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Objectives: As the first socio-demographic profiling of HPV vaccines in Chinese cities, this study assesses equity implications through compositional analysis of covered populations, with multilevel examination of vaccine-type selection determinants.

Method: Utilizing HPV vaccination data obtained from the Jinnan Center for Disease Control and Prevention (CDC) spanning from 2018 to 2023, we conducted a retrospective analysis. Hierarchical logistic regression was employed to model the joint effects of age, ethnicity, occupation, and urban–rural residence on vaccination behaviors. Vaccine type preference was categorized as bivalent, quadrivalent, or nonavalent.

Result: Three key disparities were revealed in the analysis. Age-stratified access revealed the highest proportion of recipients among women aged 33–38 years (29.6%) and 39–44 years (21.9%), contrasting with less than 1% participation in the 9–14 year-old cohort. Educationally, 87.3% held at least a bachelor’s degree, compared to 12.7% with below-college education (χ2 = 6048.89, p < 0.001). Clear urban–rural divide, with 99.7% of recipients in urban areas and just 0.3% in rural areas (χ2 = 76.79, p < 0.001). Vaccine-type selection showed socioeconomic patterns, with nonavalent vaccines preferred by urban professionals (OR = 1.577, 95% CI: 1.16–2.142) and those with incomes above 5000 yuan (OR = 1.958, 95% CI: 0.26–3.527).

Conclusion: Demonstrating Hart’s Inverse Care Law, Tianjin’s program disproportionately immunizes socioeconomically secure urbanites. We propose: (1) school-based mandates for pre-sexual debut cohorts; (2) rural vaccination-social insurance integration; (3) domestic 9-valent vaccine development with needs-based subsidies. These evidence-based reforms are critical for achieving equitable 90% coverage by 2030.
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1 Introduction

Cervical cancer, primarily caused by persistent infection with high-risk types of HPV, remains a significant global health issue. In 2020, the disease resulted in over 600,000 new cases and 341,831 deaths worldwide (1), disproportionately affecting socioeconomically disadvantaged populations, particularly in low- and middle-income countries. These disparities arise from barriers such as limited healthcare access, low health literacy, and financial constraints (2–4). Despite substantial advances in cervical cancer prevention through HPV vaccination, socio-economic and geographical inequalities continue to hinder vaccine accessibility and uptake, particularly in developing countries like China.

In China, the incidence of cervical cancer has increased by 3.5% from 2018 to 2020, with 109,700 new cases, accounting for 5.2% of all female cancer cases (5). HPV types 16 and 18 are responsible for approximately 70% of cervical cancer cases (6), with other high-risk types such as 31, 33, 45, 52, and 58 contributing significantly (7, 8). HPV vaccination programs have proven to be effective in reducing the prevalence of HPV infections and the incidence of cervical cancer (9, 10). The introduction of bivalent, quadrivalent (4-Valent), and nonavalent (9-Valent) vaccines has been particularly successful in preventing HPV-related cancers globally (11, 12).

However, despite these advances, China faces stark disparities in HPV vaccination coverage, with only 2.24% of the female population vaccinated by 2020 (13). This low vaccination rate highlights significant gaps in public health efforts, particularly in terms of accessibility and education (14). Socio-economic factors such as age, education, and occupation contribute to inequities in vaccine uptake, leading to a paradox where socioeconomically secure urban populations are more likely to be vaccinated, while higher-risk groups, including younger and rural populations, remain under-vaccinated.

Tianjin, a rapidly developing municipality in northern China, provides an ideal case study for exploring these challenges. Jinnan District, one of Tianjin’s key districts, is particularly notable for its demographic diversity and socio-economic stratification. According to the 2020 census, Jinnan District’s population stands at 928,066, with women comprising 47.14% and the working-age group (15–59 years) making up 70.61% (15). A substantial portion of the female population is within the age range eligible for HPV vaccination (9–45 years), making Jinnan a relevant site for studying HPV vaccination patterns.

This study seeks to assess the socio-economic attributes and geographical distribution of the HPV vaccination population in Jinnan District. The objective is to analyze the composition of the currently vaccinated cohort and identify the key factors influencing vaccine type preferences, ultimately providing valuable insights for the future enhancement of vaccination promotion strategies and reducing cervical cancer incidence in the region.



2 Materials and methods


2.1 Ethics approval, study population

This study was approved by the Nankai University Biomedical Ethics Committee (Approval No. NKU-IRB-2023141). Informed consent was not required for the retrospective analysis, as all data were anonymized and fully de-identified to ensure privacy, with access restricted to authorized personnel. The dataset, which includes both vaccination records and socio-demographic information (age, occupation, marital status, and geographic location), was provided by the Tianjin Jinnan District CDC as part of the city’s routine public health surveillance system. The data covered the period from January 2018 to June 2023 and pertained to women residing in the Jinnan District of Tianjin who participated in the vaccination program. A formal request was submitted to the CDC for the data, which was commissioned specifically for this study.



2.2 Data collection and study procedure

To ensure the validity and reliability of the study, the data collection process adhered to a systematic procedure:

A. Data Collection: The Tianjin Jinnan District CDC collected and maintained vaccination records and socio-demographic information through its routine public health surveillance system, which includes both electronic health records and paper-based records.

B. Data Anonymization: The CDC anonymized the data to ensure participant privacy and confidentiality.

C. Data Transfer: The anonymized dataset was transferred to the research team for analysis.

D. Data Cleaning and Preparation: The research team conducted data cleaning and preparation to ensure the dataset was ready for analysis.



2.3 Statistical analysis

IBM SPSS Statistics 25.0 was used for data analysis. Categorical variables were summarized as frequencies and percentages, and continuous variables as means and standard deviations. Associations between socio-demographic factors and vaccine type preference were assessed using chi-square tests. Collinearity was assessed using variance inflation factors (VIFs), and final variables for the model were selected accordingly. Logistic regression identified predictors of vaccine type preference, with statistical significance set at p < 0.05.

Age was initially grouped into seven five-year brackets for descriptive statistics but was reclassified into four broader categories (9–19, 20–29, 30–39, 40–50 years) in the regression analysis due to small sample sizes in the youngest and oldest groups. Results are presented in tables and charts with narrative explanations.




3 Results


3.1 Socio-demographic characteristics

The study cohort comprised 33,002 female HPV vaccine recipients, with a mean age of 33.0 years (SD = 7.6). Detailed socio-demographic characteristics are presented in Table 1. The majority of recipients were urban residents (99.7%), with 85.1% married and 99.5% of Han ethnicity. Educational attainment was high, with 87.3% holding at least a bachelor’s degree. Occupation-based categorization showed that homemakers (25.8%) were the largest group, followed by labor-intensive workers (13.7%) and students (13.3%). Income levels varied, with 46.7% earning between 5,000 and 7,000 RMB per month.



TABLE 1 Socio-demographic characteristics, distribution of vaccine type.
[image: Table1]

Figure 1 presents the vaccine adoption trends among various age groups. Notably, the adoption rate for the 9–14 age group is strikingly low, standing at merely 0.7%. Interestingly, within the 45–50 age bracket, 5% of individuals have initiated vaccination, beyond the recommended age range. Among the youngest cohort, the E. coli-based bivalent vaccine emerges as the most preferred option, constituting 59.4% of vaccinations, with the 9-valent vaccine following closely at 31.1%.

[image: Figure 1]

FIGURE 1
 Age range of HPV vaccination and type distribution for ages 9–14.




3.2 HPV vaccine type distribution

The HPV vaccine’s annual response rate has significantly and cumulatively increased over time (Table 2). Initially dominated by the quadrivalent Gardasil 4 (2018–2020), which accounted for 50–80% of doses, a major shift occurred in 2021 when the domestic Cecolin bivalent vaccine captured 63.7% of doses by 2022, driven by policy incentives and cost-effectiveness. Despite growing availability, the 9-valent vaccine remained a minority choice, representing just 21–33% of doses.



TABLE 2 The annual distribution of HPV vaccine doses and completion rates.
[image: Table2]

Completion rates showed critical attrition: 89.4% received the second dose, but only 75.95% completed the full three-dose regimen, with minimal uptake for the fourth dose (0.02%). Among the five extra-protocol vaccinations, four were delayed catch-up doses, and one involved switching vaccine types.

An analysis of vaccine uptake by occupation revealed key trends (Figure 2). In 2018, technical professionals led adoption (54.7%), but by 2020, homemakers became the largest group, comprising 25% of vaccinations, continuing into subsequent years. Vaccination rates among technical professionals and state-owned enterprise employees significantly declined, reaching 9.6 and 4.9% by 2023. Figure 3 highlights vaccine preferences across occupations. Homemakers showed broad vaccine type preferences, technical professionals displayed a similar pattern. In contrast, students preferred the 9-valent vaccine, with 38.2% selecting it, marking them as a key consumer group for this vaccine.

[image: Figure 2]

FIGURE 2
 Yearly vaccination coverage by occupational categories.


[image: Figure 3]

FIGURE 3
 Distribution of vaccination types across occupational categories.




3.3 Key predictors of vaccine type preference


3.3.1 The chi-square test

The analysis began with chi-square tests to examine the relationships between independent variables and vaccine type preference. Significant results (p < 0.001) were found for all variables, justifying their inclusion in the regression analysis. Key variables such as Age Group (χ2 = 20174.793), Education Level (χ2 = 6048.89), and Marital Status (χ2 = 7586.46) showed strong significance (Table 1). These results confirm their relevance as predictors of vaccine preference.



3.3.2 Collinearity and model fit assessment

Before regression analysis, collinearity diagnostics were conducted (Table 3). Moderate collinearity between education and marital status led to their exclusion. The remaining variables showed satisfactory tolerance (all >0.8) and VIF < 1.5, confirming minimal multicollinearity and suitability for the model. Model adequacy was confirmed by Pearson’s chi-square and Nagelkerke’s pseudo R-squared, both indicating strong significance. The likelihood ratio test highlighted the key roles of Occupational Category and Monthly Income/Expenditure in predicting vaccine preference, while variables like Ethnicity and Place of Residence, though less significant, were retained for a more comprehensive analysis (Table 4).



TABLE 3 Collinearity statistics.
[image: Table3]



TABLE 4 Likelihood ratio test and model fit metrics.
[image: Table4]



3.3.3 The regression model

Logistic regression identified age as the strongest predictor of vaccine selection. Younger individuals (20–29 years) showed extraordinary preference for the 9-valent vaccine (OR = 405.99, 95% CI: 296.5–555.9, p < 0.001), whereas older recipients (30–39 years) favored domestic bivalent or quadrivalent options (OR = 1.62–2.50, p < 0.001).

Ethnicity and urbanization compounded these trends: Han Chinese (OR = 8.87, p < 0.001) and urban residents (OR = 7.29, p < 0.001) disproportionately chose domestic vaccines, reflecting both accessibility and cultural trust in locally produced biologics. Occupation-mediated disparities persisted, with public sector employees leaning toward 9-valent vaccines (OR = 1.58, p < 0.05) and freelancers/essential workers preferring domestic options (OR = 2.24–2.94, p < 0.001) (Table 5).



TABLE 5 Logistic regression for vaccine type selection.
[image: Table5]





4 Discussion

This comprehensive analysis of HPV vaccination patterns in China reveals critical socio-demographic and economic determinants shaping vaccine uptake and type preferences, offering novel insights into public health challenges in a rapidly evolving healthcare landscape. While previous studies have predominantly focused on regional prevalence and vaccination willingness, our findings highlight the complex interplay of age, urban–rural disparities, ethnicity, and socio-economic status in driving inequitable vaccine distribution—a phenomenon increasingly recognized in global contexts but underexplored in China’s unique socio-cultural environment.

Age composition in the vaccinated population emerged as a significant issue, with a severe imbalance observed across different age groups. Women aged 33 and older demonstrated the highest vaccination proportion, reflects greater health awareness, economic stability, and improved healthcare access in this age group. In contrast, vaccination participation were notably low among the 9–14 age group—the optimal target for HPV vaccination (16, 17). More than half of these adolescents preferred the domestic bivalent vaccine, driven by financial constraints rather than the most protective options (18, 19). This preference highlights the financial barriers faced by families, especially in rural and economically disadvantaged areas, where transportation costs and out-of-pocket expenses limit timely access to vaccination (20). Limited healthcare infrastructure and a lack of health education about the long-term benefits of HPV vaccination further delay decision-making, particularly among parents who prioritize immediate financial concerns over preventive health (21). Furthermore, the participation rate among women aged 15–26, who are eligible for catch-up vaccinations, was only 23.3%. This confirms a significant delay in vaccine adoption, consistent with previous studies, particularly among younger populations (22, 23), Economic pressures and a lower sense of urgency regarding preventive healthcare appear to be the primary contributors to this delay.

Epidemiological studies in Jilin, China have shown the widespread nature and genetic diversity of HPV, including high-incidence strains such as HPV16, HPV52, and HPV58. These studies highlight a bimodal age-specific prevalence, with peaks in the 30–34 and 55–59 age groups (24). Early vaccination, particularly before sexual debut (i.e., the 9–14 age group), remains the most effective preventive strategy to reduce the incidence of HPV-related diseases in these high-risk age groups. Studies also manifest that the antibody response in the 9–14 age group is twice as high as in individuals aged 16–26 (25). Therefore, early vaccination is crucial for maximizing protection in younger individuals, while the catch-up vaccination for 15–26 year-olds should be targeted with strategies that address the barriers preventing timely uptake, such as financial constraints and healthcare access.

Additionally, urban–rural and ethnic differences play a significant role in vaccine distribution (26–28). The study potentially substantiates that urban populations, advantaged by superior healthcare infrastructure and enhanced access to information, demonstrated elevated vaccination rates—an observation corroborated by research conducted in highly developed economies such as the United States, characterized by its substantial GDP (29, 30). In contrast, rural populations and ethnic minorities face considerable challenges, including limited access to healthcare resources, economic constraints, and lower levels of health literacy. These barriers have contributed to lower vaccination rates and a preference for the domestic bivalent vaccine (31). Moreover, cultural factors, such as language barriers and a reliance on traditional medicine, might further exacerbate these disparities (32). Ethnic minority communities, particularly those in remote areas, often face additional challenges, including skepticism toward medical interventions and a lack of familiarity with vaccination programs, all of which impede vaccine uptake.

The economic stratification of vaccine type preferences unveils China’s evolving health consumption paradigm. While middle-income groups exhibit rational cost–benefit calculations favoring domestic bivalent vaccines, the unexpected 28.5% 9-valent preference among lowest-income cohorts challenges conventional behavioral models. This anomaly reflects the emergence of “health investment families”—particularly student populations supported by intergenerational resource pooling (33, 34)—where aspirational health behaviors transcend current socioeconomic status. Simultaneously, social media’s dual role as information conduit and status-signaling platform accelerates demand differentiation, creating vaccine market segmentation that mirrors broader consumer trends in digital China (35, 36).

Three-dose regimen attrition (24.05% non-completion) exposes critical weaknesses in immunization service design. The temporal decay in adherence correlates not merely with logistical barriers but reflects fundamental cognitive biases in risk perception—a phenomenon where immediate costs outweigh abstract future benefits (37). This behavioral economics perspective necessitates reengineering vaccination systems through commitment devices and loss-framed incentives rather than conventional awareness campaigns.

To address these challenges, a multi-dimensional intervention system is necessary. First, a tiered subsidy scheme for low-income families should be designed (38, 39), linking the out-of-pocket cost for the 9-valent vaccine to income levels, while simultaneously implementing a bundled payment system for the three-dose regimen to improve completion rates. Second, an AI-based vaccination management system should be developed, utilizing social media to send personalized reminders, particularly establishing digital health records for the 9–26 age group (40). Furthermore, HPV vaccination should be integrated into the performance assessment system for primary healthcare, with rural doctors trained as community-level vaccine advocates (41). It is important to note that while this study’s retrospective design reveals macro-epidemiological patterns, it fails to capture the influence of micro-level mechanisms such as cultural taboos and doctor-patient interactions. Future research should use mixed-methods approaches to deconstruct the role of intersecting social identities, such as ethnicity and occupation, in shaping vaccination behaviors.



5 Conclusion

China’s HPV vaccination landscape in Tianjin reflects broader socio-economic inequalities across the country. By addressing age-related disparities, bridging the urban–rural divide, and implementing occupation-specific strategies, policymakers can transform cervical cancer prevention from a privilege into a universal safeguard. These efforts would not only promote health equity but also position China as a global leader in overcoming vaccine hesitancy—a critical challenge in an era marked by evolving pathogens and fragmented trust.
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