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A geospatial analysis of socio-economic determinants for cancer in women living in Tripura, India


ABSTRACT
Background: Cancer, a foremost cause of morbidity and mortality worldwide, poses unique challenges for women, particularly in areas where limited healthcare resources. Cancer is viewed as a disease of individual cells that results from one or more mutations, leading to the malignant transformation of that cell and its offspring. Breast cancer, cervical cancer, and ovarian cancer are the most common cancers among women in Tripura. The primary objective of this study was to evaluate geographically women cancer patients in Tripura, a North-Eastern state of India. Introduction: The mapping of the geographical distribution of female cancer patients in Tripura has been completed and is being seen as a major public health challenge in North East India.  Every year, there are more than 7 lakh new patients registered, and the mortality rate is approximately 5.5 lakhs. The geographical distribution of women cancer patients shows that a high incidence of cases are registered in the North Eastern part of India, and is being considered as one of the major public health problems in North East India. Methods and Results:  The Government Hospital cancer registry at Atal Bihari Vajpayee Regional Cancer Centre (ABVRCC) in Agartala, Tripura, India collected a total of 250 registered women with cancer. The data of cancer patients was exported to Quantum Geographical Information System (QGIS) platform 3.4 for mapping the geographical distribution and analysing the spatial patterns of women cancer patients. Statistical analysis of χ2 test was performed for analysing the association between the cancer patients and the socio-economic risk factors, p-value <0.0001, and to assess the vulnerable age group of the cancer patients p-value < 0.05, and literacy level in association with cancer cases p-value < 0.0001 and economically status of Below poverty line (BPL) group are highly affected groups p-value 0.436. Socioeconomic risk factors are highly associated with the spatial clustering of breast cancer occurrence. Conclusion: The state's cancer incidence is geographically spread, with the West Tripura district accounting for the majority of cases, including breast cancer, cervical cancer, and head and neck cancer are the three cancers among the fourteen are classified. The affected age group ranges from 31 to 90 years old, and is the most susceptible to these major cancers. In Tripura, the socio-economic determinants of cancer in women reveal a complex network of interconnected elements that significantly affect health outcomes. The importance of better understanding of the socioeconomic risk factors and their house location are important which makes an impact on the incidence and treatment in the state has the geospatial appraisal.
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Introduction
Cancer is the body's aberrant cells growing and spreading out of control. The prevalence of cancer can vary significantly by region due to factors including life experiences, exposure to the environment, and access to healthcare for everyone [1-7]. The most current malice is those of the stomach, prostate, colorectal, lung, and bone. Further than 2.3 million new cases of bone cancer were recorded in 2020 [2,5,11,15,16]. Millions of people worldwide suffer from the complicated set of diseases and different sicknesses known as cancer, with different forms of the complaint having particularly large impacts on women [16,19,22]. It is one of the main causes of death encyclopedically and can impact any portion of the body. The World Health Organization (WHO) estimates that cancer killed around 10 million people in 2020, making it a major worldwide health concern [22]. Examining cancer's frequency, threat factors, prevention measures, and appropriate clinical treatments is needed to comprehend its worldwide incidences [22].
 
The prevalence of cancer is increasing in India, where around 2.5 million people live with cancer in India [3,5,8,19,21,22]. In India, cancer is a significant public health challenging problem with rising prevalence constantly and has a growing burden on the healthcare system and sustainable health. In 2018, according to the Global Cancer Observatory, India has 1.16 million registered new cancer cases [19,21,22], and it is anticipated to rise further in the upcoming years due to socio-economic determinant factors[1-4,6,9] including population growth, aging, and lifestyle changes[10,18,20]. Cancer types that are most prevalent in India are breast, cervical, and oral [3,8,16-19,23-25]. Breast cancer has emerged as the snowballing cancer among women, with an increasing number of cases being diagnosed, particularly, at younger ages [11]. Cervical cancer remains a major concern, particularly in rural areas where access to screening and vaccination programs is limited [16,19]. Oral cancer, often linked to tobacco use and betel quid chewing, is prevalent in women, highlighting the need for targeted public health interventions.

In Tripura, cancer among women has become increasingly significant, reflecting broader health challenges faced by the region [1-7,17,23-26]. The increase in cancer cases among women in Tripura may be determined by various complex phenomena. However, lifestyle changes, socio-economic factors, and environmental factors influence the increase in women's cancer in Tripura [1-25]. Traditional practices and cultural beliefs often lead to late diagnoses, as many women may hesitate to seek medical help due to stigma or lack of awareness. This delay in diagnosis significantly impacts treatment outcomes, making early detection [16,19]. 

1.2 Study area
Tripura is located in the North-Eastern Region of India; it has a total geographical area of 10,491 square kilometres in size. It is India's third-smallest state. The state is primarily a hilly terrain with a total land size of 10,491 square kilometres. Except a tiny area in the northeast that borders the Ca char district of Assam and Mizoram, it is encircled by the Bangladesh deltaic basin on all sides. The Tropic of Cancer crosses it, and it is located between latitudes 22º7' and 24º2' N and longitudes 91º0' and 92º0' E (Fig.1). The state has a population of 36,73,917 (Census of India, 2011), and it was estimated about 40,12,000 during 2019-2020. 

1.3 Objectives
The study is framed with the following three-fold objectives. 
1. To mapping the spatial distribution of women cancer patients in Tripura, India. 
2. To analyze the socio-economic risk factors associated with women’s cancer cases.
3. To identify the vulnerable age group of women patients among the women patients.






































Fig.1 Study area map: Tripura State



2. Materials and Methods
Data of 250 women cancer patients were collected from the Government Hospital cancer registry of Atal Bihari Vajpayee Regional Cancer Centre (ABVRCC), Agartala, Tripura, and it was imported to the Quantum Geographical Information System (QGIS) 3.30.1 and socio-economic data and patients attribute data were imported in the Statistical Package for Social Science (SPSS) version 21 for the analysis of determinant factors associated with women cancer incidence. The cancer patient’s data were exported into QGIS 3.4 platform for mapping spatial distribution of women cancer patients and logistic regression analysis was performed for analysing the association between the cancer patients and the socio-economic risk factors. The geographical distribution of different types of cancers was identified and analyzed for spatial mapping using QGIS 3.4. The study result shows that the vulnerable age-group among the women cancer patients with socio-economic status were analysed, literacy level, unschooled, primary and secondary, and economic status of below poverty line (BPL) group are highly affected, and revealed that the occurrence of women cancer patients was highly associated with socio-economic risk factors and are spatially clustered. Google Earth Pro was used to create the latitudes and longitudes needed to map the patient's site specifications. Geo-statistical algorithms were used to analyse the hospital-based record data in order to determine the most prevalent cancer kinds and the age group that is most at risk. Climate data were collected from the Climate Research and Services, India Meteorological Department (IMD) in Pune, and slop map was collected from Earth Explorer-USGS.
3. Results and Discussions
In Tripura, there are a total of 8 districts. Totally 250 women patient’s data were collected and mapped, was spatially distributed across the state. The spatial distribution map shows that women cancer patients are highly concentrated in West Tripura district especially in the state capital, Agartala (Fig.2). Breast cancer is the most common type of cancer in women, followed by cervical cancer, and head and neck cancer is more prevalent in urban areas, particularly in Agartala. On the other hand, cancer rates are lower in rural areas, which could be because of underreporting and restricted access to medical care; however, the role of Aisha, anganwadi plays an important role for health care networks in the state. The determination of distribution patterns is greatly influenced by socio-economic variables, such as income and educational attainment. Health disparities are made worse for women in lower income levels because they frequently encounter obstacles to early detection and treatment. To overcome these differences, public health activities that focus on screening and raising awareness in both urban and rural areas are crucial. Ultimately, for efficient resource allocation and focused interventions to enhance health outcomes of cancer among women in Tripura is essential.
The forms of cancer were categorized into 14 groups based on the 250-cancer data that were gathered: breast cancer, gallbladder cancer, blood cancer, bone, cervical, head and neck, kidney, liver, lung, ovary, rectal, sarcoma, skin, and stomach (Fig.3), of these 14 cancer categories, breast cancer is the most common in women (31.2%), followed by cervical cancer (24.4%) and head and neck cancer (18%). Tripura's population of women with cancer is diverse, representing a variety of socioeconomic backgrounds and medical conditions. Breast cancer (31.2%), cervical cancer (24.4%), and head and neck cancer (18%) are the main cancer kinds that strike women in this area.









Fig.2 Spatial distribution of women cancer patients














Fig.3 Types of women cancer patients in percentage




The most common cancer is breast cancer, which is frequently discovered at an advanced stage since screening facilities are generally inaccessible and discovery is delayed. Cultural stigmas and a lack of knowledge about the illness are among the obstacles faced by women in remote areas. Human papillomavirus infections (HPV) are the primary cause of cervical cancer, which is another serious issue. Higher incidence rates are caused by the fact that many women in Tripura are not vaccinated against HPV. In order to combat this type of cancer, screening programs and awareness-raising initiatives are essential. Even though it is not common, ovarian cancer is a dangerous condition that often goes unnoticed until it has progressed, and is exacerbated by the absence of certain symptoms and screening. 
Breast cancer: 
As women age, the likelihood of receiving a diagnosis increases, which is another significant risk factor. According to (Fig. 4), women in the age ranges of 31–40, 41–50, 51–60, 61–70, 71–80, and 81–90 are the most susceptible to this specific type of cancer, it is spatially distributed over the state and West Tripura district has the highest number of women affected by this type of cancer as shown in (Fig.5). Routine testing and knowledge of individual risk factors can lead to early detection and better outcomes. 









Fig.4-Spatial distribution of Breast Cancer in Tripura






Fig.5- Vulnerable age-group of Breast Cancer


Cervical cancer: Persistent infection with high-risk human papillomavirus (HPV) strains, especially HPV-16 and HPV-18, is the main cause of cervical cancer, are sexually transmitted viruses, and has the potential to cause cancer by gradually altering cervical cells. The risk of cervical cancer can be exacerbated by the long-term use of oral contraceptives and smoking, which can harm cervical cells' DNA. Having multiple sexual partners, having multiple full-term pregnancies, and engaging in early sexual activity are all factors that can increase the risk of exposure to HPV. 








Fig.6- Spatial distribution of women cervical cancer in Tripura






Fig.7- Vulnerable age-group of Cervical Cancer


[bookmark: _Hlk195274521]Early detection and prevention require regular HPV testing and Pap smear screening. Additionally, HPV vaccination effectively reduces the risk of cervical cancer. In this instance, as (Fig. 6) illustrates, women in the age ranges of 31–40, 41–50, 51–60, 61–70, 71–80, and 81–90 are the most susceptible to cervical cancer, this type of cancer is spatially distributed over the state and it can be clearly seen that West Tripura district has the highest number of women affected by cervical cancer (Fig 7). 
Head and Neck:  A variety of cancers that arise in the tissues of the head and neck, such as the mouth, throat, larynx, sinuses, and salivary glands, are referred to as head and neck cancer. Squamous cell carcinoma, the most common kind, develops from the flat epithelial cells that line these areas. Other less prevalent varieties are lymphoma and adenocarcinoma. Head and neck cancers can be caused by many factors, but tobacco use and excessive alcohol consumption are the most significant risk factors. HPV type 16 is the primary cause of oropharyngeal malignancies, which have been linked to human papillomavirus (HPV). Poor dental hygiene, exposure to dangerous chemicals, and a history of radiation therapy to the head and neck region may also be reasons. Voice changes, trouble swallowing, recurring sore throats, and inexplicable weight loss are some of the symptoms of these tumors. The most vulnerable age groups of women affected by this kind of cancer are 31–40, 41–50, 51–60, 61–70, 71–80, and 81–90, this particular type of cancer was spatially distributed (Fig. 8) across the state and West Tripura district has the highest number of women patients with Head and Neck cancer (Fig.9). 










Fig.8- Spatial distribution of women head and neck cancer in Tripura
Fig.9- Vulnerable age-group of Head and Neck Cancer
Fig.10. Consumption of Tobacco in percentage

The occurrence and outcomes of cancer are significantly influenced by a wide range of socio-economic factors. Financial status is the most important factor; individuals from lower socio-economic backgrounds have limited access to healthcare services, which can delay diagnosis and treatment. Education is another crucial factor to consider since those with higher education tend to have a better understanding of cancer screening and prevention techniques. Moreover, carcinogens are more likely to be exposed in lower-paying jobs, which in turn can increase the chance of developing cancer. 
The study divided the educational level into four categories, which included primary, secondary, post-secondary, and illiterate. 37.2% of the total population in the provided figure had no formal education, followed by primary level (34.8%), secondary level (18.8%), and post-secondary level (9.2%). With a degree of freedom of 19, a chi square value of 96.17, and a p-value 0.0001 at a significance level of 0.05, the chi square test analysis was used to test the hypothesis. The findings proved that it is significant, and the null hypothesis was rejected. Statistics have demonstrated a correlation between education and cancer. Thus, people with lack of knowledge and levels of education mostly are not aware about cancer screening and prevention which led to the increase of cancer cases in women, whereas people with greater levels of education are typically more educated about cancer screening and prevention methods. 
The table indicates that only three of the socio-economic characteristics listed above have statistical evidence of a correlation with cancer cases. 1) These factors are as follows:
	Sl. Nos.
	Socio-economic risk factors
	Chi Sq. value
	Degree of freedom (df)
	P-value

	1
	Educational levels
	96.170387
	19
	2.6279E-12

	2
	Marital status
	26.17521368
	13
	0.016102929

	3
	Income level
	130.7177608
	65
	2.54771E-06


Table.1- Chi Sq (χ2) test result of three types of socio-economic factors 


The economic status of female cancer patients is separated into two groups, namely Above Poverty Line (APL) and Below Poverty Line (BPL). The majority of patients are in the BPL economic group (61.6%), while the APL group is lower than the BPL group (48.4%). The hypothesis was tested using chi square test analysis, and the results showed that there is no significant relationship between the economic group and the cancer disease, with a chi square value of 13.15, a degree of freedom of 13, and a p-value of 0.436055282 at the significance level of 0.05.

[bookmark: _Hlk195702276]The women patient’s marital status is separated into two groups, i.e. married and unmarried. The percentage of women who are married is 96%, while only 4% are unmarried. Cancer cases have a significant impact on married women. The test analysis using Chi Sq. shows that the degree of freedom (DF) is 13 and the chi square statistic is 0. The condition and marital status have a significant correlation with a P-value of 0.01 at a significance level of 0.05, as indicated by the value of 26.17.

Based on the monthly household income, which are grouped into 6 classes, such as; 1000-10000, 11000-20000, 21000-30000, 31000-40000, 41000-50000, and 50000 and above. Patients with lower incomes were particularly impacted. The income range of 1000–10,000 has the highest percentage (74.4%) out of 100%. Chi Sq. analysis shows the result of p-value <0.0001, at a significance level of 0.05, consequently, it has been statistically demonstrated that there is a substantial correlation between cancer cases and income level.

The study also looked at the patients' lifestyle choices, including whether or not they smoked or did not smoke tobacco, and whether or not this had an impact on cancer cases (Fig. 10) shows that only 39.6% of the cases were found to be habitually consuming tobacco, while 60.4% did not. Additionally, the result shows that there is no statistically significant correlation between the habitual lifestyle and the disease. Thus, it may be due to genetic in nature rather than dependent on the influence of the risk factors.

Homemakers, government employees, retired government employees, and others are among the occupations of women cancer patients 52.8%. 57.2% are homemakers.

Conclusion
The state's cancer incidence is geographically spread, with the West Tripura district accounting for the majority of cases. Breast cancer, cervical cancer, and head and neck cancer are the three cancer forms that impact women the most out of the fourteen that are classified. In both the Gomati and South Tripura districts, there is a greater frequency of Hepatitis-B (HBV) cases than Hepatitis-C (HCV) cases. The geographical dispersion of HBV was more extensive, especially in Gomati's western and south-western areas, and in the central and northern South Tripura district. In south-western Gomati and southern South Tripura, HCV cases showed localized clustering, Patient’s age groups between 21 and 50 made up the majority of HBV and HCV cases in both districts, especially those between the ages of 21 and 30, and 31 and 40. The incidence was very low in both children and the elderly, which is likely because of the advantages of early childhood immunization regimens and less exposure in later life. A complex network of interconnected elements is identified as the socioeconomic determinants of cancer in women, which significantly affect health outcomes and access to care. Rural Tripura is particularly vulnerable to medical shortages and expensive treatment. The spatial distribution shows that regions with higher poverty rates, such as distant areas, also have higher cancer incidences, suggesting that economic disadvantage has a significant role in determining health. The National Cancer Control program (NCCP) focuses on raising awareness, promoting screening, and improving access to treatment facilities. However, challenges remain, including inadequate infrastructure, a shortage of trained healthcare professionals, and the need for more comprehensive cancer registries to track incidence and outcomes. Public awareness campaigns are crucial in educating the population about cancer risk factors, the importance of early detection, and available treatment options. Community engagement and partnerships with non-governmental organizations can enhance outreach efforts, particularly in rural and underserved areas.
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