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Abstract 

Background: Diabetic foot ulcer (DFU) is a severe complication of diabetes mellitus (DM), 

contributing significantly to morbidity and healthcare burden. Kerala, a South Indian state, has a high 

prevalence of diabetes, yet limited data exist on the genetic risk factors for DFU in this population. 

Vitamin D, beyond its role in calcium homeostasis, is crucial for immune regulation and wound 

healing. Methods: In this study, plasma vitamin D levels were evaluated in individuals with DFU 

(n=112), DM without ulcers (n=112), and non-diabetic controls (n=112). We also assessed the 

association of four common vitamin D receptor (VDR) gene polymorphisms—rs7975232 (ApaI), 

rs731236 (TaqI), rs1544410 (BsmI), and rs2228570 (FokI)—with DFU and DM. Results: The arithmetic 

mean 25(OH)D levels were 17.7 ± 14.2 ng/mL (DFU), 19.5 ± 12.4 ng/mL (DM), and 20.6 ± 13.9 ng/mL 

(controls). Geometric means were lower across all groups, with 12.7 ng/mL (DFU), 15.4 ng/mL (DM), 

and 15.7 ng/mL (controls), indicating widespread vitamin D deficiency, especially in DFU cases. 

Among the SNPs studied, rs731236 and rs1544410 showed statistically significant associations with 

DFU. The AG genotype of rs731236 was significantly associated with a reduced risk of DFU 

compared to both DM patients and non-diabetic controls (p < 0.05, OR ≈ 0.5), indicating a strong 

protective effect. Similarly, the TC genotype of rs1544410 showed a protective association against 

DFU (p = 0.0219, OR = 0.51). In contrast, the AA genotype of rs731236 and TT genotype of rs1544410 

were marginally associated with increased DFU risk. No significant associations were found for 

rs2228570 and rs7975232. However, the ff genotype of rs2228570, which is associated with a less active 

VDR protein, was predominantly observed among study participants. VDR polymorphisms, 

especially rs731236 and rs1544410, may significantly influence DFU susceptibility in the Kerala 

population and hold promise as genetic risk markers. Routine vitamin D screening could aid early 

risk assessment in diabetic individuals. 

Keywords: diabetic foot ulcer; diabetes mellitus; VDR gene polymorphism; vitamin D deficiency; 

25(OH)D; DFU; single nucleotide polymorphism 

 

1. Introduction 

Diabetes mellitus (DM) and its associated complications represent a major global health burden, 

with prevalence rising at an alarming rate. Recent estimates predict that by 2050, approximately 1.31 

billion individuals will be living with diabetes, an almost two-and-a-half-fold increase from 529 

million in 2021 [1]. A 2019 prospective study from Kerala reported a cumulative incidence of 21.9% 

for type 2 diabetes mellitus (T2DM) and 36.7% for prediabetes, with nearly 60% of individuals with 
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impaired glucose progressing to T2DM, highlighting an alarming epidemic trend in the region [2]. 

Diabetic foot ulcers (DFUs) are among the most serious complications of diabetes, contributing 

significantly to mortality, hospitalizations, and lower-extremity amputations [3,4]. While peripheral 

neuropathy and peripheral artery disease are well-established clinical risk factors for diabetic foot 

ulcers (DFUs), social determinants such as race, ethnicity, socioeconomic status, and geographic 

location also significantly influence DFU risk and outcomes [5]. 

In India, the prevalence of diabetic foot ulcers (DFUs) among individuals with diabetes ranges 

from 4% to 10%, with hospital-based studies often reporting higher rates. In Kerala, where the burden 

of diabetes is notably high, a hospital-based study involving 277 patients reported a 41.51% 

prevalence of non-healing DFUs [6]. Further emphasizing the regional burden, a more recent study 

found that 51.7% of the diabetic cohort exhibited diabetic foot syndrome, and 18% had active DFUs 

[7]. DFU is characterised by neuropathy, vascular insufficiency, infection, and impaired healing [8,9]. 

In diabetic foot ulcers (DFUs) and other chronic wounds, the normal, systematic sequence of wound 

healing is often disrupted. Healing may be arrested at one or multiple stages due to a lack of 

synchrony in the repair process [10]. Vitamin D plays a crucial immunomodulatory role by reducing 

inflammation, enhancing antimicrobial defence, and supporting tissue homeostasis, functions that 

are highly relevant to wound healing. The vitamin D receptor (VDR) is a nuclear receptor located on 

chromosome 12 (12q13.11) and is responsible for the 1α,25(OH)2D signaling. Polymorphisms in the 

VDR gene can impair these regulatory pathways, potentially contributing to chronic DFUs by 

promoting excessive inflammation, reducing angiogenesis, and weakening immune responses [11]. 

Growing evidence suggests that vitamin D plays a crucial role in the prevention and 

management of diabetes mellitus. Since the vitamin D receptor (VDR) gene and 1-α-hydroxylase, the 

vitamin D metabolizing enzyme, are present in β-cells, vitamin D influences the synthesis and 

secretion of insulin [12–14]. Several studies have reported that serum 25-hydroxyvitamin D 

(25(OH)D) levels are significantly lower in individuals with diabetic foot ulcers (DFU) compared to 

diabetic individuals without foot ulcers, and these lower levels have been associated with increased 

ulcer severity and impaired wound healing [15,16]. Furthermore, a higher risk of developing DFU 

has been linked to specific vitamin D receptor (VDR) genetic variants, particularly rs2228570 [17]. 

Additionally, other studies have shown that increased oxidative stress observed in DFU patients is 

associated with VDR gene polymorphisms rs7975232 and rs2228570, suggesting a potential gene-

environment interaction in the pathogenesis of DFU [18,19]. Despite the growing body of evidence, 

studies examining serum vitamin D levels and VDR gene polymorphisms in the Indian population 

remain limited [20]. In the present study, we analyzed serum vitamin D levels and VDR gene 

polymorphisms among individuals with diabetic foot ulcers (DFU), type 2 diabetes mellitus (T2DM) 

without foot ulcers, and non-diabetic controls from Kerala, India. The most frequently reported VDR 

single-nucleotide polymorphisms, rs7975232 (ApaI), rs731236 (TaqI), rs1544410 (BsmI), and 

rs2228570 (FokI) were selected for investigation. 

2. Materials and Methods 

The present study was conducted in the Thiruvananthapuram district of Kerala. Sample 

collection took place from September 2021 to September 2023. The study was conducted in 

accordance with the Declaration of Helsinki and the research proposal was approved by the 

Institutional Ethics Committee of the General Hospital, Thiruvananthapuram (Approval No. 

13/21/11/19-GHEC; approval date:21-11-2021). The sample size was based on a previous study by 

Selvarajan et al. (2021)(21), which investigated the association of vitamin D receptor (VDR) 

polymorphisms with serum 25(OH)D levels in type 2 diabetes patients from Southern India. 

Assuming a conservative mean difference of 5 ng/mL in serum 25(OH)D levels across VDR genotypes 

and a pooled standard deviation of 11 ng/mL, a minimum of 76 participants per group was required 

to achieve 80% power at a 5% significance level. To ensure higher statistical power (90%) and to 

accommodate subgroup and genotype frequency analyses, 336 participants were included, with 112 

individuals in each group (DFU, DM and healthy control). DFU patients were recruited from the 
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outpatient departments of Saraswathy Hospital, Thiruvananthapuram, and Sree Narayana Trust 

Medical Mission Hospital, Kollam, with the assistance of the respective medical practitioners. 

Diabetic foot ulcers were classified using the Wagner grading system and only Grade 2 and Grade 3 

ulcers with neuroischemic or neuropathic characteristics were included in the study. In the diabetes 

group without ulcers, individuals with no history of current or previous non-healing ulcers were 

enrolled. Participants receiving vitamin D supplementation were excluded. The control group 

comprised healthy individuals aged 45–64 years. General exclusion criteria included age below 45 or 

above 64 years, current or recent use of vitamin D supplements, and the presence of any acute or 

terminal illness other than diabetes mellitus. The DM category individuals with diabetes mellitus 

(DM) and those without foot ulcers were recruited from government Family Health Centres across 

the district. Non-diabetic healthy controls were enrolled from the general community of 

Thiruvananthapuram and Kollam districts. 

All participants were fully informed about the study, and written informed consent was 

obtained from each individual before data and blood sample collection. A total of 4 ml of blood was 

collected intravenously into EDTA-containing vacutainers. Of this, 0.5 ml of whole blood was used 

for DNA isolation. The remaining blood samples were centrifuged at 1500 rpm for 30 minutes to 

separate plasma, which was then stored at -80 °C until further analysis. Additionally, 2 ml of blood 

was collected into sodium fluoride vacutainers for glucose estimation. Vitamin D estimation was 

done using high-pressure liquid chromatography (HPLC). For HPLC, methanol and acetonitrile of 

HPLC grade were purchased from Merck. HPLC standard 25(OH)D was purchased from Sigma (cat 

no.H4014). The procedure involved the following steps. Blood samples were first centrifuged to 

separate the serum. To 500 µl of the serum sample, 350 µl of methanol–2-propanol was added, and 

the mixture was vortexed for 30 seconds. The sample was then extracted three times with 2 ml of 

hexane. After extraction, the phases were separated by centrifugation, and the upper organic layer 

was carefully transferred to a clean tube. This extract was dried under a stream of nitrogen, and the 

resulting residue was dissolved in 100 µl of the mobile phase. High-performance liquid 

chromatography (HPLC) analysis was carried out using a C18 column maintained at 40 °C, with 

detection at 265 nm. Vitamin D status was assessed by quantifying plasma 25-hydroxyvitamin D 

[25(OH)D] levels using High-Performance Liquid Chromatography (HPLC). The concentration of 

25(OH)D was determined based on the area under the curve corresponding to the retention time of 

the known HPLC standard. According to clinical classification guidelines, a 25(OH)D level of less 

than 20 ng/mL was considered vitamin D deficient, levels between 20 and 29 ng/mL were classified 

as insufficient, and levels equal to or greater than 30 ng/mL were considered sufficient. Furthermore, 

values below 5 ng/mL (equivalent to <12.5 nmol/L) were defined as severe vitamin D deficiency. The 

mobile phase consisted of acetonitrile and methanol in a ratio of 20:80. 

Genomic DNA was isolated from 200 µL of whole blood using a commercial DNA isolation kit 

(Primordia Nucleosieve® blood DNA extraction kit, Cat. No.PMD006 ) according to the 

manufacturer’s instructions. SNP genotyping was performed using TaqMan® allele-specific probes 

designed for the selected polymorphisms. The following vitamin D receptor (VDR) gene single-

nucleotide polymorphisms (SNPs) were genotyped: rs7975232 (ApaI), rs731236 (TaqI), rs1544410 

(BsmI), and rs2228570 (FokI). Genotyping of SNPs was performed using real-time PCR with a total 

reaction volume of 5 µL. The reaction mix contained 2.5 µL of TaqMan Universal PCR Master Mix, 

0.25 µL of TaqMan SNP Genotyping Assay (probe), 1.25 µL of nuclease-free water, and 1 µL of 

genomic DNA. The thermal cycling conditions included an initial denaturation at 95 °C for 10 

minutes, followed by 50 cycles of denaturation at 95 °C for 15 seconds and annealing/extension at 60 

°C for 1 minute. Reactions were run on a QuantStudio™ 5 Real-Time PCR System, and genotypes 

were determined using the accompanying QuantStudio™ Design and Analysis Software. 

Statistical analyses were performed using SPSS software Version 16 and Python 3.11.13, utilizing 

appropriate libraries such as SciPy and Pandas. The chi-square goodness-of-fit test was applied to 

assess whether the genotype distributions of each SNP conformed to Hardy–Weinberg equilibrium 

(HWE) within the control group. To evaluate the association between vitamin D receptor (VDR) gene 
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polymorphisms and the presence of diabetic foot ulcers (DFU), binary logistic regression analysis 

was conducted, yielding odds ratios (OR) and 95% confidence intervals (CI) for each SNP. 

Additionally, linkage disequilibrium (LD) and haplotype analyses were performed using Python to 

examine potential genetic linkages between SNP loci and to identify haplotype structures associated 

with DFU risk. 

3. Results 

The present study included a total of 336 participants, comprising 112 patients with diabetic foot 

ulcers (DFU), 112 individuals with diabetes mellitus (DM) without foot ulcers, and 112 healthy non-

diabetic controls. Both male and female participants were enrolled across all groups. The overall 

mean age of the study population was 59.12 ± 11.22 years. The serum vitamin D levels were 17.7 ± 

14.3 ng/mL in the DFU group, 19.5 ± 12.3 ng/mL in the diabetes mellitus (DM) group, and 20.6 ± 14.0 

ng/mL in the healthy control group. The geometric mean of serum vitamin D levels was used to 

account for the skewed distribution of values. Based on this measure, participants in all three groups- 

non-diabetic controls, diabetes mellitus (DM), and diabetic foot ulcer (DFU)- fell within the vitamin 

D-deficient category, indicating a widespread deficiency across the study population. Detailed 

demographic and clinical characteristics of the participants are presented in Table 1. 

Table 1. Demographic and clinical characteristics of the participants. 

  DFU (n=112) DM (n=112) Control (n=112) P value 

Age 60.12±11.01 58.65±11.1 58.5 ±11.6 0.132 

Gender M/F 72/40 37/71 38/74 0.758 

HbA1C % 9.19 ± 3.62 9.22 ± 3.63 4.81 ± 1.05 0.0001 

Vitamin D ng/mL (Arithmetic mean) 17.7±14.2 19.5±12.4 20.6±13.9 0.135 

Vitamin D ng/mL (Geometric mean) 12.7 15.4 15.7   

Blood sugar 217±103.9 217±104.03 91.29±30.29 0.001 

Duration of diabetes (Years) 12.1±5.01 11.6±7.02 NA 0.26 

All four VDR SNPs-rs7975232, rs731236, rs1544410, and rs2228570-exhibited minor allele 

frequencies (MAF) above 0.2, indicating that they are polymorphic and thus suitable for association 

analysis. Furthermore, all SNPs were found to be in Hardy-Weinberg equilibrium (HWE), with p-

values > 0.05, suggesting no significant deviation from expected genotype frequencies in the study 

population (Table 2). 

Table 2. Allele frequency table. 

SNP Alleles Major Allele Minor Allele MAF ChiÂ² p-Value 

rs2228570 A/G G A 0.245763 0.4698 0.493075 

rs731236 A/G A G 0.400338 0.349 0.554676 

rs1544410 T/C T C 0.489967 0.0797 0.777707 

rs7975232 A/C A C 0.416118 1.0598 0.303263 

The genotype distributions across the DFU, DM, and control groups are summarized in Table 3. 

The AG genotype of rs731236 was significantly associated with a reduced risk of developing diabetic 

foot ulcer (DFU) when compared with both the diabetes mellitus (DM) group (p = 0.0186, OR = 0.51, 

95% CI: 0.29–0.88) and non-diabetic controls (p = 0.0204, OR = 0.50, 95% CI: 0.28–0.89), indicating a 

strong protective association. Similarly, the TC genotype of rs1544410 showed a significant protective 

effect against DFU when compared with controls (p = 0.0219, OR = 0.51, 95% CI: 0.29–0.90). 
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Table 3. Genotype frequencies across DFU DM and Control group. 

Polymorphism Genotype DFU(n) DFU (%) 
Group 

compared 
Group(n) Group (%) p-Value OR 95%CI 

rs731236 AG 43 38.68 DM 62 55.34 0.0186 0.51 0.29-0.88 

        C 63 55.81 0.0204 0.5 0.28-0.89 

rs731236 GG 21 18.87 DM 12 10.68 0.1198 1.95 0.88-4.3 

        C 18 16.28 0.7061 1.2 0.56-2.54 

rs731236 AA 48 42.45 DM 38 33.98 0.2549 1.43 0.82-2.51 

        C 31 27.91 0.049 1.91 1.04-3.5 

rs1544410 TC 46 40.74 DM 57 50.49 0.1687 0.67 0.39-1.16 

        C 64 57.47 0.0219 0.51 0.29-0.9 

rs1544410 CC 30 26.85 DM 26 23.3 0.6344 1.21 0.65-2.26 

        C 26 22.99 0.6191 1.23 0.64-2.37 

rs1544410 TT 36 32.41 DM 29 26.21 0.3657 1.35 0.74-2.45 

        C 22 19.54 0.0511 1.97 1.01-3.84 

rs7975232 AA 39 35.14 DM 42 37.74 0.7779 0.89 0.51-1.55 

        C 36 32.56 0.7626 1.12 0.62-2.04 

rs7975232 AC 53 47.75 DM 51 45.28 0.7857 1.1 0.65-1.88 

        C 49 44.19 0.6667 1.15 0.66-2.03 

rs7975232 CC 19 17.12 DM 19 16.98 1 1.01 0.5-2.05 

        C 26 23.26 0.3676 0.68 0.34-1.38 

rs2228570 GG 68 60.95 DM 64 57.28 0.6724 1.16 0.67-2.02 

        C 61 54.65 0.4613 1.3 0.73-2.31 

rs2228570 AG 38 34.29 DM 38 33.98 1 1.01 0.57-1.8 

        C 43 38.37 0.6499 0.84 0.46-1.52 

rs2228570 AA 6 4.76 DM 10 8.74 0.2814 0.52 0.17-1.61 

        C 8 6.98 0.5473 0.67 0.2-2.26 

In addition, the AA genotype of rs731236 (p = 0.049, OR = 1.91, 95% CI: 1.04–3.50) and the TT 

genotype of rs1544410 (p = 0.0511, OR = 1.97, 95% CI: 1.01–3.84) were marginally significant, 

suggesting a possible increased risk of DFU associated with these genotypes. In contrast, no 

significant associations were observed for any genotypes of rs2228570 and rs7975232 in comparisons 

with either DM or control groups. 

In the DFU group, a strong linkage disequilibrium (LD) was observed between rs731236 and 

rs1544410 (D′ = 0.8803; r² = 0.5327), whereas other SNP pairs exhibited weaker LD. Similarly, the DM 

group showed strong LD between the same SNPs (D′ = 0.8727; r² = 0.4962), while in the control group, 

the correlation between rs731236 and rs1544410 was minimal (r² = 0.0455), despite D′ = 1, suggesting 

low predictive value due to allele frequency differences. Additionally, the DM group exhibited 

increased LD between rs2228570 and rs1544410 (D′ = 1; r² = 0.4688), which was notably higher than 

that observed in both the DFU and control groups (Figure 1). 

 

Figure 1. Comparative Linkage Disequilibrium structure of SNPs. 
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4. Discussion 

The VDR is a ligand-inducible transcription factor that regulates various physiological 

processes, including calcium homeostasis and immune system function. It becomes activated upon 

binding with the biologically active form of vitamin D, 1,25-dihydroxyvitamin D₃ (calcitriol), leading 

to the modulation of gene expression involved in these critical pathways [9]. In the present study, we 

compared plasma vitamin D levels among individuals with diabetic foot ulcers (DFU), those with 

diabetes mellitus (DM), and non-diabetic controls from the Kerala population. Although plasma 25-

hydroxyvitamin D (25(OH)D) levels were lower in the DM and DFU groups compared to the control 

group, these differences were not statistically significant. A similar trend was previously reported in 

a South Indian population by Kurian SJ et al., 2024 [16]. Notably, all three groups in our study 

exhibited vitamin D deficiency, highlighting a significant and potentially overlooked public health 

concern within the Kerala population. This finding emphasizes the importance of screening, targeted 

supplements, and community-level interventions in this region. Additionally, we analyzed the most 

commonly studied single nucleotide polymorphisms (SNPs) in the vitamin D receptor (VDR) gene-

rs7975232, rs731236, rs1544410, and rs2228570-to assess their association with DFU susceptibility. 

The Fok1 SNP (rs2228570 A>G) is located in exon 2, specifically at the start codon of the Vitamin 

D Receptor (VDR) gene. This polymorphism affects the translation initiation site, resulting in the 

production of either a shorter VDR protein (comprising 424 amino acids) or a longer form (containing 

427 amino acids). The shorter form, associated with the F allele, is considered to be more 

transcriptionally active. Mutations at rs2228570 can influence calcium homeostasis, insulin secretion, 

and immune regulation, thereby playing a potential role in the development of various metabolic 

and immune-related diseases [21,22]. In the present study, neither rs2228570 nor rs7975232 showed 

a statistically significant association with any of the study groups (DFU, DM, or controls), suggesting 

that these polymorphisms may not be directly linked to DFU susceptibility in the Kerala population. 

Notably, the GG genotype (ff) of rs2228570 was observed in 57.6% of participants, indicating a 

potential prevalence of the less active variant of the vitamin D receptor (VDR) protein. This high 

frequency of the ff genotype, coupled with the widespread vitamin D deficiency observed across both 

control and case groups, may reflect an underlying genetic influence on vitamin D metabolism in this 

population. To validate these findings and better understand the genetic contribution, we 

recommend large-scale population-based screening of rs2228570 and related VDR SNPs in the Kerala 

population. The other three SNPs, viz., rs7975232 (ApaI), rs731236 (TaqI), and rs1544410 (BsmI), are 

located in the 3′ untranslated region (UTR) of the VDR gene. Although these polymorphisms do not 

directly affect the amino acid sequence of the VDR protein, they may influence mRNA stability, 

leading to altered VDR gene expression. Such changes can impact vitamin D-mediated immune 

modulation, particularly by affecting the production of key cytokines such as interleukin-10 (IL-10) 

and tumour necrosis factor-alpha (TNF-α) [23]. The SNPs rs731236 and rs1544410 have shown 

statistically significant association with the DFU in our study. The heterozygous genotype of rs731236 

(AG) and rs1544410(TC) is found to be protective in DFU, suggesting a possible heterozygote 

advantage. These findings support the hypothesis that VDR genetic variation may modulate DFU 

risk, potentially through mechanisms involving altered receptor activity, gene expression regulation, 

or downstream immunomodulatory effects. Importantly, strong linkage disequilibrium (LD) 

between rs731236 and rs1544410 was observed in both the DFU (D′ = 0.8803; r² = 0.5327) and DM (D′ 

= 0.8727; r² = 0.4962) groups, indicating that these SNPs are likely co-inherited as part of a shared 

haplotype block in individuals with disease. In contrast, the control group exhibited minimal 

correlation (r² = 0.0455) between these loci, despite a high D′ value (D′ = 1), suggesting that allele 

frequencies differ substantially in unaffected individuals, thereby reducing the predictive value of 

one SNP for the other in the healthy population. These findings suggest a potential shift in haplotype 

structure and allele co-inheritance patterns among disease groups compared to healthy controls, 

particularly in the vicinity of the VDR gene region. Very few studies have focused on VDR gene 

polymorphism and diabetic foot ulcers. The most consistent associations were observed with Fok1 

and Apa1 variants [16,18,19,24].Our study findings with association of Taq1 and Bsm1 SNPs with 
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protective heterozygous effects and notable LD patterns- add new, valuable data from the Kerala 

population, where these SNPs have been understudied. Additionally, the AA genotype of rs731236 

and the TT genotype of rs1544410 showed marginally significant associations with increased risk of 

diabetic foot ulcers. Given that vitamin D functions both as a nutrient and a pro-hormone, these 

findings support the integration of nutritional assessment with genetic screening to personalize 

preventive strategies. The lowest 25(OH)D levels were observed in the DFU group, further 

reinforcing the importance of routine vitamin D screening as part of comprehensive diabetic care. 

Overall, this study underscores the need for a multidimensional approach- one that incorporates 

nutritional interventions, genetic screening, and public health policy—to reduce DFU risk and 

improve metabolic health in regions with a high burden of vitamin D deficiency and diabetes. 

5. Conclusions 

This study highlights the prevalence of vitamin D deficiency among individuals with diabetic 

foot ulcers, diabetes mellitus without foot ulcers, and non-diabetic controls in the Kerala population. 

Our findings indicate that two VDR gene polymorphisms-rs731236 and rs1544410-are significantly 

associated with DFU, suggesting a possible genetic predisposition linked to vitamin D receptor 

function. In contrast, rs2228570 and rs7975232 showed no significant association with the condition. 

These results underscore the potential role of VDR gene variants in the pathogenesis of DFU and 

support the need for further studies to explore their functional implications and utility as genetic 

markers in risk stratification. 
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