Research Article W THIPH
S

Arm Lymphedema Prevention Adherence Questionnaire:
Validation and HAPA Model Application in Breast Cancer
Postoperative Patients

Qiong Wu', Orawan Kaewboonchoo', Paul Ratanasiripong?, Lalita Kaewwilai’

1Faculty of Public Health, Mahidol University, Bangkok, Thailand, 10400

2California State University, Long Beach, USA, CA 90840

Correspondence: Orawan Kaewboonchoo, Faculty of Public Health, Mahidol University, 420/1 Ratchawithi
RD., Ratchathewi District, Bangkok 10400. Thailand, 10240, E-mail: orawan.kae@mahidol.ac.th

Received: November 30 2025; Revised: February 25 2026; Accepted: March 22 2026

Abstract

Objective: Arm lymphedema is a common, lifelong postoperative complication in breast cancer

survivors, and adherence to prevention behaviors may help reduce its occurrence. This study
aimed to validate the modified questionnaire on adherence to arm lymphedema prevention
behaviors and examine the strength of the relationship between constructs of the Health Action
Process Approach (HAPA) model and adherence to arm lymphedema prevention behaviors among
breast cancer postoperative patients. Methods: A cross-sectional study was conducted from

August to November 2024. Exploratory factor analysis (EFA) assessed construct validity, and

Cronbach’ s (X evaluated reliability. Path analysis using Structural Equation Modelling (SEM)
tested the HAPA model and relationships among variables. Results: EFA supported a three-factor

structure for the modified questionnaire with an overall Cronbach’ s (X of 0.92. In the pre-
intentional motivational phase, the path coefficients demonstrated a statistically significant effect
of risk perception, outcome expectancy and action self-efficacy on behavioral intention. In the
post-intentional volition phase, the path from behavioral intention and coping planning to
adherence to arm lymphedema prevention behaviors showed significant effects. However, the
effect of coping self-efficacy and action planning on adherence to arm lymphedema prevention
behaviors was not significant. Conclusion: The modified questionnaire demonstrated good
construct validity and reliability. Risk perception, outcome expectancy and action self-efficacy
were key determinants of behavioral intention; behavioral intention and coping planning (excluding
coping self-efficacy and action planning) influenced adherence. The results provide a basis for

interventions to improve adherence to arm lymphedema prevention behaviors in postoperative
I —
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breast cancer patients, potentially reducing lymphedema incidence and improving postoperative

quality of life.

Keywords: Adherence to arm lymphedema prevention behaviors, HAPA model, Structural
equation modelling, Validation questionnaire sustainability
What was Known

® Arm lymphedema is a common, lifelong postoperative complication in breast cancer

survivors, and the rate of adherence to prevention behaviors varies.

® The HAPA model incorporates various motivational and volitional constructs to

describe the factors influencing the adoption and maintenance of health behaviors.
What’s New and Next

® Provides a validated questionnaire to measure adherence to arm lymphedema

prevention behaviors in postoperative breast cancer patients.

Identifies key HAPA model determinants of behavioral intention and adherence, informing

intervention design
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Introduction

Arm lymphedema is a common complication for postoperative breast cancer survivors
within 10 years" which is also referred to as breast cancer-related arm lymphedema (BCRaL). In
China, a 3-year incidence rate of breast cancer-related lymphedema (BCRL) was found to be
17.57% among patients who underwent breast surgery or breast reconstruction for breast cancer
based on retrospective data from the electronic medical record system®. The prevalence of arm
lymphedema among postoperative breast cancer survivors over a 10-year period was found to be
49.0%.1 Lymphedema can not only cause significant physical disabilities, such as pain, tension,
heaviness, and even impairment of spinal function® but it can also lead to psychosocial
problems, such as negative effects on work, home, and leisure activities, significantly decreasing

the quality of life®®).

Moreover, women with arm lymphedema may experience increased
psychological distress, including frustration, distress, depression, and anxiety!”). Lymphedema
cannot be cured and must be monitored throughout the patient’s lifetime®. Therefore, it is

necessary to reduce the risk of developing this condition through prevention.

Arm lymphedema prevention involves a comprehensive set of behaviors aimed at
minimizing risk and managing symptoms. Risk-reduction behaviors include assistance care (e.g.,
avoiding blood pressure measurement and injections on the affected arm), limb care (e.g., avoiding
tight objects, heat or sun exposure, trauma, and heavy lifting), skin care (e.g., maintaining
cleanliness and moisturization, avoiding cuticle cutting, and using electric razors for hair removal),
and lifestyle strategies (e.g., wearing protective gloves and loose clothing ©'%1"'2 | ymphedema
management techniques include upper limb exercises, use of compression garments, self-
lymphatic drainage, regular monitoring of limb changes, and arm circumference
measurement('®141518) Maintaining a healthy diet and appropriate weight is also recommended as

part of overall lymphedema care!'?.

Despite the recognized benefits of arm lymphedema prevention behaviors, adherence
remains suboptimal and varies widely across studies. Overall adherence to arm lymphedema self-
management is approximately 40%". Reported adherence rates differ by behavior, with higher
adherence to assistance care (89.3%) than to limb care (61.2%) and exercise-related care (42.7%)
among patients undergoing axillary surgery for breast cancer®. Among patients with breast
cancer-related lymphedema (BCRL), only 19.5% adhered to all recommended self-management
behaviors"® and 39.1% reported regular self-care practice". Higher adherence is associated
with greater limb volume reduction(™®, whereas poor adherence is linked to increased arm volume

|
Thai Journal of Public Health Vol. 56 No. 1(Jan-Apr 2026) www.ph.mahidol.ac.th/thjph/



Arm Lymphedema Prevention Adherence Questionnaire WU ET AL.
|
and progression to more advanced stages of BCRL."® These findings highlight the need to
improve adherence to arm lymphedema prevention behaviors to reduce the incidence and severity

of lymphedema.

Although the terms adherence, compliance, and concordance are often used
interchangeably, they reflect different conceptual emphases. Compliance denotes passive
obedience to medical instructions, whereas adherence emphasizes patients’ active, autonomous
engagement in agreed treatment plans, and concordance focuses on shared decision-making
between patients and healthcare providers®®2'222324  Accordingly, the term adherence was

adopted in this study.

Adherence to arm lymphedema prevention behaviors was assessed using a modified
version of the Lymphedema Self-Management Behavior Questionnaire (LSMBQ)®. The original
22-item, six-dimension scale was adapted by removing the emotional and role management
dimensions to align with the study aims, and by adding two researcher-developed items
addressing arm exercise adherence and affected limb circumference measurement based on the
literature. Because modifications to scale items may alter the underlying construct, validation of
the modified LSMBQ was necessary; therefore, the primary aim of this study was to examine the

construct validity of the revised instrument®®.

The Health Action Process Approach (HAPA) model is a social-cognitive framework that
explains health behavior change through two sequential phases: a pre-intentional motivational
phase (risk perception, outcome expectancy, and action self-efficacy) and a post-intentional
volitional phase (action planning, coping planning, and self-efficacy for coping and recovery),
highlighting planning as the bridge between intention and behavior?”:?82%30 By distinguishing
different stages and types of self-efficacy, the HAPA model helps explain how motivation is
translated into sustained action and addresses the intention-behavior gap®®. Given its
successful application in predicting and explaining adherence across diverse health behaviors,
including chronic disease management and preventive practices®'®233, therefore, this study
adopts the HAPA model to assess its applicability to adherence to arm lymphedema prevention

behaviors and to examine the relationships between HAPA constructs and adherence outcomes.

Based on the above evidence, there's no validated measurement tool for arm lymphedema
prevention adherence in this context and HAPA model application. This study aimed to assess the

construct validity of questionnaire on adherence to arm lymphedema prevention behaviors, and
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examine the strength of the relationship between the HAPA model constructs and adherence to

arm lymphedema prevention behaviors among breast cancer postoperative patients.

Materials and Methods

1. Study Design

A cross-sectional research design was conducted in this study. This study was conducted
at a public tertiary hospital in Shandong Province, China from August to November 2024. This
hospital is an important medical center in the southern region of Shandong Province (Lunan

region).

2. Participants
Participants were recruited from patients diagnosed with early stage of breast cancer and who
had postoperative treatment at the hospital's breast cancer surgery departments. Inclusion

criteria: patients who underwent breast cancer surgery with axillary lymph nodes dissected or had

25 sentinel lymph nodes removed; age 218 years old. Exclusion criteria: patients who received
other treatments, such as chemotherapy or radiation therapy; have impaired cognitive
performance. The sample size of this study was confirmed based on the estimated parameter-to-
sample ratio (q:N), which ranges from 1:5 to 1:20%®. Based on the HAPA model, the number of
parameters is 8, and the sample size ranged from 40 to 160. With a potential 20% drop-out rate,
the sample size estimate was around 50 to 200. Finaly, a total of 210 participants were recruited

in the study.

3. Measurements

Demographic characteristics include age, height, weight, educational level, marital status,
occupation, monthly family income, and surgical side. BMI was calculated using the formula: BMI

= weight (kg)/height squared (m?)

Adherence to arm lymphedema prevention behaviors was assessed using modified the
Lymphedema Self-Management Behavior Questionnaire (LSMBQ) for the current study?. LSMBQ
includes lymphedema risk minimization behaviors and lymphedema care techniques. The LSMBQ
consists of 22 items and 6 dimensions. The dimensions included disease information management
(3 items), diet and exercise management (3 items), the affected limb protection management (6
items), promotion of lymph reflux management (3 items), emotional management (3 items), and
role management (4 items). Each item was responded by a 5-point Likert rating from 0 (never) to 4
(always). The higher score indicates the better lymphedema prevention behavior. The LSMBQ
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measures lymphedema risk minimization behaviors and lymphedema care techniques, but doesn’t
include the affected limb circumference measurement and arm exercise, only physical exercises
like deep breathing exercises, resistance exercises and aerobic exercises. The LSMBQ was
choose after deleting the dimensions of emotional management and role management in this
questionnaire due to not mention information about them in the present study based on the
research aims, and two multiple questions were added, which developed by researchers based
on a literature review, include statements such as 'l can adhere to do arm exercise in daily life, as
recommended', and 'l can adhere to measure the circumference of the affected limb myself or

family members, as advised recommended'.

Arm lymphedema risk perception was measured by 4-items scale, which was developed
based on a risk perception questionnaire (in Chinese) in women with breast cancer-related
lymphedema with 22 items®¥. Based on the current research aims, 4-items scale were developed,
including (7) / believe | am at risk of developing arm lymphedema after surgery, (2) If | develop arm
lymphedema, it will significantly impact my daily life, (3) | believe I can take steps to reduce my risk
of developing arm lymphedema, (4) | understand what factors may increase my risk of developing
arm lymphedema. Each item is rated on a 5-point Likert scale from 1 (completely disagree) to 5

(completely agree). Scale mean scores were calculated. Higher score indicates a greater level of

risk perception. Cronbach’s ( was 0.85.

Arm lymphedema outcome expectancies were measured by 4-items scale®. The 4-items
was: “/f I/ regularly engage in lymphedema prevention behaviors, then...” (1) | feel more in contro/
of my arm health, (2) | experience less swelling and discomfort in my arm, (3) feel more confident
in my appearance and arm function, (4) | feel stronger and more capable of managing my

condition. Each item is rated on a 4-point Likert scale from 1 (not at all) to 4 (Exactly truée). Scale

mean scores were calculated. Higher score indicates a greater level of outcome expectancies.

Cronbach’s (X was 0.78.

The Perception, Intention, and Ability to Change (PIAC) scale was used to assess patients’
arm lymphedema-related intentions®. The PIAC scale consists of 9 items, two dimensions:
perceptions/intentions (5 items) and ability/implementation (4 items). Each item uses a 5-point
Likert rating from 'O = Never' to '4 = Always.' The scores for item 3 and 4 are reversed. The total
score of the PIAC ranges from 0 to 36. Higher scores indicate a stronger intention to change

behaviors. The PIAC has been used for cancer patients®”. The scale exhibits internal consistency
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among its 9 items (Cronbach’s a = 0.75)®®. The modified PIAC with 7 items (deleting items 3 and

4) was used in this study, and the total scores from 0 to 28. Higher scores indicate a stronger

intention to change behaviors. Cronbach’s ( was 0.88.

The General Self-Efficacy Scale (GSE) is used to test the patients’ self-efficacy®®. The
Simplified Chinese version of the General Self-Efficacy Scale was used in this current study to
assess patients’ arm lymphedema self-efficacy, which consists of 10 items and 2 dimensions:
action self-efficacy (items 1, 6, 7, 8, and 9) and coping self-efficacy (items 2, 3, 4, 5, and 10)®.
Participants were asked to indicate their responses using a 4-point Likert-type scale ranging from

1= Not at all true' to '4= Exactly true'. The total score ranges from 10 to 40, with higher scores

indicating greater self-efficacy. Cronbach’s (X was 0.86.

The Action and Coping Planning Scale (ACPS) was used to assess patients’ engagement
in arm lymphedema-related action planning and coping planning“?. The ACPS consists of 10
items with action planning and coping planning as two dimensions. Each item is rated on a 5-point
Likert scale from 1 (completely disagree) to 5 (completely agree). The total score ranges from 10
to 50, with higher scores indicating greater action planning and coping planning. The modified

ACPS was used to assess patients’ engagement in arm lymphedema-related action planning and

coping planning. Cronbach’s (X was 0.92.

4. Data Collection

Convenience sampling was used for participant recruitment due to its accessibility*'. First,
the researcher explained the purpose, methodology, content, and data collection process of the
survey to the participants. Then, participants who agreed to take part in the study were asked to
complete a self-report questionnaire immediately. The survey took approximately 10-15 minutes

to complete. It was anonymous, and participants were allowed to withdraw during the survey.

5. Data analysis

Data analysis was conducted using IBM SPSS 26 and Amos 28. Mean and standard
deviation (SD) were used to report continuous data, while percentages were used for categorical
data. The correlation between the measured variables was determined using the Pearson’s
correlation coefficient. Exploratory factor analysis (EFA) was used for the modified scale to ensure
that the additional items aligned with the original scale. Values for Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy and Bartlett’s test of sphericity (preferably significant) were used

to assess the suitability of data for factorization. Parallel analysis was conducted to determine the
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number of factors to extract, and an oblimin rotation was applied to allow for correlated factors.
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Items with factor loadings = 0.40 were considered acceptable. Cronbach’s o technique was used

for reliability analysis.

Path analysis using structural Equation Modelling (SEM) was used to test the HAPA model

and explore the strength of relationships between multiple variables. SEM was performed using

the maximum likelihood (ML) estimation method. The normed chi-square (xz/df), root mean square

error of approximation (RMSEA), goodness of fit index (GFI), comparative fit index (CFl), adjusted

goodness of fit index (AGFI), and TLI were used to assess the model overall fithess. The acceptable

fit indices for the model were evaluated using the following criteria: Xz/df < 3, RMSEA < 0.08, both

GFI, AGFI, CFI, TLI > 0.90. Statistical significance was set at p<0.05.

Result

Table 1 Descriptive statistics for demographic characteristics (N=201)

n % n %
Educational level Marital status
Elementary school or below 78 38.8 Married 178 88.6
89 44.3 Single/ Divorced/ 23 11.4
Junior high school
Widow
Senior high school 17 8.5  Family Income (monthly/yuan)
University/college 17 8.5 <3000 107 53.2
Occupation 3000-4000 66 32.8
Government employee 10 5.0 24000 28 13.9
Private sector worker 22 10.9 Surgical Side
Self-employed 152 756 Right side 96 47.8
Retired 17 8.5 Left side 83 41.3
Both sides 22 10.9
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1. Characteristics of participants

Of the 210 questionnaires administered, 9 questionnaires had more than 50% of missing
data. 201 participants completed all questionnaires. The participation rate was 95.7%.
Participants’ demographic characteristics are presented in Table 1. Participants’ average age was
52.76 years (SD = 9.43, range 24-81 years), and most were married (88.6%). Most participants
completed Junior high school (44.3%) and elementary school or below (38.8%). The majority

(75.6%) were self-employed, while government employees accounted for the smallest proportion
at 5.0%. Only 13.9% of participants has a family monthly income 2 4000 yuan, and 53.2% had

surgery on the right side. Participants’ average BMI was 24.93 (SD=3.38, range 16.61-33.06
kg/m?), with height ranging from 145 to 186cm and weight from 42 to 90kg.

2. Psychometric Properties

The original and modified scale of LSMBQ were shown in Appendix. Items 16-22 in the
emotional management and role management dimensions of original scale were deleted, and new
items 16 and 17 were added based on the research purpose.

Exploratory factor analysis (EFA) was conducted using Principal Axis Factoring to explore
the structure of the modified LSMBQ. The Kaiser-Meyer-Olkin (KMO) was 0.91 and Bartlett’s test
of sphericity was 1,743.30 (p < 0.001), which confirmed that the data were suitable for factor
analysis. Three factors, which accounted for 60.37 % of the cumulative total variance explained,
were extracted for the 17-item scale. The eigenvalues, total variance explained and the number of
factors is shown in Table 2. The Scree plot (Fig. 1) also indicated a three-factor model, which was
confirmed with parallel analysis. Table 3 presents the factor loadings on each factor. Six items
loaded on factor one (lymphedema care techniques management), and items loadings for factor
one ranged between 0.47 and 0.69. Six items loaded on factor two (disease information, diet and
exercise management), and items loadings for factor one ranged between 0.51 and 0.75. The
remaining five items loaded in factor three (lymphedema risk minimization behaviors) with factor
loadings ranging between 0.47 and 0.71. The Cronbach’ a for factor one was 0.86, 0.82 for factor
2, and 0.86 for factor 3 suggesting that internal consistency was good. The overall Cronbach’s a
for the modified LSMBQ was 0.92, indicating good reliability.
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Table 2 Eigenvalues and Total Variance Explained

Total Variance Explained
Inital Eigenvalues Extraction Sums of Squared Rotation Sums of Squared
Factor Loadings
Total % of Variance  Cumulative % Total % of Variance  Cumulative %  Total % of Variance = Cumulative %

1 7.637 44.921 44.921 7173 42.195 42.195 3.247 19.099 19.099
2 1.505 8.854 53.775 1.024 6.023 48.219 2.901 17.063 36.162
3 1.121 6.597 60.372 2.700 15.883 52.044
4 0.946 5.564 65.936

5 0.757 4.450 70.386

6 0.714 4197 74.584

7 0.622 3.658 78.242

8 0.580 3.414 81.656

9 0.464 2.727 84.383

10 0.454 2.669 87.052

11 0.424 2.491 89.543

12 0.411 2.416 91.959

13 0.325 1.910 93.869

14 0.315 1.854 95.723

15 0.286 1.679 97.403

16 0.245 1.444 98.846

17 0.196 1.154 100.000

Extraction Method: Principal Axis Factoring.
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Scree Plot

Eigenvalue
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—

1 2 3 4 5 ] 7 8 9 10 1 12 13 14 15 16 17

Factor Number

Figure 1 Scree plot of factors

Table 3 Factor Loadings
Factor

ltems 1 2 3

1 0.238 0.571 0.173
2 0.163 0.588 0.166
3 0.315 0.513 0.080
4 0.162 0.755 0.242
5 0.155 0.547 0.366
6 0.206 0.549 0.330
7 0.275 0.367 0.479
8 0.277 0.406 0.571
9 0.340 0.289 0.603
10 0.289 0.234 0.717
11 0.372 0.224 0.665
12 0.475 0.157 0.389
13 0.689 0.249 0.245
14 0.600 0.196 0.243
15 0.675 0.183 0.240
16 0.697 0.271 0.278
17 0.692 0.275 0.236
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3. Correlation and path analysis

The participants’ score for adherence to arm lymphedema prevention behaviors, arm
lymphedema-related intentions, action self-efficacy, coping self-efficacy, action plan, and coping
planning were 36.28+12.46, 16.73+5.39, 12.82+3.00, 11.92+3.21, 13.80+3.98, and 13.50+3.81.
There are significant relationships between observed variables (r=0.143-0.665, all p <0.05) (Table
4).

Table 4 Descriptive statistics and correlations among variables

M+SD 1 2 3 4 5 6 7 8

1. Adherence to arm lymphedema prevention 36.28+12.46 1

behaviors
2. Arm lymphedema risk perception 10.81+3.21 0.321" 1

3. Arm lymphedema outcome expectancies ~ 10.65+2.51 0.343" 0.270" 1

4. Arm lymphedema-related intentions 16.73+5.39 0.665 0.257  0.294 1

5. Action self-efficacy 12.82+3.00 0.432" 0.213" 0.242" 0.451° 1

6. Coping self-efficacy 11.92+3.21 0.358" 0.151° 0.257" 0.365 0.661 1

7. Action planning 13.80+3.98 0.397 0.169 0.259° 0.365 0.423" 0.435 1

8. Coping planning 13.50£3.81 0.414  0.143° 0.271" 0.350° 0.328" 0.294  0.748 1

** P<0.01, * P<0.05

The SEM model demonstrated a good fit to the data (x?/df=2.18<3, RMSEA=0.077<0.08,
GFI=0.97, AGFI=0.91, CFI=0.97, TLI=0.94, all >0.90, refer to Fig. 2). The path analysis examined
the effects among variables, the standardized estimates for each path are seen in Table 5. The
path from outcome expectancies to intention was significant (B = 0.17, p =0.010). The path from
risk perception to intention was significant (§ = 0.13, p=0.042). The path from action self-efficacy
to intention had a positive effect ( = 0.38, p<0.001). The path from action self-efficacy to coping
self-efficacy had a positive effect (3 = 0.66, p<0.001). The path from intention to coping planning
was significant (8 = 0.28, p<0.001), and to action plan had a positive effect (f = 0.24, p<0.001). The
path from intention to arm lymphedema prevention behaviors was significant (3 = 0.57, p<0.001),
indicating a strong positive relationship between the two constructs. The path from coping self-
efficacy to action plan was significant (f = 0.35, p<0.001). The path from action planning to arm
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lymphedema prevention behaviors was not significant (B = 0.02, p =0.805>0.05), indicating no
direct effect. In addition, the path from coping self-efficacy to arm lymphedema prevention
behaviors was not significant ( = 0.09, p =0.102). However, the path from coping self-efficacy to
coping planning was significant (§ = 0.19, p =0.005), and the path from coping planning to arm
lymphedema prevention behaviors was significant (B = 0.17, p =0.024). A path from coping self-

efficacy through coping planning to arm lymphedema prevention behaviors was observed.

e2
e4

AP oqp

024
, 0.57 AALPB
Intention
22
Q,ga S -
ol

009

CP 2

ASE 0.66 CSE R i

Note: OE: outcome expectancies; RP: risk perception;
ASE: action self-efficacy; CSE: coping self-efficacy; AP: action planning;

CP: coping planning; AALPB: arm lymphedema prevention behaviors

Figure 2 Path diagram of the tested model (Standardized path coefficient)
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Table 5 The results of the path analysis among variables

Path Standardized Estimate S.E. C.R. P

Intent <-- OE 0.166 0.356 0.139 2.565 0.010
Intent <-- RP 0.131 0.219 0.108 2.036 0.042
Intent <-- ASE 0.383 0.687 0.114 6.017 e
CSE <-- ASE 0.661 0.706 0.057 12.446 e
CP <-- Inten 0.281 0.198 0.048 4,116 e
AP <-- Inten 0.239 0.176 0.048 3.683 e
CP <-- CSE 0.192 0.227 0.081 2.813 0.005
AP <-- CSE 0.350 0.432 0.080 5.383 el
AALP <-- Inten 0.566 1.299 0.128 10.158 el
AALP <-- AP 0.020 0.063 0.254 0.247 0.805
AALP <-- CP 0.175 0.571 0.252 2.263 0.024
AALP <-- CSE 0.094 0.361 0.221 1.637 0.102

P<0.001

Discussion

This study focuses on construct validity and reliability of questionnaire and examine the
strength of the relationship (path analysis using SEM) between the HAPA model constructs and
adherence to arm lymphedema prevention behaviors among breast cancer postoperative patients.
The modified LSMBQ showed acceptable construct validity with three domains. Significant
associations were found between HAPA constructs and adherence behaviors, with risk
perception, outcome expectancy, and action self-efficacy predicting intention, and behavioral

intention and coping planning predicting adherence.

The AALPB questionnaire was developed from the LSMBQ and consists of 17 items with
three dimensions. The disease information, diet and exercise management domain (items 1-6) is
derived from the combination of disease information management and diet and exercise
management in the original LSMBQ scale. This domain demonstrates the need for breast cancer
patients after surgery to understand basic BCRL knowledge and how to manage their condition
through diet and physical activity to prevent lymphedema. The lymphedema risk minimization
behaviors domain (items 7-11) is derived from the affected limb protection management section
in the original LSMBQ, with item 12 removed. This domain describes the need for breast cancer
patients after surgery to learn about protective measures for minimizing the risk of lymphedema.
The lymphedema care techniques management domain (items 12-17) is derived from promotion
of lymph reflux management in the original LSMBQ, with item 12 added and two additional new

items. Item 12, “7/ observe minor changes in the affected limb, such as swelling, pain, numbness,
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”

stiffness, heaviness, redness and fever and skin breakage, and actively report the changes in time
involves recognizing swelling and other symptoms, which requires professional knowledge and
specialized techniques (such as circumference measurement), it is better to move item 12 into this
domain. Therefore, the modified LSMBAQ is suitable for adherence to arm lymphedema prevention

behaviors, and the total score ranges from 0 to 68.

The finding of this study was statistically significant correlations between HAPA model
constructs (risk perception, outcome expectancy, intention, self-efficacy, and planning) and
adherence to arm lymphedema prevention behaviors in breast cancer surgery patients, which was

“2) 1n addition, a prior study pointed that perceived risk

in line with the results of a previous study
and expected outcome had a significant positive relationship with patient adherence to diet, which

could also support these findings“?.

In the pre-intentional motivational phase, the path coefficients demonstrated a statistically
significant effect of risk perception, outcome expectancy and action self-efficacy on behavioral
intention, which aligned with a prior study“?. The finding that risk perception predicted intention

was consistent with several previous studies“?4*®), One possible reason is that perceived risk

could influence individuals’ decision-making®“”. Therefore, once patients understand the risk of
arm lymphedema after surgery, they may be more likely to form stronger behavioral intentions to
engage in preventive behaviors. The finding that outcome expectancy predicted intention was in
line with two previous studies, which confirmed that increments in outcome expectancies can
cause significant increases in behavior intentions“®9. Moreover, social cognitive theory also
supports the current findings, suggesting that individuals are more likely to form intentions to
engage in a behavior if they believe it will lead to desirable outcomes.®® The result of action self-
efficacy could predict behavioral intention suggested that it is essential for breast cancer surgery
patients to first be confident in their ability to set goals. In addition, risk perception had little effect
on intention in the current study, which have been reported by previous studies applying the HAPA

model in different behaviors®*%152.53)

In the post-intentional volition phase, the path from behavioral intention and coping
planning to adherence to arm lymphedema prevention behaviors showed significant effects. This
finding is consistent with a previous study, which pointed that behavioral intention and coping
planning are two important factors associated with adherence®. When patients intend to follow
arm lymphedema prevention guidelines, they are more likely to stick the recommendations.

Coping planning is designed to consider daily activities, such as establishing a routine for arm
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exercise and arm circumference measurement. This further provides additional strategies to
overcome the gap between intention and behaviors. In addition, the effect of coping self-efficacy
and action planning on adherence to arm lymphedema prevention behaviors was not significant.
These findings were not consistent with previous studies. One study indicated that coping self-
efficacy significantly predicted medication adherence behavior,® and another study suggested
that action planning appears useful in increasing exercise adherence®®. Moreover, action planning
is important for the beginning of behaviors.®” These differences may be due to cultural context,
and difference in target participants and constructs measurements. For example, people in
Chinese culture pay less attention to individual self-efficacy and place more focus on external
family support, especially when setbacks occur. This could lead to lower individual coping skills
and the tendency to give up on behaviors. However, a path from coping self-efficacy through
coping plan to arm lymphedema prevention behaviors was observed. It demonstrated that the role
of coping self-efficacy was to promote coping planning convert into arm lymphedema prevention

behaviors.

The results provide a basis for interventions to improve adherence to arm lymphedema
prevention behaviors in postoperative breast cancer patients, enhancing self-efficacy, planning,
and maintenance of preventive behaviors, potentially reducing lymphedema incidence and

improving postoperative quality of life.

The findings of this study provide practical guidance for improving adherence to arm
lymphedema prevention behaviors among breast cancer surgery patients. Interventions should
not only focus on increasing patients’ knowledge, but also target key motivational and volitional
determinants identified by the HAPA model. Specifically, healthcare professionals should enhance
patients’ risk perception, positive outcome expectancies, and action self-efficacy to facilitate the
formation of behavioral intention. In addition, coping planning should be emphasized during
postoperative education and follow-up, helping patients anticipate potential barriers and develop
feasible strategies to maintain preventive behaviors in daily life. Incorporating HAPA-based
approaches into routine clinical care may contribute to sustained adherence and reduced risk of

arm lymphedema.

This study has several strengths and limitations. This study has several strengths. First, a
theory-driven approach was adopted by applying the HAPA model to examine adherence to arm
lymphedema prevention behaviors, providing a comprehensive understanding of both

motivational and volitional determinants. Second, a modified version of the LSMBQ was validated
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using exploratory factor analysis, offering a tailored instrument for assessing adherence in this
population. Third, the use of structural equation modeling allowed for simultaneous examination
of multiple relationships among theoretical constructs. However, all questionnaires used for
measuring variables were not developed based on the HAPA model. It is essential to develop a
HAPA model-based questionnaire specifically tailored for BCRaL. Moreover, data were collected
through self-report questionnaires, which may potentially cause biases. Future studies are
encouraged to incorporate objective measures or multi-source data to further strengthen the

validity of findings.

Conclusion

The modified questionnaire demonstrated good construct validity and reliability for
measuring adherence to arm lymphedema prevention behaviors. The HAPA model constructs
could be helpful in determining the predictors of adherence to arm lymphedema prevention
behaviors among breast cancer postoperative patients. Risk perception, outcome expectancy and
action self-efficacy were the determinants for behavioral intention; behavioral intention and coping
planning (excluding coping self-efficacy and action planning) were the key determinants for

adherence to arm lymphedema prevention behaviors.
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Appendix Original and modified scale of LSMBQ

WU ET AL.

No.

Original items

Modified items

| take the initiative to ask professionals for

help when | have questions about disease

No change required

| take the initiative to exchange relevant

information with other patients

No change required

| actively learn about knowledge related to
lymphoedema, such as risk factors, signs

and symptoms and self-management skills

No change required

| adhere to a balanced diet to maintain a

healthy weight

No change required

I maintain good eating habits, such as a low-
salt, high-protein diet and avoid tobacco and

alcohol

No change required

| do suitable exercises, such as deep
breathing exercises, resistance exercises

and aerobic exercises

No change required

| keep the skin of the affected limb clean and

moisturized

No change required

| protect the affected limb to avoid injury,
such as avoiding sunburn, trauma or
performing invasive treatment operations

such as blood draws and injections

No change required

| avoid the affected limbs being stimulated
by over cold or overheat, such as sauna or

long hot bath

No change required
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10 | l avoid pressure on the affected limb, such No change required
as avoiding wearing tight clothing or jewelry,

measuring blood pressure

11 | avoid overwork of the affected limb, such No change required
as excessive weight-bearing or long-term

repetitive labor

12 | | observe minor changes in the affected limb, | No change required
such as swelling, pain, numbness, stiffness,
heaviness, redness and fever and skin

breakage, and actively report the changes in

time

13 | | do activities that promote the return of No change required
lymph fluid, such as raising the affected limb

and doing concentric massage

14 | | use compression garments as No change required
recommended, such as when travelling long

distances or flying

15 | I adhere to the advice of professionals to No change required
prevent and treat lymphoedema, such as
manual lymphatic drainage and artificial

compression

16 | | self-regulate negative emotions through Deleted

relaxation training

17 | | communicate with my Deleted
family/friends/colleagues/fellow patients
about my psychological feelings for comfort

and help
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18 | | communicate with medical staff about my Deleted
psychological feelings for support and help

19 | | take on my due duties and responsibilities Deleted
in my family

20 | I maintain a good relationship with my family, | Deleted
colleagues and friends

21 | I return to social and/or work before the Deleted
illness

22 | |l adjust and adapt to the new life as a patient | Deleted

Add: 16. | can adhere to do
arm exercise in daily life, as

recommended

Add: 17. | can adhere to
measure the circumference
of the affected limb myself
through myself or family
members, as advised

recommended
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