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Introduction: This study aimed to evaluate the knowledge, attitude, and practice (KAP) of patients with multiple myeloma (MM)
regarding the disease.

Methods: This cross-sectional study was conducted among patients with MM at Ruian People’s Hospital in Zhejiang Province, China,
between August and November 2024. Data were collected using a structured questionnaire designed to gather demographic informa-
tion and assess participants’ KAP.

Results: A total of 442 valid questionnaires were analyzed. Among the respondents, 226 (51.1%) were male, and 298 (67.4%) were newly
diagnosed with MM. The mean scores for KAP were 13.70 + 5.69 (range: 0-22), 32.90 + 2.89 (range: 10-50), and 40.12 + 6.89 (range: 10-50),
respectively. Structural equation modeling revealed that duration of diseases ( = 0.097, P = 0.047) and first-visit department (§ = —0.198,
P <0.001) were directly associated with knowledge. Knowledge (B =—0.554, P < 0.001) was directly associated with attitude, which deserves
cautious interpretation. Knowledge (= 0.512, P <0.001), attitude ( =—0.628, P < 0.001), and education ( = 0.091, P =0.016) were directly
associated with practice. Meanwhile, the first-visit department (f = 0.110, P < 0.001) was indirectly associated with attitude. Knowledge
(B=0.348, P <0.001), duration of diseases ( = 0.050, P = 0.050), and first-visit department (f =—0.102, P <0.001) were indirectly associated
with practice. Given the cross-sectional design, the SEM results should be regarded as hypothesis-generating rather than confirmatory.
Discussion: Patients with MM exhibited insufficient knowledge and slightly negative attitudes. Although mean practice scores were
relatively high, important gaps persisted in key behaviors. These findings highlight the need for tailored educational strategies that
account for patients’ first-visit department and disease duration, and suggest that future interventions should address informational
gaps alongside the emotional and practical concerns associated with disease awareness.
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Introduction

Multiple myeloma (MM) is a hematologic malignancy characterized by the clonal proliferation of plasma cells in the bone
marrow, leading to complications such as bone lesions, anemia, renal dysfunction, and hypercalcemia.'> In China, the burden
of MM has increased, with an estimated 18,793 new cases and 13,421 deaths reported in 2019.> The age-standardized
incidence and mortality rates were 0.93 and 0.67 per 100,000 population, respectively, with a higher burden in males.> MM
progression is driven by interactions between malignant plasma cells and the bone marrow microenvironment, contributing to
disease persistence and treatment resistance. Although therapies such as proteasome inhibitors, immunomodulatory agents,
and monoclonal antibodies have improved outcomes, MM remains largely incurable and follows a relapsing—remitting course
requiring repeated treatment.* ® Advances in therapy have improved survival, with five-year survival rates exceeding 60% in
developed countries.”® Nevertheless, patients face ongoing challenges related to treatment complexity, cumulative toxicity,
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and long-term monitoring.” As MM increasingly resembles a chronic condition, patients must continuously adapt to evolving
treatment strategies while managing symptoms and adverse effects. This dynamic disease trajectory may influence not only
patients’ knowledge of MM, but also their attitudes toward therapy and their engagement in recommended health practices.

Beyond biomedical complexity, MM imposes a considerable psychosocial burden. Patients often report high levels of
anxiety, depression, and impaired quality of life, and qualitative work has underscored wide-ranging supportive-care
needs across the disease trajectory. These psychosocial dimensions, including emotional distress, uncertainty about
prognosis, and the cumulative impact of repeated treatment decisions, are central to the lived experience of MM and are
likely to shape how patients interpret information and engage with recommended care.'®'" In parallel, health literacy has
emerged as a key determinant of how patients with cancer understand their diagnosis and treatment options, participate in
decision-making, and navigate complex care pathways. Systematic reviews indicate that low health literacy is associated
with difficulties processing cancer-related information, poorer quality of life, and less favorable care experiences.'>' In
a chronic malignancy such as MM, where treatment regimens and prognostic information are particularly complex,
health literacy may interact with emotional burden to influence both attitudes and day-to-day self-management.

The knowledge, attitude, and practice (KAP) survey serves as a valuable diagnostic tool in healthcare research, operating
on the fundamental principle that knowledge influences attitude, which subsequently shapes behaviors.'* The KAP framework
has been widely used to assess patient understanding and behaviors in chronic diseases, positing that greater knowledge fosters
more favorable attitudes and, in turn, more adaptive health-related practices. For MM patients, studies have shown that
improved disease knowledge and understanding significantly influence treatment decision-making and adherence.'® Patient
education has been demonstrated to enhance treatment compliance and self-management behaviors, ultimately leading to
better clinical outcomes.''® Although KAP research has been conducted in various cancer populations, studies specifically
targeting MM patients remain limited. Current evidence is largely derived from investigations of healthcare professionals’
knowledge and practices related to MM, while patient-level understanding and management behaviors have been compara-
tively underexplored.® Previous KAP studies among healthcare professionals have provided important insights into their MM-
related knowledge, attitudes, and clinical practices.'”'® In the context of MM, however, this linear sequence may be
challenged by treatment toxicity, prognostic uncertainty, and the need for repeated therapeutic decisions over a prolonged
disease course. Patients who are more informed may also be more aware of relapse risk, adverse effects, and limitations of
available therapies, which could engender ambivalence, anxiety, or more critical attitudes despite higher levels of knowledge.
Consistently, further clinician-focused research has reported substantial variability in MM awareness and practice patterns,
highlighting the need to examine patient perspectives more directly.'”'® For instance, a study in the Enshi Region assessed
medical staff’s knowledge, attitude, and practice regarding MM, revealing moderate knowledge, neutral attitudes, and
proactive practices among healthcare providers.'® Similarly, a global survey on clinicians’ attitudes and practices toward
measurable residual disease (MRD) in MM indicated varied clinical practices and treatment decisions influenced by MRD
measurement.”® These studies underline the existing gap in understanding patient-specific perspectives on MM management.
The complexity of MM treatment, including combination therapies and potential complications, makes patient education and
self-management particularly crucial.>' Given the projected increase in the MM burden in China and the complexity of its
management, understanding patients’ KAP becomes increasingly crucial for developing effective patient education and
support strategies. Moreover, the prolonged and often expensive nature of contemporary MM therapy exposes many patients
to financial toxicity, which has been linked to lower treatment satisfaction and may compromise adherence. The cumulative
effects of treatment-related fatigue, symptom burden, and financial strain may foster ambivalence or negative attitudes toward
therapy, even among patients with good informational understanding. These factors suggest that the conventional assumption
that greater knowledge uniformly translates into more positive attitudes and behaviors may not hold in this setting.**

Thus, while the KAP framework offers a useful starting point for conceptualizing patient behavior, its assumptions cannot
be taken for granted in oncology. The relationships among knowledge, attitudes, and practices in multiple myeloma are likely
to be shaped by dynamic factors such as disease stage, prior treatment experience, symptom burden, and perceived prognosis,
which may attenuate, modify, or even reverse the expected direction of associations. Therefore, this study aims to assess the
knowledge, attitude, and practice of MM patients in China. To move beyond purely descriptive comparisons, we therefore
employed structural equation modeling (SEM) to examine how knowledge, attitudes, and practices are interrelated within this
complex clinical context, rather than presupposing a simple unidirectional pathway. This approach allows us to test whether
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higher knowledge is consistently associated with more positive attitudes and practices or whether, as might be expected in
a setting marked by therapeutic complexity and prognostic ambiguity, more nuanced and potentially counterintuitive patterns
emerge. Specifically, we hypothesized that: (i) knowledge would positively influence attitude; (ii) knowledge would positively
influence practice; and (iii) knowledge would exert an indirect positive effect on practice via attitude. Given the biological and
psychosocial complexity of multiple myeloma, we also recognized that the canonical KAP sequence might not hold uniformly,
and we therefore used structural equation modeling to empirically test both the expected and potentially non-linear relation-
ships among these constructs.

Methods
Study Design and Participants

This cross-sectional study was conducted at Ruian People’s Hospital between August and November 2024, focusing on
patients diagnosed with MM. Ethical approval for the study was granted by the Medical Ethics Committee of Ruian
People’s Hospital (Approval Number: YJ2024127), and informed consent was obtained from all participants prior to data
collection.

Participants were eligible for inclusion if they met the following criteria: (1) aged 18 years or older; (2) diagnosed with
MM according to the Guidelines for the Diagnosis and Management of Multiple Myeloma in China (2022 Revision);** and
(3) fully conscious and possessing adequate cognitive ability to comprehend and complete the questionnaire.

During the study period (August-November 2024), all patients with a confirmed diagnosis of MM who attended the
hematology outpatient clinic or were hospitalized in the hematology wards and met the eligibility criteria were
approached consecutively by trained research staff. Consecutive recruitment of all eligible patients during the defined
period was used to minimize selection bias. A screening log was maintained, recording the number of patients screened,
approached, and included, as well as reasons for non-participation when provided (eg., lack of time, feeling unwell).
Patients who refused to participate or withdrew consent at any stage of the study were excluded.

Questionnaire

The questionnaire was developed based on the Guidelines for the Diagnosis and Management of Multiple Myeloma in
China (2022 Revision) and the Summary of the Best Evidence for Home Self-Management in Patients with Multiple
Myeloma.”* An initial item pool was generated to cover key domains of disease-related knowledge (diagnosis,
complications, treatment, follow-up), attitudes toward disease and treatment, and self-management practices. Content
relevance and clarity were reviewed by a multidisciplinary expert panel comprising two hematologists, two oncology
nurses, and one clinical pharmacist with experience in multiple myeloma care. Panel members independently rated each
item for importance and comprehensibility, and items were refined through iterative discussion to improve wording and
avoid ambiguity, following established recommendations for content validation of health questionnaires.

A pilot test was conducted in 34 patients with multiple myeloma to evaluate the feasibility, acceptability, and internal
consistency of the questionnaire. Participants were asked to comment on item clarity and length, and minor wording
adjustments were made to improve comprehensibility based on their feedback. The overall scale demonstrated excellent
internal consistency in the pilot (Cronbach’s o = 0.947), supporting the reliability of the instrument for use in the main
study, although we acknowledge that internal consistency alone does not establish construct validity.

The finalized questionnaire (Supplementary Questionnaire), presented in Chinese, consisted of four sections: demo-

graphic information, knowledge, attitude, and practice dimensions. The demographic section collected data on age,
gender, residence, education level, occupation type, household monthly income per capita, duration of MM diagnosis,
time from symptom onset to diagnosis, first-visit department, and whether the patient was newly diagnosed or
experiencing a recurrence. Residence was classified as rural, urban, and suburban based on the official government
categorization of the patients’ primary residence. Education was categorized according to the standard Chinese school
system (primary, middle, high/technical, associate, bachelor’s or above) to reflect meaningful gradients in health literacy
and socioeconomic status, and to remain comparable with prior Chinese hematologic malignancy and KAP studies that
demonstrate better outcomes and knowledge among patients with tertiary education. Monthly household income was
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grouped into four bands (<2000; 2000—4999; 5000-9999; >10,000 RMB), reflecting commonly used thresholds separat-
ing very low, lower-middle, middle, and higher income strata in China, and mirroring income categorizations applied in
previous Chinese KAP and hematologic malignancy research. Occupation type was categorized as long-term stable
employment, temporary work, freelancer, unemployed, retired, or other, reflecting standard and non-standard forms of
employment recognized in contemporary Chinese labor research. These categories distinguish levels of job stability,
income security, and social protection, which are expected to influence patients’ time availability, financial capacity, and
access to health services, and thus their knowledge, attitudes, and practices regarding MM. Disease duration was
categorized as <l year, 1-3 years, 3—5 years, and >5 years to reflect key phases of the multiple myeloma care trajectory
in China (ie., newly diagnosed, early post-treatment, intermediate, and long-term survivorship), consistent with con-
temporary survival patterns reported in Chinese MM cohorts. The first-visit department was the department where the
patient was initially referred to for his/her symptoms.

The knowledge dimension comprised 11 items, each rated on a three-point scale: “Understand” (2 points), “Partially
understand” (1 point), and “Do not understand” (0 points), with a total possible score ranging from 0 to 22. The attitude
dimension included 10 items measured on a five-point Likert scale, with positively worded items scored from “Strongly
agree” (5 points) to “Strongly disagree” (1 point). Negatively worded items were reverse-scored to maintain consistency.
After reverse scoring, higher attitude scores represented more positive attitudes toward disease management. This section
had a total score range of 10 to 50. The practice dimension contained 10 items, assessed on a scale from “Never” (1
point) to “Always” (5 points), yielding a total score range of 10 to 50. Participants scoring above 70% of the total
possible points in the KAP dimensions were classified as demonstrating good knowledge, positive attitude, and effective
practice, respectively.”> In addition, a trap question, “20+20=50,” was included, and those who answered incorrectly
were considered to have submitted invalid questionnaires.

Questionnaire Distribution

To enhance accessibility and reduce non-response, a mixed-mode administration strategy was employed, including
paper-based, online self-administered, and interviewer-assisted completion. The content, question order, and response
options were identical across paper and online formats, and the same instruction script was used for all participants to
ensure procedural consistency across modes. A standardized written instruction sheet was provided for all modes, and
research staff used a uniform verbal script to introduce the study and explain how to complete the questionnaire. For
patients with limited literacy or visual difficulties, trained research staff or accompanying family members read each item
verbatim and provided neutral clarification of wording when necessary, without rephrasing questions or suggesting
answers. They were instructed not to offer examples, interpretations, or opinions that could influence responses, in line
with recommendations to minimize interviewer bias in survey research. Once participants fully comprehended the
content, they were given the option to complete the survey online by scanning a QR code via the WeChat platform.
For other patients, the questionnaire was distributed online by sharing the survey link through WeChat and official
institutional WeChat accounts. This approach enabled participants to conveniently access and complete the questionnaire
through the provided link. Questionnaires containing abnormal information, such as age below 18 or above 100 years, or
exhibiting logical inconsistencies, were considered invalid. Participants with missing data on any KAP item or key
covariate were excluded from the corresponding analysis.

Sample Size Calculation
The sample size for this cross-sectional study was calculated using the standard formula for estimating proportions:*®
n=(Z>xp x (1 - p)) / d* where n represents the required sample size, Z is the Z-score for a 95% confidence level (1.96),
p is the estimated prevalence of the outcome of interest (assumed to be 0.5 to maximize variability), and d is the margin
of error, set at 0.05. Substituting these values into the formula, the minimum required sample size was determined to be
384 participants. To account for a potential 10% non-response or invalid data rate, the final target sample size was set at
427 participants to ensure sufficient statistical power.

In addition to the proportion-based calculation for descriptive analyses, we considered the suitability of the achieved
sample size (N = 442) for SEM. The specified model included three latent constructs (knowledge, attitude, and practice)
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indicated by 31 observed items, along with several exogenous observed variables (eg., disease duration, first-visit
department, education). This yields a ratio of cases to estimated parameters and to indicator variables that is consistent
with commonly cited guidelines for SEM, which generally recommend total samples of at least 200 participants and
ratios of approximately 5—10 participants per estimated parameter or > 10 participants per indicator variable for models
of moderate complexity. Simulation studies also suggest that, under conditions of reasonably strong factor loadings and
reliable indicators, sample sizes in the range of 300—450 can provide adequate power and stable solutions for models of
similar complexity.?” Nevertheless, we acknowledge that these rules of thumb do not replace an a priori SEM-specific
power analysis and that our ability to detect very small effects may be limited.

Statistical Methods

Data analysis was performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA) and STATA version 18.0
(StataCorp, College Station, TX, USA). Continuous variables were presented as mean + standard deviation (SD), and the
normality of continuous variables was assessed using the Shapiro—Wilk test. For normally distributed data, independent
sample ¢-tests and one-way analysis of variance (ANOVA) were employed, while for non-normally distributed data, the
Mann—Whitney U-test and Kruskal-Wallis test were utilized. Categorical variables were expressed as frequencies and
percentages (n [%]). Spearman correlation analysis was conducted to examine the correlation among KAP scores.
Because all variables were measured at a single time point in this cross-sectional study, the SEM was used to evaluate the
plausibility of these hypothesized directional relationships and to explore potential direct and indirect pathways within
the KAP framework, rather than to establish causal effects or temporal ordering among the constructs. SEM was utilized
to test the following hypotheses: (H1) knowledge directly influences attitude, (H2) knowledge directly influences
practice, and (H3) knowledge indirectly influences practice through attitude. The model was estimated using maximum
likelihood (ML) applied to the covariance matrix. We acknowledge that the underlying KAP items are ordinal Likert-type
measures and that ML estimation under multivariate normality assumptions may be suboptimal for strictly ordinal data;
accordingly, the SEM results should be interpreted as approximate and exploratory. Model fit was assessed using the
Root Mean Square Error of Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR), Tucker-Lewis
Index (TLI), and Comparative Fit Index (CFI). To minimize model overfitting, a theoretically specified model was first
tried and then compared with more parsimonious alternative models by removing non-significant paths and re-estimating
the model. Model selection was based on theoretical plausibility and global fit indices (CFI, TLI, RMSEA, and SRMR),
with particular attention to avoiding overly complex models relative to the sample size. Sensitivity analyses were
conducted by testing alternative path structures and reduced models to assess the robustness of key associations. A two-
sided p-value of less than 0.05 was considered statistically significant.

Results

A total of 502 questionnaires were collected. The following cases were excluded: 4 cases without informed consent, 5
cases with outlier age values (17, 100, 108, 108, 117), and 51 cases with logical errors, including incorrect responses to
the trap question, resulting in 442 valid responses for analysis. The internal consistency was high across the total scale
and its subscales, with Cronbach’s a coefficients of 0.9104 for the total scale. The total scale’s KMO value was 0.9346.

Basic Information

Among the 442 patients with MM who participated in this study, 222 (50.2%) were aged 65 years and above, 226
(51.1%) were male, 259 (58.6%) resided in rural areas, 131 (29.6%) were retired, 151 (34.2%) had the disease for 1-3
years, 247 (55.9%) had their first visit in the hematology department, and 298 (67.4%) were newly diagnosed. Following
their diagnosis with MM, 337 (76.24%) received MM medication (including chemotherapy). Regarding complications,
197 (44.57%) had been diagnosed by a doctor as having an infection (including herpes zoster virus infection), and 148
(33.48%) had been diagnosed by a doctor as having a bone disease (fracture, etc). The mean KAP scores were 13.70 +
5.69 (range: 0-22), 32.90 £ 2.89 (range: 10-50), and 40.12 + 6.89 (range: 10-50), respectively. Based on the predefined
70% threshold, the mean knowledge score was 62.3%, attitude 65.8%, and practice 80.2%, indicating insufficient
knowledge, slightly negative attitudes, and generally active practices overall (Table 1).
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Table | Basic Characteristics

N=442 n (%) Knowledge | P Attitude P Practice P
mean £ SD mean £SD mean £SD
Total score 442 (100.0) 13.70 + 5.69 3290 £ 2.89 40.12 + 6.89
Age 0.366 0.050 0.044
19-54 years old 58 (13.1) 14.19 + 6.26 33.74 + 3.06 41.98 + 7.55
55-64 years old 162 (36.7) 13.81 +5.86 32.84 +2.89 40.09 + 6.75
65 years old or more 222 (50.2) 13.49 £ 541 32.72 + 2.83 39.64 £ 6.76
Gender 0.802 0918 0.208
Male 226 (51.1) 13.82 £ 5.56 3295 +2.72 40.51 + 6.87
Female 216 (48.9) 13.56 + 5.83 32.84 + 3.07 39.70  6.91
Residence 0.056 0.142 0.391
Rural 259 (58.6) 14.15 £ 5.73 32.69 + 2.66 40.46 + 6.68
Urban 144 (32.6) 13.06 + 5.58 33.16 £ 3.28 39.72£7.19
Suburban 39 (8.8) 13.03 + 5.68 3331 £2.78 3931 £7.19
Education 0.105 <0.001 0.003
Primary school or below 165 (37.3) 1291 + 5.48 3242 £ 2.74 39.10 £ 6.19
Middle school 110 (24.9) 1441 £ 578 32.75 £ 2.65 40.39 £ 7.26
High school/technical school 63 (14.3) 13.78 + 4.87 32.89 +2.75 3898 £ 7.71
Associate degree 51 (11.5) 1392 + 6.19 33.24 + 3.34 41.24 £ 6.72
Bachelor’s degree or above 53 (12.0) 14.36 £ 6.39 3438 + 3.14 42.96 £ 6.55
Occupation type 0.059 0.045 0.006
Long-term stable employment (fixed job) 96 (21.7) 14.59 £ 6.06 33.51 £2.80 41.75 +7.28
Temporary work 57 (12.9) 14.16 + 5.54 3261 28l 40.39 + 6.70
Freelancer 39 (8.8) 11.21 £ 5.60 32.36 +2.83 3751 £893
Unemployed/jobless 82 (18.6) 13.99 + 5.15 32.74 + 3.07 40.88 + 6.50
Retired 131 (29.6) 13.54 + 5.57 32.96 + 2.68 39.60 + 6.20
Other 37 (84) 13.19 + 6.08 3243 £ 3.52 3832 + 5.87
Household monthly income per capita, CNY 0.015 0.002 0.226
<2000 72 (16.3) 13.47 + 5.54 31.82 +3.32 39.18 £ 6.63
2000-4999 183 (41.4) 12.93 £ 5.59 32.86 + 2.69 39.71 £ 6.95
5000-9999 136 (30.8) 14.79 + 5.68 3323 £ 28I 40.79 + 6.97
>10,000 51 (11.5) 13.82 + 5.94 33.67 +2.82 41.10 + 6.77
Duration of multiple myeloma diagnosis 0.015 0.871 0.616
<I year 164 (37.1) 13.74 + 6.67 32.85 + 3.01 39.90 + 7.65
1-3 years 151 (34.2) 1294 £ 5.15 32.89 + 2.62 39.97 + 6.42
3-5 years 91 (20.6) 14.12 + 482 32.97 + 2.84 40.29 + 6.53
>5 years 36 (8.1) 15.58 + 4.53 33.00 + 3.63 41.28 + 6.20
Duration of diagnosis of multiple myeloma after first 0.017 0.218 <0.001
symptoms
<I week 129 (29.2) 14.35 + 6.67 33.16 £ 2.92 41.69 + 6.98
1-2 weeks 158 (35.7) 12.99 + 5.23 3264 + 3.17 3880 + 7.15
2 weeks—| month 104 (23.5) 13.72 + 461 32.99 + 2.54 39.34 + 5.64
>| month 51 (11.5) 14.20 + 6.22 32.86 + 2.58 41.80 +7.23
First-visit department <0.001 0.033 0.011
Hematology 247 (55.9) 14.55 + 5.63 3323 £2.54 41.04 + 6.61
Orthopedics 116 (26.2) 12.64 + 5.36 32.50 + 3.25 39.37 £ 6.86
Nephrology 6l (13.8) 14.00 + 5.05 32.56 + 3.22 3841 £ 7.37
Other 18 (4.1) 7.78 + 6.40 32.11 + 3.56 38.06 + 7.78
Newly diagnosed or recurrent patient 0.791 0.042 0.408
Newly diagnosed 298 (67.4) 13.53 + 6.09 33.11 £ 311 40.19 £ 7.33
Recurrent 144 (32.6) 14.03 + 4.75 3246 +2.33 39.95 £ 5.90

Notes: Bolded P-values are statistically significant (P<0.05).
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Distribution of Responses to KAP

Inspection of item-level distributions showed no evidence of complete floor or ceiling effects for the knowledge and
attitude items; although mean practice scores were relatively high, several practice items (eg., participation in MM
management courses, daily monitoring of symptoms, engagement in physical exercise) demonstrated substantial varia-
bility, indicating that important gaps remained despite overall favorable practice levels.

The distribution of knowledge dimensions showed that the three questions with the highest percentage of participants
choosing the “Do not understand” option were “Venous thromboembolism is one of the major complications of MM.”
(K4) with 20.1%, “Patients with MM should have regular follow-ups, and remote consultations through the internet can
be utilized.” (K11) with 19.9%, and “Autologous hematopoietic stem cell transplantation is a common treatment method
for multiple myeloma.” (K5) with 19.5% (Table 2).

Responses to the attitude dimension showed that 38% strongly agreed and 52.9% agreed that MM has caused
a significant negative impact on their life (A1), 34.8% strongly agreed and 53.8% agreed that they feel anxious about the
economic burden caused by the disease (AS8), and 21.9% strongly agreed and 48.2% agreed that they find it difficult to
accept chemotherapy during the course of the disease (A6) (Table 3).

Responses to the practice dimension showed that 16.1% occasionally and 5.9% never participate in courses on
managing MM (P9), 13.3% occasionally and 3.2% never monitor symptoms related to venous thrombosis daily (P3), and
9% occasionally and 2.9% never engage in appropriate physical exercise as guided by a professional (P7) (Table 4).

Consistently higher KAP scores were observed in participants who first visited the hematology department vs. non-
hematology departments. There was also a significant difference in the attitude-practice correlation between the two
subgroups (Table S1).

Correlation Analysis of KAP
Further correlation analysis revealed positive correlations between knowledge scores and attitude scores (r=0.339, P <0.001),
as well as between knowledge scores and practice scores (r = 0.493, P < 0.001). Additionally, attitude scores were positively

Table 2 Distribution of Knowledge Dimension Responses

Items, n (%) Understand | Partially Do Not
Understand | Understand

|. Multiple myeloma is not a hereditary disease, but the risk of the disease may increase for 154 (34.8%) 234 (52.9%) 54 (12.2%)

other family members of the patient.

2. The main manifestations of multiple myeloma include elevated blood calcium, kidney 154 (34.8%) 251 (56.8%) 37 (8.4%)
dysfunction, anemia, bone pain, or easy fractures.

3. Patients with multiple myeloma are more prone to infections and symptoms such as fever 179 (40.5%) 220 (49.8%) 43 (9.7%)
than normal individuals.

4. Venous thromboembolism is one of the major complications of multiple myeloma. 140 (31.7%) 213 (48.2%) 89 (20.1%)

5. Autologous hematopoietic stem cell transplantation is a common treatment method for 138 (31.2%) 218 (49.3%) 86 (19.5%)

multiple myeloma.

6. Multiple myeloma can be treated with chemotherapy, and its side effects include fatigue, 167 (37.8%) 229 (51.8%) 46 (10.4%)
nausea, vomiting, diarrhea, and limb numbness.

7. Patients with multiple myeloma who have kidney dysfunction may require hemodialysis when | 154 (34.8%) 224 (50.7%) 64 (14.5%)
necessary.
8. Patients with multiple myeloma should pay attention to self-protection management, 191 (43.2%) 215 (48.6%) 36 (8.1%)
including frequent hand washing, proper ventilation, and maintaining social distancing.

9. Patients with multiple myeloma should maintain a reasonable diet, ensuring daily nutritional | 204 (46.2%) 204 (46.2%) 34 (7.7%)
intake with light and balanced meals.
10. Before engaging in exercise, multiple myeloma patients should undergo medical evaluations by | 171 (38.7%) 231 (52.3%) 40 (9%)
professionals, including assessments of bone density, fall risk, and cardiopulmonary function.

I'1. Patients with multiple myeloma should have regular follow-ups, and remote consultations | 157 (35.5%) 197 (44.6%) 88 (19.9%)

through the internet can be utilized.
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Table 3 Distribution of Attitude Dimension Responses

Items, n (%) Strongly Agree Neutral Disagree | Strongly
Agree Disagree
I. | believe that multiple myeloma has caused a significant negative impact on my life. 168 (38%) 234 (52.9%) | 25 (5.7%) 10 (2.3%) 5 (1.1%)
2. | believe that a better understanding of the disease is crucial for treatment and prognosis. | 169 (38.2%) 242 (54.8%) | 21 (4.8%) 6 (1.4%) 4 (0.9%)
3. | believe that multiple myeloma will not relapse once it is successfully treated. 101 (22.9%) 228 (51.6%) | 21 (4.8%) 75 (17%) 17 (3.8%)
4. | am satisfied with the decisions made by doctors in the diagnosis and management of 136 (30.8%) 267 (60.4%) | 22 (5%) Il (2.5%) 6 (1.4%)
multiple myeloma.
5. 1 am willing to accept hemodialysis when necessary during the course of the disease. 117 (26.5%) 237 (53.6%) | 35 (7.9%) 34 (7.7%) 19 (4.3%)
6. | find it difficult to accept chemotherapy during the course of the disease. 97 (21.9%) 213 (48.2%) | 42 (9.5%) 65 (14.7%) | 25 (5.7%)
7. 1 am willing to accept long-term outpatient maintenance treatment after hospitalization. 122 (27.6%) 252 (57%) 22 (5%) 40 (9%) 6 (1.4%)
8. | feel anxious about the economic burden caused by the disease. 154 (34.8%) 238 (53.8%) | 28 (6.3%) 18 (4.1%) 4 (0.9%)
9. | believe that scientific and standardized self-management helps improve the quality of life | 153 (34.6%) 251 (56.8%) | 21 (4.8%) 14 (3.2%) 3 (0.7%)
for patients with multiple myeloma, delays disease progression, and extends survival time.
10. | am confident in my ability to perform self-management for multiple myeloma. 142 (32.1%) 252 (57%) 19 (4.3%) 24 (5.4%) 5 (1.1%)

Table 4 Distribution of Practice Dimension Responses

Items, n (%) Always Often Sometimes | Occasionally | Never
1. | follow the prescribed treatment for multiple myeloma. 177 (40%) 225 (50.9%) 25 (5.7%) 12 (2.7%) 3 (0.7%)
2. | pay attention to side effects that occur during treatment. 147 (33.3%) 194 (43.9%) 56 (12.7%) 40 (9%) 5 (1.1%)
3. | monitor symptoms related to venous thrombosis daily, such as shortness of 125 (28.3%) 175 (39.6%) 69 (15.6%) 59 (13.3%) 14 (3.2%)
breath, hemoptysis, chest pain, or unilateral limb pain and swelling.
4 | practice self-protection measures such as frequent hand washing, proper venti- | 162 (36.7%) 183 (41.4%) 62 (14%) 33 (7.5%) 2 (0.5%)
lation, maintaining social distancing, and avoiding unnecessary gatherings and
outings.
5. | manage my diet carefully, maintain a balanced diet, and ensure adequate 165 (37.3%) 186 (42.1%) 60 (13.6%) 28 (6.3%) 3 (0.7%)
nutritional intake.
6. | actively work on adjusting my psychological state. 155 (35.1%) 181 (41%) 72 (16.3%) 30 (6.8%) 4 (0.9%)
7. | engage in appropriate physical exercise as guided by professionals. 144 (32.6%) 170 (38.5%) 75 (17%) 40 (9%) 13 (2.9%)
8. | store and take antitumor medications appropriately under the guidance of 171 (38.7%) 191 (43.2%) 50 (11.3%) 28 (6.3%) 2 (0.5%)
healthcare professionals.
9. | participate in courses on managing multiple myeloma. 121 (27.4%) 145 (32.8%) 79 (17.9%) 71 (16.1%) 26 (5.9%)
10. | attend follow-up appointments and consultations regularly. 204 (46.2%) 184 (41.6%) 35 (7.9%) 18 (4.1%) I (0.2%)

correlated with practice scores (r = 0.463, P < 0.001) (Table 5). However, although the bivariate Spearman correlation
suggested a positive association between knowledge and attitude, the SEM path analysis showed that knowledge exerted
a negative direct effect on attitude after adjustment for other variables.

Interactions Between KAP and Other Factors

The fitting indices of the initial SEM model (RMSEA = 0.074; SRMR = 0.065; TLI = 0.806; CFI = 0.820) met the
respective threshold values, but were borderline (Table S2). After removing non-significant paths and re-estimating the
model, the final SEM demonstrated acceptable but borderline fit to the data (RMSEA = 0.071; SRMR = 0.068; TLI =
0.814; CFI = 0.828) (Table S3). The SEM results of the original model are shown in Table S4 and Figure S1. In the final
model, SEM analysis showed that the duration of diseases ( = 0.097, P = 0.047) and first-visit department (f = —0.198,

Table 5 Spearman Correlation Analysis

Knowledge Attitude Practice

Knowledge | 1.000
Attitude 0.339 (P<0.001)
Practice 0.493 (P<0.001) | 0.463 (P<0.001) | 1.000
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Figure | Structural equation modeling of the final model. Oval shapes represent latent variables. The measured variables are drawn in rectangular shapes. The circles with
the caption starting with “e” indicate measurement errors in each observed variable. Solid straight lines refer to direct effects, while curved solid lines represent indirect
effects. Each number on the arrows indicates an individual standardized regression coefficient of each dependency.

P < 0.001) were directly associated with knowledge. Knowledge (B = —0.554, P < 0.001) was directly associated with
attitude. Knowledge (B = 0.512, P < 0.001), attitude (B = —0.628, P < 0.001), and education (f = 0.091, P = 0.016) were
directly associated with practice. Meanwhile, the first-visit department (f = 0.110, P < 0.001) was indirectly associated
with attitude. Knowledge (f = 0.348, P < 0.001), duration of diseases (B = 0.050, P = 0.050), and first-visit department
(B =-0.102, P < 0.001) were indirectly associated with practice (Table S5 and Figure 1). The knowledge-attitude path
persisted across models in which potentially influential covariates were removed, suggesting that the association is not
solely driven by model complexity; however, the attenuation of the effect in some specifications indicates that it should
be interpreted with caution (Tables S6, S7 and Figure S2).

Discussion

Patients with MM exhibited insufficient knowledge and slightly negative attitudes. Although mean practice scores were
relatively high, important gaps persisted in key behaviors. This study suggests priority areas and target groups for
educational initiatives, but it does not directly assess the impact of specific educational methods. Educational strategies
should therefore be considered as hypotheses for future interventional research. This study extends the limited literature
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on patient-level KAP in MM by integrating knowledge, attitudes, and practices within a multivariable structural frame-
work. While KAP surveys are well established in public health and chronic disease research, their application to
a biologically complex, relapsing hematologic malignancy remains rare, and few prior studies have formally modeled
interrelationships among KAP domains in this context. Our findings should therefore be viewed as hypothesis-generating
rather than definitive, providing an initial empirical exploration of how informational, attitudinal, and behavioral
dimensions may interact in patients with MM.

Previous research has consistently shown that patients with chronic and complex diseases often lack an adequate
understanding of their condition, which can hinder effective disease management and adherence to treatment plans.?*2° In
this study, many patients also demonstrated limited awareness of MM-specific complications and treatments. For instance,
a considerable proportion of patients lacked knowledge about venous thromboembolism as a major complication and were
unfamiliar with common treatments such as autologous hematopoietic stem cell transplantation. Similar gaps in disease
knowledge have been reported in studies on other hematological malignancies, where patients’ limited understanding directly
affected their ability to recognize symptoms and adhere to prescribed treatments.**>' These findings underscore the urgent
need for more effective patient education strategies tailored to the complexities of MM. Additionally, patients diagnosed in
specialized hematology departments demonstrated higher knowledge levels compared to those diagnosed in other depart-
ments, such as orthopedics or nephrology. This discrepancy highlights inconsistencies in patient education across medical
specialties, a challenge similarly noted in studies examining disparities in cancer care education across healthcare systems. >
These disparities suggest that standardized patient education protocols across departments are necessary to ensure that all
patients receive comprehensive and consistent information regardless of their point of diagnosis. Nevertheless, the pattern of
knowledge gaps observed in this study is consistent with clinical experience and prior reports indicating that venous
thromboembolism and autologous hematopoietic stem cell transplantation are often under-recognized aspects of MM care
among patients. Despite the well-documented increased risk of blood clots in patients with hematologic malignancies,
including multiple myeloma, a substantial proportion of our participants reported limited understanding of thrombosis risk
and preventive strategies, underscoring the need to strengthen education on these topics.

At a biological level, multiple myeloma is sustained by a complex bone marrow microenvironment in which malignant
plasma cells depend on and reshape their niche. Bone marrow stromal cells, osteoclasts, endothelial cells, and immunosup-
pressive cell populations provide growth and survival signals (eg., interleukin-6, insulin-like growth factors) and foster
immune escape, allowing myeloma cells to persist and adapt under therapeutic pressure. Mechanisms such as cell-adhesion-
mediated drug resistance, immune checkpoint upregulation, and T-cell dysfunction contribute to a form of ecological
resilience in which drug resistance is effectively seeded during precursor stages, including MGUS and smoldering myeloma,
and becomes clinically evident as the disease evolves and successive therapies are exhausted.*® By contrast, patient
awareness seldom mirrors this biological complexity. Patients typically encounter myeloma as a sequence of clinical events
(diagnosis, response, relapse, treatment change) without direct access to the microenvironmental dynamics that silently
anticipate therapeutic failure. This discrepancy between the biological ecosystem sustaining disease persistence and the
partial, sometimes fragmented understanding available to patients may help explain why increased knowledge can coexist
with, or even amplify, anxiety and ambivalence about treatment, particularly when therapeutic targets are perceived in
isolation rather than within the broader context of disease evolution.

The correlation analysis indicated positive associations between knowledge, attitude, and practice, suggesting that
enhanced knowledge could support improved health behaviors. However, SEM revealed a more complex pattern, with
higher knowledge associated with a more negative attitude despite the positive bivariate correlation. This finding should
be interpreted cautiously, given the cross-sectional design and borderline model fit. Two main mechanisms may explain
this discrepancy. First, a statistical explanation: in multivariable modeling, suppressor effects can lead to differences
between bivariate and adjusted associations, such that the direction of a relationship changes after accounting for other
variables.>* Second, a substantive explanation: greater knowledge may increase awareness of disease severity, relapse
risk, treatment burden, and financial toxicity, thereby fostering anxiety or ambivalence despite improved understanding.
This is supported by the high proportion of patients reporting anxiety about economic burden (73.6%) and difficulty
accepting chemotherapy (70.1%), consistent with the concept of the “burden of knowing” in oncology.*>*® Together,
these findings suggest that the negative association between knowledge and attitude reflects the complex psychological

10 https: Patient Preference and Adherence 2026:20



Zhou et al

impact of disease awareness rather than a simple causal effect, highlighting the need for cautious interpretation and for
integrating psychological support into patient education strategies.

Despite these knowledge and attitude challenges, mean practice scores were relatively high, including adherence to
prescribed treatments and regular follow-up visits. However, participation in educational programs on disease manage-
ment was notably low, indicating a disconnect between patients’ knowledge levels and their engagement in comprehen-
sive self-management strategies. This pattern mirrors findings in other chronic disease populations, where patients often
comply with basic treatment recommendations but fail to fully engage in preventive or educational activities due to
limited awareness or motivational barriers.*®*” Moreover, the negative influence of attitude on health practice, as
demonstrated by the SEM analysis, suggests that emotional distress may act as a barrier to consistent self-
management behaviors. This observation is consistent with existing research highlighting the role of emotional resilience
and psychological support in promoting sustained health behaviors among patients with chronic conditions.*®

The observed patterns in KAP should also be interpreted in light of the broader psycho-oncological context. Prior work has
shown that patients with MM frequently experience substantial psychological distress and unmet supportive-care needs.>” At
the same time, low or limited health literacy is common in oncology and has been associated with poorer understanding of
cancer information and less favorable outcomes. In our cohort, higher knowledge may coexist with heightened awareness of
treatment toxicity, risk of relapse, and financial burden, potentially contributing to more ambivalent or negative attitudes
despite better informational scores.''** This multidimensional context offers a plausible explanation for the counterintuitive
negative association between knowledge and attitude observed in the structural model and underscores the importance of
integrating emotional, cognitive, and financial factors when interpreting KAP relationships in MM. Our findings align with
patient-reported outcomes research in MM, which has highlighted the cumulative burden of symptoms, treatment-related side
effects, and financial strain on patients’ quality of life and satisfaction with care.'®'" Positioning KAP constructs alongside
these domains may help identify patient subgroups who are both informationally vulnerable and psychosocially burdened, and
who might benefit most from tailored supportive and educational interventions.

Disease duration emerged as a significant factor in our analysis, showing direct effects on knowledge and indirect effects
on both attitudes and practices. Patients with a longer disease duration demonstrated better disease knowledge, likely due to
accumulated experience with symptoms, treatments, and healthcare interactions.*®*' However, this increased knowledge and
extended experience with the disease indirectly led to more complex attitudes and practices, suggesting that long-term patients
may develop different support needs as they progress through their disease journey.**** This finding highlights the importance
of providing tailored educational interventions that account for patients’ disease duration and evolving needs throughout their
MM journey. For newly diagnosed patients, educational efforts may need to prioritize basic understanding of the disease,
treatment intent, and initial regimen, whereas patients with longer disease duration may require more nuanced support focused
on managing cumulative toxicity, navigating successive lines of therapy, and addressing fatigue and financial burden.
Designing phase-specific educational and supportive care programs that explicitly account for disease duration could therefore
improve alignment between content and patients’ stage-specific concerns.

Patients whose first visit for myeloma-related symptoms occurred in orthopedics or nephrology had significantly
lower knowledge scores than those initially seen in hematology, highlighting gaps in disease-specific education at these
entry points. This finding suggests a need for standardized referral pathways and educational hand-offs whereby
clinicians in non-hematology departments (eg., orthopedics managing pathological fractures, nephrology treating mye-
loma-related renal impairment) provide clear information about the suspicion of multiple myeloma and promptly refer
patients to specialized hematology care, in line with optimal care pathway recommendations. Embedding basic myeloma
education and referral checklists into these services, potentially supported by patient navigation programs, may help
reduce informational disparities associated with the first-visit department.

To effectively address these challenges, healthcare providers should implement comprehensive educational interventions
that not only deliver accurate medical information but also address the emotional and psychological needs of patients.
Educational content should be designed to be accessible and understandable, utilizing diverse delivery methods such as
interactive workshops, visual aids, and digital platforms. Importantly, integrating psychological counseling into educational
programs could help mitigate the anxiety that may arise from increased disease awareness, fostering a more positive attitude,
and improving adherence to self-care behaviors. Similar integrated interventions combining education and psychological
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support have been successful in other patient populations, leading to better mental health outcomes and improved disease
management.“’45 Furthermore, establishing standardized patient education protocols across all departments is essential to
eliminate discrepancies in information delivery. Such standardization has proven effective in multidisciplinary cancer care
models, where consistent educational practice has led to improved patient engagement and health outcomes.***” Educational
content should specifically target weak areas identified in this study, including knowledge of venous thromboembolism,
autologous stem cell transplantation, and participation in MM management courses.

Addressing socioeconomic disparities is equally critical in enhancing patient knowledge and practice. This study
found that patients with lower educational attainment and unstable employment exhibited poorer knowledge and less
effective health practices, reflecting broader social determinants of health. Socioeconomic challenges often limit patients’
access to educational resources and healthcare services, ultimately affecting their capacity for effective disease
management.*®*’ Healthcare systems should prioritize targeted interventions for socioeconomically disadvantaged
groups, such as providing free or low-cost educational workshops, developing community outreach programs, and
offering financial counseling services. Community-based interventions tailored to underserved populations have been
shown to significantly improve disease knowledge and management behaviors in various health contexts.’®>' Consistent
with intuitive expectations and prior KAP-based research in oncology and chronic disease populations, higher knowledge
and higher educational attainment were associated with more active self-management practices in our cohort. These
results largely reinforce existing evidence that informational and socioeconomic resources facilitate engagement in
recommended behaviors, rather than representing fundamentally new relationships.

Moreover, healthcare providers should explore innovative methods for patient engagement, such as integrating mobile
health applications and telemedicine services to deliver personalized educational content and support. These digital tools
can help bridge gaps in health literacy and provide ongoing guidance, especially for patients who face logistical
challenges in accessing in-person services. Evidence from chronic disease management programs suggests that digital
health interventions can improve patient knowledge, self-efficacy, and adherence to treatment regimens.’>"
Additionally, involving family members in educational initiatives may provide patients with essential social support,
further encouraging positive health behaviors. Based on these findings, it is recommended to implement phase-specific
patient education, integrate psychological counseling into routine care, and promote multidisciplinary collaboration.
Digital tools and community-based programs should also be developed to enhance disease understanding and self-
management, particularly among disadvantaged populations.

This study has several limitations. First, this study was conducted at a single center, which may limit the general-
izability of the findings to other regions, healthcare settings, or populations with different sociodemographic or cultural
characteristics. The results should therefore be interpreted as most applicable to populations similar to our study site, and
caution is warranted when extrapolating to other contexts. Second, its cross-sectional design prevents the establishment
of causal relationships between knowledge, attitude, and practice. In addition, the SEM was estimated using cross--
sectional data, which precludes causal inference and may be subject to residual confounding. Because this was an
observational, cross-sectional study, we were unable to evaluate the effectiveness of any specific educational interven-
tions; any suggestions regarding educational approaches are therefore speculative and intended to guide future research
and program development rather than to prescribe particular methods. Third, model fit indices were borderline,
suggesting that the specified relationships do not fully capture the underlying structure of the data. Consequently, the
negative association between knowledge and attitude should be regarded as tentative and requires confirmation in
longitudinal or experimental studies with alternative model specifications. Fourth, another important limitation is the
reliance on self-reported questionnaire data, which is inherently subject to recall bias and social desirability bias.
Participants may have over-reported socially acceptable responses or under-reported behaviors perceived as undesirable,
potentially leading to misclassification of knowledge, attitudes, and practices and biasing the observed associations. In
addition, the questionnaire was newly developed for this study, and although it was based on national guidelines and
best-evidence summaries and demonstrated high internal consistency in pilot and main samples, we did not perform
formal exploratory or confirmatory factor analysis to establish its latent structure. As a result, the construct validity and
dimensional stability of the KAP domains remain incompletely characterized, and the use of structural equation modeling
with these latent variables should be interpreted as exploratory. Future research should include more comprehensive
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psychometric evaluation, including content validity indices, factor analysis, and item-level discrimination, to strengthen
the measurement foundation for latent variable modeling. Although our model incorporates several clinical/contextual
variables, including disease duration and first-visit department, it does not capture key biological and treatment-related
determinants that shape the course and management of MM. Fifth, the study was conducted at a single hospital, which
may restrict the generalizability of the findings due to potential differences in patient demographics, healthcare access, or
treatment practices across different regions or countries. Sixth, although efforts were made to accommodate patients with
low literacy, the use of an online questionnaire may have excluded less digitally literate individuals, potentially
introducing selection bias. In addition, our quality-control procedure excluded 51 questionnaires that contained logical
inconsistencies or incorrect responses to the embedded trap question (“20 + 20 =507). Although this step was intended to
improve data quality, it may have disproportionately excluded older patients or those with lower educational attainment,
who may be more likely to misinterpret the trap item or to make inadvertent errors when completing the questionnaire
independently. Such differential exclusion could have led to an overestimation of the average knowledge level and may
have altered the observed relationships among KAP domains. Future studies should carefully weigh the benefits of
quality-control exclusions against the risk of introducing selection bias, and consider whether alternative approaches (eg.,
sensitivity analyses including and excluding trap-question failures) can help evaluate the robustness of the findings.
Although we used consecutive recruitment of eligible patients and standardized procedures for mixed-mode question-
naire administration, we cannot exclude selection bias or residual interviewer influence, particularly for attitude and
practice items completed with assistance. These factors may affect the generalizability and internal validity of the
findings. Finally, although the KAP items were originally collected on ordinal scales, our SEM treated the domain scores
as continuous variables and used maximum likelihood estimation, which does not fully account for the ordinal nature of
the underlying data. This choice may affect the accuracy of standard errors and fit indices, and the SEM findings should
therefore be interpreted with caution. Future studies should consider SEM approaches tailored to ordinal data, such as
robust ML or WLSMYV applied to polychoric correlation matrices, particularly when modeling item-level responses.
Future research should aim to externally validate these findings in independent samples and across multiple centers with
more diverse patient populations. Multicenter studies using the same measurement instruments and analytic framework
would allow assessment of the stability of the factor structure, path coefficients, and overall model fit across settings,
thereby strengthening the external validity of the conclusions.

In conclusion, this single-center, cross-sectional study identified insufficient disease-related knowledge and generally
less favorable attitudes among patients with multiple myeloma, alongside practice patterns that were relatively favorable
for some core behaviors but clearly suboptimal in others (eg., structured education, symptom monitoring, and physical
activity). The observed associations among knowledge, attitudes, practices, and clinical/contextual factors (such as first-
visit department and disease duration) suggest that both patient-level and system-level determinants may shape self-
management in this population, but these relationships are exploratory and cannot be interpreted as causal. Taken
together, the findings indicate that tailored, phase-specific educational and supportive strategies may be warranted,
ideally integrated into multidisciplinary care pathways that address informational gaps as well as emotional and practical
concerns; however, longitudinal and interventional studies in larger, more diverse cohorts are needed to confirm these

patterns and to determine which specific approaches are most effective in improving patient experience and outcomes.
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