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Although breast cancer incidence and mortality are rising globally and China has a screening 
programme, participation remains low due to poor awareness and financial barriers. This cross-
sectional study aimed to assess the knowledge, attitude, and practice (KAP) of breast cancer screening 
among 964 non-breast cancer women, averaging 29.79 years old, through web-based questionnaires 
and face-to-face interviews. The knowledge, attitude and practice scores were 7.04 ± 4.19 (possible 
range: 0–20), 25.37 ± 6.09 (possible range: 10–50), and 15.07 ± 2.84 (possible range: 0–20), respectively. 
Key barriers included embarrassment (65.45%), fear of radiation (49.48%), and treatment costs 
(70.34%). Structural equation modeling indicated that income had a direct effect on both knowledge 
(β = 0.36, P = 0.010) and attitude (β = 1.34, P < 0.001). The logistic regression analysis found that 
identifying as “housewife” (OR = 2.87, 95%CI: 1.11–7.37, P = 0.029) and having no medical insurance 
(OR = 3.19, 95%CI: 1.13–9.04, P = 0.028) were significantly associated with unwillingness to undergo 
breast cancer screening. In conclusion, this study shows that there is a significant gap in KAP regarding 
breast cancer screening among women in China, particularly among low-income groups. To improve 
screening rates, it is crucial to address these barriers, enhance knowledge, and provide better risk 
assessment resources.
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Breast cancer is one of the most predominant cancers, being the leading cause in cancer mortality and disability-
adjusted life years among women worldwide1,2. In 2022 there were approximately 2.3  million new cases of 
breast cancer diagnosed among women worldwide, with about 670,000 deaths attributed to the disease, with the 
increasing trend suggesting a continued rise in both morbidity and mortality3,4. In response to rising incidence, 
China launched a free breast cancer screening programme in 2009 for rural women aged 35–64, later expanding 
to urban women aged 45–74. The programme provides clinical breast examinations, ultrasonography, and/or 
mammography based on age and local policy. Women are typically invited to participate every two to three years, 
depending on regional implementation and available resources5,6. Despite all efforts, participation remained 
low, the rate was approximately 25.7% in 2015, rising to 30.9% by 2018–2019. Meanwhile, the agestandardized 
incidence of breast cancer increased from 17.1 to 35.6 per 100,000 by 2019, with a notable peak among women 
aged 40–49 years6. A variety of factors can significantly influence women’s decisions to undergo screening, as 
high costs, lack of health insurance, or limited access to affordable healthcare services may deter them from 
seeking preventive care7. Women from low-income backgrounds, particularly those not covered by the programs, 
may prioritize other financial needs over screening, despite understanding its importance, resulting in delayed 
diagnosis and poorer health outcomes8,9.

Rapid development of early screening programs should be, therefore, accompanied by identifying vulnerable 
groups and promoting changes in their help-seeking behaviors, emphasizing that screening is related to health 
promotion and early diagnosis10. Knowledge, Attitude, and Practice (KAP) study is a structured survey method 
designed to assess awareness of disease risk factors and warning signs, including those for breast cancer; it 
evaluates individuals’ understanding and acceptance of cancer risks and can also serve as a tool to promote 
behavioral changes for better health outcomes11,12. Among numerous recently published KAP studies on breast 
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cancer, reported results differed significantly between countries, ranging from appropriate to poor9,12,13. Several 
barriers to improving practice were identified, including a busy schedule, excessive optimism without adequate 
risk awareness, and a lack of knowledge regarding methodologies14,15.

In addition to the absence of awareness, other objective factors may delay detection of breast cancer16. Two 
recent systemic reviews that included over 90 KAP studies on breast cancer screening up to July 2021 15, 17 reported 
poor knowledge, negative attitudes, and low practice among respondents. Higher knowledge levels were mainly 
observed in the countries with improved breast cancer education plans implemented by the government and 
nongovernmental organizations17. Women in the healthcare profession also reportedly had higher knowledge 
of breast cancer and breast cancer screening; however, their practice was worse than expected18. Furthermore, 
although mammography screening appeared to be a cost-effective strategy in high-income countries, the data 
for low- and middle-income countries is very limited19while the fear of financial burden significantly influences 
help-seeking and screening behaviours20. Still, many recent articles have discussed educational programs as 
the only way to encourage regular screening10,15,21. The economic burden of breast cancer screening should 
be further discussed as one of the obvious barriers to better practice15and more data is needed for Chinese 
population.

Therefore, this study aimed to evaluate knowledge, attitude, and practice toward breast cancer screening 
among non-breast cancer women in China. It was hypothesized that in addition to the lack of knowledge, 
economic factors would influence attitude and practice in the study population.

Methods
Study design and participants
This web-based cross-sectional study was conducted in China between January 2023 and February 2023. 
The study enrolled women aged over 18 years without a history of breast cancer, who voluntarily agreed to 
participate. No further restrictions based on age were imposed, and all eligible adults were welcome. Incomplete 
questionnaires were excluded.

This study was approved by Ethics Committee of North Minzu University, and informed consent was 
obtained from all study participants before completing the questionnaire.

Procedures
A self-administered questionnaire was developed based on the National Breast Cancer Screening Guidelines for 
Chinese Women (2022 version)22 and Chinese Guidelines for Breast Cancer Screening and Early Diagnosis23. It 
was modified based on input from four experts (two in healthcare and two in experimental economics) across 
two rounds of comments. A small pre-test that involved 50 participants was conducted before the official launch, 
yielding a Cronbach’s α value of 0.869, which indicated a high internal consistency.

The final questionnaire (supplementary material) was in the Chinese language, and it comprised four 
following dimensions: (1) demographic information, such as age, residence, and education; (2) the knowledge 
dimension, consisting of ten questions scored with 2 points for “Well known” 1 point for “Heard of ” and 0 points 
for “Uncertain”; (3) the attitude dimension, consisting of seven questions with ten items, all evaluated using a 
5-point Likert scale that ranged from strongly agree (5 points) to strongly disagree (1 point); (4) the practice 
dimension, consisting of two questions with four items, with Question 2 (P2) being directed to participants who 
chose “willing” for Question 1 (P1), scored 5 points for willing and 0 points for unwilling.

In order to ensure the accuracy and completeness of the study, four research assistants were trained to explain 
the purpose of the research and the necessary precautions. Convenience sampling was used for recruitment, and 
different strategies were employed to reach women of different age groups. Women < 25 years old were recruited 
primarily through an online form. Participants who could not complete the online questionnaire participated 
in face-to-face interviews, and the research assistants addressed any questions or issues these participants 
encountered. The study utilized an online questionnaire constructed using the WeChat-based Wen Juan Xing 
(WJX) platform (https://www.wjx.cn). Participants accessed and completed the questionnaire by scanning the 
quick response (QR) code via WeChat. In order to ensure the quality and completeness of the questionnaire 
results, each IP address could only be submitted once, and all items were mandatory. The research team checked 
all questionnaires for completeness, internal consistency, and reasonableness.

Statistical analysis
The Stata Statistical Software 17.0 (StataCorp LLC, College Station, TX, USA; version 17.0; available at ​h​t​t​p​s​:​/​
/​w​w​w​.​s​t​a​t​a​.​c​o​m​​​​​) was used for statistical analysis. Continuous variables were described using mean ± standard 
deviation (SD) and compared by t-test and one-way ANOVA. Categorical variables were described using 
frequency (%). Univariate and multivariate linear regression analyses were used for the assessment of factors 
that independently associated with KAP scores. Univariate and multivariate logistic analyses were carried out to 
explore independent factors associated with the unwillingness to undergo breast screening. Structural Equation 
Modeling (SEM) was used to test the following five hypotheses: (1) knowledge directly affects attitude; (2) 
attitude directly affects practice; (3) knowledge directly affects practice; (4) income directly affects knowledge, 
attitude, and practice; and (5) insurance directly affects knowledge, attitude, and practice. A two-sided P < 0.05 
represented statistical significance.

Results
General characteristics
A total of 968 questionnaires were collected; among these, 964 were valid and were filled out by participants with 
a mean age of 29.79 ± 9.94 years. The majority of participants resided in urban areas (58.40%), were unmarried 
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(59.85%), and employed (55.91%). Regarding monthly per capita income, 37.97% of respondents reported 
earning 2000–5000 yuan, while 35.27% reported earning 5000–10,000 yuan. The mean knowledge, attitude and 
practice scores were 7.04 ± 4.19 (possible range: 0–20), 25.37 ± 6.09 (possible range: 10–50), and 15.07 ± 2.84 
(possible range: 0–20), respectively (Table 1).

Characteristics of knowledge, attitude, and practice
In the knowledge dimension, over 50% of participants were unaware about knowledge related to screening 
modalities (50.21% of respondents, question K4) and carcinoma in situ (55.19% of respondents, question K9). 
Moreover, low awareness was also noted for the following key topics: the lower accuracy of mammography 
in dense breasts common among Asian women (K5, 54.98% not aware), the independence of breast US from 
breast density (K6, 61.51% not aware), and the advantages of US as a non-invasive, low-cost screening method 
and potential alternative to mammography for dense breasts (K7, 50.31% not aware) (Table 2). In respondents 
who were older than 40 years knowledge scores were significantly lower compared to younger participants 
(P = 0.015). Older respondents also had significantly lower correctness rate answering questions K6, K7 and K9 
than their younger counterparts (Supplementary Table 1).

In the attitude dimension, 37.34% agreed, and 28.11% strongly agreed that it is embarrassing to expose 
oneself to the doctor for breast examination. Half of the participants expressed worry that radiation exposure 
during the screening might be harmful.

In the practice dimension, only 3.84% of non-breast cancer women were unwilling to undergo the screening; 
30.53% were more willing to undergo mammography than other options, while 44.66% were more willing to 

Variables N (%)

Knowledge Score Attitude Score Practice Score

Mean ± SD P Mean ± SD P Mean ± SD P

Total 964 7.04 ± 4.19 - 25.37 ± 6.09 - 15.07 ± 2.84 -

Age 29.79 ± 9.94 - 0.015 - 0.543 - 0.369

< 40 735(76.24) 7.22 ± 4.31 25.39 ± 6.01 15.07 ± 2.75

≥ 40 229(23.76) 6.42 ± 3.70 25.28 ± 6.34 15.07 ± 3.12

Residence 0.398 < 0.001 0.474

Rural 325 (33.71) 6.76 ± 4.12 23.89 ± 5.32 14.82 ± 3.17

Urban 563 (58.40) 7.15 ± 4.24 26.16 ± 6.44 15.15 ± 2.76

Suburban 76 (7.88) 7.41 ± 4.09 25.87 ± 5.38 15.58 ± 1.68

Education 0.474 0.004 0.177

Middle school and below 101 (10.48) 5.60 ± 3.08 24.16 ± 6.05 15.02 ± 3.16

High school/Technical secondary school 113 (11.72) 7.14 ± 4.24 24.53 ± 5.87 15.06 ± 3.27

Junior college 139 (14.42) 7.73 ± 4.02 25.15 ± 6.41 15.73 ± 1.70

Undergraduate 507 (52.59) 7.10 ± 4.34 25.42 ± 5.93 14.91 ± 2.89

Postgraduate and above 104 (10.79) 7.07 ± 4.30 27.53 ± 6.25 15.07 ± 2.94

Work Status < 0.001 < 0.001 0.037

Employed 539 (55.91) 7.49 ± 4.31 25.63 ± 6.09 15.24 ±2.63

Unemployed 38 (3.94) 6.53 ± 3.76 24.39 ± 5.95 15.84 ± 1.90

Self-employed 69 (7.16) 7.99 ± 4.33 25.33 ± 6.27 15.33 ± 2.42

Housewife 82 (8.51) 6.33 ± 3.86 22.88 ± 6.00 14.65 ± 3.54

Other 236 (24.48) 6.09 ± 3.84 25.82 ± 5.91 14.64 ± 3.22

Monthly per capita income, yuan 0.001 < 0.001 0.364

< 2000 82 (8.51) 6.32 ± 4.16 23.09 ± 5.20 14.89 ± 3.28

2000–5000 366 (37.97) 6.56 ± 3.97 24.35 ± 5.38 15.02 ± 2.77

5000–10,000 340 (35.27) 7.43 ± 4.34 25.84 ± 6.32 15.16 ± 2.71

10,000–20,000 129 (13.38) 7.84 ± 4.25 27.39 ± 6.58 14.96 ± 3.12

> 20,000 47 (4.88) 6.94 ± 4.10 28.40 ± 6.62 15.51 ± 2.86

Marital status 0.838 0.888 0.544

Unmarried 577 (59.85) 7.02 ± 4.34 25.35 ± 5.89 15.00 ± 2.97

Married 365 (37.86) 7.04 ± 3.95 25.38 ± 6.41 15.24 ± 2.56

Other 22 (2.28) 7.36 ± 4.18 25.73 ± 5.99 14.41 ± 3.78

Type of medical insurance 0.660 0.028 0.973

Social, medical insurance only 630 (65.35) 6.90 ± 4.10 24.74 ± 5.79 15.11 ± 2.83

Commercial medical insurance only 59 (6.12) 7.27 ± 4.20 24.31 ± 5.78 14.73 ± 2.95

Both social and commercial medical insurance 234 (24.27) 7.68 ± 4.43 27.41 ± 6.46 15.26 ± 2.54

No insurance 41 (4.25) 5.15 ± 3.34 24.98 ± 6.58 13.98 ± 4.08

Table 1.  Sociodemographic information and knowledge, attitude, and practice scores.
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choose MRI screening (Table 3). Although Practice scores did not differ in older participants, significantly more 
respondents older than 40 years were willing to undergo breast US examination compared to those younger than 
40 (Supplementary Table 2).

The answers to knowledge/attitude questions were compared between the participants who indicated being 
unwilling to undergo the screening (n = 37) and all others, as shown in Supplementary Tables 3 and 4. In addition 
to the significantly lower scores for general knowledge (questions K1-3), some specific barriers to screening were 
uncovered, such as beliefs that mammography is inherently radioactive and can cause pain and discomfort (K8). 
At the same time, no significant differences were found in the attitude dimension (all P > 0.05), except for the 
examination costs (P = 0.049).

Factors influencing KAP score and willingness to undergo cancer screening
The linear regression analysis (Table 4) revealed that residence other than rural (urban, coefficient: 1.26, 95%CI: 
0.08–2.44, P = 0.035; suburban, coefficient: 2.81, 95%CI: 0.79–4.83, P = 0.006), higher monthly income (5000–
10000 CNY, coefficient: 2.27, 95%CI: 0.20–4.34, P = 0.031; 10000–20000 CNY, coefficient: 3.57, 95%CI:1.20–5.95, 
P = 0.003; >20000 CNY, coefficient: 3.54, 95%CI:0.47,6.61, P = 0.024) and having both social and commercial 
medical insurance (coefficient: 2.22, 95%CI:0.94–3.51, P < 0.001) were independent predictors of higher KAP 
scores. At the same time, staying at home (e.g., identifying as “housewife”) was independently associated with 
lower KAP scores (coefficient: −2.3, 95%CI: −4.4–0.3, P = 0.023).

The SEM analysis was performed to further assess the relationship between KAP scores and demographic 
characteristics of participants, showing that income had a direct effect on both knowledge (β = 0.36, P = 0.010) 
and attitude (β = 1.34, P < 0.001). Furthermore, insurance had a direct effect on attitude (β = 0.69, P = 0.001), and 
knowledge had a direct effect on practice (β = 0.08, P < 0.001) (Fig. 1). In the subgroup of women over 40 years 
old, education (β = 0.69, P = 0.003) and worry about treatment costs (β = 4.10, P < 0.001) had the most significant 
effect on practice (Fig. 2).

Additionally, logistic regression analysis was utilized in participants willing and unwilling to screen 
(Supplementary Table 5). It was found that identifying as “housewife” (OR = 2.87, 95%CI: 1.11–7.37, P = 0.029) 
and having no medical insurance (OR = 3.19, 95%CI: 1.13–9.04, P = 0.028) were significantly associated with 
unwillingness to undergo breast cancer screening.

Discussion
The present study found a lack of awareness concerning breast cancer screening among non-breast cancer 
women in China and identified several barriers to screening, including embarrassment, fear of radiation, and 

Statement Willing Unwilling

1. Would you like to be screened for breast cancer? 96.16 3.84

2. Your preference for the following screening modalities: Eager Willing Neutral Hesitant Unwilling

2.1 Mammography (a type of X-ray examination) 5.18 30.53 46.39 15.21 2.70

2.2 Breast ultrasound 13.05 53.29 27.83 4.85 0.97

2.3 Breast MR imaging (MRI) 11.65 44.66 36.03 6.15 1.51

Table 3.  Practice dimension.

 

Items, % (n = 964)
Well 
known

Heard 
of Uncertain

1. Breast cancer is a common malignant tumor in women. Improving the detection rate of early breast cancer and providing timely and effective 
treatment is effective in reducing the mortality rate of breast cancer. 24.69 72.20 3.11

2. The peak age of breast cancer incidence in Chinese women is around 45 years old, 10 to 20 years earlier than that of European and American 
women. Compared with developed countries in Europe and America, the early diagnosis rate, breast-conserving rate and survival rate of Chinese 
women are low.

12.45 62.24 25.31

3. Breast cancer screening programs should include education on breast cancer, breast self-examination, clinical physical breast examination and 
breast imaging. 14.63 51.14 34.23

4. Breast imaging includes breast ultrasound, mammography and breast MR imaging. 9.65 40.15 50.21

5. Asian women generally have dense, small breasts, which leads to lower sensitivity and accuracy of mammography. 7.05 37.97 54.98

6. Different from X-rays, breast ultrasound is not affected by the density of the breast. 6.64 31.85 61.51

7. Breast ultrasound is a non-invasive, non-radioactive, low-cost and easy-to-operate screening method. In recent years, some studies have 
suggested that ultrasound is a feasible alternative to mammography for breast cancer screening, especially for dense breasts. 9.13 40.56 50.31

8. Mammography is inherently radioactive and can cause pain and discomfort during the examination, which is not well accepted by some women. 10.68 46.37 42.95

9. A higher proportion of carcinoma in situ may have been diagnosed by mammography, many of which may not develop into invasive cancers or 
become symptomatic throughout life; thus, mammography may lead to over-diagnosis and over-treatment, whereas ultrasound is more commonly 
used to diagnose life-threatening types of breast cancer.

6.43 38.38 55.19

10. While screening for breast cancer can reduce mortality rates, it also has some potential drawbacks, including overdiagnosis and false positives, 
which will lead to unnecessary tissue biopsies, increased financial burden and psychological burdens such as anxiety and fear. 12.97 54.15 32.88

Table 2.  Knowledge dimension.
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concerns about treatment costs, as well as some factors associated with unwillingness to undergo screening, such 
as identifying as “housewife” and having no medical insurance. To the best of our knowledge, this is the first 
study on KAP towards breast cancer screening in China that proposed a detailed discussion of economic burden. 
Our results differ from those reported in other populations and might be used to discuss and plan regional-
specific policy changes or interventions, while data obtained on breast cancer screening might be helpful to 
reform policies, enhance screening rates, and promote early detection. Reducing economic and psychological 
barriers to breast cancer screening by expanding insurance reimbursement policies, conducting targeted public 
education campaigns, and offering communication and empathy training for healthcare providers may help 
improve participation rates and ultimately reduce the burden of breast cancer in China.

The majority of previously published studies have discussed the low rates of women undergoing breast cancer 
screening; however, some reported sufficient knowledge about breast cancer among respondents10,16. Recent 
KAP study conducted among women at high risk of breast cancer in China reports insufficient knowledge24while 
most recent meta-analysis pointed out lower awareness levels among Chinese and Asian women compared to 
women from other countries25. In line with above, the population of non-breast cancer women in this study 
that consisted of female Chinese nationals with a mean age of 29.79 ± 9.94 years, demonstrated poor knowledge 
regarding breast cancer diagnostic/screening methods. Although participants were primarily young women, 
the mean age in this study was slightly higher than average for this kind of KAP evaluation, mostly involving 
university students12,13,26. Part of this study population also included undergraduate students, but more than 
half of the respondents (55.91%) were employed, potentially covering a wider population. Additionally, the 
incidence of breast cancer increases with age, and this study explored specific perceptions among women over 
40 in comparison to younger women, highlighting differences in awareness, attitudes, and practices related to 
breast cancer screening, providing valuable insights into how age influences perceptions of risk and screening 
behaviors. These differences may reflect the increasing integration of newer concepts, such as breast density and 

Variables

Univariate Multivariate

Coef (95%CI) P-value Coef (95%CI) P- value

Age 0.00(−0.0,0.06) 0.796

Residence

Rural Ref. Ref.

Urban 2.98(1.85,4.11) < 0.001 1.26(0.08,2.44) 0.035

Suburban 3.38(1.31,5.45) 0.001 2.81(0.79,4.83) 0.006

Education

Middle school and below Ref. Ref.

High school/Technical secondary school 1.95(−0.2,4.18) 0.086

Junior college 3.82(1.69,5.95) < 0.001 1.36(−0.8,3.53) 0.217

Undergraduate 2.64(0.87,4.42) 0.004 2.67(0.54,4.80) 0.014

Work Status 4.88(2.60,7.15) < 0.001 1.82(−0.0,3.69) 0.057

Work Status

Employed Ref. Ref.

Unemployed −1.5(−4.3,1.13) 0.251 −0.6(−3.3,2.03) 0.632

Self-employed 0.29(−1.7,2.37) 0.783 0.42(−1.6,2.49) 0.689

Housewife −4.5(−6.4,−2.5) < 0.001 −2.3(−4.4,−0.3) 0.023

Other −1.8(−3.1,−0.5) 0.004 −0.8(−2.1,0.47) 0.210

Monthly per capita income, yuan

< 2000 Ref. Ref.

2000–5000 1.63(−0.3,3.59) 0.102 0.64(−1.3,2.63) 0.527

5000–10,000 4.13(2.16,6.11) < 0.001 2.27(0.20,4.34) 0.031

10,000–20,000 5.90(3.63,8.16) < 0.001 3.57(1.20,5.95) 0.003

> 20,000 6.55(3.62,9.49) < 0.001 3.54(0.47,6.61) 0.024

Marital status

Unmarried Ref.

Married 0.27(−0.8,1.37) 0.621

Other 0.12(−3.4,3.70) 0.945

Type of medical insurance

Social medical insurance only Ref. Ref.

Commercial medical insurance only −0.4(−2.6,1.75) 0.695 −0.5(−2.7,1.55) 0.586

Both social and commercial medical insurance 3.61(2.37,4.84) < 0.001 2.22(0.94,3.51) 0.001

No insurance −2.6(−5.2,−0.0) 0.046 −2.1(−4.7,0.38) 0.096

Table 4.  Results of linear regression analysis of factors influencing KAP score. The bold text indicate the 
statistic difference (P < 0.05).
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overdiagnosis, into recent health communication efforts, which younger women may encounter more frequently 
through digital platforms or recent education27. In contrast, older women may have had fewer opportunities to 
access or update such knowledge28. Future research should explore how different age groups access and interpret 
breast cancer screening information, and whether tailored communication strategies can help bridge these 
knowledge gaps.

One-third of the respondents lived in rural areas, which was associated with lower KAP scores in previous 
studies11,15. Likewise, in the current study urban or suburban residence was independently linked to better 
KAP scores. However, it is important to note that knowledge about certain issues was equally poor among 
urban, suburban, and rural residents. Notably, more than 50.0% of respondents were unaware that Asian 
ancestry is related to a higher density of breast tissue, potentially impacting the sensitivity and accuracy of 
mammography29. In contrast, women aged over 40 showed even lower awareness about ultrasound and breast 
density but were more willing to consider US as a screening option, partly due to its lower cost. The US has been 
recently suggested as a feasible alternative to mammography for breast cancer screening, especially for women 
with dense breasts30a topic that requires further discussion since most women are unaware of it. Finally, more 
than half of participants expressed concern that the radiation would cause them harm during the screening; 
participants unwilling to undergo screening (n = 37) more often expressed the belief that mammography 
is inherently radioactive and painful. This may stem, in part, from general health education campaigns that 
emphasize the importance of protecting oneself from excessive or unnecessary radiation, which, while well-
intentioned, may contribute to public apprehension even in the context of low-dose diagnostic procedures such 
as mammography31. According to the recent comprehensive benefit to risk analysis32the radiation dose and 
associated risk for a single examination is dependent upon breast density; however, with 65 induced cancers 
and 8 deaths per 100,000 women over a screening lifetime, this results in 62:1 ratio of lives saved to deaths 
from induced cancer. Since identifying the best breast cancer screening technique will undoubtedly improve 
cancer management, gaps detected in the knowledge dimension should be considered during future educational 
interventions.

Previous studies used logistic regression analysis, finding that lack of awareness regarding mammograms was 
significantly associated with age and profession, years of experience, geographic region, and personal history 

Fig. 1.  Structural equation modeling of responses in the study population (non-breast cancer women). The 
solid line in the figure indicates that the path coefficient is statistically significant, and the dashed line indicates 
that the path coefficient is not statistically significant.
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of breast cancer33–35. Education also influenced breast cancer screening practice21,33. Abeje et al.21 discussed 
economic factors in their study, where women with a high level of income were about 3 times more likely to 
be aware of breast cancer screening methods, while Alenezi et al. identified low income as one of the factors 
associated with the low uptake of mammogram screening programs in33. Begum et al.35 and de Oliveira et 
al.11 reported expenditure concerns as the leading cause for not seeking medical advice for the prevention of 
breast cancer. In the present study, higher income was associated with better KAP scores, while the influence 
of knowledge on attitude and practice was notably less strong. Moreover, identifying as “housewife” and having 
no medical insurance were significantly associated with unwillingness to undergo breast cancer screening, 
outlining the most vulnerable participants. It may at least partly explain the lack of obvious progress in awareness 
regarding breast cancer over time, reported by recent cumulative meta-analysis, despite ongoing educational 
efforts25. Present study demonstrated that residence and monthly income were predictors of higher KAP scores. 
Worry regarding treatment costs upon detection of breast cancer on screening was identified as one of the new 
economic barriers, which is comparable to the worry about the cost of screening itself; moreover, in the subgroup 
of women aged over 40 years old this concern affected practice scores even more significantly. These findings 
complement a previously published systematic review of English-language KAP studies, which identified one 
key reason for avoiding regular screening as an overly optimistic belief in personal health and low perceived 
risk of breast cancer15and suggest that in Chinese women educational interventions focusing on the risk of the 
disease might not be enough to promote timely breast cancer screening. Moreover, our findings suggest that 
women in different age groups may face unique challenges and concerns, which should be taken into account 
when designing future efforts to promote early detection and improve screening participation.

Although health education might not be enough to overcome the economic burden of breast cancer screening, 
some steps in this direction were proven to be effective. Specifically, educational model-based interventions 
(Health belief model, Health Promotion Model) have been shown to promote self-care and create a foundation for 
improving breast cancer screening behavior36. Empowering women in the healthcare profession also positively 
impact the attitudes and beliefs of female patients in the hospital and the general public18. Finally, in the present 
study, only 30.53% of respondents have chosen mammography compared to other options, while 53.29% were 
more willing to undergo US screening. Based on that, the introduction of US screening as the less expensive 
alternative might ease some worries regarding the screening cost, as well as the widespread fear of radiation 
exposure during mammography. Thus, future policies should focus on accessibility (such as introducing US), 
financial support, and awareness. For instance, culturally tailored media campaigns using social media and 
community health workers could address misconceptions and promote awareness37. Incorporating modules 
on empathetic communication and patient counseling into continuing education for healthcare professionals 
may foster more supportive screening environments and reduce anxiety among participants38. Additionally, 
employer and community-based initiatives, along with a national screening registry, can help track progress and 
refine policies for better long-term outcomes39.

Study limitations
The present study has several limitations. First, the study was conducted in China, which may limit the 
generalizability of the results to other countries and cultures. Moreover, the governmental breast cancer screening 
program in China is directed at women older than 45 6, so the discussed economic burden may not apply to 

Fig. 2.  Structural equation modeling of responses in the particimants aged over 40 years old. The CA71 codes 
the question regarding the worry about treatment cost.
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countries where breast cancer screening is free of cost for all ages. Meanwhile, although formal screening in 
China begins at age 45, younger women were included because risk-stratified guidelines permit earlier screening, 
incidence is rising in this group, and they face economic barriers to accessing care. Characterizing their 
profiles thus informs future programme expansion and equitable screening strategies. Although the inclusion 
of respondents younger than 45 may have introduced a degree of generalisation bias, participants were not 
restricted by age, which allowed to capture a wider range of perspectives across age groups. Additionally, while 
age-related differences in knowledge were observed, the study did not assess participants’ prior exposure to breast 
cancer-related information, such as via traditional media or digital platforms, which may have contributed to 
these differences. Secondly, using a self-administered questionnaire may have introduced response bias, which 
could affect the accuracy of the results. Selection bias also could not be completely excluded, as participants 
who volunteer for KAP studies might differ systematically from the general population in terms of knowledge, 
lifestyle, or other factors. Future studies with broader and more diverse participant groups are necessary to 
confirm and expand upon our findings. Finally, it was not possible to check whether or not respondents who 
answered positively would undergo timely screening; better results might be explained by social bias40 when 
respondents gave the answer that was expected according to the nature of the study. As we did not assess the 
impact of interventions aimed at increasing breast cancer screening rates, whether the proposed targeted efforts 
would be effective should be further investigated in the future.

There is a strong need to improve knowledge, attitude, and practice towards breast cancer screening among 
women in China; barriers such as lack of knowledge regarding the methodology and inadequate risk assessment 
should be addressed, especially among women from rural areas and with low monthly income. Breast cancer 
screening in China should be improved by focusing on identified barriers through educational initiatives and 
awareness campaigns that could help to promote screening and address concerns while promoting private and 
comfortable examination facilities and respectful care. Policy changes or interventions, such as subsidies or 
insurance coverage, may help address treatment cost-related issues.

Data availability
The data set supporting the results of this article is included within the article.
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