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ABSTRACT

Background: With the increasing prevalence of diabetes mellitus (DM), vitamin D (vit D) deficiency and vascular
calcification is frequently observed in DM and is an indicator of diabetic peripheral vascular disease with variable
implications. Due to the current limited understanding, this research was initiated. Aims and objective was to
critically assess the prevalence and severity of vitamin D deficiency in patients with diabetic foot infection, the
association between vascular calcification and vitamin D deficiency and effect on healing in diabetic foot patient with
and without vitamin D deficiency.

Methods: This observational study was conducted on 50 patients with diabetes mellitus. A detailed clinical history
was recorded. Infection was confirmed by culture positivity and Doppler was used to detect vascular calcification. A
follow-up for 3 weeks was done after which wound healing rate was assessed by change in wound surface area. Data
was analyzed by Chi-square test and multivariate regression analysis.

Results: 58% patients were diagnosed with vitamin D deficiency. 40% of patients found to have VC associated with
DM. 100 % association of VC was found in patients with severe vitamin D deficiency. Vitamin D deficiency
significantly correlated with vascular calcification (p=0.0001). A significant difference was observed in wound
healing between the patients with and without vitamin D deficiency i.e. 3.14+2.04mm.sq and 4.36+1.39mm.sq.
Conclusions: This study opens up an issue of recognizing vitamin D deficiency as a possible risk factor for diabetic
foot infections and suggests the need for vitamin D supplementation.
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INTRODUCTION

Vitamin D is a pleiotropic hormone known to play an
immunomodulatory role in addition to Calcium and bone
metabolism.>? Receptors for its activated form have been
identified on pancreatic p cells and immune cells.®*
Studies have proven association of vitamin D deficiency
with viral and bacterial infection Foot infection accounts
for 20% of hospitalization of diabetic patients annually.>®
Pathogenesis of diabetic foot and subsequent infections is

related to immunological defects along with neuropathy
and vascular abnormalities being the major contributors.”

Different studies have shown that deficiency of vitamin D
leads to immune cell dysfunction, B cell damage and
impaired insulin  production.*® In addition to
hyperglycaemia, vitamin D deficiency could also be
linked to an altered immune system of patients with
diabetes, rendering them susceptible to foot infection and
unfavourable prognosis.
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Vascular calcification, long thought to be result of
passive degeneration, involves a complex, regulated
process of bio mineralization resembling osteogenesis.
Vascular calcification is an important development in
progression of vasculopathy. Diabetes  mellitus
contributes significantly to high prevalence of peripheral
vascular disease and lower extremity amputation in these
subjects. Vascular calcification is also associated with
other manifestation of cardiovascular diseases like
hypertension, coronary insufficiency and increased
mortality in patients with diabetes mellitus.

Traditionally, medial arterial calcification has been
associated with ageing, advanced chronic kidney disease
and long-standing diabetes mellitus with diabetic
neuropathy. Factors that potentiate medial arterial
calcification in diabetes mellitus may include metabolic
and hormonal along with activation of receptor activator
of nuclear factor Kappa B ligand/osteoprotegerin
(RANK-L/OPG) signalling pathway.® Interleukins,
25(0OH) vitamin D, sex, parathyroid hormone (PTH),
lipoprotein, steroids, thyroid etc. directly or indirectly
regulate RANK-L/OPG pathway.’

The literature on the role of 25(0OH) vitamin D in
vascular calcification is ambiguous. Experimentally
higher 25(0OH) vitamin D level have been associated with
increased vascular calcification while in vivo, lower level
of 25(OH) vitamin D seems to have this effect. This
suggests that 25 (OH) vitamin D may have a biphasic
relation with risk promoting Vascular Calcification in
both excess and deficiency.® Authors hence designed the
present study to find out the prevalence and severity of
vitamin D deficiency in patients with diabetic foot
infection and vascular calcification in diabetic foot
patient and its effect on healing.

METHODS

This observational study was conducted in Department of
General Surgery in the tertiary health care Centre of
ACHARYA VINOBHA BHAVE RURAL HOSPITAL
(AVBRH) attached to Jawaharlal Nehru Medical College
(JNMC) from October 2016 TO October 2018 after
obtaining Institutional Ethical Committee clearance
(DMIMS(DU)/IEC/2016-17/5001). Total 50 patients of
Diabetes Mellitus with grades 1/ 1l/I11 foot ulcer were
included in the study. Patients with non-diabetic ulcer,
chronic kidney disease (CKD), patients on drugs that
interfere with vitamin D metabolism, Wagner’s grade 1V
and V ulcer and patients lost to follow up were excluded
from the study. The sample size was calculated using

n=2SP? [Z 4y + Z g)AId>.

There were 50 patients satisfying all the criteria were
selected after obtaining written informed consent and
data was collected. A detailed clinical history, including
age, sex, duration of diabetes, and concomitant and anti-
diabetic medications and wound surface area on

admission was recorded was recorded on a present
proforma. Blood samples with and without anti-coagulant
were collected for estimating glycosylated HbAlc and
serum  25-hydroxyvitamin D (25(OH) D) by
radioimmunoassay. Different cut-offs of vitamin D level
for deficiency were chosen, i.e., <25 (severe), <50
(moderate) and <75(mild) nmol/l in accordance with the
recommendations of endocrine  society  practice
guidelines and institute of medicine definitions.”®
Infection was confirmed by culture positivity or fever
with leucocytosis and Doppler was used to detect
vascular calcification. After a period of 3 weeks (on 21%
day) wound healing rate was assessed by change in
surface area and calculated (Table 1).

Table 1: Formula to calculate rate of wound healing.

Change in Surface area (AA) = Aa - Ab
Aa = wound surface area on admission
Ab=wound surface area on 21°* day

Surface area change per week (AAw)= AA/Number of
Weeks

Statistical analysis

Data was presented as means and standard deviations.
Statistical analysis was done by using descriptive and
inferential statistics using chi-square test and multivariate
regression analysis. Software used in the analysis were
SPSS 22.0 version and GraphPad Prism 6.0 version and
p<0.05 was considered as the level of significance.

RESULTS

In the present study, out of 50 patients, 42 were males
and 8 were females with mean age of 52.90 years and
standard deviation of 16.88 years. The mean duration of
DM was 8.70 with standard deviation of 6.60 and 10
patients were diagnosed diabetes mellitus on admission.
Majority of patients had grade | ulcer (50%) followed by
Grade |11 ulcer (26%) and Grade Il ulcer (24%). 42% of
patients had no vitamin D deficiency followed by
moderate (28%), mild (18%) and severe (12%) vitamin D
deficiency. Vascular calcification was present in 40 % of
patients with mean HbA1C was found to be 8.89 (Table
2).

In multivariate regression analysis (Table 3), wound
surface area change per week is dependent variable,
correlated with independent variable i.e. age, gender,
duration of diabetes mellitus, grades of ulcer,
glycosylated hemoglobin, vitamin D deficiency, vascular
calcification and wound surface area on admission. On
multivariate regression analysis only duration of DM,
vitamin D deficiency and wound surface area on
admission found to have significant impact on wound
surface area change per week (healing rate) (p<0.5).

In multivariate regression analysis (Table 4), vascular
calcification is dependent variable correlated with
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independent variable i.e. age, gender, duration of diabetes
mellitus, grades of ulcer, glycosylated hemoglobin,
vitamin D deficiency and wound surface area on
admission. On multivariate regression analysis only
gender and vitamin D deficiency found to have
significant impact on vascular calcification (p<0.5).

Table 2: Comparison of clinical and biochemical
characteristics of diabetic foot patients.

Parameters Values

Total No of patients 50

Table 4: Multivariate regression analysis for
predicting association of different independent
variable on vascular calcification (response variable).

Unstandardized

coefficients P value

Vascular 1547 0273 - .

Age (Mean £SD) 52.90+16.88

Sex (M/F) no. 42/8

Duration of DM 8.70+6.60 (10 patients
(Mean £SD) diagnosed on admission)

Grade | 50%, Grade Il 24% ,

Grades of ulcer Grade I11 26%

Vitamin D No deficiency 42%, mild 18%,
deficiency moderate 28%, severe 12%
Vasgqlar. Present in 40% (20 patients)
calcification

calcification

Age 0.002 0.003 0.901 0.372, NS
Gender 0.246  0.093 2.647 0.011,S
puration of " 0009 0008 1155 0.254, NS
Grades of 0234 0078 2960 0.005,S
ulcer

Glycosylated

Hb % 0.045 0.029 1.525 0.134, NS
Vitamin D 0.326  0.040 8.096 0.001,S
deficiency

Wound

surface area 0.001 0.002 0.500 0.619, NS
on admission

HbAL1C(%) mean 8.89

Table 3: Multivariate regression analysis for
predicting association of different independent
variable on healing rate (response variable).

Unstandardized
Coefficients
Std. error

Table 5: Multivariate regression analysis for
predicting association of different independent
variable on vitamin D deficiency (response variable).

Unstandardized
coefficients t
B Std. error

P value

Wound surface

areachange 708 513 - -

per week

(mm.sq)

Age 0.324 0.019 1.651 0.106, NS
Gender 0.455 0.588 0.773  0.443, NS
g‘ga“on of 0.113 0.050 2272 0.028,S
Grades of ulcer 0.674 0.505 1.335 0.189, NS
Glycosylated

Hb% 0.182 0.178 1.027 0.310, NS
Vitamin D 0.897 0.378 2.374  0.022,S
deficiency

Vascular 0.347 0.903 0.385 0.701, NS
calcification

Wound surface

areaon 0.046 0.0148 3.100 0.003,S
admission

In multivariate regression analysis (Table 5), vitamin D
deficiency is dependent variable correlated with
independent variable i.e. age, gender, duration of diabetes
mellitus, grades of ulcer, glycosylated hemoglobin,
vascular calcification and wound surface area on
admission. On multivariate regression analysis only
gender, grades of ulcer, glycosylated hemoglobin and
vascular calcification found to have significant impact on
vitamin D deficiency (p<0.5).

Vitamin D 2479 0777 - :
deficiency

Age 0.006 0.007 0.847 0.401, NS
Gender 0.458 0.228 2.129  0.039, S
B‘I:/Ta“o" of 0.007 0.020 0.365 0.716, NS
Grades of ulcer 0.461 0.193 2.385 0.021, S
Glycosylated

i 0.161 0.068 2366  0.022,S
Vascular 1.864 0.230 8.096 0.001,S
calcification

Wound surface

area on 0.000 0.006 0.032 0.975, NS
admission

DISCUSSION

In the present study, according to recommendation of
endocrine society practice guideline three ranges were
chosen for evaluation of vitamin D deficiency i.e. mild,
moderate and severe. According to recommendation of
endocrine society practice guideline, i.e. mild is less than
75nmol/l, moderate is less than 50nmol/l and severe is
less than 25nmol/l as per Tiwari S et al.* In our study we
found that 18% patients reported with mild, 28% with
moderate, 12% with severe vitamin D deficiency. Patient
with no vitamin deficiency were 42%. Majority of
patients had moderate vitamin D deficiency in our study.
Prevalence of vitamin D deficiency in diabetic foot
patients was significantly higher.
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It was found that 40% of patients had vascular
calcification with Vitamin D deficiency (p=0.0001).
Patients with no vitamin D deficiency had no vascular
calcification. Suggesting significant association between
vitamin D deficiency and vascular calcification in
diabetic foot patients.

It was found that wound surface area change per week is
dependent variable, correlated with independent variable
i.e. age, gender, duration of diabetes mellitus, grades of
ulcer, glycosylated haemoglobin, vitamin D deficiency,
vascular calcification and wound surface area on
admission. On multivariate regression analysis only
duration of DM, vitamin D deficiency and wound surface
area on admission found to have significant impact on
wound surface area change per week (healing rate).
(p<0.5) Margolis et al, found in his study that Logistic
regression odds ratios (ORs; 95% confidence intervals
[95%CIs]) revealed that those patients with a diabetic
neuropathic foot ulcer that healed within 20 weeks using
standard care were more likely to have a smaller wound
(OR =0.67; 95% Cl, 0.55-0.81), a wound that existed for
a shorter period (OR = 0.73; 95% CI, 0.61-0.87), and be
non-white (OR = 0.64; 95% CI,0.43-0.96) compared with
patients whose wounds did not heal within 20 weeks.**
The patient's age (OR = 0.99; 95% ClI, 0.89-1.01), serum
level of glycosylated haemoglobin at the start of the study
(OR = 1.03; 95% CI, 0.97-1.10), and sex (OR = 1.02;
95% CI, 0.69-1.50) were associated with the probability
of wound healing.

Similarly in study by Margolis et al (2002) demonstrated
that The risk factors or wound characteristics that most
dramatically are associated with a wound failing to heal
are increasing wound size, increasing wound duration,
and the grade of the wound.* In a study by Oyibo et al
(2001) diabetic medicine, 18: 133-138) Found that Ulcer
area correlated with healing time (rs = 0.27,
P<0.0001) and predicted healing (P = 0.04). Patient's
age, sex, duration/type of diabetes, and ulcer site had no
effect on outcome.™

It was found that vascular calcification is dependent
variable correlated with independent variable i.e. age,
gender, duration of diabetes mellitus, grades of ulcer,
glycosylated haemoglobin, vitamin D deficiency and
wound surface area on admission. On multivariate
regression analysis only gender and vitamin D deficiency
found to have significant impact on vascular calcification
(p<0.5). In a study by Sharma et al (2010) it was found
that the only factor independently associated with
calcification was duration of known diabetes (P =
0.004)."® Similarly Moon et al (2010) found advancing
age, male sex were the significant risk covariates for
MAC of legs."

It was found that vitamin D deficiency is dependent
variable correlated with independent variable i.e. age,
gender, duration of diabetes mellitus, grades of ulcer,
glycosylated haemoglobin and vascular calcification and

wound surface area on admission. On multivariate
regression analysis only gender, grades of ulcer,
glycosylated haemoglobin and vascular calcification
found to have significant impact on vitamin D deficiency
(p<0.5). Similar results were also shown in a study by
Zubair M et al (2012) that A significant correlation exists
between 25(0OH)D level and ulcer grades [r = 0.012,
p<0.002], H bAlc (>6.9%) [r = 0.342, p < 0.032]."® In
study by Zhou et al (2015) the correlation analysis results
suggested that the level of 25(OH)D was inversely
associated with duration (r=-0.663,p<.05), HbAlc (r= -
0.482, p<0.05)."°

CONCLUSION

Present study supports the proposition that vitamin D
deficiency is more dominant in diabetic foot infection.
Wound healing is impaired in diabetic patients while
vitamin D is essential for a normal functioning immune
system. The most active vitamin D metabolite, 1,25-
dihydroxyvitamin D3, induces antimicrobial peptides
production in keratinocytes from diabetic foot ulcers.
This study opens up an issue of recognizing vitamin D
deficiency as a possible risk factor for diabetic foot
infections and suggests the need for vitamin D
supplementation in such patients to prevent or to adjuvant
the antibiotic therapy for control of infection. Our data
also raise the possibility that 25(OH)D might provide an
adjunctive method for early detection of risk for foot
complications in diabetes.
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