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Objective: To explore whether the red blood cell count multiplied by hematocrit index 
(RBCHct) in blood routine parameters can indicate the risk of impaired fasting blood glucose 
(IFG), and whether it is related to insulin resistance and inflammation.
Methods: In this cross-sectional study, previous history of diabetes was excluded, and 
people with normal and impaired IFG were included. We use Spearman analysis to evaluate 
the correlation between RBCHct index and fasting plasma glucose, insulin resistance home
ostasis model assessment (HOMA-IR), and hypersensitive C-reactive protein (hs-CRP). 
Binary logistic regression analysis was used to evaluate the RBCHct index for assessing 
the potential risk of IFG, and the receiver operating characteristic (ROC) curve was used to 
evaluate the RBCHct index for diagnosing insulin resistance and chronic low-grade inflam
matory efficacy among those with IFG.
Results: Correlation analysis showed that the RBCHct index and fasting plasma glucose 
(r=0.088, P=0.003); HOMA-IR (r=0.199, P<0.001); and hs-CRP (r=0.097, P=0.001) were 
positively correlated. After adjusting for confounding factors, the risk of IFG in the third and 
fourth quartiles of the RBCHct index increased to 1.889 and 3.048 times. The area under the 
ROC curve of the RBCHct index for diagnosis of insulin resistance state (HOMA-IR) was 
0.695 (p<0.001), and the area under the ROC curve of the RBCHct index for the diagnosis of 
chronic low-inflammatory state (hs-CRP) was 0.641 (P=0.010).
Conclusion: The RBCHct index may be a potential indicator for assessing the risk of 
prediabetes and is closely related to whether the body is in a state of insulin resistance and 
inflammation under IFG.
Keywords: diabetes mellitus, erythrocyte, RBCHct index, insulin resistance, inflammation

Introduction
In a national epidemiological survey conducted in China in 2010, the overall 
prevalence of diabetes was estimated to be 10.9%, and the prevalence of pre- 
diabetes was 35.7%.1 The number of patients with diabetes showed an upward 
trend, and the pre-diabetes population occupied a large proportion of these patients. 
The task of preventing and treating the occurrence and progression of diabetes is 
complex. People with diabetes and pre-diabetes are in a chronic low-inflammatory 
state, which may be the main reason for the development of diabetes and related 
complications. Under hyperglycemic state, a series of pathological changes occur 
in vivo, such as oxidative stress, vascular endothelial damage, and the accumulation 
of glycosylation end products.2–4 In animal experiments, it was confirmed that in 
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the pre-diabetes period, high amylin secretion participates 
in the morphological changes of the erythrocytes, and 
increased erythropoietin secretion leads to increased pro
duction of red blood cells.5 Electron microscopy also 
revealed abnormal erythrocyte morphology in prediabetic 
samples.6 In addition, the oxygen exchange capacity of the 
microcirculation is closely related to red blood cells and 
hematocrit.7 With the morphological changes and func
tional decline of red blood cells, the red blood cells cannot 
pass smoothly through the capillaries and appear to aggre
gate, resulting in microcirculation ischemia and hypoxia, 
oxidative stress reaction, and capillary endothelial damage, 
which can further lead to platelet adhesion and white 
blood cells aggregation, subsequently producing an 
inflammatory response. It can be speculated that the red 
blood cell count and hematocrit at the local microcircula
tion are involved in the initiation of the diabetes, which 
may be one of the causes of chronic low-grade inflamma
tion in prediabetic patients. We aimed to evaluate whether 
changes in the red blood cell count multiplied by the 
hematocrit index (RBCHct) can indicate the risk of 
impaired fasting blood glucose (IFG), and is closely 
related to insulin resistance and chronic low-grade inflam
mation in the IFG state.

Methods
Study Population
The data for this cross-sectional survey were derived from 
an epidemiological survey conducted in six communities 
in Wanzhai Town, Zhuhai City, southern China from 
January to April 2018. Adult residents aged ≥18 years 
living in these six communities were invited to participate 
in this survey and 1140 residents met the criteria to parti
cipate in the survey. The study was conducted in accor
dance with the tenets of the Helsinki Declaration and was 
approved by the Ethics Committee of the Third Affiliated 
Hospital of Southern Medical University, China. All sub
jects provided written informed consent. The subjects of 
the study were people with normal blood glucose and 
those with IFG. Individuals who were diagnosed with 
diabetes and showed fasting blood glucose ≥7.0 mmol/L, 
those with hematological system diseases, infectious dis
ease, chronic kidney disease, the estimated glomerular 
filtration rate (eGFR) ≤60 mL/min/1.73 m2, and/or those 
on current antiplatelet drugs and uric acid-lowering drugs 
were excluded.

Data Collection
All medical staff and medical students participating in this 
study received standardized training. Basic information 
regarding age, sex, smoking, drinking, education level, 
sports, disease history, and drug use was obtained through 
the questionnaire.

Anthropometry
Human body measurements were performed according to 
the recommendations of the World Health Organization. 
A mercury sphygmomanometer was used to measure the 
blood pressure of each participant in the left arm, after the 
patient had rested for at least 5 min; the mean value of 
three measurements was considered. The participants were 
requested to wear light clothes and stand and breathe 
naturally; then, the waist circumference (WC) between 
the lower costal margin of the midline of the axilla and 
the iliac crest was measured.

Laboratory Variables
The included analysis indicators are as follows: (i) Blood 
routine parameters: ethylenediaminetetraacetic acid (EDTA) 
anticoagulation test tube was used to collect blood samples for 
routine blood parameter analysis including red blood cell 
count (RBC), hemoglobin (HGB), hematocrit (Hct), red 
blood cell distribution width (RDW-SD), coefficient of varia
tion of erythrocyte distribution width (RDW-CV), white blood 
cell count (WBC), neutrophil count, and lymphocyte count; 
(ii) Prediabetes-related indicators: standard enzymatic method 
was used to measure fasting blood glucose and electrochemi
luminescence method was used to measure insulin levels; (iii) 
Blood lipids: colorimetric method was used to determine 
triglycerides (TG), total cholesterol (TC), high-density lipo
protein cholesterol (HDL-C), low-density lipoprotein choles
terol (LDL-C); (iv) Biochemical indicators: colorimetric 
method was used to determine serum total protein and albumin 
(ALB); (v) Oxidative stress and inflammation risk indicators: 
ELISA was used to measure superoxide dismutase (SOD) and 
interleukin 6 (IL-6), and immunoturbidimetry was used to 
measure hs-CRP concentration.

Definition and Calculation Formula
We divided the target population into two groups, the normal 
group (n=992 cases) had fasting plasma glucose <5.6mmol/L 
(100 mg/dL), and the IFG group (n=148 cases) had 
fasting plasma glucose ≥5.6mmol/L and <7.0mmol/L 
(100–126 mg/dL).8 The HOMA-IR value was calculated as 
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fasting plasma glucose (mmol/L)×fasting insulin (mU/L)/ 
22.5; the body mass index (BMI) was calculated as weight 
(kg)/height in squared meters (m2). The modified MDRD 
equation was used to calculate the eGFR: 175 x (Scr) - 1.234 
x (age) - 0.179 x (if female, x 0.79). The RBCHct was 
calculated as (Red blood cell count×1012/L)×hematocrit 
(Hct). Grouping based on RBCHct interquartile range was as 
follows: Q1 (RBCHct<1.85), Q2 (1.85≤RBCHct<2.06), Q3 
(2.06≤RBCHct<2.3), and Q4 (RBCHct≥2.3). Grouping based 
on HOMA-IR index was as follows: normal group (n=54), 
HOMA-IR≤2.69 and insulin resistance group (n=94), 
HOMA-IR>2.69.9 Grouping based on hs-CRP value was as 
follows: normal group (n=115), hs-CRP≤3.0 mg/L and 
chronic low-grade inflammation group (n=33), hs-CRP 
>3.0 mg/L.10,11

Statistical Analysis
The SPSS (version 20) and MedCalc statistical software 
were used to analyze the data. Continuous variables with 
normal distribution are displayed as mean±SD, and the 
independent sample t-test and ANOVA were used for com
parison of differences, followed by Bonferroni correction 
for pairwise comparison. Continuous variables with non- 
normal distribution are presented as median (25th–75th 
percentile), Mann–Whitney U-test and Kruskal–Wallis 
H (K) were used for difference comparison; countable 
data are expressed as percentage, using the chi-square test 
for difference comparison. Spearman correlation was for 
correlation analysis of RBCHct index and related indica
tors. Binary logistic regression was used for RBCHct index 
assessing prediabetic potential risk analysis to establish 
three models: Model 1 is not adjusted; Model 2 is adjusted 
for age, sex, BMI, and WC; and Model 3 is adjusted for age, 
sex, BMI, waist circumference, smoking, drinking, educa
tional level, physical exercise, TG, and TC. The results are 
expressed as odds ratio (OR) and 95% confidence interval 
(CI). ROC curve analysis was used to determine RBCHct 
index for diagnosis of insulin resistance and chronic low- 
grade inflammation. Two-tailed p-value<0.05 was consid
ered to indicate statistical significance.

Results
Table 1 shows the description of baseline characteristics of 
the normal glucose and IFG groups. It can be seen from 
Table 1, compared with the normal group, the IFG group is 
older and has higher BMI, WC, blood pressure, and 
HOMA-IR (p<0.001); TG, TC, WBC, lymphocytes, SOD 
and ALB all increased (p<0.05). In addition, in the IFG 

group, RBCHct, RBC, HGB, and Hct increased (p<0.05), 
RDW-SD decreased (p=0.049), and there was no differ
ence in RDW-CV.

Table 2 provides a description of the correlation between 
RBCHct index and human body status indicator. Correlation 
analysis showed that the RBCHct index and fasting blood 
glucose (r=0.088, P=0.003); blood insulin (r=0.192, 
P<0.001); HOMA-IR (r=0.199, P<0.001); WBC (r=0.305, 
P<0.001); lymphocyte count (r=0.205, P<0.001); neutrophil 
count (r=0.254, P<0.001); hs-CRP (r=0.097, P =0.001); SOD 
(r=0.292, P<0.001); ALB (r=0.230, P<0.001); SBP (r=0.159, 
P<0.001); DBP (r=0.244, P<0.001); WC (r=0.311, P<0.001); 
and BMI (r=0.199, P<0.001) were positively correlated. The 
RBCHct index was negatively correlated with HDL 
(r=−0.241, P<0.001).

Table 3 shows the description of the basic character
istics of the human body with respect to the interquartile 
range of RBCHct index. For every quartile increase in 
RBCHct among people, BMI, SBP, DBP, fasting plasma 
glucose, insulin, HOMA-IR, RBC, Hct, RDW-CV, WBC, 
neutrophils, lymphocytes, SOD, ALB, triglycerides, cho
lesterol, the proportion of males, the medical history of 
smoking and drinking increased (P <0.05); the level of 
RDW-SD decreased (P <0.05); there was no difference in 
age, exercise, and education level (P>0.05). The highest 
quartile of RBCHct was associated with a higher preva
lence of IFG (P <0.05).

The relationship between the interquartile range of 
RBCHct index and the potential risk of IFG is shown in 
Table 4. In the binary logistic regression analysis, IFG is 
the dependent variable, and the RBCHct quartile is the 
independent variable. In the unadjusted model 1, com
pared with the lowest quartile array 1, the OR at the 
highest RBCHct quartile was 2.925 (P<0.001); in model 
2, after adjusting for age, gender, BMI, and WC, The OR 
of the highest quartile was 3.427 (P<0.001); in Model 3, 
after adjusting for age, gender, BMI, and WC, smoking, 
drinking, education (high school or above), physical activ
ity, TG, and TC, the OR of the highest quartile was 3.048 
(P = 0.001). RBCHct is independently related to IFG.

The RBCHct index was used to evaluate the efficacy of 
insulin resistance and chronic low-grade inflammation. 
The RBCHct index was used as the detection variable, 
and the occurrence of insulin resistance was used as the 
outcome variable for ROC curve analysis. The area under 
the HOMA-IR curve of 95% CI was 0.695 (0.614–0.768); 
the optimal cut-off value was 2.002, sensitivity was 
77.66%, specificity was 53.7%, and the Youden index 

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
4009

Dovepress                                                                                                                                                             Feng et al

http://www.dovepress.com
http://www.dovepress.com


was 0.3136 (Figure 1). The RBCHct index was used as the 
detection variable, and the occurrence of chronic low- 
grade inflammation was used as the outcome variable for 

ROC curve analysis. The area under the hs-CRP curve of 
95% CI was 0.641 (0.558–0.718); the optimal cut-off 
value was 2.1285, the sensitivity was 50.43%, the specifi
city was 72.73%, and the Youden index was 0.2316 
(Figure 2).

Discussion
Elevated plasma glucose can change blood routine para
meters, the main changes are as follows: (I) Increased red 
blood cell count. Both erythrocyte membrane protein and 
hemoglobin can undergo non-enzymatic glycosylation 
with glucose, and the interaction between them is linearly 
related, initially forming a reversible glycosylation pro
ducts precursor (imine), and further oxidation to form an 
irreversible advanced glycosylation end products.12,13 

Glycosylated proteins can undergo auto-oxidation to pro
mote the production of superoxide and free radicals.14,15 In 
this process, red blood cell membrane tubulin subtypes 
may undergo structural changes; red blood cell membrane 
Ca2+ ATPase enzyme, red blood cell membrane Na+/K+- 
ATPase enzyme, erythrocyte sodium-lithium countertran
sport (SLC) may have functions obstacle.16,17 In addition, 

Table 1 Demographic and Clinical Characteristics of the Normal 
Glucose Group and IFG

Variables (NG) 

(n=992)

(IFG) 

(n=148)

P value

Age (years) 54.34±12.79 59.93±9.84 P<0.001

Male, n (%) 327(32.96) 51(34.5) 0.709

Current smoker, n (%) 117(11.79) 13(8.78) 0.333

Current alcohol use, 

n (%)

233(23.49) 35(23.65) 0.966

Education – high school 

or above, n (%)

139(14.01) 14(9.5) 0.155

Physical activity, n (%) 532(53.63) 92(62.16) 0.63

BMI, kg/m2 23.9±3.32 25.23±3.38 P<0.001

WC, cm 83.65±9.56 88.44±9.31 P<0.001

SBP, mmHg 131.95±18.91 141.3±17.55 P<0.001

DBP, mmHg 81.85±10.34 86.48±8.94 P<0.001

Fasting plasma glucose, 

mmol/L

4.85±0.37 5.99±0.34 P<0.001

Insulin, mU/L 8.85 

(6.38–12.36)

12.59 

(8.33–16.37)

P<0.001

HOMA-IR 1.9(1.35–2.72) 3.36 

(2.19–4.4)

P<0.001

RBCHct 2.09±0.34 2.19±0.34 0.001

RBC, 1012/L 4.8±0.54 4.96±0.58 0.001

HGB, g/L 140.05±13.32 143±12.52 0.011

Hct (%) 0.43±0.03 0.44±0.03 0.013

RDW-SD (fl) 43.1±3.16 42.55±2.79 0.049

RDW-CV (%) 13.41±1.42 13.41±1.41 0.988

WBC, 109/L 6.33±1.4 6.63±1.37 0.015

Neutrophil count, 109/L 3.35±1.03 3.5±1 0.106

Lymphocyte count, 109/L 2.28±0.62 2.44±0.67 0.005

IL-6, pg/mL 3.8±4.14 3.81±2.05 0.998

hs-CRP, mg/L 2.32±4.83 2.49±3.75 0.682

SOD, U/L 152.95±22.51 159.99 

±35.93

0.001

ALB, g/L 47.9±2.56 48.57±2.43 0.003

TG, mmol/L 1.26 

(0.93–1.83)

1.56 

(1.15–2.36)

P<0.001

TC, mmol/L 5.46±1.05 5.7±1.13 0.012

LDL-C, mmol/L 3.23±0.94 3.36±0.97 0.126

HDL-C, mmol/L 1.54±0.34 1.48±0.36 0.058

Note:: Data are presented as mean±SD or median (25th–75th percentiles) for 
continuous variables and as percentage (%) for countable data and categorical 
variables. 
Abbreviations:: NG, normal blood glucose group; IFG, impaired fasting blood 
glucose group; BMI, body mass index; WC, waist circumference; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; HOMA-IR, insulin resistance homeostasis 
model assessment; RBCHct, red blood cell count multiplied by hematocrit index; 
RBC, red blood cell count; HGB, hemoglobin; Hct, hematocrit; RDW-SD, red blood 
cell distribution width; RDW-CV, coefficient of variation of erythrocyte distribution 
width; WBC, white blood cell count; IL-6, interleukin 6; hs-CRP, hypersensitive 
C-reactive protein; SOD, superoxide dismutase; ALB, serum albumin; TG, triglycer
ides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, 
high-density lipoprotein cholesterol.

Table 2 Description of the Correlation Between RBCHct Index 
and Human Body Status Indicators

Variables R P value Grading of the 
Correlation 
Results

Fasting plasma glucose 0.088 0.003 Small
Insulin 0.192 P<0.001 Small

HOMA-IR 0.199 P<0.001 Small

WBC 0.305 P<0.001 Medium
Lymphocyte count 0.205 P<0.001 Small

Neutrophil count 0.254 P<0.001 Small
Hs-CRP 0.097 0.001 Small

SOD 0.292 P<0.001 Medium

ALB 0.230 P<0.001 Small
TG 0.254 P<0.001 Small

TC 0.103 P<0.001 Small

LDL-C 0.114 P<0.001 Small
HDL-C –0.241 P<0.001 Small

SBP 0.159 P<0.001 Small

DBP 0.244 P<0.001 Small
WC 0.311 P<0.001 Medium

BMI 0.199 P<0.001 Small

Abbreviations:: HOMA-IR, insulin resistance homeostasis model assessment; 
WBC, white blood cell count; hs-CRP, hypersensitive C-reactive protein; SOD, 
superoxide dismutase; ALB, serum albumin; TG, triglycerides; TG, total cholesterol; 
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cho
lesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist 
circumference; BMI, body mass index.
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glycated hemoglobin can limit the release of oxygen.18 

These changes in red blood cells will lead to decreased 
red blood cell deformability and hypofunction, which in 

turn leads to secondary red blood cells increase.19 (II) 
Increased hematocrit. Hyperglycemia may cause osmotic 
diuresis, reducing plasma volume, thereby increasing 

Table 3 Description of the Basic Characteristics of the Human Body Under the Interquartile Range of RBCHct Index

Variables Q1 (n=286) Q2 (n=281) Q3 (n=286) Q4 (n=287) P value

Age (years) 54.69±13.13 55.87±12.41 55.32±12.69 54.4±12.1 0.509
Male, n (%) 15(5.24) 44(15.66) 107(37.41) 212(73.87) P<0.001

Current smoker, n (%) 10(3.5) 17(6.05) 35(12.24) 68(23.69) P<0.001

Current alcohol use, n (%) 43(15.03) 43(15.30) 73(25.52) 109(37.98) P<0.001
Education – high school or above, n (%) 42(14.69) 29(10.32) 42(14.69) 40(13.94) 0.365

Physical activity, n (%) 153 (53.5) 166 (59.07) 154 (53.85) 151 (52.61) 0.403

IFG (%) 21 (7.34) 36 (12.81) 37(12.94) 54(18.82) 0.001
BMI, kg/m2 23.36±3.1d 23.95±3.23d 23.78±3.3d 25.2±3.5abc P<0.001

WC, cm 81.27±8.88cd 82.5±9.09d 84.12±9.27ad 89.15±9.5abc P<0.001
SBP, mmHg 129.39±19.16cd 132.02±19.56d 134.86±18.89a 136.33±17.68ab P<0.001

DBP, mmHg 79.37±10.11cd 81.33±9.53d 83.11±9.42ad 85.94±10.9abc P<0.001

Fasting plasma glucose, mmol/L 4.89(4.57–5.15) 4.95(4.65–5.3) 4.92(4.69–5.34) 4.95(4.69–5.34) 0.008
Insulin, mU/L 7.78(5.84–10.79) 9.46(6.55–12.69) 9.25(6.35–13.26) 10.86(7.64–14.8) P<0.001

HOMA-IR 1.72(1.24–2.36) 2.06(1.39–2.95) 2.02(1.38–2.99) 2.42(1.67–3.48) P<0.001

RBC, 1012/L 4.28(4.15–4.4) 4.57(4.5–4.66) 4.87(4.77–4.97) 5.29(5.11–5.68) P<0.001
HGB, g/L 129.5(124–133) 138(135–141) 145(141–149) 155(149–161) P<0.001

Hct (%) 0.4(0.39–0.41) 0.43(0.42–0.43) 0.45(0.44–0.46) 0.47(0.46–0.49) P<0.001

RDW-SD (fl) 43.15(41.5–45.33) 43(41.6–44.75) 42.7(40.9–44.53) 42.5(40.5–44.2) 0.001
RDW-CV (%) 12.8(12.4–13.7) 13.0(12.5–13.4) 13.1(12.6–13.7) 13.3(12.9–14.3) P<0.001

WBC, 109/L 5.75±1.39bcd 6.34±1.3 ad 6.49±1.32 ad 6.89±1.34abc P<0.001

Neutrophil count, 109/L 3.01±1.04bcd 3.39±0.97 ad 3.43±1.01 ad 3.66±0.97abc P<0.001
Lymphocyte count, 109/L 2.12±0.6bcd 2.28±0.61 ad 2.35±0.62 a 2.46±0.65ab P<0.001

IL-6, pg/mL 4.05±6.95 3.82±2.17 3.56±1.9 3.79±2.24 0.526

Hs-CRP, mg/L 2.28±5.53 2.35±3.69 2.39±5.54 2.33±3.7 0.993
SOD, U/L 146(137–157) 149(140–159) 153(144–162.25) 157(148–169) P<0.001

Serum albumin, g/L 47.17±2.55bcd 47.93±2.55ad 48.07±2.41ad 48.76±2.46abc P<0.001

TG, mmol/L 1.1(0.84–1.56) 1.27(0.92–1.79) 1.28(0.94–1.94) 1.58(1.23–2.25) P<0.001
TC, mmol/L 5.26±1.05bcd 5.54±1.09a 5.62±1.06a 5.54±1.04a P<0.001

Notes:: Data are presented as mean±SD or median (25th–75th percentiles) for continuous variables and as percentage (%) for countable data and categorical variables. 
One-way analysis of variance between the two groups, Bonferroni: aIndicates comparison with Q1 (P<0.05), bIndicates comparison with Q2 (P<0.05), cIndicates comparison 
with Q3 (P<0.05), dIndicates comparison with Q4 (P<0.05). 
Abbreviations:: Q1, RBCHct<1.85; Q2, 1.85≤RBCHct<2.06; Q3, 2.06≤RBCHct<2.3; Q4, RBCHct≥2.3; IFG, impaired fasting blood glucose group; BMI, body mass index; 
WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR, insulin resistance homeostasis model assessment; RBC, red blood cell 
count; HGB, hemoglobin; Hct, hematocrit; RDW-SD, red blood cell distribution width; RDW-CV, coefficient of variation of erythrocyte distribution width; WBC, white 
blood cell count; IL-6, interleukin 6; hs-CRP, hypersensitive C-reactive protein; SOD, superoxide dismutase; ALB, serum albumin; TG, triglycerides; TG, total cholesterol.

Table 4 The Relationship Between the Interquartile Range of RBCHct Index and the Potential Risk of Impaired Fasting Blood Glucose

Interquartile Range Model 1 Model 2 Model 3

RBCHct OR (95% CI) p OR (95% CI) p OR (95% CI) p

RBCHct 0.001 0.002 0.007
Q1 1 1 1

Q2 1.854(1.053–3.264) 0.032 1.857(1.041–3.31) 0.036 1.756(0.982–3.139) 0.058

Q3 1.875(1.068–3.292) 0.029 2.018(1.122–3.628) 0.019 1.889(1.047–3.408) 0.035
Q4 2.925(1.715–4.988) P<0.001 3.427(1.833–6.407) P<0.001 3.048(1.618–5.741) 0.001

Notes:: Model 1, unadjusted confounding factors. Model 2, adjusted for age, sex, BMI, waist circumference. Model 3, Adjusted for above+ smoking, alcohol use, education 
(high school or above), physical activity, triglyceride, and total cholesterol. 
Abbreviations:: RBCHct, red blood cell count multiplied by hematocrit index; OR, odds ratio.
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hematocrit, and blood viscosity.20,21 Red blood cell func
tion is best when the hematocrit is 0.38%, and then as the 
hematocrit increases, the ability of red blood cells to carry 
oxygen gradually decreases.22 (III) Red blood cell hetero
geneity. Hyperglycaemia can cause red blood cell mem
brane damage and increase the number of echinocytes and 
spherocytes.23 Previous studies have shown that elevated 

RDW-CV indicates increased red blood cell heterogeneity, 
which is associated with increased risk of diabetes and 
heart disease. Increased RDW-CV (≥13.1%) in diabetic 
patients after percutaneous coronary intervention is asso
ciated with increased long-term all-cause mortality.24 Our 
research showed that the RBC and Hct of the IFG group 
increased compared with the normal group (p <0.05), and 
with the increase of the RBCHct index, the RDW-CV 
showed an increasing trend (P <0.001). In the binary 
logistic regression analysis, after adjusting for confound
ing factors, the highest quartile of RBCHct predicted the 
risk of IFG to be 3.048 times. Our results indicate that red 
blood cells may be involved in the occurrence and devel
opment of IFG, and the RBCHct index can be used as 
a potential indicator to predict IFG in patients. When 
blood glucose increases, the shape and function of RBC 
change, deformability decreases, the ability to pass capil
laries decreases, RBC aggregates, blood viscosity 
increases, and capillary resistance increases.25–27

Previous studies believed that insulin resistance 
appeared before hyperglycemia and was considered to be 
the main mechanism of type 2 diabetes.28 Insulin resis
tance can cause changes in red blood cells. The super- 
physiological dose of insulin combined with the red blood 
cell insulin receptor will increase the microviscosity of red 
blood cells, leading to the aggregation of red blood cells 
and the increase of blood viscosity.29,30 Hyperinsulinism 
activates phosphodiesterase 3 in human red blood cells, 
impairing the release of adenosine triphosphate (ATP), 
leading to impaired red blood cell energy supply.31 In 
addition, hyperinsulinemia can promote red blood cells.32 

Insulin resistance can also be enhanced by changes in red 
blood cells. Elevated fasting blood glucose will lead to the 
decrease of insulin receptor kinase activity of red blood 
cells, fat cells and skeletal muscle, and increase insulin 
resistance.33 The increase of triglycerides and cholesterol 
in the blood circulation will lead to the destruction of the 
fatty acid structure of the red blood cell membrane and the 
increase of membrane cholesterol content, which in turn 
increases insulin resistance.34,35

The correlation between red blood cells and inflamma
tion. The RBC membrane surface molecules can interact 
with white blood cells, endothelial cells, macrophages, and 
various blood components, and functionally activate an 
immune response.36 Red blood cells can form microvesi
cles in response to various physiological and pathological 
triggers.37 Insulin resistance increases the secretion of red 
blood cell vesicles; and these vesicles which are rich in 

Figure 1 Characteristics of ROC curve for RBCHct diagnosis of insulin resistance.

Figure 2 Characteristics of ROC curve of RBCHct diagnosis of chronic low-grade 
inflammation.
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damaged red blood cell components, preferentially com
bine with circulating white blood cells and change their 
functions.38 In addition, vesicles derived from red blood 
cells can promote the production of inflammatory cyto
kines, promote the efficacy of antigen-presenting cells, 
induce the proliferation of CD4 + T and CD8 + 

T lymphocytes, and produce pro-inflammatory effects.39 

Insulin resistance, red blood cell dysfunction, oxidative 
stress damage, and increased oxidative stress products 
are associated with the prediabetes period, and the corre
sponding superoxide dismutase (SOD) that eliminates oxi
dative stress products also increases.40,41 Similarly, ALB 
has antioxidant activity and shows an increasing trend in 
the occurrence and development of diabetes.42–44 The 
imbalance between oxidative and anti-oxidative stress 
can activate the inflammatory pathway,45 and an increase 
in WBC count indicates inflammation state.46,47 The 
results of our study also showed that the SOD (P=0.001) 
and WBC count (P=0.015) in the IFG group were higher 
than those in the normal group, and the RBCHct index and 
SOD (r=0.292, P<0.001) and WBC (r=0.305, P<0.001) 
were highly correlated, and the RBCHct index could pre
dict insulin resistance and chronic inflammation (P<0.05). 
This is likely because RBCs are under oxidative stress 
when blood glucose is elevated, which activates the 
WBCs in circulation and the innate immune system.36,48 

This may also mean that during the increase of blood 
glucose in the body, morphological and functional changes 
of RBCs, oxidation and anti-oxidation of tissues and 
organs, and pro-inflammatory and anti-inflammatory reac
tions have already occurred.48,49

This study has certain limitations. First of all, this is 
a cross-sectional survey with a small sample size and females, 
older residents account for a larger proportion of our research, 
which may have the problem of selection bias. Secondly, this 
study used the form of questionnaire to conduct statistics of 
past medical history, and patients with diseases that may have 
an impact on blood system indicators cannot be ruled out. 
Third, in this study, the sample size of people with IFG was 
small, the RBCHct index to conduct diagnostic studies on 
insulin resistance and chronic low-grade inflammation in 
people with IFG may have low test efficiency. Therefore, 
further large samples and prospective studies are needed to 
clarify the significance of the RBCHct index.

Conclusion
Impaired fasting blood glucose is a high-risk pre-state of 
diabetes. If the simple and easily neglected blood routine 

parameter of RBCHct index can be used as an indicator of 
IFG, insulin resistance and chronic low-grade inflammation 
in vivo, early intervention measures for high-risk groups may 
be achieved, thereby reducing the incidence of diabetes and 
the economic burden of human chronic non-communicable 
diseases. This study shows that in the IFG population, the 
number, structure and function of RBCs change, which are 
manifested by reduced red blood cell deformability, 
increased aggregation and increased blood viscosity. This 
may be the result of the interaction with IR, and it may be 
one of the reasons why the body begins to develop a state of 
chronic low-grade inflammation. Red blood cells are 
involved in the development of diabetes and the RBCHct 
index may be an early indicator of high diabetes risk.
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