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Purpose: To explore the relationship between the systemic immune-inflammation index (SII) and deep venous thrombosis (DVT) in 
patients with spinal cord injury (SCI).
Methods: This cross-sectional study included data from 382 participants with SCI. The SII was calculated for all participants. 
Logistic regression, smooth curve fitting, interaction effects were used to substantiate the research objectives.
Results: The overall prevalence of DVT was 23.1% (22.4% among males, 25.6% among females). A positive association between SII 
and the risk for DVT was observed (odds ratio 1.39 [95% CI 1.03–1.87]; P=0.032), independent of confounders. Similar patterns of 
association were observed in the subgroup analysis (P values for interaction, all >0.05). Further sensitivity analyses provided 
confidence that the results were reliable and unlikely to be substantially altered by unmeasured confounding factors.
Conclusion: Results of the present suggest that higher SII may be associated with DVT in patients with SCI, highlighting a potential 
link between SII and DVT. These findings underscore the potential of SII as a valuable predictive biomarker for DVT, thus offering 
a promising avenue for early detection and intervention strategies in patients with SCI.

Plain Language Summary: The aim of this study was to investigate the relationship between the systemic immune-inflammation 
index (SII) and deep vein thrombosis (DVT) in patients with spinal cord injury (SCI). We analyzed data from 382 SCI patients and 
found that 23.1% of them had DVT. The risk of DVT was significantly increased by 39% with each 1-point increase in SII (OR = 1.39, 
95% CI: 1.03–1.87, p = 0.031). Our results showed that higher SII values were associated with an increased risk of DVT, independent 
of other factors. This suggests that SII may be used as a potential biomarker to predict DVT in SCI patients, highlighting the 
importance of early detection and intervention. This finding could greatly contribute to the early detection and management of DVT in 
SCI patients using SII. 
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Introduction
The most common complication of spinal cord injury (SCI) is deep vein thrombosis (DVT). It has been reported that the 
incidence of DVT in patients with SCI is 5% to 26%.1 DVT is a prevalent global disease characterized by primary 
symptoms including leg swelling, pain, and rubor.2 It is primarily caused by stasis, vascular wall damage or dysfunction, 
and hypercoagulability.3 DVT continues to be a global burden, affecting approximately 88 to 112 individuals/ 
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1,000,000 person-years.4,5 The onset of DVT can significantly reduce life expectancy, underscoring the importance of 
a comprehensive understanding of this condition and its contributing factors.6,7 Such knowledge is crucial for effective 
prevention, management and, ultimately, enhancing the prognosis and quality of life of those affected by DVT.

Recently, the systemic immune-inflammation index (SII), a critical blood parameter, has been developed as 
a prognostic predictor of various cancers and inflammatory diseases.8–11 Involving 3 inflammatory biomarkers, including 
platelets, neutrophils and lymphocytes, the SII is calculated as platelets × neutrophils/lymphocytes, and may provide 
a comprehensive reflection of local immune status and systemic inflammation in the entire body simultaneously.12,13 

DVT is related to inflammation, and the SII is an indicator of the severity of whole-body inflammation.12,14 A recent 
study demonstrated an association between SII and pulmonary embolism.15,16 Therefore, the SII may be associated 
with DVT.

Currently, however, there is insufficient evidence supporting the association between SII and DVT. To address this 
knowledge gap, our primary objective was to investigate the relationship between SII and DVT and explore the 
implications of this association. We conducted a retrospective cross-sectional study involving 382 participants from 
the Department of Rehabilitation Medicine at the First Affiliated Hospital of the Air Force Medical University (Shaanxi, 
China).

Material and Methods
Study Population
This single-center, retrospective, observational study was performed at a tertiary teaching hospital in China. The study 
protocol was reviewed and approved by the Institutional Ethics Committee of Xijing Hospital of the Fourth Military 
Medical University (KY20222096-C-1) and conducted in accordance with the tenets of the Declaration of Helsinki. 
Given the retrospective design of the study and the use of anonymized data, requirements for informed consent were 
waived. In this study, all patients hospitalized between January 1, 2018 and January 1, 2024 were screened by searching 
the HIS database. The inclusion criteria were as follows:17,18 diagnosed with SCI; underwent vascular color Doppler 
ultrasound examination on admission; and collected blood sampling for SII on admission. At the initial screening, 407 
patients with SCI were considered. Subsequently, patients were excluded if they fulfilled any of the following criteria: 
history of previous DVT; superficial venous thrombosis; active infection or chronic inflammation; and use of immuno-
suppressive therapy. Ultimately, data from 382 consecutive hospitalized patients were included in this study (Figure 1).

Covariates
The following variables were included based on the published literature and clinical experience:2,17,19,20 general 
information (sex, age, blood type smoking, cause, spinal injury plane, American Spinal Injury Association [ASIA] 
scale score, operation, and onset to admission); and comorbidities (fracture, hypertension, and diabetes); and biological 
indicators (SII, calculated as: platelet count × neutrophil count / lymphocytes). The units for SII are expressed as 109/L. 
The time of onset corresponds to the time of SCI, and admission is defined as the first admission to our departmental, and 
time is measured in days.

Outcome
The primary outcome was the incidence of DVT events at admission, which was confirmed by ultrasound reports.

Statistical Analysis
Histogram distribution, or Q-Q plot, or Kolmogorov–Smirnov test were used for determining whether variables were 
normally distributed. All normally distributed continuous variables are expressed as mean ± standard deviation (SD), 
whereas skewed continuous variables are expressed as median (interquartile range [IQR]). Categorical variables are 
expressed as frequency (percentage [%]). Comparisons of categorical variables were performed using the chi-squared or 
Fisher’s exact tests, one-way analysis of variance (normal distribution), or Kruskal–Wallis H-test (skewed distribution) to 
test for differences among different SII groups.
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Univariate and multivariate binary logistic regression models were used to test the association between SII and DVT. 
SII was entered as a continuous variable. These confounders were selected on the basis of clinical interest, the previous 
scientific literature, all significant covariates in the univariate analysis, or their associations with the outcomes of interest 
or a change in effect estimate of > 10%. Potential multi-collinearity was tested using the variance inflation factor (VIF), 
with VIF ≥ 5 indicating the presence of multi-collinearity. Three models were constructed: model 1, adjusted for age and 
sex; model 2, additionally adjusted for diabetes, hypertension, smoking, and operation; and model 3, additionally 
adjusted for cause.

Restricted cubic spline models were constructed to develop smooth curves to examine the possible nonlinear dose- 
response associations between SII and DVT. In this model, SII was used as a continuous variable with 4 knots (5th, 35th, 
65th and 95th percentiles) suggested by Harrell. Nonlinearity was tested using a likelihood ratio test comparing the 
model with only a linear term against the model with linear and cubic spline terms. Interaction and stratified analyses 
were performed according to subgroup variables. Interaction(s) across subgroups was tested using the likelihood ratio 
test. Missing data accounted for < 5% of the dataset and were handled by list wise deletion on an analysis basis. To 
replace missing covariate data with statistical estimates of the missing values, mean, median or mode was used as 
imputation value for continuous variables, and make NA, 9 or mode as a level for categorical variables. This enabled the 

Figure 1 Flowchart of patient inclusion and exclusion. 
Abbreviations: DVT, deep venous thrombosis; SII, systemic immune-inflammation index.
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researchers to use the collected data in an incomplete dataset. All analyses with complete cohort data for comparison 
were repeated. The initial model included all available variables (eg, age, sex, diabetes, hypertension, smoking, 
operation, cause, blood type). The caliper width on the propensity score scale was 0.25 and 1:1 sampling without 
replacement. All patient characteristics included in generating and distributing the propensity scores were compared 
before and after propensity score-matching using the standardized mean difference. A threshold < 0.1 was considered to 
be acceptable Finally, NNN matched pairs were generated and applied to further analyses. All analyses were performed 
using R version 4.2.2 (http://www.R-project.org R Foundation for Statistical Computing, Vienna, Austria) and 
FreeStatistics analysis platform version 1.9 (Beijing, China http://www.clinicalscientists.cn/freestatistics). FreeStatistics 
is a software package that provides intuitive interfaces for most common analyses and data visualization. It uses R as the 
underlying statistical engine, and the graphical user interface is written in “Python”. Most analyses can be completed 
with merely a few clicks. It is designed for reproducible analysis and interactive computing. Differences with a two-sided 
P < 0.05 were considered to be statistically significant.

Results
Study Population Characteristics
A cohort of 382 patients with a mean (± SD) age of 42.6 ± 12.9 years was enrolled. The demographic was exclusively 
Han Chinese and the majority of subjects (79.6%) was male. Of these, the overall prevalence of DVT was 23.1%. 
General characteristics of the participants according to SII are summarized in Table 1. The 4 groups differed in smoking, 
hypertension, and onset to admission (all P < 0.05). Otherwise, the distribution of patient characteristics (age, blood type, 
operation, cause, fracture, spinal injury plane, ASIA Scale score, diabetes, and DVT) between the SII groups demon-
strated no significant differences (all P > 0.05).

Association Between SII and the Risk for DVT
In the univariable analysis, we found that SII was a risk factor for DVT (Supplementary Table 1). Findings from the 
multivariable logistic regression analysis investigating the correlation between SII and DVT are summarized in Table 2. 
A higher SII was found to be linked to a heightened risk for DVT (per 1 unit increase, OR 1.39 [95% CI 1.03–1.87]; 
P=0.032), even after controlling for potential confounding variables (model 3) (Table 2).

Table 1 Baseline Characteristics of Participants

Variables Total SII (×109/L) p-Value

Q1 (<355.9) Q2 (356.0–542.1) Q3 (542.2–938.3) Q4 (>938.4)

No. 382 96 95 95 96

Sex, n (%) 0.149

Male 304 (79.6) 75 (78.1) 78 (82.1) 69 (72.6) 82 (85.4)

Female 78 (20.4) 21 (21.9) 17 (17.9) 26 (27.4) 14 (14.6)

Age(year), Mean ± SD 42.6 ± 12.9 43.6 ± 12.4 43.0 ± 12.6 42.2 ± 13.6 41.7 ± 13.1 0.759

Blood type, n (%) 0.337

A 94 (24.6) 24 (25) 24 (25.3) 19 (20) 27 (28.1)

B 122 (31.9) 32 (33.3) 29 (30.5) 27 (28.4) 34 (35.4)

O 134 (35.1) 29 (30.2) 38 (40) 41 (43.2) 26 (27.1)

AB 32 (8.4) 11 (11.5) 4 (4.2) 8 (8.4) 9 (9.4)

Smoking, n (%) 0.001

Never 247 (64.7) 60 (62.5) 59 (62.1) 61 (64.2) 67 (69.8)

Current 106 (27.7) 19 (19.8) 30 (31.6) 30 (31.6) 27 (28.1)

Former 29 (7.6) 17 (17.7) 6 (6.3) 4 (4.2) 2 (2.1)

Operation, n (%) 0.853

No 50 (13.1) 13 (13.5) 10 (10.5) 13 (13.7) 14 (14.6)

Yes 332 (86.9) 83 (86.5) 85 (89.5) 82 (86.3) 82 (85.4)

(Continued)
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Table 1 (Continued). 

Variables Total SII (×109/L) p-Value

Q1 (<355.9) Q2 (356.0–542.1) Q3 (542.2–938.3) Q4 (>938.4)

Cause, n (%) 0.36

Hurt by a heavy object 84 (22.0) 26 (27.1) 18 (18.9) 21 (22.1) 19 (19.8)

Accident injury 77 (20.2) 16 (16.7) 15 (15.8) 26 (27.4) 20 (20.8)

Fall injury 130 (34.0) 28 (29.2) 41 (43.2) 28 (29.5) 33 (34.4)

Tumor 12 (3.1) 4 (4.2) 3 (3.2) 2 (2.1) 3 (3.1)

Surgical injury 15 (3.9) 3 (3.1) 3 (3.2) 2 (2.1) 7 (7.3)

Disc compression 18 (4.7) 8 (8.3) 1 (1.1) 5 (5.3) 4 (4.2)

others 46 (12.0) 11 (11.5) 14 (14.7) 11 (11.6) 10 (10.4)

Fracture, n (%) 0.078

No 71 (18.6) 16 (16.7) 13 (13.7) 26 (27.4) 16 (16.7)

Yes 311 (81.4) 80 (83.3) 82 (86.3) 69 (72.6) 80 (83.3)

Spinal injury plane, n (%) 0.993

Cervical 127 (33.2) 34 (35.4) 30 (31.6) 29 (30.5) 34 (35.4)

Thoracic 176 (46.1) 41 (42.7) 47 (49.5) 46 (48.4) 42 (43.8)

Lumbar 70 (18.3) 18 (18.8) 16 (16.8) 18 (18.9) 18 (18.8)

Sacral 9 (2.4) 3 (3.1) 2 (2.1) 2 (2.1) 2 (2.1)

ASIA, n (%) 0.321

A 190 (49.7) 41 (42.7) 54 (56.8) 42 (44.2) 53 (55.2)

B 39 (10.2) 11 (11.5) 6 (6.3) 13 (13.7) 9 (9.4)

C 58 (15.2) 17 (17.7) 13 (13.7) 12 (12.6) 16 (16.7)

D 93 (24.3) 25 (26) 22 (23.2) 28 (29.5) 18 (18.8)

E 2 (0.5) 2 (2.1) 0 (0) 0 (0) 0 (0)

Hypertension, n (%) 0.033

No 341 (89.3) 93 (96.9) 84 (88.4) 80 (84.2) 84 (87.5)

Yes 41 (10.7) 3 (3.1) 11 (11.6) 15 (15.8) 12 (12.5)

Diabetes, n (%) 0.37

No 359 (94.0) 92 (95.8) 86 (90.5) 91 (95.8) 90 (93.8)

Yes 23 (6.0) 4 (4.2) 9 (9.5) 4 (4.2) 6 (6.2)

DVT, n (%) 0.233

No 294 (77.9) 74 (77.1) 79 (83.2) 67 (70.5) 74 (77.1)

Yes 88 (23.1) 22 (22.9) 16 (16.8) 28 (29.5) 22 (22.9)

Onset to admission, Median 
(IQR)(days)

81.0 (26.0, 224.8) 152.0 (65.0, 436.0) 91.0 (55.5, 214.5) 66.0 (24.5, 177.5) 29.5 (10.8, 91.5) < 0.001

Platelet, Median (IQR) 238.0 (196.2, 293.0) 195.5 (162.0, 238.0) 227.0 (203.5, 260.0) 263.0 (216.0, 310.5) 297.0 (234.2, 348.2) < 0.001

Neutrophil, Median (IQR) 3.9 (2.9, 5.7) 2.5 (2.0, 3.1) 3.5 (3.1, 4.1) 4.3 (3.5, 5.8) 7.5 (5.7, 9.9) < 0.001

Lymphocyte, Median (IQR) 1.7 (1.4, 2.2) 2.0 (1.5, 2.5) 1.9 (1.6, 2.2) 1.6 (1.3, 2.0) 1.4 (1.0, 1.8) < 0.001

Leucocyte, Median (IQR) 6.5 (5.2, 8.3) 5.2 (4.0, 6.1) 6.1 (5.2, 7.0) 6.7 (5.7, 8.3) 10.0 (7.8, 12.5) < 0.001

Abbreviations: SII, systemic immune-inflammation index; ASIA, American spinal injury association; DVT, deep venous thrombosis; IQR, inter quartile range.

Table 2 Multivariate Regression Analysis of Association Between SII and DVT

Variable Model 1 P Mode 2 P Mode 3 P

OR (95% CI) OR (95% CI) OR (95% CI)

SII (×106/L) 1.36 (1.02–1.80) 0.033 1.37 (1.03–1.83) 0.031 1.39 (1.03–1.87) 0.032

Notes: Model 1 adjusted for age, sex; Model 2 was additionally adjusted for diabetes, hypertension, smoking, 
operation; Model 3 additionally adjusted for cause. 
Abbreviations: OR, odds ratio; CI, confidence interval; SII, systemic immune-inflammation index; DVT, deep 
venous thrombosis.
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The adjusted smoothed plots in Figure 2 indicate a clear linear relationship between SII and DVT, with a P-value for 
non-linearity of 0.959. To ensure robustness, the highest and lowest 0.5% of SII values were excluded for each 
measurement. The trend observed in the plots demonstrate that as SII increases, the risk for DVT increases.

Sensitivity and Subgroup Analyses
Stratified analyses according to sex, operation, hypertension, and diabetes were also performed (Supplementary Table 2). 
The risk estimates were generally similar for incident DVT across subgroups (all P for interaction >0.05) (Figure 3). For 
incident DVT, statistically significant results were found for males (OR 1.49 [95% CI 1.05–2.11]), no hypertension (OR 
1.39 [95% CI 1.00–1.91]), and no diabetes (OR 1.37 [95% CI 1.02–1.85]). Effect estimates were overlapping in the 
operation group but were less precise due to the limited number of operative cases. Sensitivity analysis revealed no 
significant differences in characteristics between the excluded and included participants. Multivariable regression 
analysis including only patients with complete data yielded similar results.

Discussion
In this study, we revealed a significant positive correlation between SII and the risk for DVT, with an OR of 1.39 (95% 
CI 1.03–1.87). This association held true across subgroup analyses, with no significant interaction effects observed. 

Figure 2 The linear relationship between SII and DVT. Solid and dashed lines represent the predicted value and 95% confidence intervals. They were adjusted for age, sex, 
diabetes, hypertension, smoking, operation, cause. Only 99% of the data is shown. 
Abbreviations: SII, systemic immune-inflammation index; DVT, deep venous thrombosis.
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Sensitivity analyses further reinforced the robustness of our findings, suggesting that the results were reliable and not 
likely to be significantly influenced by unmeasured confounding factors.

Current studies have pointed out that systemic inflammation and SII may represent a risk factor for DVT on many 
occasions. For example, in a Mendelian randomization study, Lv et al reported a strong association between immune- 
mediated inflammatory diseases and DVT,21 indicating a potential genetic correlation between these two diseases. Chen 
et al found that the SII was a robust predictor of DVT in elderly patients after hip fracture.22 Similarly, Melinte et al 
reported higher pre-operative SII strongly predicted acute DVT following total knee arthroplasty.23 To make matters 
worse, once diagnosed with DVT, high baseline SII values means increased risk for mortality.24 As for patients with SCI, 
they often remain bedridden for a prolonged period, predisposing them to the development of DVT, thus identifying 
factors that predict the occurrence of thrombosis is crucial. However, no previous studies have explored whether the SII 
can serve as a strong correlated factor for DVT.

We identified a positive association between SII and DVT in SCI patients from the Department of Rehabilitation 
Medicine at the First Affiliated Hospital of Air Force Medical University, which is in accordance with former research in 
other diseases. Moreover, this association turned to be linear after adjusting for potential confounders and remained 
statistically significant across different patient subgroups, suggesting a robust and generalizable association. While 
partially different from our findings, Chen et al did confirm elevated SII was significantly associated with an increased 
risk of DVT in hospitalized patients, yet it was a non-linear relationship with a threshold effect.25 Thus, we speculate that 

Figure 3 Forest plots for the association between SII and DVT in SCI patients. Except for the stratification component itself, each stratification factor was adjusted for all 
other variables (age, smoking, cause). 
Abbreviations: SII, systemic immune-inflammation index; DVT, deep venous thrombosis; SCI, spinal cord injury; OR, odds ratio; CI, confidence interval.
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SII could potentially serve as a valuable predictor of DVT, but different SII predictive models may exist under different 
diseases and conditions, which are worth further exploration.

In terms of potential mechanisms by which SII can reflect the risk for DVT, emerging studies have highlighted the 
multifaceted role of systemic inflammation in the pathogenesis of thrombotic events. First, SII, which incorporates 
neutrophil and platelet counts, reflects the body’s systemic inflammatory state. This inflammation is known to activate the 
coagulation system by increasing the expression of adhesion molecules on endothelial cells, promoting leukocyte 
recruitment and platelet aggregation.13,26,27 Second, the inflammatory environment can cause endothelial dysfunction, 
leading to a prothrombotic state by reducing the production of natural anticoagulants such as nitric oxide and 
prostacyclin.28 Third, components of the SII, particularly neutrophils, are implicated in the release of procoagulant 
microparticles that directly contribute to thrombus formation.29,30 These insights underscore the importance of consider-
ing systemic inflammation in the assessment and management of DVT risk.31,32

This study represents the first attempt to determine the relationship between the SII and the risk of developing DVT in 
SCI patients using cohort data from our hospital. Strengths of this study lie in the use of a territorially expansive and 
rigorously validated electronic healthcare database that encompasses all diagnostic records, hospitalizations, and details 
of medication dispensation. This enabled the meticulous collection of pertinent information necessary to mitigate 
common biases inherent in traditional observational studies, such as selection and recall biases. A comprehensive set 
of sensitivity analyses was performed to enhance the interpretation of the results and validate the primary findings.

However, there were several limitations to the present study that warrant acknowledgment. First, it is essential to recognize 
that an observational study does not replicate the conditions of a randomized controlled trial (RCT). Consequently, the findings 
obtained may deviate from the expected outcomes of an RCT and should be interpreted within the context of the activities of daily 
living. The relatively modest sample size in this study restricted its statistical power and the exploration of potential interactions, 
necessitating caution in the interpretation of the results. Despite efforts to account for all relevant potential confounders in the 
multivariate model, the presence of unmeasured or unknown residual confounders (eg, time between the surgery and onset of 
DVT, Surgical hospital, dietary factors, family income) could potentially lead to an overestimation of the observed associations.

Conclusions
Results of this study underscore the impact of aberrant SII levels on DVT in patients with SCI, independent of 
confounding variables. This association holds significance for clinicians involved in managing DVT. Further validation 
and confirmation of these findings are imperative for widespread clinical application.
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