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ABSTRACT

Breast cancer continues to be the most common disease diagnosed in women and a major cause of cancer-
related deaths globally, with regional variations caused by environmental, lifestyle, reproductive, and
demographic variables. The prevalence is gradually increasing in India as well as in Punjab, especially the
Majha region reporting alarming patterns. The purpose of this study was to investigate how lifestyle
choices, environmental exposures, anthropometric measurements, and reproductive history interact to
influence risk factors for breast cancer and survival rates in women living in Majha region of Punjab.
Data on age, domicile, menopausal status, smoking, dietary habits, age at menarche, parity, and exposure
history were collected from 117 women by cross-sectional questionnaire. Additionally, physical measures
such as hip and waist circumferences were also recorded. Descriptive summary, chi-square tests, ANOVA,
correlation analysis, and logistic regression were used for the statistical studies. The participants' average
age was 54.5 years, indicating that post-menopausal women in the majority. The findings revealed no
significant correlation between menopausal state and weight (F=0.42, p=0.517) or smoking (3*=1.97,
p=0.578). However, a moderately significant connection (r=0.42) between hip circumference and waist
circumference was noted, underscoring the importance of abdominal obesity as a possible risk factor.
Although robust regression analysis was limited by incomplete data, descriptive observations highlighted
the potential influence of early menarche, age at first childbirth, increased parity, and environmental
exposures on breast cancer vulnerability and survival outcomes. Overall, the results highlight the
significance of thorough epidemiological studies and offer a regional perspective on Punjab's breast
cancer risk trends. Despite its shortcomings, the study emphasizes the necessity of more extensive,
thorough studies to confirm correlations and lead early detection, prevention, and region-specific
approaches for the control of breast cancer in northern India.
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INTRODUCTION

Cancer is a type of tumour that demonstrates abnormal cell growth with the potential to invade or spread
from its originating organ (site) to other parts of the body (Arnold et al., 2022; Desai et al., 2024).
Genetic and epigenetic changes that interfere with important cellular processes including DNA damage
and repair, proliferation control, and immune destruction avoidance give tumors the ability to infiltrate or
spread by developing various malignant phenotypes (Desai et al., 2024).

The breasts are a pair of glands situated above the pectoralis major muscle that vary in size and density.
Parashar et al. (2023) explained that breast cancer usually starts in ductal carcinoma, but it can also
develop in the breast lobules, a condition known as lobular carcinoma. This kind of cancer is tough to
cure since it can spread to different body areas such the brain, liver, lungs, and bones (Fernandes et al.,
2023; Mihai et al., 2024). The second most common cause of cancer-related fatalities among women
worldwide is the breast cancer, which is also the most commonly diagnosed cancer in women
(Hortobagyi et al., 2005; Arnold et al., 2022). The most recent global figures show that 2.3 million new
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instances of breast cancer occur every year in both genders and account for around 12.5% of all cancer
diagnoses globally (Desai et al., 2024; Liao, 2024). Globally, the incidence has been increasing, and
estimates suggest that it will continue until 2050 (Deng et al., 2025). Breast cancer killed about 685,000
women in 2020, making it the disease responsible for 16%, or 1 in 6 cancer-related deaths among women
(Desai et al., 2024). Nonetheless, early detection raises survival rates and greatly increases the likelihood
of a successful course of therapy (Gamal et al., 2024; Mihai et al., 2024; Rahman et al., 2024; Kumar et
al., 2024). Early breast cancer stages I and II have five-year survival rates between 80 to 99%, however
stage IV, which is an advanced stage with metastases, may have a survival rate of less than 30%
(Fernandes et al., 2023).

From fourth on the list in the 1990s to first now, breast cancer has become the most frequent
cancer among women in India. With more than 70,000 fatalities from breast cancer each year, India bears
over one-third of the global burden (Gaitonde and Gajbhiye, 2022). Geographically and throughout
various socioeconomic strata, the disease is growing more common (Mehrotra and Yadav, 2022;
Kulothungan et al., 2024). With a mean diagnostic age of 53.66 years and notable differences in risk
variables and clinical presentations, studies from several Indian states have shown clear regional trends
(Gaitonde and Gajbhiye, 2022).

Punjab, an agricultural province in northwest India, the rise of cancer has been showing very
alarming patterns. Majha, Malwa, and Doaba are the three main, separate regions that make up the state.
Four districts (Amritsar, Tarn Taran, Gurdaspur, and Pathankot) make up the Majha region, which is a
distinct geographic and cultural location with particular demographic traits and possible environmental
factors (Kaur ef al., 2021). The national average of 80 cancer cases per lakh is surpassed by the highest
incidence of 136 cancer cases per 100,000 persons in the Malwa region (Nanda et al., 2016; Rana et al.,
2021). There are a lot of incidences of breast cancer each year in Amritsar, Punjab's second-largest town.
In southern Punjab, women made up 60.9% of the 1,328 cancer cases, with breast cancer accounting for
the majority of these instances in women (35.7%). Moreover, in the different North Indian tertiary care
survey, breast cancer accounted for 24.7% of all female cancer cases (Rana et al., 2021). Studies from
Punjab have also identified specific risk patterns. Amritsar revealed that obesity and parity were
significant risk factors, with different patterns in premenopausal and postmenopausal women as
premenopausal women with 3 or fewer children had a higher risk (OR=5.54) compared to those with
more than 3 children (Kour et al., 2019).

Numerous variables have been identified as contributing to the high prevalence of cancer in some
areas of Punjab. The Malwa region or, cotton belt has seen a sharp increase in cancer cases, perhaps as a
result of excessive pesticide use. The high rate of cancer in these regions is believed to be caused by
environmental pollutants in the macro environment. The increasing burden may also be influenced by
food habits, lifestyle choices, and socioeconomic shifts (Kour et al., 2019). Furthermore, understanding
the epidemiological patterns in different regions can contribute to the broader knowledge of breast cancer
etiology and help identify modifiable risk factors that are particularly relevant to specific populations. In
light of this, it is clear that thorough regional epidemiological studies are required. With its distinct
geographic position, farming methods, and demographic traits, Punjab's Majha region is a crucial place
for in-depth epidemiological research. By bridging the gap between local health requirements and
worldwide epidemiological trends, these research help improve breast cancer early detection, mitigation,
and management options for this group.

MATERIALS AND METHODS
2.1 Study Design and Population
This study utilized a cross-sectional design to investigate the epidemiological patterns of breast cancer
risk factors in the Majha region of Punjab, India (Figure 1). The study was designed to investigate
demographic, lifestyle, reproductive and environmental risk factors associated with breast cancer
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outcomes. Data was collected from 117 female participants who were selected using a convenience
sampling method. The participants were recruited from local health centres, community outreach
programs and other medical facilities within the region.
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Figure 1: Map Showing Majha Region of Punjab
2.1.1 Inclusion criteria:

. Female participants aged 18 years and above.

. Residents of the Majha region of Punjab.

. No prior diagnosis of breast cancer at the time of data collection.

2.1.2 Exclusion criteria:

. Participants with incomplete or inconsistent data.

. Individuals with a history of breast cancer or other related comorbidities.

2.2 Ethical Considerations

The study was approved by the Institutional Review Board (IRB) of the participating health institutions.
Informed consent was obtained from all participants before data collection. The purpose of the study was
explained to participants, and confidentiality of the data was ensured by anonymizing responses.
Participation was voluntary and participants could withdraw at any point during the study.

2.3 Data Collection

The data was collected over a period of three months, with interviews, surveys and questionnaire
conducted in local clinics, health centres and community-based settings.

Questionnaire Structure

Section A: Demographic Details

1. Patient ID:

2. Age (in years):

3. Sex: [1 Female [1 Male

4. Residence: L1 Urban [ Rural

Section B: Lifestyle and Personal Habits

5. Type of diet: [ Vegetarian [ non-vegetarian [J Mixed
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6. Alcohol consumption: [ Never [ Occasionally [1 Regularly
7. Smoking/tobacco use: 1 Never [1 Occasionally [1 Regularly
Section C: Reproductive History (For female patients only)

8. Age at menarche: years

9. Menopausal status: [1 Premenopausal [1 Postmenopausal
10. Number of full-term pregnancies:

11. Age at first childbirth: years

12. Number of abortions (spontaneous or induced):

Section D: Anthropometric Measurements

13. Height: cm

14. Weight: kg

15. Waist circumference: cm

16. Hip circumference: cm

Note: Body Mass Index (BMI) and Waist-Hip Ratio (WHR) were calculated using the following
formulas:

o BMI = Weight (kg) / [Height (m)]?

o WHR = Waist Circumference (cm) / Hip Circumference (cm)

Section E: Environmental and Occupational Exposure

17. History of exposure to pesticides, chemicals, radiation, or other toxins:
OYes [ONo
If Yes, specify:

Duration of exposure: years
Section F: Clinical and Treatment Details

18. Side affected by cancer: [ Left [ Right [1 Both

The data collection process involved the following key components:
1.3.1 Demographic and Lifestyle Information: Participants were asked to complete a structured
questionnaire that gathered information on age, sex, residence, menopausal status, diet type, smoking
status, alcohol consumption and exposure to environmental pollutants.
1.3.2 Health History: Data on reproductive history, including full-term pregnancies, age at first child,
number of abortions and age at menarche.
1.3.3 Physical Measurements: Height was measured using a stadiometer, weight was measured using
a calibrated digital scale and waist circumference and hip circumference was measured using a non-
stretchable tape measure.
14 Variables
2.4.1 Independent Variables:
Age (continuous): Participant’s age in years.
Menopausal status (categorical): Classified as PRE-menopausal and POST-menopausal.
Exposure (categorical): Exposure to environmental factors such as dust, pesticides, radiation, etc.
Diet type (categorical): Whether the participant followed a vegetarian or non-vegetarian diet.
Smoking (binary): Whether the participant was a smoker (Yes/No).
4.2 Dependent Variable:
Smoking status (binary): A categorical variable indicating whether the participant smokes
(Yes/No).
2.5 Statistical Analysis
Data was analyzed using the Python programming language (with pandas for data manipulation and
statsmodels for statistical analysis). The following statistical methods were employed:

VNYVVYVYYVY
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2.5.1 Descriptive Statistics: Basic summary statistics (mean, median, standard deviation, range) were
computed for continuous variables (e.g., Age, Weight, Waist circumference, Hip circumference).

2.5.2. Chi-Square Test of Independence: This test was used to assess the relationship between
categorical variables (e.g., Menopausal status and Smoking). The null hypothesis assumed no association
between the variables.

2.5.3. ANOVA (Analysis of Variance): ANOVA was used to compare the means of Weight across
different Menopausal status groups (PRE and POST). A p-value of less than 0.05 was considered
statistically significant.

2.5.4 Correlation Analysis: Pearson correlation coefficients were calculated to determine the strength
and direction of the relationship between continuous variables, such as Weight and Waist circumference,
Age and Waist circumference, and others.

2.5.5 Logistic Regression: A binary logistic regression model was developed to assess the influence of
independent variables (e.g., Age, Waist circumference, Menopausal status, etc.) on the dependent variable
(Smoking status). The logistic regression was run using statsmodels, with odds ratios (OR) calculated for
each predictor.

2.5.6 Statistical Significance: All statistical tests were performed at the 95% confidence level (a =
0.05). A p-value < 0.05 indicated statistical significance.

RESULTS

3.1 Descriptive Statistics

The dataset comprised 117 female participants and their details summarized in Table 1, with the following
key demographics and health characteristics:

Table 1. Summary of Characteristics of the Study Population (n = 117)
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3.1.1 Mean Age (Figure 2): The participants had a mean age of 54.5 years, with a standard deviation of
6.6 years. The age range spanned from 45 years to 70 years, representing a broad spectrum of adult
women, which is important when considering age as a potential risk factor for breast cancer. Age is often
associated with increased cancer risk, particularly post-menopause.
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Figure 2: Age specific survival rate among breast cancer patients
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3.1.2 Body Measurements:

3.1.2.1 Weight (Figure 3): The mean weight of participants was 54.55 kg (SD = 6.59 kg), with values
ranging from 45 kg to 70 kg. Weight is an important factor in epidemiological studies, as being
overweight or obese is a known risk factor for breast cancer.
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Figure 3: Weight-specific survival rate among breast cancer patients
3.1.2.2 Waist Circumference (Figure 4): The mean waist circumference was 33.25 cm, suggesting a
relatively moderate level of abdominal fat in the population. The waist-to-hip ratio is often used to assess

risk for diseases, including cancer, and this value may provide insight into fat distribution that could
influence cancer risk.

WAIST CIRCUMFERENCE

ABOVE 35"

BETWEEN 31''-34"

UNDER 31"

0 5 10 15 20 25 30 35
= DECEASED = SURVIVED

Figure 4: Waist circumference-specific survival rate among breast cancer patients.

3.2.2.3 Hip Circumference (Figure 5): The mean hip circumference was 36.84 cm (SD = 8.40 cm). This
provides additional context to the body composition data, which could play a role in determining the
relative risk of cancer.
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HIP CIRCUMFERENCE
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Figure S: Hip circumference-specific survival rate among breast cancer patients.

3.1.3 Menopausal Status (Figure 6): The study participants had a range of menopausal statuses:

a. Pre-Menopausal: Women who have not yet experienced menopause.

b. Post-menopausal: Women who have gone through menopause, which is a critical factor
in cancer risk due to hormonal changes.

MENOPAUSE

POST-MENOPAUSE

PRE-MENOPAUSE

0 10 20 30 40 50
2 DECEASED =SURVIVED

Figure 6: Menopause-specific survival rate among breast cancer patients.

This categorization helps us understand how age and menopause-related hormonal changes might
contribute to cancer risk.
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3.1.4 Reproductive History:

3.1.4.1 Full Term Pregnancies ranged from 2 to 7, with an average of 3.24. Reproductive factors, such as
the number of full-term pregnancies, have been linked to a lower risk of breast cancer due to hormonal
changes during pregnancy (Figure 7).

NO.OF PREGNANCIES

No.OF INDIVIDUALS

0 5 10 15 20 25

E DECEASED =mSURVIVED

Figure 7: Analysis of survival patterns in breast cancer patients based on pregnancy count.

3.1.4.2 Age at First Child (Figure 8): The mean age for participants having their first child was 22.17
years. Early age at first childbirth is associated with a reduced risk of breast cancer, as it reduces the total
number of menstrual cycles a woman experiences.

AGE AT FIRST CHILD BIRTH

2931

23—
R I ——
1719 | —

o

5 10 15 20 25 30

Figure 8: Breast cancer patients show variation with respect to age at first childbirth.
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3.2 Chi-Square Test

A Chi-Square test was performed to investigate the association between Menopausal Status and Smoking.
The null hypothesis for this test assumed no association between menopausal status and smoking
behaviour.

o Chi-Square Statistic: 1.97

o p-value: 0.578

Given the p-value > 0.05, we fail to reject the null hypothesis, meaning there is no significant association
between Menopausal Status and Smoking in this population. This finding suggests that smoking behavior
is independent of menopausal status. Previous studies, such as those by Kvaavik et al. (2010), have
shown that smoking is influenced by various lifestyle and socio-economic factors, which may not be
directly affected by hormonal changes that occur during menopause.

33 ANOVA (Analysis of Variance)

The ANOVA test was used to compare the mean weight between PRE-menopausal and POST-menopausal
women. The null hypothesis assumed that there would be no difference in the mean weight between the

two groups.
o F-statistic: 0.42
o p-value: 0.517

Since the p-value > 0.05, we again fail to reject the null hypothesis, suggesting that Menopausal Status
does not significantly influence weight in this population. This result is somewhat counterintuitive, as
research, such as He et al. (2006), often suggests that post-menopausal women tend to experience weight
gain due to hormonal changes, particularly in the abdominal region. However, other environmental
factors such as diet, physical activity, and genetics could be influencing weight in this study, making
menopause a less significant factor in this context.

34 Correlation Analysis

The correlation analysis examined the relationships between key continuous variables: Age, Weight,
Waist Circumference, and Hip Circumference.

3.4.1 Weight and Waist Circumference: There was a weak negative correlation (r = -0.23) between
weight and waist circumference. This weak relationship suggests that as weight increases, waist
circumference slightly decreases. This could be due to variations in body fat distribution or muscle mass.
3.4.2 Waist Circumference and Hip Circumference: A moderate positive correlation (r = 0.42) was
found between waist circumference and hip circumference. This suggests that individuals with larger
waist circumferences tend to have larger hips, which could be a reflection of overall body size and fat
distribution. This finding aligns with Nordestgaard et al. (2008), who found that waist-to-hip ratio is a
significant marker for obesity-related health risks.

3.5 Logistic Regression

A logistic regression was performed to predict Smoking Status (Yes/No) based on several predictors.
However, due to issues with missing data and inconsistent categorical variables, the logistic regression
did not produce valid results. Missing values and inconsistent data encoding in key variables like
Exposure and Residence were key obstacles.

DISCUSSION

The analysis aimed to explore various epidemiological patterns of breast cancer risk factors in the Majha
region of Punjab. The findings provide several important insights, though limitations in data quality
hinder some of the statistical models.

4.1 Menopausal Status and Smoking

The Chi-Square test revealed no significant relationship between Menopausal Status and Smoking. This is
consistent with the idea that smoking behaviour is primarily influenced by socioeconomic and
psychological factors rather than biological ones like menopause. Studies by Pinheiro et al. (2010) have
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suggested that while smoking may be more prevalent in younger populations, menopausal status does not
directly influence smoking habits.

4.2 Weight and Menopausal Status

The ANOVA did not find a significant difference in Weight between PRE and POST-menopausal women.
This is interesting, as several studies have shown that post-menopausal women tend to experience weight
gain, particularly in the abdominal region, due to a decrease in estrogen levels. The lack of a significant
result in this study could be attributed to other contributing factors such as physical activity, diet, or
genetic predispositions, which may mask the effects of menopause.

4.3 Waist and Hip Circumference

The moderate positive correlation between Waist Circumference and Hip Circumference aligns with
existing literature, which suggests that abdominal obesity (higher waist circumference) is often correlated
with overall body fat, including in the hips. These measurements are useful in assessing overall body
composition, and a higher waist-to-hip ratio is known to be associated with increased cancer risk.

4.4 Challenges with Logistic Regression

While the logistic regression model could not be executed successfully due to issues with missing data
and inconsistent coding, the intent was to predict smoking status based on various lifestyle and
demographic factors. Smoking is a well-known risk factor for breast cancer, particularly in post-
menopausal women. The failure to run this model underlines the importance of data quality. Missing
values and inconsistent categorical encoding can lead to incorrect conclusions and weak model
predictions.

4.5 Limitations of the study:

4.5.1 Data Quality: A significant amount of missing and inconsistent data affected the
statistical analyses. Many variables, such as Exposure and Smoking Status, had missing values that
limited the scope of our analysis, particularly for logistic regression.

4.5.2 Sample Size: The relatively small sample size (117 participants) could limit the power of the
statistical tests, making it difficult to detect subtle relationships between variables.

4.5.3 Measurement Error: Waist and Hip Circumference were self-reported in some cases, which may
introduce measurement bias. Accurate and consistent measurement protocols are critical for
epidemiological studies.

CONCLUSION AND FUTURE DIRECTIONS

Future research should aim to improve data collection methods, particularly focusing on accurately
capturing lifestyle behaviours (e.g., smoking) and environmental exposures (e.g., dust, pesticides).
Additionally, a larger and more diverse sample would increase the power of the statistical analyses and
improve the generalizability of the findings.

In conclusion, while this study provides valuable insights into the epidemiological patterns of breast
cancer risk factors in the Majha region of Punjab, the results should be interpreted with caution due to
data quality issues. The study highlights the importance of addressing data gaps and ensuring robust data
collection in future research efforts.
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