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Association between inflammatory indices
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in patients undergoing total joint
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Abstract

Background To investigate the association between inflammatory indices-systemic immune-inflammation index
(SI), monocyte-lymphocyte ratio (MLR), neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR) and
preoperative deep vein thrombosis (DVT) in patients undergoing total joint arthroplasty (TJA).

Methods \We created the receiver operator characteristic (ROC) curve using the ratios of SI, MLR, NLR, PLR to DVT
before TJA, divided the enrolled patients into groups based on the cut-off value, and then analyzed risk factors for DVT
before TJA in the multivariate binary logistic regression analysis.

Results A total of 2125 patients were enrolled and preoperative DVT occurred in 110 cases (5.18%). Based on the
ROC curve, we determined that the cut-off values for SlI, MLR, NLR, and PLR were 470%10° /L, 0.306, 2.08, and 127; and
the areas under the curve (AUC) were 0.623,0.601,0.611, and 0.62. Multivariate binary regression analysis revealed
that the risk of preoperative DVT in TJA patients with SIl > 470%1 0%L, MLR>0.306, PLR> 127, and NLR > 2.08 increased
by 2.26 (P<0.001, 95% confidence interval (Cl) [1.52-3.37]), 1.92 (P=0.002, 95% CI [1.28-2.9]), 2.1 (P<0.001, 95% Cl
[1.4-3.16]), and 1.94 (P=0.002, 95% Cl [1.29-2.92]) times, respectively. Age, P<0.001, odds ratio (OR) = 1.08, 95%Cl
[1.05-1.10]; corticosteroid use, P=0.002, OR 3.8, 95% Cl [1.94-9.22]).

Conclusion We found that higher SII, MLR, NLR, and PLR levels, age, and corticosteroid use were independent risk
factors for preoperative DVT in patients undergoing TJA.

Clinical trial registration ChiCTR2100054844; Registration Date: 2021.12.28.
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Background

Total joint arthroplasty (TJA), which consists of total hip
arthroplasty (THA) and total knee arthroplasty (TKA),
can significantly relieve pain and improve function in
patients with severe hip or knee osteoarthritis (OA) [1].
Venous thromboembolism (VTE), which includes deep
vein thrombosis (DVT) and pulmonary embolism (PE),
is the third most common form of cardiovascular dis-
ease [2]. Preoperative DVT is an important risk factor for
VTE, and it can contribute to significant mortality. Early
detection of preoperative DVT is crucial for prevent-
ing postoperative VTE [3]. In some patients, DVT may
progress to PE, with approximately one-third of DVT
patients experiencing PE [4]. PE is a leading cause of sud-
den death, particularly when large pulmonary arteries are
completely obstructed by thrombus, with a mortality rate
as high as 34% [5]. Therefore, recognizing and managing
preoperative DVT is critical for reducing the incidence of
postoperative VTE and preventing fatal complications.
Xiong et al. [6] and Song K et al. [7] reported that the
incidence of DVT before TKA and THA was as high as
6.85% and 29.4%, respectively. If TJA patients have DVT
before surgery, after surgical trauma, limb immobiliza-
tion and other factors, DVT may be further expanded,
and PE or even death will occur in severe cases. There-
fore, in order to reduce the morbidity and mortality of
perioperative VTE, surgeons should pay attention to the
formation of DVT in TJA patients before surgery.

DVT formation is a complex process that involves the
interaction of various blood cells, such as leukocytes
and platelets (PLTs) [8]. Leukocyte subtypes include
monocyte, lymphocyte, and neutrophil. The immune
inflammatory status can be reflected by many peripheral
blood-derived indices, including the systemic immune
inflammatory index (SII, SII=PLT* neutrophil/ lympho-
cyte), monocyte/lymphocyte ratio (MLR), PLT/lympho-
cyte ratio (PLR) and neutrophil/lymphocyte ratio (NLR)
[9, 10]. In the past decade, SII, LMR, PLR, and NLR,
have been demonstrated to be closely related with sys-
temic inflammation/immune response status, and have
predictive value for the prognosis of various infectious,
neoplastic, and autoimmune diseases [10, 11]. Yao C et
al. reported the independent association of elevated PLR
with postoperative DVT in TJA [12]. Zhu X et al. found
that the low level of preoperative and postoperative MLR
was significantly associated with DVT after primary TJA
[13]. Peng et al. reported a higher SII level in patients
with VTE compared to those without VTE and that SII
was an independent predictor of VTE after hip fracture
of elderly patients [14].

Current research has primarily focused on specific
inflammatory factors such as TNF-a, IL-6, IL-8, and
C-reactive protein (CRP) in relation to DVT formation
[14]. Compared to other inflammatory cytokines, SII,
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MLR, NLR, PLR are advantageous in several aspects:
they can be obtained from complete blood count tests,
are easy to calculate, inexpensive, and can be repeated.
Therefore, we aimed to investigate the association
between SII, MLR, NLR, PLR, and preoperative DVT in
patients with OA or rheumatoid arthritis (RA) undergo-
ing TJA.

Materials and methods
Inclusion and exclusion criteria
Inclusion criteria: A total of 2716 TJA patients in our
hospital from January 1, 2017 to December 31, 2021 were
analyzed.

Exclusion criteria: (1) infection or tuberculosis of the
joint; (2) tumors of the joints; (3) a history of VTE; (4)
use of anticoagulant drugs; (5) fractures; (6) no record of

preoperative lower extremity ultrasound; (7) >18 years
old.

Data collection
Clinical data were collected through the hospital’s elec-
tronic medical record system. The patients’ general infor-
mation included: height, weight, body mass index (BMI),
gender, and age. Medical history included hypertension,
coronary heart disease (CHD), chronic bronchitis, diabe-
tes, cerebral infarction, chronic obstructive pulmonary
disease (COPD), RA, OA, renal failure, smoking, use of
corticoids, alcohol consumption, history of malignant
tumor, and history of major surgery within 12 months.
The auxiliary examination included blood type (A, B,
AB, O), PLT count, neutrophil count, monocyte count,
lymphocyte count, and preoperative venous ultrasound.
The lower limbs of all patients were assessed using Phil-
ips IE303 and GE Vivid 9 ultrasound systems, equipped
with a C5-2 linear probe and 5-10 MHz pulsed Doppler.
Preoperative lower limb Doppler venous assessment is
routinely performed on all TJA patients in our hospital.
Diagnoses were made collaboratively by two experienced
sonographers, with positive criteria for DVT including
venous compression, intravascular filling defects, and
absence of Doppler signals. In addition, we also collected
the sites of DVT formation: distal, mixed thrombus, and
proximal.

Statistical analysis

IBM SPSS Statistics 26.0 (2019, Armonk, NY: IBM Corp)
was used for statistical analysis. We used the ratio of SII,
MLR, NLR, and PLR to preoperative DVT to create ROC
curves, and then we selected the cut-off value for each
index based on the point that maximized the Youden
index (sensitivity + specificity —1). This method allowed
us to identify the optimal cut-off value that best dis-
criminates between the presence and absence of preop-
erative DVT. The area under the curve (AUC) was then
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calculated to assess the diagnostic performance of each
index. P<0.05 was considered statistically significant.

Based on the cut-off value, the patients were divided
into two groups. Categorical data were analyzed by
Chi-Square test or Fisher’s Exact test. The results were
expressed as percentage (%) to analyze DVT-related
variables. Based on the results of deep vein ultrasound
results, patients were divided into the DVT group and
the non-DVT group. Variables that demonstrated sta-
tistical significance in the univariate analysis were then
included in the multivariate binary logistic regression.
Finally, we calculated the adjusted odds ratio (OR) and
95% confidence interval (95% CI) to evaluate the asso-
ciations between SII, MLR, NLR, PLR, and preoperative
DVT in TJA patients.

Results

Patient selection

The exclusion criteria included joint infection or tubercu-
losis (19 cases), joint tumors (25 cases), history of venous
thromboembolism (VTE) (7 cases), use of anticoagulant
medications (15 cases), history of fractures (342 cases),
and absence of preoperative lower extremity ultra-
sound records (182 cases). A total of 2,125 patients were
enrolled in the study, among which 110 (5.18%) were
diagnosed with preoperative DVT.

Patient characteristics

The average age was (63.3 +12) years old among the 2125
TJA patients, (71.49 + 8.83) years old in DVT group and
(62.86£12.0) years old in non-DVT group (Table 1).
Among the TJA patients, 1957 were OA and 168 were
RA. And among 1002 cases of TKA and 1123 cases of
THA, 37.3% were male and 62.7% were female (Table 1).
The highest incidence of preoperative comorbidities
in TJA patients was hypertension, followed by DM and
CHD (Table 1).

Characteristics of DVT formation

A total of 110 TJA patients had DVT, including 80 cases
of distal thrombosis and 30 cases of proximal and mixed
thrombosis, before surgery, with an incidence of 5.18%.
All patients with TJA were implanted with an infe-
rior vena cava IVC filter immediately after detection of
proximal and mixed thrombi before surgery, and distal
thrombi were treated with low molecular weight heparin.
Thus, none of our patients developed PE during the peri-
operative period.

Analysis of preoperative SlI, MLR, NLR, and PLR

PLT (10"9/L), neutrophil (1079/L), and lymphocyte
(1079/L) levels in the DVT group were 239.17 +104.82,
3.97+1.93, and 1.57+0.64, respectively, compared to
213.4+72.49, 3.49 +1.44, and 1.78 +1.02 in the Non-DVT
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group (P=0.026, P=0.011, and P=0.036, respectively)
(Table 1). Based on the ROC curve, we found that the
cut-off values for SII, MLR, NLR, and PLR were 470*10°
/L, 0.306, 2.08, and 127, respectively. The AUCs for SII,
MLR, NLR, PLR were 0.623 (P<0.001, 95% CI [0.567—
0.679]), 0.601 (P<0.001, 95% CI [0.544-0.659]), 0.611
(P<0.001, 95% CI [0.552-0.67]), and 0.62 (P<0.001,95%
CI [0.564-0.677]), respectively (Fig. 1).

Analysis of risk factors of preoperative DVT

Considering the multicollinearity of SII, MLR, NLR, and
PLR, we conducted a binary logistic regression analy-
sis on these variables separately with gender, age, dia-
betes, hypertension, CHD, corticosteroid, and major
surgery in the last 12 months (Fig. 2). Multivariate
binary regression analysis revealed that the risk of pre-
operative DVT in TJA patients with SI>470%10° /L,
MLR>0.306, PLR>127, and NLR >2.08 increased by 2.26
(P<0.001, 95% CI [1.52-3.37]), 1.92 (P=0.002, 95% CI
[1.28-2.9]), 2.1 (P<0.001, 95% CI [1.4-3.16]), and 1.94
times (P=0.002, 95% CI [1.29-2.92]), respectively. Age,
P<0.001, OR=1.08, 95% CI [1.05-1.10]; the risk of pre-
operative DVT in patients with preoperative corticoste-
roid use increased by approximately 3.8 times (P=0.002,
95% CI [1.94-9.22]).

Discussion

Zhang L et al. identified SII as an independent risk fac-
tor for hip fracture complicated with DVT in elderly
patients, as well as a novel risk factor for preoperative
DVT [15]. Their study, similar to the present one, investi-
gated the association between SII and preoperative DVT.
However, the participants in the present study were OA
or RA patients undergoing TJA, whose thrombosis for-
mation is mostly chronic. Yao et al. found the indepen-
dent association between postoperative PLR and the
occurrence of DVT in 733 patients after TJA [12]. Xiong
et al. found that a higher NLR level was a risk factor for
preoperative DVT before TKA [6]. But this study had a
small sample size and only studied NLR. Unlike previous
studies, it is the first to identify those higher levels of SII,
MLR, NLR, and PLR are associated with preoperative
DVT in OA and RA patients undergoing TJA.

Association of SII, MLR, NLR, and PLR, with DVT

Sl

SII, a comprehensive indicator based on peripheral
blood neutrophil, PLT and lymphocyte counts, has
been reported to be better able to reflect the balance of
immune status and host inflammatory [10]. Zhang L et
al. observed that SII was an independent risk factor for
hip fracture complicated with DVT in elderly patients
[15]. Peng et al. observed that SII was elevated in VTE
patients and was an independent predictor of VTE
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Table 1 Univariate analysis of preoperative DVT risk in patients undergoing TJA
DVT Non-DVT P
Height (cm) 156.58 £6.44 158.08+833 0.021
Weight (kg) 59.9+9.38 61.73+£1042 0.072
BMI (kg/m2) 2445+3.74 247343 0510
Age (year) 71.49+883 62.86+12.0 <0.001
PLT (10%9/L) 239.17+104.82 2134+7249 0.026
Neutrophils (10%9/L) 397+1.93 349+144 0.011
Lymphocyte (10%9/L) 1.57+0.64 1.78+1.02 0.036
Monocyte (10*9/L) 049+0.18 047+0.18 0.305
MLR 036+0.23 030+0.15 0.002
SIH(10*9/L) 78197 +£84.68 487.07+9.39 0.001
NLR 3.18+2.93 224+1.62 0.001
PLR 17717114 13435+1.49 <0.001
Gender 0.008
Female 1332 (62.7%) 82 (74.5%) 1250 (62.0%)
Male 793 (37.3%) 28 (25.5%) 765 (38.0%)
Hypertension <0.001
Yes 611 (28.8%) 48 (43.6%) 563 (27.9%)
No 1514 (71.2%) 62 (56.4%) 1452 (72.1%)
Diabetes 0.046
Yes 206 (9.7%) 17 (15.5%) 189 (9.4%)
No 1919 (90.3%) 93 (84.5%) 1826 (90.6%)
CHD 0.060
Yes 112 (5.3%) 13(11.8%) 99 (4.9%)
No 2013 (94.7%) 97 (88.2%) 1916 (95.1%)
COPD 0.059
Yes 29 (1.4%) 4 (3.6%) 25 (1.2%)
No 2096 (98.6%) 106 (96.4%) 1990 (98.8%)
Chronic Bronchitis 0.066
Yes 30 (1.4%) 4 (3.6%) 26 (1.3%)
No 2095 (98.6%) 106 (96.4%) 1989 (98.7%)
Cerebral infarction 0.099
Yes 48 (2.3%) 5 (4.5%) 43 (2.1%)
No 2077 (97.7%) 105 (95.5%) 1972 (97.9%)
Major surgery in the last 12 months 0.051
Yes 73 (3.4%) 8(7.3%) 65 (3.2%)
No 2052 (96.6%) 102 (92.7%) 1950 (96.8%)
Cancer 0.223
Yes 18 (0.8%) 2(1.8%) 16 (0.8%)
No 2107 (99.2%) 108 (98.2%) 1999 (99.2%)
Renal failure 0.061
Yes 8 (0.4%) 2(1.8%) 6 (0.3%)
No 2117 (99.6%) 108 (98.2%) 2009 (99.7%)
Depression 0.640
Yes 4 (0.2%) 0 4(0.2%)
No 2121 (99.8%) 110 (100.0%) 2011 (99.8%)
Corticosteroid 0.030
Yes 59 (2.8%) 7 (6.4%) 52 (2.6%)
No 2066 (97.2%) 103 (93.6%) 1963 (97.4%)
Smoking 0.760
Yes 327 (15.4%) 10 (9.1%) 317 (15.7%)
No 2098 (98.7%) 100 (90.9%) 1998 (99.2%)
Drinking 0.584
Yes 317 (14.9%) 14 (12.7%) 303 (15.0%)
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Table 1 (continued)
DVT Non-DVT P
No 1808 (85.1%) 96 (87.3%) 1712 (85.0%)
Blood type 0.134
Type A 694 (32.7%) 27 (24.5%) 667 (33.1%)
Type B 553 (26.0%) 38 (34.5%) 515 (25.6%)
Type AB 718 (33.8%) 37 (33.6%) 681 (33.8%)
Type O 160 (7.5%) 8(7.3%) 152 (7.5%)
Classification of MLR <0.001
>0.306 756 (35.6%) 59 (53.6%) 697 (34.6%)
<0.306 1369 (64.4%) 51 (46.4%) 1318 (65.4%)
Classification of Sl (10¥9/L) <0.001
>470 765 (36.0%) 61 (55.5%) 704 (34.9%)
<470 1360 (64.0%) 49 (44.5%) 1311 (65.1%)
Classification of NLR <0.001
>2.08 902 (42.4%) 67 (60.9%) 835 (41.4%)
<2.08 1223 (57.6%) 43 (39.1%) 1180 (58.6%)
Classification of PLR <0.001
>127 958 (45.1%) 70 (63.6%) 888 (44.1%)
<127 1167 (54.9%) 40 (36.4%) 1127 (55.9%)

CHD: Coronary heart disease; COPD: chronic obstructive pulmonary disease; DVT: deep vein thrombosis; BMI: Body Mass Index; Sl: systemic immune-inflammation
index; MLR: monocyte lymphocyte ratio; NLR: platelet lymphocyte ratio; PLR: platelet lymphocyte ratio; PLT: platelet; P <0.05 was statistically significant

following hip fracture in elderly patients. According to
the ROC analysis, the cut-off value was 847.78, sensitiv-
ity was 53.8%, specificity was 92.3%, and AUC was 0.795
(P<0.001, 95% CI [0.71-0.88]) [14]. In comparison, the
present study revealed a cut-off value of 470*10°/L and an
AUC of 0.623 (P<0.001, 95% CI [0.567-0.679]) and iden-
tified SII>470*10° /L as an independent risk factor for
preoperative DVT in patients undergoing TJA. The risk
of preoperative DVT in patients with SII>470*10°/L was
increased by 2.26 times (P<0.001, 95% CI [1.52-3.37]).
The patients with a higher preoperative SII usually have
decreased PLTs, neutrophilia, or lymphopenia, suggest-
ing an elevated inflammatory status and weak immune
response [10].

MLR

MLR has been proposed as a surrogate marker of the
occurrence of endothelial inflammation and dysfunction
in different populations and it also has predictive value
for prognosis [16]. Zhu X et al. found that low preopera-
tive and postoperative MLR level was significantly associ-
ated with DVT after primary TJA [13]. The present study
is the first to analyze the association between SII and
MLR with preoperative DVT in patients undergoing TJA.
Our study found that MLR>0.306 was an independent
risk factor for preoperative DVT in patients undergoing
TJA and the risk of preoperative DVT in patients with
MLR >0.306 increased by 1.92 times.

PLR
PLR, an indicator of innate and adaptive immunity, can
be calculated from complete blood count [17]. Akboga

YE et al. identified PLR and NLR as independent predic-
tive factors for CVST and proposed that PLR>115 and
NLR>2.1 were cut-off values [18]. Kuplay et al. found
that NLR correlated with thrombus location. Mean NLR
was higher in patients with proximal DVT than those
with distal DVT [19]. In comparison, the present study
revealed a cut-off value of 127 and AUC of 0.62 (P<0.001,
95% CI [0.564—-0.677]), and identified PLR>127 as an
independent risk factor for preoperative DVT in patients
undergoing TJA. When PLR >127, TJA patients had a 2.1
times higher risk for preoperative DVT (P<0.001, 95% CI
[1.4-3.16)).

NLR

NLR is also a marker of systemic inflammation, repre-
senting both adaptive and innate immunity [20]. Yao C
et al. showed that high preoperative and postoperative
NLR levels and low postoperative PLR level were signif-
icantly associated with DVT following TJA [12]. Seo et
al. observed that VTE occurred in 102 cases at 1 week
postoperatively in 264 patients after TKA and identified
preoperative NLR >1.90 as the only independent predic-
tor of postoperative VTE [21]. A high preoperative NLR
(1.90) was an independent predictor of VTE after TKA,
which suggests that chronic low-grade systemic inflam-
matory response could lead to hyper-coagulation and
increase the risk of VTE [21]. Barker et al. identified a
positive relationship between increased NLR level (day 1
and day 2, pre- and postoperative) and the risk of VTE
after TKA [20]. Yao C et al. reported that a higher NLR
was independently associated with postoperative DVT
in TJA [12]. The present study found the cut-off value
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Maker Cut off value P-value sensitivity specificity AUC 95% CI
MLR 0.306 <0.001 70% 50% 0.601  0.544-0.659
Sli 470 <0.001 70% 60% 0.623 0.567-0.679
NLR 2.08 <0.001 60% 60% 0.611  0.552-0.67
PLR 127 <0.001 60% 60% 0.62 0.564-0.677

Fig. 1 Diagnostic performances of MLR, SlI, NLR, and PLR for predicting DVT in patients undergoing TJA
DVT: Deep vein thrombosis; AUC: Area Under Curve; Cl: confidence interval; SlI: systemic immune-inflammation index; MLR: monocyte lymphocyte ratio;
NLR: platelet lymphocyte ratio; PLR: platelet lymphocyte ratio; P <0.05 was statistically significant

for NLR of 2.08 and an AUC of 0.611 (P<0.001, 95% CI
[0.552-0.67]), and NLR>2.08 was an independent risk
factor for DVT formation before TJA and the risk of DVT
increased by 1.94 times (P=0.002, 95% CI [1.29-2.92]).

Neutrophil, lymphocyte, monocyte, PLT

Neutrophils are the most abundant blood leukocyte in
humans. Together with monocytes, they are the major
initiators of the innate immune response. PLTs form
heterotypic aggregates with neutrophils as a function
of platelet toll-like receptors activation in the circula-
tion [22]. Kushnir et al. found that an elevated neutro-
phil count was associated with higher risk of VTE and

that neutrophilia may be a marker of vulnerability to
VTE [23]. Patients with a neutrophil count>9*10°/L had
a 2.0 times increased risk of VTE [23]. In our study, the
neutrophil count was significantly higher in the DVT
group of TJA patients compared to the non- DVT group
(P<0.05). An elevated neutrophil count represents a sys-
temic inflammatory process, while the decrease of lym-
phocyte indicates ongoing disease-related stress [24].
Apart from its well-known inflammatory functions, the
neutrophil can promote thrombus formation. It has been
proven to be an essential source of TF in the early phase
of thrombus formation [25].
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P OR 95%Cl
0.000 1.08 1.06-1.11
0.128 1.42 0.9-2.25
Hypertension 0.287 1.25 0.83-1.89

CHD 0.246 1.47 0.77-2.81

Age .
Major surgery in the last 12 months —— 0.079 2.05 0.92-4.56

Gender

0.004 364 1.51-8.81
0.000 226 1.52-3.37

Corticosteroid
Classification of Sl

0 2 4 6 8 10
b
P OR 95%Cl
Age * 0.000 1.08 1.05-1.1
Gender —_ 0.043 160 1-2.55
Hypertension — 0.250 1.27 0.84-1.92
CHD —_— 0295 141 0.74-2.69
Major surgery in the last 12 months 0.062 214 0.96-4.74
Corticosteroid 0.002 4.08 1.7-9.79
Classification of MLR —_— 0.002 192 1.28-2.9
0 2 4 R
c
P OR  95%Cl
Age . 0.000 1.08 1.05-11
Gender — 0.207 1.34 0.85-2.11
Hypertension —— 0.191 1.32 0.87-1.99
CHD —_—— 0.223 1.50 0.78-2.86
Major surgery in the last 12 months _ 0.042 229 1.03-5.08
Corticosteroid 0.003 3.79 1.57-9.19
Classification of PLR —_—— » 0.000 210 1.4-3.16
U S A A O
d
P OR  95%ClI
Age . 0.000 1.08 1.051.1
Gender O — 0.079 1.51 0.95-2.38
Hypertension —— 0377 121 0.81.83
CHD _—— 0251 146 0.77-2.79
Major surgery in the last 12 months 0.058 216 0.97-4.81
Corticosteroid 0.003 3.84 1.6-9.22
Classification of NLR —_— . 0.002 1.94 1.29-2.92
o 1 2 3 4 5 10

Fig. 2 Multivariate logistic regression analysis of preoperative risk factors for DVT in patients undergoing TJA. a Multivariate binary logistic regression
analysis of Sl and DVT preoperative in patients undergoing TJA. b Multivariate binary logistic regression analysis of MLR and DVT preoperative in patients
undergoing TJA. ¢ Multivariate binary logistic regression analysis of PLR and DVT preoperative in patients undergoing TJA. d Multivariate binary logistic
regression analysis of NLR and DVT preoperative in patients undergoing TJA

DVT: Deep vein thrombosis; AUC: Area Under Curve; CHD: Coronary heart disease; Cl: confidence interval; SII: systemic immune-inflammation index; MLR:
monocyte lymphocyte ratio; NLR: platelet lymphocyte ratio; PLR: platelet lymphocyte ratio; P <0.05 was statistically significant
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Lymphocytes, as an important subtype of the leucocyte
family, are also involved in inflammation [26]. In the pres-
ent study, the lymphocyte count in DVT group was lower
but the PLT count was higher than those in the non-DVT
group. Therefore, our PLR count was increased. Horne
BD et al. demonstrated the low lymphocyte count was
associated with increased cardiovascular disease [26]. An
elevated PLR reflects inflammatory status, atherosclero-
sis, and PLT activation [27]. Unlike higher PLTs promot-
ing the thrombocyte activation, lymphocytes control and
suppress the aggravated inflammatory process [17].

Loukov D et al. found that monocytes and neutrophils
were the first circulating cells to actively accumulate
at the vascular surface during DVT development [28].
Monocytes are not only the main producers of inflam-
matory cytokines including interleukin-1 and tumor
necrosis factor a (TNF-a) [29], but also a major source
of tissue factor (TF), a key initiator of DVT formation
[30]. According to recent research by Amadio et al,
monocytes could directly trigger DVT through PTGI2/
ANXA2/TF pathway [31].

Human PLTs are involved in pathophysiological pro-
cesses, such as hemostasis and thrombosis, thrombus
retraction, inflammation, vessel repair and constriction,
tumor growth and metastasis, and host defense [32]. In
the present study, the PLT count in the DVT group was
higher than that in the non-DVT group. Elevated PLT
counts can produce more CD40L and enhance an inflam-
matory response [33].

Association between inflammation and DVT
There are primarily two mechanisms involved in the for-
mation of DVT in our patients with OA or RA undergo-
ing TJA. First, the neutrophil extracellular trap (NET)
mechanism, in which neutrophils, lymphocytes, mono-
cytes, and PLTs contribute to DVT formation [38].
Chronic inflammation in both OA and RA leads to an
imbalance in immune cells, with an increase in neutro-
phils, monocytes, and PLTs, and a decrease in lympho-
cytes, which promotes the formation of NETs. Second,
inflammatory cytokines released in response to OA
or RA further contribute to blood hypercoagulability,
increasing the risk of thrombus formation. These two
mechanisms interact, further increasing the likelihood of
DVT before TJA in OA or RA patients. Among various
inflammatory markers, those related to this inflamma-
tory state, particularly those affecting immune cell distri-
bution and cytokine release, are more clinically accessible
and potentially more useful for predicting preoperative
DVT. Therefore, we recommend the clinical application
of these markers to improve risk stratification for DVT in
these patients.

In addition, we found that corticosteroid use increases
the incidence of preoperative DVT in TJA patients. The
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main mechanism may be that corticosteroids disrupt
the balance between procoagulant and antithrombotic
factors, increasing prothrombin levels and the concen-
trations of factors VII, VIII, XI, and fibrinogen, which
contribute to a higher VTE risk in patients with chronic
use [34—-36].

The present study investigated the association between
inflammatory indices and DVT in patients undergoing
TJA by using materials including preoperative medical
history, preoperative laboratory examinations, and pre-
operative auxiliary examinations. But it has certain limi-
tations. For example, as a retrospective study, some data
are insufficient. The AUCs for MLR, SII, NLR, and PLR
were 0.601, 0.623, 0.611, and 0.62, respectively. Future
studies with bigger sample size and more data might be
needed to further verify the association between MLR,
SII, NLR, PLR and preoperative DVT in TJA patients.
Besides, the potential confounding effect of chronic
inflammatory conditions in patients using steroids. Since
many of the steroid users in our cohort had underly-
ing chronic inflammatory diseases, such as rheumatoid
arthritis and osteoarthritis, which are known to increase
the risk of DVT, it is possible that the underlying pathol-
ogy, rather than steroid use itself, contributed to the
observed association with preoperative DVT. While we
adjusted for key confounders, future studies should fur-
ther investigate the independent effects of steroid use by
stratifying patients based on the presence and severity of
these chronic conditions to better isolate the role of ste-
roids in DVT risk.

Conclusion

We found that higher SII, MLR, NLR, and PLR levels,
age, and corticosteroid use were independent risk factors
for preoperative DVT in patients undergoing TJA. It is
recommended that the patients with SII, MLR, NLR, PLR
higher than 470*10°/L, 2.08, 0.306, 127, respectively, be
screened for DVT before TJA.
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