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Abstract. Objective: This study aimed to identify early warning indicators for predicting venous
thromboembolism (VTE) in Tibetan patients with respiratory system diseases at the Respiratory
Intensive Care Unit of People’s Hospital in Lhasa City by analyzing relevant clinical data.
Methods: From September 2021 to August 2023, Tibetan patients with respiratory system
diseases treated in the hospital’s Respiratory and Critical Care Medicine Department were
categorized into non-VTE and VTE groups based on VTE occurrence. We compared baseline
and admission 24-hour examination data between the groups and performed logistic regression
analysis to identify VTE-associated indicators. These relevant indicators underwent COX
regression analysis and inter-indicator correlation analysis. Results: The study included 717
Tibetan patients with respiratory system diseases, with 582 in the non-VTE group and 135 in the
VTE group. Significant differences were observed between the two groups in age, pulse,
respiration, white blood cell count, hematocrit, platelet count, prothrombin time, D-dimer, total
bilirubin, blood urea nitrogen, uric acid, Caprini score, and D-dimer-to-platelet ratio (D-DI/PLT)
(p < 0.05). Logistic regression analysis identified white blood cell count, hematocrit,
prothrombin time, Caprini score, and D-DI/PLT as significantly associated with VTE occurrence.
COX curve analysis indicated that Caprini score and D-DI/PLT could predict VTE without
correlation between them. Conclusion: Caprini score and D-DI/PLT can serve as predictors of
VTE in Tibetan patients with respiratory system diseases. Particularly, D-DI/PLT, easily
obtainable, can guide clinical stratified treatment in these patients.
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1. Introduction
Venous thromboembolism (VTE) is the third most common cause of death globally, with its incidence
varying by country. In Western countries, it occurs at a rate of 1-2 cases per 1000 person-years, whereas
in Eastern countries, it is lower, with fewer than 1 case per 1000 person-years [1]. Approximately 400
million people worldwide live in regions with altitudes above 1500 meters, and hypoxia in the alveoli is
the most significant feature of high-altitude environments, significantly affecting the cardiopulmonary
system. Chronic hypoxia can lead to pulmonary vascular remodeling and pulmonary arterial
hypertension, and chronic cardiopulmonary diseases, thrombotic or embolic diseases are also common
among high-altitude residents [2].

Tibetan people have long inhabited the Qinghai-Tibet Plateau, where the high-altitude hypoxic
environment affects the respiratory and circulatory systems of the population, making them prone to
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chronic pulmonary diseases and thrombotic disorders [3]. Chronic pulmonary diseases and their
associated complications are the most common conditions encountered in high-altitude respiratory
medicine. Therefore, respiratory physicians in the Qinghai-Tibet Plateau need to be vigilant about the
occurrence of VTE [4]. Once VTE occurs, detached blood clots can cause acute pulmonary embolism,
leading to sudden death. Additionally, it can lead to post-thrombotic syndrome, which can have
long-lasting effects on a patient’s physical and mental health [5, 6].

Currently, there is a view that individuals at high risk of VTE should receive early pharmacological
intervention. However, a study involving 18,890 patients suggests that routine VTE prevention in
high-risk thrombosis patients may increase the risk of bleeding and may not have significant clinical
benefits [7]. Therefore, it is crucial to find a predictive method for VTE to guide stratified treatment [8].
The Khorana Score is a scoring system used to predict prognosis in cancer patients based on factors such
as cancer site, white blood cell count, hemoglobin levels, platelet count, and body mass index. While it
has been used for VTE prediction in recent years, there is currently controversy between the conclusions
of several clinical studies [9, 10]. Tibetan patients primarily visit the respiratory department due to
respiratory and circulatory system diseases, making the Khorana risk scoreless suitable for this
population.

The Caprini Score, introduced in 1991, has undergone extensive clinical validation and is currently
used in a new version that includes 10 categories of clinical conditions and more than 40 items for
scoring. However, it requires substantial effort and is dependent on close patient cooperation [11].
Therefore, there is a need to find a new, simple, and practical prediction method to accommodate the
realities of respiratory intensive care units in Tibetan regions. D-dimer-to-platelet ratio (D-Dime to
Platelet Ratio, D-DI/PLT) is an emerging clinical test ratio that is simple and easy to perform and reflects
the body’s inflammatory and coagulation status. It has shown effectiveness in predicting various
diseases [12]. Therefore, we will analyze the relevant clinical data of Tibetan patients treated in our
respiratory and critical care medicine department, incorporating relevant scores and emerging clinical
test ratios. We will use statistical methods to identify early indicators for predicting VTE occurrence,
which can be used to guide clinical treatment.

2. Research Subjects and Methods:

2.1. Research Subjects and Grouping

Tibetan patients hospitalized in the Department of Respiratory and Critical Care Medicine at People’s
Hospital of Lhasa City from September 2021 to August 2023 with diagnoses of acute or chronic
high-altitude illness, pulmonary infections, chronic obstructive pulmonary disease, and pulmonary heart
disease were included in the study. Exclusion criteria were: 1. Age less than 18 years; 2. Patients with
cancer; 3. Failure to complete routine examinations and tests within 24 hours of admission; 4. Failure to
complete a 28-day follow-up; 5. Use of anticoagulant medications before admission. Based on whether
VTE occurred during hospitalization, patients were divided into the non-VTE group and VTE group.

2.2. Research Methods

Baseline data (gender, age, body mass index, respiration, pulse, blood pressure), routine laboratory
results within 24 hours of admission (complete blood count, liver and kidney function, comprehensive
coagulation profile, lipid profile), Caprini score, and D-DI/PLT were compared between the two groups.
Indicators that showed differences between the groups were identified, and their relationship with the
occurrence of VTE was determined through logistic regression analysis. The indicators associated with
VTE occurrence were then subjected to COX regression analysis to identify predictors of VTE.
Correlation analysis among indicators was conducted to explore their relationships.

2.3. Statistical Methods
Statistical analysis was performed using SPSS 23.0 software. Continuous variables were assessed for
normality using the Kolmogorov-Smirnov test. Normally distributed metric data were presented as
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mean = standard deviation (x=s), and categorical data were presented as percentages (%). Logistic
regression was used for the analysis of factors influencing outcomes. ROC curves and the Area under
the ROC Curve (AUC) were generated to compare the effectiveness of different indicators in predicting
VTE. Pearson correlation analysis was used to assess correlations among indicators, with statistical
significance defined as P < 0.05.

3. Results

3.1. Enrollment and Grouping

This study recruited a total of 1002 Tibetan patients who sought medical care at the Department of
Respiratory and Critical Care Medicine at People’s Hospital of Lhasa City from September 2021 to
August 2023. Following the established inclusion and exclusion criteria, 285 cases that did not meet the
criteria were excluded, leaving a final cohort of 717 cases with complete data for inclusion in the study,
and they were followed up for 28 days. Based on the occurrence of VTE, the participants were divided
into the non-VTE group (582 cases) and the VTE group (135 cases), resulting in a VTE incidence rate of
18.83% (Figure 1).

Inclusion, n=1002
Tibet patients admitted to the
Respiratory Departent as
inpatients

Exclusion, n=285
. Age less than 18 years old
Patients with tumors
Those who have not completed
routine laboratory tests within 24
hours of admission
. Patients who have not completed a
28 days follow-up
. Patients who received anticoagulant
Y therapy before admission

\ 4

Research Subjects, n=717
None VTE, n=582
VTE, n=135

Caprini score, D-dimer

and PLT to predicting
VTE

Figure 1. Flowchart of Inclusion and Exclusion.

3.2. Analysis of Baseline Data

Examination within 24 Hours of Admission, and Differences in Other Indicators between the Two
Groups Baseline data including gender, age, body mass index, pulse, respiration, and mean arterial
pressure were compared between the two groups. It was found that there were significant differences in
age and pulse between the VTE group and the non-VTE group (p < 0.05) (Table 1).
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Table 1. Analysis of Baseline Data between Two Groups.

Variables Non-VTE VTE t/c? p-value
Male/Female 309/273 68/67 0.38 0.556
Age (years) 54.27 £0.91 78.58 +1.23 6.032 <0.001*
MBI(kg/m?) 21.62 £0.25 24. 83+0.67 0.714 0.501

Pulse Rate 80.25 +0.80 87.94 +2.01 3.078 0.002*
(beats/min)

Mean Arterial 94.84 +0.97 98.05 +1.69 1.134 0.282

Pressure(mmHg)

The results of comparing the complete blood count, coagulation profile, liver and kidney function,
lipid profile, Caprini score, and D-DI/PLT within 24 hours of admission between the two groups
revealed significant differences in white blood cell count, hematocrit, platelet count, prothrombin time,
D-dimer, total bilirubin, blood urea nitrogen, uric acid, Caprini score, and D-DI/PLT (p < 0.05) (Table

2).
Table 2. Comparison of Examination and Other Indicators within 24 Hours of Admission between the
Two Groups.

Variables Non-VTE VTE t p-value
WBC(x10% L) 6.2540.23 7.8940.60 3.470 0.013*
RBC(x10%/ L) 5.0840.15 5.3040.15 0.724 0.479

HGB(g/L) 153.16+1.62 157.0543.10 1.146 0.258

HTC(%) 46.6340.52 51.0443.33 2.684 0.008*

PLT(x10% L) 229.1844.80 173.3848.00 5.458 <0.001*
PT(s) 13.1240.09 13.8440.29 3.043 0.003*
APTT(s) 43.3741.58 40.11+.21 1.032 0.309
INR 1.2740.27 1.1440.03 0.274 0.81
FIB(g/l) 4.10490.09 4.0140.17 0.446 0.097
D-DI 1.0640.20 3.9940.44 5.937 <0.001*
ALT (IU/L) 35.7942.37 29.964.64 1.143 0.271
AST (IU/L) 29.19+1.56 27.93+.71 0.443 0.69
TBIL(umol / L) 16.76+0.69 22.79%2.06 3.365 <0.001*
Cr(umol / L) 67.1242.12 67.60+2.58 0.184 0.914
BUN(mmol / L) 4.5840.18 5.7840.36 3.136 0.003*
UA(umol / L) 323.7615.89 358.56+13.33 2.735 0.011*
TC(mmol /L) 3.8740.12 4.1540.54 0.662 0.526
TG(mmol / L) 1.0040.02 0.8940.04 1.962 0.057
Caprini score 2.94 #0.12 5.87 £0.36 11.896 <0.001*
D-DI/PLT 0.0140.00 0.0340.00 8.223 < 0.001*

Note: WBC: White Blood Cell Count, RBC: Red Blood Cell Count, HGB: Hemoglobin, HTC:
Hematocrit, PLT: Platelet Count, PT: Prothrombin Time, APTT: Activated Partial Thromboplastin
Time, INR: International Normalized Ratio, FIB: Fibrinogen, D-DI: D-Dimer, ALT: Alanine
Aminotransferase, AST: Aspartate Aminotransferase, TBIL: Total Bilirubin, Cr: Creatinine, BUN:
Blood Urea Nitrogen, UA: Uric Acid, TC: Total Cholesterol, TG: Triglycerides. *p < 0.05.
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3.3. Binary Logistic Regression Analysis of Inter-Group Differences

The binary logistic regression analysis included the indicators that showed differences between the two
groups, which were age, pulse rate, respiratory rate, white blood cell count, hematocrit, platelet count,
prothrombin time, D-dimer, total bilirubin, blood urea nitrogen, uric acid, Caprini score, and D-DI/PLT.
The results indicated a significant correlation between white blood cell count, hematocrit, prothrombin
time, Caprini score, and D-dimer/PLT and the occurrence of VTE (p < 0.05) (Table 3).

Table 3. Binary Logistic Regression Analysis of Inter-Group Differences.

Variables B Standard Error  Wald Coefficient  Significance OR Value
Age -0.025 0.014 2.805 0.088 0.973
P -0.011 0.009 1.482 0.266 0.990
R -0.050 0.029 2.904 0.090 0.962
Caprini score -0.542 0.092 34.442 0.000* 0.579
WBC -0.116 0.050 5.517 0.020* 0.889
HTC -0.021 0.01 4.096 0.042* 0.984
PLT 0 0.002 0.041 0.85 1.002
PT 0.214 0.078 7.509 0.007* 1.264
D-dimer 0.07 0.068 1.081 0.288 1.098
TBIL -0.003 0.009 0.083 0.773 0.956
BUN -0.039 0.041 0.902 0.353 0.946
UA 0.001 0.001 0.175 0.662 1.065

D-DI/PLT -36.707 14.005 6.87 0.010* 0

Note: *p< 0.05.

3.4. ROC Curve Analysis for VTE Prediction
The efficacy of white blood cell count, hematocrit, prothrombin time, Caprini score, and D-DI/PLT in
predicting VTE was assessed using ROC curve analysis. The results indicated that the areas under the
ROC curves for D-DI/PLT and Caprini score were the largest, with D-DI/PLT at 81% and a cutoff value
of 0.005, and Caprini score at 83% with a cutoff value of 3.5 (Figure 2A, Table 4).

To verify whether there was a correlation between D-DI/PLT and Caprini score, a Pearson correlation
test was conducted, revealing a Pearson coefficient of 0.137, with a 95% confidence interval of
-0.001797 to 0.2706, and a p-value of 0.053. This indicates no significant correlation (Figure 2B).
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Figure 2. ROC Curve and Correlation Analysis. A: ROC curve for WBC, HCT, PT, Caprini score,
and D-DI/PLT in predicting VET. B: Correlation analysis between D-DI/PLT and Caprini score.
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Table 4. ROC Curve Analysis Results.

Area under the

Variables curve Cut-off value Youden index p-value 95% ClI
D-DI/PLT 0.81 0.005 45.85 <0.001 0.771~0.864
Caprini score 0.83 3.500 43.15 <0.001 0.744~0.855
WBC 0.56 7.730 15.19 0.102 0.483~0.629
HTC 0.52 52.450 12.59 0.562 0.449~0.591
PT 0.58 13.450 19.86 0.019 0.506~0.654
4. Discussion

VTE is a multifactorial disease involving various genetic and acquired risk factors [13]. People of
Tibetan ethnicity residing on the Qinghai-Tibet Plateau are affected by high-altitude hypoxia, which
disrupts the expression of molecules related to vascular integrity, leading to the occurrence of chronic
high-altitude sickness and VTE [14]. The incidence of VTE in individuals residing in high-altitude
areas is approximately 6%, significantly higher than in low-altitude regions [15]. The incidence of
VTE in low-altitude intensive care units is around 10% [16]. However, our study found that the
incidence of VTE in Tibetan patients treated in the respiratory ICU was 18.83%, significantly higher
than that in low-altitude ICU patients. Therefore, determining the population at high risk of VTE and
providing precise stratified treatment is a challenging issue for respiratory physicians in the Tibetan
region.

By analyzing baseline data of 717 Tibetan patients treated in our department and routine
examination indicators, including complete blood counts, coagulation profiles, liver and kidney
function, and lipid profiles, taken within 24 hours of admission, we identified significant differences in
12 indicators between the non-VTE and VTE groups. Among these, the VTE group was characterized
by older age, higher respiratory rate, faster pulse rate, higher white blood cell count, significantly
abnormal platelet count, coagulation function, and poorer liver and kidney function. These features
suggest that patients in the VTE group may have more severe conditions. Studies have shown that
37.2% of critically ill septic shock patients admitted to the ICU eventually develop VTE [17]. Another
survey of severely traumatized patients in the ICU revealed that approximately 27% of patients may
develop VTE [18], indicating a relationship between the incidence of VTE and the severity of the
condition. We further conducted logistic regression analysis of the intergroup differences and
identified 5 indicators, WBC, HTC, PT, D-DI/PLT, and Caprini score, that were significantly
correlated with VTE occurrence. ROC analysis confirmed that D-DI/PLT and Caprini score could
predict the risk of VTE in Tibetan ICU patients.

D-DI/PLT consists of two clinical parameters, D-DI and PLT, both of which can be rapidly
obtained through routine blood tests. The latest evidence suggests that VTE is related to venous
endothelial damage caused by local/systemic inflammation and hypoxemia [14]. D-DI, as a good
marker of intravascular coagulation and fibrinolysis, can reflect changes in the body’s coagulation
status. It has been widely used to assess the overall mortality of inflammatory vascular conditions,
thrombotic events, and guidance for the treatment of coagulation-related diseases [19-21]. Platelets
can interact with immune cells by secreting and releasing pro-inflammatory factors and immune
adhesion mediators, exacerbating the inflammatory response and forming inflammatory thrombi [22,
23]. High altitudes have a significant impact on platelet function [24]. Therefore, it is reasonable to use
D-DI/PLT, composed of D-DI and PLT, as an indicator to predict the occurrence of VTE in Tibetan
critically ill patients. D-DI/PLT is a relatively new ratio that, based on changes in both D-DI and PLT,
can initially be used to differentiate the coagulation system status in pregnant women. D-DI/PLT can
serve as an indicator for predicting whether a hypercoagulable reaction will occur [11], while VTE is
associated with the activation of the coagulation system by systemic inflammatory reactions [25].
Changes in D-DI/PLT may reflect the inflammatory and coagulation changes during the formation of
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VTE. Our study, for the first time, considers D-DI/PLT as a predictor of VTE risk. In our study,
through multivariate Cox regression analysis, we found that the ROC curve results indicated that
D-DI/PLT had higher specificity and more accurate efficacy in predicting outcomes compared to other
indicators. Additionally, the area under the Caprini thrombosis risk score curve was similar to that of
D-DI/PLT. Still, through correlation analysis, we found no significant correlation between the two. We
speculate that the Caprini score primarily evaluates more than 40 indicators related to the patient’s
disease status [10], while D-DI/PLT may reflect the body’s inflammatory/coagulation status. Therefore,
there is no correlation between the two. In this study, the optimal cutoff value for the Caprini score
was 3.5, which is inconsistent with the conclusion that a score of 10 or higher may indicate a risk of
VTE as reported in other important studies [10]. Therefore, we believe that D-DI/PLT is a simple and
easy-to-use indicator for rapidly assessing the risk of VTE in critically ill patients, especially in
Tibetan populations. However, due to the requirements of the research project, our study only involved
Tibetan patients treated at our center. There is a lack of research on Han patients from multiple centers
and those residing in high-altitude areas for an extended period, which requires further expansion of
research centers and inclusion of more ethnic groups for in-depth research.

5. Conclusion

In summary, this study highlights the substantial prevalence of venous thromboembolism (VTE)
among Tibetan patients in high-altitude areas, particularly those in the respiratory ICU, contrasting
sharply with lower rates in low-altitude regions. These findings underscore the need for precise risk
assessment and stratified treatment for VTE in this population. The analysis of 717 Tibetan patients
revealed significant differences in 12 indicators between VTE and non-VTE groups. VTE patients
exhibited characteristics of older age, elevated respiratory and pulse rates, increased white blood cell
counts, abnormal platelet counts, coagulation dysfunction, and impaired liver and kidney function,
suggesting more severe conditions. This corresponds with other studies linking VTE incidence to
condition severity.

Furthermore, the study identified five key indicators—WBC, HTC, PT, D-DI/PLT, and Caprini
score—significantly correlated with VTE. D-DI/PLT, a novel predictor, emerged as a simple and
accessible indicator reflecting coagulation and inflammatory status, with high predictive accuracy.
Despite its strengths, this single-center study calls for further validation through multicenter research
involving diverse ethnic groups to consolidate its conclusions. Nonetheless, D-DI/PLT holds promise
as an effective tool for assessing VTE risk in critically ill Tibetan patients, particularly those in
high-altitude 1CUs.
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