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Background: The fat-soluble molecule vitamin D has attracted much attention since its pleiotropism was discovered. Its effectiveness
can be attributed to the presence of vitamin D receptors in most of the body’s tissues. Based on the classical role of vitamin D in
regulating calcium and phosphorus metabolism and maintaining bone health, the role of vitamin D in immunity, type 2 diabetes
mellitus (T2DM), tumor and cardiovascular diseases has been further discovered. Some experiments have shown that vitamin D can
restore the production of antimicrobial peptides (AMP) in primary diabetic foot ulcer (DFU) cells, which can improve in vitro wound
healing, indicating its potential therapeutic use in DFU therapy. In addition, vitamin D can also inhibit the secretion of T-helper type 1
(Th1) cytokines IFN-Y and IL-2 while stimulating the production of Th2 cytokines, thereby promoting wound healing.

Objective: To investigate the relationship between 25-OH-vitamin D level and DFU in diabetes mellitus (DM) patients, and to
provide a theoretical basis for the early prevention and treatment of DFU.

Methods: The clinical data of 429 hospitalized patients with DM were retrospectively analyzed in this case—control study. The
patients were divided into the DFU group (n = 242) and non-DFU group (n = 187). Fasting venous blood was drawn from all subjects
to detect serum 25-OH-vitamin D levels and blood biochemical parameters, the difference of parameters between DFU group and non-
DFU group were analyzed, and the risk factors of DFU were analyzed by logistic regression.

Results: The difference between the two groups in age, DM duration, gender, diastolic blood pressure, serum creatinine, total
cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, alanine aminotransferase, aspartate
aminotransferase, albumin, white blood cell count, hemoglobin, hematocrit, 25-OH-vitamin D was statistically significant (p < 0.05).
Multivariate logistic regression analysis showed that 25-OH-vitamin D is an independent protective factor for DFU [OR 95%, CI
0.984 (0.969, 0.998), p < 0.05]. 25-OH-vitamin D nutrition status distribution was different between non-DFU group and DFU group
(P < 0.05). Vitamin D deficiency (< 50 nmol/L) accounted for 86.78% of all DFU patients, which was only 74.33% in non-DFU
patients. The 25-OH-vitamin D levels of DFU patients from Wagner Grades 1 to 5 showed a downward trend (p < 0.01).
Conclusion: In conclusion, our study confirms that 25-OH-vitamin D is closely correlated with DFU and that 25-OH-vitamin D is an
independent protective factor for DFU. Therefore, vitamin D screening or supplementation might be beneficial to prevent DFU and
improve the prognosis of DM patients.

Keywords: 25-OH-vitamin D, diabetic foot ulcer, vitamin D, diabetes mellitus

Introduction

Vitamin D deficiency is common worldwide. Vitamin D is a fat-soluble vitamin that is essential for numerous physiological
functions, such as calcium/phosphorus homeostasis, bone metabolism, and stimulating insulin secretion' and increasing
insulin sensitivity.? Serum 25-OH-vitamin D levels are the most common type of vitamin D in the body and are currently
used as a gold index to evaluate vitamin D nutritional status.” Vitamin D deficiency is defined as a 25-OH-vitamin D level of

less than 20 ng/mL (50 nmol/L), whereas relative vitamin D insufficiency is defined as a 25-OH-vitamin D level ranging

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 1347-1355 1347
Received: 19 January 2022 © 2022 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 27 April 2022
Published: 3 May 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Wang et al Dove

from 20 to 30 ng/mL (50-75 nmol/L). Vitamin D sufficiency was defined as a 25-OH-vitamin D level >30 ng/mL (75
nmol/L).*

Diabetes Mellitus (DM) has emerged as a global health issue, with a high prevalence globally. DM has a global
incidence of 8.8% in 2017 and is expected to increase to 9.9% by 2045.° Diabetic foot ulcer (DFU) is one of the most
common and serious complications of DM, affecting 10% to 15% of DM patients during their lifetime.” DFU is
characterized by a long course of disease, high medical cost and a high risk of disability. Recent studies have shown
that 25-OH-vitamin D deficiency is closely related to DM.*'® More and more evidence has confirmed that vitamin
D is not only involved in calcium and phosphorus metabolism but also in the occurrence and development of DM and

112 and diabetic peripheral neuropathy.'® The extraosseous advantage

its complications, such as diabetic retinopathy
of vitamin D supplementation in preventing the development of early diabetic nephropathy was demonstrated in the
research by Mahapatra.'* However, whether vitamin D is involved in the occurrence and development of DFU
remains controversial. Razzaghi et al'> demonstrated that vitamin D supplementation for 12 weeks resulted in
a significant improvement in DFU wound evolution, including ulcer length, width, depth, and erythema rate.
Afarideh et al'® reported no difference in vitamin D levels between Iranian DFU patients and diabetic patients
without DFU.

There are few studies on the relationship between vitamin D levels and DFU in the Chinese population. The main
purpose of this study was to investigate the prevalence of vitamin D deficiency in Chinese inpatients with DM, and the
relationship between serum 25-OH-vitamin D levels and DFU, in order to provide clinical evidence for the prevention
and treatment of DFU.

Methods

Patients and Methods

A retrospective analysis was conducted on 429 DM inpatients, including 242 patients with DFU (DFU group) and 187
patients without DFU (non-DFU group), from January 2019 to October 2021 at the endocrinology department of the Air
Force Medical Center, PLA. This study was conducted with the approval from the Ethics Committee of Air Force
Medical Center, PLA (N0.2021-100-PJ01), written informed consent for participation was not required for this study in
accordance with the national legislation and the institutional requirements. The diagnostic criteria of DM and DFU were
based on the American Diabetes Association classification and the World Health Organization.'” DM is defined as
a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion, insulin action,
or both, according to the American Diabetes Association.'® DFU is defined as “ulceration of the foot (distally from the
ankle and including the ankle) associated with neuropathy and different grades of ischemia and infection” according to
the World Health Organization.'” All patients included in the study were required to meet the following conditions: (1)
older than 18 years old; (2) diagnosed with DM. Patients were divided into DFU group or non-DFU group according to
whether they had DFU. The exclusion criteria were as follows: (1) severe impairment of consciousness, or poor general
condition, (2) complicated by malignant tumor, serious heart, liver and kidney failure, (3) a history of diseases that affect
serum 25-OH-vitamin D levels, such as thyroid and parathyroid disease, osteoporosis, and bone fractures, and (4) history
of taking medications that affect serum 25-OH-vitamin D levels, such as calcium, vitamin D, oral contraceptives,
glucocorticoids, and so on.

Data Collection

The following clinical data of the patients were retrospectively analyzed: gender, age, body mass index (BMI), smoking
history, alcohol consumption history, hypertension history, coronary heart disease history, systolic blood pressure (SBP),
diastolic blood pressure (DBP), duration of DM, glycerogelatin hemoglobin (HbAlc), fasting plasma glucose (FPG),
total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), serum
creatinine (Scr), serum uric acid (SUA), albumin (ALB), white blood cell count (WBC), hemoglobin (Hb), hematocrit
(HCT) and 25-OH-vitamin D. The severity of DFU was assessed by Wagner classification.
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Blood samples were collected from the patients after 8 hours of fasting. FPG, TC, TG, HDL-C, LDL-C, ALT, AST
and SUA were measured by Hitachi 7600 automatic biochemical analyzer. HbAlc was detected by HIGH performance
liquid chromatography (HPLC) with bio-RAD glycosylated hemoglobin detector and original reagent. The level of 25-
OH-vitamin D in serum was detected by electrochemiluminescence immunoassay (Roche E601 analyzer). All test
indicators are completed by the Laboratory of Air Force Medical Center, and the instruments and equipment of the
laboratory are regularly calibrated and maintained by professionals. All test operations are standardized, test reagents are
within the shelf life, and the test results are accurate and reliable.

Statistical Analysis

All analyses were conducted using Statistical Product and Service Solutions 23.0 (SPSS 23.0) or GraphPad Prism 8.
Data for categorical variables were presented as numbers (%). Shapiro—Wilk test was used to determine the normality
of continuous data, and mean =+ standard deviation (x+s) was used to describe normally distributed data, while median
and interquartile range (IQR, 25-75%) were used to describe non-normally distributed data. The biochemical and
hematological parameters between the two groups were compared using the Student’s ¢-test (for normally distributed
data), Mann—Whitney test (for non-normally distributed data) or X2 test (for categorical variables). Comparison of 25-
OH-vitamin D levels among five Wagner Grades was performed by nonparametric analysis using a Kruskal-Wallis test
with post-hoc Dunn multiple comparison tests. Multivariate logistic regression was used to analyze the risk factors of
DFU, and the OR value and 95% CI were calculated. The correlation between 25-OH-vitamin D and other clinical
parameters was examined using Spearman correlation analysis. A P-value of less than 0.05 was considered statistically
significant.

Results

Characteristics of Study Participants in the Two Groups

A total of 429 diabetic patients (187 non-DFU patients and 242 DFU patients) were included in this study. Baseline
biochemical and hematological parameters between the two groups were compared. Age, DM duration, male percentage,
Scr and WBC of the DFU group were higher than the non-DFU group (p < 0.05). The levels of DBP, TC, TG, HDL-C,
LDL-C, ALT, AST, ALB, Hb, HCT, 25-OH-vitamin D in DFU group were lower than the non-DFU group (p < 0.05). No
significant differences in other indices were detected (P > 0.05, Table 1).

Logistic Regression Analysis for the Risk of DFU

To further determine the relationship between serum 25-OH-vitamin D levels and DFU, multivariate logistic regression
analysis was performed. Considering the effects of parameters that were different between non-DFU group and DUF
group on diabetic foot, they were taken into account in multivariate logistic regression analysis. For logistic regression
analysis, age, DM duration, gender, DBP, Scr, TC, TG, HDL-C, LDL-C, ALT, AST, WBC, ALB, Hb, HCT and 25-OH-
vitamin D were used as independent variables, while DFU (absent = 0, present = 1) was utilized as the dependent
variable. Multivariate logistic regression analysis showed that WBC (odds ratio [OR] 1.381 [95% CI 1.168-1.632], p =
0.000) and DM duration (odds ratio [OR] 1.052 [95% CI 1.016-1.090], p = 0.005) were significant risk factors for DFU
(p < 0.05), whereas 25-OH-vitamin D (odds ratio [OR] 0.984 [95% CI 0.970-0.999], p = 0.035), ALB (odds ratio [OR]
0.907 [95% CI 0.836-0.985], p = 0.021), TG ([OR] 0.046 [95% CI 0.277-0.764], p = 0.003) and HDL-C (JOR] 0.042
[95% CI 0.009-0.199], p = 0.000) were protective factors of DFU, as shown in Table 2.

Comparison of Vitamin D Nutrition Status Distribution Between the Two Groups

In the non-DFU group, 139 cases (74.33%) were vitamin D deficiency, 41 cases (21.93%) were vitamin D insufficiency,
and 7 cases (3.74%) were vitamin D sufficiency. However, in the DFU group, 210 cases (86.78%) were vitamin
D deficiency, 24 cases (9.91%) were vitamin D insufficiency, and 8 cases (3.31%) were vitamin D sufficiency. The
distribution of vitamin D nutrition status was significantly different between the non-DFU group and the DFU group (p <
0.05), as shown in Table 3.
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Table | Baseline Characteristics of Participants in the Two Groups

Item Non-DFU Group (n = 187) DFU Group (n = 242) tIxAIZ p-value
Age (years) 60 (53,67) 64 (56,69.3) 7.328 0.007
DM duration (years) 12 (6,18) 18 (10,23) 27.192 0.000
Male (%) 108 (57.8) 168 (69.4) 6.258 0.012
Smoking history (%) 69 (36.9) 104 (43) 1.619 0.203
Drinking history (%) 71 (38) 84 (34.7) 0.485 0.486
Hypertension history(%) 109 (58.3) 156 (64.5) 1.703 0.192
Coronary heart disease history (%) 43 (23) 61 (25.2) 0.281 0.596
BMI (kg/m?) 24.9 (23.3,27.1) 24.5 (22.5,27) 2.848 0.091
SBP (mmHg) 130 (118,142) 1334 (119,146) 3.306 0.069
DBP (mmHg) 80.0+10.84 77.76+10.33 0.005 0.030
HbAlc (%) 8.5 (7.2,10.1) 8.3 (74,10.3) 0.476 0.490
FPG (mmol /L) 8 (6.5,10.1) 8.15 (6.5,10.4) 0.293 0.588
BUN (mmol /L) 6.1 (5.2,7.3) 6.5 (5.1,8.32) 3.190 0.074
Scr (mol /L) 65 (52,79) 70.5 (55,91) 8.179 0.004
SUA (mol /L) 324.78+89.31 315.89+5.74 0.238 0.626
TC (mmol /L) 4.26 (3.44,4.96) 3.75 (2.96,4.42) 25.752 0.000
TG (mmol /L) 1.65 (1.16,2.20) 1.33 (1.01,1.84) 13.979 0.000
HDL-C (mmol /L) 1.08 (0.94,1.28) 0.93 (0.78,1.07) 52.365 0.000
LDL-C (mmol /L) 2.35 (1.77,2.99) 2.05 (1.54,2.76) 9.666 0.001
ALT (U/L) 16 (12,26) 13 (9,18) 21.231 0.000
AST (U/L) 17 (14,23) 15 (12.75,19) 15.842 0.000
ALB (g/L) 42.8 (40.6,25.0) 39.2 (35.08,41.93) 89.351 0.000
WBC (x10%/L) 6.03 (5,7.07) 6.99 (5.5,9) 27917 0.000
Hb (g /L) 126 (137,145) 116 (102,130) 98.098 0.000
HCT (L/L) 0.407 (0.375,0.434) 0.353 (0.31,0.39) 94.067 0.000
25-OH-vitamin D (nmol/L) 35.64 (25.35,52.03) 26.89 (19.82,37.93) 20.175 0.000

Notes: Data presented as X+s or Median (The Upper and Lower Quartiles) or Case (Composition Ratio).

Abbreviations: The two groups, DFU group and non-DFU group; DFU, diabetic foot ulcer; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HbAlc, glycated hemoglobin; FPG, fasting plasma glucose; BUN, Blood urea nitrogen; Scr, serum creatinine; SUA, serum uric acid; TC, total cholesterol; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB,
albumin; WBC, white blood cell count; Hb, hemoglobin; HCT, hematocrit.

Table 2 Multivariate Logistic Regression Analysis for the Risk of DFU

Variable B SE Waldy2 P OR 95% CI

25-OH-vitamin D -0.016 0.008 4.428 0.035 0.984 0.970-0.999
WBC 0.323 0.085 14.299 0.000 1.381 1.168-1.632
ALB —0.097 0.042 5.343 0.021 0.907 0.836-0.985
DM duration 0.051 0.018 7.930 0.005 1.052 1.016-1.090
TG -0.777 0.259 8.998 0.003 0.460 0.277-0.764
HDL-C -3.159 0.788 16.072 0.000 0.042 0.009-0.199

Abbreviations: DFU, diabetic foot ulcer; WBC, white blood cell count; ALB, albumin; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol.

Woagner Classification and 25-OH-Vitamin D Levels

DFU patients were divided into 5 subgroups according to Wagner grading system. As shown in Figure 1, there was
a significant difference of 25-OH-vitamin D levels among the 5 subgroups (p < 0.01). Multiple comparisons revealed that
25-OH-vitamin D levels of Wager Grades 1 and 2 were significantly higher than Wager Grade 4. There was a downward
trend of 25-OH-vitamin D levels with deterioration of DFU.
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Table 3 Comparison of 25-OH-Vitamin D Nutrition Status Between Non-DFU Group and DFU Group

Group n 25-OH-Vitamin D (nmol/L) p-value
<50 50-75 >75

Non-DFU group 187 139 (74.33) 41 (21.93) 7 (3.74) 0.002

DFU group 242 210 (86.78) 24 (9.91) 8 (3.31)

Notes: Data presented as Median (The Upper and Lower Quartiles) or Case (Composition Ratio).
Abbreviations: DFU, diabetic foot ulcer; IQR, interquartile range.

Correlation Analysis Between 25-OH-Vitamin D and Other Parameters

Spearman correlation analysis revealed that 25-OH-vitamin D level was adversely related to hypertension history,
HbAlc, TC, WBC and DFU (r = —0.098, —0.146, —0.115, —0.004, —0.217, p < 0.05), and positively correlated with
ALT, ALB, Hb, and HCT (r value = 0.210, 0.216, 0.171, 0.171, p < 0.05). However, 25-OH-vitamin D level was not
related to gender, age, DM duration, smoking history, drinking history, BMI, FPG, BUN, SCr, SUA, TG, HDL-C, LDL-
C, AST and coronary heart disease history (p > 0.05), as shown in Table 4.

Discussion

Vitamin D is an essential substance for the human body, and skin synthesis (90%) and intestinal absorption (10%) are the
two main sources of vitamin D.'” Vitamin D must be hydroxylated into 25-OH-vitamin D in the liver before being
converted into 25(OH)2D in the kidneys.3 Clinical routine measurement of serum 25-OH-vitamin D levels is used to
assess vitamin D levels in the body, partly because the level of 25-OH-vitamin D in the blood is much higher than that of
1,25 (OH),D. On the other hand, the detection period of 1.25 (OH),D is long and the detection method is complex. The
concentration of human serum 25-OH-vitamin D in the winter is lower than that in the summer due to geographical
location, physiological factors, lifestyle, and a number of other factors. People who live farther from the equator have
lower levels of vitamin D than those who live closer to the equator. However, studies on postmenopausal women and
other populations have shown that vitamin D deficiency (25-OH-vitamin D < 30 ng/mL) is prevalent in Southeast Asia,
and the average serum 25-OH-vitamin D level is low in most areas of China with relatively less sunshine in the winter

and spring.*
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Figure | Bar Graphs Show the Serum 25-OH-vitamin D Levels Among Patients with DFU with Different Wagner Grades.
Notes: Post-hoc multiple comparisons revealed that 25-OH-vitamin D levels of Wager Grades | and 2 were significantly higher than Wager Grade 4. Plots are drawn from
the median and 95% CI (¥P<0.05, **P<0.01).
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Table 4 The Correlation Between 25-OH-Vitamin D and
Clinical Parameters in DM Patients

r-value p-value
Gender (male) 0.082 0.088
Age —0.056 0.251
DM duration 0.086 0.080
Smoking history —0.007 0.886
Drinking history 0.050 0.305
Hypertension history —0.098 0.043
BMI 0.002 0.959
HbAlc —0.146 0.003
FPG —0.064 0.185
BUN 0.017 0.733
SCr 0.090 0.063
SUA 0.044 0.368
TC —0.115 0.018
TG —0.079 0.104
HDL-C 0.040 0. 409
LDL-C —0.072 0.139
ALT 0.210 0.000
AST 0.055 0.254
ALB 0.216 0.000
WBC —0.140 0.004
Hb 0.171 0.000
HCT 0.171 0.000
Coronary heart disease history —0.067 0.298
Diabetic foot ulcer -0.217 0.000

Abbreviations: DM, diabetes mellitus; BMI, body mass index; HbAlc, glycated
hemoglobin; FPG, fasting plasma glucose; BUN, blood urea nitrogen; Scr, serum
creatinine; SUA, serum uric acid; TC, total cholesterol; TG, triglycerides; HDL-
C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-
terol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB,
albumin; WBC, white blood cell count; Hb, hemoglobin; HCT, hematocrit.

The observed correlation between vitamin D deficiency and DM has received a lot of attention in recent years.”' Tang
et al** found that the vitamin D levels in the DF group were significantly lower than that in the non-DF group. Dai et al*’
involving 51 patients investigated the relationship between 25-OH-vitamin D and DFU, and the results showed that 25-OH-
vitamin D levels in DFU group were significantly lower than non-DFU group. A meta-analysis by Dai et al** to evaluate the
association between vitamin D deficiency and DFU reported a significant reduction in vitamin D levels in DFU group when

compared with non-DFU group. Nevertheless, Afarideh et al'®

came to contrary conclusions in Iranian patients. In a cross-
sectional study reported in India in 2019, they found no significant difference in serum vitamin D levels in diabetic patients
with and without foot infection.” In this study, we investigated the relationship between serum 25-OH-vitamin D and DFU,
and found 25-OH-vitamin D level is an independent protective factor for DFU. DFU is one of the most severe and debilitating
complications of DM, being the leading cause of lower extremity amputations, reducing the quality of life*® and increasing
mortality risk by 2.5-fold.*” It is often characterized by severe infection, high morbidity and mortality, with enormous social,
psychological and economic consequences.”” The pathological mechanism of vitamin deficiency in DFU patients is as
follows: one of the risk factors of neurotic foot ulcer in DM is serum vitamin D deficiency. Vitamin D deficiency or
insufficiency can aggravate islet size through humoral and cellular immune mechanisms cell apoptosis, resulting in blood
glucose level control instability. Vitamin D deficiency causes nerve growth factor (NGF) decrease and nutritional disorders,
triggering the nervous system inflammatory response and accelerating the occurrence and development of neuropathy.
Patients with DFU have a corresponding reduction in activity and spend less time in the sun, which leads to vitamin
D deficiency or insufficiency. Vitamin D can inhibit the secretion of the T helper type 1 cytokines IFN-y and IL-2 while
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stimulating the production of Th2 cytokines, which may promote wound healing.*® Kurian et al*® have shown that vitamin
D influences multiple phases of wound healing and thereby accelerates the process. It modulates various cells involved in
proliferation and remodeling phases. Vitamin D also enhances the expression of antimicrobial peptides that help eliminate the
microbes, as well as suppresses the proinflammatory responses while enhancing the anti-inflammatory responses.

A meta-analysis by Pei et al*° assessed the effects of lipids and lipoproteins on diabetic foot development in patients
with DM. The authors conclude that diabetic foot is associated with reduced HDL cholesterol levels. Our investigation
yielded similar results. We also found that the DFU group had lower HDL-C and TG levels than the non-DFU group (p <
0.05). A multivariate logistic regression analysis showed that HDL-C, TG and albumin were independent protective
factors of DFU (p < 0.05). Ansell et al’' reported the anti-inflammatory effects of HDL-C with a decrease in
inflammatory cytokines and vascular leukocyte adhesion molecules, participation in innate immunity and prevention
of LDL oxidation. In recent years, there has been an increase in the number of researches on the impact of nutrition on
DFU development and healing.**** Brooke’s study>* found that among DFU patients, albumin levels were significantly
different between those requiring amputation and those without amputation, and the results showed that DFU amputees
had significantly lower albumin levels than non-amputees. In clinical practices, DFU patients should not only emphasize
the limited control of dietary intake but should also pay attention to the treatment of individual medical nutrition, control
blood glucose within a reasonable and effective range while strengthening nutritional support treatment, especially the
need to eat high-quality protein diet to promote DFU healing.

The results of this study show that vitamin D deficiency is prevalent in DFU patients. Vitamin D deficiency (< 50
nmol/L) accounted for 86.78% of all DFU patients. DFU patients had lower vitamin D levels than DM patients, and the
difference was statistically significant (p < 0.05). Monitoring vitamin D level is critical for foot and ankle surgeons for
several reasons, including the fact that serum vitamin D levels have been proven to enhance glycemic control in diabetic
patients.*>*® Serum vitamin D levels have been shown to improve glycemic control, and vitamin D supplementation was
found to decrease HbA ¢ level in DM patients.”>~” Activated vitamin D is required for normal insulin receptor function
and is involved in the development of DM. A randomized, double-blind, placebo-controlled trial by Razzaghi et al
showed a more significant improvement in wound parameters with vitamin D supplementation compared to placebo.'”
Tiwari et al*® emphasized that in addition to hyperglycemia, vitamin D deficiency may increase the risk of infection in
DFU patients by decreasing immune response cells that respond to infection. Zubair et al* found that lower 25-OH-
vitamin D level plays an important role in the pathogenesis of DFU, and this process involves a variety of mechanisms.
Hyperglycemia in diabetics impedes the normal production of cytokines, which slows wound healing.*’ In rats, topical
vitamin D administration enhanced wound healing in a dose-dependent manner. Another study discovered that calcitriol
increased endothelial cell and keratinocyte migration in DFU models.*' Therefore, vitamin D supplementation can assist
in blood sugar management, diabetic foot healing, and infection control.

Several limitations were discovered throughout our study. First, the molecular mechanisms underlying the role of 25-
OH-vitamin D in wound healing in diabetic patients are still poorly understood. Further research is needed in the future.
Second, the influence of some individual factors on 25-OH-vitamin D levels, such as lifestyle, sun exposure and diet, was

not taken into account.

Conclusions

In summary, this is a relatively large-scale research investigating the relationship between serum 25-OH-vitamin D levels
and DFU in Chinese inpatients. We demonstrated the associations of 25-OH-vitamin D with DFU. After adjusting for
numerous potential confounding factors including age, sex, duration of DM and biochemical parameters, 25-OH-vitamin
D remained an independent protective factor for DFU. We demonstrate a decreasing trend of 25-OH-vitamin D levels in
patients with Wagner Grade 1-5 DFU for the first time. Therefore, regular detection of serum 25-OH-vitamin D levels in
Chinese diabetic population and supplementation of 25-OH-vitamin D levels in DM patients through diet or other
methods might help prevent the occurrence of DFU or improve the prognosis of DFU.
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