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Background: This study aimed to explore the knowledge, attitude, and practice related to long-term anticoagulation therapy among
patients with venous thromboembolism (VTE).

Methods: A cross-sectional study using a convenience sampling approach was conducted at the Interventional Vascular Surgery
Center of Affiliated Hospital of Shandong Second Medical University from July 2025 to October 2025. A self-developed questionnaire
based on the KAP framework was used for data collection, comprising three dimensions: knowledge (12 items), attitude (7 items), and
practice (12 items, of which 5 scored items were used to calculate the practice domain score). Age-stratified subgroup analyses were
conducted, and structural equation modeling was performed using AMOS 26.0 with bias-corrected bootstrap resampling to assess
direct and indirect effects.

Results: A total of 389 patients with VTE were included, with a mean age of 45.62 years. Male patients accounted for 55.53% of the
respondents. The mean scores were 40.87 = 10.35 (possible range: 12—60) for knowledge, 24.61 + 5.32 (possible range: 7-35) for
attitudes, and 19.41 + 4.15 (possible range: 5-25) for practices. Based on the predefined 70% threshold, 206 patients (52.96%) met the
criterion for adequate knowledge, whereas 183 (47.04%) were below this threshold. In addition, 231 (59.38%) had a positive attitude
and 295 (75.84%) had proactive practice. Age-stratified analysis showed significant differences in knowledge, attitude, and practice
scores across age groups (P < 0.001, P <0.001, and P = 0.047, respectively), with patients aged <45 years showing higher knowledge
and attitude scores than older groups. Correlation analysis showed that knowledge was positively correlated with attitude (r = 0.597,
P < 0.001), knowledge was positively correlated with practice (r = 0.364, P < 0.001), and attitude was positively correlated with
practice (r = 0.487, P < 0.001). Structural equation modeling (SEM) results showed that attitude had a direct effect on practice (f =
0.674, 95% CI: 0.327-1.068, P = 0.018), while knowledge indirectly affected practice through attitude (B = 0.473, 95% CI:
0.185-0.783, P = 0.025).

Conclusion: Patients with VTE showed suboptimal knowledge, positive attitudes, and proactive practices towards long-term antic-
oagulation therapy. To enhance treatment adherence and safety, future clinical strategies should prioritize structured, attitude-oriented
educational interventions that not only convey essential knowledge but also address patient concerns and behavioral barriers through
individualized, longitudinal support mechanisms.
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Background

Venous thromboembolism (VTE), encompassing deep vein thrombosis (DVT) and pulmonary embolism (PE), represents
a major cardiovascular disorder with significant global health implications.' As the third leading cause of cardiovascular
mortality worldwide, VTE demonstrates an annual incidence of 1-2 per 1,000 person-years in Western populations and lower
yet increasing rates (<1 per 1,000) in Eastern countries.” Despite Asia’s relatively lower incidence, the substantial population
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base contributes to a considerable absolute disease burden.® While PE-related mortality has declined in high-income nations, it
remains elevated in lower-income regions, highlighting persistent global healthcare disparities.* Furthermore, VTE survivors
frequently develop long-term complications including post-thrombotic syndrome and chronic thromboembolic pulmonary
hypertension, significantly impairing quality of life and increasing healthcare utilization.”

Anticoagulation therapy represents the cornerstone of VTE management, preventing thrombus propagation, emboli-
zation, and recurrence.®’ Without appropriate treatment, recurrence rates increase dramatically, whereas adequate long-
term anticoagulation substantially improves patient prognosis. The therapeutic landscape has evolved considerably from
traditional warfarin-based regimens. Although effective, warfarin presents significant management challenges due to its
narrow therapeutic window, substantial inter-patient dose variability, mandatory INR monitoring, and complex dietary
and drug interactions.®’

The introduction of non-vitamin K antagonist oral anticoagulants (NOACs), including rivaroxaban, apixaban, and
dabigatran, has revolutionized VTE management. These agents offer superior pharmacokinetic profiles with fixed dosing,
minimal dietary interactions, and eliminate routine coagulation monitoring requirements, substantially improving patient
convenience.'®!"" Clinical trials and real-world evidence demonstrate comparable efficacy with reduced major bleeding
risk compared to warfarin, leading to their recommendation as first-line therapy for most patients with non-cancer-
associated VTE.'>'* However, high costs, absence of simple monitoring tools, and inter-drug differences in efficacy and
safety profiles—particularly apixaban’s superior safety compared to rivaroxaban and warfarin—limit universal adoption
and necessitate individualized treatment approaches."*

Long-term anticoagulation remains crucial for high-recurrence-risk patients, including those with unprovoked VTE,
active malignancy, or reduced mobility. Despite therapeutic advances, studies reveal inadequate patient knowledge
regarding VTE pathophysiology and anticoagulation therapy,® with substantial proportions of patients demonstrating
suboptimal adherence to prescribed regimens.'> Understanding patient perceptions and treatment adherence patterns is
therefore essential for optimizing clinical outcomes.

The knowledge—attitude—practice (KAP) theoretical framework posits that behavioral change occurs through sequen-
tial stages: knowledge acquisition, attitude development, and subsequent behavioral modification.'®!” Knowledge alone
proves insufficient for behavioral change; it must first influence perceptions, which subsequently shape behaviors.'® KAP
surveys have demonstrated utility in chronic disease management, particularly diabetes and hypertension, identifying
adherence barriers and guiding targeted interventions.'® However, evidence specifically examining the KAP framework
in patients receiving long-term anticoagulation for VTE remains relatively scarce.

This study aims to evaluate knowledge, attitudes, and practices regarding long-term anticoagulation among Chinese
patients with DVT or PE history using a structured KAP questionnaire. Specifically, this study addresses the gap in
understanding how knowledge, attitude, and practice are interrelated in this population, and whether attitude mediates the
relationship between knowledge and practice. We hypothesized that better knowledge would be associated with more
positive attitudes, and that more positive attitudes would in turn be associated with better anticoagulation-related
practices. The findings may provide insights for developing targeted educational interventions, potentially improving
adherence and reducing recurrence and bleeding events, which could contribute to enhanced VTE patient outcomes.

Methods
Study Design and Participants

This cross-sectional study was conducted at the Interventional Vascular Surgery Center of Affiliated Hospital of
Shandong Second Medical University from July 2025 to October 2025 using a convenience sampling approach, enrolling
adult patients with a confirmed diagnosis of venous thromboembolism (VTE) who had experience with anticoagulant
therapy. Eligible participants met the following criteria: (1) age between 18 and 90 years; (2) a documented history of
receiving oral anticoagulants (eg., warfarin or non-vitamin K antagonist oral anticoagulants) or parenteral agents such as
low-molecular-weight heparin for a continuous duration of at least three months, including both patients currently on
therapy and those who had completed their prescribed course; and (3) provision of written informed consent indicating
voluntary participation and adequate understanding of the study objectives. Individuals were excluded if they met any of
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the following conditions: (1) presence of severe hepatic or renal dysfunction; (2) history of acute bleeding disorders or
conditions associated with high bleeding risk; (3) known hypersensitivity to any component of anticoagulant medica-
tions; (4) current pregnancy or lactation; or (5) any medical, psychiatric, or social condition likely to interfere with
adherence to anticoagulation therapy or participation in the study. The study protocol was reviewed and approved by the
Institutional Review Board of The Medical Ethics Committee of Affiliated Hospital of Shandong Second Medical
University (No. SDSMU-2025-ky-238), and informed consent was obtained from all participants prior to enrollment.

Questionnaire Development and Validation
A self-administered questionnaire was newly developed by the authors to assess patient KAP regarding anticoagulation
therapy in the context of VTE. Item generation was informed by existing literature, current anticoagulation management
recommendations, and clinical experience from the interventional vascular surgery team, with the aim of capturing both
conceptual understanding and behavioral tendencies relevant to long-term anticoagulant use. Before pilot administration,
the draft questionnaire was reviewed by clinicians involved in VTE management to ensure clinical relevance and clarity
of item content. The instrument was structured into three domains—knowledge, attitude, and practice—each evaluated
using a five-point Likert scale. The questionnaire included 12 knowledge items, 7 attitude items, and 12 practice items.
Reverse-coded items were included in each section to improve data quality and reduce acquiescence bias. In addition,
one attention-check item (item 13 in the knowledge section: “15 % 5 = 85”) was included in the questionnaire to identify
inattentive responses; this item was used only for quality control and was not scored as part of the knowledge domain.
The knowledge section consisted of 12 items addressing fundamental concepts such as therapeutic indications, drug types,
dosing regimens, side effect recognition, and the risk of recurrence. The attitude section included 7 statements reflecting
beliefs about treatment necessity, perceived safety, personal efficacy, and long-term adherence. The practice section comprised
12 items covering self-reported behaviors, treatment-related experiences, and factors affecting adherence. Of these, 5 items
(P1, P2, P3, P6, and P7) were scored to calculate the practice domain score and were also used as practice indicators in the
SEM, whereas the remaining items (P4, PS5, and P§—P12) were descriptive items included for descriptive analysis only. In the
SEM and Supplementary Tables, the labels K1-K12 and A1-A7 correspond to the 12 knowledge items and 7 attitude items in
the questionnaire, respectively, while P1, P2, P3, P6, and P7 correspond to the scored practice items selected from the 12-item

practice section. Among the descriptive items, P4 and P5 assessed patients’ self-reported experience of recurrent thrombosis
and bleeding complications during anticoagulation; these items were not included in the practice score or SEM. No specific
recall period was defined for these descriptive items in the questionnaire. For scoring purposes, responses ranged from 1
(“strongly disagree”) to 5 (“strongly agree”) for the knowledge and attitude items, and from 1 (“never”) to 5 (“always”) for the
scored practice items. Items with reverse polarity were appropriately recoded during analysis. A threshold of 70% of the
maximum score in each domain was used to define adequate knowledge, positive attitude, and proactive practice, in line with
previous anticoagulation-related KAP research.?

To assess reliability and ensure suitability for the target population, a pilot study was conducted with 40 patients prior
to full-scale deployment. Results of the preliminary analysis demonstrated a Cronbach’s alpha coefficient of 0.930,
indicating strong internal consistency. Minor revisions were made based on participant feedback to improve item clarity.
The final version of the questionnaire was then administered to 389 patients who met inclusion criteria. Reliability
analysis of the full dataset yielded a Cronbach’s alpha of 0.938 for the overall scale, confirming a high level of internal
consistency across domains. Internal consistency was also assessed separately for each domain. Cronbach’s alpha
coefficients were 0.938 for the knowledge domain, 0.801 for the attitude domain, and 0.844 for the practice domain.
In addition, corrected item-total correlations were calculated for all scored items to examine item discrimination and
potential redundancy. All corrected item-total correlations exceeded 0.30, indicating acceptable internal consistency and
item homogeneity (Table 1).

Questionnaire Administration

Data collection was primarily conducted through an online platform, allowing participants to complete the questionnaire
electronically using a mobile device or computer. The questionnaire used in this study is provided in the Supplementary
Figure 1 For individuals unable to access or navigate the digital system—due to technical limitations, literacy concerns,
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Table | Item-Total Statistics

Variables Item | Scale Mean if Item Scale Variance if Item Corrected Item-Total Cronbach’s Alpha if Item
Deleted Deleted Correlation Deleted
Cronbach’s Kl 37.25 91.579 0.690 0.934
alpha=0.938 K2 37.32 90.485 0.720 0.933
K3 37.49 90.895 0.716 0.933
K4 37.50 90.524 0.721 0.933
K5 37.60 88.441 0.782 0.931
Ké 37.38 90.798 0.739 0.933
K7 37.52 89.601 0.756 0.932
K8 37.45 90.037 0.755 0.932
K9 37.49 90.276 0.743 0.932
K10 37.54 90.744 0.715 0.933
KIl 37.71 90.754 0.679 0.935
Kl2 37.32 92.660 0.656 0.935
Cronbach’s Al 20.62 23.029 0.438 0.792
alpha=0.801 A2 20.55 23.423 0.380 0.801
A3 21.12 20.472 0.635 0.756
A4 21.29 20.605 0.632 0.757
A5 21.48 20.967 0.559 0.771
Abé 21.38 20.545 0.576 0.768
A7 21.21 21.402 0.511 0.780
Cronbach’s Pl 15.45 11.413 0.694 0.800
alpha=0.844 P2 15.41 11.547 0.664 0.808
P3 15.54 11.141 0.679 0.803
) 15.69 11.864 0.584 0.829
P7 15.54 11.367 0.629 0.818

or personal preference—a paper-based version of the same questionnaire was made available as an alternative.
Regardless of the mode of administration, all completed questionnaires were systematically entered into a secure

database by trained research personnel. Data were reviewed for completeness and accuracy prior to statistical analysis.

Sample Size Calculation
The sample size for this study was estimated based on the standard formula for cross-sectional surveys, assuming a 95%

confidence level, a 5% margin of error, and an expected adequate knowledge rate of 50%.

Zi_ai\?
n( 15/2> xpx(1-p)

0=0.05
Zy_qj2 = 1.96
5=0.05

p=0.5

1.96\°

The calculated minimum sample size was approximately 384, and considering a possible 20% non-response rate, at least
480 participants were targeted.
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Statistical Analysis

All statistical analyses were performed using SPSS version 27.0 (IBM Corp., Armonk, NY, USA) and AMOS version
26.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics were used to summarize demographic characteristics and
scores across the domains of knowledge (K), attitude (A), and practice (P). Continuous variables were expressed as
means and standard deviations (SD), while categorical variables were reported as frequencies and percentages [n (%)].
Group comparisons of KAP scores across different demographic categories were conducted using non-parametric
methods. For group comparison purposes, the marital status variable was dichotomized into “married” and “unmarried”
(comprising single, divorced, widowed, and other), to ensure adequate statistical power for the analysis, as the sample
sizes in some of the original categories were small. In addition, participants were stratified into three age groups (<45,
45-60, and >60 years), and Kruskal-Wallis H-tests were used to compare knowledge, attitude, and practice scores across
age groups. When significant overall differences were observed, post-hoc pairwise comparisons were performed using
Dunn’s test with Bonferroni correction. Specifically, the Mann—Whitney U-test was applied for comparisons between two
groups, and the Kruskal-Wallis H-test was used for comparisons involving three or more groups, as the data did not meet
the assumptions of normality and homogeneity of variance. Correlations among knowledge, attitude, and practice scores
were examined using Spearman’s rank correlation coefficient to account for non-normal distributions and ordinal scale
properties. To further explore the directional relationships and potential mediating effects among the KAP components,
structural equation modeling (SEM) was conducted using AMOS. The SEM included latent variables derived from item-
level indicators within each domain. Bias-corrected bootstrap resampling (1,000 samples) was used to formally test the
mediating effect of attitude and to estimate standardized direct, indirect, and total effects with their 95% confidence
intervals. A mediating effect was considered statistically significant when the bias-corrected 95% confidence interval for
the indirect effect did not include zero. Model fit was evaluated using the root mean square error of approximation
(RMSEA), comparative fit index (CFI), Tucker-Lewis index (TLI), and incremental fit index (IFI). A two-tailed P-value
less than 0.05 was considered statistically significant for all analyses.

Results

Initially, this study collected a total of 392 questionnaires. After quality control, exclusions comprised 2 cases with
a response time under 60 seconds and 1 invalid questionnaire. Ultimately, 389 valid questionnaires were included in the
analysis, with an effective rate of 99.23%. Although the final sample did not reach the planned target of 480 participants,
it exceeded the calculated minimum required sample size of 384.

Demographic and Clinical Characteristics

A total of 389 patients with VTE were included, with a mean age of 45.62 years. Males accounted for 55.53% of
respondents. The mean scores were 40.87 + 10.35 for knowledge, 24.61 + 5.32 for attitudes, and 19.41 + 4.15 for
practices. Practice scores differed significantly by gender (P = 0.003), with females scoring higher than males. Marital
status was associated with knowledge (P = 0.028), with unmarried participants scoring higher. The number of children in
the household was associated with knowledge (P = 0.003), attitudes (P = 0.003), and practices (P = 0.014), with childless
participants scoring highest. Occupation was related to knowledge (P = 0.003) and practices (P = 0.001): employed
participants scored highest in knowledge, while housewives had the highest practice scores. Monthly household income
was associated with knowledge (P = 0.018) and attitudes (P = 0.017), with those earning over 10,000 CNY scoring
highest. Years since VTE diagnosis were associated with practice (P = 0.001), with participants diagnosed for less than 2
years showing better practice. Current anticoagulant use was also related to practice (P = 0.002), with patients who were
currently using anticoagulants scoring higher than those who had completed their prescribed course. Comorbidities were
associated with knowledge (P = 0.023) and practices (P < 0.001), and the use of other chronic disease medications was
related to lower practice scores (P < 0.001) (Table 2). To further examine age-related differences, participants were
stratified into three groups: <45 years (n = 235), 45-60 years (n = 77), and >60 years (n = 77). Significant differences
were observed across age groups in knowledge (P < 0.001), attitude (P < 0.001), and practice (P = 0.047) scores. Patients
aged <45 years had the highest knowledge (43.66 + 9.88) and attitude (25.42 + 5.85) scores, whereas patients aged >60
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Table 2 Baseline Characteristics

Variables N (%) Knowledge, P Attitude, P Practice, P
Mean £ SD Mean * SD Mean + SD

N=389 40.87£10.35 24.615.32 19.41+4.15

Gender 0.978 0.109 0.003

Male 216 (55.53) 40.9£10.27 24.13+5.6 18.82+4.31

Female 173 (44.47) 40.83£10.49 25.21+4.9 20.14+3.83

Age 45.62+14.85

Marital Status 0.028 0.058 0.054

Married 244 (62.72) 40.16£10.26 24.36%5.11 19.74+4.09

Unmarried 145 (37.28) 42.06+10.44 25.03+5.65 18.86+4.22

Number of Children in Household 0.003 0.003 0.014

| 121 3I.11) 41.84+9.89 25.17+5.17 19.9£4.26

2 150 (38.56) 39.37+9.79 23.83+5.39 18.92+4.08

3 or more 60 (15.42) 39.43+12.02 23.82+5.7 18.75+4.42

0 58 (14.91) 44.21£10.12 26.28+4.58 20.33+3.61

Occupation 0.003 0.523 0.001

Employed 129 (33.16) 43.47+9.4 25.06+5.41 20.03+4.06

Retired 115 (29.56) 40.06+10.75 24.23+5.67 18.86+4.3

Housewife 32 (8.23) 36.59+11.03 24.63+4.09 21.25+3.01

Other 113 (29.05) 39.93+10.22 24.47+5.19 18.73+4.17

Monthly Per Capita Household Income 0.018 0.017 0.276

<2000 42 (10.8) 37.29+10.98 22.71+4.83 19.26+4.65

2000-5000 157 (40.36) 40.1£10.78 247522 19.4+4.09

5000-10,000 133 (34.19) 41.92+9.19 24.79+53 19.17£3.94

>10,000 57 (14.65) 43.18+10.59 25.33+5.8 20.11+4.45

Duration of venous thromboembolism 0.392 0.444 0.001

<2 years 198 (50.9) 40.38+10.59 24.6+4.84 20.1+4

2-5 years 117 (30.08) 40.84+10.42 24.35%5.96 18.93+4.23

5 years or more 74 (19.02) 42.22+9.59 25.04£5.52 18.32+4.14

Take anticoagulants or not 0.066 0.403 0.002

No 129 (33.16) 41.81£10.89 24.71%5.72 18.57+4.15

Yes 260 (66.84) 40.4£10.06 24.56%5.12 19.8314.1

Any of the following conditions (excluding 0.023 0.267 <0.001

venous thromboembolism)

Hypertension 76 (19.54) 39.87+10.79 24.36+5.21 18.8+4.28

Diabetes 52 (13.37) 44.6+8.9 25.9+4.8 19.1243.4

Cardiovascular or cerebrovascular disease 53 (13.62) 41.13£10.92 23.92+6.05 18.13+4.34

Other 54 (13.88) 40.44+9.9 23.78+6.21 18.31+3.93

None 154 (39.59) 40.16+10.39 24.82+4.9 20.63+4.06

Take other chronic disease medications 0.385 0.447 <0.001

(excluding anticoagulants)

No 197 (50.64) 40.59+10.36 24.59+5.01 20.12+3.88

Yes 192 (49.36) 41.16£10.36 24.63+5.64 18.68+4.31

years had the highest practice score (20.56 + 3.49) (Table 3). Post-hoc comparisons showed that the <45 years group
scored significantly higher than both the 45-60 years and >60 years groups, while no significant difference was observed
between the 45-60 years and >60 years groups after Bonferroni correction (Table 4).

Knowledge, Attitude, and Practice
Based on the predefined 70% threshold, 206 patients (52.96%) met the criterion for adequate knowledge, whereas 183
(47.04%) were below the threshold. Similarly, 231 patients (59.38%) had a positive attitude and 295 (75.84%) had
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Table 3 Age Stratification Analysis

Variables N (%) Knowledge, Mean £ SD | P Attitude, Mean £ SD | P Practice, Mean £ SD | P
Age, years <0.001 <0.001 0.047
<45 235 (60.41) | 43.66 + 9.88 2542 + 5.85 19.13 + 4.40

45-60 77 (19.79) 38.09 + 8.96 2283 £ 4.13 19.10 + 3.82

>60 77 (19.79) 35.13 £ 10.05 23.92 £ 4.05 20.56 + 3.49

Table 4 Post-Hoc Comparisons of Age

Variables Statistic SE Std. Statistic P Bonferroni P
45-60 VS >60 30.688 18.107 1.695 0.090 0.270
<45 VS >60 96.767 14.753 6.559 <0.001 <0.001
<45 VS 45-60 66.078 14.753 4.479 <0.001 <0.001

Note: *Significance values have been adjusted by the Bonferroni correction for multiple tests.

proactive practice. These proportions are summarized in Table 5. Knowledge was generally moderate, but several items
showed notable gaps. In particular, many participants were uncertain about alternative therapies to anticoagulant
treatment (K11), with 61.44% responding “neutral” or below (29.82% neutral, 24.94% not familiar, 6.68% not familiar
at all). Similarly, a considerable proportion were unclear about the types of anticoagulant medications (K5), with 58.36%
choosing “neutral” or lower (31.11% neutral, 20.57% not familiar, 6.68% not familiar at all), and about the safe dosage of
these medications (K7), where 56.21% responded “neutral” or below (33.16% neutral, 19.02% not familiar, 4.63% not
familiar at all). Uncertainty was also common for the duration of anticoagulant therapy (K9, 55.01% neutral or below)
and the side effects of anticoagulant therapy (K10, 56.03% neutral or below) (Table 6).

Overall attitudes were moderately positive, yet several negative perceptions persisted. Notably, 32.9% of participants
expressed doubts about their commitment to long-term anticoagulant therapy (A3, 6.43% strongly agree, 12.34% agree,
27.76% neutral), while 40.59% reported anxiety about having to take anticoagulants (A4, 5.4% strongly agree, 17.99%
agree, 34.19% neutral). Concerns about potential side effects were also prevalent, with 43.83% indicating worry or
uncertainty (A5, 9% strongly agree, 20.57% agree, 33.93% neutral). Additionally, 39.59% felt that treatment costs were
burdensome (A6, 8.74% strongly agree, 18.77% agree, 32.13% neutral). Moreover, 24.16% agreed that missing one or
two doses would not cause much harm (A7, 5.14% strongly agree, 19.02% agree) (Table 7).

Most participants reported relatively good adherence, though lapses and treatment-related barriers were common.
About two-thirds consistently took their medication, with 37.02% always and 31.62% often doing so (P1), and 39.59%
always and 30.33% often following prescriptions strictly (P2). However, adherence to follow-up visits was slightly lower,
with only 37.28% always and 25.19% often attending as advised (P3). Missed doses were frequent, as 31.62% reported
rarely and 27.51% never missing doses, meaning over 40% had lapses (P6). Furthermore, 37.53% had discontinued
medication without medical advice at least occasionally (P7). In the descriptive items, 27.76% of participants reported
having experienced recurrent thrombosis despite regular anticoagulation (P4), and 28.02% reported bleeding complica-
tions during anticoagulation (P5). Because these items were self-reported and no specific recall period was defined in the
questionnaire, these findings should be interpreted as patient-reported treatment experiences rather than time-specific
event rates. Financial burden was notable, with only 21.08% willing to spend more than 1000 CNY monthly on

Table 5 Scores Summary of Knowledge, Attitude and Practice

Variables | Scores Range | Number of Participants | Percentage

Knowledge >42 206 52.96%
Attitude >24.5 231 59.38%
Practice >17.5 295 75.84%
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Table 6 Distribution of Knowledge Dimension Responses

Variables N (%)

Very Familiar | Familiar Neutral Not Familiar | Not Familiar at all
I. Risk of venous thrombosis 89 (22.88) 137 (35.22) | 111 (28.53) | 30 (7.71) 22 (5.66)
2. Risk of venous thrombosis recurrence 87 (22.37) 129 (33.16) | 108 (27.76) | 42 (10.8) 23 (5.91)
3. Mechanism of anticoagulant therapy for 72 (18.51) 100 (25.71) | 140 (35.99) | 56 (14.4) 21 (5.4)
venous thrombosis
4. Relationship between anticoagulant therapy 77 (19.79) 92 (23.65) 136 (34.96) | 65 (16.71) 19 (4.88)
and venous thrombosis recurrence
5. Types of anticoagulant medications 74 (19.02) 88 (22.62) 121 31.11) | 80 (20.57) 26 (6.68)
6. Methods of administering anticoagulant 77 (19.79) 122 (31.36) | 119 (30.59) | 56 (14.4) 15 (3.86)
medications
7. Safe dosage for anticoagulant medications 79 (20.31) 89 (22.88) 129 (33.16) | 74 (19.02) 18 (4.63)
8. Indications for anticoagulant therapy 77 (19.79) 102 (26.22) | 137 (35.22) | 52 (13.37) 21 (5.4)
9. Duration of anticoagulant therapy 75 (19.28) 100 (25.71) | 130 (33.42) | 67 (17.22) 17 (4.37)
10. Side effects of anticoagulant therapy 68 (17.48) 103 (26.48) | 128 (32.9) 70 (17.99) 20 (5.14)
I 1. Alternative therapies to anticoagulant 62 (15.94) 88 (22.62) 116 (29.82) | 97 (24.94) 26 (6.68)
treatment
12. Importance of consistent medication 77 (19.79) 138 (35.48) | 113 (29.05) | 45 (11.57) 16 (4.11)
adherence in anticoagulant therapy

Table 7 Distribution of Attitude Dimension Responses

medication is no great harm.

Variables N (%)

Strongly agree | Agree Neutral Disagree | Strongly disagree
1. I believe it is vital to take anticoagulant 143 (36.76) 138 (35.48) | 79 (20.31) 17 (4.37) 12 (3.08)
medication regularly.
2. | follow my doctor’s advice; adhering to medical 163 (41.9) 129 (33.16) | 69 (17.74) 13 (3.34) 15 (3.86)
instructions is crucial.
3. I harbour doubts about my own commitment to | 25 (6.43) 48 (12.34) 108 (27.76) | 128 (32.9) | 80 (20.57)
anticoagulant therapy.
4. | feel anxious about needing to take 21 (5.4) 70 (17.99) 133 (34.19) | 95 (24.42) | 70 (17.99)
anticoagulants.
5. | am particularly concerned about the potential 35(9) 80 (20.57) 132 (33.93) | 84 (21.59) | 58 (14.91)
side effects of anticoagulants.
6. | consider the cost of anticoagulant treatment 34 (8.74) 73 (18.77) 125 (32.13) | 83 (21.34) | 74 (19.02)
beyond my means.
7. | think missing one or two doses of anticoagulant | 20 (5.14) 74 (19.02) 111 (28.53) | 98 (25.19) | 86 (22.11)

anticoagulants (P11). Regarding barriers, the most cited factors affecting adherence were concerns about side effects

(59.9%), cost (54.24%), recurrence risk (53.21%), and treatment duration (53.21%) (P12) (Table 8).

Correlation Analysis

Correlation analysis showed that knowledge was positively correlated with attitude (r = 0.597, P < 0.001), knowledge

was positively correlated with practice (r = 0.364, P < 0.001), and attitude was positively correlated with practice (r =

0.487, P < 0.001) (Table 9).
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Table 8 Distribution of Practice Dimension Responses

(multiple selections)*

Variables N (%)

Always Often Sometimes Rarely Never
I. 1 am able to take anticoagulant medication regularly 144 (37.02) 123 (31.62) 94 (24.16) 17 (4.37) Il (2.83)
2. | will take anticoagulant medication regularly as prescribed 154 (39.59) 118 (30.33) 89 (22.88) 17 (4.37) Il (2.83)
3. | will attend regular follow-up appointments as advised 145 (37.28) 98 (25.19) 110 (28.28) 23 (5.91) 13 (3.34)
4. Regular anticoagulation, but with recurrence of venous 33 (8.48) 34 (8.74) 113 (29.05) 101 (25.96) 108 (27.76)
thrombosis*
5. Regular anticoagulation, with bleeding complications 22 (5.66) 33 (8.48) 122 (31.36) 103 (26.48) 109 (28.02)
(gastrointestinal haemorrhage, urinary tract haemorrhage, gingival
bleeding, etc.)*
6. 1 have missed doses of anticoagulant medication 14 (3.6) 29 (7.46) 116 (29.82) 123 (31.62) 107 (27.51)
7. | have discontinued medication without medical advice 14 (3.6) 24 (6.17) 108 (27.76) 97 (24.94) 146 (37.53)
8. Bleeding complications occurred, leading to discontinuation of 23 (5.91) 25 (6.43) 122 (31.36) 101 (25.96) 118 (30.33)
anticoagulation*
9. Irregular anticoagulation resulted in recurrent venous 24 (6.17) 21 (54) 101 (25.96) 94 (24.16) 149 (38.3)
thrombosis*
10. I have encountered situations where doctors required me to use 34 (8.74) 38 (9.77) 114 (29.31) 77 (19.79) 126 (32.39)
imported anticoagulant drugs*

<200 200-500 500-1000 >1000
I 1. Acceptable monthly cost range for anticoagulant medication* 80 (20.57) 92 (23.65) 135 (34.7) 82 (21.08)

Side effects of Recurrence rate of | Cost Treatment duration Other

anticoagulant therapy venous thrombosis considerations
12. Factors affecting my adherence to anticoagulant therapy include 233 (59.9) 207 (53.21) 211 (54.24) 207 (53.21) 152 (39.07)

Note: Pl, P2, P3, P6, and P7 were scored and included in the practice domain score. P4, P5, and P8—P12 were descriptive items only and were not scored; for these items, only the proportion of responses is presented.
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Table 9 Correlation Analysis

Variables | Knowledge Attitude Practice
Knowledge | |

Attitude 0.597 (P < 0.001) | |

Practice 0.364 (P < 0.001) | 0.487 (P <0.001) | |

Table 10 Bootstrapped Standardized Effects and 95% Bias-Corrected Confidence Intervals for the Structural Model
(1,000 Bootstrap Samples)

Model Paths Standardized Total Effects | Standardized Direct Effects | Standardized Indirect Effects
B (95% CI) P B (95% CI) P B (95% CI) P

Knowledge—Attitude | 0.701 (0.543-0.782) | 0.039 | 0.701 (0.543-0.782) 0.039

Knowledge—Practice | 0.544 (0.437-0.625) | 0.026 | 0.072 (-0.359-0.331) | 0.642

Attitude—Practice 0.674 (0.327-1.068) | 0.018 | 0.674 (0.327-1.068) 0.018

Knowledge—Practice 0.473 (0.185-0.783) 0.025

Notes: “—” indicates the directional path in the structural equation model. Standardized total, direct, and indirect effects were estimated using bias-
corrected bootstrap resampling with 1,000 samples in AMOS.

SEM Analysis

The fit of the SEM model was acceptable (CMIN/DF = 2.979, RMSEA = 0.071, IFI = 0.905, TLI = 0.894, and CFI =
0.905) (Table S1). Bias-corrected bootstrap analysis based on 1,000 resamples showed that attitude had a significant
direct effect on practice (B = 0.674, 95% CI: 0.327-1.068, P = 0.018), whereas the indirect effect of knowledge on
practice through attitude was statistically significant (f = 0.473, 95% CI: 0.185-0.783, P = 0.025) and the direct effect of
knowledge on practice was not significant (f = 0.072, 95% CI: —0.359 to 0.331, P = 0.642). Because the bias-corrected
95% confidence interval for the indirect effect did not include zero, attitude was considered to significantly mediate the
relationship between knowledge and practice. The standardized total, direct, and indirect effects estimated by bootstrap
are presented in Table 10, and the structural model is shown in Figure 1.

Discussion

The present findings suggest an imbalanced KAP profile in patients with VTE, characterized by suboptimal knowledge
despite generally positive attitudes and relatively proactive practices toward long-term anticoagulation therapy. These
findings highlight the need for structured, attitude-oriented educational interventions that not only enhance knowledge
but also address patient concerns and motivation, thereby strengthening adherence behaviors and informing the devel-
opment of scalable, patient-centered anticoagulation management strategies in clinical practice.

The structural equation analysis indicates that the relationship between knowledge and behavioral practice is not
straightforward but mediated through patient attitudes. Knowledge appears to influence how patients evaluate the necessity
and manageability of treatment, and it is this attitudinal orientation that exerts a more direct impact on whether appropriate
practices are adopted. While knowledge may be a necessary foundation, it does not seem to provide sufficient motivational
force on its own. This finding is particularly relevant in the context of long-term anticoagulation for VTE. Although VTE-
specific studies examining the knowledge—attitude—practice pathway remain limited, previous research has shown that poor
patient knowledge about VTE and its therapy is associated with an increased risk of major bleeding and discontinuation of
anticoagulation treatment.® In addition, adherence challenges during anticoagulant therapy have been recognized in real-world
clinical practice.'® Our findings extend this anticoagulation-related literature by suggesting that knowledge may not translate
directly into better treatment-related practices unless it is accompanied by more positive attitudes toward therapy, such as
greater confidence in long-term treatment, lower anxiety, and better acceptance of treatment burden. In our study, many
patients expressed uncertainty about key aspects of anticoagulation, such as medication types, dosing, duration, and side
effects. Such knowledge gaps may impair the ability to follow treatment correctly, recognize complications, or make informed
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Figure | SEM of the KAP framework in patients with venous thromboembolism The latent variables “Knowledge,” “Attitude,” and “Practice” were measured using 12, 7,
and 5 observed items, respectively; for the practice domain, these 5 observed items corresponded to the scored practice items (PI, P2, P3, P6, and P7) from the |2-item
practice section. Standardized factor loadings are shown for each observed variable, and path coefficients illustrate the directional relationships among the latent constructs.
Knowledge demonstrated a significant indirect effect on practice mediated through attitude, while attitude exerted a direct influence on practice.

decisions, thereby heightening the risk of recurrence or bleeding events. The implication is that health education strategies
focused exclusively on factual transmission may fall short if they do not also address treatment-related attitudes shaped by
trust, past experience, and perceived efficacy. More broadly, this interpretation is also consistent with previous findings in
chronic disease management, where knowledge alone often exerts limited behavioral influence unless supported by favorable
beliefs and emotional alignment regarding treatment.”'

In examining the distribution of knowledge across different thematic areas, a pattern of imbalance becomes apparent.
Patients were more familiar with general aspects of disease risk, such as the possibility of recurrence, but demonstrated
limited understanding of specific pharmacological principles. There was a particular lack of clarity regarding drug types,
dosing schedules, side effect management, and long-term implications of therapy. This discrepancy suggests that while
some form of disease-related knowledge may be reaching patients, the content is either too general or inadequately
contextualized. Previous studies in chronic illness populations have identified similar gaps between general awareness
and actionable understanding, especially when education is not personalized or interactive.”> Under such conditions,
individuals may develop surface-level familiarity with terms without acquiring the conceptual depth necessary for
informed participation. This may hinder their ability to evaluate conflicting information, interpret symptoms accurately,
or make autonomous treatment decisions when clinical guidance is unavailable.

Although patient attitudes toward anticoagulant use were generally positive, closer inspection reveals signs of
ambivalence. Many respondents agreed in principle with the importance of taking medication regularly and following
medical advice, but at the same time expressed doubts about their own ability to adhere to treatment. Concerns about
adverse effects, the burden of long-term therapy, and the cost of medication were commonly reported. These concerns are
not uncommon in the context of chronic therapy, especially for asymptomatic conditions. Research in related populations
suggests that attitudes significantly influence treatment behavior, particularly when practical burdens are perceived as
high.** In such cases, adherence may be driven more by external obligation than internal conviction, making patients
vulnerable to lapses when difficulties arise. Moreover, if patients do not perceive immediate consequences from missing

doses, their motivation to maintain consistency may weaken further.
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Behavioral indicators presented a complex picture. While many patients reported adherence in general terms,
responses also revealed frequent instances of missed doses, self-initiated discontinuation, and recurrence of adverse
events such as thrombotic episodes or bleeding complications. These discrepancies raise questions about how patients
interpret adherence and how they respond to setbacks during treatment. The relatively high proportions of self-reported
recurrent thrombosis and bleeding complications should be interpreted cautiously, as P4 and P5 were descriptive items
without a defined recall period and were intended to capture patients’ treatment-related experiences rather than
standardized clinical event rates. Notably, a considerable proportion of patients reported behaviors such as missed
doses, unsupervised discontinuation, and concerns about the financial burden of long-term therapy. These issues pose
substantial clinical risks: irregular or interrupted anticoagulation may predispose patients to recurrence, while continua-
tion without adequate guidance may elevate bleeding risk. Addressing these adherence challenges, alongside economic
and psychological barriers, is therefore essential for improving patient safety. Studies in similar chronic conditions have
shown that treatment fatigue, cost concerns, and side effect burden interact to undermine adherence, particularly in the
absence of sustained clinical support.”* In the Chinese healthcare context, this finding is clinically relevant because the
affordability of long-term anticoagulation is shaped not only by drug prices themselves but also by reimbursement
arrangements and centralized procurement policies. Previous studies from China and other settings have shown that the
cost-effectiveness and accessibility of direct oral anticoagulants vary across agents, and that reducing out-of-pocket costs
may help alleviate economic barriers to sustained anticoagulation therapy.*>~°

Demographic patterns in the data suggest that age, gender, employment status, and income level may shape how
patients experience and manage anticoagulant therapy. In the present study, younger patients (<45 years) showed better
knowledge and more positive attitudes than older age groups, whereas the oldest group demonstrated relatively better
practice scores. This pattern may reflect the influence of age-related experiential and practical factors on medication-
related behavior, beyond knowledge and attitude alone. In the present study, female participants had significantly higher
practice scores than male participants (20.14 + 3.83 vs. 18.82 + 4.31, P = 0.003), indicating more consistent self-reported
anticoagulation-related behaviors. Those with higher income or employment status also demonstrated somewhat greater
knowledge and more favorable attitudes, although these advantages did not always extend to behavior. Similar patterns
have been observed in population-based studies on chronic kidney disease, where demographic factors were closely
linked to knowledge and attitude levels.”” The gap between positive orientation and behavioral follow-through highlights
the role of external barriers. Even a patient who understands and values adherence may lack the logistical or financial
means to maintain it. This underscores the need for interventions that combine education with structural supports such as
subsidized care, flexible appointments, and community-based reinforcement.

Intervention efforts aimed at improving adherence should take these findings into account. A narrowly defined
information campaign is unlikely to be effective unless it also addresses attitudinal uncertainty and logistical challenges.
In particular, it may be necessary to engage patients in reflective conversations about side effect interpretation, treatment
burden, and how they define success. Communication strategies should elicit patient concerns, not merely correct
misconceptions. Additionally, periodic reassessment of beliefs and practices can help identify early signs of disengage-
ment. Interventions that combine individualized education with dialogic counseling and system-level support have been
shown to improve adherence outcomes in similar contexts.?'*® Structured health education programs, when paired with
counseling, have led to measurable improvements in adherence and self-care behaviors across chronic disease
populations.”® These integrated approaches are more likely to produce lasting behavioral change than education alone.

This study has several limitations that should be acknowledged. First, the cross-sectional design limits causal
inference between knowledge, attitudes, and practices, as temporal or longitudinal dynamics could not be captured;
future prospective studies are warranted to validate the observed pathway relationships over time. Although the overall
SEM fit was acceptable, the TLI value (0.894) was slightly below the conventional threshold of 0.90, and the model fit
should therefore be interpreted with some caution. Second, the sample was drawn from a single center and primarily
collected through online questionnaires, which may introduce selection bias and limit the generalizability of findings to
populations with lower digital literacy or different healthcare access. In addition, because the study included both patients
currently receiving anticoagulants and those who had completed their prescribed course, the attitude and practice scores
should be interpreted as reflecting anticoagulation-related perceptions and self-reported behaviors across the treatment
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experience, rather than only current medication-taking status. Although the final sample size of 389 exceeded the
calculated minimum requirement of 384, it did not reach the planned target of 480 participants after accounting for
potential non-response. This shortfall may have reduced the precision of some estimates, particularly in subgroup
analyses, and should be considered when interpreting the findings. Moreover, multiple subgroup comparisons were
conducted across a range of demographic and clinical variables, and no formal correction for type I error inflation was
applied to these exploratory analyses; therefore, these associations should be interpreted with caution. Another limitation
is that education level, which is an important predictor of health literacy and KAP outcomes, was not collected in the
present study because the questionnaire design primarily focused on treatment-related experiences and anticoagulation-
specific factors. As a result, its potential influence on knowledge, attitudes, and practices could not be examined and
should be considered in future studies. In addition, the study did not differentiate between VTE subtypes (ie., DVT or
PE). Given that clinical management, patient concerns, and the required duration of anticoagulation may differ between
these conditions, the aggregated analysis may have masked subtype-specific differences in knowledge, attitudes, and
practices. Moreover, the type of anticoagulant used (eg., warfarin, NOACs, or low-molecular-weight heparin) was not
collected or analyzed separately. This may have limited the interpretation of patient knowledge and practice patterns, as
treatment experience and educational needs can vary according to the anticoagulant regimen. Although the study
included a relatively diverse sample in terms of demographics and anticoagulant use, regional and institutional factors
may still influence patient perceptions and behaviors. Third, self-reported responses are inherently subject to recall and
social desirability biases, which may have inflated adherence or attitude scores; however, efforts such as anonymous
participation and reverse-coded items were implemented to minimize such effects. In addition, although the present
questionnaire demonstrated acceptable internal consistency, it was self-developed rather than based directly on estab-
lished anticoagulation-specific instruments. Future studies may benefit from further comparison with, or incorporation of,
validated tools such as the Oral Anticoagulation Knowledge Test or the Anticoagulation Knowledge Tool for knowledge
assessment, and standardized adherence measures such as the Morisky Medication Adherence Scale when
appropriate.”*° In addition, the descriptive items on recurrent thrombosis and bleeding complications (P4 and P5) did
not specify a defined recall period, which limits the clinical interpretability of these self-reported proportions.
Nevertheless, the questionnaire showed acceptable internal consistency at both the overall and domain levels, and all
corrected item-total correlations were above 0.30.

Conclusions

In conclusion, based on the predefined 70% threshold, 206 patients (52.96%) demonstrated adequate knowledge, 231
(59.38%) showed a positive attitude, and 295 (75.84%) exhibited proactive practice. Overall, these findings indicate
suboptimal knowledge but relatively positive attitudes and proactive practices among patients with VTE, and further
confirm that attitude plays a pivotal mediating role between knowledge and behavioral adherence. To enhance long-term
anticoagulation adherence, future interventions should more specifically address the key barriers identified in this study,
including treatment cost, concerns about side effects, and uncertainty regarding treatment duration. In the Chinese
healthcare setting, more actionable strategies may include clearer medication counseling during follow-up, targeted
education on adverse effect recognition and management, improved communication about the expected duration of
anticoagulation, and practical support to help patients navigate cost-related treatment decisions within routine care.
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