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Background: Cervical cancer remains a major public health concern
in developing regions, including Southwest China, where population-
based screening coverage remains limited. This study aimed to identify
sociodemographic, behavioral, and healthcare-related factors associated with
cervical cancer screening participation among women in this region through a
retrospective, database-based cross-sectional analysis.

Methods: De-identified data from 2,320 women aged 20-65 years were
retrospectively retrieved from institutional health information systems and
standardized regional screening databases covering January—December 2023.
Screening participation was defined as documentation of a Pap smear or HPV
test within the preceding 3 years. Variables on demographic characteristics,
health behaviors, and healthcare accessibility were analyzed using chi-squared
tests, t-tests, and multivariable logistic regression. Subgroup analyses stratified
by residence (urban vs. rural) and sensitivity analyses under alternative model
assumptions were conducted to assess consistency and robustness. No new
data were collected, and no direct participant contact occurred.

Results: Younger age (adjusted odds ratio [aOR] = 0.96 per year; 95% confidence
interval [Cl]: 0.94-0.98), higher education (aOR = 2.30; 95% ClI: 1.84-2.87), and
higher income (aOR = 1.74; 95% Cl: 1.44-2.11) were independently associated
with greater screening participation. Urban residence (aOR = 2.13; 95% CI:
1.78-2.54), medical insurance coverage (aOR = 4.12; 95% ClI: 3.19-5.33), and
shorter distance to healthcare facilities (aOR = 0.39 for >15 km; 95% CI: 0.28—
0.54) were also strongly associated with screening participation. Non-smoking
and regular physical activity were positively associated with participation.
Patterns were consistent across urban and rural subgroups, with no significant
interaction effects.

Conclusion: This retrospective database analysis identified socioeconomic
and healthcare accessibility disparities that were associated with cervical
cancer screening participation in Southwest China. Targeted interventions
that strengthen education, expand insurance coverage, and improve access
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to primary screening services are critical to increasing screening uptake and
advancing cervical cancer prevention equity.

KEYWORDS

cervical cancer, healthcare accessibility, retrospective database study, screening
participation, socioeconomic disparities, Southwest China

Introduction

Cervical cancer remains a major global public health concern,
particularly in low- and middle-income countries (LMICs), where
access to preventive screening and timely treatment is limited. It is the
fourth most common cancer among women worldwide, with
approximately 604,000 new cases and 342,000 deaths reported in
2020, the majority occurring in resource-limited settings (1).
Persistent infection with high-risk human papillomavirus (HPV) is
the primary etiological factor for cervical cancer, making HPV
vaccination and regular screening critical strategies for early detection
and prevention (2-4). However, substantial disparities persist in
cervical cancer screening uptake, particularly in rural and
socioeconomically disadvantaged communities. Understanding
multilevel factors associated with screening participation is important
for informing discussions around strategies to improve screening
coverage and cervical cancer prevention.

China, despite achieving improvements in healthcare access,
continues to exhibit disparities in cervical cancer screening,
particularly in less developed regions such as Southwest China. The
Chinese government has implemented national cervical cancer
screening programs, including the “Two Cancers Screening Program”
for rural women, which provides free or subsidized Pap smear and
HPV testing services (5, 6). In rural areas, the government-funded
“Two Cancers Screening Program” provides cervical cancer screening
services free of charge for eligible women. In contrast, women in
urban settings who undergo self-initiated screening at hospital
outpatient clinics typically pay a modest out-of-pocket fee
(approximately 50-120 CNY, depending on facility and test type),
which is partially reimbursed through the basic medical insurance
system. These differences in screening cost and reimbursement may
contribute to the observed socioeconomic disparities in screening
participation. However, screening participation remains suboptimal,
with significant geographic and socioeconomic variations (7, 8).
Previous studies have identified several barriers to screening,
including financial constraints, inadequate awareness, cultural beliefs,
and limited access to healthcare facilities, particularly in rural areas
(9, 10). In addition, factors such as age, education, employment status,
and health insurance coverage have been shown to influence screening
behaviors (11, 12). Nevertheless, a comprehensive analysis integrating
sociodemographic, behavioral, and healthcare accessibility factors
within this specific regional context remains limited.

Southwest China is characterized by significant ethnic diversity,
economic disparities, and varied healthcare infrastructure, all of
which may contribute to inequities in cervical cancer screening. Rural
residents often experience greater challenges in accessing preventive
healthcare services due to geographic remoteness and limited
availability of medical resources (13). Additionally, cultural and
linguistic differences among ethnic minorities may further exacerbate
disparities in screening uptake (14). While urban populations
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generally have better access to healthcare facilities, other
socioeconomic barriers, such as financial limitations and competing
health priorities, may still hinder participation in screening programs.
Therefore, a nuanced understanding of these factors is necessary to
inform targeted interventions that can enhance screening coverage in
both urban and rural settings. In Southwest China, cervical cancer
screening is primarily delivered through community-based primary
healthcare centers and township hospitals under the supervision of the
local Maternal and Child Health (MCH) institutions. In urban areas,
most women are screened at hospital-affiliated outpatient clinics,
whereas in rural counties, screening is provided by trained nurses and
general practitioners at township-level clinics as part of the
government-supported “Two Cancers Screening Program.”

To address these knowledge gaps, this study aims to examine
multilevel factors associated with cervical cancer screening
participation among women in Southwest China. By analyzing
sociodemographic characteristics, health behaviors, and healthcare
accessibility, this study seeks to examine factors associated with higher
or lower screening participation. The findings will provide valuable
insights for policymakers and healthcare professionals to develop
tailored strategies that promote equitable access to cervical cancer
screening and ultimately contribute to reducing the burden of cervical
cancer in this region.

Methods
Study design

This study was a retrospective, cross-sectional investigation that
reviewed and analyzed existing medical and screening records of
women who had undergone cervical cancer screening between
January and December 2023 in Southwest China. All information was
obtained from pre-existing electronic health information systems and
standardized screening databases maintained by local health
authorities. No new data were prospectively collected, and no
follow-up, clinical intervention, or participant contact was performed.
The study aimed to identify sociodemographic, behavioral, and
healthcare-related factors associated with cervical cancer screening
participation among adult women.

Setting

The analysis was conducted in Southwest China, a region
characterized by diverse urban-rural populations and pronounced
socioeconomic heterogeneity. Cervical cancer screening in this area is
routinely carried out through a regional public health network, which
provides Pap smear and HPV testing under national screening
guidelines. Data for this retrospective study were extracted solely from
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administrative and clinical databases covering January 1-December
31, 2023. These databases systematically record demographic
characteristics, screening participation, and health indicators
documented during routine outpatient or community health visits.
Accordingly, the analytic sample represents women with documented
encounters captured by routine health service databases and does not
fully include women who had no contact with the healthcare system
during the study period. No active data collection or recontact of
participants was performed, ensuring the purely retrospective nature
of the study.

Participants

Eligible participants were women aged 20-65years with
documented health records and screening-related information in the
regional health information system during 2023. Inclusion required
continuous residence in the study region for >1 year and complete
demographic and screening data. Exclusion criteria were: prior
cervical cancer diagnosis, hysterectomy, severe or acute illness,
pregnancy, cognitive or psychiatric disorder, or missing data on key
variables. After applying these criteria, 2,320 valid anonymized
records were included. Because all data were derived retrospectively
from existing databases, no recruitment, follow-up, or patient
interviews were conducted.

Variables

In this retrospective database analysis, the primary outcome
variable was cervical cancer screening participation, defined as
documentation of a Pap smear or high-risk HPV test within the
preceding 3 years, consistent with national screening guidelines. All
explanatory variables were extracted directly from pre-existing fields
in the electronic medical and screening databases without
remeasurement or modification. Sociodemographic characteristics
included age, ethnicity (Han or ethnic minority), education level
(primary or below, secondary, or college and above), monthly
household income (<3,000 CNY, 3,000-6,000 CNY, or >6,000 CNY),
and place of residence (urban or rural). Behavioral information,
derived from routine health examination records, comprised smoking
status (non-smoker, former, or current) and physical activity level
(none, 1-2 times per week, or >3 times per week). Healthcare
accessibility indicators included medical insurance coverage (insured
or uninsured) and the linear distance from the participant’s home to
the nearest healthcare facility (<5km, 6-15km, or >15km), as
documented in administrative registration files. In addition, a clinical
variable representing a documented history of sexually transmitted
infections (STIs) was obtained from diagnostic entries in the electronic
health record. Potential confounders such as marital status and parity,
also available in the database, were included in sensitivity analyses to
assess the robustness of the multivariable models.

Data sources and measurement

All information originated from validated electronic health
information systems and standardized cervical cancer screening
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databases maintained by local health authorities. Data had been
collected previously during routine preventive or outpatient visits for
administrative and clinical purposes. Screening status was verified
through documented results of Pap or HPV tests. Quality control
procedures—including duplicate record removal, cross-checking, and
completeness validation—were conducted by trained data managers
under epidemiologist supervision. No new data collection, participant
interviews, or follow-up assessments occurred during this analysis.

Bias control

To minimize potential bias inherent to retrospective research,
several methodological safeguards were implemented. Selection bias
was reduced by including all eligible women who met the predefined
inclusion criteria and had complete medical and screening records
within the study period, thereby ensuring comprehensive data
coverage. Information bias was minimized through standardized data
extraction and uniform coding procedures applied to validated
electronic health databases, which maintained consistency across all
variables. To further limit observer bias, analysts responsible for data
cleaning and statistical modeling were blinded to the specific study
hypotheses. Moreover, because all information originated from
historical, electronically documented records rather than self-reported
data, recall and interviewer bias were inherently avoided.

Study size

This was a census-based retrospective analysis, including all
eligible records from 2023 rather than a sampled cohort; thus, no a
priori sample size calculation was required. A post hoc power analysis
indicated that the available sample (# = 2,320) provided >90% power
to detect moderate effect sizes (a = 0.05, two-sided) in multivariable
logistic regression with up to 10 predictors, confirming adequate
statistical precision.

Quantitative variables

Age and distance to the nearest healthcare facility were treated as
continuous variables. Income and physical activity level were analyzed
as ordered categorical variables. All continuous variables were checked
for normality, and non-normal distributions were log-transformed
when necessary. No new measurements or re-collection of variables
were performed; all values originated from the retrospective databases.

Statistical methods

All analyses were performed using IBM SPSS Statistics version
28.0. Continuous variables were summarized as mean + SD and
compared by t-tests; categorical variables as frequencies (%) and
compared using y tests. To identify independent predictors of
screening participation, multivariable binary logistic regression
was applied. Results were reported as adjusted odds ratios (aORs)
with 95% confidence intervals. Confounders were included
simultaneously in the regression model, and multicollinearity was
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excluded (VIF < 2.5). Model calibration was evaluated with the
Hosmer-Lemeshow test. Subgroup analyses (urban vs. rural) and
interaction tests assessed potential effect modification by
residence. Missing data (<5%) were handled via multiple
imputation with chained equations (20 imputations). Sensitivity
analyses included (1) complete-case analysis, (2) inclusion of
additional covariates (marital status, parity), and (3) model
coefficient comparisons across imputed datasets. All tests were
two-tailed, with statistical significance defined as p < 0.05. Given
the retrospective design, the analysis focused on associations
rather than causal inference.

Results

Baseline characteristics of the study
population (N = 2,320)

Table 1 summarizes the baseline characteristics of women
included in the analysis, stratified by cervical cancer screening
participation status. The mean age of all participants was
38.5 years (SD 8.6). Screened women were statistically younger
than those who were not screened (37.8 vs. 39.8 years, p < 0.001),
although the absolute difference of 2.0 years was small and likely
of limited clinical relevance. A greater proportion of screened
women were aged <30 years (20.7% vs. 13.8%) or 30-39 years
(42.1% vs. 35.6%), whereas women aged >50 years were less
frequently screened (9.0% vs. 14.9%, p < 0.001). In terms of
sociodemographic characteristics, Han ethnicity was associated
with a higher likelihood of screening compared with ethnic
minority status (84.1% vs. 73.6%, p < 0.001). Both education
level and monthly income, as recorded in the health information
system, showed strong positive associations with screening
participation. Women with college or higher education had the
highest screening proportion (31.0%), followed by those with
secondary (46.9%) and primary education or below (22.1%,
p <0.001). Screening participation was most frequent among
women with a monthly income of 3,000-6,000 CNY (51.7%),
followed by those earning <3,000 CNY (33.1%) and >6,000 CNY
(15.2%, p <0.001). Urban residents were significantly more
likely to have documented screening than rural residents (72.4%
vs. 47.1%, p < 0.001). Similarly, medical insurance coverage was
a strong positive factor, with insured women far more likely to
be screened than uninsured women (93.8% vs. 64.4%, p < 0.001).
Behavioral and healthcare access variables obtained from routine
health examination records also showed significant differences
by screening status. Non-smokers had higher screening rates
(84.8%) compared with current (5.5%) and former smokers
(9.7%, p = 0.015). Physical activity level was positively associated
with screening, with women engaging in >3 sessions of
moderate-to-vigorous activity per week showing the highest
participation (30.3%) compared with those engaging 1-2 times
(47.6%) or none (22.1%, p = 0.002). Accessibility of healthcare
services played an additional role: women residing <5 km from
a medical facility had the highest screening participation
(64.1%), whereas those living >15 km away were least likely to
be screened (6.9%, p < 0.001). A documented history of sexually
transmitted infections (STIs) was slightly less frequent among
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screened women (6.2%) than among unscreened women (8.0%,
p=10.038).

Multivariate logistic regression analysis of
factors associated with cervical cancer
screening (N = 2,320)

Table 2 summarizes the results of the multivariate logistic regression
model examining factors associated with cervical cancer screening
participation. Increasing age was independently associated with lower
screening participation, with each additional year of age decreasing the
likelihood of screening by approximately 4% (adjusted odds ratio
[aOR] = 0.96, 95% confidence interval [CI]: 0.94-0.98, p < 0.001). Ethnic
minority women had substantially lower odds of documented screening
compared with Han women (aOR = 0.61, 95% CI: 0.49-0.76, p < 0.001).
Education level and household income, as recorded in the health
information system, were both positively associated with screening
participation. Compared with women who had primary education or
below, those with secondary education had 52% higher odds of screening
(aOR = 1.52,95% CI: 1.26-1.83, p < 0.001), while women with a college
education or above had more than twice the odds (aOR = 2.30, 95% CI:
1.84-2.87, p < 0.001). Similarly, women earning 3,000-6,000 CNY per
month were 74% more likely to have a recorded screening compared
with those earning <3,000 CNY (aOR=1.74, 95% CI: 1.44-2.11,
P <0.001), and those earning > 6,000 CNY also showed significantly
higher odds (aOR = 1.51, 95% CI: 1.14-2.00, p = 0.004). Urban residence
showed a strong association with cervical cancer screening participation,
with urban women being more than twice as likely to have undergone
screening as rural women (aOR = 2.13, 95% CI: 1.78-2.54, p < 0.001).
Medical insurance coverage represented the most influential factor:
insured women had over fourfold higher odds of screening participation
compared with uninsured women (aOR =4.12, 95% CI: 3.19-5.33,
P <0.001). Health behavior variables, as documented during routine
health assessments, were also associated with screening participation.
Current smoking status was linked to a significantly lower likelihood of
screening compared with non-smoking (aOR = 0.47, 95% CI: 0.33-0.67,
p < 0.001), whereas former smoking showed no significant association
(aOR =0.92, 95% CI: 0.71-1.19, p = 0.520). Higher physical activity
levels were positively correlated with screening participation, with
women engaging in >3 sessions of moderate-to-vigorous exercise per
week showing 48% greater odds of screening compared with inactive
women (aOR =148, 95% CIL: 1.17-1.88, p=0.001). Healthcare
accessibility was inversely associated with screening likelihood. Women
residing 6-15km from the nearest clinic had 22% lower odds of
screening (aOR = 0.78, 95% CI: 0.62-0.99, p = 0.042), and those living >
15 km away had 61% lower odds (aOR = 0.39, 95% CI: 0.28-0.54,
P <0.001), relative to women living within < 5km. A documented
history of sexually transmitted infections (STIs) was not significantly
associated with screening participation (aOR = 0.76, 95% CI: 0.53-1.10,
p=0.147). Overall, this retrospective analysis identified several
independent predictors of cervical cancer screening participation.
Sociodemographic characteristics (age, ethnicity, education, income,
and residence), healthcare accessibility (insurance coverage and distance
to a clinic), and health behaviors (smoking status and physical activity)
showed significant associations with cervical cancer screening
participation, suggesting that screening participation is shaped by
multiple interrelated factors within this population.
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TABLE 1 Baseline characteristics of the study population (N = 2,320).

Characteristic Total (n = 2,320) Screened (n = 1,450) Not screened (n = 870) p-value
Age, mean (SD) 38.5(8.6) 37.8 (8.3) 39.8 (8.9) <0.001
Age group, n (%) <0.001
< 30 years 420 (18.1) 300 (20.7) 120 (13.8)
30-39 years 920 (39.7) 610 (42.1) 310 (35.6)
40-49 years 720 (31.0) 410 (28.3) 310 (35.6)
> 50 years 260 (11.2) 130 (9.0) 130 (14.9)
Ethnicity, 1 (%) <0.001
Han 1860 (80.2) 1,220 (84.1) 640 (73.6)
Ethnic minority 460 (19.8) 230 (15.9) 230 (26.4)
Education level, n (%) <0.001
< Primary school 680 (29.3) 320 (22.1) 360 (41.4)
Secondary school 1,020 (44.0) 680 (46.9) 340 (39.1)
College or above 620 (26.7) 450 (31.0) 170 (19.5)
Monthly income (CNY), n (%) <0.001
< 3,000 920 (39.7) 480 (33.1) 440 (50.6)
3000-6,000 1,060 (45.7) 750 (51.7) 310 (35.6)
> 6,000 340 (14.7) 220 (15.2) 120 (13.8)
Residence, 1 (%) <0.001
Urban 1,460 (62.9) 1,050 (72.4) 410 (47.1)
Rural 860 (37.1) 400 (27.6) 460 (52.9)
Has medical insurance, n (%) <0.001
Yes 1920 (82.8) 1,360 (93.8) 560 (64.4)
No 400 (17.2) 90 (6.2) 310 (35.6)
Smoking status, 1 (%) 0.015
Non-smoker 1860 (80.2) 1,230 (84.8) 630 (72.4)
Former smoker 240 (10.3) 140 (9.7) 100 (11.5)
Current smoker 220 (9.5) 80 (5.5) 140 (16.1)
Physical activity level, n (%) 0.002
None 620 (26.7) 320 (22.1) 300 (34.5)
1-2 times per week 1,080 (46.6) 690 (47.6) 390 (44.8)
> 3 times per week 620 (26.7) 440 (30.3) 180 (20.7)
Distance to clinic, n (%) <0.001
<5km 1,280 (55.2) 930 (64.1) 350 (40.2)
6-15 km 740 (31.9) 420 (29.0) 320 (36.8)
> 15 km 300 (12.9) 100 (6.9) 200 (23.0)
History of STIs, n (%) 0.038
Yes 160 (6.9) 90 (6.2) 70 (8.0)
No 2,160 (93.1) 1,360 (93.8) 800 (92.0)

SD, standard deviation; CNY, Chinese Yuan; STTs, sexually transmitted infections. Values are presented as mean (SD) for continuous variables and n (%) for categorical variables. p-values are
derived from t-tests for continuous variables and chi-squared tests for categorical variables. Statistically significant p-values (<0.05) indicate significant differences between the screened and
not screened groups.

Subgroup analysis of factors associated participation after stratification by residence (urban vs. rural).
with cervical cancer screening by Interaction terms were tested to assess whether the strength of these
residence (urban vs. rural) associations differed between the two subgroups. Increasing age was

inversely associated with screening participation in both urban and
Table 3 presents the results of the subgroup logistic regression  rural populations, with a slightly stronger negative association
analyses examining factors associated with cervical cancer screening  observed among urban residents (adjusted odds ratio [aOR] = 0.95,
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TABLE 2 Multivariate logistic regression analysis of factors associated with cervical cancer screening (N = 2,320).

Variable Adjusted odds ratio (aOR) 95% confidence interval (Cl) p-value
Age (per 1-year increase) 0.96 0.94-0.98 <0.001
Ethnicity

Han (Ref) 1.00

Ethnic minority 0.61 0.49-0.76 <0.001
Education level

< Primary school (Ref) 1.00

Secondary school 1.52 1.26-1.83 <0.001

College or above 2.30 1.84-2.87 <0.001
Monthly income (CNY)

< 3,000 (Ref) 1.00

3000-6,000 1.74 1.44-2.11 <0.001

> 6,000 1.51 1.14-2.00 0.004
Residence

Urban 213 1.78-2.54 <0.001

Rural (Ref) 1.00
Has medical insurance

Yes 4.12 3.19-5.33 <0.001

No (Ref) 1.00
Smoking status

Non-smoker (Ref) 1.00

Former smoker 0.92 0.71-1.19 0.520

Current smoker 0.47 0.33-0.67 <0.001
Physical activity level

None (Ref) 1.00

1-2 times per week 1.17 0.96-1.42 0.119

> 3 times per week 1.48 1.17-1.88 0.001
Distance to clinic

<5 km (Ref) 1.00

6-15km 0.78 0.62-0.99 0.042

> 15 km 0.39 0.28-0.54 <0.001
History of STls

No (Ref) 1.00

Yes 0.76 0.53-1.10 0.147

Adjusted odds ratios (aORs) were obtained from a multivariate logistic regression model with cervical cancer screening status (screened vs. not screened) as the dependent variable. The model

was adjusted for age, ethnicity, education level, monthly income, residence, medical insurance status, smoking status, physical activity level, distance to the nearest clinic, and history of

sexually transmitted infections (STTs). Statistically significant p-values (<0.05) indicate a significant association between the variable and screening participation. Ref, Reference category; CNY,

Chinese Yuan; STIs, sexually transmitted infections.

95% confidence interval [CI]: 0.92-0.98) than among rural residents
(aOR =0.97, 95% CI: 0.94-1.00); however, the interaction test
indicated no statistically significant difference between groups
(p = 0.215). Ethnic minority status was consistently associated with
lower odds of documented screening in both subgroups (urban:
aOR = 0.68, 95% CI: 0.52-0.89; rural: aOR = 0.57, 95% CI: 0.41-0.78),
and no significant interaction by residence was detected (p = 0.362).
Education level, as recorded in the health information system,
demonstrated a strong positive association with screening in both
subgroups. Compared with women who had primary education or
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below, those with a college education or above had substantially
higher odds of screening (urban: aOR = 2.15, 95% CI: 1.68-2.75;
rural: aOR = 2.52, 95% CI: 1.75-3.63), with no significant interaction
by residence (p = 0.307). Similarly, monthly income showed a positive
association with screening participation in both urban and rural
women, with the highest odds observed among those earning 3,000
6,000 CNY per month (urban: aOR = 1.68, 95% CI: 1.32-2.14; rural:
aOR = 1.83, 95% CI: 1.29-2.61), and no significant interaction effect
(p = 0.688). Medical insurance coverage remained a strong predictor
of screening in both groups, as insured women had substantially
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TABLE 3 Subgroup analysis of factors associated with cervical cancer screening by residence (urban vs. rural).

Variable Urban (n = 1,460) Rural (n = 860) p-value for interaction
Age (per 1-year increase) 0.95(0.92-0.98) 0.97 (0.94-1.00) 0.215
Ethnicity

Han (Ref) 1.00 1.00

Ethnic minority 0.68 (0.52-0.89) 0.57 (0.41-0.78) 0.362
Education level

< Primary school (Ref) 1.00 1.00

Secondary school 1.40 (1.12-1.75) 1.61 (1.19-2.18) 0.523

College or above 2.15(1.68-2.75) 2.52(1.75-3.63) 0.307
Monthly income (CNY)

< 3,000 (Ref) 1.00 1.00

3000-6,000 1.68 (1.32-2.14) 1.83 (1.29-2.61) 0.688

> 6,000 1.49 (1.05-2.11) 1.54 (0.94-2.51) 0.902
Has medical insurance

Yes 3.86 (2.96-5.03) 4.46 (2.91-6.85) 0.476

No (Ref) 1.00 1.00
Smoking status

Non-smoker (Ref) 1.00 1.00

Former smoker 0.88 (0.61-1.26) 1.02 (0.72-1.45) 0.642

Current smoker 0.50 (0.29-0.87) 0.44 (0.27-0.72) 0.781
Physical activity level

None (Ref) 1.00 1.00

1-2 times per week 1.12 (0.89-1.41) 1.24 (0.91-1.69) 0.553

> 3 times per week 1.46 (1.08-1.96) 1.51 (1.06-2.16) 0.871
Distance to clinic

< 5km (Ref) 1.00 1.00

6-15 km 0.80 (0.63-1.02) 0.76 (0.52-1.11) 0.744

> 15 km 0.37 (0.25-0.53) 0.40 (0.26-0.61) 0.812

Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were calculated using multivariate logistic regression models stratified by residence (urban vs. rural). The dependent variable is
cervical cancer screening status (screened vs. not screened). All models were adjusted for age, ethnicity, education level, monthly income, medical insurance status, smoking status, physical
activity level, and distance to the nearest clinic. The p-value for interaction tests whether the effect of each variable on screening participation differs significantly between urban and rural

residents. Ref, Reference category; CNY, Chinese Yuan.

higher odds of participation compared with uninsured women (urban:
aOR = 3.86, 95% CI: 2.96-5.03; rural: aOR = 4.46, 95% CI: 2.91-6.85),
and the interaction test confirmed no significant difference by
residence (p =0.476). Current smoking, based on routinely
documented health behavior data, was inversely associated with
screening participation in both subgroups (urban: aOR = 0.50, 95%
CI: 0.29-0.87; rural: aOR =0.44, 95% CI: 0.27-0.72), with no
interaction effect (p = 0.781). Physical activity level, also derived from
standardized health examination records, was positively associated
with screening participation in both urban (aOR = 1.46, 95% CI:
1.08-1.96) and rural (aOR = 1.51, 95% CI: 1.06-2.16) populations,
again without significant interaction by residence (p = 0.871). Distance
to the nearest healthcare facility showed a consistent inverse
association with screening across both subgroups. Women residing
>15km from a clinic had substantially lower odds of screening
compared with those living within <5 km (urban: aOR = 0.37, 95%
CI: 0.25-0.53; rural: aOR =0.40, 95% CI: 0.26-0.61), and the
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difference between subgroups was not statistically significant
(p =0.812).

Sensitivity analysis of factors associated
with cervical cancer screening under
different model assumptions

Table 4 summarizes the results of sensitivity analyses conducted
to evaluate the robustness of factors associated with cervical cancer
screening participation under three analytic scenarios: complete-case
analysis (Model 1), adjustment for additional covariates such as
marital status and parity (Model 2), and multiple imputation for
missing data (Model 3). The findings were highly consistent across all
models, confirming the stability of the associations identified in the
main analysis. Age remained negatively associated with screening
participation in all models, with each additional year of age reducing
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TABLE 4 Sensitivity analysis of factors associated with cervical cancer screening under different model assumptions.

Variable Model 1: complete

case analysis

Model 2: adjusted for
additional covariates

Model 3: multiple
imputation analysis

p-value for robustness

Age (per 1-year increase) 0.96 (0.94-0.98) 0.95 (0.93-0.98) 0.96 (0.94-0.98) 0.721
Ethnicity

Han (Ref) 1.00 1.00 1.00

Ethnic Minority 0.61 (0.49-0.76) 0.62 (0.50-0.77) 0.60 (0.48-0.75) 0.893
Education level

< Primary school (Ref) 1.00 1.00 1.00

Secondary school 1.52 (1.26-1.83) 1.50 (1.24-1.82) 1.53 (1.27-1.84) 0.984

College or above 2.30 (1.84-2.87) 2.28 (1.82-2.85) 2.31(1.85-2.89) 0.912
Monthly income (CNY)

< 3,000 (Ref) 1.00 1.00 1.00

3000-6,000 1.74 (1.44-2.11) 1.73 (1.43-2.10) 1.75 (1.45-2.12) 0.947

> 6,000 1.51 (1.14-2.00) 1.49 (1.12-1.98) 1.52 (1.15-2.02) 0911
Has medical insurance

Yes 4.12 (3.19-5.33) 4.08 (3.16-5.27) 4.15 (3.21-5.36) 0.984

No (Ref) 1.00 1.00 1.00
Smoking status

Non-smoker (Ref) 1.00 1.00 1.00

Former smoker 0.91 (0.69-1.20) 0.90 (0.68-1.19) 0.92 (0.70-1.21) 0.814

Current smoker 0.48 (0.33-0.69) 0.46 (0.32-0.67) 0.47 (0.32-0.68) 0.893
Physical activity level

None (Ref) 1.00 1.00 1.00

1-2 times per week 1.15 (0.93-1.42) 1.14 (0.92-1.42) 1.16 (0.93-1.43) 0.978

> 3 times per week 1.46 (1.16-1.84) 1.45 (1.15-1.82) 1.47 (1.17-1.85) 0.934

Model 1 represents a complete case analysis excluding individuals with missing data; Model 2 adjusts for additional covariates, including marital status and parity, to test the robustness of
associations; Model 3 uses multiple imputation to handle missing data, with 20 imputations performed. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were derived from
logistic regression models. All models were adjusted for age, ethnicity, education level, monthly income, residence, medical insurance status, smoking status, and physical activity level. The
p-value for robustness tests whether the associations remain consistent across the three models. Ref, Reference category; CNY, Chinese Yuan.

the odds of screening by approximately 4% (Model 1: aOR = 0.96, 95%
CI 0.94-0.98; Model 2: aOR = 0.95, 95% CI 0.93-0.98; Model 3:
aOR = 0.96, 95% CI 0.94-0.98; p for robustness = 0.721). Ethnicity
showed a similarly stable association, as ethnic minority women
consistently exhibited lower odds of documented screening compared
with Han women (Model 1: aOR = 0.61, 95% CI 0.49-0.76; Model 2:
aOR = 0.62, 95% CI 0.50-0.77; Model 3: aOR = 0.60, 95% CI 0.48-
0.75; p for robustness = 0.893). Education level retained a strong
positive association with screening participation, with higher
education corresponding to increased screening likelihood. Compared
with women who had primary education or below, those with
secondary education and college education or above remained
significantly more likely to undergo screening, with minimal variation
across models (e.g., college or above: Model 1: aOR = 2.30, 95% CI
1.84-2.87; Model 2: aOR=2.28, 95% CI 1.82-2.85; Model 3:
aOR = 2.31, 95% CI 1.85-2.89; p for robustness = 0.912). Similarly,
monthly income demonstrated a consistent positive gradient, with
women earning 3,000-6,000 CNY per month showing the highest
screening participation across all models (Model 1: aOR = 1.74, 95%
CI 1.44-2.11; Model 2: aOR =1.73, 95% CI 1.43-2.10; Model 3:
aOR = 1.75, 95% CI 1.45-2.12; p for robustness = 0.947). Medical
insurance coverage remained the strongest predictor of screening
participation in each model, with insured women having more than
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fourfold higher odds of documented screening compared with
uninsured women (Model 1: aOR = 4.12, 95% CI 3.19-5.33; Model 2:
aOR = 4.08, 95% CI 3.16-5.27; Model 3: aOR = 4.15, 95% CI 3.21-
5.36; p for robustness = 0.984). Health behavior variables derived from
routine health examination data also exhibited consistent associations.
Current smoking was associated with a substantially lower likelihood
of screening across all models (Model 1: aOR = 0.48, 95% CI 0.33—
0.69; Model 2: aOR = 0.46, 95% CI 0.32-0.67; Model 3: aOR = 0.47,
95% CI 0.32-0.68; p for robustness = 0.893), whereas former smoking
was not significant. Physical activity showed a positive and stable
relationship with screening participation, particularly among women
engaging in >3 sessions of moderate-to-vigorous activity per week
(Model 1: aOR = 1.46, 95% CI 1.16-1.84; Model 2: aOR = 1.45, 95%
CI 1.15-1.82; Model 3: aOR=1.47, 95% CI 1.17-1.85; p for
robustness = 0.934).

Discussion

This retrospective cross-sectional analysis explored associations
between sociodemographic, behavioral, and healthcare-related factors
and cervical cancer screening participation among women in
Southwest China. Based on systematically retrieved medical and
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screening records, the study found that disparities in screening
participation were evident within this sample of women with
documented healthcare encounters, and these disparities were
associated with age, ethnicity, education, income, residence, health
behaviors, and healthcare accessibility. These findings underscore the
existence of substantial inequities within routine screening programs
and highlight the importance of strengthening targeted, population-
specific strategies to improve coverage—particularly among
socioeconomically disadvantaged and geographically remote groups.

Age was a significant predictor of screening participation, with
younger women being more likely to undergo cervical cancer
screening than older women. This aligns with previous research
indicating that older women often perceive themselves at lower risk,
may have misconceptions about screening necessity, or encounter
physical or logistical barriers to accessing services (15, 16). Given that
the incidence of cervical cancer increases with age, efforts to promote
screening uptake among older women should focus on risk
communication and age-specific outreach strategies.

Ethnicity also played a critical role, with ethnic minority women
exhibiting significantly lower screening participation rates compared
to Han women. This finding is consistent with prior studies showing
that cultural and linguistic barriers may deter ethnic minorities from
engaging in preventive healthcare services (17, 18). Language
differences, health literacy challenges, and sociocultural norms likely
contribute to disparities in screening uptake (19). Interventions
should consider culturally tailored health education programs and
increased availability of bilingual healthcare providers to bridge
this gap.

Women with lower education and income were less likely to
participate in cervical cancer screening; however, the underlying
reasons for this association could not be directly assessed in this
study (20). Policies aimed at providing financial assistance,
increasing awareness campaigns, and integrating screening
services into routine primary care could help mitigate these
disparities.

Our study found that urban residence and proximity to healthcare
facilities were significantly associated with cervical cancer screening
participation. Women living in urban areas were more than twice as
likely to undergo screening compared to their rural counterparts.
Geographic remoteness and inadequate healthcare infrastructure in
rural regions may contribute to lower screening rates, consistent with
prior Chinese evidence derived from different study designs, including
population-based analyses using nationally representative survey data
[e.g., Liu et al. (21)] as well as hospital- or platform-based cross-
sectional studies relying on convenience samples [e.g., Zhang et al.
(22)]; these differences in sampling frameworks should be considered
when comparing effect estimates and generalizability. Women living
more than 15 km from a healthcare facility had the lowest screening
rates, highlighting the importance of improving healthcare
accessibility in remote areas. Expanding mobile screening units,
telemedicine consultations, and transportation assistance programs
could be effective strategies to address these barriers.

Medical insurance coverage showed the strongest association with
cervical cancer screening participation, with insured women being
over four times more likely to be screened than uninsured women.
This finding is consistent with previous studies reporting an
association between financial coverage and greater utilization of
preventive care services (23). Despite the availability of national
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screening programs, gaps in healthcare coverage persist, particularly
among marginalized groups. Policymakers should consider expanding
insurance coverage for preventive services and reducing out-of-pocket
costs to increase screening uptake.

Health behaviors such as smoking and physical activity also
played a role in screening participation. Current smokers were
significantly less likely to undergo screening, a finding consistent with
previous studies suggesting that smokers may be less engaged in
preventive healthcare, which may partly reflect differences in
engagement with preventive healthcare (12, 24). Given that smoking
is a known risk factor for cervical cancer, targeted health education
campaigns emphasizing the dual benefits of smoking cessation and
cervical cancer prevention may be beneficial.

Conversely, regular physical activity was associated with increased
screening participation, indicating that women who engage in
healthier lifestyles may also be more proactive about preventive
healthcare. This trend suggests that health promotion programs
encouraging an active lifestyle could integrate messages about cervical
cancer screening to reinforce positive health behaviors (25).

This study has several strengths, including its large sample size,
rigorous multistage sampling method, and robust statistical analyses.
These findings offer insights into sociodemographic, behavioral, and
healthcare-related factors associated with cervical cancer screening
participation in Southwest China. The inclusion of subgroup and
further strengthens the reliability and
generalizability of our results.

sensitivity analyses

Several limitations of this retrospective analysis should be
considered when interpreting the findings. First, although all data
were obtained from institutional medical records and regional
screening databases, some variables—particularly lifestyle- and
behavior-related indicators—were derived from archived health
assessment forms completed during routine visits. These data were not
originally collected for research purposes and may therefore be subject
to reporting inaccuracies or incomplete entries. Despite data
validation and logical cross-checking procedures, residual
misclassification bias cannot be entirely excluded. In addition,
screening participation was ascertained from administrative and
laboratory records, which reflect healthcare utilization rather than
individual intention or awareness; consequently, some women who
underwent screening outside the local healthcare system may have
been misclassified as unscreened. Second, the study population was
derived from routine outpatient and community health encounter
databases; therefore, women with no documented contact with the
healthcare system during the study period were not captured. This
selection mechanism may limit the generalizability of the findings to
the broader community and could lead to an underestimation of
socioeconomic and geographic barriers to cervical cancer screening,
as the

non-participation among healthcare users rather than women

“not screened” group in this analysis represents
completely disconnected from care. Importantly, the observed
disparities were evident even within this population of healthcare
users. Third, the retrospective cross-sectional design inherently limits
causal inference. Because exposure and outcome data were derived
from the same time window, temporal relationships between
sociodemographic, behavioral, and healthcare access factors and
screening participation cannot be definitively established. Accordingly,
the observed associations should be interpreted as correlational rather
than causal. Future prospective or longitudinal studies are warranted
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to clarify temporal relationships and to explore potential mediating
pathways, such as health literacy, social support, and health system
navigation. Fourth, although the sample size was relatively large and
drawn from Southwest China, the study population may not fully
capture regional heterogeneity across other parts of the country.
Variations in healthcare delivery models, insurance policies, resource
allocation, and cultural norms may affect the external generalizability
of the findings. In addition, some potentially relevant factors—such as
partner support, reproductive history, and awareness of HPV
vaccination—were not available in the databases and could not be
evaluated. Finally, although rigorous statistical methods, including
multivariable adjustment, subgroup analyses, and sensitivity analyses,
were applied to enhance internal validity, the use of routinely collected
administrative data is inherently subject to limitations such as coding
errors, missing variables, and incomplete documentation. Future
research integrating multi-center data sources, prospective follow-up,
and qualitative assessments of healthcare-seeking behavior may
provide a more comprehensive understanding of cervical cancer
screening disparities in diverse Chinese populations.

This retrospective study highlights the need for integrated
strategies to enhance cervical cancer screening coverage and reduce
disparities in Southwest China. Policy efforts should prioritize health
education and culturally tailored communication to improve
awareness and participation among older women and ethnic
minorities. Expanding healthcare accessibility through mobile
screening services and strengthened primary care infrastructure is
essential to reach rural and remote populations. Financial
interventions, including broader insurance reimbursement and
subsidized screening for low-income women, could further mitigate
economic barriers. Integrating screening promotion into existing
health campaigns—such as physical activity and smoking cessation
programs—may also reinforce preventive health behaviors. At the
regional level, effective implementation requires coordination within
the established Maternal and Child Health (MCH) network.
Leveraging community health workers and family physicians as key
outreach agents can improve local engagement and follow-up.
Strengthening the “Two Cancers Screening Program” through
targeted funding, intersectoral collaboration, and culturally adaptive
delivery models offers a feasible and sustainable path forward.
Although the retrospective cross-sectional design limits causal
inference, these findings provide evidence-based guidance for policy
and practice aimed at promoting equitable screening participation.
Future longitudinal and interventional studies are warranted to
confirm these associations and to evaluate the long-term effectiveness
of targeted screening strategies across diverse populations in China.

This study found that disparities in cervical cancer screening
participation were evident even within this sample of women with
documented healthcare encounters. Despite the existence of
nationwide screening programs, gaps in service reach, financial
protection, and public awareness remain evident—particularly among
rural residents, ethnic minorities, and women with limited income or
education. Strengthening targeted outreach, expanding insurance
reimbursement, and improving accessibility to primary screening
services are critical steps toward equitable coverage and effective
cervical cancer prevention in Southwest China. Further longitudinal
and interventional studies are warranted to confirm these retrospective
associations and to elucidate the underlying causal mechanisms
shaping screening behavior.
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