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Abstract
Purpose: To investigate the association of red blood cell (RBC), hemoglobin (Hb), red cell distribution width-coefficient of var-
iation (RDW-CV), and red cell distribution width-standard deviation (RDW-SD) with preoperative deep vein thrombosis (DVT)
in patients undergoing total joint arthroplasty (TJA).
Methods: A total of 2059 TJA patients were enrolled. We used the ratios of RBC, Hb, RDW-CV, and RDW-SD to DVT before
TJA to create the receiver operator characteristic (ROC) curve, thereby calculating the cut-off values and the area under the
curve (AUC). The patients were categorized into groups based on cut-off value, and risk factors for DVT before TJA were sub-
sequently analyzed. We included the variates that were statistically significant in the univariate analysis in the multivariate binary
logistic regression analysis.
Results: Preoperative DVT occurred in 107 cases (5.20%). Based on the ROC curve, we found that the AUC for RBC, Hb,
RDW-CV, and RDW-SD were 0.658, 0.646, 0.568, and 0.586, respectively. Multivariate binary regression analysis revealed
that the risk of preoperative DVT in TJA patients with RBC≤3.92*109 /L, Hb≤118g/L, RDW-CV≥13.2%, and RDW-
SD≥44.6fL increased 3.02 (P< 0.001, 95% confidence interval (CI) [2.0–4.54]), 2.15 (P< 0.001, 95% CI [1.42–3.24]), 1.54 (P=
0.038, 95% CI [1.03–2.3]), and 1.98 times (P= 0.001, 95% CI [1.32–2.98]), respectively. The risk of preoperative DVT in patients
with corticosteroid use increased approximately 2.6 times (P= 0.002, 95% CI [1.22–5.81]).
Conclusion: We found that decreased RBC and Hb, increased RDW-CV and RDW-SD, and corticosteroid use were indepen-
dent risk factors for preoperative DVT in patients undergoing TJA.

Keywords
red blood cell, hemoglobin, red cell distribution width-coefficient of variation, red blood cell-standard deviation, total joint
arthroplasty, deep vein thrombosis

Date received: 23 October 2022; revised: 3 December 2022; accepted: 15 December 2022.

Introduction
Venous thromboembolism (VTE), including deep vein throm-
bosis (DVT) and pulmonary embolism (PE), is the third most
common cardiovascular disease, following myocardial infarc-
tion and stroke.1 Total hip arthroplasty (THA) and total knee
arthroplasty (TKA) are common procedures used to treat hip
and knee osteoarthritis, resulting in excellent patient-reported
outcomes.2, 3 VTE is considered as one common serious com-
plication after total joint arthroplasty (TJA) and an important
cause of morbidity and mortality, especially in hospitalized
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patients. DVT incidence may reach 40–60% without prophy-
laxis and PE may occur in 0.5–2% of the patients after TJA.4,
5 The incidence of DVT before TKA is 6.85–17.9%.6, 7 Song
K et al reported that up to 29.4% of the patients undergoing
THA had preoperative DVT and 66.7% that were postopera-
tively diagnosed with VTE had the thrombosis on the same
sites as before the surgery.8 Peripheral types of DVT in small
size should be taken seriously enough. Detachment of small
thrombi may lead to PE.9 Therefore, it is very important to iden-
tify the risk factors of preoperative DVT in TJA patients.

Red blood cells (RBCs) are flexible, biconcave anucleated
cells derived from bone marrow10 and play a prothrombotic
role in blood coagulation in VTE by making the blood more
viscous and pushing platelets (PLTs) toward the vessel wall.
Therefore, DVT begins with the aggregation of RBCs, fibrin,
and PLTs.11 Hemoglobin (Hb) is a special protein in the RBC
that carries oxygen. The red blood cell distribution width
(RDW) is a measurement of the size of RBC, thus “width”
refers to the width of the distribution curve rather than the
width of cells, and it is also an index of heterogeneity of
RBC.12 RDW and RBCs affect the well-known Virchow’s triad
of blood stasis, endothelial injury, and hypercoagulability,
making them important factors in pro-thrombotic states such as
PE and DVT.13 Xiong et al found that the decreased RBC
count was a risk factor for preoperative DVT before TKA.6

Tang et al demonstrated that change in RDWwas an independent
predictor of all-cause mortality in patients with chronic heart
failure, and the risk ratios of mortality for 1% increase in RDW
were 1.08.14 Zehir S found that RDW>14.5% was associated
with increased one-year mortality in hip fracture patients with
partial prostheses.15 Bucciarelli et al demonstrated that those
with an RDW>14.6% was independently correlated with a 2.5
times higher risk of first VTE than those with an RDW≤14.6%;
additionally, high RDWwas associated with a 3.19-fold increased
risk of PE.16 Ellingsen TS et al observed that patients with RDW
in the upper quartile had a 1.5-fold higher risk of VTE than those
in the lowest quartile. They reported high RDW as a risk factor for
incident VTE and RDW as a predictor of all-cause mortality in
VTE patients.17 Yin P et al found that higher levels of RDW at
the time of admission and discharge in hip fracture patients
were associated with higher death risk.18 A retrospective study
by Cheng X et al showed that patients with RDW-CV≥13.2
had a 1.536 times higher risk of DVT before TJA.19

Most previous studies focused on the predictive value of
RBC and RDW on postoperative death of TJA patients and
their impact on complications after TJA. In contrast, this
study aimed to investigate the association of RBC, Hb, and
RDW with preoperative DVT in patients (with osteoarthritis
(OA)) undergoing TJA.

Materials and Methods

Inclusion and Exclusion Criteria
Inclusion criteria: A total of 2716 patients who (1) underwent
TJA in our hospital between January 1, 2017 and December 31,

2021, and (2) were diagnosed with OA or rheumatoid arthritis
(RA) before surgery.

Exclusion criteria: (1) a history of VTE: 3 cases; (2) throm-
bophilia genetic disorders: 0 cases; (3) use of anticoagulation
medications: 9 cases; (4) joint infection or tuberculosis: 19
cases; (5) tumors of the joints: 25 cases; (6) bone fractures:
343 cases; (7) no preoperative ultrasound records: 192 cases;
(8) no RBC or RDW records: 66 cases. Finally, 657 patients
were excluded and 2059 patients with TJA were enrolled.

Research Method
We created the receiver operator characteristic (ROC) curve by
using the ratios of RBC, Hb, RDW-CV, and RDW-SD to the
incidence of preoperative DVT. The cut-off values for each of
these indices and areas under curve (AUC) were calculated.
We then divided the patients into groups and examined the risk
factors for DVT before TJA. Based on the results of the deep
vein ultrasound, patients were again divided into two groups:
the DVT group and the non-DVT group. Then we conducted a
multivariate binary logistic regression analysis to further verify.
P<0.05 was considered statistically significant. This study has
been approved by Medical Research and Ethics Review (No.
184, 2022) and registered in the WHO International Clinical
Trials Registration (ChiCRT2100054844).

Data Collection
We collected clinical data through the hospital’s surgical anes-
thesia information system and electronic medical records.
Patients’ basic information included: height, weight, body
mass index (BMI), age, and gender. Medical records included:
preoperative hypertension, diabetes, CHD, chronic obstructive
pulmonary disease (COPD), chronic bronchitis, RA, OA, cere-
bral infarction, cancer, renal failure, corticosteroid use,
smoking, alcohol consumption, major surgery (major surgery
requiring anesthesia (general, orthopedic, neurologic, or gyne-
cologic surgery)20 in 12 months; preoperative laboratory exam-
inations: blood type, RBC, Hb, RDW-CV, RDW-SD, and the
result of low extremity vein ultrasound.

All patients were examined by Philips IE33 GE Vivid 9,
C5-1, and 5–10Hz pulsed Doppler ultrasound. Each patient
was co-diagnosed by two experienced sonographers. The posi-
tive criteria for DVT were venous incompressibility, intravascu-
lar filling defects, and lack of Doppler signal. We also collected
the sites of DVT formation: distal and proximal and mixed
thrombus formation.

Statistical Analysis
SPSS 26.0 was used for statistical analyses. We created the
ROC curve, thereby determining the cut-off values for RBC,
Hb, RDW-CV, and RDW-SD. Then the patients were divided
into two groups: one group above and the other below the
cut-off value. Risk factors were subsequently analyzed. For
enumeration data, the Chi-square test or Fisher’s exact test
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was used. The results were represented in percentages (%). The
variates that were statistically significant in the univariate anal-
ysis were included in the multivariate analysis. The adjusted
odds ratio (OR) and 95% confidence interval (CI) were calcu-
lated to examine the association of preoperative RBC, Hb,
RDW-CV, and RDW-SD with preoperative DVT in patients
undergoing TJA. P< 0.05 was statistically significant.

Results

General Information of Participants
The mean age was 63.1± 12.1 years among all the enrolled TJA
patients (with OA or RA), 71.4± 8.9 years in the DVT group,
and 62.66± 12.1 years in the non-DVT group (Table 1).
Preoperative OA was diagnosed in 1891 cases and RA in 168
cases. 1002 patients underwent TKA and 1057 underwent
THA. Among them, 794 (38.56%) were male and 1265
(61.44%) were female. The preoperative comorbidities were
hypertension (571 cases), diabetes (196 cases), and CHD
(114 cases).

Characteristics of DVT Formation
Among the 107 cases (5.2%) with DVT before TJA, there were
78 distal thrombus cases (72.9%), 13 proximal thrombus cases
(12.15%), and 16 mixed thrombus cases (14.95%). Patients
with proximal and mixed thrombi were implanted with an infe-
rior vena cava filter before surgery, and distal thrombi were
anticoagulated with low molecular weight heparin. Therefore,
no PE occurred in our patient during the perioperative period.
Analysis of preoperative RBC, Hb, RDW-CV, and RDW-SD
in patients undergoing TJA.

Analysis of Preoperative RBC, Hb, RDW-CV, and
RDW-SD in Patients Undergoing TJA
Our data showed that the DVT group had lower RBC and Hb
while higher RDW-CV and RDW-SD than the non-DVT

group. P value was lower than 0.05 (Table 1) (Table 2). As
per the 2011 WHO guidelines21 (and the indicators used by
our laboratory), when Hb<130g/L in men and <120g/L in
women, it is defined as anemia. As shown in Table 3,
RDW-CV and RDW-SD were markedly increased in the
DVT group (P< 0.05).

Based on the ROC curve, we found that the cut-off values for
RBC, Hb, RDW-CV, and RDW-SD were 3.92*109/L, 118g/L,
13.2%, and 44.6fL, respectively. AUCs for RBC, Hb,
RDW-CV, and RDW-SD were 0.658 (P< 0.001, 95% CI
[0.6–0.712]), 0.646 (P= 0.027, 95% CI [0.59–0.701]), 0.568
(P= 0.018, 95% CI [0.512–0.625]), and 0.586 (P= 0.003,
95% CI [0.531–0.64]), respectively (Figure 1).

Table 1. Summary of Patient Characteristics.

Influencing factor DVT (107) Non-DVT (1952) P

Height (cm) 156.40± 6.6 158.02± 8.59 0.017
Weight (kg) 59.12± 9.59 61.33± 10.12 0.028
BMI (kg/m2) 24.2± 3.89 24.63± 4.77 0.364
Age (year) 71.4± 8.9 62.66± 12.1 0.000
RBC (109/L) 3.92± 0.55 4.23± 1.28 0.012
Hb (g/L) 115.8± 19.44 126± 17.03 0.000
RDW-CV (%) 13.75± 1.57 13.42± 1.49 0.029
RDW-SD (fL) 45.8± 4.0 44.8± 4.34 0.025

Abbreviations: BMI: body mass index; RBC: red blood cell; Hb: hemoglobin;
RDW-CV: red cell distribution width-coefficient of variation; RDW-SD: red
blood cell-standard deviation; DVT: deep vein thrombosis.
P< 0.05 was statistically significant.

Table 2. Univariate Analysis of Preoperative DVT Risk in Patients
Undergoing TJA.

Influencing factor Chi-square test value P

Gender 6.23 0.013
Hypertension 14.77 0.000
Diabetes 3.87 0.061
CHD 4.86 0.046
COPD 2.91 0.114
Chronic bronchitis 4.76 0.054
Cerebral infarction 6.18 0.027
Major surgery in the last 12 months 2.83 0.104
Cancer 2.03 0.181
Renal failure 4.47 0.092
Depression 0.22 0.639
Corticosteroid 7.42 0.015
Smoking 3.88 0.058
Drinking 0.96 0.410
Blood type 12.99 0.005
Classification of RBC 39.08 0.000
Classification of Hb 21.23 0.000
Classification of HCT 16.45 0.000
Classification of RDW-CV 5.60 0.022
Classification of RDW-SD 11.17 0.001

Abbreviations: BMI: body mass index; DM: diabetes; RBC: red blood cell; Hb:
hemoglobin; RDW-CV: red cell distribution width-coefficient of variation;
RDW-SD: red blood cell-standard deviation; DVT: deep vein thrombosis.
P< 0.05 was statistically significant.

Table 3. Comparison of RBC Correlation Indices of Anemia and
Non-Anemia Group.

Influencing factor Anemia Non-anemia P

RBC (109/L) 3.82± 1.18 4.5± 1.23 0.000
Hb (g/L) 110.6± 11.89 136.38± 11.6 0.000
RDW-CV (%) 13.75± 1.57 13.42± 1.49 0.000
RDW-SD (fL) 45.8± 4.0 44.8± 4.34 0.000

Abbreviations: RBC: red blood cell; Hb: hemoglobin; RDW-CV: red cell
distribution width-coefficient of variation; RDW-SD: red blood cell-standard
deviation.
P< 0.05 was statistically significant.
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Analysis of High-Risk Factors of Preoperative DVT in
Patients Undergoing TJA
Univariate regression analysis found that the risk of preopera-
tive DVT in TJA patients with RBC≤3.92*109/L, Hb≤118g/
L, RDW-CV≥13.2%, and RDW-SD≥44.6fL increased by
3.35 (P< 0.001, 95% CI [2.25–4.98]), 2.45 (P< 0.001, 95%
CI [1.66–3.62]), 1.62 (P= 0.019, 95% CI [1.08–2.42]), and
1.97 times (P= 0.001, 95% CI [1.31–2.95]), respectively.
Furthermore, we also found that age, gender, hypertension,
CHD, cerebral infarction, and corticosteroid use were risk
factors for DVT before TJA (Figure 2).

Considering the multicollinearity of RBC, Hb, RDW-CV, and
RDW-SD, we conducted a binary logistic regression analysis on
these variables separately with age, gender, hypertension, diabe-
tes, CHD, and corticosteroid (Figure 3). The analysis showed
that the risk of preoperative DVT in TJA patients with
RBC≤3.92*109/L, Hb≤118 g/L, RDW-CV≥13.2%, and
RDW-SD≥44.6fL increased by 3.02 (P < 0.001, 95% CI
[2.0–4.54]), 2.15 (P < 0.001, 95% CI [1.42–3.24]), 1.54 (P
= 0.038, 95% CI [1.03–2.3]), and 1.98 times (P= 0.001,
95% CI [1.32–2.98]), respectively. The risk of preoperative
DVT in patients with corticosteroid use increased by approx-
imately 2.6 times (P= 0.002, 95% [1.22–5.81]).

Discussion
A retrospective study with a small sample size by Xu Z et al
concluded that the RDW level cannot predict DVT in patients

undergoing TJA.22 The reason why this study did not verify
the association between RDW and DVT before TJA may be
because its sample size was too small (only 110 cases). A retro-
spective study on risk factors for DVT before THA by Cheng X
et al found the AUC for RDW of 0.532, the cut-off value of
15.89, a specificity of 88.2%, and a sensitivity of 18.2%.19

This study investigated acute thrombosis formation in hip frac-
ture patients before TJA, and the preoperative AUC was com-
parably small (only 0.532). Different from these studies, the
present study is the first one that has identified decreased
RBC count and Hb, and increased RDW-CV and RDW-SD
as independent risk factors for preoperative DVT in patients
undergoing TJA, as well as the first study which has revealed
the association between RDW and chronic thrombosis forma-
tion in patients undergoing TJA.

Decreased RBC and Hb
Both RBC and Hb were decreased in the DVT group in the
present study, with cut-off values of 3.92*109/L and 118g/L,
respectively. As per the 2011 WHO guidelines, when
Hb<130g/L in men and <120g/L in women, it is defined as
anemia.21 Hb is a special protein in the RBC that carries
oxygen. According to theWorld Health Organization standards,
patients with RBC≤3.92*109/L and Hb≤118g/L can be diag-
nosed with anemia. Feng L et al observed that preoperative
anemia was an independent risk factor for hip fracture compli-
cated with VTE in elderly patients in China.23 Xiong et al found
that the decreased RBC count was a risk factor for preoperative
DVT before TKA.6 Chadha identified anemia as an independent
risk factor for preoperative DVT in patients with hip fractures.24

The present study found that RBC≤3.92*109/L and Hb≤118g/
L were independent risk factors for preoperative DVT in
patients undergoing TJA. Specifically, the risk of preoperative
DVT in patients with RBC≤3.92*109/L and Hb≤118g/L
before TJA increased by 3.02 and 2.15 times, respectively.
The AUC for RBC was 0.658 (P< 0.001, 95% CI [0.6–
0.712]), and that for Hb was 0.646 (P= 0.027, 95% CI [0.59–
0.701]). Therefore, it is recommended that TJA patients with
RBC≤3.92*109/L or Hb≤118g/L should be screened for preop-
erative DVT.

The DVT ratio of patients with anemia but normal RDW-SD
or RDW-CV is 16.82%. Firstly, the mean corpuscular volume
(MCV) of these patients was less than 100 fL. Therefore, meg-
aloblastic anemia is less likely. Secondly, we found that the
PLT counts in our data were more than 100*109/L, and the neu-
trophils were more than 1.5× 109/L in these patients. Thus, our
patients were less likely to suffer from myelodysplastic syn-
dromes. Finally, the cause of anemia due to chronic diseases
cannot be ruled out. Furthermore, the DVT ratio of patients
with normal hemoglobin but increased RDW-SD or
RDW-CV was 23.36%. This ratio indicates a higher likelihood
of iron-deficiency anemia. Our patients, with end-stage OA, had
a long course of the disease, from years to decades, as both OA
and RA patients are in long-term, chronic inflammatory condi-
tions. Many cytokines and chemokines are detected in OA or

Figure 1. Diagnostic performances of RBC, Hb, RDW-CV, and
RDW-SD for predicting DVT in patients undergoing TJA.
Abbreviations: AUC: area under curve; CI: confidence interval; RBC:
red blood cell; Hb: Hemoglobin; RDW-CV: red cell distribution
width-coefficient of variation; RDW-SD: red blood cell-standard
deviation; P< 0.05 was statistically significant.
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RA.25, 26 Weiss et al found that inflammatory anemia can be
divided into the following three stages: iron restriction, inflam-
matory suppression of erythropoietic activity, and decreased
erythrocyte survival.27 In inflammation, interleukin 6 stimulates
the hepatic synthesis of hepcidin, which binds to ferroportin,
resulting in less intestinal absorption of iron and lower release
of iron stored in hepatocytes and macrophages, leading to
functional iron deficiency and decreased erythropoiesis.28

Therefore, the most likely cause of anemia in our DVT patients
may be iron deficiency induced by inflammation, which even-
tually leads to anemia.

Increased RDW
An increased RDW reflects a profound deregulation of erythro-
cyte homeostasis involving both impaired erythropoiesis and
abnormal RBC survival. A variety of underlying metabolic
abnormalities may contribute to an increased RDW, such as
inflammation, shortening of telomere length, alteration of eryth-
ropoietin (EPO) function, oxidative stress, poor nutritional
status, dyslipidemia, hypertension, and RBC fragmentation.29

Lv H et al showed that an elevated RDW was associated with
both short and long-term mortality in hip fracture patients.30

Figure 3. Multivariate logistic regression analysis of preoperative risk factors for DVT in patients undergoing TJA. (a) Multivariate logistic
regression analysis of RBC and preoperative DVT in patients undergoing TJA. (b) Multivariate logistic regression analysis of Hb and preoperative
DVT in patients undergoing TJA. (c) Multivariate logistic regression analysis of RDW-CV and preoperative DVT in patients undergoing TJA. (d)
Multivariate logistic regression analysis of RDW-SD and preoperative DVT in patients undergoing TJA. Abbreviations: CHD: coronary heart
disease; CI: confidence interval; OR: odds ratio; RBC: red blood cell; Hb: hemoglobin; RDW-CV: red cell distribution width-coefficient of
variation; RDW-SD: red blood cell-standard deviation; P< 0.05 was statistically significant.

Figure 2. Univariate logistic regression analysis of preoperative risk factors for DVT in patients undergoing TJA. Abbreviations: CHD:
coronary heart disease; CI: confidence interval; OR: odds ratio; RBC: red blood cell; Hb: hemoglobin; RDW-CV: red cell distribution
width-coefficient of variation; RDW-SD: red blood cell-standard deviation; P< 0.05 was statistically significant.
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Higher levels of preoperative RDW were associated with less
optimal outcomes after revision TJA.31 Yin P et al found that
higher RDW levels at the time of admission and discharge
were associated with a higher risk of death, and that the risk
of death in patients with an RDW >14.5% increased 1.6-fold
compared to those with RDW≤14.5%.18 A study on acute
DVT by Cay N et al reported that an RDW >13.9% increased
the risk of DVT incidence by 4.5 times; additionally,
RDW>14.9% increased the risk of nonchronic proximal DVT
by 12 times, and with increasing RDW levels, there was a
graded increase in the risk of DVT incidence.32 A study by
Bucciarelli et al demonstrated that those with an
RDW>14.6% was independently associated with a 2.5-fold
higher risk of first VTE than those with an RDW≤14.6%.
Furthermore, high RDW levels were associated with a
3.19-fold increased risk of PE.16 Ellingsen TS et al found that
VTE patients with RDW≥13.3% had a 30% higher risk of all-
cause mortality after the first VTE event than those with
RDW<13.3%. Individuals with RDW in the upper quartile
had a 1.5 times higher risk of VTE than those in the lowest quar-
tile. High RDW is a risk factor of incident VTE, and RDW is a
predictor of all-cause mortality in VTE patients.17 This study
was similar to the present one in terms of the cut-off value
for RDW and increased risk for VTE. We found that the risk
for preoperative DVT in patients with RDW-CV≥13.2% and
RDW-SD≥44.6fL increased by 1.54 (P= 0.038, 95% CI
[1.03–2.3]) and 1.98 (P= 0.001, 95% CI [1.32–2.98]) times,
respectively. An increased RDW level was an independent
risk factor for preoperative DVT in patients undergoing TJA.

The increase in RDW in our patients can be attributed to the
following reasons. First, age can affect RDW. RBCs become
smaller as they age, and a slight reduction in the rate of RBC
turnover allows smaller cells to continue circulating, expanding
the low-volume tail of the RBC population’s volume distribu-
tion, and thereby increasing RDW.33 Therefore, RDW increases
with age.33 The mean age of our patients was 63.1± 12.1 years,
higher in the DVT group than the non-DVT group. Moreover, a
mildly extended RBC lifespan is a previously unrecognized
homeostatic adaptation common to a very wide range of patho-
logic states, compensating for subtle reductions in RBC
output.33 Second, RDW reflects the inflammatory state of the
body. Fujita B et al observed that RDW was associated with
markers of inflammation, which suggested that the number of
RDW reflected the severity of inflammation.34 Macdougall
et al found that elevated RDW represented the underlying
inflammatory state in overweight adolescents and inflammatory
cytokines interfere with the maturation of RBCs in the bone
marrow through multiple mechanisms.35 As mentioned
earlier, our patients are in long-term, chronic inflammatory con-
ditions. Many cytokines and chemokines are detected in OA
and RA.25, 26 Inflammation is also strongly related to ineffective
erythropoiesis. Some studies showed that inflammatory cyto-
kines, such as TNF-α and IL-6, inhibit RBC maturation, thus
promoting anisocytosis.36 Third, RDW is increased through
the pathway of anemia. Inflammatory cytokines may directly
inhibit EPO-induced RBC maturation,37 leading to anemia.

Anemia in turn induces the body to increase EPO. Decreased
EPO results in the elevation of RDW.38 RBC clearance delay
adaptively compensates for the mild anemia associated with
many of the diseases linked to elevated RDW, maintaining cir-
culating red cell mass and oxygen carrying capacity despite
reduced RBC output.33 A delay in RBC clearance not only
increases RDW but also enables cells to circulate beyond the
time when they would ordinarily have been cleared, thus
increasing the average RBC age and lifespan.33

Mechanism of Decreased RBC and Hb, Increased RDW,
and Preoperative DVT in Patients Undergoing TJA
RDW is a clinical indicator of pro-thrombotic status and it mea-
sures the sizing variability of RBCs based on MCV.39 When
there is an increasing number of small or large RBCs, a condi-
tion known as anisocytosis, which is characterized by a high
RDW, occurs.40 Chronic inflammation in our patients led to
anemia (a decrease in RBC and Hb), which promoted an
increase in EPO. Increased RDW levels were found to be a
powerful stimulation of erythropoiesis by EPO, according to
Golcuk Y et al.41 EPO increased significantly with increasing
RDW levels.42 There is a specific relationship between inflam-
matory cytokines and RDW. Patients with a higher RDW level
have notably elevated IL-6. Higher RDW is associated with low
Hb, moderately depressed MCV, and high EPO.42 Østerud B
et al described a novel mechanism by which RBCs promote
procoagulant and proinflammatory sequelae of WBC exposure
to LPS, likely through the action of RBC-DARC in the micro-
environment(s) that bring monocytes and RBCs in close prox-
imity.43 RBCs are thought to mediate major proinflammatory
and procoagulant events in circulation, which is a notion sup-
ported by Østerud B et al.43 Anisocytosis, according to Yu
FT et al, could increase blood viscosity in VTE, making
blood flow more stagnant; additionally, increased blood cell
contact with endothelial walls could trigger thrombosis by
increased PLT and fibrin activation.44 Faes C et al also found
that RDW was negatively correlated with erythrocyte deform-
ability.45 Furthermore, in spontaneous thrombosis, increased
RDW levels have shown an obvious relationship with the
decreased RBC deformability,46 which is the major trigger
point of increased local blood viscosity,44 RBC aggregation,
and thrombosis.47 Hence, it may be suggested that increased
RDW enhances the packing ability of RBCs, resulting in
complex 3D clumps which in turn increase the local blood vis-
cosity and facilitates thrombosis.48

In short, our patients, with end-stage osteoarthritis, were in
long-term, chronic inflammatory conditions. The inflammatory
state leads to the decrease in RBC and Hb, while the equivalent
increase of RDW is a compensatory reaction of RBC decrease
to the body. RDW increase represents the increase of RBC het-
erogeneity, compensatorily prolonged RBC lifespan, and
reduced RBC deformability, and it accumulates in the local
area of joint inflammation, thus inducing DVT formation. As
RBC, Hb, RDW-CV, and RDW-SD can be obtained from the
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complete blood count, no extra financial burden will be
imposed on patients. Therefore, compared to other inflamma-
tory cytokines, they are more clinically accessible and more
advantageous in predicting DVT formation before TJA.
Therefore, we recommend their clinical application.

In this study, the correlation with DVT in TJA patients was
explored by using materials such as preoperative medical
history, preoperative laboratory examinations, and preoperative
auxiliary examinations. However, this study has certain limita-
tions. As a retrospective study, some data are incomplete. The
AUCs for RBC, Hb, RDW-CV, and RDW-SD were 0.658,
0.646, 0.568, and 0.586, respectively. Future studies with a
bigger sample size and more data might be needed to further
verify the association between RBC indices and preoperative
DVT in patients undergoing TJA.

Conclusion
We found that decreased RBC and Hb, increased RDW-CV and
RDW-SD, and corticosteroid use were independent risk factors
for preoperative DVT in patients undergoing TJA. Patients with
RBC≤3.92*109 /L, Hb≤118g/L, RDW-CV≥13.2%, or
RDW-SD≥44.6fL should be screened for preoperative DVT
before TJA.
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