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Background: Vitamin D deficiency has been associated with an increased risk in several diabetic complications. We aimed to evaluate the association between vitamin D and diabetic foot ulcer (DFU) in patients with type 2 diabetes.

Methods: Fifty one patients were included in the study and divided into two groups for study of vitamin D, cholesterol, and triglycerides in blood serum on DFU. The association between vitamin D and DFU was measured by binary logistic regression analysis. The cut point of vitamin D for DFU was assessed by the receiver operating characteristic curve.

Results: Levels of 25-OH-vitamin D were lower in patients with DFU than in DM group (P < 0.0001). The AUC of 25-OH-vitamin D was 0.8254 and had an optimal cut point value (13.68 ng/ml) for the identification of DFU, with a sensitivity of 90% and a specificity of 66.67% in all patients. Multivariate logistic regression analysis indicated that the significant risk factors included 25-OH-vitamin D level (P = 0.001, OR = 0.618) and HDL-C level (P = 0.038, OR = 0.012).

Conclusion: Low serum 25-OH-vitamin D level was associated with DFU. This indication was more specific than cholesterol and triglycerides levels.

Keywords: diabetic foot ulcer, 25-OH-vitamin D, patients with diabetes, vitamin D deficiency, association

The diabetic foot ulcer (DFU) is a common complication of diabetes mellitus (1). Poor wound healing leads to high hospitalization rate and increases the probability of lower extremity amputation (2). It is associated with a substantial decrease in quality of life and increased risk of morbidity and mortality. Chammas et al. (3) reported that DFU patients had a >2-fold increase in mortality compared with non-ulcerated diabetic patients.

Vitamin D is a pleiotropic steroid hormone that has multiple biologic effects. It is integral to the regulation of calcium homeostasis and bone turnover as and is known to be an important immune modulator (4). Vitamin D deficiency has been found as a potential risk factor for increased cardiovascular risk, abnormal HDL cholesterol (HDL-C) and LDL cholesterol (LDL-C) levels, hypertension, hyperglycemia, and diabetes (5, 6).

In this study, we study the association between vitamin D, HDL cholesterol, LDL cholesterol, total cholesterol and triglycerides in blood serum on diabetic foot ulcer and try to investigate the prevalence of vitamin D insufficiency in patients with DFU.


PATIENTS AND METHODS

This prospective study was conducted on 51 patients including 21 patients with DFU and 30 newly admitted type 2 diabetes patients without DFU (control group), between Jan 2019 and Oct 2019 in Shanghai Jiao Tong University Affiliated Sixth People's Hospital. The study protocol was approved by the Ethic Review Board of Shanghai Six People's Hospital affiliated to Shanghai Jiao Tong University (YS-2019-010). Written informed consent was obtained from all of the enrolled participants. The study was conducted in accordance with the principles of the Declaration of Helsinki. Patients who were diagnosed with type 2 diabetes based on the diagnostic criteria recommended by the ADA in 2010 were included (7). Patient with type 1 diabetes, thyroid disorders, rheumatologic, serious hepatic, cardiac, renal failure, and malignancy were excluded (8). We also excluded pregnant women and patients with vitamin D supplement consumption over the past 6 months (9). 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 (10). We excluded chronic wound caused by pressure ulcer, vasculitis, pyoderma gangrenosum, and diseases that cause ischemia (11).

Patient's age, sex, body mass index (BMI), duration of diabetes and the degree of the ulcer were recorded. Blood samples were taken in the morning after overnight fasting. The following parameters were measured in both groups: fasting blood glucose (FBG), HbA1c, high-sensitive C-reactive protein (hs-CRP), erythrocyte sedimentation rate (ESR), 25-OH-vitamin D, HDL-C, LDL-C, Total Cholesterol (TC), and Triglyceride (TG). FBG was measured by glucose oxidase method. HbA1c was assayed using the chromatography. 25-Hydroxyvitamin D was determined with a commercially available radioimmunoassay. hs-CRP was measured by high sensitive nephelometric assay. ESR was tested by TEST-1 Analyzer. HDL-C, LDL-C, TC, and TG were measured with enzymatic method. The University of Texas Wound Classification System was used to grade diabetic foot ulcer (Grade I: superficial wound, not involving, tendon, capsule or bone, Grade II: wound penetrating to tendon or capsule and grade III: wound penetrating bone or joint) (12).

SPSS 18.0 software was used for statistical analyses. Data are presented as means and standard deviations. Differences between groups were tested with ANOVA tests. Receiver operating characteristic (ROC) curve analysis was performed to reveal the sensitivity and specificity of 25-OH-vitamin D, HDL-C, LDL-C, TC, and TG for predicting DFU. The cut-off values were from the ROC curves. The area under the curve (AUC) was used to assess the diagnostic accuracy. The association between 25-OH-vitamin D and clinical characteristics was performed by Spearman's correlation analysis. A logistic forward regression analysis was used to identify the association between the variables. The level of statistical significance was 0.05.



RESULTS

Age, gender, duration of diabetes, BMI, levels of FBG, and HbA1c did not differ between the patients groups (Table 1). Levels of 25-OH-vitamin D were lower in patients with DFU than in DM group (P < 0.0001). Inflammatory markers including hs-CRP and ESR were significantly higher in the group with DFU when compared with the DM group (P < 0.0001 and < 0.0001, respectively). HDL cholesterol levels in DFU group were significantly lower when compared with in the DM group (P = 0.015). In 21 patients with DFU, all the patients had 25-OH-vitamin D deficiency with values below 50 nmol/L (20 ng/ml), and nine patients had severe 25-OH-vitamin D deficiency with values below 25 nmol/L (10 ng/ml). In 21 patients with DFU, all the patients had 25-OH-vitamin D deficiency with values below 50 nmol/L (20 ng/ml), and nine patients had severe 25-OH-vitamin D deficiency with values below 25 nmol/L (10 ng/ml). In 30 patients with DM, 23 patients (76.67%) had 25-OH-vitamin D deficiency with values below 50 nmol/L (20 ng/ml), and none of patients had severe 25-OH-vitamin D deficiency with values below 25 nmol/L (10 ng/ml). The degrees of ulcer used the University of Texas Wound Classification System. Six patients were grade I, 12 patients were grade II and three patients were grade III.


Table 1. Clinical characteristics of the study.
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Spearman's correlation analysis showed that age was correlated with the levels of 25-OH-vitamin D (P = 0.026, r = 0.485) (Table 2). There was no correlation between the vitamin D levels and duration, BMI, FBG, HbA1c, hs-CRP, ESR, TG, TC, HDL-C, or LDL-C, respectively.


Table 2. Spearman's correlation coefficients of 25-OH-vitamin D with Age, Duration, BMI, FBG, HbA1c, TG, TC, HDL-C, and LDL-C.

[image: Table 2]

ROC analysis was performed to reveal the diagnostic accuracy of using 25-OH-vitamin D, HDL-C, LDL-C, TG, and TC for DFU. Sensitivity, specificity, the best cutoff value, and the AUC were presented in Table 3 and Figure 1. A cut-off value was taken when sensitivity and specificity got balanced in our study. The AUC of 25-OH-vitamin D was 0.8254 (95% CI, 0.7068 to 0.9440) and had an optimal cut point value (13.68 ng/ml) for the identification of DFU, with a sensitivity of 90% and a specificity of 66.67% in all patients.


[image: Figure 1]
FIGURE 1. ROC analysis of vitamin D, HDL-C, LDL-C, TC, and TG to indicate diabetic foot ulcer.



Table 3. The specificity, sensitivity, best cut-off value, and the area under the curve of Vitamin D, HDL-C, and LDL-C in patients with DFU.

[image: Table 3]

Associations of vitamin D, HDL-C, LDL-C, TC, and TG with the dependent variable DFU were explored in the logistic regression analysis (Table 4). The results showed that the significant risk factors for DFU included 25-OH-vitamin D level (P = 0.001, OR = 0.618) and HDL-C level (P = 0.038, OR = 0.012).


Table 4. Logistic regression predicting likelihood of DFU on vitamin D, HDL-C, LDL-C, TC, and TG.
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DISCUSSION

DFU is an important complication of diabetes. It is often characterized by severe infections and associated with significant morbidity and mortality, which having immense social, psychological, and financial consequences (13). Therefore, the early identification of diabetic subjects at high risk for foot ulceration could permit the prevention of their severe complications (14).

A meta-analysis by Pei et al. (15) assessed the effect of lipids and lipoproteins on the development of diabetic foot in patients with DM. The authors concluded that reduced HDL cholesterol levels not LDL-C, TC, or TG levels were associated with DFU. Ansell et al. (16) reported the anti-inflammatory effects of HDL cholesterol with a decrease in inflammatory cytokines and vascular leukocyte adhesion molecules, participation in innate immunity and prevention of LDL oxidation. Similar findings have been demonstrated in our study. We also reported a lower level of HDL cholesterol levels in DFU group when compared with DM group.

In recent years, observational association between vitamin D deficiency and diabetes mellitus has been well-discussed (17). Yoho et al. (18) reported vitamin D levels were significantly lower in the diabetic populations compared to the non-diabetic control group. Serum vitamin D levels have been shown to improve glycemic control and vitamin D supplementation was found to decrease HbA1c level in diabetic patients (19, 20). Some research have reported its effect on T cell mediated immunity, pancreatic insulin secretion and action as well as cell growth and healing (21). A randomized, double-blind, placebo-controlled trial, by Razzaghi et al., showed that vitamin D, compared with placebo, entailed a more significant improvement in wound parameters (22). We also conducted a meta-analysis to evaluate the association between vitamin D deficiency and DFU and reported a significantly reduction of vitamin D levels in DFU group when compared with DM group (23). In this study, we study the association between vitamin D, HDL-C, LDL-C, TG, and TC in blood serum on diabetic foot ulcer. We would like to add that there are, apart from lipids, other markers of vascular risk which may have a bearing on the incidence of DFU.

This study involving 51 patients investigated the relationship between 25-OH-vitamin D and DFU. 25-OH-vitamin D levels in DFU group were significantly lower than DM group. This result revealed that 25-OH-vitamin D had the highest AUC and the greatest statistical significance in the DFU group. The area under the ROC curve for 25-OH-vitamin D was the greatest (0.8254), followed by TG (0.6833) and HDL-C (0.6794), and in the end, by TC (0.6175) and LDL-C (0.6151). We concluded that vitamin D can be more helpful in the diagnosis of DFU when compared with HDL cholesterol.

Several limitations were found in our study. First, only fifty patients were included and the number was relatively small. Second, the molecular mechanisms underlying the role of vitamin D in wound healing in diabetic patients remained poorly known. Further well-designed researches are needed in the future.

In the current study, we demonstrated the associations of vitamin D with DFU. This indication was more specific than cholesterol and triglycerides levels. The present study might be helpful in early prevention and diagnosis of DFU in diabetic patients.
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