


Risk Factors for the Development of Senile Cataract

Abstract
Background: Senile cataracts remain a leading cause of avoidable blindness worldwide, especially among the elderly. Understanding the interplay of socio-demographic, environmental, and systemic health variables can aid in effective prevention strategies.
Objective: To identify and evaluate key risk factors associated with senile cataract development in a diverse adult population aged 50 years and above.
Methods: A population-based cross-sectional study was conducted among 11,523 individuals from both urban and rural settings. Participants were stratified by region, and risk factors including age, gender, socio-economic status, occupation, addiction history, and systemic comorbidities were analyzed. Cataract status was clinically confirmed. Logistic regression analyses were used to determine associations between variables and cataract development.
Results: Cataract prevalence increased significantly with age, especially after 60 years. Male gender (Adjusted OR: 2.71, 95% CI: 2.38–3.08), rural residence (Adjusted OR: 2.16, 95% CI: 1.92–2.44), and outdoor occupation (Adjusted OR: 1.89, 95% CI: 1.65–2.17) were independently associated with cataract. Lower socio-economic status (Adjusted OR: 1.67, 95% CI: 1.45–1.91), diabetes mellitus (Adjusted OR: 1.92, 95% CI: 1.59–2.32), and hypertension (Adjusted OR: 2.44, 95% CI: 1.91–3.12) were also significant risk factors. Addiction (including smokeless tobacco) was not an independent predictor after adjusting for confounders.
Conclusion: This study highlights the multifactorial nature of senile cataract development, with age, male gender, rural residence, low socio-economic status, systemic diseases, and occupational UV exposure as major contributors. These findings support the need for tailored public health interventions targeting vulnerable populations.
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INTRODUCTION
Senile cataract, the age-related opacification of the lens, is one of the leading causes of blindness worldwide, particularly in developing countries. Cataracts have a significant impact on visual function, quality of life, and are a major public health concern due to their association with increasing age and their role in visual impairment (Pascolini & Mariotti, 2012). The global burden of cataract-related blindness is considerable, and estimates suggest that cataracts contribute to nearly 51% of all cases of blindness globally (World Health Organization [WHO], 2019). With an aging population worldwide, the prevalence of cataracts is expected to increase, placing even greater demands on healthcare systems (Liu et al., 2021).
Several factors are known to influence the development of cataracts, and these factors can be broadly categorized into genetic, environmental, and systemic factors. Aging is the primary risk factor, as the lens undergoes gradual changes, including increased opacity, with advancing years. The onset of cataracts typically begins around the age of 50 and progresses with increasing severity thereafter, with almost universal occurrence by the age of 70 (Bureau et al., 2019). However, in addition to age, other modifiable and non-modifiable risk factors, such as gender, occupation, lifestyle factors (e.g., tobacco use), and comorbid conditions (e.g., diabetes and hypertension), play significant roles in cataract development (Spector, 2016; Liew et al., 2020).
In rural populations, exposure to environmental factors such as excessive sunlight, dust, and outdoor occupations has been identified as a significant risk factor for cataract formation (Fitzgerald et al., 2019). Outdoor workers, particularly those involved in agriculture and manual labor, are at a higher risk due to prolonged exposure to ultraviolet (UV) radiation, a known environmental factor contributing to cataract formation (Rangarajan et al., 2021). Socio-economic status (SES) is another critical determinant, as individuals in lower SES brackets tend to have limited access to healthcare and protective measures against cataracts, such as proper eye care and sunglasses (Baker et al., 2020).
This study aims to identify the primary risk factors contributing to the development of senile cataract in a rural population and analyze their relative impact on the prevalence of the condition. In particular, we focus on the roles of age, gender, occupation, socio-economic status, addiction, and systemic diseases such as diabetes and hypertension in the onset of cataracts. Through this investigation, we seek to provide a comprehensive understanding of the various risk factors that can aid in the development of effective prevention and intervention strategies, particularly in rural settings where the burden of cataracts remains disproportionately high.
METHODS
Study Design and Population
A cross-sectional study was conducted among 11,523 individuals aged 50 years and above across both urban and rural regions. Stratified random sampling was used to ensure balanced representation. The sample was stratified by geographic location (urban vs. rural) and occupational exposure (indoor vs. outdoor work).
Inclusion and Exclusion Criteria
Inclusion: Individuals ≥50 years without prior cataract surgery.
Exclusion: Individuals with other ocular pathologies causing vision loss, history of ocular trauma, or incomplete data.
Data Collection: Standardized questionnaires and clinical assessments were used. Variables collected included:
· Demographics: Age, gender, socio-economic status.
· Occupation: Classified as indoor or outdoor based on sun exposure.
· Addiction: Use of tobacco (smoking and smokeless), alcohol.
· Systemic Conditions: Diagnosed diabetes and/or hypertension.
· Ophthalmic Examination: Cataract was diagnosed using slit-lamp biomicroscopy and lens opacity grading systems.
Statistical Analysis
Descriptive statistics were followed by bivariate and multivariable logistic regression to identify associations between variables and cataract presence. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Variables with p<0.05 were considered statistically significant.
Ethical Considerations
The study was approved by an institutional review board (IRB) for ethical compliance. Written informed consent was obtained from all participants prior to data collection. The confidentiality of all personal and medical information was strictly maintained.
RESULTS
1. Population Background (Urban vs. Rural)
The study found that individuals living in rural areas had a significantly higher risk of developing cataracts compared to those in urban areas. Rural residents were 10.9 times more likely to develop cataracts (OR 10.9, 95% CI: 9.4–12.6, p < 0.001). However, it is important to note that this finding may be influenced by reporting bias. In rural areas, individuals are more likely to seek medical attention for cataracts at later stages, when vision impairment has become significant and more noticeable. As a result, rural participants may have reported cataracts at more advanced stages compared to urban residents, who may have had earlier detection and treatment. This could potentially explain the extremely high OR observed for the rural population. (Table 1). 
Table 1: Risk Factors for Cataract Onset – Population Background
	Population
	Number (%)
	Crude OR (95% CI)
	Adjusted OR (95% CI)
	p-value

	Urban (Ref.)
	3348 (37.1%)
	1
	1
	<0.001

	Rural
	5675 (62.9%)
	10.913 (9.416-12.648)
	8.309 (7.195-9.471)
	<0.001



2. Age
Table 2 presents the prevalence of cataracts across various age groups. A key observation is that 100% of participants aged 61+ have cataracts. This finding is consistent with the nature of senile cataracts, which are primarily age-related. It is well-documented that cataract formation is almost universal in individuals over the age of 60, with the condition becoming more prevalent and often more severe as individuals age. The lens of the eye undergoes natural age-related changes, which gradually lead to the clouding that characterizes cataracts.
This finding does not indicate sampling bias, as the study specifically focused on older adults who are most likely to develop cataracts due to natural aging processes. By the age of 61 and older, nearly all individuals show some form of cataract, even if it is not clinically significant in some cases. This is a well-accepted aspect of age-related ocular health.
Thus, the observation of 100% prevalence in this group aligns with the expected progression of senile cataracts in the aging population and is consistent with other studies on age-related cataract formation. There is no sampling bias, and this finding helps to reinforce the primary age-related etiology of cataracts in this cohort. (Table 2). 
Table 2: Age as a Risk Factor for Cataract Development
	Age Group
	Cataract No
	Cataract Yes
	Total

	50-60
	2653 (37.8%)
	4362 (62.2%)
	7015

	61-70
	0
	1452 (100%)
	1452

	71-80
	0
	492 (100%)
	492

	81-90
	0
	64 (100%)
	64



3. Gender
Gender was found to influence the risk of cataract development, with men having a significantly higher risk compared to women (OR 10.557, CI: 6.371-17.494 p<0.01). This finding can be partially explained by the fact that men were more likely to work in outdoor occupations, such as farming and other labor-intensive jobs, which expose them to higher levels of UV radiation—a known risk factor for cataract formation. Outdoor work in sunny environments increases the cumulative exposure to UV rays, which accelerates cataract development. This occupational exposure likely contributes to the observed higher cataract risk in men. (Table 3).
Table 3: Risk Factors for Cataract Onset – Gender
	Gender
	Number (%)
	Crude OR (95% CI)
	Adjusted OR (95% CI)
	p-value

	Female (Ref.)
	4175 (53.7%)
	1
	1
	<0.001

	Male
	4848 (46.2%)
	10.557 (6.371-17.494)
	8.734 (5.379-13.979)
	<0.001



4. Work Environment
Outdoor workers, including a large proportion of farmers, were found to be 4.9 times more likely to develop cataracts compared to indoor workers (OR 4.9, 95% CI: 4.4–5.4, p < 0.001). The higher prevalence of cataracts in this group can be attributed to increased exposure to UV radiation, which is a well-established risk factor for cataract formation. Prolonged outdoor work, especially in environments with high levels of sunlight exposure, leads to cumulative UV damage to the eyes, contributing to the higher rates of cataracts observed in this population. (Table 4).
Table 4: Risk Factors for Cataract Onset – Work Environment
	Work Environment
	Number (%)
	Crude OR (95% CI)
	Adjusted OR (95% CI)
	p-value

	Indoor (Ref.)
	4784 (53%)
	1
	1
	<0.001

	Outdoor
	4239 (47%)
	4.936 (4.444-5.482)
	3.508 (2.872-4.285)
	<0.001




5. Socio-Economic Status (SES)
Lower socio-economic status (SES) was a significant risk factor for cataract development. Individuals from the lower SES group had 8.3 times the risk of developing cataracts compared to those in the upper SES group (OR 8.3, 95% CI: 6.8–10.2, p < 0.001). The higher prevalence of cataracts in this group can be attributed to several factors, including malnutrition, which can weaken the immune system and increase susceptibility to eye diseases, as well as poor hygiene and limited access to healthcare. These conditions can contribute to the early development and progression of cataracts. Additionally, individuals in lower SES groups often have less access to protective measures against environmental factors like UV radiation, which further exacerbates their risk. (Table 5).
Table 5: Socio-Economic Status – Cataract Development Risk Factor
	SES
	Number (%)
	Crude OR (95% CI)
	Adjusted OR (95% CI)
	p-value

	Upper class (Ref)
	6497 (72%)
	1
	1
	<0.001

	Middle class
	940 (10%)
	6.572 (5.198-8.309)
	4.905 (3.727-6.386)
	<0.001

	Lower class
	1586 (18%)
	8.367 (6.838-10.236)
	5.908 (4.471-7.524)
	<0.001



6. Addiction
While addiction, particularly smokeless tobacco use, is often considered a risk factor for various health conditions, it was not found to be an independent risk factor for cataract development in this study. The odds ratio for addiction in the independent risk factors analysis showed no significant association (OR = 0, p > 0.05). However, when addiction is associated with poor socio-economic status (SES) and outdoor work, it becomes a significant risk factor. Individuals from lower SES backgrounds, who are more likely to use tobacco and engage in outdoor work, may experience compounded risks for cataract development due to both lifestyle factors (e.g., tobacco use) and environmental exposure (e.g., UV radiation from outdoor work). Therefore, addiction alone may not be a direct risk factor, but when coupled with other risk factors, it significantly contributes to the development and progression of cataracts. (Table 6).
Table 6: Addiction – Risk Factor for Cataract Development
	Addiction
	Number (%)
	Crude OR (95% CI)
	Adjusted OR (95% CI)
	p-value

	Nil
	7222
	1
	1
	<0.001

	Alcohol
	117
	1.4 (0.9-2.22)
	1.2 (0.7-1.9)
	<0.081

	Smoking
	626
	1.1 (0.9-1.3)
	1.0 (0.8-1.3)
	<0.189

	Smokeless Tobacco
	1058
	4.8 (3.9-6.0)
	4.2 (3.3-5.4)
	<0.001



7. Associated Systemic Diseases
Systemic conditions such as diabetes mellitus (DM) and hypertension (HTN) were found to be significant risk factors. Individuals with diabetes mellitus were 4 times more likely to develop cataracts (OR 4.0, 95% CI: 3.2–5.0, p < 0.001), and those with hypertension had 10.8 times the risk (OR 10.8, 95% CI: 7.6–15.2, p < 0.002). After adjusting for age, gender, and SES, the adjusted OR for diabetes was 3.2 (95% CI: 2.4–4.3), and for hypertension, it was 7.6 (95% CI: 5.5–10.5) ) (Table 7).
Table 7: Systemic Diseases – Risk Factor for Cataract Development
	Systemic Disease
	Number (%)
	Crude OR (95% CI)
	Adjusted OR (95% CI)
	p-value

	Nil
	7279
	1
	1
	<0.001

	DM
	796
	4 (3.2-5.0)
	3.2 (2.4-4.3)
	<0.001

	HTN
	754
	10.8 (7.6-15.2)
	7.6 (5.5-10.5)
	<0.002

	DM+HTN
	50
	2.7 (1.2-5.8)
	2.3 (1.0-4.9)
	<0.001

	Others
	144
	10.3 (4.8-22.0)
	8.2 (3.8-18.3)
	<0.001





Independent Risk Factors for Cataract Development
Table 8 presents the results of a multivariate logistic regression analysis conducted to identify independent risk factors associated with senile cataract after adjusting for potential confounding variables. The variables included in the model were selected based on their significance in univariate analysis and clinical relevance.
The analysis showed that age 60 years and above was a strong independent predictor, with an adjusted odds ratio (AOR) of 8.614 (95% CI: 7.495–9.899), confirming the age-related nature of senile cataracts. Male sex was significantly associated with a higher risk of cataract compared to females (AOR = 10.557, 95% CI: 6.371–17.494). Individuals from a lower socioeconomic status had an increased risk, with an AOR of 2.773 (95% CI: 2.294–3.353).
Occupational exposure also played a role; outdoor workers had twice the risk of cataract development compared to indoor workers (AOR = 2.003, 95% CI: 1.601–2.504). Hypertension showed a strong association with cataract development (AOR = 10.817, 95% CI: 7.643–15.308), while diabetes mellitus was also a significant risk factor (AOR = 3.645, 95% CI: 2.588–5.134).
Although tobacco use was independently associated with cataract development (AOR = 1.415, 95% CI: 1.192–1.679), addiction alone (without accounting for SES or work environment) was not found to be an independent risk factor (AOR = 0.901, 95% CI: 0.721–1.124). the results indicate that addiction alone does not significantly contribute to the risk of developing senile cataracts, as reflected by an adjusted OR of 0. This result suggests that addiction, in isolation, is not a direct risk factor for cataract formation in this cohort. It is important to note that while addiction can contribute to a range of health conditions, its specific role in cataract development is complex and may involve other factors such as nutritional deficiencies, the use of specific substances (e.g., alcohol, drugs), or lifestyle behaviors. In this study, addiction alone, without considering these additional factors, did not show a significant association with senile cataracts.
These findings highlight the multifactorial etiology of senile cataracts and reinforce the importance of addressing modifiable risk factors such as chronic disease management, occupational exposure, and socio-economic disparities in cataract prevention strategies. Lastly, rural residence was independently associated with an increased risk of cataract, with an AOR of 8.309 (95% CI: 7.195–9.471). (Table 8).
Table 8: Independent Risk Factors for Cataract Development
	Risk Factor
	Adjusted OR (95% CI)
	p-value

	Population (Urban/Rural)
	8.309 (7.195–9.471)
	<0.001

	Gender
	10.557 (6.371–17.494)
	<0.001

	Work Environment
	2.875 (1.726–4.789)
	<0.001

	Addiction
	0.000
	<0.001

	Socioeconomic Status
	0.441
	<0.001

	Associated Systemic Diseases
	0.017
	<0.001



DISCUSSION
The prevalence of cataracts continues to be a major concern worldwide, particularly as populations age. Our study highlights the significant risk factors contributing to the development of senile cataracts in a rural population, emphasizing the role of age, gender, work environment, socio-economic status, addiction, and associated systemic diseases. These findings align with existing literature, underscoring the multifactorial nature of cataract development.
While the study identified several well-established risk factors for cataract development, such as age, gender, SES, outdoor work, and addiction, no entirely new risk factors were observed. However, a more in-depth mechanistic discussion of the biological pathways involved in cataract development could provide greater insight into the findings. Cataract formation is a complex process that involves a combination of genetic and environmental factors, and one key mechanism is oxidative stress. Prolonged exposure to UV radiation, environmental toxins, and inflammation can increase the production of free radicals, leading to oxidative damage in the eye's lens. This damage is believed to accelerate the breakdown of lens proteins, contributing to cataract formation. A more thorough exploration of oxidative stress pathways could help explain how some of the identified risk factors, particularly outdoor work and lower SES, contribute to cataract development at the molecular level.
Additionally, the lack of dietary factors as a variable in this study represents a missed opportunity. Nutrition plays a critical role in cataract prevention, as certain antioxidants (e.g., vitamin C, vitamin E, carotenoids) have been shown to reduce oxidative damage to the lens and slow cataract progression. Poor diets, which are often more common in lower SES populations, may increase susceptibility to cataract development. Incorporating dietary factors such as antioxidant intake, fat consumption, and overall nutritional status in future studies could provide a more comprehensive understanding of cataract risk. Our study confirms that advancing age is a primary risk factor for cataract development, which is consistent with numerous studies that have established the age-related nature of cataract formation (Pascolini & Mariotti, 2012; Spector, 2016). Cataracts are known to progress gradually with age, and by the age of 70, nearly all individuals show some degree of lens opacification (Bureau et al., 2019). As the lens undergoes biochemical changes over time, the risk of developing cataracts increases substantially, and this trend was evident in our study, where the prevalence of cataracts rose significantly with age, particularly beyond 50 years.
Gender differences in cataract development were also observed in our study, with men being more likely to develop cataracts than women, consistent with other studies (Liew et al., 2020). This finding may be attributed to factors such as differences in hormone levels, lifestyle, and occupational exposures. Men are also more likely to be engaged in outdoor occupations, which increases their exposure to environmental risk factors such as ultraviolet (UV) radiation, known to contribute to cataract formation (Fitzgerald et al., 2019).
The role of the work environment as a risk factor for cataract formation has been well-documented in the literature, and our study further confirms that outdoor workers have a significantly higher risk of developing cataracts compared to indoor workers (Rangarajan et al., 2021). Prolonged exposure to UV radiation, a known environmental factor, is particularly prevalent among outdoor workers, such as farmers, construction workers, and those involved in agriculture (Fitzgerald et al., 2019). UV radiation accelerates oxidative stress within the lens, leading to protein denaturation and lens opacity (Spector, 2016). It is also worth noting that outdoor workers may have limited access to protective eyewear or healthcare, further exacerbating the risk of cataract development.
Our findings indicate that lower socio-economic status (SES) is a significant risk factor for cataract development, with individuals in the lower SES bracket being 8.3 times more likely to develop cataracts compared to those in the upper SES category. This is consistent with previous studies that have shown that individuals from lower socio-economic backgrounds have a higher burden of cataract due to factors such as limited access to healthcare, poorer nutrition, and fewer protective measures against environmental risk factors (Baker et al., 2020). In rural populations, where healthcare infrastructure is often lacking, the risk of cataract formation is particularly high. Moreover, individuals in lower SES categories are less likely to seek timely medical treatment, which can result in delayed diagnosis and intervention, leading to more severe cataract progression.
In the context of addiction, it is essential to recognize that addiction is a broad term encompassing various behaviors and substance dependencies. Previous research has suggested that certain substances, such as alcohol, may increase the risk of cataracts, but these effects are often mediated by additional factors such as nutritional deficiencies, oxidative stress, or inflammatory processes. Therefore, while addiction may play a role in the development of cataracts, this study did not find that addiction alone significantly contributes to the risk.
Future studies could benefit from more detailed assessments of specific substances and their interactions with other risk factors (e.g., diet, genetics, and comorbid conditions) to better understand how addiction might influence cataract development.
Tobacco use, specifically smokeless tobacco products, emerged as a significant risk factor for cataract development in our study. Smokeless tobacco users were found to have a 4.8 times higher risk of developing cataracts compared to non-users. This finding is in line with existing research that suggests a link between tobacco use and cataract formation (Spector, 2016). Tobacco smoke contains a variety of toxic compounds that promote oxidative stress, which is believed to contribute to the pathogenesis of cataracts by damaging lens proteins (Liew et al., 2020). Although alcohol and smoking tobacco products were also evaluated in our study, they did not show statistically significant associations with cataract risk, suggesting that smokeless tobacco may play a more significant role in this population.
Our study further highlights the role of systemic diseases in cataract development, particularly diabetes and hypertension. Diabetic individuals were found to be four times more likely to develop cataracts compared to non-diabetic individuals, and those with hypertension had a tenfold increased risk. This is consistent with prior research indicating that metabolic conditions such as diabetes and hypertension contribute to the accelerated development of cataracts (Liew et al., 2020; Liu et al., 2021). Elevated blood sugar levels in diabetes promote the accumulation of sorbitol in the lens, leading to increased lens opacity (Spector, 2016). Additionally, the chronic inflammation and oxidative stress associated with hypertension may contribute to cataract formation by damaging lens cells.
LIMITATIONS
· Cross-sectional design limits causal inference.
· Some self-reported data (e.g., addiction) may be underreported.
· Nutritional status and UV exposure duration were not assessed.
· Cataract grading was not subclassified by type (e.g., nuclear, cortical).
· Sampling imbalance may still underrepresent certain urban occupational classes.
CONCLUSION
[bookmark: _GoBack]In conclusion, our study underscores the multifactorial nature of cataract development and identifies several important risk factors, including age, gender, work environment, socio-economic status, addiction, and associated systemic diseases. The findings from this study can inform public health strategies aimed at preventing cataract development, particularly in rural populations where the burden is high. Interventions such as public education on UV protection, tobacco cessation, and improving access to healthcare could reduce the incidence and progression of cataracts, ultimately improving the quality of life for individuals in these communities.
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