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Abstract
Background and Aims  The presence of hyperglycemia induces alterations in the blood cell microenvironment. 
However, further investigations are warranted to comprehend the regulation of physiological parameter changes 
within the hyperglycemic cohort and validate their correlation. This study aims to investigate the correlation between 
hyperglycemia and peripheral blood physiological parameters, providing valuable insights for the screening and 
treatment of hyperglycemia.

Methods  A retrospective study was conducted to analyze the demographic characteristics and blood routine 
test (blood RT) results of both the normal population and individuals with hyperglycemia. The distribution of 
abnormal blood RT results was compared between the hyperglycemic groups and the normal group. Univariate and 
multivariate logistic regression analyses were employed to investigate the correlation between blood RT results and 
levels of hyperglycemia. In addition, the stored red blood cells (RBCs) were placed in high glucose concentration and 
low glucose concentration environment, and the changes of physiological parameters of RBCs were observed after 35 
days of storage.

Results  The study included a total of 413 participants, with 202 individuals representing the normal population. 
Among these, there were 95 males (47.03%) and 107 females (52.97%). The hyperglycemia group consisted of 
individuals with impaired glucose tolerance (IGT) and diabetes mellitus (DM). Out of the total sample, 61 participants 
with IGT, consisting of 45 males (73.77%) and 16 females (26.23%). Additionally, there were 150 participants with 
DM, including 107 males (71.33%) and 43 females (28.67%). The prevalence of hyperglycemia showed a significant 
increase among males aged over 45 years (p < 0.05). The levels of white blood cell count (WBC), red blood cell count 
(RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin 
concentration (MCHC) in the hyperglycemia group were significantly higher than those in the normal group 
(p < 0.05). The distribution of abnormal blood RT results revealed that the DM group had the highest proportion of 
abnormal WBC, while the IGT group exhibited the highest proportions of abnormal RBC, HGB, and HCT (p < 0.05). 
Univariate logistic regression analysis showed that WBC (odds ratio [OR], 1.422; 95% CI, 1.249–1.631), RBC (OR, 2.163; 
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Introduction
The prevalence of diabetes mellitus (DM) has been grad-
ually increasing since the early 21st century due to a mul-
titude of complex environmental and individual factors, 
thereby posing significant global health challenge [1]. The 
International Diabetes Federation (IDF) reported in 2021 
that the global prevalence of diabetes stands at 537 mil-
lion individuals, representing approximately 10.5% of the 
world’s population [2]. Similarly, the prevalence of DM in 
China has increased from 2.6 to 12.4% over the past two 
decades, making it the country with the highest number 
of cases [3]. Among these, adolescents and children have 
seen the most significant increases in DM diagnoses [4]. 
In addition, the global prevalence of undiagnosed DM 
is estimated to be around 240  million individuals, with 
China alone accounting for nearly 54% of these cases that 
remain undetected [2, 5]. The presence of hyperglyce-
mia is associated with a spectrum of complications [6], 
encompassing cardiovascular disease [7], chronic kidney 
disease [8], immuno-inflammation [9]. To conclude, the 
current issue of the high prevalence of DM is a press-
ing concern, particularly among young individuals and 
potential patients. Consequently, the early detection, pre-
vention, and treatment of DM are crucial strategies for 
impeding its progression. The primary objectives of this 
study were to investigate biomarkers associated with dia-
betes and identify potential predictor indices in order to 
enhance the efficacy of diabetes prevention strategies.

The blood routine test (blood RT), serving as the fun-
damental and widely utilized adjunctive tool, has become 
an indispensable component of almost all patients’ path-
ological examinations [10]. The recent years have wit-
nessed not only the routine utilization of blood tests for 
quantitative blood count, but also a growing research 
focus on leveraging these test results to predict the 
occurrence and progression of various diseases. More-
over, this approach aims to enhance the capacity for 
evaluating therapeutic efficacy in patients with diverse 
conditions such as cancer [11], respiratory disease [12], 
viral infections [13], and mental disorders [14].

Currently, various fundamental research has demon-
strated that blood cells, including RBC, WBC, and plate-
let (PLT), may undergo alterations in their structure, 
morphology, physiological function and immune sta-
tus when exposed to hyperglycemic conditions [15–17]. 
However, our systematic search found that the specificity 
and differential changes of blood RT results in patients 
with hyperglycemia are rarely reported. Consequently, 
the blood RT, although a regular and convenient check, 
still requires further exploration of its clinical and pre-
ventive value of hyperglycemia.

The focus of this study was on the hyperglycemia group 
in blood RT results. On one hand, this facilitates the 
exploration of the cytological mechanisms underlying 
various complications associated with hyperglycemia. On 
the other hand, as a biomarker, blood RT can effectively 
screen individuals with hyperglycemia in a timely man-
ner, thereby preventing the onset of diabetes and provid-
ing valuable reference data. Furthermore, by comparing 
changes in blood RT among patients at different stages, 
it is anticipated that these tests will serve as clinical 
indicators to assist in evaluating therapeutic efficacy. In 
summary, the objective of this study was to analyze the 
correlation between hyperglycemia and abnormal blood 
routine indexes within the population and provide effec-
tive reference data for the prevention and treatment of 
hyperglycemia.

Methods
General information
From January 2023 to June 2023, a total of 211 patients 
with hyperglycemia were selected from all the population 
who underwent physical examination at the Jinling Hos-
pital. Among them, 150 patients met the diagnostic crite-
ria for DM, while 61 patients met the diagnostic criteria 
for IGT. Simultaneously, a control group comprising 202 
individuals with normal glycemic levels was chosen for 
comparative analysis. Demographic information, blood 
glucose levels, and blood RT results were collected for 
all participants in these three groups. This study selected 

95% CI, 1.449–3.270), HGB (OR, 1.033; 95% CI, 1.020–1.047), HCT (OR, 4.549; 95% CI, 0.569–8.591), MCH (OR, 1.175; 
95% CI, 1.057–1.319), MCHC (OR, 1.071; 95% CI, 1.047–1.098) were the predictor indices for hyperglycemia (p < 0.05). 
Multivariate logistic regression analysis showed that WBC (OR, 1.434; 95% CI, 1.193–1.742) and MCHC (OR, 4.448; 95% 
CI, 0.084–237.9) were predictor indices for hyperglycemia (p < 0.05). The results of in vitro experiments demonstrated 
that the high glucose concentration significantly decreased MCV, while concurrently increasing MCHC and coefficient 
variation of the distribution width of the red blood cell (RDW-CV) (p < 0.05).

Conclusion  The present study revealed significant correlations between hyperglycemia and gender, age, as well as 
certain peripheral blood physiological parameters. Moreover, in vitro experiments provided further support for these 
associations. Consequently, peripheral blood physiological parameters can serve as valuable predictor indices for DM 
and IGT prevention, offering essential insights to enhance preventive strategies.
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the blood RT indexes including white blood cell count 
(WBC), neutrophil percentage (NE.%), lymphocyte per-
centage (LY.%), eosinophil percentage (EO.%), basophil 
percentage (BA.%), monocyte percentage (MO.%), red 
blood cell count (RBC), hemoglobin (HGB), hematocrit 
(HCT), mean corpuscular volume (MCV), mean corpus-
cular hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC), coefficient variation of the dis-
tribution width of the red blood cell (RDW-CV), platelet 
count (PLT#), thrombocytopenia (PCT), mean platelet 
volume (MPV), and platelet distribution width (PDW). 
The blood RT indexes were determined using an auto-
mated haematology analyser (Sysmex XE-5000; Wakino-
hama-Kaigandori, Japan).

Diagnostic criteria
The diagnostic criteria of the present study adhere to 
the guidelines set by the international diabetes associa-
tions (International Diabetes Federation [IDF], Ameri-
can Diabetes Association [ADA], European Association 
for the Study of Diabetes [EASD], etc.) and the World 
Health Organization (WHO). DM was defined as fasting 
plasma glucose of ≧ 7.0mmol/l ( ≧ 126  mg/dl), and IGT 
was defined as fasting glucose values of < 5.6–6.9 mmol/l 
(100–125 mg/dl). Persons with fasting glucose values of 
< 5.6 mmol/l (100  mg/dl) were included in the normal 
group [18]. The research subject of this investigation 
has excluded numerous potential underlying diseases, 
including cardiovascular disease, chronic respiratory dis-
eases, impaired liver and kidney function, hematological 
disorders, neurological disorders, neuromuscular dam-
age, metabolic disorders, as well as immunosuppressive 
states or compromised immune systems.

Research design
This study primarily encompasses two aspects. Firstly, it 
involves conducting a retrospective case-control study to 
analyze the correlation between blood glucose levels and 
results of blood RT. Specifically, the subjects were cat-
egorized into three groups based on their blood glucose 
levels: normal group, IGT group, and DM group. The dif-
ferences in blood RT results among these three groups 
were compared. Additionally, the blood RT results were 
considered abnormal if the results of blood RT fell out-
side the reference intervals, and the distribution of these 
abnormal indicators was recorded. Secondly, an in vitro 
validation experiment was conducted to verify the direct 
impact of glucose concentration on erythrocyte physio-
logical parameters. The subjects were divided into a high 
glucose concentration group and a low glucose concen-
tration group, with observations made at 0 and 35 days 
of storage.

Collection and preparation of stored RBCs
This study was conducted at the Blood Bank Unit of Jin-
ling Hospital. A total of 10 whole blood (400 ml) donated 
by voluntary donors was collected. The 5 cases in each 
group were randomly allocated into two groups, namely 
the high glucose concentration group and low glucose 
concentration group. In the high glucose concentration 
group, blood was collected directly from the original 
blood bag without any additional treatment. In the low 
glucose concentration group, 200 ml normal saline solu-
tion was added to decrease the glucose concentration in 
the blood bag. The glucose concentrations at the high 
and low levels were 26.47 ± 1.45 and 18.23 ± 0.87 mmol/L 
(476.5 ± 26.1 and 328.1 ± 15.7 mg/dl), respectively. Whole 
blood was collected using disposable leucocyte filter 
blood bags produced by Fresenius Kabi Medical Supplies 
Co., Ltd (Guangzhou, China), batch No. 85UG04FC00. 
The glucose concentrations were measured using an 
automated biochemical analyser (Hitachi 7600, Tokyo, 
Japan).

Statistical analysis
All statistical analyses were performed using the Graph-
Pad Prism software 9.4.1 (GraphPad Software, San 
Diego, CA, USA). Frequency distributions determined 
the percent of samples. The data were expressed as the 
mean ± SD. The means and standard error of the means 
(SEM) between two groups were assessed using Student’s 
t-test. The correlation between the distribution of abnor-
mal blood RT results and blood glucose levels was anal-
ysed using the chi-square test. The correlation analysis of 
the blood RT results and levels of hyperglycemia was per-
formed by univariate and multivariate logistic regression 
analysis. Variables with a p value of less than 0.05 were 
considered statistically significant.

Results
Demographics characteristics of study participants
A total of 413 participants were included in the survey, 
comprising 202 individuals with normal glucose levels, 61 
individuals with IGT, and 150 individuals diagnosed with 
DM. The normal group consisted of 95 males (47.03%) 
and 107 females (52.97%). In the IGT group, there were 
45 males (73.77%) and 16 females (26.23%), while in the 
DM group, there were 107 males (71.33%) and 43 females 
(28.67%). The mean ages of the normal group, IGT group, 
and DM group were 42.70 ± 12.07, 54.88 ± 12.59, and 
54.69 ± 12.74 years old, respectively (p < 0.05). The prev-
alence of IGT in individuals aged over 45 was observed 
in 47 cases (77.05%), while DM was diagnosed in 120 
patients (80%) within the same age group. In compari-
son, the normal group exhibited a lower incidence rate 
of 82 cases (40.59%). The abnormal blood glucose levels, 
including IGT and DM prevalence, exhibited significant 
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variations across different genders and age (p < 0.05) 
(Table 1).

Comparison of blood RT results among individuals with 
varying levels of blood glucose
The results of WBC, RBC, HGB, HCT, MCH, MCHC and 
PDW exhibited significant differences among the normal 
group, IGT group and DM group (p < 0.05). The detection 
values of WBC, RBC, HGB, HCT, MCH, and MCHC in 
the hyperglycemia group (including IGT group and DM 
group) exhibited higher levels compared to those in the 
normal group, however, PDW demonstrated an inverse 
trend in the Fig. 1.

Comparison of abnormal blood RT parameters distribution
The study examined the distribution of abnormal blood 
RT parameters among different groups (the normal 
group, the IGT group, and the DM group). The results 
revealed significant differences in the proportion of 
abnormal WBC, RBC, HGB, and HCT parameters among 
the three groups (p < 0.05). Specifically, the DM group 
exhibited the highest proportion of abnormal WBC lev-
els, while the IGT group had the highest proportion of 
abnormal RBC, HGB, and HCT levels (Table 2).

Predictive factors associated with blood RT parameters in 
hyperglycemia
In this study, the relationship between blood RT and 
the hyperglycemia was analyzed by logistic multiple 
regression analysis. Univariate logistic regression analy-
sis showed that WBC (OR, 1.422; 95% CI, 1.249–1.631), 
RBC (OR, 2.163; 95% CI, 1.449–3.270), HGB (OR, 1.033; 
95% CI, 1.020–1.047), HCT (OR, 4.549; 95% CI, 0.569–
8.591), MCH (OR, 1.175; 95% CI, 1.057–1.319), MCHC 
(OR, 1.071; 95% CI, 1.047–1.098) were correlated with 
the occurrence of hyperglycemia (p < 0.05). Multivari-
ate logistic regression analysis showed that WBC (OR, 
1.434; 95% CI, 1.193–1.742) and MCHC (OR, 4.448; 95% 

CI, 0.084–237.9) were correlated with the occurrence of 
hyperglycemia (p < 0.05) (Table 3).

The impact of varying glucose concentrations on RBCs in 
vitro
The study selected RBC suspensions with high glucose 
concentration group and low glucose concentration 
group as the experimental subjects to investigate the 
physiological parameters after 35 days of storage. Results 
revealed that in the high glucose concentration group, 
MCV decreased with prolonged storage time, while 
MCHC and RDW increased significantly in the Fig.  2 
(p < 0.05). However, these changes were not observed in 
the low-glucose group (p > 0.05).

Discussion
The global prevalence of abnormal glucose metabolism is 
steadily increasing, with an estimated 537 million individ-
uals affected by DM, of whom approximately 45% remain 
undiagnosed [2]. The survey revealed an upward trend in 
the prevalence of diabetes among Chinese adults, with a 
recorded increase to 12.4% between 2018 and 2019. Pro-
jections indicate that this ratio is expected to escalate to 
19.8% by the year 2030 [19]. However, due to the com-
plexity of DM treatment, effective preventive measures 
implemented at this stage can help reduce the incidence 
of DM, additionally alleviate the health and economic 
impact caused by elevated blood glucose levels. Cur-
rently, the screening methods for DM patients primar-
ily involve inquiry, physical examination, and laboratory 
serum detection [20]. The prevalence of undiagnosed 
DM, however, continues to be significantly high, this 
indicates a need for further enhancement of the screen-
ing approach. By incorporating supplementary screening 
measures, integrating additional risk predictors, imple-
menting interventions targeting multiple risk factors, and 
integrating effective biomarkers, the overall effectiveness 
of diabetes screening can be improved. The present study 
collected and analyzed the fundamental data on epidemic 

Table 1  The demographic characteristics distribution for the study cohort
Normal group IGT group DM group χ2 p value

Number of participants, (n = 413) 202 61 150
Age (year), Mean ± SD 42.70 ± 12.07 54.88 ± 12.59 54.69 ± 12.74 F=48.22 < 0.0001
Age (year), n (%)
≦ 18 (n=0) 0 0 0 0 0
18∼ (n=7) 7 (3.47) 0 0 7.438 < 0.05
25∼ (n=70) 53 (26.24) 4 (6.56) 13 (8.67) 25.42 < 0.0001
35∼ (n=87) 60 (29.70) 10 (16.39) 17 (11.33) 14.34 < 0.001
45∼ (n=161) 63 (31.19) 27 (44.26) 71 (47.33) 10.27 < 0.01
≧ 60 (n=88) 19 (9.40) 20 (32.79) 49 (32.67) 33.40 < 0.0001
Gender, n (%)
Male (n=247) 95 (47.03) 45 (73.77) 107 (71.33) 26.96 < 0.0001
Female (n=166) 107 (52.97) 16 (26.23) 43 (28.67)
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characteristics of individuals with hyperglycemia, in addi-
tion to conducting a statistical analysis of their blood RT 
results. Our study demonstrated a positive association 
between age and the severity of hyperglycemia in indi-
viduals aged 45 years and above, with a higher prevalence 
observed among males compared to females. Global and 
Chinese statistics corroborate this observation, show-
ing a consistently higher prevalence of hyperglycemia in 
men compared to women, which aligns with our results 
[21, 22]. Nevertheless, it is crucial to acknowledge the 
potential presence of selection bias in our dataset. There-
fore, additional objective and comprehensive evidence is 
required to further substantiate these conclusions. The 
outcomes of this study serve as a valuable reference for 
investigating gender disparities in hyperglycemia. Addi-
tionally, certain blood RT parameters exhibited signifi-
cant correlations with hyperglycemia. Consequently, age, 
gender, and blood RT parameters should be considered 
as predictor indices for diabetes prevention.

Our study found a correlation between hyperglycemia 
and WBC. The hyperglycemia have higher WBC counts, 

and the results of univariate analysis also indicate that 
WBC are one of the predictor indices for hyperglyce-
mia. Hyperglycemia triggers an inflammatory response 
within the body, thereby contributing to the development 
of various diseases [23]. The impaired glucose metabo-
lism observed in DM patients is frequently accompanied 
by elevated levels of chronic inflammatory biomarkers, 
including interleukin (IL)-1β, IL-6, and tumor necrosis 
factor (TNF)-ɑ. These hyperactivated proinflammatory 
cytokines perpetually stimulate immune cell activation 
and induce proinflammatory responses [24]. In addi-
tion, inflammatory mediators, such as IL-6, are closely 
linked to insulin resistance, thereby initiating a cascade 
of pathological reactions [25]. The persistent activation of 
the inflammatory response results in sustained stimula-
tion of white blood cells, leading not only to an elevated 
white blood cell count but also to suppression of the anti-
inflammatory response [26]. The findings of our study 
indicated a positive correlation between elevated levels 
of WBC and blood glucose in patients with hyperglyce-
mia, providing theoretical support for the hypothesis that 

Fig. 1  The blood RT parameter values of the normal group, the IGT group, and the DM group, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, nsp> 0.05
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diabetes promotes cellular-level inflammatory responses. 
Furthermore, it suggests that elevated WBC levels should 
be considered as one of the predictor indices for DM 
prevention.

Previous studies found high glucose concentration can 
impact the energy metabolism, morphology and immune 
status of RBCs [27]. In the presence of high glucose lev-
els, there is a decrease in the expression of Band 3 protein 

(B3p) on the surface of RBCs [28]. This leads to a gradual 
transformation in their morphology from double con-
cave discs to spherical shapes, increased osmotic fra-
gility, and susceptibility to hemolysis. Simultaneously, 
elevated blood glucose levels also stimulate the release 
of RBC-derived extracellular vesicles (REVs), which fur-
ther compromise the integrity of the red cell membrane 
[29]. The biological influence mechanism of hyperglyce-
mia on peripheral blood cell parameters can be primarily 
attributed to the following aspects. First, the hypergly-
cemic environment induces irreversible glycosylation at 
the N-terminus of the hemoglobin β chain, leading to 
the formation of haemoglobin A1c (HbA1c) and conse-
quently diminishing the oxygen-carrying capacity of red 
blood cells [30]. Additionally, glycosylation of erythro-
cyte membrane proteins and lipids enhances membrane 
rigidity, reduces deformability, and increases the likeli-
hood of red blood cells being recognized and cleared 
by macrophages, thereby shortening their lifespan and 
potentially causing hemolytic anemia [31]. Second, 
hyperglycemia activates the polyol pathway and mito-
chondrial respiratory chain, resulting in the production 
of reactive oxygen species (ROS). This process damages 
erythrocyte membrane lipids and proteins, induces lipid 
peroxidation, and increases membrane fragility [16]. 
Furthermore, osmotic pressure changes due to hypergly-
cemia may cause red blood cell dehydration, leading to 
abnormal volume and morphology, and triggering apop-
tosis mechanisms [32]. However, extensive research has 
been conducted on the impact of hyperglycemia on RBCs 
function, while there is relatively less attention given to 
the retrospective cross-sectional comprehensive analysis 
of changes in RBCs in patients with hyperglycemia. Our 

Table 2  Abnormal blood routine parameters distribution in 
different population groups

Normal 
group
(n=202)

IGT 
group
(n=61)

DM group
(n=150)

χ2 p 
value

Percentage of 
abnormal value, 
%
WBC 3.465 6.557 7.333 2.769 0.251
LY.% 5.941 4.918 5.333 0.118 0.943
MO.% 1.980 1.639 1.333 0.218 0.897
NE.% 0.495 4.918 1.333 3.065 0.216
EO.% 3.465 1.639 1.333 1.841 0.398
BA.% 1.485 4.918 2.667 2.397 0.302
RBC 28.71 47.54 40.67 9.614 < 0.01
HGB 41.58 60.66 54.67 9.684 < 0.01
HCT 43.56 59.02 54.67 6.634 < 0.05
MCV 7.921 4.918 4.667 1.775 0.412
MCH 6.436 6.557 4.000 1.104 0.576
MCHC 10.89 8.197 4.667 4.415 0.110
RDW-CV 5.446 1.639 3.333 2.086 0.353
PLT 3.465 3.279 4.000 0.096 0.953
PCT 10.40 8.197 8.000 0.678 0.713
MPV 7.426 1.639 4.667 3.348 0.188
PDW 0.000 0.000 1.333 3.524 0.172

Table 3  Logistic regression analysis of variables associated with the blood RT parameters in hyperglycemia
Univariate analysis Multivariate analysis
OR 95% CI p value OR 95% CI p value

WBC 1.422 1.249–1.631 < 0.0001 1.434 1.193–1.742 < 0.001
LY.% 0.984 0.959–1.010 0.221
MO.% 0.889 0.778–1.013 0.080
NE.% 1.020 0.995–1.046 0.124
EO.% 1.015 0.907–1.137 0.796
BA.% 0.509 0.226–1.118 0.097
RBC 2.163 1.449–3.270 < 0.001
HGB 1.033 1.020–1.047 < 0.0001
HCT 4.549 0.569–8.591 < 0.05
MCV 1.008 0.970–1.049 0.677
MCH 1.175 1.057–1.319 < 0.01
MCHC 1.071 1.047–1.098 < 0.0001 4.448 0.084–237.9 < 0.01
RDW-CV 0.742 0.580–0.929 < 0.05
PLT 0.997 0.993–1.001 0.122
PCT 0.021 0.0004–1.014 0.053
MPV 0.893 0.748–1.064 0.208
PDW 0.693 0.626–0.763 < 0.0001 0.671 0.590–0.758 < 0.0001
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survey revealed significant alterations in RBC param-
eters, such as RBC count, HGB, HCT, MCH and MCHC, 
among individuals with hyperglycemia. Furthermore, we 
observed a clear correlation between these RBC param-
eters and the occurrence of hyperglycemia. However, it 
is important to highlight that previous studies have dem-
onstrated a significant association between MPV and 
RDW with the pathogenesis and progression of various 
diseases, including infections [33], autoimmune disor-
ders [34], tumors [35], and gastrointestinal diseases [36]. 
Nevertheless, the findings of this study indicate that there 
are no statistically significant differences in the MPV and 
RDW indices. This may be attributable to the restricted 
selection criteria and relatively small sample size of the 
study population. Consequently, future research endeav-
ors should aim to broaden the categorization of samples 
and enhance the sample size to derive more precise and 
reliable conclusions. This study provides compelling evi-
dence and theoretical support for investigating the physi-
ological aspects of RBC in relation to glucose metabolism 
and immune function. Additionally, it is suggested that 
these related RBC parameters have potential as supple-
mentary indicators for DM screening and auxiliary 
diagnosis.

The clinical application of blood RT tests has been 
expanding, with the existing prediction and assessment 
of findings being applicable to a variety of diseases. The 
heterogeneity of blood RT parameters provides valuable 

references for diagnosing and treating these diseases 
[11–14]. However, little attention has been given to the 
correlation between blood RT parameters and hypergly-
cemia. Changes in blood RT parameters in DM patients 
identified above in our study, can improve the identifica-
tion of novel biomarkers for the prevention and manage-
ment of DM.

Our study has certain limitations. This study employs a 
retrospective analysis approach, which may be subject to 
certain selection biases. This study established an associ-
ation between blood cell parameters and hyperglycemia, 
however, it is insufficient to draw definitive conclusions 
regarding causation. To establish causality, a prospective 
study design along with long-term follow-up data would 
be necessary. The data for individuals under the age of 18 
were not included in this study, which resulted in a lack 
of comprehensive information and test results. Addition-
ally, the overall population data used in this study were 
obtained from a single source, potentially introducing 
bias into our findings. The relatively small number of the 
IGT group in this study, compared to other groups, may 
introduce potential bias into the statistical results. Future 
research endeavors will focus on expanding the sample 
size to enhance both the representativeness and reliabil-
ity of the data. The establishment of different glucose 
concentration groups in vitro experiments is infrequent, 
and the observed indicators are limited solely to the 
physiological parameters of RBCs. In addition, in vitro 

Fig. 2  Effects of different glucose concentrations on physiological parameters of stored RBCs, *p < 0.05, ***p < 0.001, nsp > 0.05
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experiments possess inherent limitations in fully replicat-
ing the complexity of the in vivo environment. In future 
studies, we aim to further investigate the specific effects 
of a hyperglycemic environment on blood cells and their 
underlying mechanisms using animal models.

Conclusion
This survey revealed significant correlations between 
gender, age, WBC, and certain RBCs parameters with 
elevated glucose levels. These findings serve as a timely 
reminder for the general population to promptly monitor 
any abnormal blood glucose occurrences. Moreover, the 
potential of incorporating blood RT tests as a universal 
screening tool for predicting blood glucose levels should 
be explored further.
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