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Abstract

Background: Despite the availability of free breast cancer screening services, the use of mammography in Saudi Arabia remains subopti-
mal. This study examined factors associated with mammography uptake using the Health BeliefModel (HBM) and assessed the structural
pathways linking health beliefs, intentions, and screening behaviors. Methods: This cross-sectional study, conducted in accordance with
STROBE guidelines, recruited 385 women aged ≥40 years across Saudi Arabia using an online Arabic-language questionnaire. Seven
HBM constructs were assessed alongside mammography uptake within the past 2 years, which served as the primary outcome. Confirma-
tory factor analysis (CFA), structural equation modelling (SEM), and hierarchical logistic regression analyses were performed. Results:
Only 25.2% (n = 97) of participants reported recent mammography findings, although 49.9% had undergone screening at some point.
The CFA confirmed an excellent model fit (comparative fit index [CFI] = 0.963, root mean square error of approximation [RMSEA] =
0.048, standardized root mean square residual [SRMR] = 0.052). In bivariate analyses, women who underwent screening reported higher
levels of triggers for action, self-efficacy, and intention, as well as lower perceived barriers (all p ≤ 0.001). Logistic regression identified
family history of breast cancer as the only factor independently associated with mammography uptake (adjusted odds ratio [aOR] = 3.00,
95% confidence interval [CI]: 1.273–7.059, p = 0.012). SEM identified self-efficacy (β = 0.450), perceived barriers (β = −0.233), and
perceived benefits (β = 0.208) as significant predictors of screening intention (all p < 0.05). However, intention did not significantly pre-
dict mammography uptake (β = 0.163, p = 0.157), indicating an intention–behavior gap. Conclusions: Mammography uptake remained
low despite high perceived severity and perceived benefits. Structural determinants, including family history, insurance coverage, and
urban residence, appeared to outweigh attitudinal pathways in predicting actual screening uptake. Public health interventions should thus
integrate psychological and structural approaches to improve participation in mammography screening.
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1. Introduction
Breast cancer is the most commonly diagnosed malig-

nancy in women worldwide and remains the leading cause
of cancer-related mortality [1]. According to GLOBOCAN
2020 estimates, breast cancer surpasses lung cancer as the
most frequently diagnosed cancer globally, accounting for
approximately 2.3 million new cases annually [2]. Despite
advances in treatment, survival disparities persist across re-
gions and are largely influenced by stage at diagnosis and
access to care [3]. In the Middle East, including Saudi Ara-
bia, breast cancer is often diagnosed at younger ages and
more advanced stages, underscoring the need for effective
early detection strategies [4].

Breast cancer prevention programs primarily focus on
early detection through organized screening initiatives, in-
cluding mammography, which has been shown to reduce
mortality by enabling earlier diagnosis and treatment [5].
Many high-income countries have implemented national
screening programs targeting women aged 40–69 years,
resulting in improved stage distribution and survival out-
comes [6]. In Saudi Arabia, national awareness campaigns
and free screening services have been introduced; however,

their uptake remains suboptimal compared to global bench-
marks [7]. Barriers, such as limited awareness, access in-
equalities, and sociocultural factors, continue to hinder par-
ticipation in preventive screening initiatives.

The Health Belief Model (HBM) is a widely used the-
oretical framework for understanding preventive health be-
haviors [8,9]. The model posits that individuals are more
likely to engage in health-related action when they perceive
themselves to be susceptible to a serious condition, believe
the condition has significant consequences, perceive ben-
efits in taking action, and identify fewer barriers to action
[8,10]. Later studies incorporated self-efficacy and cues for
action as additional determinants [11]. Although empiri-
cal findings regarding its predictive strength remain mixed
across cultural contexts, the HBM has been extensively ap-
plied in breast cancer screening research [12,13].

Although mammography is widely recognized as an
effective strategy for reducing breast cancer mortality
through early detection, screening uptake remains subop-
timal in many countries, including Saudi Arabia [14,15].
Prior research in this region has largely focused on de-
scriptive prevalence studies or isolated predictors such
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as sociodemographic characteristics, knowledge levels, or
access-related factors with limited theoretical integration
[7,16]. While several studies have applied the HBM to
breast cancer screening behaviors globally, findings have
been inconsistent regarding which constructs most strongly
predict screening uptake [10,17]. Most regional studies
have examined HBM constructs using simple regression
analyses without testing full structural pathways, media-
tion effects, or measurement validity through confirma-
tory factor analysis (CFA) or structural equation modeling
(SEM) [7,9,14,15,16]. Consequently, the extent to which
health beliefs translate into actual screening behavior—
particularly in contexts characterized by structural barriers
such as insurance coverage and geographic disparities—
remains insufficiently understood. Furthermore, there is
limited evidence on the intention-behavior gap in breast
cancer screening in Middle Eastern populations. Thus,
there is a clear need for theoretically grounded, method-
ologically rigorous studies that simultaneously evaluate the
measurement validity and structural relationships among
HBM constructs, intention, and mammography uptake in
Saudi women. Addressing this gap can clarify whether psy-
chological or structural factors drive screening behavior and
thus inform more targeted public health interventions.

2. Materials and Methods
2.1 Study Design and Setting

This cross-sectional analytical study was conducted to
examine factors associated with mammography uptake us-
ing the HBM among women aged ≥40 years in the King-
dom of Saudi Arabia. Data were collected between May
2025 and October 2025. This study targeted women re-
siding across multiple regions of the country and assessed
the associations between HBM constructs and self-reported
mammography screening behavior at a single point in time.
This studywas conducted according to STROBE guidelines
[18].

2.2 Participants and Sampling
Anonprobability convenience sampling approach was

used in this study. Eligible women were recruited through
an online survey link disseminated through social media
platforms and community networks to facilitate nationwide
participation.

Inclusion criteria were as follows: (1) women aged
≥40 years; (2) residing in Saudi Arabia during the data col-
lection period; (3) able to read and understand Arabic; and
(4) providing informed consent. The exclusion criteria were
as follows: (1) previous diagnosis of breast cancer, (2) cur-
rent diagnostic evaluation for suspected breast cancer, (3)
history of bilateral mastectomy, or (4) cognitive or medical
impairment preventing questionnaire completion. Eligibil-
ity was self-reported at the beginning of the study.

2.3 Data Collection and Measures
Data were collected using a structured, self-

administered Arabic questionnaire hosted on a secure
online platform. The first page contained an electronic
informed consent form. The responses were recorded
anonymously and stored in a password-protected database
accessible only to the research team. The questionnaire
assessed seven HBM constructs: Perceived Susceptibility,
Perceived Severity, Perceived Benefits, Perceived Barriers,
Self-Efficacy, Cues to Action, and Screening Intention.
Each was measured using three items rated on a 5-point
Likert scale (1 = strongly disagree to 5 = strongly agree).
The construct scores were calculated as the mean of their
respective items. The primary outcome was self-reported
mammography scan uptake within the past 2 years (yes/no).
The demographic and clinical variables included age, mar-
ital status, education, employment, income, residence,
insurance coverage, and family history of breast cancer.

The HBM questionnaire used in this study was devel-
oped based on established theoretical constructs and later
expanded to include self-efficacy and cues to action [10].
Item development was informed by previously validated
breast cancer screening instruments, particularly the Cham-
pion Health Belief Model Scale (CHBMS), which has been
widely applied in mammography research across diverse
populations [7,8,9,10,11,12,13,17,19]. Three items were
selected or adapted for each construct to ensure conceptual
clarity and content validity, while maintaining brevity for
online administration. The items were translated into Ara-
bic and reviewed for linguistic appropriateness and cultural
relevance before data collection.

2.4 Sample Size Calculation
The required sample size was calculated using a

single-proportion formula with a 95% confidence level (Z =
1.96), an assumed prevalence of 50%, and a 5% margin of
error. The minimum sample size required was 385. A con-
servative prevalence estimate was used to maximize pre-
cision and ensure adequate statistical power. The sample
size was initially calculated using a single-proportion for-
mula to estimate the prevalence of mammography screen-
ing among women aged ≥40 years in a cross-sectional de-
sign. Although the primary calculation was based on preva-
lence estimation, the final sample size (n = 385) alsomet the
recommended requirements for SEM, which typically sug-
gests a minimum of 200 participants or at least 10 observa-
tions per estimated parameter to ensure stable parameter es-
timation. Therefore, the obtained sample size was adequate
for both the prevalence assessment and SEM analysis.

2.5 Response Rate, Data Handling, and Bias Control
As recruitment occurred via open online distribution,

the exact number of individuals exposed to the survey in-
vitation could not be determined; therefore, the conven-
tional response rate was not calculated. Only the fully com-

2

https://www.imrpress.com


pleted questionnaires were included in the final analysis.
The data were screened for completeness and consistency
prior to statistical analysis. To reduce bias, the survey was
disseminated nationally to enhance demographic variability
(selection bias), utilize standardized HBM-based items (in-
formation bias), restrict mammography recall to the past 2
years (recall bias), and ensure anonymity (social desirabil-
ity bias). However, convenience sampling and self-report
measures may have limited the generalizability of the re-
sults.

2.6 Statistical Analysis

Datawere analyzed using IBMSPSS Statistics version
25.0 (IBM Corp., Armonk, NY, USA) and AMOS 26 (IBM
Corp., Armonk, NY, USA). Descriptive statistics (means,
standard deviations, frequencies, and percentages) were
used to summarize participant characteristics and screening
prevalence. Prior to conducting parametric analyses, the
distribution of continuous variables was assessed using vi-
sual inspection of histograms and Quantile-Quantile (Q-Q)
plots as well as statistical indicators, including skewness,
kurtosis, and the Shapiro-Wilk test. The composite Likert
scale scores for the HBM constructs approximated normal
distributions, supporting the use of independent-sample t-
tests for group comparisons. For the sensitivity analysis,
equivalent nonparametric tests were also performed, and
consistent results were obtained.

Internal consistency reliability was assessed using
Cronbach’s alpha and composite reliability (CR), with ac-
ceptable thresholds set at ≥0.70. Convergent validity was
evaluated using average variance extracted (AVE ≥0.50).
CFA using maximum likelihood estimation was conducted
to evaluate the seven-factor measurement model. Model fit
was assessed using multiple indices, including chi-square
(χ2), comparative fit index (CFI ≥0.95), Tucker-Lewis in-
dex (TLI ≥0.95), root mean square error of approximation
(RMSEA ≤0.06), and standardized root mean square resid-
ual (SRMR ≤0.08). Because the measurement items were
adapted from previously validated HBM instruments and
the latent constructs were theoretically specified, an ex-
ploratory factor analysis was not conducted.

Bivariate analyses included independent-sample t-
tests for continuous variables and chi-square tests for cat-
egorical variables. Hierarchical logistic regression was
performed to identify variables independently associated
with mammography uptake, reporting adjusted odds ratios
(aOR) with 95% confidence intervals (CIs). Prior to model
estimation, potential multicollinearity among predictors
was evaluated using variance inflation factors (VIF) and in-
spection of correlation matrices; all VIF values were within
acceptable limits, indicating no problematic collinearity.
Demographic variables were entered based on theoretical
relevance and prior evidence, whereas all HBM constructs
and screening intentions were entered simultaneously to
evaluate the conceptual framework.

SEM was performed using maximum likelihood in
AMOS. Mammography uptake was included as an ob-
served binary outcome variable (0 = no screening within
the past 2 years, 1 = screening within the past 2 years). Al-
though SEMwithmaximum likelihood assumes continuous
variables, binary outcomes can be incorporated as observed
endogenous variables when the sample size is adequate and
the model estimation remains stable. In this study, uptake
was modeled as a manifest outcome predicted by intention
and HBM constructs to evaluate the hypothesized associa-
tion pathways. Statistical significance was set at p < 0.05.

3. Results
3.1 Sociodemographic and Clinical Characteristics of
Participants

A total of 385 women aged 40–75 years participated
in this study (mean age = 51.9 ± 7.9 years). The largest
age group was 50–59 years (43.9%), followed by 40–49
years (40.8%) and ≥60 years (15.3%). Most participants
were married (68.8%), and nearly half were homemakers
(46.0%). Regarding education, 29.6% held a bachelor’s de-
gree, whereas 8.3% had no formal education. Most resided
in urban areas (69.9%) and reported a medium household
income (46.5%). Health insurance coverage was reported
by 55.8% of the participants, and 16.1% had a family his-
tory of breast cancer (Table 1).

Overall, 192 women (49.9%) underwent mammogra-
phy, whereas only 97 (25.2 %) reported undergoing screen-
ing within the past 2 years. The screening rates were no-
tably higher among insured women (33.0% vs. 15.3%), ur-
ban residents (30.1% vs. 13.8%), those with a family his-
tory of breast cancer (46.8% vs. 21.1%), and those with a
higher income (33.3%).

3.2 Descriptive Statistics and Reliability of HBM
Constructs

Table 2 (Ref. [20,21]) presents the descriptive statis-
tics and internal consistencies of the sevenHBMconstructs.
Perceived Benefits had the highest mean score (Mean [M]
= 3.90, standard deviation [SD] = 0.72), followed by Per-
ceived Severity (M = 3.86, SD = 0.62), indicating strong en-
dorsement of the seriousness of breast cancer and the value
of early detection. Cues to action (M = 3.47, SD = 1.00)
and intention (M = 3.46, SD = 0.75) were rated moderately,
while Perceived Barriers (M = 2.28, SD = 0.88) and Per-
ceived Susceptibility (M = 2.67, SD = 0.91) recorded the
lowest scores.

CR values ranged from 0.788 to 0.853, and AVE
ranged from 0.554 to 0.659, both exceeding the recom-
mended thresholds of 0.70 and 0.50, respectively, confirm-
ing convergent validity. Cronbach’s alpha was acceptable
for Cues to Action (α = 0.727), with the remaining con-
structs showing CR-supported reliability. The standardized
factor loadings across all constructs ranged from 0.727 to
0.854, demonstrating satisfactory item-level reliability.
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Table 1. Sociodemographic and clinical characteristics by mammography uptake (past 2 years).

Characteristic
Screened in past 2 years (n = 97) Not screened in past 2 years (n = 288)

Test statistic p-value
n (%) n (%)

Age (years) 51.6 ± 7.3 52.0 ± 8.1 t (383) = 0.796 0.454
Age group χ2 (2) = 1.748 0.514
40–49 years 43 (44.3%) 114 (39.6%)
50–59 years 43 (44.3%) 126 (43.8%)
≥60 years 11 (11.3%) 48 (16.7%)

Marital status χ2 (3) = 0.071 0.995
Divorced 8 (8.2%) 24 (8.3%)
Married 67 (69.1%) 198 (68.8%)
Single 8 (8.2%) 22 (7.6%)
Widowed 14 (14.4%) 44 (15.3%)

Education level χ2 (5) = 6.373 0.272
Bachelor 36 (37.1%) 78 (27.1%)
Diploma 15 (15.5%) 46 (16.0%)
No formal education 4 (4.1%) 28 (9.7%)
Postgraduate 11 (11.3%) 28 (9.7%)
Primary 11 (11.3%) 32 (11.1%)
Secondary 20 (20.6%) 76 (26.4%)

Employment status χ2 (3) = 1.328 0.723
Employed 33 (34.0%) 82 (28.5%)
Homemaker 42 (43.3%) 135 (46.9%)
Retired 11 (11.3%) 31 (10.8%)
Unemployed 11 (11.3%) 40 (13.9%)

Monthly household income χ2 (2) = 5.023 0.081
High 24 (24.7%) 48 (16.7%)
Medium 47 (48.5%) 132 (45.8%)
Low 26 (26.8%) 108 (37.5%)

Place of residence χ2 (1) = 10.602 0.001**
Rural 16 (16.5%) 100 (34.7%)
Urban 81 (83.5%) 188 (65.3%)

Health insurance χ2 (1) = 14.906 <0.001***
No 26 (26.8%) 144 (50.0%)
Yes 71 (73.2%) 144 (50.0%)

Family history of breast cancer χ2 (1) = 16.920 <0.001***
No 68 (70.1%) 255 (88.5%)
Yes 29 (29.9%) 33 (11.5%)

Values are presented as frequencies (n) and column percentages (%) within the screening status. Pearson’s chi-squared test was used for
categorical variables. Independent-sample t-tests were used to analyze continuous age variables. **p < 0.01; ***p < 0.001.

3.3 Confirmatory Factor Analysis

Confirmatory factor analysis was conducted to eval-
uate the factorial validity of the seven-factor HBM mea-
surement model (Table 3). The overall model demonstrated
a good fit: CFI = 0.963, TLI = 0.951, RMSEA = 0.048
[90%CI: 0.031–0.065], and SRMR = 0.052, all meeting the
recommended thresholds (CFI/TLI >0.95; RMSEA <0.06;
SRMR <0.08 [22]).

All standardized factor loadings were statistically sig-
nificant and ranged from 0.727 to 0.854, surpassing the
minimum threshold of 0.60, supporting item-level conver-
gent validity. Cues to Action yielded the highest loading
range (0.782–0.854), whereas Perceived Severity produced

the narrowest range (0.727–0.760). CR values across con-
structs ranged from 0.788 to 0.853, and AVE ranged from
0.554 to 0.659, all exceeding the recommended cutoffs of
0.70 and 0.50, respectively [23]. Collectively, these results
confirm that each construct is well represented by its three
indicators and that the measurement model possesses ade-
quate convergent validity and internal consistency prior to
structural analysis.

3.4 Bivariate Analysis

Bivariate analyses revealed significant differences
across several HBM constructs between the screened and
non-screened women (Table 4). Cues to Action was the
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Table 2. Descriptive statistics and reliability of HBM constructs.
HBM construct Items Mean ± SD Cronbach’s α Composite

reliability (CR)
Average
variance

extracted (AVE)

Standardized factor
loading range
(min–max)

Perceived susceptibility 3 2.67 ± 0.91 0.740* 0.806 0.582 0.729–0.801
Perceived severity 3 3.86 ± 0.62 0.710* 0.788 0.554 0.727–0.760
Perceived benefits 3 3.90 ± 0.72 0.781* 0.834 0.626 0.758–0.815
Perceived barriers 3 2.28 ± 0.88 0.865* 0.845 0.645 0.792–0.813
Self-efficacy 3 3.32 ± 0.75 0.812* 0.842 0.639 0.791–0.806
Cues to action 3 3.47 ± 1.00 0.727* 0.853 0.659 0.782–0.854
Intention 3 3.46 ± 0.75 0.811* 0.828 0.616 0.754–0.805
Thresholds (minimum acceptable) 3 1–5 ≥0.70 ≥0.70 ≥0.50 ≥0.60
Note. HBM, Health Belief Model; SD, standard deviation. Acceptable thresholds: Cronbach’s α ≥0.70 [20]; CR ≥0.70 [21]; AVE
≥0.50 [21]. *Indicates value above recommended threshold.

strongest discriminator (M = 3.82 vs. 3.35; t(383) = 5.190,
p < 0.001), followed by Perceived Barriers, which were
significantly lower among screened women (M = 2.04 vs.
2.36; t(383) = −4.17, p < 0.001), indicating that reduced
perceived obstacles were associated with higher uptake. In-
tention (M = 3.65 vs. 3.40; t(383) = 3.80, p < 0.001)
and Self-Efficacy (M = 3.48 vs. 3.27; t(383) = 3.28, p
= 0.001) were also significantly higher among screened
women. Perceived Susceptibility reached borderline signif-
icance (t(383) = 2.03, p = 0.044), whereas Perceived sever-
ity and Perceived benefits did not differ significantly be-
tween the groups (p > 0.05).

Among demographic variables, family history of
breast cancer (χ2(1) = 16.92, p < 0.001), health insurance
coverage (χ2(1) = 14.91, p < 0.001), and urban residence
(χ2(1) = 10.60, p = 0.001) were significantly associated with
screening uptake. Age, marital status, education, employ-
ment, and income showed no significant bivariate associa-
tion.

3.5 Multivariable Logistic Regression

Two hierarchical logistic regression models were used
to identify independent predictors of mammography uptake
(Table 5). Model 1, including demographic variables only,
explained 11.3% of variance (Nagelkerke R2 = 0.113), with
adequate calibration (Hosmer-Lemeshow χ2 = 11.68, p =
0.166). Three variables were significant: family history of
breast cancer (aOR = 3.46, 95% CI: 1.88–6.37, p < 0.001),
health insurance coverage (aOR = 2.93, 95%CI: 1.71–5.02,
p < 0.001), and urban residence (aOR = 2.64, 95%CI: 1.43–
4.88, p = 0.002). Age, marital status, education, employ-
ment, and income were not statistically significant.

In Model 2, the addition of all six HBM constructs
and intention produced a marginally higher explained vari-
ance (Nagelkerke R2 = 0.124), with improved calibration
(Hosmer-Lemeshow χ2 = 7.00, p = 0.537). However, none
of the HBM constructs reached statistical significance as
predictors. Family history of breast cancer remained the
sole significant independent predictor (aOR = 2.998, 95%

CI: 1.273–7.059, p = 0.012), while insurance and residence
lost significance after adjusting for HBM constructs, sug-
gesting partial mediation of these structural factors through
health beliefs.

3.6 Structural Equation Modelling

A full SEM was estimated using the maximum likeli-
hood to examine the associations among HBM constructs,
intention, and mammography screening uptake (Fig. 1),
with screening intention specified as a mediator. The mea-
surement model included seven latent constructs, each in-
dicated by three items. The structural model specified di-
rect paths from all HBM constructs to screening intention
and uptake, along with a mediating path from intention to
uptake. The model demonstrated excellent fit: χ2(182) =
187.33, p = 0.378, χ2/df = 1.03, CFI = 0.995, TLI = 0.994,
RMSEA = 0.009, meeting recommended thresholds and
confirming adequacy of the seven-factor structure. Among
the six HBM constructs, three were significantly associ-
ated with screening intention. Self-efficacy showed the
strongest association with screening intention (β = 0.450, p
< 0.001), indicating that greater confidence in arranging and
undergoingmammographywas associated with stronger in-
tention. Perceived Barriers showed a significant negative
effect (β = −0.233, p = 0.035), suggesting that higher per-
ceived obstacles reduced screening motivation. Perceived
Benefits also positively predicted intention (β = 0.208, p
= 0.014). In contrast, Perceived Susceptibility, Perceived
Severity, and Cues to Action did not independently predict
intention after adjustment. The path from intention to mam-
mography uptake was positive but not statistically signifi-
cant (β = 0.163, p = 0.157). Although directionally consis-
tent with theory, this finding suggests an attenuation of the
intention–behavior relationship, possibly due to structural
constraints such as insurance coverage and geographic ac-
cess.

None of the direct paths from HBM constructs to
mammography uptake was statistically significant. Stan-
dardized coefficients ranged from β = −0.049 to β = 0.111,
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Table 3. Confirmatory factor analysis (CFA) results.
Construct Indicator item Std. load-

ing (λ)
Error Var. CR AVE

Perceived susceptibility
I believe I am at risk of developing
breast cancer

0.801 0.358
0.806 0.582

Compared to other women of my age,
my chance of getting breast cancer is
high

0.757 0.427

It is possible that I could develop breast
cancer in the future

0.729 0.469

Perceived severity
Breast cancer would seriously affectmy
health

0.727 0.471
0.788 0.554

Breast cancer would negatively impact
my family and daily life

0.760 0.422

The consequences of breast cancer can
be life-threatening

0.745 0.445

Perceived benefits
Mammography can detect breast cancer
at an early stage

0.815 0.336
0.834 0.626

Early detection through mammography
increases survival chances

0.758 0.425

Regular mammography provides reas-
surance about my health

0.799 0.362

Perceived barriers
Mammography is uncomfortable or
painful

0.813 0.339
0.845 0.645

It is difficult for me to arrange a mam-
mography appointment

0.792 0.373

I feel embarrassed about undergoing
mammography

0.804 0.354

Self-efficacy
I am confident I can schedule a mam-
mography appointment if needed

0.802 0.357
0.842 0.639

I can overcome obstacles that prevent
me from getting screened

0.806 0.350

I knowwhere and how to obtain amam-
mogram

0.791 0.374

Cues to action
My doctor or healthcare provider has
recommended mammography

0.782 0.388
0.853 0.659

Media or health campaigns remind me
to undergo screening

0.797 0.365

Family or friends encourage me to get
a mammography

0.854 0.271

Intention
I intend to undergo mammography
within the next 6 months

0.794 0.370
0.828 0.616

I plan to have regular mammography
screening as recommended

0.754 0.431

I will schedule a mammogram soon 0.805 0.352
Model fit indices: CFI = 0.963, TLI = 0.951, RMSEA = 0.048 [90% CI: 0.031–0.065], SRMR = 0.052
Note. λ, standardized factor loading; Error Var., 1 – λ2; CFI, comparative fit index; RMSEA, root mean square error of approximation; TLI,
Tucker–Lewis index; SRMR, standardized root mean square residual. Model fit benchmarks: CFI/TLI >0.95; RMSEA <0.06; SRMR <0.08.
The obtained model demonstrated a good-to-excellent fit across all indices.

indicating that belief constructs primarily influenced mo-
tivation rather than behavior directly. Bootstrapped me-
diation analyses (1000 resamples) showed that none of
the indirect effects via intention reached statistical sig-

nificance, as all 95% CIs included zero. The total ef-
fects indicated that Self-Efficacy and Perceived Suscep-
tibility demonstrated the largest positive combined asso-
ciation with uptake, while Perceived Barriers showed the
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Table 4. Bivariate Comparison of HBM Constructs and Demographic Variables by Mammography Screening Status.

Variable/Characteristic
Screened (n = 97) Not screened (n = 288)

Test statistic p-value
Mean SD Mean SD

A. HBM construct scores (5-point Likert scale; higher = stronger belief)
Perceived susceptibility 2.79 0.82 2.63 0.65 t (383) = 2.025 0.044*
Perceived severity 3.88 0.41 3.86 0.42 t (383) = 0.501 0.617
Perceived benefits 3.99 0.48 3.88 0.56 t (383) = 1.869 0.062
Perceived barriers 2.04 0.60 2.36 0.67 t (383) = –4.167 <0.001***
Self-efficacy 3.48 0.52 3.27 0.55 t (383) = 3.279 0.001**
Cues to action 3.82 0.74 3.35 0.79 t (383) = 5.190 <0.001***
Intention 3.65 0.52 3.40 0.55 t (383) = 3.796 <0.001***

B. Demographic & clinical variables (chi-square tests)
Age (years) 51.6 7.3 52.0 8.1 t (383) = 3.454 0.650
Marital status — — — — χ2 (3) = 0.071 0.995
Education level — — — — χ2 (5) = 6.373 0.272
Employment status — — — — χ2 (3) = 1.328 0.723
Monthly household income — — — — χ2 (2) = 5.023 0.081
Place of residence — — — — χ2 (1) = 10.602 0.001**
Health insurance coverage — — — — χ2(1) = 14.906 <0.001***
Family history of breast cancer — — — — χ2 (1) = 16.920 <0.001***

Note. The HBM construct scores are the means of three Likert items (range: 1–5). A higher score indicates a stronger
endorsement of beliefs. Degrees of freedom for all t-tests = 383. *p < 0.05; **p < 0.01; ***p < 0.001.

strongest negative total effect. Overall, the SEM findings
indicated that Self-Efficacy, Perceived Barriers, and Per-
ceived Benefits were central determinants of screening in-
tention. However, the absence of significant mediation and
the non-significant intention–uptake pathway suggests the
presence of an intention–behavior gap, implying that psy-
chological readiness alone may be insufficient to translate
into mammography uptake without structural facilitation.

4. Discussion
In this cross-sectional study of Saudi women aged ≥40

years, mammography uptake within the past 2 years was
low (25.2%), despite high perceived benefits and severity of
breast cancer. Participation in screening was significantly
higher among women with a family history of breast can-
cer, health insurance coverage, and urban residence. Al-
though screenedwomen reported higher cues to action, self-
efficacy, and intention, and lower perceived barriers in bi-
variate analyses, these HBM constructs did not indepen-
dently predict uptake in fully adjusted models, highlighting
the dominance of structural and risk-related factors.

4.1 Screening Uptake in Context
The observed recent mammography uptake (25.2%

within the past 2 years) indicates that in this sample of
women aged 40–75 years, screening is not yet normalized
as a routine preventive behavior, even though almost half
of these women reported having undergone mammogra-
phy (49.9%). This “ever vs. recent” gap is important as it
suggests that a substantial proportion of women may have
tried mammography once (often opportunistically) but do

not maintain repeat screening at recommended intervals—
an issue that has been highlighted in mammography behav-
ior research more broadly.

When compared to national andmulti-region evidence
from Saudi Arabia, the pattern remains consistent with a
long-standing challenge of suboptimal screening participa-
tion [24,25,26,27,28]. A comprehensive study examining
patterns and barriers of mammography use among Saudi
women across five regions, based on a convenience sam-
ple of women aged ≥40 years, reported 40% ever-use, em-
phasizing ongoing gaps in knowledge and perceived im-
portance [29]. Although the current sample's “ever” rate
is much higher than earlier estimates, the recent screen-
ing rate (25.2%) still points to limited adherence to regular
screening schedules. More recent national evidence sim-
ilarly shows persistently modest uptake despite increased
awareness activities and service availability. A 2020 na-
tional cross-sectional survey examining socioeconomic in-
equalities in breast cancer screening uptake reported rela-
tively low “ever mammogram” uptake, underscoring how
variable estimates can be by sampling frame and recruit-
ment method [30].

4.2 Sociodemographic and Clinical Correlates
The bivariate results showed that urban residence, in-

surance coverage, and family history of breast cancer were
strongly associated with screening in the past 2 years. This
aligns with the broader public health literature suggesting
that, even in systems with nominally available services,
access-enabling resources and healthcare contact remain
key drivers of preventive service uptake [31,32]. In the Sa-
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Table 5. Multivariable logistic regression predicting mammography uptake in the past 2 years.

Predictor
Model 1: demographic predictors only Model 2: demographics + HBM constructs

95% CI p-value
β SE aOR 95% CI p-value β SE aOR

A. Demographic predictors
Age (years) 0.005 0.016 1.005 0.973–1.037 0.774 0.003 0.017 1.003 0.970–1.036 0.868
Marital status –0.072 0.155 0.930 0.687–1.259 0.640 –0.073 0.156 0.929 0.684–1.262 0.638
Education level –0.113 0.065 0.893 0.786–1.014 0.082 –0.098 0.067 0.907 0.795–1.035 0.146
Employment status –0.098 0.135 0.907 0.696–1.181 0.469 –0.121 0.136 0.886 0.678–1.158 0.376
Monthly household income –0.247 0.167 0.781 0.563–1.084 0.140 –0.245 0.169 0.783 0.563–1.090 0.147
Place of residence 0.972 0.313 2.643 1.431–4.881 0.002** 0.615 0.375 1.850 0.888–3.855 0.101
Health insurance (ref: No) 1.076 0.274 2.933 1.713–5.023 <0.001*** 0.607 0.419 1.835 0.807–4.170 0.147
Family history of BC (ref: No) 1.241 0.311 3.459 1.880–6.366 <0.001*** 1.098 0.437 2.998 1.273–7.059 0.012*

B. HBM construct predictors (Model 2 only)
Perceived susceptibility — — — — — –0.029 0.236 0.970 0.612–1.542 0.901
Perceived severity — — — — — 0.139 0.315 1.149 0.620–2.130 0.658
Perceived benefits — — — — — 0.113 0.275 1.120 0.653–1.920 0.680
Perceived barriers — — — — — –0.218 0.243 0.804 0.500–1.295 0.370
Self-efficacy — — — — — 0.015 0.265 1.016 0.604–1.707 0.954
Cues to action — — — — — 0.210 0.245 1.234 0.763–1.994 0.391
Intention — — — — — 0.393 0.267 1.481 0.878–2.498 0.141

Model 1 fit: Nagelkerke R2 = 0.113 | Hosmer-Lemeshow: χ2 = 11.675, p = 0.166; Model 2 fit: Nagelkerke R2 = 0.124 | Hosmer-Lemeshow: χ2 = 6.996, p = 0.537
Note. β, unstandardized logistic regression coefficient; SE, standard error; aOR, adjusted odds ratio; 95% CI, 95% confidence interval; BC, breast cancer. Model
1 included only the demographic predictors. Model 2 included all six HBM constructs and screening intentions. Nagelkerke’s R2 was reported as a pseudo-R2

effect-size measure. The Hosmer-Lemeshow goodness-of-fit test p > 0.05 indicates adequate model calibration. *p < 0.05; **p < 0.01; ***p < 0.001.

8

https://www.imrpress.com


udi Health Interview Survey analysis, women who had un-
dergone a routine medical examination in the last 2 years
were more likely to have undergone a mammogram in the
past 2 years, supporting the idea that “touchpoints” with
healthcare systems can move women from awareness to ac-
tion [33].

The association between urban residence and screen-
ing is also consistent with evidence that geography can
shape preventive care through service density, appointment
availability, and travel burden [34,35,36]. Reviews fo-
cused on Saudi women repeatedly document barriers linked
to access constraints, including limited facility availability
and the practical difficulty of accessing screening services,
which plausibly weigh more heavily on rural residents. In
addition, provider-side factors (e.g., the degree of organized
outreach and systematic reminders) may bemore developed
in major urban centers, which can widen urban–rural differ-
entials [36,37].

The finding that family history of breast cancer is
strongly associated with recent screening is epidemiolog-
ically coherent and consistent with evidence [38,39] that
family history shapes risk perception and repeat mammog-
raphy behaviors. In population-based studies, family his-
tory has been associated with both higher perceived risk
and increased frequency of repeat mammography. Impor-
tantly, family history often “legitimizes” screening in the
eyes of women and families and may increase the likeli-
hood of provider recommendations (a key “cue to action”),
thereby creating multiple reinforcing pathways to uptake
[40].

One interesting nuance is that some Saudi studies have
reported atypical patterns (e.g., lower uptake amongwomen
reporting family history in certain convenience samples),
which authors have interpreted as potentially reflecting
fear, avoidance, or misconceptions among high-risk women
[14,41]. The current results instead support the more com-
monly observed direction (higher uptake with family his-
tory), which may reflect differences in sample composition,
awareness, or the way “family history” was operationalized
and communicated in the survey.

4.3 Health Belief Profiles and What They Imply

The descriptive patterns across the HBM constructs
were notable. Perceived benefits (M = 3.90) and severity
(M = 3.86) were high, while perceived susceptibility (M =
2.67) was low. This pattern suggests a form of optimistic
bias: women acknowledge the seriousness of breast cancer
and the usefulness of mammography, but perceive their per-
sonal risk as lower [42,43]. Similar observations have been
reported in family-history research, where the absence of
family history is often interpreted as “low risk”, potentially
leading to underestimation of vulnerability among average-
risk women [42,43].

Bivariate comparisons showed that women screened
within the past 2 years reported higher cues to action, higher

self-efficacy, and higher intention, along with lower per-
ceived barriers. These findings align with the global ev-
idence on HBM constructs and mammography behavior.
A systematic review and meta-analysis reported that cue
to action was the strongest predictor of screening behav-
ior (mean OR = 1.80). Saudi studies similarly highlight
provider recommendation, culturally relevant encourage-
ment, and navigation support as facilitators, while embar-
rassment, pain concerns, and fear of diagnosis remain com-
mon barriers [7,29,37,43]. Together, these findings sug-
gest that knowledge-based persuasion (benefits and sever-
ity) may already be relatively saturated, whereas cues to
action, self-efficacy, and barrier reduction are critical de-
terminants of screening behavior.

The SEM demonstrated excellent fit (CFI = 0.995,
TLI = 0.994, RMSEA = 0.009), supporting the hypoth-
esized HBM structure and consistent with studies from
Middle Eastern populations [44,45,46,47]. Self-efficacy
showed the strongest association with screening intention
(β = 0.450, p = 0.001), while perceived barriers were nega-
tively associated with intention (β = −0.233, p = 0.035) and
perceived benefits showed a positive association (β = 0.208,
p = 0.014), consistent with prior SEM evidence [44,48].
However, the path from intention to actual screening was
positive but non-significant (β = 0.163, p = 0.157), reflect-
ing the widely reported intention–behavior gap in preven-
tive health research [49,50,51]. The path from intention
to uptake was positive yet non-significant (β = 0.163, p
= 0.157), reflecting a well-documented intention–behavior
gap in preventive health research [46,49,51]. Bootstrapped
mediation analysis also revealed no significant indirect ef-
fects, as all CIs crossed zero, which is consistent with com-
parable SEM studies [52,53].

Although attenuation of the residence and insurance
effects in the hierarchical logistic regression might appear
to reflect indirect associations through health beliefs, the
formal SEM mediation analysis did not support signifi-
cant indirect pathways. This likely reflects the limitations
of regression-based mediation inference, where coefficient
changes may arise from collinearity or model adjustment,
rather than true causal mediation. Overall, these results
indicate that structural access factors—such as insurance
coverage, geographic location, and family history—play a
more direct role in shaping mammography uptake than cog-
nitive belief pathways alone [45,52].

4.4 Implications for Intervention and Policy

Collectively, these results suggest several priorities for
improving mammography uptake in Saudi Arabia. Increas-
ing the perceived severity and benefits, while still impor-
tant, may yield diminishing returns if these beliefs are al-
ready firm. Instead, interventions should emphasize (1)
cues for action, (2) barrier reduction, and (3) building self-
efficacy. Evidence syntheses on Saudi women have con-
sistently identified embarrassment, fear of diagnosis, pain
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Fig. 1. Structural equation model (SEM) of Health Belief Model predictors of mammography uptake (n = 385). Standardized path
coefficients are displayed for relationships among Health Belief Model constructs, screening intention, and mammography uptake. Solid
lines indicate statistically significant paths (p < 0.05), and dashed lines represent non-significant paths. Model fit indices demonstrate
excellent fit (CFI = 0.995, TLI = 0.994, RMSEA = 0.009), supporting the adequacy of the proposed seven-factor structure.

concerns, and lack of provider recommendations as com-
mon barriers. Therefore, service design and health commu-
nication strategies should normalize screening, ensure cul-
turally sensitive privacy conditions, and address fear and
procedural concerns through clear explanations and sup-
portive counseling.

Although cues to action significantly differentiated
between screened and unscreened women in the bivariate
analyses, they did not independently predict screening in-
tention or uptake in the structural model. This finding likely
reflects a conceptual overlap with other HBM constructs.
In practice, cues—such as physician recommendations or
reminders—may operate indirectly by strengthening self-
efficacy or reducing perceived barriers rather than exerting
a direct behavioral effect. When modeled simultaneously
in SEM, the unique contribution of cues diminishes, sug-
gesting that cues primarily function as activation triggers,
facilitating existing motivational readiness rather than in-
dependent determinants of screening behavior.

Importantly, the findings also indicate that structural
access factors may play a stronger role in screening behav-
ior than psychological readiness. Although mammography
services are available through national programs, geograph-
ical disparities in service distribution, transportation chal-

lenges, and a reliance on referral pathways may limit ac-
cess, particularly for women living in rural areas. Health in-
surance coverage may facilitate screening by increasing the
number of health care contacts and referral opportunities.
Consequently, improving mammography uptake in Saudi
Arabia will likely require not only behavioral interventions
but also system-level strategies that enhance accessibility,
organized outreach, and equitable service distribution. Fi-
nally, the persistent influence of a family history highlights
an opportunity for risk-stratified communication, particu-
larly to correct the misconception that the absence of a fam-
ily history equates to a low breast cancer risk.

4.5 Strengths and Limitations
A major strength of this study is the integration of

psychometric validation using confirmatory factor analysis
with behavioral outcome modeling, supporting the reliabil-
ity and structural validity of the HBM constructs. However,
this study has some limitations. The cross-sectional design
precludes causal inference and does not establish tempo-
ral relationships between health beliefs and screening be-
haviors. Mammography history was self-reported and may
have been subject to recall or social desirability bias. In
addition, participants were recruited through social media
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using a convenience sampling approach, which may have
introduced a selection bias by attracting women who were
more educated, urban, and engaged in health information.
This is reflected in the sample, where most participants
were urban residents (69.9%) and over half of the partic-
ipants reported health insurance coverage (55.8%). Conse-
quently, the observed prevalence of ever undergoing mam-
mography (49.9%) may be higher than the national esti-
mates and should be interpreted cautiously when generaliz-
ing to the broader population of Saudi women, particularly
those in rural or underserved settings.

Furthermore, the multivariable logistic regression
model included several predictors related to the number of
screening events (n = 97), which may have reduced the sta-
tistical power and led to unstable estimates. This may partly
explain why the psychosocial constructs that were signif-
icant in the bivariate analyses did not remain independent
predictors in the adjusted model. Future studies should con-
sider larger samples or more parsimonious models to bet-
ter evaluate the independent effects of the HBM constructs.
Finally, although SEM was used to examine the pathways
between beliefs, intention, and behavior, the cross-sectional
design means that the SEM results should be interpreted as
associative relationships rather than causal mechanisms.

5. Conclusions
This study provides a comprehensive evaluation of

mammography uptake among women aged 40 years and
above in Saudi Arabia using the HBM. Despite moderate
levels of perceived benefits and severity, only one-quarter
of the participants reported screening within the past 2
years, indicating persistently low adherence to the recom-
mended guidelines. While self-efficacy, perceived benefits,
and perceived barriers significantly influenced screening
intentions, these psychological determinants did not trans-
late into actual behavior after adjustment. A family history
of breast cancer emerged as the only factor independently
associated with screening uptake, highlighting the predom-
inance of perceived risk and clinical prompts over general
health beliefs.

These findings suggest the presence of an intention–
behavior gap, wherein motivational readiness alone is in-
sufficient to ensure screening participation. Structural fac-
tors, including access to healthcare services and insurance
coverage, appear to play critical roles. Therefore, public
health strategies should integrate behavioral interventions
aimed at enhancing self-efficacy and reducing perceived
barriers with systemic measures to improve accessibility,
outreach, and targeted risk communication.

Future research should employ longitudinal designs
to examine how changes in health beliefs influence subse-
quent mammography screening uptake, as a cross-sectional
design does not allow for causal or temporal inferences.
Future studies should aim to recruit more geographically
and socioeconomically diverse samples, particularly from

rural and uninsured populations, to improve the generaliz-
ability of the findings across Saudi Arabia. Strengthening
both psychological readiness and structural facilitation is
essential for improving mammography uptake and advanc-
ing early breast cancer detection in Saudi Arabia.
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