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Abstract

Background: Vitamin D, in addition to its role in calcium homeostasis, also functions to activate innate immunity and accelerates
the healing process. About one billion people across the world are either deficient or insufficient in vitamin D. Studies have reported

that vitamin D deficiency is a risk factor for developing diabetes.

Objective: The study aims to evaluate the relationship between vitamin D levels and the presence of foot ulcers in type 2

diabetic patients.

Methods: The convenience sample method was used in this pilot cross-sectional study to recruit adult patients with type 2
diabetes, both with and without diabetic foot ulcers. Vitamin D levels in all subjects were measured prospectively during data

collection.

Results: A study of 156 participants (63.5% males, 36.5% females) with an average age of 72.31 years and an average diabetes
duration of 10.98 years found a statistically significant difference in mean vitamin D levels between those with foot ulcers (34.73
nmol/L) and those without (43.81 nmol/L) (p < 0.027). The average vitamin D level for the sample was 39.27 nmol/L (95% CI 35.2

-43.3,p <0.001).

Conclusion: The study highlights the high prevalence of vitamin D deficiency among individuals with type 2 diabetes, particularly
those with diabetic foot ulcers. It suggests a correlation between lower vitamin D levels and foot ulcers, suggesting the importance
of vitamin D in managing diabetic complications. Further research is needed to understand its therapeutic benefits.
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Introduction

The global prevalence of diabetes has surged over the years,
affecting around 422 million adults in 2014, up from 108 million
in 1980. Obesity is one of several causes contributing to the glob-
al doubling of diabetes cases since 1980 [1]. Diabetes prevalence
has increased significantly in the Irish population, according to a
meta-analysis and systematic review conducted between 1998 and
2015. During this time, the prevalence rose significantly, from 2.2%
in 1998 to 5.2% in 2015. Complication rates also rose, with retinal

going from 6.5% to 25.2%, neuropathy from 3.2% to 32%, and ne-
phropathy from 2.5% to 5.2% [2]. According to the International Di-
abetes Federation Atlas (2013), by 2030, the adult population aged
20 to 79 years would have an estimated 278,850 diabetes cases [3].
Diabetes prevalence has risen as a result of improved screening
procedures, increasing awareness, and population expansion. Type
2 diabetes, which affects 90-95% of diabetics, is the world’s seventh
greatest cause of mortality. The World Health Organization defines
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diabetic foot disease as “foot ulceration associated with neuropathy
and varying degrees of ischemia and infection.”[4]. Approximately
15% of individuals with type 2 diabetes mellitus will have lower
extremities problems throughout their lifetime [5]. The global an-
nual incidence of diabetic foot ulceration among diabetics is 6.3%
[6]. Individuals with diabetic foot illness have a 2.5-fold increased
risk of mortality within five years than those without [7]. More than
50% of diabetic foot ulcer patients experience an infection, and
20% of those with moderate to severe diabetic foot ulcers require
some kind of amputation. This situation contributes to mortality
rates that for all diabetic patients surpassing 70% within five years,
and for those receiving renal replacement treatment, they approach
74% after two years. [8]. Diabetic foot ulceration not only increas-
es death rates among diabetics, but it also places a huge financial
strain on healthcare systems. Diabetic foot issues are frequently
more expensive to treat than common malignancies [9]. The CO-
DEIRE study, which was conducted in Ireland, evaluated the direct
healthcare expenses associated with controlling type 2 diabetes.
The data found that diabetes-related charges consumed 10% of the
national health budget, with hospitalization for complications ac-
counting for 49% of that spending [10]. Given that these problems
are frequently avoidable, prioritizing illness prevention and related
complications would be a cost-effective strategy. Diabetic foot dis-
ease not only jeopardizes physical health but also reduces overall
quality of life. According to Sana A AlSadrah’s research, people with
type 2 diabetes mellitus who have foot illness have not only physi-
cal morbidities but also mental health repercussions [11].

Vitamin D is available in two forms, namely vitamin D2 (ergo-
calciferol) and vitamin D3. Vitamin D deficiency can develop when
sources are insufficient or unavailable. Vitamin D, when received
by diet, is absorbed in the small intestine together with fats and
other fat-soluble vitamins. Furthermore, exposure to the sun’s UV
rays allows for the non-enzymatic production of vitamin D3, which
enters the bloodstream [12]. Vitamin D2 and D3 are both physio-
logically inactive unless they are activated and metabolized in two
steps. The liver and kidneys convert vitamin D into its active form.
Individuals with liver and renal abnormalities, such as diabetes, are
particularly vulnerable to vitamin D insufficiency because vitamin
D is not properly activated for biological function. The active form
of vitamin D is known as 1,25-dihydroxycalcitriol. Measuring vita-
min D levels (25 hydroxyvitamin D) is the most accurate way to as-
sess an individual’s vitamin D status. Vitamin D levels are regarded
ideal between 30-80 ng/ml, whereas values between 21-29 ng/ml
are defined as vitamin D insufficiency and levels below 20 ng/ml as
vitamin D deficiency [13]. In addition to the variables listed above,
the Western diet is often lacking in vitamin D-rich foods, making
the Western population more susceptible to vitamin D deficiency
[14,15]. A study of elderly Irish adults (aged 50-98) found that the
prevalence of vitamin D insufficiency was 13.1%. Furthermore, the
study discovered that the frequency of vitamin D deficiency was
higher among smokers, obese adults, and physically inactive people
[16].

Zehra Ozfirat stated in her review study that there is strong ep-
idemiological evidence that vitamin D insufficiency has a role in the
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development of type 2 diabetes [17]. However, a thorough examina-
tion of the available literature on the relationship between vitamin
D level and diabetic foot disease reveals a dearth of major study in
this area, highlighting the need for future exploration. Nonetheless,
a thorough evaluation of the literature suggests a link between vita-
min D insufficiency and diabetic foot problems, as well as infection.
It also implies that vitamin D supplementation may be beneficial in
diabetic foot condition, while no precise dosage is indicated [18].
While the majorities of studies suggest association between vitamin
D deficiency to diabetic foot disease, one study found that patients
with foot ulcers had higher vitamin D levels [19]. More large-scale
randomized controlled trials are required to determine a definitive
association. A recent systematic review and meta-analysis of seven
publications and 1,115 patients found that those with diabetic foot
disease had considerably lower vitamin D levels than those without
foot ulcers. According to this investigation, there is a significant risk
of developing diabetic foot disease due to vitamin D insufficiency. It
also implies that vitamin D supplementation might be a beneficial
therapeutic choice for people who have both diabetes and ulcers on
their feet [20]. It is imperative to recognize the limitations of this
research, such as the relatively small sample sizes and the incorpo-
ration of both prospective and retrospective cohort studies.

This study investigates the relationship between diabetic foot
ulcers, a serious diabetes-related condition, and vitamin D insuf-
ficiency. It seeks to comprehend the function of vitamin D in the
onset and evolution of ulcers, with the goal of maybe discovering
vitamin D supplementation as a viable therapeutic option for indi-
viduals with diabetic foot ulcers.

Methods

A convenience sample of 156 adult patients with type 2 diabe-
tes seeking diabetic, vascular, and podiatry treatments at Waterford
University Hospital participated in this prospective cross-sectional
study. The purpose of the study was to look into whether type 2 dia-
betic patients had foot ulcers. Individuals were chosen one after the
other until the target sample size was reached. T Yamane’s method
was used to compute the sample size, which was then accompanied
by an 8% margin of error. Exclusion criteria included patients with
end-stage renal or hepatic disease, type 1 diabetes, gestational di-
abetes, and those who had used calcium or vitamin D supplements
during the previous six months. The single-blind trial was carried
out between June and August of 2020. Patients in Group 1 had both
type 2 diabetes and foot ulcers, while patients in Group 2 had type 2
diabetes but no foot ulcers. Wegner’s categorization was used to ex-
amine diabetic foot ulcers in each group, which had 78 participants.
An open wound or sore that usually develops on the sole of the foot
in diabetics is referred to as a diabetic foot ulcer.

Demographic information, such as a history of diabetes and cig-
arette smoking, was obtained. The BMI was computed by dividing
weight in kilos by height in meters squared. Glycated hemoglobin
(HbA1c) levels were determined in non-fasting venous blood sam-
ples using dipotassium or tripotassium ethylenediaminetetraacetic
acid (K2EDTA or K3EDTA) tubes. The cation exchange procedure
was carried out utilizing a Tosoh G8 HPLC Analyzer. The findings
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were published in units of the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) [21,22]. Serum 25-(0OH)
D3 levels were measured using an immunoassay on a Cobas 602
Roche analyzer utilizing the electrochemiluminescence (ECLIA)
method. The concentrations were measured in nmol/L D. The IOM
standards classified deficiency, inadequacy, and adequacy as <30
nmol/L, 30-50 nmol/L, and >50 nmol/L. The Glomerular Filtration
Rate (GFR) was determined using the shortened Modification of
Diet in Renal Disease (MDRD) equation. Non-fasting plasma sam-
ples were evaluated for calcium and phosphate levels using Roche
Diagnostics’ Cobas 8000 modular analyzer series (USA) [23].

The principal investigator placed the obtained data into a Mi-
crosoft Office Excel datasheet. The Statistical Processing for The
Social Sciences (SPSS) program for Windows, version 23, was used
for data coding and analysis. The analysis included figuring out the
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average vitamin D levels in each group of research participants. An
independent student’s t-test was used, with a significance level set
at p < 0.05, to compare the means of vitamin D levels between the
two groups and compare them with the mean values reported in
the TILDA data. For categorical variables, percentages and frequen-
cies were computed. The University Hospital Waterford Research
Ethics Committee granted ethical permission for the project.

Results

The study enrolled 156 patients, with 99 (63.5%) males and
57 (36.5%) females. The individuals’ average age was 72.31 years
(95% CI 70.5-74.1), and the average duration of diabetes was 10.98
years (95% CI 9.91-12.1). Notably, the elderly patients (>80 years
old) had the largest proportion of vitamin D insufficiency. Table 1
shows the demographic characteristics of the study participants, as
well as their average vitamin D levels.

Table 1: Characteristics of study participants and mean plasma 25 (OH) D concentrations (nmol/L).

*Cutoffs based on the IOM guidelinees™*. *p value after applying independent sample t-test

Vitamin D levels?®

Characteristics Subjects (n) Mean n=156 nmol /L <30nmol/L (Defi- | 30-50nmol/L (Inade- | >50nmol/L (Adequa-
(95% of CI) ciency)% quacy)% cy)%
Age (years)
35-49 9 36.5(29.6 - 43.4) 33.6 55.6 111
50-59 13 33.45 (26.6 - 40.3) 53.8 23.1 23.1
60-69 37 36.84 (30.4 - 43.3) 48.6 29.7 21.6
70-79 45 50.64 (43.8-57.5) 28.9 26.7 44.4
>80 52 33.1(26.2-40.0) 57.7 25 17.3
Gender
Male 99 39.49 (34.1-44.9) 50.5 21.2 283
Female 57 38.88 (33.1-44.7) 36.8 40.4 22.8
Pb 0.881
Smoking History
Smokers (C + Ex) 83 42.68 (36.8 - 48.5) 42.2 241 33.7
Non-smokers 73 35.39 (30.0-40.8) 49.3 329 17.8
Pb 0.075
Duration of Diabetes
<7 years 43 47.87 (37.9-57.9) 42 26 32
>7 years 113 36 (32.1 - 39.9) 47.2 29.2 23.6
Pb 0.01
Medication for Dia-
betes
Diet controlled 14 40.46 (33.6 - 47.3) 35.7 28.6 35.7
Tablets 95 43.27 (37.8-48.8) 389 26.3 34.7
Insulin plus tab 33 30.99 (23.7-38.3) 60.6 33.3 6.1
Insulin only 14 30.48 (20.4 - 40.6) 64.3 28.6 7.1
BMI (Kg/m2)
<25 47 (BMI <30) 57.44 19.14 23.4
25-29.99 56 42.16 (35.0-49.3) 44.64 28.57 26.78
30-40 42 (BMI >30) 35.71 30.95 33.33
>40 11 37.78 (32.9-42.7) 36.26 54.54 9.09

Note*: BMI is categorized as 25-29.9 (overweight), 30-40 (obesity), and >40 (morbid obesity).
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The majority of the participants (n=95, 60.9%) were treated
with oral hypoglycemic medications, whereas 33 (21.15%) used a
combination of oral hypoglycemic drugs and insulin regimens. In
terms of body mass index (BMI), 26.92% of the participants (n=42)
were obese, and 11 people (7.05%) had morbid obesity, defined
as a BMI more than 40. In addition, 21 patients (31.6%) were cur-
rent smokers, while 62 individuals (39.74%) were former smokers.
Mean vitamin D levels did not differ significantly between smokers
(42.68 nmol/L, 95% CI 36.8 - 48.5) and non-smokers (35.39 nmo-
1/L,95% CI 30 - 40.8) (p < 0.75).
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The study discovered that 45.5% of the patients (n=71) had vi-
tamin D deficiency and 28.20% (n=44) had vitamin D insufficiency.
There was no significant difference in mean vitamin D levels be-
tween males and females (p <0.607). Type 2 diabetes patients with
foot ulcers exhibited a higher frequency of vitamin D insufficiency
than those without foot ulcers (p < 0.027). This suggests that per-
sons with diabetic foot ulcers are more likely to have lower vitamin
D levels, establishing a link between vitamin D insufficiency and the
incidence of foot ulcers in type 2 diabetes (Figure 1).

Vitamin D status in participants with diabetic foot ulcer

B Adequate
Inadequacy

W Deficiency

Vitamin D status in participants without diabetic foot ulcer

B Adequate
Inadequacy

B Deficiency

patients).

Figure 1: Prevalence of vitamin D deficiency and inadequacy in type 2 diabetic patients with and without diabetic foot ulcers (Group 1 and 2

Among the patients in Group 1, the majority (58.97%) had
grade 1 ulcers (n=46), whereas 30.77% had grade 3 ulcers. Only one
patient was diagnosed with partial foot gangrene (grade 4). Among
these patients, 19 had undergone amputations, with 10 having am-
putations during the research period and 9 having previous proce-
dures. There was no significant correlation detected between the
severity of foot ulceration and mean vitamin D levels (p<0.66). This
implies that the severity of foot ulcers in type 2 diabetic patients
may not be directly connected to their vitamin D levels.

The study population had an average estimated glomerular
filtration rate (eGFR) of 47.69 ml/min/1.73 m? (95% CI 45.3-50).
The study eliminated 20 patients with a GFR of less than 15 ml/
min/1.73 m?. Patients with a GFR of 15-30 ml/min/1.73m? had sig-
nificantly lower vitamin D levels, with an average of 30.11 nmol/L
(95% CI 22.5-37.7, p < 0.019). The sample population’s mean cal-
cium and phosphate levels were 2.36 mmol/L (95% CI 2.34-2.38),
and 1.86 mmol/L (95% CI 0.34-3.38). The average glycated hemo-
globin (HbA1c) level in the included patients (n=156) was 58.69
mmol/mol (95% CI 55.8-61.5). There was no significant difference
in mean vitamin D levels between individuals with HbA1lc greater
than 60 mmol/mol and those with HbAlc less than 60 mmol/mol
(p<0.73).

Discussion

Diabetics with foot ulcers have lower vitamin D levels, a higher
frequency of vitamin D deficiency, and more severe vitamin D defi-

cit compared to non-ulcerated diabetic patients [24]. In our study,
45.5% (n=71) of the patients showed vitamin D insufficiency, while
28.20% (n=44) did not have enough vitamin D. These figures imply
that a significant number of people with type 2 diabetes have poor
vitamin D levels. This is much higher than the prevalence reported
in a prior study on older Irish persons, which found a deficiency
prevalence of 13.1% (95% CI 12.1-14.2) and an inadequacy preva-
lence of 29.4% (95% CI 27.8-30.8) over all months. These findings
highlight the increased sensitivity of people with type 2 diabetes to
vitamin D deficiency, emphasizing the importance of focused ther-
apies and monitoring to improve their vitamin D status (Table 2).

The study excluding patients taking vitamin D or calcium sup-
plements may introduce confounding factors, such as increased
awareness of health, healthier dietary habits, and higher social
stratum. These factors may contribute to higher vitamin D levels
and potentially impact the association between vitamin D deficien-
cy and diabetic foot ulcers. Future research should consider these
potential confounding factors to gain a clearer understanding of the
relationship between vitamin D levels, supplementation, and the
development of diabetic foot ulcers. Previous studies have found
that individuals with diabetic foot ulcers have significantly lower
vitamin D levels and a higher number of VDD individuals compared
to those without DFUs. High-dose vitamin D has been shown to
promote healing in chronic diabetic foot ulcers, and severe defi-
ciency of vitamin D may increase the risk of diabetic foot infections
[18,20,25,26].
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Table 2: Comparison of prevalence of vitamin D deficiency and inadequacy in the study population with a study based on data taken

from TILDA study® in Ireland.

2 denotes independent sample t-test used

Sample Population Vitamin D Status Season
Mean Summer 60.4 (59.0-61.9)
nmol/L (95% of CI) All months 51.3(50.5-52.1)
Def %) Summer 5.2
Population sample- TILDA stud; eficiency (%
P P Y Y All months 13.1
Summer (n=1,348)
Summer 21.3
All months (n=5,356) Inadequacy (%)
All months 29.4
Ad %) Summer 73.5
equacy (%
uacy o All months 57.5
Mean nmol/L (95% of CI) P?<0.001 34.73 (29.7 - 39.8)
Type 2 diabetic patients with diabetic foot Deficiency (%) 513
ulcer
0,
(Group 1) Inadequacy (%) 29.5
Adequacy (%) 19.2
Mean nmol/L (95% of CI) P?<0.001 43.81 (37.6-50.0)
Type 2 diabetic patlirlnz:vnhout diabetic foot Deficiency (%) 39.7
0,
(Group 2) Inadequacy (%) 26.9
Adequacy (%) 33.2

The study of diabetic foot ulcers highlights the importance of
considering other potential confounders such as body mass index
(BMI), gender, and glycated haemoglobin (HbA1c) in the develop-
ment of ulcers. These variables can potentially confound the asso-
ciation between vitamin D levels and ulcer presence. Studies have
shown that BMI can mediate the effects of dietary types on type 2
diabetes mellitus, HbAlc and pregnancy outcomes, socioeconomic
status impacts chronic diabetes control, obesity and HbA1lc levels,
and trends of HbAlc and BMI in people with type 2 diabetes. These
studies highlight the multifaceted nature of diabetic foot ulcers and
the need to account for various confounding factors [27,28,29,30].

Numerous variables can have a substantial impact on the out-
comes, with climate and geographic location being key factors.
Tropical countries, which have prolonged and severe solar expo-
sure, differ significantly from European climates, influencing the
outcomes. Notably, the study was done against the backdrop of the
Covid-19 pandemic, which presented unique problems. Quaran-
tine procedures, restrictions on outside activities, and the cocoon-
ing phenomena surfaced as key factors, limiting the study’s scope.
Expanding on this topic, it is critical to go deeper into these limits
and explain their consequences for the research findings. Examin-
ing these intricacies through a sophisticated perspective can yield
a more thorough and nuanced knowledge, improving the larger
scholarly conversation.

A p-value of less than 0.05 shows a higher frequency of vitamin
D deficiency among type 2 diabetic individuals with diabetic foot
ulcers than those without ulcers (refer to Table 2). Interestingly,
the study found no significant association (p < 0.667) between ul-
cer disease severity and vitamin D levels among the group. Future
studies involving correlation statistics with a bigger sample size

are needed to shed additional light on this issue. More extensive
research in this area will provide a more comprehensive under-
standing of the association between vitamin D insufficiency and
the prevalence of diabetic foot ulcers, perhaps leading to important
advances in diabetes care.

The study’s findings revealed a significant incidence of vitamin
D shortage and inadequacy in the sample population, with greater
rates reported among type 2 diabetic individuals with diabetic foot
ulcers. Despite these important findings, more research is need-
ed to understand the complex link between vitamin D levels and
the genesis and severity of diabetic foot infections. Furthermore,
the prospective benefits of vitamin D administration in diabetic
foot ulcer patients are unknown, necessitating additional research
to fully understand its therapeutic potential. By addressing these
knowledge gaps through rigorous research efforts, we can expand
our understanding of the role of vitamin D in diabetic foot care and
perhaps improve clinical outcomes for affected patients.

The study has limitations, including convenience sampling,
small sample size, single-center design, and lack of a control group
without diabetes or foot ulcers. The cross-sectional design and lack
of detailed information on potential confounding factors like sun
exposure, dietary habits, and comorbidities also hinder causality
and temporal relationships. The assessment of foot ulcer severity
using Wegner’s classification may not fully capture the range of
ulcer severity, potentially limiting the accuracy of the results. Ad-
ditionally, the study did not collect information on vitamin D sup-
plementation, which may be a significant confounding factor in the
association between vitamin D levels and diabetic foot ulcers. Fu-
ture studies with larger sample sizes, control groups, longitudinal
designs, and comprehensive data collection are needed.
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Conclusion

In conclusion, this study reveals a high prevalence of vitamin
D deficiency and inadequacy among individuals with type 2 dia-
betes, particularly those with diabetic foot ulcers. Lower vitamin
D levels are linked to foot ulcers in this population. However, the
study’s limitations include a cross-sectional design, small sample
size, and convenience sampling method. Larger, controlled studies
with longitudinal designs are needed to investigate the relation-
ship between vitamin D levels and diabetic foot ulcers. The study
emphasizes the importance of assessing and addressing vitamin D
status in individuals with type 2 diabetes and the need for further
research to explore the therapeutic benefits of vitamin D supple-
mentation in managing diabetic foot ulcers.
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