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Introduction: Red cell distribution width (RDW) reflects the heterogeneity of red blood cell size. However, few studies examined 
whether RDW is related to glucose metabolism indices, such as fasting blood glucose (FBG) and hemoglobin A1c (HbA1c), diabetic 
mellitus (DM) state or long-term outcomes of acute coronary syndrome (ACS) patients.
Methods and Results: A total of 448 consecutive patients with ACS were enrolled in this study. All patients were followed up for 
major cardiovascular adverse events (MACEs), and the mean follow-up was 952 days. Linear regression analysis showed that RDW 
inversely correlated with FBG but not HbA1c or DM. Kaplan-Meier survival curve analysis demonstrated that higher RDW levels 
were significantly positively associated with MACEs in the whole study population and the ACS patients with high FBG but not the 
low FBG group. Cox multivariate regression analysis revealed the independent function of RDW on MACEs in all ACS patients and 
ACS patients with high FBG. The receiver operating characteristic (ROC) curve demonstrated the optimal cutoff value of RDW for 
MACEs.
Conclusion: We first reported that higher RDW was associated with decreased FBG but not HbA1c or DM and an increased risk of 
MACEs in patients with ACS. This relationship was also found in ACS patients with higher FBG levels but not in ACS patients with 
lower FBG.
Keywords: red cell distribution width, HbA1c, fasting blood glucose, percutaneous coronary intervention, acute coronary syndromes, 
major adverse cardiovascular events

Introduction
Coronary artery disease (CAD) produces immense health and economic burdens globally.1 Acute coronary syndrome 
(ACS) is an acute manifestation of CAD, and it remains a leading cause of high morbidity and mortality despite great 
progress in prevention and treatment.2 Therefore, the identification of risk factors for ACS is of vital importance to 
improve prognosis. Diabetes mellitus (DM) is a well-established risk factor for ACS.3,4 The prognosis of ACS is worse 
in patients with DM than patients without DM.5–7 Therefore, additional attention should be given to patients with ACS 
and DM.

Red cell distribution width (RDW) is a part of a standard complete blood count and a measure of variation in the 
volume of red blood cells. RDW has been almost exclusively used for the differential diagnosis of anemia. However, 
recent evidence identified a relationship between RDW and various disorders, including CAD and DM, due to its 
association with several pathophysiological processes, such as inflammation and oxidative stress.8 Lippi et al published 
one of the first studies to investigate the role of RDW in ACS in 2009. They reported that the level of RDW was higher in 
ACS than non-ACS patients.9 Later research demonstrated that RDW was a predictive biomarker of adverse outcomes in 
ACS.10–12 Several studies reported the relationship between RDW and hemoglobin A1c (HbA1c) and prognosis in 
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DM.13–16 However, few reports investigated the relationship between RDW, fasting blood glucose (FBG), and major 
adverse cardiovascular events (MACEs) in the ACS population after percutaneous coronary intervention (PCI).

The present study determined the relationship between baseline RDW levels and FBG and examined the prognostic 
role of RDW in ACS patients with different FBG levels.

Materials and Methods
Study Design and Participants
This study was a single-center, prospective, and observational cohort study. From January 2013 to February 2014, a total 
of 448 consecutive patients with ACS after PCI participated in this study at the Cardiology Department of Shaanxi 
Provincial People’s Hospital. ACS was defined as unstable angina (UA), non-ST-segment elevation myocardial infarction 
(NSTEMI), and ST-segment elevation myocardial infarction (STEMI), which were diagnosed according to the criteria of 
the American College of Cardiology/American Heart Association.17,18 Patients who suffered from active infection, 
hematological proliferative diseases, active or chronic inflammatory or autoimmune diseases, liver or renal dysfunction, 
malignancies, pregnancy, or unavailable complete blood count or medical records were excluded from the study. The 
study complied with the Declaration of Helsinki and was approved by the Ethics Committee of Shaanxi Provincial 
People’s Hospital, Xi’an, Shaanxi, China. Written informed consent was obtained from all study participants.

Demographic and Clinical Data
Main demographic data, cardiovascular risk factors, and clinical medications were obtained from medical records. The 
weight and height of each subject were acquired during the initial visit, and the body mass index (BMI) was calculated. 
Current smokers were defined as having smoked more than 100 cigarettes during their lifetime and smoking in the past 
30 days. DM was defined as an elevated fasting plasma glucose concentration>126 mg/dl or receiving glucose-lowering 
treatment. Hypertension was defined as a systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure 
(DBP)≥90 mmHg or taking anti-hypertension medications. BP was measured the morning after the admission day using 
the same type of electronic sphygmomanometer.

Blood Samples and Echocardiography
Peripheral blood was sampled from patients in a fasting state the morning after the admission day. Venous plasma 
concentrations of indices of complete blood count, liver and kidney function, blood fat, HbA1c and FBG, high-sensitive 
C-reactive protein (hs-CRP), and cardiac markers were determined in the clinical laboratory department using standard 
biochemical techniques. Left ventricular ejection fraction (LVEF) was measured using Doppler echocardiography within 
3 days of admission.

Outcomes and Follow-Up
Composite outcomes included all-cause death, cardiac death, revascularization procedure, stroke, ACS, and heart failure, 
which were defined as MACEs. Patients were followed up by interview or telephone in our hospital, and the end of 
follow-up was the date of the first MACE occurrence. The mean follow-up was almost 3 years (952 days).

Statistical Analysis
Continuous variables are presented as the means±standard deviation (SD). The Kolmogorov–Smirnov test was used to 
test the normality of continuous variable distribution. Student’s t-test, one-way ANOVA, and the Mann–Whitney U-test 
were used for comparisons of continuous variables as appropriate. Categorical variables are shown as frequencies and 
percentages. The χ2 test was used to analyze differences between categorical variables. Univariate and multivariate linear 
regression analyses were performed to determine the relationship between RDW and FBG. Kaplan-Meier survival curve 
analysis was used to assess the proportional risk of MACEs for different RDW levels. Cox multivariate regression 
analysis was used to calculate the independent predictive ability of baseline RDW levels for MACEs. The area under the 
curve (AUC) value, optimal cutoff value, specificity, and sensitivity were determined using a receiver operating 
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characteristic (ROC) curve. All computations were performed using SPSS software v22.0 (SPSS Inc., Chicago, IL, 
USA). A statistically significant difference was defined at p<0.05 using a two-tailed test.

Results
Clinical Characteristics of the Study Population
The 448 patients were divided into 3 groups according to the tertiles of baseline RDW level: low group: ≤12.80, medium 
group: 12.90–13.50, and high group: ≥13.55. The main baseline characteristics and medications of these 3 groups are 
shown in Table 1. Age and pro-B-type natriuretic peptide increased with RDW levels (both Ps<0.01). Baseline 
hemoglobin was significantly lower in the high RDW group than the low and medium RDW groups (P<0.01). 
Patients in the high RDW group had the highest levels of blood urea nitrogen and serum creatinine (both Ps<0.05). 
Specifically, the baseline FBG in the low RDW group was higher than the other two groups (P=0.02). However, 
intergroup comparison revealed no significant differences between the groups for other variables and medication use 
at discharge.

Association Between FBG and RDW
As shown in Table 1, there was a significant difference in the level of FBG, but not the level of HbA1c or the proportion 
of diabetes, between the three RDW groups. Therefore, we further investigated the relationship between FBG and RDW. 
Linear regression analysis was performed, and the results are shown in Table 2. Univariate linear regression analysis 
revealed that RDW inversely correlated with FBG (Figure 1). After adjustment for other variables that were significantly 
different between the 3 RDW subgroups listed in Table 1, the negative correlation remained.

Comparison of Baseline Data Between Groups with Different FBG Levels
All patients were divided into 2 groups according to the median baseline FBG level. The clinical data of the 2 groups are 
listed in Table 3.

Relationship Between RDW and MACEs in Patients with Low FBG, High FBG and 
Whole
The mean follow-up was 952 days (interquartile range: 824–1009 days). At the end of the follow-up, 168 (37.5%) 
patients had suffered a MACE. The incidence of MACEs in the medium RDW (43.9%) and high RDW (43.0%) groups 
was significantly higher than the low RDW (25.5%) group (P<0.01). The detailed data are provided in Supplementary 
Table 1.

Kaplan-Meier survival curve analysis was performed to determine whether there was a difference in the incidence of 
MACEs between different RDW levels in ACS patients with low FBG, high FBG and the whole study population. 
Figure 2 shows that higher RDW levels were significantly positively associated with MACEs in the whole study 
population and ACS patients with high FBG. However, this association was not found in the low FBG group.

We performed Cox multivariate regression analysis to assess the independent function of RDW on MACEs in all ACS 
patients and ACS patients with high FBG. We used the forward likelihood ratio test to automatically select variables, and 
the medium and high RDW groups remained associated with an increase in MACEs compared to the low RDW group in 
all ACS patients and ACS patients with high FBG (Table 4).

We used ROC curve to determine the optimal cutoff value of RDW for MACEs (Figure 3). The AUC for all ACS 
patients was 0.59, and the optimal cutoff value of RDW was 12.85, with a specificity of 60% and sensitivity of 77%. The 
AUC for ACS patients with high FBG was 0.64, with an optimal cutoff value of 12.85, a specificity of 52% and 
a sensitivity of 74%.

Discussion
The present study reported that baseline RDW levels in Chinese ACS patients significantly negatively correlated with 
FBG but not HbA1c or DM after adjustment for other variables. Cox regression analysis demonstrated that higher RDW 
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Table 1 Baseline Characteristics of 448 Patients with ACS According to 
the RDW Content Tertiles

Variable Low RDW Medium RDW High RDW P value

11.50–12.80 12.90–13.50 13.55–17.10

n=149 n=164 n=135

RDW, % 12.41±0.30 13.21±0.20 14.29±0.75 <0.01

Age, year 58.57±9.61 60.00±10.30 62.96±10.81 <0.01

Male sex, % 117 (78.5) 136 (82.9) 99 (73.3) 0.13

BMI, kg/m2 24.76±3.17 25.23±3.03 24.73±3.81 0.47

Smoking, % 77 (51.7) 103 (62.8) 73 (54.1) 0.11

Diabetes, % 34 (22.8) 28 (17.1) 27 (20.0) 0.45

Hypertension, % 71 (47.7) 90 (54.9) 73 (54.1) 0.39

Family history, % 57 (38.3) 77 (47.0) 48 (35.6) 0.11

Past MI, % 21 (14.1) 31 (18.9) 21 (15.6) 0.50

Past PCI or CABG, % 32 (21.5) 32 (19.5) 28 (20.7) 0.39

HR, bpm 69.48±12.47 72.56±18.02 70.73±15.23 0.10

SBP, mmHg 126.34±19.58 125.49±18.08 127.36±19.05 0.89

DBP, mmHg 77.67±11.63 78.07±11.70 78.26±12.03 0.97

Ejection fraction, % 57.39±11.70 57.55±12.73 60.05±12.10 0.10

WBC, K/μL 148.06±1721.80 391.75±2824.30 325.65±2574.95 0.46

RBC, K/μL 17.30±124.69 35.76±239.93 13.03±72.84 0.80

PLT, K/μL 192.18±58.49 190.98±65.88 188.68±102.20 0.10

HGB, g/L 139.48±13.99 141.85±16.12 134.17±20.95 <0.01

AST, U/L 48.54±54.77 53.36±63.23 59.76±67.35 0.13

ALT, U/L 39.59±35.78 34.79±26.91 34.15±23.88 0.61

BUN, mmol/L 4.71±1.54 4.69±1.26 5.24±1.58 <0.01

Cre, umol/L 66.41±18.46 70.82±16.25 70.92±21.17 0.03

TC, mg/dL 3.89±0.91 3.81±0.91 3.73±0.95 0.39

TG, mg/dL 1.77±1.39 1.76±1.15 1.49±0.73 0.18

HDL-C, mg/dL 0.94±0.23 0.91±0.21 0.91±0.23 0.70

LDL-C, mg/dL 2.23±0.76 2.24±0.85 2.20±0.85 0.90

HbA1c, % 6.69±1.73 6.36±1.26 6.29±1.04 0.86

FBG, mmol/L 6.84±2.65 6.21±2.19 6.21±2.29 0.02

hsCRP, mg/dL 2.17±2.09 2.81±2.61 2.53±2.55 0.24

CKMB, U/L 34.56±60.10 37.17±54.89 43.67±58.93 0.11

Pro-BNP, pg/mL 826.45±1752.38 1114.38±2237.17 1504.54±3573.74 0.01

Medication at discharge

β-Blocker, % 135 (90.6) 145 (88.4) 117 (86.7) 0.58

ACEI/ARB, % 133 (89.3) 155 (94.5) 120 (88.9) 0.15

Statin, % 144 (96.6) 161 (98.2) 134 (99.3) 0.29

CCB, % 27 (18.2) 45 (27.4) 27 (20.0) 0.11

DAPT, % 148 (99.3) 163 (99.4) 133 (98.5) 0.68

ACS type

UA, % 109 (73.2) 114 (69.5) 93 (68.9) 0.65

NSTEMI, % 11 (7.4) 20 (12.2) 13 (9.6)

STEMI, % 29 (19.5) 30 (18.2) 29 (21.5)

Note: Data are presented as mean±SD or number (%). 
Abbreviations: ACS, acute coronary syndrome; RDW, red cell distribution width; BMI, body 
mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coron-
ary artery bypass grafting; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; WBC, white blood cell; RBC, red blood cell; PLT, platelet; HGB, hemoglobin; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Cre, 
creatinine; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; FBG, fasting blood glu-
cose; hsCRP, high sensitivity C reactive protein; CKMB, creatine kinase isoenzyme; Pro-BNP, 
N-terminal pro-brain natriuretic peptide; ACEI, angiotensin-converting enzyme inhibitors; ARB, 
angiotensin receptor blockers; CCB, calcium channel antagonist; DAPT, dual antiplatelet therapy; 
UA, unstable angina; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST- 
segment elevation myocardial infarction.
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levels at admission were associated with a higher incidence of MACEs during follow-up in ACS patients after PCI. This 
relationship was also found in ACS patients with higher FBG levels but not ACS patients with lower FBG. This finding 
suggested that the relationship between RDW and MACEs was more reliable in ACS patients with higher FBG than 

Table 2 Linear Regression Analysis Between FBG and RDW

Variable Coefficient 95% CI SEM P value

Unadjusted
FBG −0.042 −0.075 −0.008 0.017 0.016

Adjusted

FBG −0.050 −0.099 −0.002 0.025 0.040
HbA1c −0.020 −0.104 −0.064 0.043 0.639

Age 0.010 0.001 0.019 0.005 0.023

HGB −0.006 −0.011 −0.001 0.003 0.027
BUN 0.071 −0.004 0.146 0.038 0.063

Cre 0.002 −0.004 0.007 0.003 0.571
Pro-BNP 3.205*10-5 <0.001 <0.001 <0.001 0.093

Abbreviations: FBG, fasting blood glucose; RDW, red cell distribution width; CI, confidential 
interval; SEM, standard estimated error; HbA1c, hemoglobin A1c; HGB, hemoglobin; BUN, blood 
urea nitrogen; Cre, creatinine; Pro-BNP, N-terminal pro-brain natriuretic peptide.

Figure 1 Linear regression analysis of the relationship between FBG and RDW in whole patients with ACS after PCI. 
Abbreviations: FBG, fasting blood glucose; RDW, red cell distribution width; ACS, acute coronary syndrome; PCI, percutaneous coronary intervention.
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Table 3 Baseline Characteristics of 448 Patients with ACS 
According to the FBG Content Median

Variable Low FBG High FBG P value

3.02–5.65 5.66–18.93

n=225 n=223

FBG, mmol/L 4.89±0.49 7.98±2.57 <0.01

Age, year 59.25±10.44 61.59±10.18 0.02

Male sex, % 176 (78.2) 176 (78.9) 0.86

BMI, kg/m2 25.04±3.43 24.82±3.18 0.50

Smoking, % 134 (59.6) 119 (53.4) 0.19

Diabetes, % 16 (7.1) 73 (32.7) <0.01

Hypertension, % 122 (54.2) 112 (50.2) 0.40

Family history, % 90 (40.0) 92 (41.3) 0.79

Past MI, % 39 (17.3) 34 (15.2) 0.55

Past PCI or CABG, % 45 (20.0) 47 (21.1) 0.96

HR, bpm 69.15±12.47 72.84±17.94 0.03

SBP, mmHg 126.11±17.69 126.57±20.01 0.97

DBP, mmHg 77.80±11.21 78.20±12.29 0.71

Ejection fraction, % 60.41±11.51 56.10±12.61 <0.01

WBC, K/μL 100.73±1403.07 482.94±3131.33 0.01

RBC, K/μL 6.24±5.81 39.69±236.43 0.22

PLT, K/μL 193.74±75.33 187.62±77.27 0.13

HGB, g/L 140.75±17.07 136.79±17.39 0.02

RDW, % 13.35±0.86 13.18±0.88 0.01

AST, U/L 46.06±49.88 61.39±71.32 0.28

ALT, U/L 37.89±31.86 34.62±26.97 0.62

BUN, mmol/L 4.63±1.34 5.09±1.56 <0.01

Cre, umol/L 68.53±15.88 70.23±21.22 0.92

TC, mg/dL 3.85±0.97 3.78±0.86 0.63

TG, mg/dL 1.71±1.23 1.65±1.03 0.29

HDL-C, mg/dL 0.92±0.22 0.92±0.23 0.67

LDL-C, mg/dL 2.27±0.88 2.18±0.75 0.59

HbA1c, % 5.84±0.59 7.06±1.66 <0.01

hsCRP, mg/dL 2.31±2.32 2.74±2.55 0.21

CKMB, U/L 30.22±46.23 46.37±66.82 <0.01

Pro-BNP, pg/mL 942.10±2669.20 1330.19±2525.52 0.01

Medication at discharge

β-Blocker, % 197 (87.6) 200 (89.7) 0.48

ACEI/ARB, % 208 (92.4) 200 (89.7) 0.31

Statin, % 223 (99.1) 216 (96.9) 0.09

CCB, % 52 (23.1) 47 (21.1) 0.60

DAPT, % 224 (99.6) 220 (98.7) 0.31

ACS type

UA, % 173 (76.9) 143 (64.1) 0.01

NSTEMI, % 16 (7.1) 28 (12.6)

STEMI, % 36 (16.0) 52 (23.3)

Note: Data are presented as mean±SD or number (%). 
Abbreviations: ACS, acute coronary syndrome; RDW, red cell distribution 
width; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous 
coronary intervention; CABG, coronary artery bypass grafting; HR, heart rate; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood 
cell; RBC, red blood cell; PLT, platelet; HGB, hemoglobin; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Cre, 
creatinine; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipopro-
tein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin 
A1c; FBG, fasting blood glucose; hsCRP, high sensitivity C reactive protein; 
CKMB, creatine kinase isoenzyme; Pro-BNP, N-terminal pro-brain natriuretic 
peptide; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin 
receptor blockers; CCB, calcium channel antagonist; DAPT, dual antiplatelet 
therapy; UA, unstable angina; NSTEMI, non-ST-segment elevation myocardial 
infarction; STEMI, ST-segment elevation myocardial infarction.
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patients with low FBG. To the best of our knowledge, our study is the first study to investigate the relationship between 
RDW, FBG, and long-term MACEs in patients with ACS after PCI in China.

RDW is a small part of routine blood examinations and reflects the degree of heterogeneity of erythrocyte volume. It 
is traditionally used in laboratory hematology for the differential diagnosis of anemia. However, increasing evidence 
suggests that anisocytosis is common in many human disorders, such as cardiovascular disease and DM.8 The observa-
tion of an RDW value below the reference range is infrequent and clinically meaningless, but an increased RDW 
indicates a profound deregulation of erythrocyte homeostasis that may be attributed to a variety of underlying metabolic 
abnormalities, including inflammation and oxidative stress.19 Proinflammatory cytokines make bone marrow erythroid 
hematopoietic stem cells insensitive to erythropoietin, which increases the number of immature erythrocytes in peripheral 

Figure 2 Kaplan–Meier survival curves for freedom from MACEs in the whole, low FBG and high FBG patient groups. Kaplan–Meier survival curves for freedom from 
MACEs in (A) The whole population by RDW level, (B) Low FBG by RDW level, and (C) High FBG by RDW level. 
Abbreviations: MACEs, major cardiovascular adverse events; FBG, fasting blood glucose; RDW, red cell distribution width.

Table 4 Cox Multivariate Regression Analysis of MACEs in Whole 
Patients and ACS Patients with High FBG

Variable Hazards Ratio 95% CI P value

Whole

Low RDW

Medium RDW 3.28 1.79 5.99 <0.01
High RDW 2.15 1.10 4.17 0.02

BUN 1.19 1.03 1.39 0.02

CKMB 0.99 0.99 1.00 0.01
DAPT 0.11 0.01 0.83 0.03

Low FBG

Hypertension 2.26 1.19 4.29 0.01
BUN 1.37 1.12 1.67 <0.01

Pro-BNP 1.00 1.00 1.00 0.02

High FBG
Low RDW

Medium RDW 9.28 3.12 27.59 <0.01

High RDW 7.04 2.30 21.51 <0.01
Past PCI or CABG 0.59 0.37 0.94 0.03

DAPT 0.06 0.01 0.58 0.01

Abbreviations: MACEs, major cardiovascular adverse events; ACS, acute coronary 
syndrome; FBG, fasting blood glucose; CI, confidential interval; RDW, red cell distribu-
tion width; BUN, blood urea nitrogen; CKMB, creatine kinase isoenzyme; DAPT, dual 
antiplatelet therapy; Pro-BNP, N-terminal pro-brain natriuretic peptide; PCI, percuta-
neous coronary intervention; CABG, coronary artery bypass grafting.
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blood. This difference in red blood cell size ultimately increases RDW.20 Proinflammatory cytokines also inhibit the 
proliferation of erythroid progenitor cells, impair erythropoietin gene expression, and reduce the survival period of red 
blood cells, which is partially reflected by an increase in RDW.21 Hyperglycemia, insulin resistance, and hyperinsuline-
mia, which are the major clinical abnormalities in DM, increase inflammation, oxidative stress, and other pathophysio-
logical abnormalities.22,23 Chronic inflammation is widely recognized as an important mechanism in CAD.24 Several 
studies reported a significant association between RDW and HbA1c in the non-DM population.13,14,25 However, Zhao 
et al showed that RDW did not correlate with FBG or HbA1c in patients with DM.26 Therefore, the relationship between 
RDW and HbA1c in ACS patients is not clear. Some studies showed that hyperglycemia reduced erythrocyte deform-
ability and shortened lifespan, which seemed to cause changes in RDW levels.27,28 However, there are no studies on the 
relationship between RDW levels and FBG in patients with ACS. Therefore, we investigated the relationship between 
RDW and FBG or HbA1c in ACS patients but not find a correlation between RDW and HbA1c. Surprisingly, 
a significantly negative correlation between RDW and FBG was shown (Table 2 and Figure 1).

Because RDW reflects pathophysiological abnormalities, a number of articles investigated the relationship between 
RDW and human disorders. RDW has also been recently proposed as a predictive biomarker of adverse outcomes in 
patients with ACS. Pan et al found that RDW was an independent predictor for MACEs in ACS.24 Xiao et al reported 
that RDW demonstrated a good correlation with MACEs in STEMI.29 Zhao et al also demonstrated that combining RDW 
and GRACE scores created a more accurate predictive value for long-term prognosis in ACS. The present study found 
that higher RDW levels were associated with a higher incidence of MACEs in this population (Table 4 and Figure 2A), 
which is consistent with previous studies. RDW is also a prognostic marker of DM. Al-Kindi et al reported that RDW 
was a powerful and independent marker for the prediction of all-cause mortality and cardiovascular mortality in DM.15 

Xiong et al showed that high levels of RDW indicated a higher risk and poor prognosis in DM.16 Mo et al also found that 
higher RDW was associated with increased all-cause death in DM with acute kidney injury.30 DM is a common 
complication of ACS, and ACS with DM has worse outcomes than ACS alone.5–7 However, few studies investigated 
the function of RDW in ACS combined with DM. Because of the relationship between RDW and FBG, all patients were 
divided into low FBG and high FBG groups to investigate whether FBG affected the prognostic implication of RDW in 
ACS. Our results indicated that RDW reserved its prognostic value in ACS patients with high FBG but no longer 
predicted the incidence of MACEs in ACS patients with low FBG (Table 4 and Figure 2B and C).

The present study has a number of advantages. First, we discussed the relationship between RDW and glucose 
metabolism in the entire population with ACS. However, there was no association between baseline RDW and DM or 
HbA1c, which contradicted the positive association found in previous studies in non-DM volunteers.14 This inconsis-
tency may be due to the different study populations. We look forward to performing similar studies with larger samples to 
clarify the relationship between RDW and DM or HbA1c in ACS patients. We also found that baseline RDW levels 

Figure 3 Receiver operating characteristic curve analysis of predictive value of RDW in (A) The whole, (B) Low FBG, and (C) High FBG patient groups. 
Abbreviations: RDW, red cell distribution width; FBG, fasting blood glucose.
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inversely correlated with FBG levels, which may be related to reduced red blood cell deformability and shortened red 
blood cell lifespan resulting from hyperglycemia. Second, published reports indicated that RDW was associated with 
cardiovascular disease in patients with DM and/or CAD.31 Several studies focused on the relationship between RDW and 
long-term or short-term MACEs in ACS patients, and the results showed that ACS patients with higher RDW suffered 
from more all-cause mortality and cardiovascular mortality. Taiwanese scholars analyzed the RDW level and post-
operative mortality of CAD patients undergoing PCI treatment in 2021, and they suggested that RDW may be used to 
predict the future mortality and prognosis of CAD patients.32 Although PCI significantly reduced the mortality of ACS, 
patients after revascularization remain at risk for developing MACEs, which is even more common in patients with DM. 
Therefore, it is meaningful to analyze the relationship between RDW and FBG and determine the relationship between 
RDW and MACEs in ACS patients with different FBG levels. A meta-analysis suggests that stents affect the incidence of 
MACE events. The patients in this study were all implanted with second-generation drug-eluting stents, which minimized 
the impact of cardiovascular events caused by different stent types. To the best of our knowledge, no study examined the 
relationship between RDW and long-term MACEs in ACS patients after PCI according to the level of FBG. FBG is an 
indicator of blood glucose metabolism, and hyperglycemia affects red blood cell deformability33,34 and lifespan.35 This 
decreased RBC deformability may impair microcirculation blood flow and result in hypoxia to increase the risk of poor 
prognosis.36 The present study found that RDW was an important and independent predictor of MACEs in ACS patients 
after PCI with overall and high fasting glucose. This study is the first study in China to investigate the relationship 
between RDW, glucose metabolism (HbA1c and FBG), and long-term MACEs in patients with ACS after PCI.

This study has some limitations. First, it was a single-center observational cohort study, and the extrapolation of the 
results and conclusions is limited. Second, only 448 patients with ACS were enrolled, and only 103 patients had T2 DM. 
More samples are needed to verify the relationship between RDW and glucose metabolism. Finally, this study only 
discussed the effect of RDW levels on MACEs at admission and did not include subsequent changes in RDW for analysis.

Conclusion
Baseline RDW levels in ACS patients significantly negatively correlated with FBG but not HbA1c or DM. Higher RDW 
levels at admission were associated with a higher incidence of MACEs during follow-up in ACS patients after PCI. This 
relationship was also found in ACS patients with higher FBG levels but not ACS patients with lower FBG.
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