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Role of Serum Vitamin D Level in
Progression of Diabetic Foot Ulcer
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ABSTRACT

Introduction: Diabetes mellitus (DM) is a metabolic disorder
characterised by hyperglycemia. Deficiency of vitamin D has
been shown to interfere with insulin production and secretion
and therefore contribute to type 2 diabetes development.
It has also been noted that vitamin D plays a role in diabetic
neuropathy development, which might lead to diabetic foot
ulcers (DFU). Vitamin D boosts the immune system, helps in
the elimination of bacteria and thus accelerates wound healing
and prevents ulcer formation. However, different studies report
conflicting results on the association of level of vitamin D with
diabetic foot ulcers in DM patients.

Aim: To evaluate the role of serum vitamin D levels with diabetic
foot ulcer formation and progression.

Materials and Methods: In this study, 70 diabetic patients with
or without DFU either in inpatient section or referring to Imam
RezaHospital Endocrinology Clinic of Tabriz University of Medical
Sciences were enrolled. Apparently healthy (n=35) individuals
were recruited as the control group. The general characteristics
of patients were assessed. The foot ulcers were examined and
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INTRODUCTION

Characterised by hyperglycaemia, diabetes mellitus is a metabolic
disorder, aetiologically categorised into four types, based on
the destruction of pancreas insulin-producing cells, progressive
impairment of insulin secretion due to insulin resistance, gestational
diabetes and diabetes with other aetiologies [1]. It is estimated that
there will be 642 million diabetic patients by 2045 [2]. Additionally, a
recent prospective study has estimated the proportions of Type 1,
Type 2 and the other types of diabetes as 11.7%, 85.5% and 1.3%,
respectively in Iran [3]. Diabetes mellitus is associated with various
clinical complications, one of the most serious of which is foot ulcer.
About 10-25% of diabetic patients suffer from foot ulcer, which often
leads to amputation in severe cases. As a result, diabetes mellitus
has been accepted as the most common cause of non-traumatic
amputation worldwide [4].

Vitamin D deficiency has been considered as an increasing
global concern threatening public health. The main biological
role of vitamin D is calcium homeostasis and bone formation.
However, its functions and association with diabetic disorders and
cardiovascular diseases have also been studied [5]. Vitamin D also
plays a crucial role in the regulation of the anti-microbial activity via
the expression of Vitamin D Receptor (VDR) in a variety of immune
system cells including neutrophils, macrophages, TCD4+, TCD8+
and B-cells. Vitamin D reduces the production of pro-inflammatory
cytokines, elevates anti-inflammatory responses, participates
in wound-healing processes, insulin resistance prevention and
induction of VDR expression [3,5]. DFU infection is a major concern
which is augmented by the deficiency in vitamin D [6,7]. Given
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classified as per Wagner ulcer classification system. Serum
biochemical markers including 25-Hydroxy Vitamin D (25(OH)D)
were analysed using in-vitro chemiluminescent immunoassay
(CLIA). ANOVA and post-hoc (Tukey) tests were employed to
compare the means among the groups. Multiple linear regression
and bivariate correlation analysis were also conducted to assess
the association between all clinical variables and 25(OH)D. The
p-value <0.05 was considered as statistically significant.

Results: Serum 25(0OH)D levels in diabetic patients with or
without foot ulcers and healthy controls were 16.86+10,
23.9+15.24 and 27.11+£19.35 ng/mL, respectively. Significant
differences in 25(0OH)D levels were observed between patients
and healthy controls (p=0.035), and between diabetic patients
with and without foot ulcers (p=0.029). Furthermore, a negative
correlation between serum cholesterol and 25(0OH)D levels were
observed among patient without DFU (-0.401, p-value =0.017).

Conclusion: Low levels of vitamin D in diabetic patients may
be related to DFU formation and development. Therefore, early
estimation of 25(0OH)D and prescription of appropriate vitamin D
supplements are suggested in diabetic patients.

the importance of vitamin D in immune reactions and diabetic
complications, the present study aimed to compare serum vitamin
D status in diabetic patients with or without foot ulcer and healthy
subjects.

MATERIALS AND METHODS

In the present study, 105 (power of study: 80%; confidence interval:
95%) subjects either in inpatient section or referring to Imam Reza
Hospital Endocrinology Clinics of Tabriz University of Medical Sciences,
Iran from August 2017 to August 2018 were enrolled. Participants
aged 18 to 80 years, were divided into three groups: diabetic patients
with (n=35) or without (n=35) foot ulcer and apparently healthy control
subjects (N=35).

This study was approved by the Research Ethics Committee of
Tabriz University of Medical Sciences (IR.TBZMED.REC.1396.255).
Written informed consent was also obtained from all patients prior
to any intervention.

The diabetic patients with or without foot ulcer involvement were
selected according to the American Diabetes Association (ADA)
criteria. Pregnant women or patients with vitamin D supplement
consumption over the past six months, patients with cancer,
rheumatologic, blood, cardiovascular, lung, and moderate to severe
renal or liver diseases were excluded from the study. The general
characteristics of patients such as age, sex, diabetes duration,
BMI and grade of ulcer were analysed using a questionnaire.
The foot ulcer was examined and classified as per Wagner ulcer
classification system. Overnight fasting blood (8 mL) was collected
and serum biochemical markers and 25(OH)D were estimated
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using a Hitachi 902 chemistry analyser (Japan) and Liaisonanalyser
(Italy) respectively. The samples were analysed on the same day
of collection using 25-(0OH) total vitamin D assay kits (Liaison,
Diasorin, 133636, 133713) based on in-vitro Chemiluminescent
Immunoassay (CLIA).

STATISTICAL ANALYSIS

Data were presented as Mean+SD or percent and analysed using
Statistical Package for Social Sciences (SPSS) version 23.0 (IBM
Corporation, USA). ANOVA and post-hoc (Tukey) tests were
employed to compare the means among the groups. Multiple linear
regression and bivariate correlation analysis were also conducted
to assess the association between all clinical variables and 25(0OH)
D, which independently predicted foot ulcer development. A
p-value <0.05 was considered as statistically significant.

RESULTS
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[Table/Fig-2]: Vitamin D levels in type 2 diabetic patients with and without DFUs
and healthy controls.

Data were adjusted for age and BMI. Valuesare presented as mean+SD. ANOVA and post-hoc
(Tukey) tests were employed to compare the means among the groups. p<0.05 was considered
as statistically significant

The general characteristics of patient and other biochemical Serum 25 (OH)D (ng/mL)
parameters of the participants under study were analysed [Table/ Independent variable Without DFU (n=35) DFU (n=35)
Fig-1]. Reduced levels of this vitamin were observed in patients r-value p-value r-value p-value
with and without DFU as compared to healthy controls (16.86+10, Age (vear) 0.201 0.047 0.276 0.108
23.9115.24 andl 271 1+£19.35, respectively). However, the Diabetes duration (year 0314 0.066 0441 0491
differences were significant only between DFU and healthy controls e — 0134 0442 0,036 0836
. . m -0. . -0. .
(p=0.035) and DFU and non-DFU patients (p=0.041) [Table/Fig-2]. 9
Multiple linear regression analysis to study the independent variables | &rade of ulcer - - 0.194 0.265
predicting foot ulcer in diabetic patients and healthy controls showed HPA1C (%) 0.077 0.687 -0.189 0.277
that low plasma 25(0OH)D (ng/mL) was correlated with foot ulcer by FBS (mg/dL) -0.122 0.486 -0.25 0.147
linear regression (r: -0.119, p=0.016). In this analysis, the serum LDL (mg/dL) -0.311 0.069 -0.019 0.912
25(0OH)D (ng/mL) was considered as an independent variable for the HDL (mg/dL) 0169 0.332 0,065 0.710
model gnd iny the variables with a p-value <0.05 were considered 76 (my/dL) 077 0.1 0195 0.261
in the final fitted model.
Chol (mg/dL) -0.401 0.017* -0.112 0.522
 Healthy Without foot Foot ulcer Cr (mg/dL) 0.01 0.952 0.243 0.160
Factors individuals p-value
a5 ulcer n=35 n=35 Hg (g/dL) -0.04 0.795 0.073 0.676
Sex (male %) 20 186 771 _ ESR (mm/h) 0.181 0.299 0.157 0.471
Age (year) 41.77413.58 56.34414.008 62.00+11.23 <0.001* [Taple/Flg-3]: Qorrelgnon arjalyss petween 25(0OH)D levels and laboratory and
clinical variablesin patients with or without DFU.
Diabetes BMI: Body mass index; HbA1C: Haesmoglubin A1C; FBS: Fasting blood sugar; LDL: Low density
duration - 6.69+5.09 17.24+9.26° <0.001* lipoprotein; HDL: High density lipoprotein; TG: Triglyceride; Chol: Cholesterol; Cr: Creatinine; Hg:
(year) Haemoglubin; ESR: Erythrocyte sedimentation rate. Only the variables that had a p<0.05 were
5 B 5 N considered in the final fitted model. Data were adjusted for age and BMI. r: Pearson’s correlation
BMI (kg/m?) 27.07+5.79 30.26+5.84 26.55+3.21 0.006 coefficient. (*significant correlation at the p<0.05 level)
Grade of ulcer
Grade 2 - - 6 - DISCUSSION
Grade 3 B R 14 . In the present study, the levels of serum 25(OH)D and other
Grade 4 i - 5 - biochemical parameters were evaluated in diabetic patients with or
- g without foot ulcer and healthy individuals. Diabetic neuropathy and
a a * . . . . .

S(mg/dl) | 956+11.96 | 176.2+90.88" | 175.22+86.06" | <0.001 peripheral vascular disease are the main factors in DFU involvement.
HPATC (%) - 7.4x0.98 9.33+2.54° <0.001” Over the recent years, many studies have been performed to
LDL (mg/dL) 119+39.9 97.95+27.29° | 78.6+27.24*° | <0.001* examine the probable roles of 25(OH)D deficiency on pancreatic
HDL (mg/dL) 44.74+7.9 41.14+8.75 30.71+14.720 <0.001* insulin release, immune system T-cells, inflammation and oxidative
TG (mg/dL) 166.8:100.36 | 189.77+119.37 | 124.68+73.9° 0.03" stress [8-10]. S.ome‘studles suggests that, d|apet|c neuropathy is
ol (no/dl) | 191.6251.06 | 177.26235.50 | 129423602 0,001 one of the predisposing factors of foot ulcer and is probably related

ol (M .6+51. .28+35. .4+38.92% <0.001* . -

9 to vitamin D deficiency [11,12]. Our data showed that 25(OH)D
ab * ]

Cr (mg/dL) 0.9+0.16 1.06+0.23 1.66<1.47 0.001 deficiency may be related to DFU development. We further reported
Hg (g/dL) 13.52+1.43 13.83+1.5 11.1x2.12%0 <0.001" lower levels of 25(0OH)D in patients with or without DFU as compared
ESR (mm/h) 12.47+8.18 10.82+8.04 74.34+41.59°° | <0.001* to controls. Zubair et al., also reported lower levels of 25(OH)D in
patients with DFU compared to non-DFU patients [11]. Our findings

25 (OHD 27.11+19.35 23.9+15.24 16.86+10% <0.05* , o .
(ng/mL) were in accordance to Tiwari et al., study, which showed that,

[Table/Fig-1]: General characteristics and biochemical parameters of participants

under study.

Data are presented as mean+SD or percent. ANOVA and post-hoc (Tukey) test were used for

analysis. (3p<0.05 versus healthy individuals, ®p<0.05 versus without foot ulcer group)

BMI: Body mass index; FBS: Fasting blood sugar; HbA1C: Haemoglubin A1C; LDL: Low density
lipoprotein; HDL: High density lipoprotein; TG: Triglyceride; Chol: Cholesterol; Cr: Creatinine;

Hg: Haemoglubin; ESR: Erythrocyte sedimentation rate; 25(0H)D: 25-hydroxy vitamin D

A negative correlation was also observed between 25(OH)D and
cholesterol in patients without DFU, where vitamin D decreased with
increasing cholesterol levels (r= -0.401, p=0.017) [Table/Fig-3].

DFU patients had higher and more severe vitamin D deficiency as
compared to non-DFU counterpart [12].

A double-blind, placebo-controlled randomised study, by Razzaghi
et al., showed that vitamin D, compared with placebo, entailed a
more significant improvement in wound parameters [4]. However,
Afarideh et al., reported an unprecedented vitamin D increase in
patients with chronic DFU involvement, probably owing to the
selective alteration in the inflammatory status [5]. It has been shown
that vitamin D stimulates phagocytosis and the killing of bacteria
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by macrophages [13]. Vitamin D also inhibits the proliferation of T
cells and reduces production of cytokines by T helper type 1, while
enhancing the production of T helper type 2 cytokines [14]. T- helper
type 2 cells play a crucial role in responding to external pathogens
(most bacteria and parasites) which may accelerate the wound
healing [7,9]. Several recent studies have also underlined the role
of hypovitaminose D in diabetes development [15-17]. The vitamin
D receptor has been detected in pancreatic B-cells, in human
and animal models. It has been shown that vitamin D impairs the
synthesis and secretion of insulin, which suggests the role of vitamin
Dintype 2 diabetes mellitus development [16]. However, in our studly,
there was no significant difference in the level of vitamin D among
patients without foot ulcer and healthy subjects. DFU development
commonly occurs in diabetic patients with poor glycemic control
or unidentified diabetic individuals over a long period of time [18].
And the results of our study showed significant differences in the
measured biochemical parameters (such as HbA1C) among the
groups. Tiwari et al., reported a higher HbA1C levels in patients with
infectious DFU compared to non-infectious foot ulcer controls [12].
Additionally, higher incidence of DFU was observed in male patients
as compared to females. In consistence with our data, Zhang et
al. also reported a higher DFU prevalence in male type 2 diabetic
patients as compared to females [19].

In the present research, DFU patients also showed the highest
diabetes involvement period. Additionally, a positive correlation was
observed between age and serum 25(OH)D level. In a study by
Nasri et al., a positive correlation between age and vitamin D levels
was demonstrated, indicating the importance of age consideration
in vitamin D evaluation [20]. No consensus on the relationship
between vitamin D and lipid profile was found. While some studies
have indicated that vitamin D has an inverse relationship with
triglyceride levels, other studies reported that the vitamin D deficient
patients that higher TC/HDL ratio and 25(OH)D deficiency was
prospectively associated with lower TC and HDL-C levels [21-22].
In our study, vitamin D levels in patients without DFU, showed a
reverse relationship only with total cholesterol levels.

LIMITATION

The evaluation of different clinical and biochemical parameters in
DFU and non-DFU diabetic patients and healthy controls were the
strong points of the present study. However, larger study populations
are required for more comprehensive analysis of various biochemical
parameters.

CONCLUSION

The study indicates the possible correlation between low serum
level of vitamin D and formation and progression of diabetic foot
ulcers in type Il diabetic patients. Thus highlighting the need for
early estimation of serum 25(0OH)D and vitamin D supplementation
to improve glycemic index and prevent foot ulcers.
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