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Summary

Background: To evaluate the biochemical and clinical sig-
nificance of venous pressure therapy in preventing venous
thromboembolism (VTE) through analysis of coagulation
and fibrinolysis biomarkers, including fibrinogen (FIB), D-
dimer (D-D), and activated partial thromboplastin time
(APTT).
Methods: Randomized controlled trials published between
2013 and 2025 were systematically retrieved from
PubMed, CNKI, VIP, and Wanfang databases. Eligible stud-
ies investigated venous pressure therapy and reported
coagulation-related indices. Pooled effect sizes were calcu-
lated for key biochemical markers (FIB, D-D, APTT, PT, TT)
and venous hemodynamic outcomes.
Results: Nineteen clinical studies met inclusion criteria.
Meta-analysis revealed that venous pressure therapy signif-
icantly reduced plasma FIB and D-D levels, prolonged
APTT, prothrombin time (PT), and thrombin time (TT), and
improved venous blood flow velocity. These changes reflect
improved anticoagulant activity, enhanced fibrinolysis, and
reduced risk of thrombosis. Importantly, the observed mod-
ulation of biochemical markers correlated with a lower inci-
dence of lower-extremity deep venous thrombosis.
Conclusions: Venous pressure therapy favorably alters
coagulation and fibrinolytic biomarkers, underscoring their
diagnostic value in monitoring therapeutic efficacy and
thrombotic risk. These findings highlight the critical role of
laboratory indices in guiding the prevention and manage-
ment of VTE, supporting their integration into standardized
clinical practice.

Keywords: coagulation biomarkers, fibrinogen, D-dimer,
APTT, venous thromboembolism, laboratory diagnostics

Kratak sadr`aj

Uvod: Cilj je procena biohemijskog i klini~kog zna~aja tera -
pije venskim pritiskom u prevenciji venske tromboembolije
(VTE) kroz analizu biomarkera koagulacije i fibrinolize,
uklju~uju}i fibrinogen (FIB), D-dimer (D-D) i aktivirano par-
cijalno tromboplastinsko vreme (APTT).
Metode: Randomizovana kontrolisana ispitivanja objavljena
izme|u 2013. i 2025. godine sistematski su preuzeta iz
baza podataka PubMed, CNKI, VIP i Wanfang. Studije koje
su ispunjavale uslove ispitivanja istra`ivale su terapiju ven-
skim pritiskom i izve{tavale o indeksima povezanim sa
koagu lacijom. Zbirne veli~ine efekata izra~unate su za
klju~ne biohemijske markere (FIB, D-D, APTT, PT, TT) i
ishode venske hemodinamike.
Rezultati: Devetnaest klini~kih studija ispunilo je kriterijume
za uklju~ivanje. Meta-analiza je pokazala da terapija venskim
pritiskom zna~ajno smanjuje nivoe FIB i D-D u plazmi,
produ`ava APTT, protrombinsko vreme (PT) i trombinsko
vreme (TT), i pobolj{ava brzinu protoka venske krvi. Ove
promene odra`avaju pobolj{anu antikoagulantnu aktivnost,
poja~anu fibrinolizu i smanjen rizik od tromboze. Va`no je
napomenuti da je prime}ena modulacija biohemijskih mar -
kera bila u korelaciji sa manjom incidencom duboke venske
tromboze donjih ekstremiteta.
Zaklju~ak: Terapija venskim pritiskom povoljno menja bio-
markere koagulacije i fibrinolitike, isti~u}i njihovu dijagno -
sti~ku vrednost u pra}enju terapijske efikasnosti i trom bo -
ti~nog rizika. Ovi nalazi isti~u klju~nu ulogu laboratorijskih
indeksa u vo|enju prevencije i le~enja venske tromboembo -
lije (VTE), podr`avaju}i njihovu integraciju u standardizovanu
klini~ku praksu.

Klju~ne re~i: biomarkeri koagulacije, fibrinogen, D-di mer,
APTT, venska tromboembolija, laboratorijska dijagnostika



2 Niu et al.: Coagulation biomarkers in venous pressure therapy

Introduction

Venous thromboembolism (VTE) is character-
ized by abnormal coagulation of venous blood within
the lumen of deep veins, followed by adhesion to and
accumulation along the vessel wall, ultimately
obstructing venous outflow. Clinically, this can mani-
fest as lower-limb varicosities or severe pain and
poses a substantial threat to both survival and quality
of life (1, 2). The principal manifestations of VTE are
lower-extremity deep vein thrombosis (DVT) and pul-
monary embolism (PE); in severe cases, these condi-
tions can lead to major adverse clinical events, includ-
ing death (3). The pathophysiology of VTE is driven
primarily by Virchow’s triad – sluggish blood flow,
endothelial injury, and hypercoagulability. Surgical
procedures and fractures are major precipitants that
promote hypercoagulability and related pathological
processes. Accordingly, prompt anticoagulation is
central to risk reduction in VTE, and among adjunc-
tive measures, venous pressure–based therapies have
demonstrated notable antithrombotic effects (4, 5).

At present, the efficacy and safety of venous
pressure therapy in the prevention of VTE remain
under in-depth investigation, and conclusions are not
yet consistent. Meta-analysis, by pooling data from
multiple studies, can effectively increase sample size
and thereby enhance statistical power. Therefore, this
study aims to evaluate the preventive effect of venous
pressure therapy on VTE through a meta-analysis,
providing an evidence base for its broader clinical
application in VTE prevention.

Materials and Methods

Literature Search

The study design was randomized controlled tri-
als (RCTs). Literature was searched in domestic and
international databases including VIP, CNKI, PubMed,
and Wanfang Medical. Search keywords included:
»venous pressure therapy«, »intermittent pneumatic
compression therapy,« »air pressure waves,« »deep
venous thromboembolism of the lower extremity«,
»prevention,« as well as their Chinese equivalents.
The search period covered 2013 to the present.
Retrieved studies were carefully read and screened;
duplicate content and studies with inconsistent meth-
ods were excluded. Meta-analysis was conducted
using RevMan 5.2 based on the final set of high-qual-
ity included studies.

Inclusion and Exclusion Criteria

Inclusion criteria: Controlled trials that used
intermittent pneumatic compression or air-pressure
wave venous pressure therapy as the intervention;
Studies published from 2013 to the present that fol-
lowed randomization principles, with no restrictions

on nationality, age, sex, or race of participants; Loss
to follow-up rate < 20%; Included one or more of the
predefined outcome measures; After random alloca-
tion, baseline variables other than sample size were
comparable between groups.

Exclusion criteria: Case reports, reviews, meta-
analyses, conference abstracts, and similar article
types; In vitro or animal studies; Missing data for the
investigated outcome indicators; Studies not
approved by relevant institutions or without partici-
pant consent.

Outcome Measures

Incidence of lower-extremity deep venous
thromboembolism after intervention; activated partial
thromboplastin time (APTT); plasma fibrinogen (FIB);
D-dimer (DD); prothrombin time (PT); thrombin time
(TT); left femoral venous flow velocity; right femoral
venous flow velocity; mean venous blood flow velocity
in the lower limbs.

Quality Assessment

The quality of randomized controlled trials was
assessed using the modified Jadad scale. This instru-
ment yields a total score ranging from 1 to 7 points,
with scores 3 indicating low quality and scores 4
indicating high quality.

Quality Control

A systematic search was conducted based on
predefined titles and keywords to ensure comprehen-
sive and accurate literature retrieval. The study team
planned to proactively consult recognized experts in
the field for professional guidance. When unclear
results or missing data were identified in included
studies, the authors were to be contacted promptly to
request supplementation or correction, ensuring
completeness and accuracy. Additionally, the rele-
vance and quality of included studies were rigorously
reviewed to confirm the presence of appropriate
approval documents, thereby ensuring scientific rigor
and compliance.

Statistical analysis

Data were entered into RevMan 5.2 for analysis.
Dichotomous variables were expressed as risk ratio
(RR). Continuous variables were expressed as weight-
ed mean difference (WMD) or standardized mean dif-
ference (SMD). All effect sizes were reported with
95% confidence intervals (CI). Heterogeneity among
studies was assessed using the Chi-square test. When
heterogeneity met P<0.1 and I2 50%, a random-
effects model was used; otherwise, a fixed-effects
model was applied.
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Results

Literature Search Results and Characteristics

A comprehensive search of Chinese and English
databases – including Wanfang, CNKI, and PubMed
– was performed using terms aligned with the study’s
topic, keywords, and predefined selection criteria. In
total, 229 records were identified. After screening
according to the inclusion and exclusion criteria, 19
studies met the eligibility requirements, comprising
17 Chinese-language studies and 2 English-language
studies. The detailed screening process is presented
in Figure 1.

In total, 15 high-quality studies and 4 low-qual-
ity studies were included. The characteristics of the
included studies and the results of the quality assess-
ment are presented in Table I (6–24).

Publication Bias

There was no apparent publication bias among
the 19 included studies. See Figures 2 and 3.

Incidence of Lower Limb Deep Vein Thrombosis:
Meta-analysis

Nineteen studies were included to evaluate the
incidence of lower-limb deep vein thrombosis (DVT).
Tests for heterogeneity indicated no between-study

heterogeneity (I2=0.0%, P=1.00). Accordingly, a
fixed-effect model was applied. The pooled analysis
showed that the incidence of lower-limb DVT in the
observation group was significantly lower than in the
control group, with a statistically significant effect esti-
mate (RR=0.20, 95% CI:0.14–0.29, P<0.00001).
These results indicate that venous pressure therapy
significantly reduces the incidence of lower-limb DVT.
See Figures 4–5.

Meta-analysis of APTT

Fourteen studies were included for APTT. Tests
for heterogeneity indicated substantial heterogeneity
among the studies (I2=98.0%, P<0.00001). Using a
random-effects model, the analysis showed that
APTT in the observation group was generally higher
than in the control group. The pooled results demon-
strated a statistically significant difference (OR=1.18,
95%CI: (0.95, 1.42), P<0.00001). It can therefore
be considered that venous pressure therapy increases
APTT. See Figures 6–7.

Meta-analysis of FIB

Thirteen studies were included for FIB. Tests for
heterogeneity indicated substantial heterogeneity
among the studies (I2=99.0%, P<0.00001). Using a
random-effects model, the analysis showed that FIB

Figure 1 Literature Selection Flowchart.
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Table I Comparison of HLA-B27, ESR, and CRP levels between AS patients and healthy controls.

Name Year of Publication Sample Size Outcomes Quality Score

Zeng TT 2018 60/60 ①②③⑤⑥ 4

Chen YJ 2018 24/24 ①②③⑤⑥ 4

Chen FM 2023 32/32 ①④ 3

Bai XY 2022 100/100 ①②③④⑤⑥⑦⑧ 7

Shao LH 2019 40/40 ①⑨ 2

Cui Y 2021 108/92 ①②③④⑤⑥⑨ 6

Liu ST 2019 93/93 ①②③④⑤⑥⑨ 6

Sun WL 2019 58/58 ①④⑨ 3

Li RJ 2019 40/40 ①③⑤⑥ 4

Shu YS 2021 41/41 ①②③④⑤⑦⑧ 6

Gui PG 2018 40/40 ①②③⑤⑨ 5

Wen W 2021 30/30 ①②④⑤ 4

Ma S 2023 41/43 ①②④⑤⑨ 5

Gong S 2020 65/65 ①②③④⑤⑦⑧ 6

Chen ZX 2021 200/200 ①②③④⑤⑥⑨ 6

Ma LY 2018 40/40 ①②③⑤⑥⑨ 6

Huang YY 2023 41/41 ①②③④⑤⑥⑦⑧ 7

Prell J 2018 41/53 ① 2

Wang JP 2013 60/60 ①②③④⑤⑦⑧ 4

Figure 2 Overall publication bias plot.

Notes: ① Incidence of lower-extremity deep venous thromboembolism (DVT/VTE) ② APTT (Activated Partial Thromboplastin Time) ③
FIB (Plasma Fibrinogen) ④ DD (D-dimer) ⑤ PT (Prothrombin Time) ⑥ TT (Thrombin Time) ⑦ Left femoral venous flow velocity ⑧ Right
femoral venous flow velocity ⑨ Mean venous blood flow velocity of the lower limbs



in the observation group was significantly lower than
in the control group. The pooled results demonstrat-
ed a statistically significant difference (OR=−1.40,
95%CI: (−1.44, −1.36), P<0.00001). It can there-
fore be considered that venous pressure therapy
reduces FIB. See Figures 8–9.

Meta-analysis of DD

Twelve studies were included for DD. Tests for
heterogeneity indicated substantial heterogeneity
among the studies I2 =99.0%, P<0.00001). Using a
random-effects model, the analysis showed that DD
in the observation group was significantly lower than
in the control group. The pooled results demonstrat-
ed a statistically significant difference (OR=−0.15,
95%CI: (−0.15, −0.14), P<0.00001). It can there-
fore be considered that venous pressure therapy
reduces DD. See Figures 10–11.

Meta-analysis of PT

Fifteen studies were included for PT. Tests for
heterogeneity indicated substantial heterogeneity
among the studies (I2=99.0%, P<0.00001). Using a
random-effects model, the analysis found that PT in
the observation group was significantly higher than in
the control group. The pooled results showed a statis-
tically significant difference (OR=−0.19, 95%CI:
(−0.27, −0.11), P<0.00001). It can therefore be
considered that venous pressure therapy increases
PT. See Figures 12–13.

Meta-analysis of TT

Nine studies were included for TT. Tests for het-
erogeneity indicated substantial heterogeneity among
the studies (I2=99.0%, P<0.00001). Using a ran-
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Figure 3 Publication bias plot for individual studies.

Figure 4 Forest plot of the incidence of lower limb deep venous thrombosis.
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Figure 5 Funnel plot of the incidence of lower limb deep venous thrombosis.

Figure 6 Forest plot of APTT.

Figure 7 Funnel plot of APTT.
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Figure 8 Forest plot of FIB.

Figure 9 Funnel plot of FIB.

Figure 10 Forest plot of DD.
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Figure 11 Funnel plot of DD.

Figure 12 Forest plot of PT.

Figure 13 Forest plot of PT.



dom-effects model, the analysis found that TT in the
observation group was significantly higher than in the
control group. The pooled results showed a statistical-
ly significant difference (OR=0.43, 95%CI: (0.31,
0.53), P<0.00001). It can therefore be considered
that venous pressure therapy increases TT. See
Figures 14–15.

Meta-analysis of Femoral Venous Flow Velocity

Five studies were included for both left and right
femoral venous flow velocities. Heterogeneity testing
indicated heterogeneity for one side (I2=85.0%,
P<0.0001) and homogeneity for the other side (I2
=41.0%, P=0.15). Accordingly, random- and fixed-
effects models were used, respectively. The analysis
found that both left and right femoral venous flow
velocities in the observation group were significantly
higher than in the control group. The pooled results
showed statistically significant differences (OR=0.77,
95%CI: (0.48, 1.05) for one side; OR=1.71, 95%CI:

(1.39, 2.02) for the other; P<0.00001). It can there-
fore be considered that venous pressure therapy
increases both left and right femoral venous flow
velocities. See Figures 16–17.

Meta-analysis of Mean Lower-Limb Venous Flow
Velocity

Eight studies were included for mean lower-limb
venous flow velocity. Tests for heterogeneity indicated
substantial heterogeneity among the studies (I2
=98.0%, P<0.00001). Using a random-effects
model, the analysis showed that the mean lower-limb
venous flow velocity in the observation group was
significantly higher than in the control group. The
pooled results demonstrated a statistically significant
difference (OR=2.52, 95%CI: (2.28, 2.76), P<
0.00001). It can therefore be considered that venous
pressure therapy increases mean lower-limb venous
flow velocity. See Figures 18–19.

J Med Biochem 2025; 44 9

Figure 14 Forest plot of TT.

Figure 15 Funnel plot of TT.



Discussion

The incidence of VTE spans from childhood
through old age and increases with advancing age;
among individuals aged 80 years, the incidence is
approximately 30-fold higher than in younger age
groups. Clinical precipitants such as surgery, frac-
tures, and external trauma can disrupt venous blood
flow and elevate patient risk (25). Venography
remains the clinical gold standard for diagnosing
VTE; however, despite its high accuracy, it is invasive
and may cause harm. By contrast, biomarkers provide
key adjunctive information for clinical assessment,
and among these, coagulation markers are highly
sensitive for predicting and diagnosing thrombosis.
Accordingly, evaluating the efficacy of venous pres-
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Figure 17 Forest plot of right femoral venous flow velocity.

Figure 18 Forest plot of mean lower-limb venous flow velocity.

Figure 19 Funnel plot of mean lower-limb venous flow
velocity.

Figure 16 Forest plot of left femoral venous flow velocity.



sure therapy using coagulation indices is highly feasi-
ble.

In this study, we employed meta-analysis to syn-
thesize findings across different periods, regions, and
research teams, thereby constructing a comprehen-
sive and dynamic evidence base. Meta-analysis uses
systematic and transparent procedures that enhance
the rigor and credibility of the research process.
Moreover, because individual study results may vary,
meta-analysis offers a structured framework to quan-
tify and interpret between-study heterogeneity (26,
27).

APTT is a sensitive screening indicator com-
monly used clinically to reflect intrinsic coagulation
activity. TT and PT are effective clinical indicators of
plasma coagulation factor activity; both can rise sig-
nificantly when parturients develop coagulation dys-
function or experience massive hemorrhage. D-dimer
(D-D) is a degradation product of fibrinolysis; its ele-
vation indicates a hypercoagulable state and
enhanced fibrinolysis, showing high sensitivity for
early diagnosis of DVT. Fibrinogen (FIB) is a protein
involved in both coagulation and hemostasis; in the
hypercoagulable state seen in parturients, its level can
increase markedly, indicating thrombotic risk (28,
29). Our results show that after venous pressure ther-
apy, the incidence of VTE is substantially lower,
venous blood flow velocities are faster, and coagula-
tion-related indices such as APTT, PT, TT, FIB, and D-
D improve significantly compared with the control
group. These findings further suggest that venous
pressure therapy exerts notable anticoagulant effects,
alleviates venous congestion, accelerates venous
blood flow, and ultimately reduces the risk of VTE,
thereby playing a positive preventive role.

The possible mechanisms are as follows: air
pressure wave therapy, a common form of venous
pressure therapy, can act as a »muscle pump,« pro-
pelling venous blood toward the heart and thereby
promoting venous circulation. This helps mitigate
hypercoagulability and improves fibrinolytic function,
jointly producing anticoagulant and VTE-preventive
effects. Intermittent pneumatic compression (IPC) is
another effective venous pressure therapy that pro-
motes lower-limb venous circulation by cyclically
modulating pressure and accelerating the clearance
of venous stasis. This generates pulsatile flow and
enhances venous return in the distal deep venous sys-

tem of the limbs, thereby reducing the aggregation of
coagulation factors and their adhesion to the vascular
endothelium, fundamentally lowering the risk of
throm  bus formation and vascular occlusion.
Additionally, IPC can inhibit activation of coagulation
factors such as FIB while promoting activation of tis-
sue plasminogen activator, thus stimulating the fibri-
nolytic system, facilitating rapid thrombus clearance,
and suppressing thrombogenesis.

This meta-analysis has several limitations. Only
three English-language studies were included. We did
not perform subgroup analyses based on different
timing parameters of venous pressure therapy, leaving
room to refine study design for evaluating its preven-
tive effects on lower-limb deep vein thrombosis.
Future work should extend the search timeframe for
broader literature retrieval, increase the number of
included studies, and conduct more in-depth analyses
on larger samples. Furthermore, when I2 95%, het-
erogeneity across studies is extremely high, which
may mask biases in some studies or complicate the
impact of bias, potentially affecting the consistency of
pooled results. Subsequent research should perform
subgroup analyses based on baseline characteristics
and differences in interventions and apply subgroup
analysis and meta-regression to explore sources of
between-study heterogeneity.

Conclusion

In summary, venous pressure therapy exerts sig-
nificant anticoagulant and fibrinolytic effects, as
reflected by improvements in key biochemical mark-
ers such as fibrinogen, D-dimer, APTT, PT, and TT.
These laboratory indices provide objective evidence
of enhanced coagulation balance, improved venous
return, and reduced thrombotic risk. By integrating
biochemical monitoring with clinical outcomes, our
findings underscore the diagnostic value of coagula-
tion markers in evaluating therapeutic efficacy and
guiding the standardized application of venous pres-
sure therapy in high-risk populations.
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