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Abstract  Background: Vitamin D deficiency is a 

growing public health issue, even in sun-rich countries like 

India, due to indoor lifestyles, cultural clothing practices, 

and reduced sun exposure. Data from coastal Southern 

Karnataka remain limited. Objective: To assess the 

prevalence and determinants of vitamin D deficiency 

among adults attending a tertiary care centre in coastal 

Southern Karnataka. Methodology: A retrospective cross-

sectional study was conducted using electronic medical 

records of 1,781 adults (≥18 years) who visited a tertiary 

hospital between April and October 2024. Data on 

demographics, clinical conditions, substance use, and 

serum 25-hydroxyvitamin D levels were analysed. Vitamin 

D deficiency was defined as serum levels <20 ng/mL. 

Univariate and multivariate logistic regression identified 

independent predictors, with p<0.05 considered significant. 

Results: Mean vitamin D level was 22.30 ± 13.15 ng/mL. 

Overall, 47.7% were deficient and 37.0% insufficient, 

indicating a high burden. Deficiency was most prevalent 

among younger adults (18–45 years: 58.9%) and 

overweight and obese individuals (63.8%). Older adults 

(>65 years) had better vitamin D status. Females showed a 

1 Ashwini Kumar and Ratna Jay contributed equally to the manuscript. 

slightly higher deficiency rate than males (50.6% vs. 

45.8%). On multivariate analysis, younger age (18–45 

years: odds ratio (OR)=2.45; 95% CI=1.59–3.77; 46–65 

years: OR=1.67; 95% CI=1.15–2.42) and being overweight 

and obese (OR=1.38; 95% CI=1.05–1.81) were 

significantly associated with deficiency. No independent 

associations were found with gender, chronic diseases, 

anaemia, or substance use. Conclusions: Vitamin D 

deficiency is highly prevalent in this region, particularly 

among younger and overweight and obese adults. Targeted 

public health strategies are needed to improve awareness, 

screening, and dietary fortification. 

Keywords  Vitamin D deficiency, Prevalence, Risk 

Factors, India 

1. Introduction

Vitamin D is a fat-soluble prohormone that is vital in 

maintaining calcium and phosphorus homeostasis, 
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supporting bone mineralization, and modulating immune 

and metabolic functions. It exists in two primary forms: 

vitamin D2 (ergocalciferol) and vitamin D3 

(cholecalciferol), which undergo hydroxylation in the liver 

and kidneys to form the biologically active metabolite, 

1,25-dihydroxyvitamin D [1]. Clinically, vitamin D 

deficiency is defined as a serum 25-hydroxyvitamin D 

[25(OH)D] concentration of less than 20 ng/mL [2]. 

Notably, studies have consistently reported a high 

prevalence of vitamin D deficiency in India, ranging from 

50% to 90% across various age groups and regions, 

regardless of geography and climate [3]. Recent studies 

indicate that vitamin D deficiency is widespread even in 

regions with abundant sunlight, including coastal areas like 

Southern Karnataka. A study conducted in this area found 

that around 70% of individuals had deficient vitamin D 

levels, with only 13% showing adequate levels. Similarly, 

a community-based cross-sectional study conducted in 

Southern India among the elderly reported a high 

prevalence of 56.3% [4,5]. Factors such as increasing 

urbanization, sedentary indoor lifestyles, use of sunscreens, 

air pollution, and cultural clothing practices that limit skin 

exposure have contributed to this paradoxical deficiency 

[6,7]. 

Vitamin D deficiency is linked to a wide range of health 

consequences beyond bone disorders, including increased 

risks of infections, autoimmune conditions, metabolic 

syndrome, and certain types of malignancies [8]. 

Identifying the determinants of this deficiency in specific 

regional contexts is essential for designing effective 

prevention and intervention strategies. While studies have 

explored vitamin D status in various parts of India, data 

specific to the coastal belt of Southern Karnataka remain 

limited. This study aims to assess the prevalence and 

identify the determinants of vitamin D deficiency among 

adults attending a tertiary care facility in coastal Southern 

Karnataka, thereby providing evidence to inform targeted 

interventions and public health strategies for this 

population. 

2. Materials and Methods

This retrospective cross-sectional study was based on 

electronic medical records of adults who visited a tertiary 

care hospital for routine outpatient health check-ups 

between April 15 and October 15, 2024. 

A total of 1,781 patients aged 18 years and above were 

included. Records with missing data on key study variables, 

particularly serum vitamin D levels, were excluded. Data 

were extracted using a structured form and included 

demographic details (age and gender), anthropometric 

measurements (body mass index [BMI]), clinical 

parameters (blood pressure), self-reported morbidity (such 

as diabetes, hypertension, cardiovascular diseases, anaemia 

and dyslipidaemia), substance use (tobacco and alcohol), 

and laboratory results for serum 25-hydroxyvitamin D 

levels. The vitamin D levels were measured using the 

Electrochemiluminescence Immunoassay method on an 

automated analyser. As per Endocrine Society guidelines, 

vitamin D deficiency was defined as a serum level below 

20 ng/mL, insufficiency as 21 to 29 ng/mL, and sufficiency 

as 30 to 100 ng/mL [2]. BMI of the study participants was 

classified as <18.5 kg/m2 (underweight), 18.5–24.9 kg/m2 

(normal range), 25–29.9 kg/m2 (overweight), ≥ 30 kg/m2 

(obese) [9]. Blood pressure was categorised into normal 

[Systolic Blood Pressure (SBP) < 120mmHg AND 

Diastolic Blood Pressure (DBP) < 80mmHg], pre-

hypertension [SBP 120-139 mmHg OR DBP 80-89 

mmHg], stage 1 hypertension [SBP 140-159 mmHg OR 

DBP 90-99 mmHg], and stage 2 hypertension [SBP ≥160 

mmHg OR DBP ≥100 mmHg] according to Eighth Joint 

National Committee (JNC 8) guidelines [10]. 

2.1. Statistical Analysis 

Descriptive statistics were used to summarize the study 

population, with categorical variables presented as 

frequencies and percentages and continuous variables as 

means and standard deviations. Univariate logistic 

regression was performed to identify factors associated 

with vitamin D deficiency. Variables with a p-value <0.1 

in the univariate analysis were subsequently included in a 

multivariate logistic regression model to determine 

independent predictors, with odds ratios (ORs) and 95% 

confidence intervals (CIs) reported. A p-value of <0.05 was 

considered statistically significant. Model diagnostics, 

including assessment of goodness-of-fit (Hosmer-

Lemeshow test p=0.706) and checks for multicollinearity 

(VIF<5), were performed to ensure the robustness of the 

model. Statistical analyses were conducted using the 

Statistical Package for the Social Sciences (SPSS) version 

16. 

2.2. Ethical Considerations 

Ethical approval was obtained from the Institutional 

Ethics Committee [IEC: 141/2024], and the requirement 

for informed consent was waived due to the retrospective 

nature of the study and the use of anonymized data. 

Additionally, permission to access hospital records was 

obtained from the Medical Superintendent of the institution. 

3. Results

3.1. Background Characteristics of the Study 

Population 

Our study included 1,781 adult participants with a mean 

age of 49.41 ± 12.95 years, of whom 1,071 (60.1%) were 

males. The largest proportion of participants belonged to 

the 46–65 years age group (835; 46.9%). Substance use was 



 Universal Journal of Public Health 13(5): 1303-1311, 2025 1305 

 

reported by 406 individuals (22.8%), with alcohol being the 

most commonly used substance (355; 19.9%), followed by 

tobacco (158; 8.9%). Concerning nutritional status, 773 

participants (43.4%) were classified as overweight. Blood 

pressure assessments indicated that a majority (1,415; 

79.4%) were pre-hypertensive as per JNC8 (Eighth Joint 

National Committee) classification of hypertension. A 

substantial proportion of participants also presented with 

one or more chronic conditions, including cardiovascular 

and metabolic disorders, as depicted in Table 1. 

The mean serum vitamin D level was 22.30 ± 13.15 

ng/mL. Overall, 850 participants (47.7%) were vitamin D 

deficient, 659 (37.0%) had insufficient levels, and 272 

(15.3%) had sufficient levels. 

Vitamin D status varied significantly across age groups 

(p < 0.001). Deficiency was most prevalent among 

participants aged 18–45 years (437; 58.9%) and least 

among those >65 years (50; 24.5%). In contrast, 

sufficiency was highest in the >65 age group (55; 27.0%) 

and lowest in the 18–45 group (81; 10.9%). These findings 

indicate a higher burden of vitamin D deficiency among 

younger adults, as depicted in Table 2. 

Table 1.  Background characteristics of the study population (n=1781) 

Variables Frequency (%) 

Age in years  

18-45 742 (41.7) 

46-65 835 (46.9) 

>65 204 (11.5) 

Gender  

Male 1071 (60.1) 

Female 710 (39.9) 

Substance use  

Yes 406 (22.8) 

No 1375 (77.2) 

Type of substance use (n=406)  

Alcohol 355 (19.9) 

Tobacco 158 (8.9) 

BMI (Body Mass Index)  

Underweight 32 (1.8) 

Normal 633 (35.5) 

Overweight 773 (43.4) 

Obese 343 (19.3) 

Blood pressure  

Normal 359 (20.2) 

Pre-hypertension 1415 (79.4) 

Stage 1 hypertension 6 (0.3) 

Stage 2 hypertension 1 (0.1) 

Chronic illnesses  

Cardiovascular diseases 784 (44.0) 

Hypertension 577 (32.4) 

Diabetes Mellitus Type 2 402 (22.6) 

Anemia 193 (10.8) 

Dyslipidemia 136 (7.6) 
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Table 2.  Status of Vitamin D as per Age (n=1781) 

Vitamin D levels (ng/ml) Age category in years p value 

 18-45 46-65 >65 <0.001 

Deficiency (<20) 437 (58.9) 363 (43.5) 50 (24.5) 

Insufficiency (≥20-<30) 224 (30.2) 336 (40.2) 99 (48.5) 

Sufficiency (≥30) 81 (10.9) 136 (16.3) 55 (27.0) 

 

Figure 1.  The distribution of Vitamin D Status by gender among study participants (n=1781) 

Figure 1 shows that vitamin D deficiency (<20 ng/ml) 

was slightly more prevalent among females (50.6%) 

compared to males (45.8%). In contrast, males had a 

slightly higher rate of insufficiency (38.7% vs. 34.5%). 

Vitamin D sufficiency (≥30 ng/ml) was similar in both 

genders (15.5% in males vs. 14.9% in females). These 

results suggest a marginally higher burden of deficiency 

among females. 

The chi-square test revealed a statistically significant 

association between vitamin D status and hypertension    

(p < 0.001), obesity (57.7% vs. 44.2% in normal BMI, p = 

0.02), diabetes mellitus (p = 0.030), dyslipidaemia (p = 

0.034), and cardiovascular diseases (p = 0.032). No 

significant associations were found with anaemia, 

substance use, and calcium levels. 

On univariable analysis, age 18–45 years, 41–65 years, 

overweight, and obese individuals were significantly 

associated with higher odds of vitamin D deficiency, while 

diabetes mellitus and hypertension showed inverse 

associations. On multivariable analysis, lower age (18-45 

years: OR = 2.45; 95% CI= 1.59-3.77 and 46-65 years: 

OR=1.67; 95% CI= 1.15-2.42), being overweight and 

obese (OR=1.38; 95% CI= 1.05-1.81) were at higher odds 

of vitamin D deficiency. No significant associations were 

observed between vitamin D deficiency and diabetes 

mellitus, hypertension after adjusting for confounders as 

depicted in Table 3 and Table 4. 
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Table 3.  Univariate Logistic Regression: Association of Individual Risk Factors with Vitamin D Deficiency (n=1781) 

Characteristics Vitamin D deficiency (n, %) OR (95% CI) p value for OR 

 Yes No   

Age in years     

18-45 661 (43.8) 81 (29.8) 3.01 (2.05-4.43) <0.001 

46-65 699 (46.3) 136 (50.0) 1.89 (1.32-2.72) <0.001 

>65 149 (9.9) 55 (20.2) 1  

Gender     

Male 905 (60.0) 166 (61.0) 1  

Female 604 (40.0) 106 (39.0) 1.05 (0.80-1.36) 0.743 

BMI     

Normal 520 (34.5) 113 (41.5) 1  

Underweight 27 (1.8) 5 (1.8) 1.17 (0.44-3.11) 0.748 

Overweight and obese 962 (63.8) 154 (56.6) 1.36 (1.04-1.77) 0.024 

Substance use     

Yes 345 (22.9) 61 (22.4) 1.03 (0.75-1.39) 0.875 

No 1164 (77.1) 211 (77.6) 1  

Diabetes Mellitus     

Yes 326 (21.6) 76 (27.9) 0.71 (0.53-0.95) 0.022 

No 1183 (78.4) 196 (72.1) 1  

Hypertension     

Yes 462 (30.6) 115 (42.3) 0.60 (0.46-0.79) <0.001 

No 1047 (69.4) 157 (57.7) 1  

Dyslipidemia     

Yes 679 (45.0) 105 (38.6) 1.30 (0.99-1.69) 0.051 

No 830 (55.0) 167 (61.4) 1  

Cardiovascular diseases     

Yes 108 (7.2) 28 (10.3) 0.67 (0.43-1.04) 0.075 

No 1401 (92.8) 244 (89.7) 1  

Anemia     

Yes 165 (10.9) 28 (10.3) 1.07 (0.70-1.63) 0.755 

No 1344 (89.1) 244 (89.7) 1  

OR: odds ratio, CI: confidence interval 

*Bold fonts indicate that the values are statistically significant. 
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Table 4.  Multivariate Logistic Regression: Independent Predictors of Vitamin D Deficiency (n=1781) 

Characteristics Vitamin D deficiency (n, %) OR (95% CI) p value for OR 

 Yes No   

Age in years     

18-45 661 (43.8) 81 (29.8) 2.45 (1.59-3.77) <0.001 

46-65 699 (46.3) 136 (50.0) 1.67 (1.15-2.42) 0.007 

>65 149 (9.9) 55 (20.2) 1  

BMI     

Normal 520 (34.5) 113 (41.5) 1  

Underweight 27 (1.8) 5 (1.8) 1.17 (0.44-3.17) 0.751 

Overweight and obese 962 (63.8) 154 (56.6) 1.38 (1.05-1.81) 0.020 

Diabetes Mellitus     

Yes 326 (21.6) 76 (27.9) 0.95 (0.69-1.29) 0.726 

No 1183 (78.4) 196 (72.1) 1  

Hypertension     

Yes 462 (30.6) 115 (42.3) 0.76 (0.56-1.03) 0.081 

No 1047 (69.4) 157 (57.7) 1  

Dyslipidemia     

Yes 679 (45.0) 105 (38.6) 1.29 (0.99-1.69) 0.063 

No 830 (55.0) 167 (61.4) 1  

Cardiovascular diseases     

Yes 108 (7.2) 28 (10.3) 0.87 (0.56-1.38) 0.562 

No 1401 (92.8) 244 (89.7) 1  

*Bold fonts indicate that the values are statistically significant. 

4. Discussion 

This study highlights a high prevalence of vitamin D 

deficiency and insufficiency among adults attending a 

tertiary care centre in coastal Southern Karnataka despite 

the region’s ample sunlight. Nearly half (47.7%) of the 

participants were vitamin D deficient (<20 ng/mL), and an 

additional 37.0% were insufficient (20–<30 ng/mL), 

consistent with earlier Indian studies reporting deficiency 

rates between 50% and 90% irrespective of geographic 

location or sunlight availability [3]. The high prevalence 

observed in this population may be attributed to multiple 

factors, including limited sun exposure due to indoor 

lifestyles, traditional clothing, increased skin pigmentation, 

and poor dietary vitamin D intake. 

Gender-wise distribution showed a slightly higher 

prevalence of deficiency among females (50.6%) 

compared to males (45.8%), although the association was 

not statistically significant. Similar trends have been 

observed in earlier studies and may be attributed to the 

lower cutaneous synthesis of vitamin D among women due 

to traditional clothing, reduced outdoor activity, and 

differences in body fat composition [6,7]. 

Interestingly, the youngest age group (18–45 years) 

demonstrated the highest prevalence of deficiency (58.9%), 

which contrasts with the conventional belief that older 

adults are at greater risk. This finding aligns with recent 

Indian studies suggesting that younger, urban-dwelling 

adults may have reduced sun exposure due to indoor 

occupations, sedentary lifestyles, and sunscreen use 

[11,12]. On the other hand, vitamin D sufficiency increased 

with age in our study, with the highest rates among 

participants aged over 65 years. This counterintuitive trend 

may be explained by the fact that older adults are more 

likely to undergo routine medical evaluations during which 

vitamin D levels are commonly monitored and corrected, 

especially in the presence of chronic conditions such as 

diabetes, osteoporosis, or cardiovascular disease [13]. 

These observations are similar to a study done in southern 

India where they found that older individuals tended to 

have better vitamin D status than their younger 

counterparts, which they attributed to physician-prescribed 

supplementation and potentially greater exposure to 

outdoor activities post-retirement [14]. 

Overweight and obesity were independently associated 

with a higher risk of vitamin D deficiency in our study. 

Individuals with excess body weight showed 38% greater 

odds of deficiency after adjusting for confounders. This 
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relationship is well-established in the literature and is 

primarily attributed to the sequestration of vitamin D in 

adipose tissue, which lowers its bioavailability for 

physiological functions [15]. Moreover, individuals with 

higher BMI often exhibit reduced outdoor activity and sun 

exposure, further limiting endogenous vitamin D synthesis 

[16]. These findings underscore the importance of routine 

screening and targeted supplementation strategies in 

overweight and obese populations to mitigate the risk of 

hypovitaminosis D. 

Our study observed no significant association between 

substance use and vitamin D deficiency. A recent meta-

analysis reported a modest association between smoking 

and lower serum vitamin D levels, though the effect was 

heterogeneous and confounded by lifestyle factors [17]. 

Unadjusted analyses in our study revealed inverse or 

borderline associations between vitamin D deficiency and 

chronic conditions such as diabetes mellitus, hypertension, 

dyslipidemia, and cardiovascular diseases. Interestingly, 

individuals with diabetes and hypertension were less likely 

to be vitamin D deficient in univariate analysis, although 

these associations lost significance after adjusting for age 

and BMI. This finding may reflect increased medical 

surveillance, routine vitamin D testing, and 

supplementation among patients with chronic diseases [18]. 

Vitamin D deficiency has been implicated in the 

pathogenesis of several chronic diseases through its 

potential effects on inflammation, immune modulation, and 

metabolic function [19,20]. Conversely, individuals with 

established chronic conditions such as diabetes and 

hypertension often have more frequent contact with 

healthcare services, leading to greater opportunities for the 

detection and correction of vitamin D deficiency. For 

example, patients with diabetes are frequently screened for 

bone health and cardiovascular risk, during which vitamin 

D testing and supplementation may be offered as part of 

standard care [21]. Similarly, patients with hypertension 

and cardiovascular disease may be advised to optimize 

vitamin D status as part of lifestyle interventions aimed at 

reducing cardiovascular risk [22]. 

Several hospital-based studies have reported similar 

patterns, where patients with chronic conditions tend to 

show higher rates of vitamin D sufficiency compared to 

otherwise healthy individuals, likely due to increased 

health system engagement and proactive management [23, 

24]. Additionally, reverse causality may also play a role, 

wherein patients with chronic diseases who are aware of 

the potential benefits of vitamin D may adopt 

supplementation independently [25]. Therefore, while the 

biological links between vitamin D deficiency and 

cardiometabolic diseases remain an area of ongoing 

research, the observed inverse associations in unadjusted 

analyses may be partly attributable to healthcare-related 

factors rather than direct physiological effects. 

Lastly, anaemia was not significantly associated with 

vitamin D deficiency in our study. While vitamin D has 

been implicated in erythropoiesis and iron metabolism [26], 

evidence is mixed, and anaemia in our population is likely 

multifactorial, influenced by nutritional, inflammatory, and 

chronic disease factors beyond vitamin D status. 

Overall, this study underscores the multifactorial nature 

of vitamin D deficiency in sun-rich environments. Despite 

being located in a coastal tropical region, almost half of the 

adult population were deficient, highlighting the influence 

of behavioural, demographic, and clinical factors beyond 

sunlight availability. These findings echo global trends, 

where vitamin D deficiency remains highly prevalent even 

in equatorial and tropical regions, despite abundant 

sunlight. Modern indoor lifestyles, reduced outdoor 

activity, sun-avoidant behaviours, and cultural practices 

such as clothing that limits skin exposure all contribute to 

this paradox [27, 28, 29]. Recent reviews highlight that 

hypovitaminosis D is a significant public health concern 

across many sunny countries, including India and other 

South Asian regions [29]. 

This study offers several strengths. It leveraged an 

adequate sample size and comprehensive electronic 

medical records, enabling a robust analysis of demographic 

and clinical determinants of vitamin D deficiency in this 

setting. The multivariate approach allowed adjustment for 

key confounders, enhancing the internal validity of the 

findings. This study has several important limitations. First, 

the retrospective cross-sectional design limits the ability to 

establish causal relationships between variables. Second, 

critical determinants of vitamin D status—such as sunlight 

exposure, dietary habits, physical activity levels, skin 

pigmentation, and socioeconomic status were not assessed, 

which may have introduced residual confounding and 

affected the observed associations. Third, the study 

population consisted solely of individuals seeking care at a 

tertiary healthcare facility, potentially limiting the 

generalizability of the findings to the broader community. 

Seasonal fluctuations in vitamin D levels were also not 

considered, which could have influenced the results. 

Moreover, the sample had a gender imbalance, with an 

underrepresentation of female participants, and may have 

included a higher proportion of individuals with comorbid 

conditions, further limiting the applicability of the findings 

to the general population. 

To overcome these limitations, future research should 

employ prospective, community-based designs that 

incorporate lifestyle, nutritional, environmental, and 

behavioural data to more comprehensively understand the 

determinants of vitamin D status and guide targeted public 

health strategies. 

5. Conclusions 

This study highlights a high burden of vitamin D 

deficiency and insufficiency among adults attending a 

tertiary care centre in coastal Southern Karnataka, despite 

abundant sunlight. Younger age and higher BMI emerged 

as independent risk factors, underscoring the growing 



1310  Determinants of Vitamin D Deficiency among Adults in a Tertiary Care Setting in Coastal Southern Karnataka, India:   

A Descriptive Cross-Sectional Study 

influence of modern lifestyle factors on vitamin D status. 

While no significant independent associations were 

observed with chronic conditions after adjustment, patterns 

suggest that healthcare access and routine supplementation 

may influence vitamin D status among patients with 

comorbidities. These findings reinforce the need for 

targeted public health strategies aimed at improving 

vitamin D awareness, screening, and dietary fortification, 

particularly among younger adults, overweight and obese 

individuals, and other high-risk groups. Well-designed, 

community-based prospective studies are needed to further 

explore the multifactorial determinants of vitamin D 

deficiency. Such evidence can inform targeted clinical 

strategies and public health interventions to address and 

prevent vitamin D deficiency in this region. 
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