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Knowledge, attitudes, and
practices regarding the functional
status of arteriovenous fistulas
among hemodialysis patients

Chengfa Ren2, Jiao Huang?, Dehui Liu?, Xiaoxia Su*, Xia Guo®, Yanchun Li®, Hongyan Peng’,
LuYin?, Jun Xiao, Yan Zeng?, Yujuan Yang® & Yan Yan3**

The objective of this study was to assess the knowledge, attitudes, and practices (KAP) related to the
functional status of arteriovenous fistulas (AVF) among patients undergoing hemodialysis. This cross-
sectional study was conducted from April to May 2025 at the First Affiliated Hospital of Nanchang
University, employing a self-developed questionnaire for data collection. Among 536 respondents
(62.1% male), the mean scores for knowledge, attitude, and practice were 14.74 + 4.89 (possible range:
0-20), 42.84+4.87 (possible range: 10-50), and 40.75 +7.89 (possible range: 10-50), respectively.
Statistically significant positive correlations were identified between knowledge and attitude
(r=0.682, P<0.001), knowledge and practice (r=0.711, P<0.001), and attitude and practice (r=0.622,
P=0.001). Structural equation modeling analysis revealed that knowledge directly influenced both
attitude (B=0.752, P<0.001) and practice (B =0.388, P<0.001), while attitude also had a direct effect
on practice ($=0.449, P<0.001). Furthermore, knowledge exerted an indirect effect on practice
through attitude (B=0.337, P<0.001). These findings underscore the necessity for structured and
continuous patient education interventions to enhance AVF maintenance and improve long-term
dialysis outcomes.

Keywords Arteriovenous fistula, Hemodialysis, Knowledge, Attitude, Practice, Patient education

End-stage renal disease (ESRD) presents a considerable global public health challenge, with maintenance
hemodialysis (HD) serving as one of the primary therapeutic interventions for affected individuals!. Within the
population of HD patients, the arteriovenous fistula (AVF) is the most prevalent form of vascular access, often
characterized as the patient’s “lifeline” due to its pivotal role in ensuring adequate dialysis and enhancing overall
survival outcomes?. Current global epidemiological data indicate that approximately four million individuals
require renal replacement therapy, with HD constituting nearly 69% of this demographic and representing
approximately 89% of all patients receiving dialysis treatment’. In China, recent national surveillance data
indicate that by 2021, the number of patients undergoing maintenance HD reached an estimated 735,000,
reflecting a significant expansion of the country’s dialysis infrastructure and services*.

Given the essential role of AVF in HD therapy, maintaining its functional integrity is crucial, as it directly
impacts treatment efficacy, complication rates, and overall patient quality of life>. International clinical practice
guidelines consistently endorse AVF as the preferred method of vascular access due to its lower infection rates,
superior long-term patency, and fewer complications in comparison to alternative access methods®”. However,
utilization rates of AVF vary considerably across the globe, with Japan exhibiting the highest prevalence
(exceeding 90%), followed by Europe and Australia (60-80%)®. China also reports a relatively high AVF usage
rate surpassing 75%, significantly higher than the rates observed in the United States (64%) and several other
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Western countries’. Despite these encouraging utilization figures, managing AVF presents substantial clinical
challenges, with primary patency rates falling to only 60%-70% after one year and continuing to decline
thereafter!’. Common complications, such as primary failure, stenosis, and thrombosis, significantly contribute
to patient morbidity and healthcare resource utilization'!.

The Knowledge, Attitude, and Practice (KAP) theoretical framework posits that knowledge serves
as a foundational prerequisite for behavioral change, while attitudes and beliefs act as key drivers of this
transformation'2. This model delineates behavioral change as occurring in three sequential phases: acquiring
knowledge, developing corresponding attitudes and beliefs, and establishing sustained practices or behaviors'>14.
In the context of HD care, patients’ knowledge, attitudes, and practices are critical determinants of AVF patency
and long-term functional outcomes'®. Although existing literature indicates that many patients recognize the
importance of AVF care, a significant gap often exists between their perceived knowledge and actual clinical
practices'®. Specifically, patients frequently lack a clear understanding of daily care protocols and evidence-based
strategies for preventing complications'’. Additionally, maladaptive attitudes—ranging from negligence to
excessive concern—can result in poor self-care behaviors, delayed recognition of complications, or unnecessary
clinical interventions, ultimately undermining AVF outcomes!”. Despite the established clinical significance of
AVF functionality in HD patients, comprehensive investigations examining KAP dimensions within the Chinese
patient population remain limited.

This study aimed to systematically assess the knowledge, attitudes, and practices of Chinese HD patients
regarding AVF functionality while identifying key factors that influence patient behavior. The findings will offer
evidence-based insights for developing targeted educational interventions and personalized care strategies,
thereby enhancing patient self-management capabilities and ultimately improving long-term dialysis outcomes
and quality of life.

Methods

Study design and participants

This cross-sectional study was conducted among hemodialysis patients at the First Affiliated Hospital of
Nanchang University from April to May 2025. Data were collected utilizing a self-developed questionnaire.
Ethical approval was obtained from the Ethics Committee of the First Affiliated Hospital of Nanchang University
(Approval No: IIT (2025) Interim Ethics Review Document No. 359), and informed consent was secured from all
participants prior to their enrollment in the study. The inclusion criteria were as follows: (1) patients undergoing
maintenance hemodialysis at the study site for a duration exceeding three months; (2) the ability to communicate
effectively; (3) intact cognitive function; and (4) the capacity to comprehend and respond to the questionnaire.
The exclusion criteria included: (1) refusal to participate; (2) cognitive impairment or psychiatric disorders
that could impede questionnaire completion; and (3) recent serious arteriovenous fistula-related complications
within the preceding three months that had not achieved subsequent clinical stabilization. This study adhered to
the STROBE guidelines for cross-sectional studies and considered relevant items from the CHERRIES checklist
for online surveys (Supplementary materials).

Procedures

The questionnaire employed in this study was meticulously developed through a comprehensive process that
involved an extensive review of pertinent domestic and international literature, clinical practice guidelines, and
insights derived from routine hemodialysis care!®-?2. Members of the research team, including nephrologists
and dialysis nurses, discussed and refined the draft items. To evaluate the instrument’s reliability and validity,
a pilot study was conducted involving 39 patients undergoing maintenance hemodialysis. The results indicated
satisfactory internal consistency, with a total Cronbach’s alpha coefficient of 0.925. The reliability coefficients
for the dimensions of knowledge, attitude, and practice were 0.901, 0.909, and 0.829, respectively, signifying
acceptable psychometric properties for this population. In response to participant feedback regarding item
clarity, relevance, and comprehensibility, the questionnaire underwent three iterative rounds of revisions. The
finalized version, developed in Chinese (a version translated into English was attached as an Appendix 1),
encompassed four dimensions: demographic and clinical characteristics (13 items), knowledge of AVF function
(10 items), attitudes toward AVF maintenance (10 items), and self-reported practices related to AVF care and
monitoring (10 items). No structured or regular AVF educational sessions were organized by the research team
or the participating center. The questionnaire included an item asking whether patients had ever participated
in any form of AVF-related education or training (such as hospital sessions, community programs, or online
lectures) to capture their previous exposure to patient education. The demographics and clinical characteristics
section included variables such as age, gender, duration of dialysis, comorbidities, etc.

The knowledge section comprises 10 items, each scored on a scale where participants receive 2 points for
“very familiar,” 1 point for “heard of;” and 0 points for “unclear,” resulting in a total score range of 0 to 20 points.
The attitude section similarly contains 10 items, employing a five-point Likert scale ranging from “strongly
agree” to “strongly disagree,” with scores varying from 5 to 1, yielding a total score range of 10 to 50 points.
The practice dimension encompasses 10 items, scored from 5 to 1 based on responses ranging from “always”
to “never,” resulting in a score range of 10 to 50 points. Scores exceeding 70% of the maximum possible in
each dimension indicate adequate knowledge, a positive attitude, and proactive practices. Scores falling between
50 and 70% of the maximum reflect moderate knowledge, a neutral attitude, and moderate practices”. In the
formal survey, the questionnaire consistently demonstrated robust psychometric properties, with an overall
Cronbach’s alpha coefficient of 0.9373. The scale coeflicients were 0.8821 for knowledge, 0.8315 for attitude, and
0.9267 for practice. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy for the overall scale was
0.9701, thereby confirming the appropriateness of the data for factor analysis and validating the instrument’s
structural integrity. Construct validity was examined using confirmatory factor analysis (CFA) for the three
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latent dimensions (Knowledge, Attitude, Practice). The CFA showed acceptable fit to the intended three-factor
structure (CFI =0.916, TLI = 0.910, RMSEA = 0.065, SRMR = 0.047), consistent with commonly used thresholds
for good fit (e.g., CFI/TLI > 0.90, RMSEA/SRMR < 0.08). Standardized factor loadings for all retained items were
> 0.70. These results support the structural integrity of the instrument.

Questionnaire distribution and quality control

Participants were recruited by a convenience sampling method. Data collection was conducted via an online
platform, utilizing the Wenjuanxing applet (https://www.wjx.cn/) integrated into WeChat. Dialysis nurses
were available to help patients who were not familiar with smartphone-based questionnaires to ensure that
all participants could complete the survey accurately. A QR code was generated and distributed to potential
participants, who accessed and completed the questionnaire by scanning the code with their mobile devices. To
ensure data integrity, each IP address was restricted to a single submission, and all questionnaire items were set
as mandatory.

Three trained research assistants were responsible for initial data screening. They reviewed all submissions for
completeness, consistency, and logical coherence. Questionnaires were excluded if they met any of the following
criteria: completion time of less than 90 s; response patterns indicating a lack of engagement, such as identical
answers across an entire KAP domain; or internal logical contradictions within the responses.

Sample size estimation
P 2
Samplesize wascalculated usingthe formulafor cross-sectional studies?*:a=0.05,n = (%) xpx(1—p)

where Z_,/2=1.96 when a = 0.05, the assumed degree of variability of p=0.5 maximises the required sample
size, and § is admissible error (which was 5% here). The theoretical sample size was 480 which includes an extra
20% to allow for subjects lost during the study.

Statistical analysis

Statistical analysis was performed using Stata version 17.0 (StataCorp, College Station, TX, USA). Continuous
variables were summarized as means and standard deviations (SD), and categorical variables were presented
as frequencies and percentages (n, %). For continuous variables exhibiting a normal distribution, comparisons
were conducted using independent sample t-tests or analysis of variance (ANOVA). In contrast, variables
characterized by skewed distributions were analyzed using the Wilcoxon-Mann-Whitney test or Kruskal-
Wallis ANOVA. Multivariable logistic regression analysis was executed to investigate associations between
demographic variables and levels of proactive practices. The correlations between KAP dimension scores were
assessed using Spearman correlation analysis. Structural equation modeling (SEM) was utilized to investigate
the interrelationships among the constructs of knowledge (K), attitudes (A), and practices (P). The hypotheses
posited by the SEM framework were as follows: (1) knowledge directly influences attitude, (2) attitude directly
influences practice, and (3) knowledge influences practice both directly and indirectly. These pathways are
theoretically grounded in the KAP model, which suggests that knowledge shapes attitudes and subsequently
influences behaviors®. An acceptable model fit was established in accordance with established criteria. The
evaluation of the factor structure encompassed standardized factor loadings, critical ratios (C.R.), and fit indices,
including the Root Mean Square Error of Approximation (RMSEA Reference: < 0.08 good), Standardized Root
Mean Square Residual (SRMR Reference: < 0.08 good), Tucker-Lewis Index (TLI Reference > 0.08 good), and
Comparative Fit Index (CFI Reference: > 0.8 good). All statistical tests were two-sided, and P-values < 0.05 were
considered statistically significant.

Results

Questionnaires quality verification

Initially, a total of 565 samples were collected. The following were excluded: 23 responses with abnormal
completion times (less than 90 s or more than 3000 s); 3 responses without informed consent;1 response with
abnormal gender information ~2 responses with abnormal age entries. The final valid sample size was 536 cases,
with a valid rate of 94.87%.

Demographic characteristics on participants and KAP scores

The study included 536 hemodialysis patients (62.1% male; mean age: 51.7% aged 45-64 years), predominantly
married (84.9%), Han Chinese (98.9%), and from rural/urban settings (94%). The mean knowledge, attitude, and
practice scores were 14.74+4.89 (possible range: 0-20), 42.84+4.87 (possible range: 10-50), and 40.75+7.89
(possible range: 10-50), respectively. Ethnic minority participants scored substantially lower in knowledge
(9.33£5.05 vs. 14.81+4.86 for Han, P=0.007), attitude (32.67+£9.00 vs. 42.96+4.69, P=0.006), and practice
(31.67£7.99 vs. 40.85+7.84, P=0.011). Suburban residents demonstrated the poorest knowledge (P=0.030)
and practice scores (P=0.091). Patients with longer dialysis duration (>2 years) exhibited superior knowledge
(P<0.001), attitude (P<0.001), and practice scores (P=0.044). Regular post-hemodialysis check-ups strongly
correlated with enhanced KAP outcomes: participants with check-ups scored higher in knowledge, attitude,
and practice (all P<0.001). Those with family members undergoing hemodialysis achieved better knowledge
(P<0.001) and practice scores (P=0.007). Patients with “other” causes of renal failure (e.g., polycystic kidney
disease) showed the highest knowledge and attitude scores (P=0.001), while diabetic nephropathy patients
scored lowest in knowledge (Table 1).
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Knowledge Attitude Practice
N=536 N (%) Mean+SD | P mean (SD) | P mean (SD)
Total score 536 (100.0) | 14.74 (4.89) 42.84 (4.87) 40.75 (7.89)
Age 0.370 0.550 0.079

<45 126(23.5) | 14.99 (4.92) 43.10 (4.74) 39.54 (8.06)

45-64 277(51.7) | 14.86 (4.96) 43.00 (4.85) 41.22 (7.91)

265 133(24.8) | 14.26 (4.72) 4226 (5.03) 40.90 (7.62)

Gender 0.901 0.573 0.830

Male 333(62.1) | 14.77 (4.91) 42.82 (5.11) 40.68 (7.99)

Female 203(37.9) | 14.71 (4.89) 42.87 (4.47) 40.86 (7.75)

Residence 0.030 0.086 0.091

Rural 250(46.6) | 14.83 (4.97) 42.69 (4.63) 41.45 (7.76)

Urban 254(47.4) | 14.96 (4.69) 4321 (4.95) 40.47 (7.53)

Suburban 32(6.0) | 12.34 (5.36) 41.06 (5.71) 37.50 (10.64)
Education 0.163 0.165 0.543
bi fé‘xary school or 158(29.5) | 14.75 (5.15) 42.80 (4.71) 41.06 (8.29)

Junior high school 210(39.2) | 14.57 (4.65) 42.48 (5.17) 40.85 (7.71)

High school /

Technical secondary 114(21.3) | 14.48 (4.77) 43.04 (4.35) 40.11 (7.69)

school

d/:;ggiate / Bachelor’s 54(11.1) | 15.94 (5.27) 43.96 (5.13) 40.78 (7.94)

Ethnicity 0.007 0.006 0.011

Han 530(98.9) | 14.81 (4.86) 42.96 (4.69) 40.85 (7.84)
rgf:;l:fw 6(1.1) | 9.33(5.05) 32.67 (9.00) 31.67 (7.99)
Employment status 0.137 0.884 0.776
e}fn";{’;;)zsd/ self- 90(16.8) | 14.78 (5.14) 42.11 (6.10) 40.01 (8.99)

Unemployed 122(22.8) | 14.61 (5.27) 42.87 (5.25) 40.58 (7.72)

Retired 125(23.3) | 14.02 (4.58) 42.88 (4.37) 40.78 (7.38)

Other 199(37.1) | 15.27 (4.71) 43.13 (4.26) 41.17 (7.81)
lli‘r’rggiyt;nwme 0.838 0.179 0.109

<2000 218(40.7) | 14.72 (4.93) 42.58 (4.21) 41.33 (7.25)

2000-5000 243(45.3) | 14.82 (4.84) 43.08 (5.22) 40.76 (8.15)

5000-10,000 60(11.2) | 14.60 (4.60) 42.47 (5.48) 38.63 (8.21)

>10,000 15(2.8) | 14.53 (6.65) 44.27 (5.48) 40.53 (10.38)
ls\f;ﬁal 0.904 0.688 0.203
Vf:é’;‘f‘lje/ g‘amed/ 81(15.1) | 14.62 (5.18) 42,28 (5.56) 39.35 (9.43)

Married 455(84.9) | 14.77 (4.85) 42.94 (4.74) 41.00 (7.57)

Smoking habit 0.360 0.574 0.623

Never 335(62.5) | 14.89 (4.97) 43.00 (4.55) 40.90 (7.87)

Used to 148(27.6) | 14.37 (4.75) 4224 (5.56) 40.74 (7.79)

Currently smoking 53(9.9) | 14.89 (4.86) 4351 (4.69) 39.79 (8.38)

Drinking habit 0.155 0.823 0.067

Never 316(59.0) | 15.00 (5.03) 43.08 (4.53) 41.30 (7.78)

Used to 205(38.2) | 14.32 (4.74) 42.46 (5.27) 40.09 (8.04)

Currently drinking 15(2.8) | 15.07 (3.88) 42.93 (5.99) 38.13 (7.28)
Eircrilellr}étr)?rzn }llgeerrnodialysis <0.001 0.026 0.007

Yes 104(19.4) | 15.23 (4.50) 43.16 (4.61) 4131 (7.95)

No 420(78.4) | 14.79 (4.91) 42.89 (4.86) 40.83 (7.75)

Not sure 12(22) | 8.92(4.29) 38.42 (5.52) 33.08 (9.11)

Duration of dialysis <0.001 <0.001 0.044

Less than 1 year 114(21.3) | 13.39 (5.24) 42.68 (4.24) 40.61 (8.33)

1-2 years 94(17.5) | 13.32 (4.82) 40.62 (6.51) 38.93 (8.23)
Continued
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Knowledge Attitude Practice
N=536 N (%) Mean+SD | P mean (SD) | P mean (SD) | P
More than 2 years 328(61.2) | 15.62 (4.59) 4353 (4.31) 41.32 (7.57)
Regular check-ups
after hemodialysis <0.001 <0.001 <0.001
treatment
Yes 445(83.0) | 15.24 (4.82) 43.49 (4.28) 41.58 (7.49)
No 91(17.0) | 12.34 (4.56) 39.69 (6.19) 36.66 (8.53)
Cause of <0.001 0.001 0.085
hemodialysis
Chronic
glomerulonephritis 153(28.5) | 15.24 (5.10) 4334 (4.93) 40.86 (8.45)
Diabetic 114(21.3) | 13.51 (4.86) 41.46 (5.70) 39.54 (7.65)
nephropathy . : * . : : :
dHYP"'"ens“’e renal 143(26.7) | 14.27 (4.33) 4239 (3.98) 40.76 (6.45)
amage
Obstructive 16(3.0) | 15.62 (3.91) 43.19 (5.68) 43.31 (6.18)
nephropathy ) ’ . ) ’ ) )
Other 110(20.5) | 15.82 (5.17) 44.11 (4.41) 41.45 (9.11)

Table 1. Baseline characteristics.

Distribution of knowledge, attitude, and practice dimension

The distribution of knowledge dimensions showed that the three questions with the lowest number of
participants choosing the ‘Very familiar’ option were ‘PTA is currently the main surgical method for treating
AVF stenosis. (K10) with 44.4%, ‘AVF stenosis is mainly caused by postoperative venous intimal hyperplasia’
(K9) with 44.96%, and “There are currently three main types of vascular access for hemodialysis: native AVE,
prosthetic graft AVE and central venous catheter, with native AVF being the first choice for patients’ (K3) with
50% (Supplementary Table S1). For most of the attitude dimension items, more than 90% of the participants
were quite positive (choosing either ‘strongly agree’ or ‘agree’), except for A2, where 23.32% firmly believed and
15.67% also endorsed that AVF surgery has many complications and is therefore unnecessary (Supplementary
Table S2). Responses to the practice dimension showed that only 33.77% always try to elevate the limb with the
fistula to promote venous return and reduce swelling in their daily activities (P2), only 35.63% always actively
seek to learn about AVF surgery-related knowledge (P1), only 37.87% always participate in educational sessions
on how to maintain AVF function and consistently perform AVF function exercises as recommended (P8)
(Supplementary Table S3).

Univariate and multivariable logistic regression analysis

Multivariable logistic regression showed that living in suburban (OR=0.378, 95% CI: [0.163,0.878], P=0.024),
with associate / bachelor’s degree (OR=2.737, 95% CI: [1.204,6.225], P=0.016), unsure if family member
underwent haemodialysis (OR=0.065, 95% CI: [0.008,0.559], P=0.013), dialysis for more than 2 years
(OR=2.123, 95% CI: [1.317,3.422], P=0.002), and without regular check-ups after hemodialysis treatment
(OR=0.493, 95% CI: [0.295,0.823], P=0.007) were independently associated with knowledge. Meanwhile,
knowledge score (OR=1.468, 95% CI: [1.376,1.566], P<0.001) was independently associated with positive
attitude. Furthermore, knowledge (OR=1.278, 95% CI: [1.193,1.370], P<0.001), attitude (OR=1.223, 95%
CI: [1.137,1.316], P<0.001), aged 45-64 years (OR=2.121, 95% CI: [1.178,3.820], P=0.012), aged more than
65 years (OR=2.487, 95% CI: [1.151,5.373], P=0.020), with monthly income per capita (OR=0.218, 95% CI:
[0.090,0.528], P=0.001), and with hypertensive renal damage (OR=2.071, 95% CI: [1.099,3.901], P=0.024)
were independently associated with practice (Table 2, Supplementary table S4).

Spearman correlation analysis and structural equation model analysis

Significant positive correlations between knowledge and attitude (r=0.682, P<0.001) as well as practice
(r=0.711, P<0.001). Also, there was a correlation between attitude and practice (r=0.622, P<0.001) (Table 3).
The SEM demonstrated highly favorable model fit indices: RMSEA value of 0,071 (Reference: < 0.08), SRMR
value of 0.048 (Reference: < 0.08), TLI value of 0.910 (Reference >0.08 good), CFI value of 0.910 (Reference: >
0.8 good), suggesting a well-fitting model (Supplementary Table S5). The SEM analysis showed that knowledge
directly affected both attitude (f=0.752, P<0.001) and practice (p=0.388, P<0.001), as well as of attitude on
practice (p=0.449, P<0.001), furthermore, knowledge indirectly affected practice through attitude (f=0.337,
P<0.001) (Supplementary Table S6, Table 4; Fig. 1).

Discussion

Hemodialysis patients demonstrated moderate levels of knowledge, generally positive attitudes, and relatively
active practices regarding the functional status of arteriovenous fistulas. These findings highlight the need for
targeted, knowledge-based educational interventions that can simultaneously enhance attitudes and promote
evidence-based self-care behaviors to optimize AVF maintenance and dialysis outcomes.
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Univariate analysis Multivariable analysis
Practice OR (95%CI) P OR (95%CI) P
Knowledge 1.359 (1.289,1.433) | <0.001 | 1.278 (1.193,1.370) <0.001
Attitude 1.355 (1.281, 1.433) | <0.001 | 1.223 (1.137,1.316) <0.001
Age
<45
45-64 1.822 (1.190,2.806) | 0.006 | 2.121 (1.178,3.820) 0.012
265 1.966 (1.202,3.237) 0.007 | 2.487 (1.151,5.373) 0.020
Gender
Male
Female 1.015 (0.716,1.440) 0.933
Residence
Rural
Urban 0.968 (0.682,1.373) 0.854
Suburban 0.923 (0.440,1.938) 0.831
Education
Primary school
or below
Junior high school | 0.951 (0.628,1.439) 0.811
High school /
Technical secondary | 0.661 (0.406,1.071) 0.093
school
B‘:z;"eil)art: éegree 0.704(0.377,1.307) | 0.266
Ethnicity
Han
Ethnic minority 0.186 (0.010,1.160) 0.125
Employment status
Employed/self-
employed
Unemployed 1.110 (0.642,1.925) 0.710 | 0.899 (0.408,1.978) 0.791
Retired 2.028 (1.174,3.535) 0.012 | 2.276 (0.960,5.397) 0.062
Other 1.461 (0.887,2.421) 0.138 | 0.892(0.416,1.914) 0.769
Monthly income per capita
<2000
2000-5000 1.085 (0.752,1.566) 0.663 | 0.658 (0.375,1.154) 0.144
5000-10,000 0.491 (0.268,0.881) | 0.019 | 0.218 (0.090,0.528) 0.001
>10,000 1.368 (0.477,4.205) 0.564 | 0.585 (0.115,2.977) 0.518
Marital status
Single/married/
widowed
Married 0.928 (0.576,1.489) 0.755
Smoking habit
Never
Used to 1.173 (0.797,1.733) 0.419
Sgl‘:flff;‘gﬂy 0.867 (0.483,1.549) | 0.629
Drinking habit
Never
Used to 1.012 (0.712,1.439) | 0.947
di‘}‘fg:;y 0463 (0.142,1335) | 0.169
Family member undergoing hemodialysis
Yes
No 0.808 (0.522,1.242) 0.333 | 0.988 (0.567,1.722) 0.966
Not sure 0.069 (0.004,0.376) 0.012 | 0.305 (0.024,3.883) 0.360
Duration of dialysis
Less than 1 year
1-2 years 0.604 (0.347,1.046) 0.073
More than 2 years | 0.851 (0.553,1.305) 0.461

Continued
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Univariate analysis Multivariable analysis
Practice OR (95%CI) P OR (95%CI) P
Regular check-ups after hemodialysis treatment
Yes
No 0.447 (0.277,0.710) | 0.001 | 0.916 (0.484,1.735) 0.788
Cause of hemodialysis
Chronic
glomerulonephritis
Diabetic 1.004 (0.616,1.632) | 0.989 | 1.666 (0.830,3.345) 0.151
nephropathy
dHYPertens“’e renal | ) 310(0.830,2073) | 0247 | 2,071 (1.099,3.901) 0.024
amage
Obstructive 2541 (0.879,8.385) | 0.098 | 3.325 (0.851,12.997) 0.084
nephropathy
Other 1.668 (1.019,2.748) | 0.043 | 1.317 (0.669,2.595) 0.426

Table 2. Univariate and multivariable analysis for practice dimension. Reference groups: Age <45 years;
Male; Rural residence; Primary school or below; Han ethnicity; Employed/self-employed; Monthly

income <2000 CNY; Single/married/widowed; Never smoking; Never drinking; Family member undergoing
hemodialysis = Yes; Duration of dialysis < 1 year; Regular check-ups after hemodialysis treatment = Yes; Cause
of hemodialysis = Chronic glomerulonephritis.

Knowledge | Attitude | Practice
Knowledge | 1.000

0.682
(P<0.001)

0.711 0.622
(P<0.001) | (P<0.001)

Attitude 1.000

Practice 1.000

Table 3. Spearman correlation analysis.

Total effects Direct effect Indirect effect
Model paths B(95%CI) P B(95%CI) P B(95%CI) P
0.752 0.752

Attitude | Knowledge <0.001 <0.001

(0.710, 0.794) (0.710, 0.794)

0.726 0.388 0.337
(0.680, 0.771) <0.001 (0.294, 0.482) <0.001 (0.265, 0.410)

0.449 0.449
(0.356, 0.541) <0.001 (0.356, 0.541)

Knowledge <0.001

Practice

Attitude <0.001

Table 4. SEM direct and indirect effects.

The current findings elucidate the knowledge, attitudes, and practices of hemodialysis patients concerning
the management of AVE While a majority of participants in this study demonstrated elevated scores in their
attitudes toward AVF and attained an overall practice score of 40.75 out of 50—significantly exceeding the
‘high level” threshold of 30—a detailed analysis of the practice dimension revealed specific challenges. Certain
proactive behaviors, such as attending educational sessions and conducting regular, comprehensive assessments
of their fistulas, were reported less frequently than fundamental adherence behaviors. This discrepancy within
the practice dimension highlights a barrier to the transition from knowledge and positive attitudes to sustained,
proactive self-care actions. Such phenomena are not uncommon in health behavior research. According to
the Health Belief Model (HBM), even when patients possess adequate knowledge and a favorable attitude,
uncertainties regarding procedures, perceived risks, and low self-efficacy can obstruct the initiation of health-
related behaviors?®?”. Therefore, in AVF health education, it is crucial not only to convey knowledge but also
to apply behavioral intervention techniques—such as motivational interviewing and scenario-based simulation
training—to enhance patients’ self-efficacy and willingness to act?®%. A central feature of the data is the strong
predictive role of knowledge across the model. In both correlation and structural equation analyses, knowledge
was not only associated with attitude and practice but exerted a substantial total effect on each. The observed
pathways suggest that the internalization of key clinical information is not merely a parallel factor, but a core
component shaping behavioral participation and attitudinal stance’®3!. Furthermore, the SEM results in this
study revealed that attitude mediates the relationship between knowledge and behavior, with the indirect
path knowledge > attitude > behavior having a stronger effect than the direct knowledge - behavior path.
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Fig. 1. SEM model.

This finding underscores the importance of focusing on the cognitive-to-intentional process in educational
interventions. Improving knowledge alone may not directly translate into behavior change; rather, it is essential
to strengthen the cognitive foundation, cultivate positive attitudes, and build behavioral intention to facilitate
the transformation from “knowing” to “believing” and ultimately to “acting”?~34,

Differences in knowledge scores were particularly evident across educational levels and dialysis duration.
Patients with higher formal education tended to perform better in knowledge assessments. This outcome is
consistent with observations in chronic disease management where literacy and comprehension are closely
linked to formal educational exposure®>3*. Longer dialysis duration was also associated with higher knowledge
scores, a trend potentially attributable to repeated clinical encounters and gradual assimilation of disease-related
information over time. Such time-linked increases in procedural understanding have been described in cohorts
managing conditions that require ongoing self-care®”.

The lower scores observed among suburban patients raise specific concerns. Compared to both rural and
urban residents, this subgroup demonstrated reduced knowledge levels, a disparity that persisted even after
adjusting for socioeconomic and clinical covariates. It is possible that suburban patients occupy a structural
blind spot within current health service delivery models. Unlike rural patients who may benefit from targeted
outreach, and urban residents who typically access higher-tier services, suburban populations often lack both
proximity and prioritization in resource allocation®.

Examination of individual knowledge items reveals variation in content-specific familiarity. While basic
concepts, such as the surgical nature of AVF and general care precautions, were widely recognized, responses
to more specialized items—particularly those involving AVF complications and interventional procedures—
were less encouraging. Items related to PTA, stenosis mechanisms, and long-term fistula function received
lower recognition. This divergence between foundational and procedural knowledge has been reported in
other chronic care contexts, often resulting from inadequate reinforcement of advanced topics during standard
consultations*"*2. The limited familiarity with interventional aspects may reflect both the complexity of
these topics and a lack of tailored education following initial surgery. These observations are consistent with
recommendations in the Vascular Access Handbook for People with Kidney Disease, which emphasizes
structured patient education on access maintenance and early recognition of complications. Incorporating such
practical guidance into routine care may help close the gap between foundational knowledge and procedure-
specific understanding?®.
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Attitudinal responses were generally favorable, with most patients acknowledging the importance of shared
responsibility in AVF maintenance and expressing trust in clinical processes. However, some items revealed
uncertainty. A notable proportion of participants expressed ambivalence regarding the necessity of AVF surgery
or its associated risks. While such concerns may partially stem from personal experiences or procedural anxiety,
they may also indicate gaps in communication or insufficient contextualization of clinical information. Research
in chronic disease patient populations has shown that even when basic understanding is present, incomplete or
one-way communication about treatment risks often leads to hesitant or neutral attitudes®®%.

Multivariable analysis showed that, beyond knowledge, few demographic or economic variables consistently
predicted attitudinal stance. Regular check-ups initially appeared linked to more favorable attitudes but did not
retain predictive power when knowledge was accounted for. This may suggest that continuity of care alone does
not necessarily alter beliefs unless supported by substantive educational interactions. Some previous studies in
primary care settings have similarly highlighted that routine follow-up without structured communication fails
to modify patient expectations or concerns meaningfully*>4°.

As for practice, patients generally reported active involvement in AVF-related behaviors. The model confirmed
that both knowledge and attitude contributed to practice, with the indirect effect of knowledge through attitude
being particularly prominent. However, certain behaviors—such as attending educational sessions or conducting
regular fistula assessments—showed relatively lower frequencies. While most patients adhered to basic physical
protection and monitoring, actions that required proactive initiative or long-term consistency were reported less
often. This gap may reflect a broader challenge in chronic care, where initial engagement with self-management
often declines over time without reinforcement structures or practical scaffolds*”+3,

Practice variation by income level and age introduces further complexity. A noteworthy finding of this study
is that patients in the middle-income group exhibited lower behavior scores compared to the low-income group.
This counterintuitive result may reflect real-world constraints related to work pressure, time availability, and
limited access to healthcare services. Previous research has shown that some middle-income hemodialysis
patients, lacking flexible time or caregiving resources, often fall into a “blind spot” in healthcare utilization—
neither qualifying for subsidies nor having enough disposable time or support to engage in sustained self-
management?*->L. These structural challenges suggest that future interventions should adopt more targeted
and accessible strategies to support this population, ensuring feasible and sustainable behavior change. Patients
in mid-income brackets showed lower engagement than expected, suggesting that financial status alone does
not uniformly predict adherence. In some cases, individuals with moderate income may experience higher
occupational burden or time constraints, reducing their capacity to implement recommended behaviors. In
other health domains, such as cardiovascular risk management, similar inverted trends have been observed,
where moderate-income individuals face both limited public support and insufficient private health coverage,
creating a structural disadvantage®>>3.

These findings support the need for context-sensitive interventions. Educational materials should not only
be simplified for low-literacy groups but also adapted to address the procedural gaps identified in higher-
educated patients. Follow-up visits could include structured behavioral feedback, focusing not only on clinical
outcomes but also on patients’ engagement with recommended practices. For patients with longer dialysis
histories, individualized education refreshers might be introduced to maintain long-term adherence and prevent
information decay®**.

Suburban populations may benefit from mobile educational outreach or region-specific digital platforms,
especially if conventional health education resources remain centralized. Clinics could consider brief, structured
learning components integrated into dialysis sessions, allowing patients to review one procedural topic at a time.
For behavioral practices that require sustained effort, such as exercise adherence or at-home monitoring, pairing
patients with peer mentors who model and reinforce these behaviors has shown positive results in other chronic
disease models®®7.

This study has several limitations. First, the use of self-reported data may introduce recall or social desirability
bias, potentially affecting the accuracy of responses on knowledge, attitudes, and practices. Second, psychological
or behavioral factors such as health literacy, self-efficacy, and behavioral intention were not assessed, although
previous research has identified health literacy as an important determinant of self-management among
hemodialysis patients®®. Future studies should incorporate validated instruments such as the HeLP-CKD health
literacy scale and adopt larger, stratified, and longitudinal designs to enhance generalisability and explanatory
power”. Mixed-method approaches combining quantitative data with qualitative interviews or behavioral
observations may further improve the depth and authenticity of findings®. In addition, the study was conducted
in a single center with a convenience sample, limiting the generalisability of results to other regions. Because the
survey was conducted online, patients needed to be familiar with digital devices, which may have introduced
selection bias. Not all potentially relevant characteristics were included as covariates in the SEM, which may
leave residual confounding. As this was a cross-sectional study, the observed associations cannot be interpreted
as causal. Finally, some questionnaire items included more than one related concept to reflect clinical practice,
which may have influenced item clarity and interpretation.

Conclusion

In conclusion, hemodialysis patients demonstrated varying degrees of knowledge, attitudes, and practices
concerning the functional status of AVE, with significant interrelationships observed among these dimensions.
Targeted educational interventions that enhance patients’ understanding and attitudes may facilitate more
consistent and effective self-care practices, ultimately contributing to improved AVF maintenance and dialysis
outcomes.
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