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ABSTRACT 

Objectives: 

To examine recent state-wise trends in cervical cancer screening, incidence, and mortality in 

India and to forecast future patterns using regression analysis. 

Methods: 

A retrospective ecological study was conducted using secondary data from national and global 

databases for 2019–2023. State-level screening coverage, incidence, and mortality rates were 

analysed. Descriptive statistics, Pearson correlation, and linear regression models were applied. 

Projections for 2024–2033 were generated using regression coefficients. Model fit was 

assessed using the coefficient of determination (R²). 

Results: 

Marked inter-state variation was observed in screening coverage, incidence, and mortality. 

Lower screening rates were generally associated with higher mortality. Several states 

demonstrated increasing incidence trends, while mortality was stable or gradually declining in 

regions with better screening infrastructure. Positive correlations were identified between 

development indicators and reported incidence, likely reflecting improved detection and 

reporting. Forecasts suggest that regional disparities may persist if screening expansion 

remains limited. Most models showed strong explanatory power (R² > 0.80, p < 0.05). 

Conclusion: 

Despite gradual national improvements, significant regional disparities in cervical cancer 

burden remain. Strengthening organized screening programs, ensuring timely follow-up care, 

and expanding HPV vaccination coverage are critical to reducing preventable cervical cancer 

in India. 
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HIGHLIGHTS 

• Significant inter-state disparities exist in cervical cancer incidence and mortality in India. 

• Lower screening coverage is associated with higher mortality rates. 

• Regression models demonstrate strong predictive performance for short-term forecasting. 

• Regional inequalities may persist without strengthening organized screening and HPV     

vaccination. 

 

INTRODUCTION 

Cancer remains a major global public health concern and continues to be one of the leading 

causes of morbidity and mortality worldwide. Among malignancies affecting women, cervical 

cancer is unique in that it is largely preventable; however, it still contributes substantially to 

global mortality, particularly in low- and middle-income countries where access to screening 

and treatment services is limited [1,2]. In India, cervical cancer constitutes a significant 

proportion of female cancers, with disease outcomes strongly influenced by disparities in 

socioeconomic status, awareness, and healthcare accessibility [5]. 

Cervical cancer arises from malignant transformation of epithelial cells in the cervix, most 

commonly within the transformation zone. Histologically, it is primarily categorized into 

squamous cell carcinoma and adenocarcinoma, of which squamous cell carcinoma accounts 

for the majority of cases [3]. Persistent infection with high-risk human papillomavirus (HPV), 

especially types 16 and 18, is the principal etiological factor [4]. The disease typically progresses 

through identifiable precancerous stages, collectively termed cervical intraepithelial neoplasia, 

which may evolve into invasive cancer over a prolonged period of 10–20 years if left untreated 
[9,10]. This extended preclinical phase provides a critical opportunity for early detection and 

intervention. 

Globally, cervical cancer remains among the most frequently diagnosed cancers in women, 

with the majority of deaths occurring in resource-limited settings, reflecting inequalities in 

screening coverage and treatment access [1,6]. In India, substantial regional variation exists in 

incidence and mortality patterns, with rural populations experiencing a disproportionately 

higher burden due to limited awareness and low participation in screening programs [5,6]. Age-

specific trends indicate that incidence increases after 30 years and peaks between 45 and 60 

years. 

Several biological and behavioural determinants contribute to cervical cancer risk, including 

persistent HPV infection, early onset of sexual activity, multiple sexual partners, prolonged 

oral contraceptive use, smoking, immunosuppression, and coexisting infections [4,7]. In 

addition, inadequate knowledge, poor health-seeking behaviour, and insufficient screening 

infrastructure frequently result in delayed diagnosis and advanced disease presentation [8]. 

Screening is widely recognized as the most effective strategy for cervical cancer prevention. 

Commonly used methods include cytological screening via the Papanicolaou test, visual 

inspection with acetic acid (VIA), and HPV DNA testing, each differing in sensitivity, cost, 

and feasibility [11]. In India, population-based screening programs primarily employ VIA and 

Pap smear techniques because of their affordability and operational feasibility in public health 
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settings [12]. Despite these initiatives, screening coverage remains suboptimal, and many cases 

are detected at advanced stages, adversely affecting survival outcomes [5,6]. 

Reliable epidemiological data are essential for monitoring disease patterns and guiding public 

health policy. Large-scale databases such as the Global Burden of Disease study and national 

cancer registry systems provide standardized information on incidence, mortality, and temporal 

trends, thereby supporting evidence-based decision-making and research [13]. 

Primary prevention through HPV vaccination represents a major advancement in cervical 

cancer control. Vaccines targeting oncogenic HPV types have demonstrated high effectiveness, 

particularly when administered before viral exposure [15,16]. In India, the introduction of the 

indigenous quadrivalent vaccine Cervavac® is expected to improve accessibility and 

strengthen national prevention strategies [17]. Nevertheless, vaccination complements rather 

than replaces screening, as current vaccines do not protect against all carcinogenic HPV types 
[18]. 

Although numerous studies describe the epidemiology of cervical cancer, limited research has 

focused on forecasting future disease trends using robust statistical modelling approaches. 

Regression-based analyses of historical data can generate projections of incidence, mortality, 

and screening coverage, thereby assisting policymakers in planning targeted interventions and 

optimizing resource allocation [14]. Therefore, the present study applies regression modelling to 

recent national and global datasets to estimate future cervical cancer trends in India and provide 

evidence to support improved prevention and control strategies. 

 

METHODOLOGY 

Study Design and Setting 

This study was designed as an ambispective, population-based ecological analysis combining 

retrospective assessment of secondary data with prospective statistical prediction of cervical 

cancer incidence and mortality trends across India. The analysis covered all states and union 

territories, with data aggregated at the state level to enable geographic comparisons. 

Study Period 

The retrospective analysis included data from 2019 to 2023. Future trends were projected for a 

10-year period from 2024 to 2033. 

Data Sources 

Secondary data were obtained from publicly accessible national and international databases. 

These included the Global Burden of Disease (GBD) Study for cervical cancer incidence, 

mortality, and age-standardized rates; the ICMR National Cancer Registry Programme (NCRP) 

for population-based cancer registry statistics; and the Government of India Online 

Government Data (OGD) platform for screening coverage and health system indicators related 

to cancer control programs. Only data pertaining to the female population were included. 
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Study Variables 

The dependent variables analysed were cervical cancer screening rate (%), incidence rate (per 

100,000 women), and mortality rate (per 100,000 women). Records with incomplete 

information, duplicate entries across databases, or non-standardized estimates were excluded 

from analysis. 

Data Extraction and Management 

Relevant data were extracted and compiled in Microsoft Excel spreadsheets and cross-validated 

across data sources to ensure consistency. Variables were coded and formatted prior to 

statistical analysis. 

Statistical Analysis 

Descriptive statistics including mean and median values were calculated to summarize state-

wise and year-wise trends. Graphical representations, including line graphs and bar charts, were 

generated using Microsoft Excel and R software. 

Correlation between socioeconomic development indicators and cervical cancer incidence and 

mortality rates was assessed using Pearson correlation analysis. Incidence and mortality rates 

were calculated using the formula: 

Rate =
Number of cases or deaths

Female population
× 100,000 

 

Temporal trends were evaluated using linear regression models, with calendar year as the 

independent variable. The regression equation used was: 

𝑌 = 𝑎 + 𝑏𝑋 

 

where Y represents the dependent variable, X represents time, a is the intercept, and b is the 

regression coefficient indicating annual change. 

Prediction of Future Trends 

Forecasts for incidence and mortality from 2024–2033 were generated using regression 

coefficients derived from observed data between 2019 and 2023. Predictions were calculated 

separately for each state using R statistical software. 

Model Validation 

Model performance was assessed using the coefficient of determination (R²). Residual analysis 

was conducted to verify assumptions of linear regression. All statistical tests were two-sided, 

and p values < 0.05 were considered statistically significant. 

Software 

Data management, descriptive analysis, and graphical visualization were performed using 

Microsoft Excel. Regression modelling, prediction, and advanced visualization were conducted 

using R software (version 4.5.2). 
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Outcome Measures 

Primary outcomes included projected incidence and mortality rates of cervical cancer across 

Indian states and identification of high-risk regions based on predicted disease burden. 

Limitations 

The study relied on secondary datasets, which may contain reporting inconsistencies. The 

retrospective observation period was limited to five years, and projections assumed 

continuation of linear trends, which may not fully capture future epidemiological changes. 

 

RESULTS 

Descriptive Analysis of Cervical Cancer Indicators 

      Descriptive statistics demonstrated substantial inter-state variation in cervical cancer 

screening, incidence, and mortality across India. Mean incidence rates fluctuated moderately 

during the study period, whereas median values indicated relative stability in central tendencies 

across states. Mortality rates exhibited comparable patterns; however, states with lower 

screening coverage consistently showed higher mortality levels. Graphical representations 

generated using statistical software illustrated year-wise patterns, revealing increase in 

incidence and mortality in the regions (figure 1). 

State-wise Trend Analysis 

Linear regression analysis conducted for each state and union territory showed heterogeneous 

temporal patterns. Majority of the states demonstrated increase in incidence trends, whereas 

others displayed stable or slightly increasing trajectories. Mortality trends also increase    

slowly in states with relatively improper screening programs, while states with limited 

screening infrastructure showed minimal improvement. The coefficient of determination (R²) 

values indicated moderate to strong model fit for most states, suggesting that calendar year 

explained a substantial proportion of temporal variation in incidence, and mortality rates (figure 

2,3). 

Correlation Between Socioeconomic Development and Disease Burden 

Correlation analysis examining associations between Human Development Index (HDI) and 

cervical cancer indicators revealed statistically significant positive relationships in several 

states. Higher-HDI regions tended to report higher incidence and mortality rates, possibly 

reflecting improved diagnostic capacity and reporting systems rather than true increases in 

disease burden. These findings highlight the complex interaction between socioeconomic 

development, healthcare access, and disease detection patterns (figure 4).  

Projection of Future Trends 

Forecasting based on regression coefficients derived from 2019–2023 data indicated that 

incidence rates are likely to increase in states where screening coverage is not improving. 

Mortality rates are projected to decrease slowly, particularly in regions expanding organized 

screening programs. Scatter plots comparing observed and predicted values showed strong 

concordance, suggesting reliable short-term projections. Model outputs demonstrated 
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statistically significant regression coefficients and high explanatory power (e.g., R² values 

approaching unity in certain state models), supporting the validity of projections.  

Projected estimates for selected states suggest a steady increase in predicted values over the 

forecast period when existing trends are extrapolated, underscoring the potential persistence of 

regional disparities if interventions are not intensified (figure 5).  

Model Validation 

Validation analyses confirmed the robustness of regression models. High R² values indicated 

acceptable explanatory power, and residual distributions appeared random, supporting 

regression assumptions. Most regression coefficients were statistically significant (p < 0.05), 

indicating that linear models were appropriate for short-term epidemiological forecasting at the 

population level.  

 

DISCUSSION 

This ambispective ecological analysis provides a comprehensive state-wise evaluation of 

cervical cancer incidence and mortality trends across India using nationally representative 

datasets. The findings reveal persistent geographic disparities and highlight the importance of 

screening programs and socioeconomic development in reducing disease burden. 

The observed gradual increase in incidence during the study period may reflect improvements 

in case detection following the implementation of national cancer control initiatives and 

integration of screening services into primary healthcare. Nevertheless, the relatively modest 

pace of change indicates continuing gaps in program reach, public awareness, and accessibility. 

The inverse relationship between screening coverage and mortality emphasizes the critical role 

of early detection in preventing advanced disease and reducing deaths. States with higher 

development indices generally demonstrated better screening uptake and lower mortality, 

underscoring the influence of healthcare infrastructure, education, and economic resources on 

cancer outcomes. 

Forecast projections suggest that although certain regions may experience stabilization or 

decline, others could face continued increases in incidence and mortality if current trends 

persist. This indicates that passive screening strategies alone may be insufficient to 

substantially reduce disease burden. Strengthening organized population-based screening, 

expanding vaccination coverage, and addressing regional inequities are essential to accelerate 

progress. 

From a public health and surveillance perspective, these findings reinforce the need for 

continuous monitoring, evaluation of screening interventions, and data-driven policymaking. 

The use of multiple national databases enhances analytical reliability; however, reliance on 

secondary data sources and the assumption of linear trend continuation represent inherent 

limitations that should be considered when interpreting projections.  
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  CONCLUSION: 

This ambispective study, utilizing data from the Global Burden of Disease (GBD), Office of 

the Registrar General & Census Commissioner of India (OGD), and the Indian Council of 

Medical Research–National Cancer Registry Programme (ICMR-NCRP), provides a 

comprehensive statistical assessment of cervical cancer screening, incidence, and mortality 

trends in India. The integration of multiple national and global databases strengthens the 

reliability of findings and allows for a robust evaluation of both historical patterns and 

emerging trends across regions and time periods. 

The analysis indicates that, while there has been a gradual decline in the overall incidence 

and mortality of cervical cancer at the national level, the disease continues to pose a 

significant public health burden in India. Wide inter-state and regional disparities persist, with 

higher incidence and mortality rates observed in several low- and middle-socio-demographic 

index (SDI) states. These variations reflect unequal access to healthcare services, differences 

in awareness levels, screening coverage, socioeconomic conditions, and health system 

capacity. Despite medical advances and policy initiatives, cervical cancer remains a leading 

cause of cancer-related morbidity and mortality among Indian women. 

 Low uptake of Pap smear, VIA/VILI, and HPV testing continues to delay early detection, 

leading to diagnosis at advanced stages and consequently higher mortality rates. Statistical 

trend analysis highlights a strong inverse relationship between effective screening coverage 

and cervical cancer mortality, underscoring the critical role of early detection in improving 

survival outcomes. 

Mortality trend analysis further demonstrates that reductions in death rates have not kept pace 

with declines in incidence, suggesting gaps in timely diagnosis, referral, and treatment. This 

indicates that screening alone is insufficient without strong follow-up systems, accessible 

treatment facilities, and continuity of care. The findings also emphasize the growing 

importance of HPV vaccination as a preventive strategy, which, if scaled up effectively, could 

substantially reduce future incidence and mortality. 

In conclusion, this ambispective statistical analysis highlights that cervical cancer in India is 

largely preventable, yet remains inadequately controlled due to disparities in screening, 

prevention, and healthcare access. Strengthening population-based screening programs, 

expanding HPV vaccination coverage, improving cancer registry data quality, and addressing 

regional inequities are essential for sustained reduction in cervical cancer burden. Evidence 

generated from this study can inform policymakers and public health authorities in designing 

targeted, data-driven interventions aligned with national cancer control strategies and the goal 

of cervical cancer elimination in India. 
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                             Figure 1: Descriptive analysis of cervical cancer indicators 
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                                      Figure 2: Trend analysis of cervical cancer indicators. 

 

                                     

                                                      Figure 3: Screening trends 
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                           Figure 4: Correlation between HDI and cervical cancer indicators. 
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                                          Figure 5: Projection of future trends 
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STUDY 

PERIOD 

STATES INCIDENCE 

         R2 

INCIDENCE 

         P  

MORTALITY 

       R2 

MORTALITY 

         P 

2019-

2023 

ANDAMAN AND 

NICOBAR 

0.8571 0.01539 0.85 0.05132 

2019-

2023 

ANDHRA 

PRADESH 

0.9999 2.384e-0 0.9999 4.796e-07 

2019-

2023 

ARUNACHAL 

PRADESH 

0.9728 0.001245 0.9012 0.008754 

2019-

2023 

ASSAM 0.9997 1.32e-06 -0.1636 0.5555 

2019-

2023 

BIHAR 0.9997 1.683e-06 -0.1612 0.5526 

2019-

2023 

CHANDIGARH 0.9231 0.005986 -0.1444 0.5323 

2019-

2023 

CHATTISGARH 0.9997 1.941e-06 0.9998 6.444e-07 

2019-

2023 

DADRA AND 

NAGAR HAVELI 

 

0.7083 0.04666 NA NA 

2019-

2023 

DAMAN 0.6275 0.068 0.3333 0.1817 

2019-

2023 

DELHI 0.9996 2.212e-06 0.9998 1.06e-06 

2019-

2023 

GOA 0.9606 0.002178 -0.3333 0.9905 

2019-

2023 

GUJARAT 0.9999 1.776e-07 1 3.677e-08 

2019-

2023 

HARYANA 0.9996 2.574e-06 0.9994 

 

3.848e-06 

2019-

2023 

HIMACHAL 

PRADESH 

0.9971 4.342e-05 0.9961 6.658e-05 

2019-

2023 

JAMMU AND 

KASHMIR 

0.9988 1.1143e05 0.9985 1.592e-05 

2019-

2023 

JHARKHAND 0.9993 4.631e06 0.9994 4.437e-06 

2019-

2023 

KARNATAKA 0.9999 3.53e07 0.9999 4.022e-07 

2019-

2023 

KERALA 0.9997 1.441e06 0.9998 5.921e07 

2019-

2023 

LADAKH 0.9703 0.009959 NA NA 

2019-

2023 

LAKSHADWEEP 0.3333 0.1817 NA NA 

2019-

2023 

MADHYA 

PRADESH 

0.9998 7.998e-07 0.9997 1.214e-06 

2019-

2023 

MAHARASHTRA 0.9703 0.009959 0.9999 2.396e-07 
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2019-

2023 

MANIPUR 0.9703 0.009959 0.9837 0.0005737 

2019-

2023 

MEGALAYA 0.9177 0.006627 0.8994 0.009007 

2019-

2023 

MIZORAM 0.9925 0.00018 1 2.2e-16 

2019-

2023 

NAGALAND 0.9818 0.0006798 0.9795 0.0008136 

2019-

2023 

ODISHA 0.9997 1.78e-06 0.9995 2.99e-06 

2019-

2023 

PUDUCHERRY 1 <2.2e-16 0.9891 0.0003157 

2019-

2023 

PUNJAB 0.9999 5.007e-07 0.9998 8.707e-07 

2019-

2023 

RAJASTHAN 0.9998 1.021e-06 0.9998 9.328e-07 

2019-

2023 

SIKKIM 0.8406 0.01822 0.6667 0.05767 

2019-

2023 

TAMIL NADU 0.9999 4.993e07 0.9999 2.598e-07 

2019-

2023 

TELUNGANA 0.9997 1.434e07 0.9997 1.397e-06 

2019-

2023 

TRIPURA 0.99 0.0002765 0.9783 0.0008843 

2019-

2023 

UTTAR 

PRADESH 

0.9999 4.0053e-07 0.9999 5.028e-07 

2019-

2023 

UTTRANCHAL 0.9987 1.256e-05 0.998 2.388e-05 

2019-

2023 

WEST BENGAL 0.9703 0.009959 0.9999 1.026e-07 

 

 

Table 1: Regression coefficient and Pearson correlation analysis of incidence and mortality of 

states in India. 
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