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Abstract: 
Background:
           Ultraviolet (UV) radiation is a well-established risk factor for skin damage and skin cancer. In a tropical city like Mumbai, where sun exposure is frequent throughout the year, understanding public awareness and protective practices is important. This study aimed to evaluate awareness of sun exposure risks, patterns of sunscreen use, and perceptions regarding bio-based sunscreens among adults in Mumbai, India.
Methods:
A cross-sectional online survey was conducted between November 2024 and April 2025 using a structured questionnaire available in English, Hindi, and Marathi. Adults aged 18 years and above residing in Mumbai were recruited through convenience sampling. A total of 2501 completed responses were included in the analysis. Descriptive statistics were calculated, and associations were examined using chi-square tests. Ordinal logistic regression was performed to identify predictors of sunscreen usage frequency, with statistical significance set at p < 0.05.
Results:
Of the participants, 51% were female and the majority (66%) were aged 18–25 years. Notably, 66% of respondents reported limited awareness of the harmful effects of prolonged sun exposure. Significant gender differences were observed in awareness-related variables (p < 0.001); however, sunscreen usage frequency did not significantly differ by gender (p = 0.087). Awareness of sun damage was not an independent predictor of sunscreen use (AOR = 1.08, p = 0.181). Perceptions regarding bio-based sunscreens were nearly evenly divided, with no significant association with gender.
Conclusion:
The findings reveal considerable gaps in awareness and a disconnect between knowledge and actual sunscreen practices. Public health strategies should therefore focus not only on improving awareness but also on encouraging consistent protective behaviors in urban tropical populations.
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1. Introduction 
          The skin, particularly the epidermis, serves as the body’s primary protective barrier, shielding the internal environment from external factors and playing a vital role in maintaining overall health (Luger et al., 2021). Among environmental stressors, solar radiation—especially ultraviolet (UV) radiation—represents a significant and modifiable risk factor for skin damage and carcinogenesis. Ultraviolet radiation emitted from the sun is widely recognized as a major contributor to skin cancer development within the solar radiation spectrum (Al Robaee, 2010).
Carcinogenic effects associated with solar radiation are primarily attributed to Ultraviolet A (UVA) and Ultraviolet B (UVB) rays. Exposure to UV radiation during childhood and adolescence has been identified as a critical determinant influencing the risk of developing skin cancer later in life (Alsudairy et al., 2019). Prolonged or excessive sun exposure is the leading cause of adverse effects on the skin, eyes, and immune system. Importantly, it has been estimated that nearly four out of five skin cancer cases are preventable, and minimizing sun exposure can substantially reduce the harmful effects of UV radiation (Sultana, 2020).
Short-term exposure to UV radiation can result in acute skin damage, including sunburn and tanning. In contrast, long-term or chronic exposure may lead to hyperpigmentation, premature skin aging, altered immune responses, disruption of skin barrier function, photo dermatoses, and ultimately the development of skin cancer. Skin cancer is currently the most prevalent form of cancer affecting humans worldwide (Al-Atif, 2021; Qadir, 2016). It commonly originates within different layers of the skin, particularly the epidermis, making it relatively easier to detect at early stages.
The risk of developing skin cancer is strongly influenced by skin color and skin type (Gupta et al., 2016). Individuals with darker skin tones exhibit a lower incidence of skin cancer compared to those with lighter skin tones. This protective effect is largely attributed to melanin, which functions as a natural sunscreen by absorbing and scattering UV radiation, thereby limiting its penetration into deeper layers of the skin (Passeron et al., 2020). In addition to environmental exposure, hereditary factors also contribute to individual susceptibility to skin cancer.
Skin cancers are broadly classified into melanoma and non-melanoma skin cancers (NMSC). Non-melanoma skin cancers are the most diagnosed malignancies worldwide and include all malignant skin tumors not derived from melanocytes. These primarily consist of basal cell carcinoma (BCC) and squamous cell carcinoma (SCC), collectively referred to as keratinocyte cancers (KC), which account for approximately 99% of all skin cancer cases, along with certain melanoma variants. Malignant melanoma (MM), although less common, is the most aggressive and fatal form of skin cancer, responsible for nearly 75% of skin cancer–related deaths (Woo et al., 2022).
Over the past four to five decades, skin cancer–related mortality has increased significantly. In India, the incidence of skin cancer shows regional variation, with higher prevalence observed in northern regions compared to southern parts of the country. Reported incidence rates have increased from 84.8 to 107.2 per 100,000 individuals, and mortality has risen by approximately 21% over the past four decades. However, a major limitation in accurately estimating the true burden of skin cancer in India is the lack of a comprehensive national cancer registry. The absence of a centralized and systematic data repository may lead to underreporting, suggesting that the actual incidence and mortality rates could be considerably higher.
Beyond its carcinogenic effects, UV radiation also modulates immune responses. It affects immune function in sun-exposed areas and can induce systemic immune alterations, including in non-exposed regions of the body (Olsen & Whiteman, 2020). Consequently, the effects of UV radiation on the immune system are better described as immunomodulatory rather than purely immunosuppressive, involving complex interactions among various immune pathways (Neale et al., 2023). These findings emphasize the importance of sun protection as a primary preventive strategy to reduce the adverse health effects of UV exposure (Almuquati et al., 2019).
Key recommendations for effective sun protection include limiting sun exposure during peak hours (10:00 a.m. to 2:00 p.m.), seeking shade, wearing protective clothing, wide-brimmed hats, and sunglasses, and regularly applying broad-spectrum sunscreens or sunblock products. Sunscreens are topical cosmetic formulations containing UV filters that protect the skin by reducing the penetration of UV radiation and preventing solar erythema upon sun exposure (Beshna et al., 2018). Regular sunscreen application has been shown to prevent actinic keratosis and significantly reduce the risk of skin cancer development (Agarwal et al., 2018).
Sunscreens primarily function by filtering UV radiation through absorption, reflection, or scattering mechanisms, depending on their formulation and active ingredients (Bens, 2014; Serpone, 2021). Chemical sunscreens absorb UV radiation, whereas sunblocks (physical sunscreens) reflect and scatter UV rays, forming a protective barrier on the skin’s surface. Both sunscreen and sunblock formulations that offer broad-spectrum UVA and UVB protection are effective in preventing various sun-induced skin disorders (Williams et al., 2018). Regulatory agencies such as the Food and Drug Administration (FDA) have approved sunscreens for their proven efficacy in preventing sunburn, photo-induced pigmentation disorders, premature skin aging, and skin carcinogenesis.
Sun protection factor (SPF) is a standardized measure used to evaluate the effectiveness of sunscreens in protecting against UVB-induced skin damage. Higher SPF values correspond to increased protection, as greater UV exposure is required to induce erythema. SPF is calculated using the following equation:

SPF = MEDUVBProtected/MEDUVBUnprotected  
Sunscreens with SPF values ranging from 15 to 100+ are designed to block a substantial proportion of UV radiation from penetrating the epidermis (Egambaram et al., 2020). Even lower SPF formulations, such as SPF 10, provide a measurable degree of protection (Hughes et al., 2021). Sunscreens enhance the skin’s tolerance to UV radiation by reflecting, absorbing, and scattering UV rays.
However, concerns have been raised regarding the presence of potentially harmful contaminants, such as benzene, in some chemically derived sunscreen formulations. This has led to increased interest in bio-based sunscreens, which utilize naturally derived or minimally processed ingredients. Bio-based sunscreens offer advantages such as improved skin spreadibility, enhanced UV absorption, higher SPF values, reduced chemical exposure, and minimal whitening effects on the skin.
Approximately 90–92% of skin cancer cases are linked to UV radiation exposure, highlighting sunscreen use as a critical preventive strategy (Neale et al., 2023). Numerous studies have demonstrated the effectiveness of sunscreen in reducing the risk of skin cancer. The adoption of bio-based sunscreen formulations provides an additional benefit by minimizing exposure to potentially carcinogenic chemicals, thereby offering a safer and more sustainable approach to sun protection.
      Therefore, this study aimed to assess awareness and knowledge of sun exposure, risks of skin cancer, sunscreen use and biobased sunscreen advantages amongst the adults in Mumbai, India. 

2. Materials and methods

2.1 Study design 
      An observational, population-based cross-sectional study was conducted to assess awareness, knowledge, attitudes, and practice related to sun exposure and Bio based sunscreen as well as chemical-based sunscreens use among adults residing in Mumbai, India. A Structured questionnaire-based survey was used to establish association between sociodemographic characteristics, sun exposure patterns, awareness levels, and sunscreen usage practices. 
Table 1. Classification of Sunscreen Protection Level Based on SPF
	SPF Range
	                                     Degree of Protection

	2–14                
	                                          Low Protection

	1529                               
	                                       Medium Protection

	30–49
	                                          High Protection

	≥50
	                                       Very High Protection


												

2.2 Ethical Approval 
      The study adhered to ethical principal for survey-based research involving human participants. Participation was voluntary, and informed consent was obtained electronically prior to survey initiation. No personally identifiable information was collected, and all responses were anonymized. The study procedure complied with STROBE guidelines for observational studies. 

2.3 Study setting and period
      The study was conducted among adults residing in Mumbai, India. Data were collected using an online questionnaire during a defined survey period from the month of November 2024 to April 2025. Mumbai’s tropical climate and prolonged annual sun exposure make it an appropriate setting to evaluate sun related awareness and sunscreen use behaviors. 

2.4 Study population and Sampling technique
     The study population comprised adults aged 18 years and above. The gender included in this study are male and female. The minimum sample size for this study was determined using Raodoft website to ensure an appropriate sample size. To achieve a confidence interval of 95% with a 5% margin error, a sample size of total 2450 was recommended. However, a total of 2501 complete and valid responses were included in the final analysis, providing a large and robust dataset for descriptive and inferential statistical analysis. A population based non-probability convenience sampling technique was employed in the city of Mumbai, India. The survey link of google forms were disseminated via WhatsApp groups, emails and other online platforms to reach a diverse adult population across Mumbai. The data set responses were collected using a pre-designed questionnaire covering all essential items of the research. The questionnaire parameter included gender, skin issues, skin type, if they use sunscreen, do they read ingredient while buying sunscreen. 

2.5 Data collection 
       A cross-sectional study initially decided how to operationalize variables and gather data. The primary researchers collected data from participants after studying the pertinent literature on the use of sunscreen and practices used by adults in Mumbai, India. A self-administered questionnaire was devised for this study that queried individuals about their frequency and amount of sunscreen use, brands the prefer and SPF value they prefer. Data was collected in a soft copy using Google forms and Google sheets, language of the form was English, Hindi and Marathi. The questionaries was a close ended questions with multiple choice questions. The study encouraged involvement of both male and female candidates within the city of Mumbai designed Chi-square test. The study was free of any charges nor any candidates in the study were paid. Only fully completed questionnaires were included in the study. The data were exported into spreadsheet format for processing.

2.6 Data Analysis
          Data were analyzed using descriptive and inferential statistics. Categorical variables were summarized as frequencies and percentages. Associations between categorical variables were examined using the chi-square (χ²) test of independence. Effect size was quantified using odds ratios (OR) with 95% confidence intervals (CI).
Given that sunscreen usage frequency was measured on a 5-point Likert scale (1 = never to 5 = always), ordinal logistic regression analysis was performed to evaluate predictors of sunscreen use. Independent variables included awareness of sun damage, gender, and age group. Adjusted odds ratios (AOR) with 95% CI were reported.
Statistical significance was defined as p < 0.05. All analyses were conducted using appropriate statistical software in accordance with STROBE reporting guidelines.

3. Results & Discussions

             A total of 2501 participants were included in the analysis.
Females constituted 51.0% (n = 1275), while males accounted for 49.0% (n = 1226). Most participants were aged 18–25 years (66.0%, n = 1651), followed by 26–40 years (34.0%, n = 850). These findings indicate a relatively balanced gender distribution with predominance of younger adults.


3.1 Skin Type Distribution by Gender
A statistically significant association was observed between gender and skin type distribution (χ², p < 0.001). Oily skin was more frequently reported among males (42%) compared to females (26%). Combination skin was more commonly reported among females.
This indicates a significant variation in dermatological characteristics across gender groups in the study population.
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Figure 1. Distribution of Gender according to skin type
There is a highly statistically significant association between gender and skin type (p < 0.001).
This indicates that skin type distribution differs substantially between males and females in the corrected dataset.
The largest difference is observed in:
· Oily skin (42% males vs 26% females)
· Combination skin (24% females vs 0% males)

Table 2. Sociodemographic characteristics of participants
	Variable
	Category
	Frequency
	Percentage

	Gender
	Female
	1275
	51.0%

	Gender
	Male
	1226
	49.0%

	Age group
	18–25
	1651
	66.0%

	Age group
	26–40
	850
	34.0%
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Figure 2. Gender distribution of study participants.
3.2 Sunscreen Usage Patterns
Brand preference analysis revealed that Lakmé (21.4%), Mamaearth (20.3%), Neutrogena (19.8%), and Minimalist (17.5%) were the most frequently reported sunscreen brands. Regarding usage frequency, the majority of participants reported applying sunscreen once daily. However, consistent reapplication during the day was limited across both genders.
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FIG 3. 
3.3 Association Between Gender and Sunscreen Usage Frequency
A chi-square test demonstrated no statistically significant association between gender and sunscreen usage frequency:
· χ² = 6.56
· df = 3
· p = 0.087
Although females reported slightly better regular usage and reapplication practices compared to males, these differences did not reach statistical significance. This indicates that sunscreen usage behavior is not independently determined by gender in this population. A chi-square test of independence was conducted to examine the relationship between gender and sunscreen usage frequency.
The analysis revealed:
· χ² = 6.56
· df = 3
· p = 0.087
Since the p-value exceeded the conventional threshold of 0.05, no statistically significant association was observed between gender and sunscreen usage frequency. Although females reported slightly higher regular use and reapplication practices compared to males, these differences were not statistically significant.
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FIG 4. Distribution of the Gender of the respondents based on their sunscreen awareness


	Variable
	χ²
	p-value
	Odds Ratio (Male vs Female)

	Sun damage awareness
	635.56
	< 0.001
	0.106

	Cancer-linked sunscreen awareness
	23.19
	< 0.001
	1.564

	Biobased sunscreen awareness
	447.06
	< 0.001
	Extremely high*

	Benzene awareness
	26.49
	< 0.001
	1.616



Chi-square analysis revealed statistically significant gender differences across all sunscreen awareness parameters (p < 0.001). A very strong association was observed for sun damage awareness (χ² = 635.56, p < 0.001). The odds ratio (OR = 0.106) indicates that males were significantly less likely to be aware of general sun damage compared to females. Similarly, biobased sunscreen awareness demonstrated a highly significant association (χ² = 447.06, p < 0.001), with an extremely elevated odds ratio, suggesting a pronounced disparity between genders. For cancer-linked sunscreen awareness, a significant but comparatively weaker association was noted (χ² = 23.19, p < 0.001; OR = 1.564). Likewise, benzene awareness showed statistical significance (χ² = 26.49, p < 0.001; OR = 1.616), reflecting moderate gender-based differences. Overall, these findings indicate that gender is a significant determinant of sunscreen-related awareness, with the strongest disparities observed in general sun damage and biobased sunscreen knowledge. There is a statistically significant gender difference (p < 0.001) across all awareness parameters. Males are significantly less aware of general sun damage and biobased sunscreen. Cancer/benzene awareness shows weaker but still significant gender differences.
3.4 Gender Differences in Sunscreen-Related Awareness
Significant gender-based differences were observed across awareness variables.
	Variable
	χ²
	p-value
	OR (Male vs Female)

	Sun damage awareness
	635.56
	<0.001
	0.106

	Cancer-linked sunscreen awareness
	23.19
	<0.001
	1.564

	Benzene awareness
	26.49
	<0.001
	1.616


Males were significantly less likely to report awareness of general sun damage compared to females (OR = 0.106). Moderate but statistically significant differences were observed for cancer-linked and benzene-related awareness.
These findings suggest that gender is a strong determinant of awareness but not of usage frequency.
3.5 Awareness of Sun Exposure
Overall, 66.0% of participants reported being unaware of the harmful effects of prolonged sun exposure, while 34.0% reported awareness.
This indicates a substantial knowledge gap in the general adult population of Mumbai.
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FIG 5. Participants’ awareness of the harmful effects of  sun exposure 
The findings indicate moderate awareness regarding the harmful effects of sun exposure; however, regular sunscreen usage remains inconsistent. Female respondents and younger age groups demonstrated comparatively better protective practices. Higher awareness levels were generally associated with increased likelihood of sunscreen use, consistent with trends reported in similar cross-sectional studies.
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FIG 6. Distribution of level of awareness regarding the harmful effects of sun exposure
3.6 Ordinal Logistic Regression: Predictors of Sunscreen Usage
Ordinal logistic regression analysis was performed to evaluate whether awareness level predicted sunscreen usage frequency.
The adjusted model demonstrated:
· Awareness of sun damage: AOR = 1.08
· p = 0.181
The association was not statistically significant.
Similarly:
Gender and age group did not independently predict higher sunscreen usage frequency after adjustment.
These findings indicate that although awareness levels differ significantly across gender, awareness alone does not translate into improved sunscreen usage behavior. This highlights the presence of an awareness–practice gap in the studied population.
3.7 Overall Perception of Bio-based Sunscreens
A total of 2501 participants were included in the final analysis. When asked whether bio-based sunscreens are better than chemical-based sunscreens, 1272 participants (50.9%) responded affirmatively, while 1229 participants (49.1%) responded negatively. The findings indicate an almost equal distribution of perception among respondents, suggesting moderate awareness and divided opinion regarding the perceived superiority of bio-based sunscreen formulations.
[image: A graph of blue rectangular objects

AI-generated content may be incorrect.]
FIG 7. Distribution of perception of  bio-based sunscreens among respondents 


3.8 Gender-wise Distribution of Perception
The study population consisted of 1275 females (51%) and 1226 males (49%). Gender-wise analysis showed: Among females, 628 (49.1%) believed bio-based sunscreens are better, whereas 652 (50.9%) did not. Among males, 644 (52.7%) believed bio-based sunscreens are better, whereas 577 (47.3%) did not. Although males demonstrated a slightly higher positive perception compared to females, the difference was marginal.

3.9 Association Between Gender and Perception
A chi-square test of independence was performed to examine the association between gender and perception of bio-based sunscreens.
The analysis revealed:
· χ² = 3.24
· Degrees of freedom (df) = 1
· p = 0.072
Since the p-value was greater than the conventional threshold of 0.05, the association between gender and perception of bio-based sunscreens was not statistically significant.
The present study provides one of the largest cross-sectional assessments of sun exposure awareness and sunscreen usage behavior among adults in Mumbai. A key finding is the strong gender disparity in awareness parameters. Males demonstrated substantially lower awareness of general sun damage and biobased sunscreen concepts compared to females. However, despite these awareness differences, sunscreen usage frequency did not significantly differ by gender. More importantly, regression analysis revealed that awareness did not significantly predict sunscreen usage behavior. This suggests that knowledge alone is insufficient to drive behavioral change. The findings indicate the existence of a behavioral gap between knowledge and preventive action. Factors such as perceived susceptibility, cosmetic motivations, cultural attitudes, affordability, and seasonal misconceptions may play a more influential role than awareness alone. Additionally, nearly two-thirds of participants lacked adequate awareness of sun exposure risks, which is concerning in a tropical urban setting such as Mumbai where UV exposure remains substantial throughout the year. These findings emphasize the need for structured public health interventions that move beyond awareness campaigns and incorporate behavioral reinforcement strategies.




5. Conclusion 
       This large population-based study demonstrates significant gender differences in sunscreen-related awareness but no corresponding difference in sunscreen usage behavior. Awareness alone did not significantly predict usage frequency, highlighting a critical knowledge-practice gap. Given Mumbai’s prolonged sun exposure environment, targeted behavioral interventions and dermatological health education programs are warranted. Strategies should focus not only on increasing awareness but also on improving habitual sunscreen use and correcting seasonal misconceptions.

6. Limitations and strengths 
Strengths
· Large sample size (n = 2501)
· Balanced gender representation
· Multilingual questionnaire
· Application of inferential and regression analysis
Limitations
· Non-probability convenience sampling
· Self-reported data
· Cross-sectional design limiting causal inference
· Online survey bias toward younger population

7. Recommendations 
Targeted public education campaigns to raise awareness of skin tanning, sun exposure, skin cancer and other skin related issues should be taught in schools and college. Gov. of India should run some scheme which provides sun blockers or sun protection creams to people to avoid skin related problems. 
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