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Abstract: Objective To explore the value of dynamic evaluation of thrombus-related factors for predicting thrombotic risk in
diabetic nephropathy (DN) patients. Methods A retrospective study was conducted to select 98 patients with DN who were
treated in Cangzhou Hospital of Integrated TCM-WM from January 2020 to September 2022. Follow-up was conducted after
treatment, with the occurrence of deep vein thrombosis as the observation endpoint. Finally, 96 patients obtained follow-up
and were divided into thrombosis group (n=21) and a non-thrombosis group (n=75) based on the presence or absence of
thrombosis. The clinical data of patients were collected, and the influencing factors of prognosis of DN patients were analyzed
by univariate and multivariate logistic analysis. Receiver operating characteristic (ROC) curve was used to evaluate the
predictive value of thrombus-related factors [thrombin antithrombin complex (TAT), plasmin-α-2-plasmin inhibitor complex
(PIC), tissue plasminogen activator/plasminogen activator inhibitor-1 complex (t-PAIC) and soluble thrombomodulin(sTM)] for
thrombotic risk in DN patients. Results There were no significant differences in general information, duration of diabetes,
glucose metabolism, lipid metabolism and renal function between the two groups (P>0.05). The differences in prothrombin
time (PT), activated partial thromboplastin time (APTT) and D-dimer (D-D) between the two groups were statistically
significant(P<0.05). In the thrombosis group, the levels of TAT, PIC, t-PAIC and sTM before and after treatment, the difference
between pro-treatment and post-treatment, and the variation coefficient between pro-treatment and post-treatment were all
increased compared to the non- thrombosis group (P< 0.01). Multivariate logistic regression analysis showed that the
increased variation coefficients of PAT, PIC, t-PAIC and sTM (OR=3.367, P=0.010; OR=19.106, P=0.042; OR=4.313, P=0.005;
OR=9.389, P=0.003) were the independent risk factors affecting the thrombotic risk in DN patients. The ROC curve results
showed that the AUCs of the variation coefficients of TAT, PIC, T-PAIC and sTM in predicting the thrombotic risk in DN patients
were 0.818, 0.806, 0.873 and 0.825, respectively. Conclusion Elevated levels of thrombus-related factors are the independent
risk factors for thrombosis in DN patients, and TAT, TM, PIC, and t-PAIC can be used as important indicators to predict their
thrombotic risk.
Keywords: Diabetic nephropathy; Thrombus; Thrombin-antithrombin complex; Plasmin-α-2-plasminase inhibitor complex;
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Diabetic nephropathy (DN) refers to the specific
pathological structure and function of the kidney caused
by the changes of the kidney and the impact of diabetes
on the kidney in diabetic patients (including type 1 and
type 2), and it is also one of the main causes of end-stage
renal disease (ESKD) [1]. Evidence suggests that DN
patients manifest premature atherosclerosis and more
extensive vascular diseases, making them more prone to
plaque rupture and thrombosis [2]. In addition, DN
patients exhibit a higher tendency for thrombosis due to
high platelet reactivity, increased activation of
thrombogenic factors, and reduced fibrinolysis [3].
However, there are currently no accurate, effective, and
highly sensitive indicators to evaluate changes in
coagulation function in early DN. Recent studies have
confirmed that thrombin antithrombin complex (TAT),
plasmin-α2-plasmin inhibitor complex (PIC), tissue
plasminogen activator/plasminogen activator inhibitor-1
complex (t-PAIC), and soluble thrombomodulin (sTM)
are novel indicators of early changes in the vascular
endothelium, coagulation, and fibrinolysis. These
indicators can be used for early diagnosis of

thromboembolism, risk assessment and efficacy
evaluation of thrombosis in high-risk populations, as well
as screening for thrombosis risk in healthy individuals [4].
Therefore, the author hypothesizes that these four new
coagulation function indicators have already changed in
the early stage of DN and can predict the risk of bleeding
in DN. This study retrospectively analyzed the changes of
these four new indicators in DN patients and discussed
their application in predicting the risk of thrombosis in
DN.

1 Data and Methods

1.1 Clinical Data

Inclusion criteria: (1) Meeting the diagnostic criteria
in the "Expert Consensus on Prevention and Treatment of
Diabetic Nephropathy (2014 Edition)" [5]; (2) Age
ranging from 18 to 75 years old; (3) Glycosylated
hemoglobin (HbA1c) level between 7% and 10%; (4)
Microalbuminuria/creatinine ratio (mAlb/Cr) ≥ 30
mg/(g•24 h).
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Exclusion criteria: (1) Type 1 diabetic patients; (2)

Patients with hypoglycemic coma, diabetic ketoacidosis,
hyperosmolar non-ketotic coma, or acute diabetic
complications; (3) Fasting blood glucose>13.3 mmol/L;
(4) Total bilirubin>2.5 times the normal value; (5) Male
patients with serum creatinine>133 μmol/L, female
patients>124 μmol/L; (6) Patients with a history of
hypertension, drug abuse, alcohol dependence, or drug
allergy; (7) Patients who have taken
angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, or anticoagulants within the past 3
months.

1.2 Research Protocol

1.2.1 General Information
After approval by the hospital ethics committee

(2023259) and obtaining informed consent from all
patients and their families, 98 patients with DN treated at
Cangzhou Hospital of Integrated TCM-WM from January
2020 to January 2022 were selected as the research
subjects. Based on the results of ultrasound and CT
examinations, patients were divided into thrombosis and
non-thrombosis groups according to whether they had
thrombotic events (such as cerebral embolism, pulmonary
embolism, renal artery-vein thrombosis, limb thrombosis,
and mesenteric thrombosis). At the same time, according
to previous literature reports and clinical references,
baseline-related data of patients were collected to analyze
the risk factors for thrombosis in DN patients.

1.2.2 Treatment Protocol
All patients were treated according to the Expert

Consensus on Prevention and Treatment of Diabetic
Nephropathy (2014 edition) [5]. Patients were
administered dapagliflozin (AstraZeneca Pharmaceuticals,
National Medicine Permission No. HJ20170119), 10
mg/time, qd., and valsartan capsules (Beijing Novartis
Pharmaceuticals, National Medicine Permission No.
H20040217), 80 mg/time, qd. On this basis, patients'
blood sugar was reasonably controlled (choosing oral
hypoglycemic drugs or insulin therapy based on various
factors such as the patient's blood sugar level, to maintain
fasting blood glucose < 7 mmol/L), and their blood lipids
were controlled (using statin drugs to bring blood lipids
to normal range). Meanwhile, health education was
provided to cultivate healthy living habits.

1.3 Observation Indicators

All patients were drawn 5 mL of venous blood in the
morning, and the blood sample were placed at room
temperature for 30 minutes, centrifuged, and the
supernatant was taken for testing: (1) Biochemical
indicators such as fasting blood glucose (FBG), glycated
hemoglobin (HbA1c), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglyceride (TG), total cholesterol (TC), blood
urea nitrogen (BUN), and serum creatinine (Scr) were
detected by Beckman Coulter Chemistry Analyzer; (2)

24-hour urinary microalbumin excretion rate (UAER)
was detected using IMMULITE 1000 Immunoassay
System (Siemens); (3) Prothrombin time (PT) and
activated partial thromboplastin time (APTT) were
detected using AutoCimo C6000 automatic coagulation
analyzer; (4) D-dimer (D-D) was detected using
DG5035A enzyme-linked immunosorbent assay detector;
(5) TAT, PIC, t-PAIC, and sTM were detected using
Wondfo FC-302.

1.4 Follow-up and Thrombosis Risk Assessment

After treatment, patients were followed up for 1 year.
According to the diagnostic criteria for deep venous
thrombosis in the Guidelines for Diagnosis and Treatment
of Deep Venous Thrombosis (third edition) [6], patients
with DN were assessed for the occurrence of thrombosis.
The observation endpoint was the occurrence of deep
venous thrombosis in patients. If no endpoint event
occurred during the follow-up period, the final follow-up
cut-off event was taken as the observation endpoint. The
follow-up method was to review the medical records in
the inpatient and outpatient electronic medical record
system or by phone, and the follow-up cut-off date was
January 1st, 2023.

1.5 Statistical Methods

Epidata was used for data entry, while SPSS 22.0
was use for data analysis. Measurement data were first
tested for normality, and data with normal distribution
and homogeneity of variance were expressed as x ±s.
Group t-test was used for comparison between groups,
and t' test was used for unequal variances. Count data
were expressed as n(%), and chi-square test was used.
Multivariate logistic regression analysis was performed
on all variables without collinearity, and ROC curves
were plotted to evaluate the predictive value of
thrombus-related factors on the risk of thrombosis in DN
patients. P<0.05 was considered statistically significant.

2 Results

2.1 Follow-up Results

By January 1st, 2023, 96 patients were followed up,
among which 21 cases (21.88%) developed thrombosis
and were classified as the thrombosis group, while 75
cases (78.12%) without thrombosis were classified as the
non-thrombosis group.

2.2 Comparison of Clinical Data between the Two
Groups

There was no significant difference in general data,
FBG, HbA1c, insulin resistance index, serum cystatin C,
uric acid, BUN, SCr, TG, TC, HDL-C, LDL-C, 24 h
UAER, and eGFR between the two groups (P>0.05).
However, the APTT and TP levels in the thrombosis
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group were lower than those in the non-thrombosis group,
while the D-D level was higher, with a significant
difference (P<0.05) [Table 1].

Tab.1 Comparison of clinical data between two groups

( ±s)

Clinical data Thrombosis group
(n=21)

Non-thrombosis
group (n=75)

t/χ2
Value P Value

Age (years) 61.36±5.38 59.10±5.95 1.569 0.120
Gender [n (%)] 0.084 0.120
Male 8 (38.10) 26 (34.67)
Female 13 (61.90) 49 (65.33)

BMI (kg/m2) 25.33±3.42 24.16±3.09 1.498 0.137
Smoking [n
(%)] 14 (66.67) 52 (69.33) 0.054 0.816

Course of
diabetes (years) 11.53±1.76 10.83±1.52 1.801 0.075

SBP (mmHg) 114.71±3.87 112.98±3.46 1.973 0.051
DBP (mmHg) 63.26±4.54 61.48±3.59 1.891 0.062
FBG (mmol/L) 6.05±1.05 5.91±0.98 0.570 0.570
HbA1c (%) 9.49±2.11 8.36±2.37 1.975 0.051
HOMA-IR 3.79±0.81 3.54±0.77 1.300 0.197
CysC (mg/L) 2.43±0.71 2.11±0.67 1.910 0.059
Uric acid
(μmol/L) 323.80±77.51 299.56±63.98 1.464 0.147

BUN (mmol/L) 8.47±2.82 8.16±2.25 0.527 0.599
SCr (μmol/L) 75.36±23.61 72.92±21.65 0.448 0.655
TG (mmol/L) 2.23±0.62 2.10±0.51 0.984 0.328
TC (mmol/L) 4.54±1.21 4.42±1.18 0.410 0.683
HDL-C
(mmol/L) 1.43±0.35 1.51±0.48 0.711 0.479

LDL-C
(mmol/L) 3.27±0.81 3.15±0.76 0.630 0.530

24hUAER
(μg/min) 414.09±102.13 377.13±81.14 1.740 0.085

eGFR[mL/(min·
1.73m2)] 64.61±12.20 69.77±10.57 1.911 0.059

APTT (s) 31.96±5.44 34.72±5.57 2.013 0.047
PT (s) 14.24±2.00 15.67±3.13 2.524 0.015
D-D (ng/mL) 1.09±0.21 0.99±0.20 2.016 0.047

2.3 Comparison of Thrombosis-Related Factors
between the Two Groups

The levels of TAT, PIC, t-PAIC, sTM, their differences

before and after treatment, and their coefficients of
variation (CV) before and after treatment in the
thrombosis group were all higher than those in the
non-thrombosis group, with a significant difference
(P<0.01) [Table 2].
Tab.2 Comparison of thrombus related factors between two

groups ( ±s)
Item Thrombosis

group
(n=21)

Non-thrombosis
group (n=75) t value P Value

TAT
(mg/L)

Pre-treatment 18.46±4.27 15.28±3.86 3.260 0.002
Post-treatment 25.07±5.12 20.14±3.39 4.164 <0.001
D-value 6.79±1.44 5.36±0.94 4.301 <0.001
CV (%) 35.81±9.04 25.26±4.37 5.181 <0.001

PIC
(μg/mL)

Pre-treatment 1.48±0.21 1.11±0.29 5.451 <0.001
Post-treatment 2.95±0.65 2.04±0.52 7.692 <0.001
D-value 1.34±0.28 0.93±0.24 6.680 <0.001
CV (%) 90.54±10.26 74.08±6.67 6.952 <0.001

t-PAIC
(ng/mL)

Pre-treatment 7.92±1.14 7.01±1.02 3.521 0.001
Post-treatment 19.12±1.61 15.94±1.73 7.554 <0.001
D-value 11.87±1.16 9.92±1.49 5.542 <0.001

CV (%) 160.93±11.4
2 139.92±9.45 8.594 <0.001

sTM
(TU/mL)

Pre-treatment 7.62±0.57 7.16±0.38 3.488 0.002
Post-treatment 14.81±1.26 12.92±1.65 4.860 <0.001
D-value 7.32±0.73 6.59±0.59 4.735 <0.001
CV (%) 99.36±6.38 84.24±7.34 8.570 <0.001

2.4 Logistic Regression Analysis of Risk Factors
Related to Thrombosis Risk in DN Patients

With thrombosis occurrence as the dependent
variable (0 for no thrombosis, 1 for thrombosis), and
statistically significant variables (actual measured values
of continuous variables) in Tables 1 and Table 2 as
independent variables, univariate and multivariate logistic
regression analyses were performed. The results of
multivariate logistic regression analysis showed that
increased CV of TAT, PIC, t-PAIC, and sTM were
independent risk factors for thrombosis in DN patients
(P<0.05) [Table 3, Table 4].

Tab. 3 Univariate logistic regression analysis of risk factors of thrombosis in DN patients
Indicators β SE Wald P Value OR 95%CI
ATPP -0.093 0.048 3.795 0.051 0.911 0.829-1.001
PT -0.166 0.087 3.668 0.055 0.847 0.715-1.004
DD 2.532 1.299 3.799 0.051 12.582 0.986-160.553

TAT CV 1.172 0.294 15.847 <0.001 3.229 1.813-5.749
PIC CV 3.604 1.013 12.651 <0.001 36.750 5.043-267.787

t-PAIC CV 1.279 0.305 17.615 <0.001 3.592 1.977-6.527
sTM CV 1.888 0.492 14.721 <0.001 6.605 2.518-17.325

Tab. 4Multivariate logistic regression analysis of risk factors related to thrombosis in DN patients
Indicators β SE Wald P Value OR 95%CI
TAT CV 1.214 0.472 6.608 0.010 3.367 1.334-8.498
PIC CV 2.950 1.453 4.120 0.042 19.106 1.107-329.78

t-PAIC CV 1.462 0.517 7.988 0.005 4.313 1.565-11.885
sTM CV 2.240 0.748 8.958 0.003 9.389 2.166-40.695
Constant -44.093 11.409 14.937 <0.001 0.000

2.5 ROC Curve Analysis of Thrombosis-Related
Factors for Predicting Thrombosis Risk in DN
Patients

ROC curve analysis showed that for predicting
thrombosis risk in DN patients, the AUC of TAT CV was

0.818 (95%CI: 0.704-0.932, P<0.01), with a critical
value of 6.965 mg/L, a sensitivity of 57%, and a
specificity of 97%; the AUC of PIC CV was 0.806
(95%CI: 0.698-0.914, P<0.01), with a critical value of
1.322 μg/mL, a sensitivity of 71%, and a specificity of
87%; the AUC of t-PAIC CV was 0.873 (95%CI:
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0.778-0.968, P<0.01), with a critical value of 11.224
ng/mL, a sensitivity of 86%, and a specificity of 84%; the
AUC of sTM CV was 0.825 (95%CI: 0.717-0.933,
P<0.01), with a critical value of 7.088 TU/mL, a
sensitivity of 76%, and a specificity of 81% [Figure 1].

Fig.1 ROC curve of the predictive value of thrombose-related
factors on thrombotic risk in DN patients

3 Discussion

Hyperglycemia and insulin resistance are the main
metabolic abnormalities in DN, which have been
proposed to lead to a pre-thrombotic state in DN through
a series of events including endothelial dysfunction,
platelet hyperactivity, impaired fibrinolysis, oxidative
stress, and low-grade inflammation. Therefore, timely and
accurate diagnosis of thrombosis is a persistent challenge
for DN patients [7]. Currently, routine laboratory
parameters for coagulation testing, such as PT, APTT,
thrombin time, fibrinogen, D-D, fibrinogen degradation
products (FDP), and coagulation factors, have covered
the coagulation and fibrinolytic systems [8]. However, all
these parameters are passive tests and late screenings
after thrombosis, and they are not sensitive to
pre-thrombotic states and disseminated intravascular
coagulation. Recent studies have found that TAT, PIC,
t-PAIC, and sTM can be used to assess the risk of venous
thromboembolism related to human coagulation, plasmin,
and endothelial function [9-10]. However, there are
relatively few studies on the risk of thrombosis in DN
patients, so this study chose to explore the predictive
value of thrombus-related factors for thrombosis risk in
DN patients, aiming to provide theoretical guidance for
clinical practice.

Thromboembolic diseases, including venous
thromboembolic diseases (pulmonary thromboembolism
syndrome, deep venous thrombosis) and arterial
thromboembolic diseases (acute coronary syndrome,
atrial fibrillation, stroke, etc.), have become one of the

leading causes of death worldwide [11]. With the
continuous advancement of medical technology, clinical
laboratory tests for thrombosis and hemostasis are
gradually increasing. Related studies have found that
compared with conventional coagulation tests such as PT
and APTT, the four thrombotic indicators can undergo
significant changes in the early stage of coagulation and
fibrinolytic system activation, which is conducive to early
diagnosis and treatment of diseases [12]. At the same time,
Hinton et al. [13] found that TAT, PIC, t-PAIC, and
thrombomodulin (TM) were significantly higher in male
thrombotic patients than in male healthy controls. The
results of this study were similar, showing that TAT, PIC,
t-PAIC, and TM are independent risk factors affecting the
risk of thrombosis in DN patients. This may be because
thrombin, an activated form of prothrombin, plays a
crucial role in the activation of its natural substrates,
including fibrinogen, factor Ⅴ, factorⅧ, protein C (PC),
etc. The activity of thrombin in plasma is regulated by the
rapid interaction with AT to form TAT, and its formation
is the best time to judge anticoagulation treatment [14]. In
addition, TM is a type I transmembrane glycoprotein that
is primarily expressed in vascular endothelial cells and
serves as an important cofactor for activating
anticoagulant proteins, contributing to hemostatic balance.
Specifically, TM regulates the activity of thrombin from a
coagulant to an anticoagulant protease. When thrombin
binds to TM, activated protein C (APC) selectively
inactivates coagulation factors Ⅴa and Ⅶa to prevent
excessive coagulation [15]. Simultaneously, TM can
enhance the proteolytic activity of thrombin-activated
fibrinolysis inhibitor (TAFI), thereby delaying the
dissolution of thrombus [16]. Moreover, the fibrinolytic
system is activated during thrombus formation in the
body. Subsequently, the resulting plasmin combines with
specific inhibitors, leading to the formation of PIC, which
is an indicator of high fibrinolysis. In a study of 175
patients with liver cirrhosis, TAT and TAT/t-PAIC were
identified as potential biomarkers for predicting
thrombosis in patients with liver cirrhosis [17]. t-PAIC is
a tissue-type plasminogen activator (t-PA) complex, and
its type 1 inhibitor (PAI-1) is the most important
regulatory factor for the balance between fibrinolysis and
coagulation. Elevated plasma PAI-1 levels are closely
related to many cardiovascular diseases and have
significant value in assessing the risk of myocardial
infarction and venous thromboembolism [18]. Therefore,
these biomarkers may play an important role in the early
diagnosis of thrombosis in patients with DN.

To further clarify the predictive value of
thrombus-related factors for the risk of thrombosis in
patients with DN, this study plotted an ROC curve and
found that the AUC of thrombus-related factors (TAT,
sTM, PIC, and t-PAIC) for predicting the risk of
thrombosis in patients with DN was 0.911 (95%CI:
0.837-0.959), confirming the predictive value of
thrombus-related factors. However, it is worth noting that
this study has some limitations. Firstly, the sample size of
the study is limited, so all the above results should be
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interpreted in the context of a small study population.
Secondly, t-PAIC peaks around 08:00. and is lowest at
night, while this test was conducted based on urgent
needs, which may lead to lower diagnostic efficiency of
t-PAIC. Larger-scale studies are needed in the future to
validate the findings.

In summary, this study confirms that increased
levels of thrombus-related factors are independent risk
factors for thrombosis in patients with DN, and TAT, sTM,
PIC, and t-PAIC can be used as important indicators for
predicting the risk of thrombosis in patients with DN.
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