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Abstract

Background Breast cancer (BC) is the most prevalent cancer among women. Teachers play a crucial role in
promoting healthy behaviors, including breast cancer screening (BCS). This study aimed to assess the impact of an
Health Belief Model (HBM)-based educational intervention on BCS uptake, knowledge, and beliefs among female
Yemeni teachers in Klang Valley, Malaysia.

Methods A cluster-randomized controlled trial was conducted with 180 participants from 12 schools, randomly
assigned to intervention or control groups. The intervention group participated in a 90-minute educational
session, with follow-up assessments at baseline, and at 1, 3, and 6 months’ post-intervention, using validated Arabic
questionnaires. Data analysis was performed using SPSS version 22.0, with Generalized Estimating Equations (GEE)
applied to assess differences within and between groups over time. Statistical significance was set at P<0.05.

Results At baseline, there were no significant differences between groups. Post-intervention, the intervention group
showed significantly higher rates of breast self-examination (BSE) and clinical breast examination (CBE) compared

to the control group, with adjusted odds ratios (AOR) of 17.51 (Cl: 8.22-37.29) for BSE and 2.75 (Cl: 1.42-5.32) for CBE.
Over six months, BSE performance in the intervention group increased, with AORs improving from 11.01 (Cl: 5.05-
24.04) to 18.55 (Cl: 8.83-38.99). Similarly, CBE uptake rose from 1.60 (Cl: 1.02-2.52) to 2.27 (CI: 1.44-3.58). Secondary
outcomes revealed significant gains in knowledge and beliefs in the intervention group, including increased
confidence in performing BSE and reduced perceived barriers.
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Conclusions The HBM-based educational intervention effectively enhanced BCS uptake, improved knowledge, and
decreased barriers to BCS among Yemeni teachers in Malaysia, highlighting the potential of targeted educational
programs to promote cancer screening behaviors in underserved populations.

Clinical trial registration Retrospectively registered, ANZCTR (ACTRN12618000173291). Registered on February 02,

Keywords Early detection of breast cancer, Health knowledge, Beliefs, Health education, Teachers

Introduction

Breast cancer (BC) is a major global health issue, respon-
sible for about 685,000 deaths worldwide in 2020. Almost
half of all BC cases appear in females with no certain risk
factors beyond age and gender [1]. Though the occur-
rence of BC is lower in developing nations compared
to developed countries [2], the death rate is particularly
higher in these less wealthy regions [3]. This disparity is
mainly due to lower proportions of breast cancer screen-
ing (BCS) in developing nations [4], which delays early
detection and successful treatment [5]. In Yemen, a devel-
oping country, BC accounts for the highest proportion
of new cancer cases, with 2,872 cases (25.4%) and 1,528
deaths (14.0%) [6]. As in many other developing nations,
cases in Yemen are often diagnosed at more progres-
sive stages or after metastasis has occurred [7]. Hence,
improving early detection and screening programs efforts
is critical for rising survival proportions and treatment
outcomes in these counties.

Recent security issues and instability in Yemen have
forced many Yemenis to pursue refuge in Malaysia. Nev-
ertheless, Yemeni females living in Malaysia face many
challenges in accessing BCS services that are available to
Malaysian women. These barriers contribute to a lower
uptake of BCS underscore the broader difficulties sur-
rounding the health needs of refugees in Malaysia [8].
Addressing these barriers is essential for refining health
outcomes and confirming equitable access to crucial
screening facilities for Yemeni refugees.

Early detection of BC throughout screening exami-
nations is known to reduce death rates [9]. Various
approaches have been assessed for BCS, including
breast self-examination (BSE), clinical breast examina-
tion (CBE), and mammography (MMG) [10]. Although
BSE and CBE are significant practices for early detec-
tion at the population level, there is inadequate scientific
evidence to support their efficacy in reducing BC death
[11]. However, women are encouraged to observe any
changes in their breasts, as both BSE and CBE contrib-
ute to awareness, probably leading to earlier diagnosis. In
contrast, MMG has been proven to significantly reduce
BC mortality. Therefore, it is recommended that BSE and
CBE be complemented with MMG for effective screen-
ing. However, in many developing countries, MMG is not
widely available due to healthcare system limitations [11].

Several epidemiological studies have examined BCS
practices among diverse community samples of women,
consistently showing low rates of BCS utilization across
various countries [12, 13]. In Yemen, similar research
indicates that the rate of females practicing BSE ranges
from 11 to 17.4%, with only 30.3% engaging in regular
BSE [14, 15]. Alarmingly, just 1.6% of women in Yemen
have undergone MMG [16]. Studies on MMG screening
rates in Yemen are limited, however, available research
highlights low participation, mainly due to limited acces-
sibility and high costs. According to a systematic review,
only 24.7% of physicians referred their patients for MMG
screening annually, regardless of the patients’ medical
history or symptoms [17]. This low referral rate is prob-
able influenced by the limited availability of MMG ser-
vices and high costs, which can prevent both physicians
and patients from following regular screening. In con-
trast, MMG screening uptake among Malaysian women
is considerably higher, with a prevalence of 51.9% [18].
This contrast underscores a significant gap in screening
practices between local Malaysian women and Yemeni
women residing in Malaysia, who may face unique cul-
tural, informational, or logistical barriers to accessing
BCS services. These findings emphasize the need for
targeted efforts to improve awareness, accessibility, and
promotion of BCS within the Yemeni community in
Malaysia.

BCS behaviors are influenced by a variety of factors.
The Panel on Racial and Ethnic Disparities in Medical
Care identified a causal relationship between institutional
factors, patient characteristics, and provider interactions
as contributors to disparities in healthcare treatment
across racial and ethnic groups [19]. Furthermore, dif-
ferences in medical care are significantly associated with
cultural beliefs about healthcare [20]. In addition to cul-
tural factors, health beliefs specifically impact women’s
BCS behaviors [21, 22]. A significant body of research has
examined the influence of knowledge and beliefs on BCS
practices. Studies frequently identify a lack of knowl-
edge and the existence of misconceptions about BC and
BCS as the main barriers to screening among women
in several countries [23-25]. Likewise, low knowledge
and insufficient health beliefs about BC among Yemeni
women have been identified as significant barriers to
BCS. This result is constant with the work of Al-Sakkaf
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and Basaleem, who identified these concerns as key
obstacles to successful screening in Yemen [14]. Address-
ing these gaps in knowledge and beliefs is essential for
improving BCS uptake and overall health outcomes.

Numerous models and theories have been used to
understand early detection of BC, with the Health Belief
Model (HBM) being one of the most distinguished. The
HBM has worked as the theoretical framework for vari-
ous educational interventions aimed at improving factors
that influence BCS behaviors [12, 26]. According to its
concept, health-related risks can significantly influence
women’s health behaviors. For example, women who
observe themselves as at threat for BC are more possible
to engage in BSE. Moreover, women motivated by health
concerns, who perceive more benefits and encounter
fewer barriers, are more prone to practice BSE. The HBM
also proposes that higher knowledge about BCS behav-
iour is associated with increased rates of screening prac-
tices [27].

While numerous intervention studies have exam-
ined BCS practices among various groups of women
worldwide [23, 24, 28], there is a notable gap in research
focusing specifically on female teachers and their BCS
practices. Although some studies in Malaysia have
explored BCS practices among Malaysian teachers,
similar research concerning Yemeni teachers residing in
Malaysia is lacking. Addressing this gap could provide
valued insights into the unique challenges and needs
of this group regarding BCS. Teachers hold a unique
and influential role in society, not only as educators but
also as respected role models who can promote healthy
behaviors. By targeting female teachers, this study rec-
ognizes their potential to drive health awareness and
encourage BCS practices within their communities.
Teachers have a direct impact on shaping the attitudes
and behaviors of younger generations, creating a culture
of health consciousness that may persist throughout their
students’ lives. This influence is especially important for
Yemeni teachers residing in Malaysia, who, upon return-
ing to Yemen, could play a crucial role in spreading the
knowledge and practices they have acquired to their
native communities. Furthermore, female teachers from
minority groups may face unique cultural and logisti-
cal barriers to BCS that differ from those experienced
by other populations, underscoring the importance of
studying this specific group. Addressing these unique
challenges can lead to tailored interventions that enhance
BCS awareness and participation, both locally and poten-
tially in their communities abroad.

Considering the previously discussed barriers and the
influential role teachers play in promoting healthy behav-
iors, educational intervention has been identified as
cost-efficient and the most effective method to increase
awareness of BCS. Currently, no studies have been
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published on BCS among Yemeni women in Malaysia.
This research intends to fill this gap by providing valuable
information that can inform future initiatives to expand
BC awareness programs and develop preventive strate-
gies within this group. To the best of the researchers’
knowledge, this is the first research to evaluate the effect
of an educational intervention based on the HBM among
female Yemeni teachers in Malaysia. The overall objec-
tive is to develop and evaluate a BCS program for Yemeni
female teachers in the Klang Valley, Malaysia using the
HBM.

Methods

Design and settings

This study is a parallel cluster-randomized controlled
trial (cRCT), with schools serving as the unit of random-
ization. The target population consists of Yemeni female
school teachers. The study follows the Consolidated
Standards of Reporting Trials (CONSORT) guidelines
for cluster-randomized trials. The trial aims to evaluate
the effect of an educational intervention on BCS uptake
among Yemeni female school teachers at Arabic schools
in Klang Valley, Malaysia.

There are 19 Arabic schools in Klang Valley, with teach-
ers from various Arab countries; however, the majority
are Yemeni, as six of these schools are specifically Yemeni
schools. The intervention group received an educational
program on BCS, while the control group was provided
with the educational materials once the study was com-
pleted. Evaluations were conducted at baseline and at
one, three, and six months post-intervention.

Sample size calculation

The total sample size required to detect statistically sig-
nificant differences for the primary outcome (proportion
of BCS uptake) was calculated using the formula for the
difference between two population proportions [29]. The
parameters used were a power of 0.80, an alpha level of
0.05 for a two-sided test, P1=0.71, and P2=0.43 [30].

{Zlfn/Z 215 (1 — 15)4“21,;{\/131 (1—P1) +P2 (1_P2)}2
(P1—Py)?

n—=

n=(16)2/(0.71 — 0.43)2 = 47

The power calculations indicated a minimum sample
size of 47 teachers per group (47*2=94). Accounting for
a 20% attrition rate (94/0.80=118) and a 10% expected
proportion of eligibility (118/0.90=131), the required
sample size was further adjusted by the design effect
(design effect=1.4), resulting in a total sample size of 183
teachers (131*1.4=183). The number of clusters (schools)
needed was calculated to be 10 (183/19=10). However, to
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achieve the required sample size, a total of twelve schools
that met the eligibility criteria were included in the study.

Sampling method

Cluster sampling was utilized to select the schools for
this study. Out of the 19 Arabic schools in Klang Valley,
12 schools that met the eligibility criteria were chosen
for participation. Each of these 12 schools (clusters) was
assigned a serially numbered unique code. Block ran-
domization was then used to assign the clusters to either
the intervention or control group, resulting in six clus-
ters in each group. All teachers who agreed to participate
from each selected school were involved in the study.

Eligibility criteria

Schools were qualified for inclusion if they met the sub-
sequent criteria: (1) Arabic schools situated in Klang
Valley, and (2) schools that agreed to contribute to the
study. Schools were excluded if they did not have Yemeni
female teachers. For teachers, the inclusion criteria were:
(1) Yemeni female teachers currently teaching at the
selected schools, (2) aged 20 years and above, and (3)
those who signed a consent form to participate. Teachers
were excluded if they (1) were scheduled to retire during
the study period, (2) had been detected with BC, or (3)
were lactating or pregnant.

Recruitment of participants

After obtaining consent from the responsible authori-
ties of all selected schools, small group meetings were
arranged at each school with the assistance of school
coordinators. During these meetings, the researcher
explained the study’s objectives, benefits, and eligibility
criteria to the participants. Written consent forms were
then collected from the participants, who were asked
to complete the baseline data questionnaire. Following
this, the educational intervention was delivered to the
intervention group. Post-intervention assessments were
conducted at three intervals: one month, three months,
and six months after the intervention. To ensure truthful
responses, participants were encouraged to respond hon-
estly, and all questionnaires were kept anonymous. The
flow diagram of the study design is outlined in Fig. 1.

Type of randomization

Sequence generation

In this study, schools were used as the unit of randomiza-
tion, and block randomization was applied. To assign the
6 clusters (schools) to the study groups, a randomization
sequence was generated with the Sealed Envelope Tool
Software, with a 1:1 allocation ratio, employing random
block sizes of 2 and 4. As a result, 6 clusters were ran-
domly assigned to the intervention group, and 6 clusters
to the control group. To confirm allocation concealment,
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both clusters received a unique treatment allocation
code inside a serially numbered, sealed opaque envelope.
These envelopes were distributed to the schools, and the
envelopes were opened to allocate the clusters to either
the intervention or control group according to the unique
codes created by the software. Ultimately, 90 teachers
were assigned to the intervention group and 90 teachers
to the control group.

Intervention

Development of the intervention

An educational intervention on BCS, grounded in the
HBM, was developed for the intervention group. This
program was designed based on guidelines from the
American Cancer Society (ACS) [31], the American Col-
lege of Obstetricians and Gynecologists (ACOG) [32],
and the International Agency for Research on Cancer
(IARC) [33]. The aim was to address gaps in BC knowl-
edge and to amend beliefs associated with BC. The edu-
cational program incorporated the six concepts of the
HBM: perceived seriousness, perceived susceptibility,
perceived barriers, perceived benefits, confidence, and
health motivation. The control group received the edu-
cational materials after the completion of the study, and
they completed the same set of questionnaires at base-
line, and at one, three, and six months post-interven-
tion. A detailed description of the educational program
has been provided elsewhere [34]. The intervention was
delivered to the intervention group through a variety of
mediums, including PowerPoint presentations, train-
ing sessions, a booklet, a five-minute short video on BSE
techniques, another five-minute video testimony by a BC
survivor, a CD, a BC awareness logo sticker, and short
reminder text messages.

Implementation of the educational intervention

After baseline data collection, a 90-minute, one-day
educational session on BCS was provided to schools in
the intervention group. The sessions were conducted
by the study investigator with the assistance of a quali-
fied research assistant. Three sessions were conducted
per week, with groups of five to fifteen participants. The
technique for the educational program was as follows:

a) A sixty-minute PowerPoint presentation was
provided, with a modified 5-minute film on BSE,
and another five-minute testimony short video by a
BC survivor sharing her experience. These resources
covered common information about the physiology
and anatomy of the breast, BC knowledge, BCS
methods, and the significance of breast health
awareness.

b) A thirty-minute training session followed, which
comprised hands-on training of BSE using a
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Assessed for eligibility (n=19 clusters, 289 participants)

busy

Excluded (n=7 clusters, 59 participants):

- (n=4 clusters, 48 participants) they do not have Yemeni
teachers.

P - (n=3 clusters, 11 participants) 7 not interested, 4 busy

Another 50 participants were excluded: 4 pregnant, 6

lactating, 1 was diagnosed with BC, 29 not interested, 10

y

Randomized (n=12 clusters, 180 participants)

I

‘

Allocated to intervention (n=6 clusters, 90
participants)

Received intervention on BCS (n=6 clusters,
90 participants)

Allocated to control (n=6 clusters, 90
participants)

No intervention was received (n=6 clusters, 90
participants)

1-month post intervention
(n=6 clusters, 90 participants)
Lost to follow up (n=0)

1-month post intervention
(n=6 clusters, 90 participants)
Lost to follow up (n=0)

A 4
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3-months after intervention (n=6 clusters, 89
participants)

Lost to follow up (n=1 participant)

Reason: leaving the country

3-months after intervention (n=6 clusters, 87
participants)

Lost to follow up (n=3 participants)
Reasons: (n=2 busy, n=1 not interested)

l

l

6-months after intervention (n=6 clusters, 87
participants)

Lost to follow up (n=2 participants)
Reasons: (n=1 busy, n=1 not interested)

6-months after intervention (n=6 clusters, 84
participants)

Lost to follow up (n=0 clusters, 3 participants)
Reasons: (n=1 busy, n=2 not interested)

Analysis

Intention-to-treat analysis
(n=12 clusters, 180
participants)
Excluded from analysis (n=0)

Fig. 1 Flow diagram on study design and outcome evaluation

I

The control group received
the educational materials on
BCS at the end of the study
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silicone breast with implanted lumps. Throughout
this session, teachers learned about the palpation
techniques, search strategy, and signs of BC.
Teachers then practiced BSE on the model.

c) Each teacher received a booklet, a BC logo sticker,
and a CD on the BSE film. These materials were
proposed to emphasize the key messages delivered
during the program, and to serve as reminders of the
significance of BCS.

d) All teachers in the intervention group continued to
receive text messages for the subsequent six months.
These messages delivered key recommendations
about BCS, aimed at motivating, reminding, and
encouraging participants to practice BCS.

Intervention fidelity

To ensure constant delivery of the educational module,
the investigator followed a standardized educational
protocol. To further improve the participants’ engage-
ment, the investigator conducted BSE practice sessions
utilizing role-play methods and provided feedback.
Additional technique to support fidelity included the BC
logo stickers and the monthly reminder messages. These
approaches intended to stress the significance of BCS
practices, motivate participants, and emphasize the key
messages of the program.

Study instrument

The study utilized four sets of self-administered ques-
tionnaires, initially designed in English and subsequently
translated into Arabic. Each questionnaire is divided into
the following sections:

Part I: Socio-demographic factors

This section includes five questions designed to cap-
ture the socio-demographic characteristics of the par-
ticipants, such as age, education level, marital status,
income, and family history of BC. Additionally, it con-
tains one question regarding the participants’ prior expo-
sure to information about BCS.

Part Il: breast cancer screening uptake

This section measures BSE practices and frequency
through self-report questions. Participants are asked: (a)
“Have you ever performed BSE?” (yes/no) and (b) “How
often do you perform BSE?” (Options include once a
month, once every 2-3 months, other, never). Partici-
pants who perform BSE once a month or more are clas-
sified as practicing regular BSE, while those who report
less frequent or no BSE are classified as practicing irregu-
lar BSE. Additionally, CBE and MMG uptake is assessed
through self-report questions, categorizing participants
as either “practicing” or “not practicing”
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Part lll: knowledge of breast cancer

Knowledge of BC and BCS methods was assessed using
a modified questionnaire adapted from Parsa [35],
Akhtari-Zavare et al. [24], and McCance et al. [36]. The
self-administered questionnaire comprised 35 items, cat-
egorized into: symptoms of BC (6 items), risk factors of
BC (14 items), breast health awareness (5 items), and BCS
approaches (10 items). A full knowledge questionnaire is
included in Additional File 1. Responses were recorded
on a nominal scale of “True,” “False,” and “I do not know”
Participants received one score for each correct answer
and zero scores for incorrect or uncertain responses. The
maximum possible score was 35, and the minimum was
0. Higher scores implied greater knowledge.

Part IV: Health belief model scales

The Champion’s Health Belief Model Scale (CHBMS) was
used to evaluate beliefs related to BC in this study. The
original CHBMS comprises eight self-reported scales:
perceived susceptibility (5 items), perceived seriousness
(7 items), perceived benefits of BSE (6 items), perceived
barriers to BSE (6 items), confidence in the ability to per-
form BSE (11 items), health motivation (7 items), benefits
of MMG (6 items), and barriers to MMG (5 items) [37,
38]. Since the original scale did not include beliefs regard-
ing CBE, permission was obtained from Parsa to incor-
porate her validated sections for CBE, which include two
subscales: benefits of CBE (4 items) and barriers to CBE
(6 items) [39]. The final CHBMS consisted of 63 ques-
tions across ten subscales. All items were measured using
a 5-point Likert scale: Strongly disagree (1 score), Dis-
agree (2 scores), Neutral (3 scores), Agree (4 scores), and
strongly agree (5 scores). Scores were summed for analy-
sis, with higher scores representing stronger beliefs [37].
All scales are positively associated with screening behav-
iors, except for barriers, which are negatively related.

Quality control of study instruments

The translation of the questionnaire and educational
module followed forward-backward translation. Subse-
quently, the questionnaire and module were reviewed
by a panel of seven experts to assess validity. This panel
included three medical doctors, a psychology profes-
sor, a consultant radiologist, and two nurses. The panel’s
feedback focused on ensuring the content was clear and
understandable. Based on their suggestions, revisions
were made to enhance clarity and relevance. After the
adjustments, the revised tools were deemed culturally
appropriate, with a content validity index (CVI) of 0.95%.
The translated questionnaire and educational module
were then pre-tested with 30 Yemeni female schoolteach-
ers not involved in the main study. Participants were
asked to identify any difficult or inappropriate words or
expressions. Based on their feedback, some terms and
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phrases were revised, and the final versions of the ques-
tionnaire and educational module were developed.

The internal consistency reliability of each factor was
calculated using Cronbach’s alpha, with values of a>0.70
considered desirable. The reliability of the knowledge
questionnaire was confirmed, with alpha coefficients
ranging from 0.81 to 0.95. Exploratory factor analy-
sis (EFA) of the translated items identified four factors,
explaining a total variance of 55.89%. The items dem-
onstrated adequate factor loadings, ranging from 0.51
to 0.89. For the CHBMS, alpha coefficients ranged from
0.76 to 0.87. EFA identified six factors related to BSE,
five factors for CBE, and five factors for MMG, with
total variances explained at 47.69%, 51.19%, and 52.63%,
respectively. The factor loadings for these items ranged
from 0.47 to 0.88, indicating satisfactory associations
across factors. A more comprehensive discussion of the
study’s validity is available elsewhere [40].

Data analysis

Data were analysed using IBM SPSS Statistics soft-
ware, version 22.0. The significance level was set at
p<0.05. Generalized Estimating Equations (GEE) were
employed as a robust method for cluster data analy-
sis. This approach assessed differences in group effects
(schools and teachers), within-group effects (time),

Table 1 Comparisons of participants’ socio-demographic
characteristics in the two groups at baseline

Characteristics Interven- Control Test P
tion group  group Statistic  value
(n=90) (n=90)
n(%) n(%)

Age (years)

Mean (SD) 3338(6.19)  3357(568) t=-0213 0831

Income (RM)

Median (IQR) 1550(50) 2000(50) Mann- 0.067

U=4.66

Marital status

Married 74(82.2) 64(71.1) F=4671 0.149

Divorced/Separated 2(2.2) 3(3.3)

Widowed 101.1) 0(0.0)

Single 13(14.5) 23(25.6)

Education level

Undergraduate & 80(88.9) 81(90.0) x?=0.059 0.808

Diploma

Postgraduate 10(11.1) 9(10.0)

Family History of BC

Yes 17(18.9) 16(17.8) ¥>=0.037 0847

No 73(81.1) 74(82.2)

Read/heard about

BCS

Yes 61(67.8) 71(78.9) xz =2.841 0.092

No 29(32.2) 19(21.1)

SD standard deviation. t=independent t-test, Mann-U=Mann-Whitney U,
F=Fisher's exact test, x>~Chi-square test, *Significant result (P<0.05)
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and interactions between group and time effects over
time. Simple mean effects for continuous variables were
analyzed to evaluate differences in outcome variables
between and within groups across time. Generalized
Estimating Equations (GEE) were chosen over repeated
measures ANOVA or other non-parametric tests (e.g.,
McNemar or Mann-Whitney) due to the structure and
requirements of the study. Unlike repeated measures
ANOVA, which assumes normally distributed continu-
ous outcomes, GEE is suitable for analyzing correlated
data in longitudinal or cluster-randomized studies and
can accommodate various outcome types (e.g., binary,
count, continuous). GEE accounts for the clustering
within groups (schools and teachers) and manages intra-
cluster correlations, allowing for robust parameter esti-
mates even when data are non-normally distributed.
Additionally, GEE is advantageous for interpreting mar-
ginal (population-level) effects, which aligns with the
study’s aim to assess overall intervention effectiveness
on BCS behavior among Yemeni teachers over time. This
flexibility and robustness make GEE an optimal choice
for this clustered data structure. Missing values for con-
tinuous variables were handled using the Expectation
Maximization (EM) algorithm, while missing data for
categorical variables were addressed through regres-
sion imputation. The analysis adhered to the intention-
to-treat principle, including all participants who were
randomized.

Results

A total of 180 teachers were recruited for the research.
The response rate was 100% at both the baseline and the
one-month data collection points. However, four par-
ticipants withdrew at the 3-month follow-up, and an
additional five participants withdrew at the 6-month fol-
low-up. Ultimately, 171 participants completed the study,
resulting in a 95% response rate.

Comparisons of socio-demographic characteristics
between the two groups

To evaluate the homogeneity of socio-demographic and
other characteristics between the two groups, a com-
parison was conducted. As presented in Table 1, no sig-
nificant differences were found between the two groups
across all variables.

Generalized estimating equations (GEE) analysis of
changes in the primary outcome variable (BCS uptake)
between and within intervention and control groups over
time

Table 2 displays the results of the GEE analysis, which
adjusted for confounding factors. The analysis revealed
a significant overall effect on BSE performance, BSE
frequency, and CBE, with significant findings for group
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Table 2 GEE analysis of group, time, and interaction effect for BCS uptake

Group Time Group & time/ predictors
X2(df) Pvalue X2(df) Pvalue X2(df) Pvalue
BSE Performance 105.765(1) <0.001* 52.554(3) <0.001* 36.062(3) <0.001*
BSE Frequency 42.774(1) <0.001* 13.985(3) 0.003* 14.491(3) 0.002*
CBE 5.516(1) 0.019* 14.590(3) 0.002% 10.311(3) 0.016%
Age=5.266(1) 0.022*
MMG 0.647(1) 0421 4.126(2) 0127 0.678(2) 0.713
*Significant result (P<0.05)
Table 3 GEE analysis of BCS uptake between and within the two groups
BSE BSE frequency CBE MMG
X2 (df)  AOR(95%Cl),pvalue  x*(df)  AOR(95%Cl),pvalue x?(df)  AOR(95% Cl), p x> (df)  AOR
value (95%
c,p
value
Between groups
IG vs. CG 55.059(1) 17.51(8.22,37.29), 31.901(1) 17.36(6.45,46.74), 9.041(1)  2.75(142,5.32),0.003* 0.264(1) 141(0.38,
<0.001* <0.001* 5.27),
0.607
Within groups
IG(Time 2) 36302(1)  11.01(5.05,24.04), 11.803(1)  5.51(2.08, 14.59), 4109(1)  1.60(1.02,2.52), 0.043*
<0.001* <0.001*
IG (Time 3) 42.051(1)  13.56(6.17,29.81), 27497(1)  8.99(3.95,2042), 13.932(1) 2.06(141,2.99),<
<0.001* <0.001* 0.001*
IG (Time 4) 59.398(1) 18.55(8.83,38.99), 27.310(1)  11.79(4.68, 29.78), 12.386(1) 2.27(1.44,3.58),0.001*
<0.001% <0.001*
CG(Time 2) 0.052(1) 1.07(0.61,1.87),0.819 1.568(1)  2.12(0.66,6.84),0.211 0.200(1) 1.000(0.99-1.00), 0.66
CG (Time 3) 0.733(1)  1.29(0.724,2.281),0.392  0.0001(1) 1.000(0.28,3.54),1.000  0.338(1)  1.08(0.84, 1.37),0.56
CG (Time 4) 0.866(1)  1.36(0.71,2.61),0.352 0.142(1)  1.27(0.37,4.33),0.706 0.202(1)  1.08(0.78,1.48),0.65

IG intervention group, CG control group, *Significant result (P<0.05)

effects, within-group effects, and interaction effects
between group and time (p<0.05). In contrast, no sig-
nificant differences were observed in the group effect
(p=0.421), within-group effect (p=0.127), or interaction
effect (p=0.713) for MMG uptake.

Table 3 displays the overall results of the GEE analy-
sis for BCS uptake between and within the study groups
over time. The analysis exposed significant differences
between the two groups for BSE performance, BSE fre-
quency, and CBE (p<0.05). However, no significant dif-
ferences were found in MMG uptake between the groups
(p=0.607). The GEE analysis further assessed changes
in BCS uptake within the two groups over time. For
the intervention group, the adjusted odds ratio (AOR)
for performing BSE was 11.01 (p<0.001) at one month,
increasing to 13.56 (p<0.001) at three months, and
reaching 18.55 (p<0.001) at six months. Nevertheless,
no significant changes in BSE performance were detected
within the control group over time. Regarding BSE fre-
quency, the AOR within the intervention group was
5.51 (p<0.001) at one month, rising to 8.99 (p<0.001)
at three months, and 11.79 (p<0.001) at six months. No
significant changes were noted in BSE frequency within
the control group over time. For CBE uptake, the AOR

within the intervention group was 1.60 (p=0.043) at one
month, increasing to 2.06 (p<0.001) at three months, and
2.27 (p<0.001) at six months. Conversely, no significant
changes in CBE uptake were observed within the control
group over time.

Generalized estimating equations (GEE) analysis of
changes in secondary outcome variables (knowledge and
beliefs) between and within the two groups over time

As displayed in Table 4, the GEE analysis shown a signifi-
cant overall effect on mean knowledge scores, with signif-
icant findings for group effects, within-group effects, and
interaction effects between group and time (p<0.001).
Similarly, the GEE analysis indicated a significant over-
all effect on mean belief scores for most HBM subscales,
with the exception of perceived seriousness, perceived
susceptibility, barriers to CBE, and barriers to MMG for
group effects (p<0.05). For within-group effects, signifi-
cant differences were detected in mean belief scores for
HBM subscales except for perceived seriousness and bar-
riers to MMG (p<0.05). Additionally, a significant inter-
action effect was found between group and time (p <0.05)
on mean belief scores for HBM subscales, excluding
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Table 4 GEE analysis of group, time, and interaction effect for knowledge and beliefs
Group Time Group & time/ predictors
X2(df) Pvalue X2(df) Pvalue X2(df) Pvalue
knowledge 178.514(1) <0.001* 149.276(3) <0.001* 146.294(3) <0.001*
Read/heard on BC=7.005(1) 0.008*
SUS 0.555(1) 0456 24.321(3) <0.001* 7.038(3) 0.071
Read/heard on BC=8.810(1) 0.003*
SER 2.159(1) 0.142 2.607(3) 0456 0.548(3) 0.908
Age=6.347(1) 0012*
BEN (BSE) 29.207(1) <0.001* 33.217(3) <0.001* 39.030(3) <0.001*
FH of BC=4.688(1) 0.030*
Read/heard on BCS=6.261(1) 0.012*%
BAR (BSE) 15.745(1) <0.001* 28.536(3) <0.001* 35.292(3) <0.001*
CON 7.028(1) 0.008* 29.579(3) <0.001* 28.869(3) <0.001*
Read/heard on BCS=8.565(1) 0.003*
HM 23.206(1) <0.001* 9.126(3) 0.028* 8.979(3) 0.030*
BEN (MMG) 20.833(1) <0.001* 22.107(3) <0.001* 10.310(3) 0.016*
BAR (MMG) 2.587(1) 0.108 4.424(3) 0219 1.642(3) 0.650
Read/heard on BCS=4.225(1) 0.040*
BEN (CBE) 17.833(1) <0.001* 14.879(3) 0.002* 31.210(3) <0.001*
BAR (CBE) 2.485(1) 0.115 15.982(3) 0.001* 7.712(3) 0.052

SUS susceptibility of BC, SER seriousness of BC, BEN benefits, BAR barriers, HM health motivation, CON confidence, FH family history, *Significant result (°P<0.05)

Table 5 Pairwise comparison of overall mean scores of
knowledge and beliefs between the two groups

Mean (S.E) Mean differ-
1G cG ence (I-J) S.E

(95% CI),
Pvalue®

24.85(0.377) 17.77(0.528)  7.08(0.530) 6.04,
8.12),
<0.001*
(-0.37,
0.82),
0456
(1.22,
2.62),
<0.001*
(-2.37,
-0.80),
<0.001*
(049,
3.27),
0.008*
(0.98,
2.33),
<0.001*
(1.01,
2.53),
<0.001*
(0.63,
1.72),
<0.001*
(-1.48,
0.16),
0.115
SUS susceptibility of BC, SER seriousness of BC, BEN benefits, BAR barriers, HM

Health motivation, CON Confidence, *Significant result (P<0.05). b Adjustment
for multiple comparisons Bonferroni

Knowledge

SUS 20.09(5.04)  19.87(5.03)  0.22(0.30)

BEN (BSE) 25.38(0.291) 23.46(0.356) 1.92(0.36)

BAR (BSE) 11.61(022)  1320(0.34)  -1.59(0.401)

CON 33.85(0.53) 31.97(0.72)  1.88(0.71)

HM 2890(0.31)  27.24(0.30)  1.65(0.34)

BEN (MMG) 2346(038)  21.69(0.51)  1.77(0.39)

BEN (CBE) 16.62(0.140)  15.44(0.26)  1.18(0.28)

BAR (CBE) 17.37(0.27)  1803(0.33)  -0.66(0.42)

perceived seriousness, perceived susceptibility, barriers
to MMG, and barriers to CBE.

Pairwise comparisons of knowledge and HBM scales mean
scores

Table 5 presents the pairwise comparison of overall
knowledge mean scores between the two groups. The
analysis revealed a significant mean difference in knowl-
edge mean scores between the two groups over time,
with a mean difference of 7.08 (p<0.001) after adjust-
ing for covariates. The pairwise comparison of mean
scores for HBM scales showed significant increases in
the intervention group compared to the control group
over six months. Notable differences were found in
the following subscales: benefits of BSE (mean differ-
ence=1.92, p<0.001), barriers to BSE (mean difference
= -1.59, p<0.001), confidence to perform BSE (mean
difference=1.88, p=0.008), health motivation (mean dif-
ference=1.65, p<0.001), benefits of MMG (mean dif-
ference=1.77, p<0.001), and benefits of CBE (mean
difference=1.18, p<0.001). In contrast, no significant
differences were detected for the subscales of perceived
susceptibility, perceived seriousness, barriers to CBE, and
barriers to MMG.

Within-group analysis

The within-group analysis demonstrated a significantly
greater increase in knowledge mean scores in the inter-
vention group compared to the control group over six
months. Specifically, the knowledge mean scores in
the intervention group improved from 18.05 to 27.14



Noman et al. BMC Cancer (2024) 24:1506

26.7 27.5
30 — )] |}
18
20 a» a» eo» e» e [313
17.73 17.84 17.38
10
0
Baseline 1-month 3-months 6-months
e [ntervention e @ Control
Fig. 2 Knowledge scores within groups over time
3 2601 %1 %0
26

24 - o C ANL
» 23.59 s B
20

Baseline 1-month 3-months 6-months

e [ntervention e @ Control

Fig. 3 Benefit of BSE within groups over time

36 353
34
32 - ___—3226
30
28

Baseline 1-month 3-months 6-months

@ [nternection es» e Control

Fig. 4 Confidence on BSE within groups over time

26
24

24.07 23.84

21.94

2 - e aw e w28
141 21.65 21.52
20
18
Baseline 1-month 3-months 6-months

e [ntervention e e Control

Fig.5 Benefit of mammography within groups over time

Page 10 of 17

17.04 16.93

17

157 16.76

15.92 15.73%
15 WW_LILL
14
13
Baseline 1-month 3-months 6-months

e [ntervention es» @» Control

Fig. 6 Benefits of CBE within groups over time

13.13 13.21 13.22
15

g, S a» a» a» ® 1323

e 11

10 1281 113 1133
5
0

Baseline 1-month 3-months 6-months

e [ntervention @ e Control
Fig. 7 Barriers of BSE within groups over time

20.87

19 1915

Baseline 1-month 3-months 6-months

@ [ntervention es» e» Control

Fig. 8 Perceived susceptibility within groups over time

(p<0.001). In contrast, no statistically significant differ-
ences were detected in knowledge mean scores at the
four time points for the control group, as illustrated in
Fig. 2.

Changes in health beliefs over six months

Over six months, the intervention group revealed a sig-
nificant increase in mean health beliefs scores compared
to the control group for several subscales: benefits of BSE
(23.20 to 26.22, p<0.001; Fig. 3), confidence to imple-
ment BSE (30.34 to 35.30, p<0.001; Fig. 4), benefits of
MMG (21.94 to 23.99, p=0.017; Fig. 5), and benefits of
CBE (15.73 to 16.76, p=0.031; Fig. 6). Additionally, bar-
riers to BSE decreased significantly (12.81 to 11.00,
p=0.002; Fig. 7). Nevertheless, no significant differences
were detected within the two groups for the subscales
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of perceived susceptibility (Fig. 8), health motivation
(Fig. 9), and barriers to CBE (Fig. 10).

Discussion

This randomized controlled trial (RCT) proposed to
assess whether the practice, knowledge, and beliefs of
teachers regarding BCS would improve following the
implementation of an educational intervention. The
study results suggest that the health educational inter-
vention had a positive impact, as evidenced by significant
improvements in the teachers’ BCS practices, knowledge,
and beliefs after the intervention.

Breast self-examination

The results of this study display a significant improve-
ment in BSE uptake among the intervention group
compared to the control group over time. This improve-
ment may be attributed to the simplicity of performing
BSE and the effectiveness of the practical training ses-
sion with the breast model, combined with the educa-
tional program. These findings suggest that practical,
skill-based education can successfully increase both the
implementation and frequency of BSE. These findings
align with similar intervention studies that have shown
improved BSE performance among those who received
educational interventions compared to participants who
did not [12, 23, 24, 41, 42]. The results are constant with
studies by Akhtari-Zavare et al. [24], Masoudiyekta et al.
[23], and Tuzcu et al. [12], which found that participants
who practiced BSE on breast models with lumps demon-
strated higher performance and frequency of BSE than
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those who learned through lectures, leaflets, videos, or
other educational methods. Therefore, the educational
intervention incorporating practical BSE training, along
with the other components developed in this study, may
be effective in increasing BSE practice and frequency in
similar demographic groups.

Health belief model and BSE

Several intervention studies have supported the present
findings, emphasizing the effectiveness of using the HBM
as a theory-based approach to improving BSE behaviors
[12, 23, 24, 28, 41]. A systematic review had supported
the effectiveness of educational interventions on BSE
globally, finding theory-based, hands-on approaches par-
ticularly effective for increasing screening behaviours
[21]. Similarly, in a recent study conducted on female
teachers in Iran, found significantly higher frequencies of
BSE in the intervention group than in the control group
six months post-HBM-based intervention, reinforcing
the efficacy of educational initiatives grounded in HBM
[43].

Recommendations and limitations for BSE

While BSE is no longer recommended as a primary
screening method due to limited evidence of its effective-
ness, it has been shown to empower women to notice any
changes in their breasts. As a result, women are encour-
aged to become familiar with their breasts and promptly
report any changes to physician. Experts suggest that
self-awareness can be as efficient as regular BSE [44].
Additionally, the Malaysian Clinical Practice Guidelines
recommend BSE not as a screening method, but as a tool
for raising awareness [45].

Clinical breast examination
The findings of this study reveal a positive impact of the
intervention on CBE performance. The results showed
that CBE practice was significantly higher in the inter-
vention group compared to the control group. These
results are consistent with those from a RCT conducted
by Elder et al. [46], which found a significant increase
in CBE performance in the cancer screening condition
from 47 to 63% compared to the control group. Similar
findings were observed in studies conducted in Iran by
Mirmoammadi et al. and Fathollahi-Dehkordi and Fara-
jzadegan [28, 47], which also demonstrated the efficacy of
educational interventions in promoting CBE practice.
There are notable similarities between the findings of
this study and those reported by Tuzcu et al. [12], which
found that after a 6-month follow-up, the rate of CBE
practice was better in the intervention group compared
to the control group (34.1% vs. 10.1%). The significant
increase in CBE performance among participants in the
intervention group of our study may be attributed to the
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distribution of printed materials on BCS methods and
the motivational follow-up through telephone messages
post-intervention. Likewise, studies by Akhtari-Zavare
et al, Masoudiyekta et al, and Mirmoammadi et al.
[23, 24, 28] identified motivational telephone messages
and printed materials as effective strategies for rapidly
improving BCS uptake.

A randomized controlled study supports these find-
ings, reporting that the intervention group exhibited a
notably higher frequency of CBE six months post-train-
ing [43]. Likewise, a systematic review emphasized that
educational interventions are generally effective in pro-
moting CBE and enhancing women’s knowledge and
participation in screening practices worldwide [21]. The
interesting finding of the current study is the relationship
between age and CBE uptake. These findings are consis-
tent with the study of Tuzcu et al. [12], who stated that
CBE increased by 1.1 (CI: 1.03-1.16) with each additional
year of age. This association is supported by other stud-
ies, indicating that older women are more likely to per-
form CBE [48], perhaps due to increased perception of
risk. Nevertheless, a study by Andegiorgish et al. [49]
reported no significant association between CBE practice
and age (P=0.961), suggesting that further study may be
needed to investigate the impact of age on CBE uptake.

Mammography
The results of this study suggest that there were no sig-
nificant differences in MMG uptake between or within
the two groups. The low MMG practice rate in this study
could be attributed to numerous factors: the small num-
ber of respondents over 40 years old (17%), lack of insur-
ance coverage, short follow-up period, and absence of
screening programs. These findings align with Wu & Lin
[50], who stated similar challenges in improving screen-
ing level. In contrast to our findings, a study by Gondek
et al. [51] assessing the efficacy of a health education
program for immigrant women in the USA stated a sig-
nificant increase in MMG screening post-intervention.
However, the study reported that women from Middle
Eastern backgrounds were less likely to contribute in
screening compared to Thai and Burmese women. This
lower rate was attributed to cultural factors, such as the
family structure in Middle Eastern, where women often
rely on male relatives for medical care decisions. This
may also justify the low MMG rates in our study, as it
similarly involved women from Middle Eastern nations.
In another contrast to the findings of this study, Lee-
Lin et al. [30] reported significantly different findings
among Chinese American immigrant females. The study
reported six months’ post-intervention, the interven-
tion group was 9 times more probable to practice MMG
compared to the control group (OR=9.10, 95% CI: 3.50-
23.62). One possible explanation for the high education
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program effect is that research grant funding covered
MMG costs for participants, reducing financial barriers.
This financial support, unavailable to population in our
study, could account for the lower MMG screening rates.
Similarly, studies implemented in the USA [46, 52] and
Turkey [11] found significantly higher MMG level in the
intervention group compared to the control group. One
possible explanation for these contradictory findings is
that the HBM used in our intervention focuses primarily
on intra-personal factors related to health behavior, such
as disease perceptions and self-efficacy. However, the
HBM provides limited insight into social, interpersonal,
and economic barriers to health behaviour change [53].

In contrast, studies like those by Lee-Lin et al. and
Taymoori et al. [30, 54] utilized a combination of health
behavior models that address more multifaceted needs,
leading to better screening level. The findings of our
study suggest that Yemeni women in Malaysia encounter
many challenges in accessing MMG screening facilities,
involving limited healthcare services, language barri-
ers, transportation difficulties, cultural norms, and high
costs. Addressing these issues may require a long-term
culturally tailored educational method that involves
local culture sensitivities, includes family members, and
explore ways to reduce screening costs. Such method
may be essential to shift health practices and overcome
traditional barriers.

Breast cancer screening knowledge

The results of the present research indicate that teachers
in the intervention group showed a significant increase
in BC knowledge following the intervention, com-
pared to participants in the control group. This impor-
tant improvement may be attributed to the information
offered through the program. Moreover, the high level of
education between the women in the study sample may
have contributed to the success of the education pro-
gram. The findings align with studies by Rabbani et al,,
Akhtari-Zavare et al., and Yilmaz et al. [13, 24, 55], as well
as study by Khiyali et al. [41]. The current findings also
consistent with the results of a quasi-experimental study
in Iran [23].

Furthermore, a recent descriptive study on women in
urban Lucknow, India, found a substantial increase in BC
awareness post-intervention. This improvement suggests
that targeted educational programs can significantly raise
BC awareness, potentially aiding early detection among
urban populations, especially where awareness levels may
initially be low [56]. Moreover, a study among women
in Egypt found a significant increase in BCS knowledge
after the implementation of an educational interven-
tion, highlighting the potential for parallel programs to
increase knowledge in diverse populations [57].
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However, some previous studies have stated that edu-
cational programs were not effective in improving BC
knowledge across different groups. For example, Elder et
al. [46] found no significant difference in BC knowledge
scores between intervention group and control groups,
proposing that intervention effectiveness may vary based
on some factors such as delivery approach, content, and
participant engagement. In this study, previous exposure
to information about BCS was positively associated with
improved BC knowledge. Women who had previously
read or heard about BCS were more knowledgeable about
BC. These results are consistent with previous study by
Hussen et al. [58], who found that participants with prior
information about BC were more possible to have greater
knowledge than those without such information.

Beliefs about breast cancer screening

The findings of the current research indicate that, follow-
ing the educational intervention, there was a significant
progress in most health beliefs subscales in the interven-
tion group. The notable improvement in knowledge and
beliefs among participants underscores their readiness
to acquire more health information and develop skills to
promote healthy behaviors. However, the lack of signifi-
cant differences in some belief subscales may be attrib-
uted to the homogeneity of the study sample concerning
socio-demographic factors, which could explain the lim-
ited variation in respondents’ beliefs about BC.

These findings support Yilmaz et al. [13], who reported
a significant improvement in post-test mean scores for
benefits, barriers, health motivation, and self-efficacy.
The findings of the current study also align with a RCT
conducted in Iran, which found important differences
between the study groups in perceived benefits of CBE,
MMG, self-confidence, and health motivation. Nev-
ertheless, no significant differences were detected for
perceived susceptibility and severity [28]. Additionally,
a similar study conducted in Egypt found a significant
improvement in beliefs related to BSE after implement-
ing an educational program based on the HBM [57].
Similarly, the present study’s findings are consistent
with Khiyali et al. [41], which demonstrated significant
improvements in the benefits of BSE, barriers to BSE, and
self-efficacy in the intervention group. In line with these
results, Akhtari-Zavare et al. [24] indicated significant
differences between the study groups for the benefits of
BSE, barriers to BSE, and confidence, though not in per-
ceive seriousness or susceptibility.

In contrast to these findings, Kocatz et al. [42] found
no evidence of the efficacy of the intervention in the
benefits of BSE. Similarly, Lee-Lin et al. and Tuzcu et
al. [12, 59] found no significant difference in the ben-
efits of MMG. Elder et al. [46] found that scores for
barriers to MMG and CBE were significantly lower in

Page 13 of 17

the intervention group compared to the control group,
which is inconsistent with the current study. The non-
significant changes in MMG barriers detected here may
be related to improvements in participants’ knowledge
about the cost of MMG, fear of radiation, and the fact
that a majority of the respondents were below the recom-
mended age for MMG.

While the current study did not show significant
improvement in perceived susceptibility, studies by Fath-
ollahi-Dehkordi & Farajzadegan, Tuzcu et al,, Yilmaz et
al., and Htay et al. [12, 13, 47, 60] reported a significant
increase in susceptibility scores post-interventions. This
discrepancy may be justified by participants’ younger
age, with younger women probably perceiving BC risk as
mostly relevant to older women. Another factor could be
that studies employing multiple health behavior models
have been more effective in addressing women’s multi-
dimensional needs by considering cultural, economic,
and social impacts on health beliefs [47, 59]. In contrast,
this study used only the HBM, which primarily focuses
on individual health-related perceptions. Factors sig-
nificantly associated with health beliefs in this study
included age, prior exposure to BCS information, and
family history of BC. These findings align with Yilmaz et
al. [13], who reported a significant association between
prior knowledge of BCS and susceptibility, benefits of
BCS, and confidence. Similarly, Kissal et al. [61] reported
an association between self-efficacy and family history of
BC.

Cultural and logistical challenges in healthcare access
Although the education intervention positively influ-
enced health beliefs in some areas, the effectiveness of
BCS initiatives for Yemeni women in Malaysia is also
shaped by substantial cultural and logistical challenges.
Cultural beliefs and stigmas around BC can create fear
or discomfort regarding BCS procedures, particularly
among women who may lack familiarity with preven-
tive healthcare practices. Additionally, younger women
may view BC risk as more relevant to older women, lim-
iting the effect of susceptibility-focused messages in the
education intervention. Language barriers can also limit
effective communication with healthcare providers,
reducing women’s ability to navigate healthcare services
confidently and understand screening recommendations.

Logistical limitations further complicate access to
health care services. Many women may experience
financial limitations, making it difficult to afford trans-
portation or healthcare costs, and limited availability of
culturally sensitive healthcare providers may impact their
comfort and trust in seeking services. Additionally, tradi-
tional family roles and responsibilities may restrict wom-
en’s time and ability to prioritize personal healthcare,
further hindering access.
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Acknowledging these barriers provides a more com-
prehensive understanding of the context in which our
intervention was implemented, highlighting potential
limitations of the intervention’s effectiveness. Address-
ing these factors in future interventions could improve
Yemeni women’s engagement with BCS initiative in
Malaysia, strengthening the alignment of these interven-
tions with the exclusive needs of this population.

Conclusion

This study aimed to assess the impact of a HBM-based
educational intervention on BCS uptake, knowledge, and
beliefs among Yemeni female teachers in Klang Valley,
Malaysia. Our findings revealed low initial levels of BCS
uptake, knowledge, and beliefs in this population, under-
scoring the need for targeted educational interventions.
Following the intervention, there was a notable improve-
ment in BSE and CBE uptake within the intervention
group compared to the control group, aligning closely
with the study’s objective. However, MMG uptake did not
show improvement between or within the two groups.

In addition, the intervention significantly increased
knowledge scores in the intervention group over time
compared to the control group. Health beliefs, particu-
larly in the subscales of BSE benefits, BSE barriers, con-
fidence, health motivation, MMG benefits, and CBE
benefits, also demonstrated significant improvements in
the intervention group. However, susceptibility, serious-
ness, and certain barriers (CBE and MMG) subscales
showed no significant differences, indicating areas for
further exploration.

Overall, the study effectively meets its aim by demon-
strating that community-based educational programs,
grounded in the HBM, are effective strategies for enhanc-
ing BCS behaviors, knowledge, and beliefs in this com-
munity. This research not only provides essential baseline
data for future studies and health administrators but also
emphasizes the critical role of educational programs in
advancing public health outcomes within underserved
populations.

The implications of these findings extend beyond the
specific group of Yemeni female teachers in Malaysia.
Similar HBM-based interventions could be adapted to
reach other vulnerable populations who may face cul-
tural, social, or logistical barriers to BCS. For instance,
tailoring educational content to address the specific
beliefs and challenges of different cultural or ethnic
groups could increase its relevance and effectiveness.
Furthermore, using community-based approaches and
integrating mobile technology can broaden access and
engagement, making these interventions applicable in
various settings. Adapting this intervention model across
diverse contexts may significantly enhance BCS uptake
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and awareness, contributing to global efforts in cancer
prevention and early detection.

Strengths of the study

The current study possesses numerous strengths. Firstly,
it employed a rigorous randomization design, considered
the gold standard in intervention studies. The use of a
cluster-randomized design effectively prevented contam-
ination between individuals assigned to different treat-
ment groups. Additionally, the study applied the HBM
and utilized the validated CHBMS to evaluate women’s
beliefs about BC and BCS. Notably, this study is the first
to develop and evaluate a BCS intervention specifically
for Yemeni teachers in Malaysia.

Another strength is the high response rate and low
dropout rate, which helped maintain the distribution of
the population across study groups and ensured the com-
parability and validity of the findings. Furthermore, the
study employed an intention-to-treat analysis approach,
which facilitates unbiased comparisons between groups.
Additionally, the use of GEE analysis is a critical strength,
as it handles both normally and non-normally distributed
data while adjusting for covariates and clustering effects.

Limitations of the study

Despite its strengths, this study has several key limita-
tions that could affect the reliability and generalizability
of its findings. One limitation is selection bias. Although
efforts were made to reduce this by keeping cluster allo-
cation confidential until after participants were selected,
consented, and baseline data collected, selection bias
remains a possibility and may influence the generaliz-
ability of findings beyond the study sample. The study’s
restriction to the Klang Valley area, along with the small
sample size, limits generalizability to all Yemeni teachers
in Malaysia. While GEE produced significant results for
BSE uptake, the wide confidence intervals suggest poten-
tial variability, warranting cautious interpretation, which
could impact the precision and stability of the estimates.
This variability calls for larger sample sizes in future stud-
ies to confirm these findings and ensure more stable and
generalizable estimates.

Another limitation is the reliance on self-reported data,
which may introduce bias due to potential inaccuracies
in participants’ responses. To reduce this bias, we used
clear, precise language, ensured confidentiality and ano-
nymity, and maintained a brief data collection period;
however, self-reporting could still affect reliability.
Future research might consider incorporating objective
measures, such as observational assessments or medi-
cal records, to improve data accuracy and validate self-
reported data. Additionally, systemic barriers to BCS,
such as the cost of MMG and the requirement for refer-
rals, may have limited MMG access among participants.
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This limitation underscores the importance of addressing
accessibility challenges in future BCS interventions.

The educational intervention was conducted as a single
90-minute session due to the teachers’ busy schedules,
which may limit its effectiveness in driving lasting behav-
ioral change. While additional materials, such as a BSE
instructional CD, a booklet, and regular text message
reminders over six months, were provided to reinforce
key messages, a single session may still be insufficient to
ensure the sustainability of knowledge and the conver-
sion of awareness into long-term changes in attitudes
and practices. Future studies could benefit from explor-
ing multi-session interventions or sustained engagement
approaches, as repeated exposure and ongoing support
are likely to enhance the retention of knowledge and fos-
ter enduring behavioral change. This approach could be
crucial for maximizing the long-term impact of health
education programs on BCS practices.

Furthermore, the six-month follow-up for MMG
and CBE evaluations, compared to the recommended
annual screenings, limits our ability to assess longer-term
uptake and adherence. Future studies could benefit from
a follow-up period exceeding one year for a more com-
prehensive understanding of BCS behaviors over time.
Finally, it is challenging to control for external informa-
tion exposure in the control group, as participants may
have encountered other sources of BCS information dur-
ing the study period. This potential contamination could
influence results and reduce the intervention’s observed
effect, highlighting a need for careful consideration of
information exposure in future research. By addressing
these limitations more fully, the study aims to present a
transparent view of its findings and encourages further
research to validate and expand upon these results.

Recommendations

Based on the findings of the current study and its limi-
tations, numerous recommendations can be made. First,
school teachers should actively participate in BC aware-
ness programs, regularly practice BCS behaviors, and
disseminate the knowledge they acquire to students and
community members. Health organizations and policy-
makers are encouraged to develop and implement BC
awareness programs that specifically include and support
foreign women. Additionally, creating a mobile applica-
tion for the educational module could facilitate broader
distribution and accessibility among school teachers.

To improve MMG uptake, specific interventions
addressing the financial and logistical barriers to screen-
ing are essential. These could include offering subsidized
or free MMG, transportation assistance, or establishing
mobile MMG units in underserved areas. Partnering
with local health organizations or government agencies
to provide these resources may also reduce the cost and
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accessibility challenges that often hinder screening, par-
ticularly in vulnerable populations. Additionally, develop-
ing culturally sensitive educational materials that address
common misconceptions about MMG could encourage
participation and reduce hesitancy. Future research may
also benefit from examining the role of community lead-
ers and family support in encouraging regular MMG,
which could offer additional pathways to overcoming cul-
tural and logistical barriers.

Further, future studies should focus on evaluating the
effectiveness of this educational intervention across
diverse groups of women with larger sample sizes, irre-
spective of their workplace, culture, nationality, or reli-
gion, to enhance generalizability. It is also recommended
that future studies utilize more reliable data sources, such
as medical reports, rather than relying solely on self-
reported questionnaires. Furthermore, employing a vari-
ety of health behavioral models or theories could provide
deeper perceptions of the psychosocial and cultural fac-
tors affecting BCS behaviors among women.
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