0.934

TC 0.028
Tertile 1 Q1 30 1.00 (reference)
Tertile 1 Q2 48 0.87 (0.21–3.54) 0.842
Tertile 1 Q3 45 2.23 (0.43–11.40) 0.337
Tertile 1 Q4 61 0.21 (0.04–1.22) 0.083
Tertile 2 Q1 38 0.20 (0.05–0.71) 0.013
Tertile 2 Q2 62 0.15 (0.03–0.77) 0.023
Tertile 2 Q3 51 0.16 (0.03–0.85) 0.031
Tertile 2 Q4 50 0.10 (0.02–0.52) 0.006
Tertile 3 Q1 35 0.96 (0.11–8.36) 0.971
Tertile 3 Q2 44 0.33 (0.05–2.04) 0.233
Tertile 3 Q3 54 0.21 (0.04–1.25) 0.087
Tertile 3 Q4 57 0.31 (0.05–1.82) 0.192

HDL-C 0.809
Tertile 1 Q1 37 1.00 (reference)
Tertile 1 Q2 53 0.84 (0.19–3.72) 0.814
Tertile 1 Q3 42 0.56 (0.12–2.58) 0.456
Tertile 1 Q4 50 0.46 (0.11–1.96) 0.295
Tertile 2 Q1 30 0.63 (0.10–4.08) 0.628
Tertile 2 Q2 49 0.74 (0.12–4.72) 0.751
Tertile 2 Q3 63 0.96 (0.15–6.04) 0.964
Tertile 2 Q4 47 0.42 (0.07–2.55) 0.346
Tertile 3 Q1 36 0.96 (0.15–6.00) 0.968
Tertile 3 Q2 52 0.36 (0.07–1.91) 0.232
Tertile 3 Q3 45 0.52 (0.09–2.98) 0.467
Tertile 3 Q4 71 0.24 (0.05–1.26) 0.091

LDL-C 0.003
Tertile 1 Q1 31 1.00 (reference)
Tertile 1 Q2 52 1.03 (0.25–4.31) 0.968
Tertile 1 Q3 43 1.72 (0.36–8.16) 0.496
Tertile 1 Q4 59 0.15 (0.04–0.56) 0.005
Tertile 2 Q1 38 0.28 (0.05–1.68) 0.164
Tertile 2 Q2 54 0.12 (0.02–0.62) 0.011
Tertile 2 Q3 53 0.17 (0.03–0.96) 0.045
Tertile 2 Q4 53 0.14 (0.03–0.74) 0.021
Tertile 3 Q1 34 0.53 (0.08–3.64) 0.052
Tertile 3 Q2 48 0.36 (0.06–2.13) 0.258
Tertile 3 Q3 54 0.25 (0.04–1.5) 0.130
Tertile 3 Q4 56 0.39 (0.07–2.29) 0.295

Notes: Data are adjusted for age, gender, family history of diabetes, smoking status, 
drinking status, hypertension and hyperlipidemia. P-values #0.05 are shown in bold.
Abbreviations: RDW, red cell distribution width; Q, quartile; BMI, body mass 
index; TC, total cholesterol; HDL-C, high-density lipoprotein; LDL-C, low-density 
lipoprotein; OR, odds ratio; CI, confidence interval.
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deregulation of erythrocyte homeostasis, may be attributed 

to a variety of factors such as increased erythropoiesis, 

anemia-related nutrient deficiency, oxidative stress and 

inflammation.17–20 Among T2D subjects, it seems unlikely that 

increased erythropoiesis itself is a causal factor, though this 

possibility cannot be eliminated. Deficiency of hemoglobin is 

also an unlikely cause, since hemoglobin levels were similar 

between the subjects grouped by glycemic control status in 

the present study (P=0.061). Oxidative stress, characterized 

by disturbance between the production of reactive oxygen 

species and antioxidant defenses, is commonplace in most 

chronic human disorders including T2D.21 A higher oxida-

tive stress may exert a significant effect on regulation of 

RBC life span and erythrocyte homeostasis, thus leading to 

a higher level of anisocytosis due to enhanced population of 

premature RBCs in the circulation.22 Semba et al showed that 

low serum antioxidant concentrations have been inversely 

associated with RDW.23 However, as oxidative stress is a 

risk factor for T2D, this is an unlikely explanation for the 

reduced risk of being in poor glycemic control in diabetic 

subjects with high RDW. Inflammation is also a possible 

mechanism involving the presence of anisocytosis in T2D 

patients. A number of inflammatory components such as stem 

cell factor, colony stimulating factor 2, interleukin (IL)-3 and 

IL-11 could disrupt synthesis of erythropoietin, leading to 

impaired hemoglobin production and erythroid maturation.24 

Lippi et al firstly demonstrated a significant association of 

RDW with hypersensitive C-reactive protein (hsCRP) and 

erythrocyte sedimentation rate (ESR).20 In addition, inflam-

mation can have considerable influences on RBC survival, 

thus causing a more mixed population of RBCs with different 

volume to enter the blood circulation.25 Though data on con-

ventional inflammatory biomarkers such as hsCRP, ESR and 

IL-6 are lacking, we take WBCs as surrogate biomarkers to 

indicate inflammation, since evidences from epidemiological 

studies have suggested an association of WBC count with the 

diabetes risk.26–28 In addition, two of the previous researches 

nested in the REACTION study demonstrated that inflam-

mation measured by WBC count was significantly associated 

with incidence of T2D.29,30 Therefore, in the present study, 

we consider WBC as a robust marker indicating subclinical 

inflammatory status of T2D. The results from our analyses 

showed that WBC count, a nonspecific inflammatory marker, 

was higher in poorly-controlled group (P=0.002), but did not 

differ significantly between quartiles of RDW (P=0.161). 

Furthermore, additional adjustment for WBC did not change 

the results of multivariable analysis. Accordingly, inflam-

mation could not explain the link between higher RDW 

and lower risk of being in poor glycemic control among 

T2D subjects.

It is reported that hyperglycemia reduces RBCs life 

span, leading to high variability of the RBC volumes and 

increased RDW.31,32 Similar to abovementioned finding, a 

study found a modest but consistent increase in half-life of 

erythrocytes after series of glycemic control interventions.33 

In addition, extracellular oxidative milieu can elicit eryth-

rocyte caspase-3 activation in T2D. Activated caspase-3 

impairs the maintenance of erythrocyte shape and func-

tion, thus leading to the shortened life span of RBCs.34–37 

However, in our study, the T2D subjects with the highest 

quartile of RDW had the lowest level of FPG and 2-h PG and 

the lowest risk of being in poor glycemic control. It seems 

reasonable to suggest that the rise of FPG and 2-h PG could 

make the RBCs be exposed to high glucose concentration 

for a long time. Chronic hyperglycemia could be sufficient 

to change the mechanical properties of the RBCs, reducing 

their survival and creating a more homogenous population 

of cells. If so, this could explain the lower risk of being in 

poor glycemic status among T2D subjects with higher RDW. 

A similar trend has also been observed in the NHANES III 

which demonstrated that high RDW was associated with a 

reduced incidence of diabetes.10

It is known that HbA1c is measured primarily to identify 

the average plasma glucose concentration over prolonged 

periods of time.38 A recent study by Veeranna et al using data 

extended to 15,343 nondiabetic adults reported a positive 

association between RDW and HbA1c (r=0.27, P,0.001).9 

Another population-based study had shown a similar rela-

tion. The values of HbA1c increased across quartiles of 

RDW, and per 1 SD increase in RDW was associated with 

an increase in HbA1c of 0.10% in multivariable regression 

analysis. The potential explanation given by the authors for 

their findings was linked to the properties and functions of 

senescent RBCs.10 In agreement with these findings, Lippi 

et al performed a retrospective study including 2,515 adults 

aged 65 and older, and found HbA1c was significantly 

higher in patients with RDW .14.0% than in those with 

RDW #14.0% (P,0.001).39 However, our results showed 

that HbA1c had a descending tendency, but no statistical 

difference was demonstrated with the increase of RDW 

(P=0.087). In agreement with our findings, Sherif et al did not 

observe significant correlations between RDW and HbA1c in 

their retrospective study (P=0.92).40 A study done by Cakir 

et al also failed to find a significant association.41 Due to the 

controversially published data, it may be difficult to come 

to a definitive conclusion about the relationship between 
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RDW and HbA1c. Possible explanations for the inconsis-

tency between studies may include ethnic diversity, sample 

size, study design, source of data and/or other variance in 

population characteristics.

In the interaction and stratified analyses, we found some 

novel things. Results of interaction analyses showed that the 

link between higher RDW and lower risk of being in poor 

glycemic control was seen only among T2D subjects with 

lower BMI and/or serum lipid levels, but not among those 

in tertile 3 of BMI, TC and LDL-C. Increasing evidences 

on the association between anisocytosis and cardiovascular 

disorders are emerging, and high RDW has been recently 

proposed as a predictive biomarker of adverse clinical 

outcomes in patients with cardiovascular disorders.42–44 

Therefore, as risk factors of cardiovascular diseases, higher 

levels of unfavorable plasma lipid profile and BMI could 

cause an increase in RDW, which might dilute the relation-

ship between RDW and the risk of being in poor glycemic 

control among T2D subjects.

Our study adds to evidence on the relation between RDW 

and glycemic control. The REACTION sample is designed 

to be representative of middle-aged and elderly population 

in the People’s Republic of China. The comprehensive 

examination allowed adjustment for multiple important 

covariates. If prospective studies confirm the role of RDW 

in predicting the risk for poor glycemic control among T2D 

subjects, it will urge T2D patients with low RDW to receive 

close monitoring of their glycemic control status. It is also 

important to note that association of RDW with risk of being 

in poor glycemic control was significantly diminished in T2D 

participants with cardiovascular factors.

Limitations
A few limitations merit emphasis. As with the cross- 

sectional nature of our study, our results cannot distinguish 

causality from association. Although the sample size was 

large, the strict selection of participants had limited the 

number of overall events. Even though the current study 

adjusted a considerable number of potential confounders, we 

cannot rule out the possibility that the results may be affected 

by other variables that were not included in the analyses. 

Although all participants were informed of fasting before 

the OGTT, there was still a possibility that some participants 

did not follow the requirements of fasting, which may have 

some impact on the results when faced such strict criteria. 

Some subjects were excluded in terms of basic baseline 

characteristics, which may cause a certain degree of bias. 

Moreover, serial measurements of RDW would allow a better 

characterization of the association of RDW with risk of being 

in poor glycemic control among T2D subjects. Last but not 

the least, the uncertainty of the biologic mechanism may be 

the most important limitation. We hope that our results will 

provide a stimulus for investigations into mechanisms under-

lying the relationship between RDW and glycemic control.

Conclusion
We have made the novel observation that higher RDW is 

strongly and independently associated with lower risk of 

being in poor glycemic control among T2D participants, 

but not among those with high BMI and/or high lipid levels. 

These results suggest that RDW, as a routinely tested labo-

ratory parameter in our clinical practice, may contribute to 

risk assessment for T2D individuals at risk of being in poor 

glycemic control.
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