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ABSTRACT 

Introduction: The aim of this study was 

to compare oxidized low-density 

lipoprotein (oxLDL) and blood glucose 

in very low and low levels of vitamin D. 

 

Methods: A total of 25 type-2 diabetic 

patients with very low serum levels  of 

25-hydroxy vitamin D (severe 

deficiency – <10 ng/ml); and 25 type-2 

diabetic patients with low serum levels 

of 25-hydroxy vitamin D (deficient – 10 

to 30 ng/ml) were recruited in this 

cross-sectional study. Fasting plasma glucose (FBS), postprandial glucose (PPG), HbA1C, oxLDL, and high- 

sensitivity C-reactive protein (hs-CRP) were measured. Diagnostic accuracies were determined by receiver-

operating characteristic (ROC) curve analysis and measuring the area under the curve (AUC). 
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Results: Patients with severe vitamin D deficiency had higher FBS, PPG, HbA1C, and oxLDL than the vitamin D 

deficient group (P<0.05). We showed that the AUC of FBS, PPG, HbA1C, and oxLDL were in the range of 0.7-0.9, 

which indicates moderate accuracies in differentiating severe vitamin D deficiency from deficiency condition. 

 

Conclusion: In conclusion, diabetic patients with severe vitamin D deficiency had higher FBS, PPG, and oxLDL 

levels compared with deficient ones. ROC curve analysis of FBS, PPG, HbA1C, and oxLDL showed these markers 

are independent predictors of severe vitamin D deficiency and significantly discriminate between very low and 

low levels of vitamin D deficiency in patients with diabetes.  

 

Keywords: Type 2 diabetes mellitus. Vitamin D deficiency. OxLDL. Fasting blood glucose. 

 

©FFC 2021.  This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 

License (http://creativecommons.org/licenses/by/4.0) 

 

 

INTRODUCTION 

Hypovitaminosis D has been recently recognized as a 

worldwide epidemic. In type 2 diabetes, the 

prevalence of vitamin D deficiency is 20% higher than 

in non-diabetics [1]. Low vitamin D status can be 

caused by several factors, including insufficient 

cutaneous synthesis (due to limited sunlight exposure 

or aging), inadequate intake and absorption of 

vitamin D, or obesity [2]. Vitamin D can be used as a 

profile marker for cardiovascular disease (CVD) in 

view of the fact that vitamin D deficiency plays an 

essential role in the genesis of coronary risk factors 

and CVD and seems to be linked to predisposal to 

hypertension, diabetes, and metabolic syndrome [3-

5]. Vitamin D is thought to have both direct (by the 

activation of the vitamin D receptors) and indirect (by 

the regulation of calcium homeostasis) effects on 

various mechanisms related to the pathophysiology 

of type 2 diabetes [6-8]. The effect of vitamin D on 

pancreatic cells and subsequent insulin release is 

mediated through vitamin D receptor [8-10]. Vitamin 

D deficiency impairs insulin secretion of pancreatic 

cells and increases insulin resistance, which are major 

factors in the pathogenesis of type 2 diabetes [10].  

Oxidized low-density lipoprotein (oxLDL), 

derived from LDL-cholesterol under oxidative stress 

such as hyperglycemia, plays a key role in diabetes 

complications and atherosclerosis [11]. OxLDL and its 

components have many proinflammatory and 

proatherogenic properties [12]. Macrophage uptake 

of oxLDL is thought to play a central role in foam cell 

formation and pathogenesis of atherosclerosis [13]. 

Active vitamin D suppresses foam cell formation by 

reducing oxLDL cholesterol uptake in comparison 

with vitamin D-deficient macrophages [14]. C-

reactive protein (CRP) is an acute-phase protein that 

participates in the innate immune response and it has 

been shown to be a reliable measure of underlying 

systemic inflammation [12, 15]. Active vitamin D 

diminishes the expression of proinflammatory 

cytokines which can induce production of CRP [16]. 

Here we aimed to study the effects of different 

levels of vitamin D hypovitaminosis on blood glucose, 

oxLDL, and hs-CRP in two groups of diabetic patients, 
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defined as patients with severe vitamin D deficiency 

and patients with vitamin D deficiency. 

 

MATERIAL AND METHODS  

This is a descriptive cross-sectional study on 50 

patients with type 2 diabetes referring to the diabetes 

clinic of Vali-asr Hospital, affiliated with Tehran 

University of Medical Sciences. A total of  25 type-2 

diabetic patients with very low serum levels of 25-

hydroxy vitamin D (severe deficiency – <10 ng/ml) 

and 25 type-2 diabetic patients with low serum levels 

of 25-hydroxy vitamin D (deficiency – 10-30 ng/ml) 

were recruited [4]. The sample size was estimated 

based on the proper sample size formula [17] in 

according to a pilot study, and a value of α=0.05 and 

β=0.2 were used as input parameters for calculation.  

Two groups were matched according to age, sex, and 

body mass index (BMI). The exclusion criteria in the 

study were the following: suffering from underlying 

medical conditions including malignancy, acute 

infection, advanced heart failure, renal and liver 

failure, and also pregnancy. Diabetes mellitus was 

diagnosed according to the criteria of the American 

Diabetes Association [18]. Demographic and 

anthropometric data, including age, sex, duration of 

diabetes, height, weight in light clothing, and blood 

pressure (in sitting position after 10 min rest) were 

recorded. Blood pressure was re-measured twice 

after 5 min and averaged. The body mass index (BMI; 

kg/m2), was calculated according to the Quetelet 

formula. Antidiabetic and lipid-lowering drug history 

was taken and recorded. 

 

Measurements: The following blood sample 

measurements were conducted regarding the routine 

processes of our clinic [19]. Venous blood was taken 

at 08:00 am after 12 hours of fasting. The blood was 

obtained by direct puncture to the antecubital vein 

while the subjects were in supine rest for 30 minutes. 

Venous blood was collected into ethylene diamine 

tetraacetic acid-containing (1.5 mg/ml) tubes and 

placed on ice immediately. The obtained plasma was 

centrifuged at 3000 rpm for 15 min at 4°C and then 

kept at -70 ◦C until analysis. Serum levels of total 

cholesterol, HDL-C, LDL-C, and triglycerides (TG) were 

measured by direct colorimetric enzymatic methods 

(Parsazmun. Karaj, Iran). OxLDL was determined using 

a sandwich enzyme-linked immunosorbent assay 

(ELISA)  (Mercodia, Uppsala, Sweden). Intra and inter-

assay coefficients of variation (CV) were 4.5 and 7%, 

respectively, and the detection limit was ≤0.03 U/L. 

Glucose measurements (intra-assay CV 2.1%, inter-

assay CV 2.6%) were carried out using the glucose 

oxidase method. HbA1C was estimated by High-

Performance Liquid Chromatography (HPLC) Method. 

Insulin was measured (intra-assay CV 4.7%, inter-

assay CV 3.3%) by the immune radiometric method 

(Immunotech, Finland). Hs-CRP was assessed using a 

two-site, enzyme-linked immunosorbent assay 

(ELISA) (Diagnostic Biochem, London, Ontario, 

Canada). The sensitivity of the assay was 10 ng/L. 

Intra- and inter-assay coefficients of variation (CV) 

were 8% and 10%, respectively. Creatinine was 

measured using the calibrated Jaffe method 

(Parsazmoon, Karaj, Iran, intra-assay CV = 3.3%). 

Blood urea was measured by enzymatic colorimetric 

method. Glomerular filtration rate (GFR) was 

calculated with the Cockroft-Gault formula. Serum 

25(OH) Vitamin D was determined using the enzyme-

linked immunosorbent assay technique (DIAsource, 

Louvain-la-Neuve, Belgium). Intra- and inter-assay 

coefficients of variation (CV) were 4.7 and 5.7%, 

respectively. 
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Statistical Analysis: Data was analyzed using SPSS 

software (version16.0; spss, Chicago, Illinois, USA). 

Shapiro-Wilk test was employed to test the normality 

of the variables in each group. The continuous 

variables are expressed as means ±standard deviation 

(SD). Quantitative variables were compared between 

the two groups using t-test and Mann-Whitney test. 

The qualitative variables were compared with chi-

square test. Pearson's correlation test was employed 

to study correlations among variables. Receiver 

operating characteristics (ROC) curve was recruited 

for sensitivity/specificity analysis. For the area under 

the curve (AUC) of the ROC curve, 0.5<AUC≤0.7 was 

less accurate, 0.7<AUC≤0.9 was moderately accurate, 

0.9<AUC <1.0 was very accurate, and AUC=1 was 

perfectly accurate [20]. P values < 0.05 were 

considered statistically significant.  

 

Ethics: The research was carried out according to the 

principles of the Declaration of Helsinki. The local 

ethics review committee of Tehran University of 

Medical Sciences approved the study protocol. All 

participants gave written informed consent before 

participation. 

 

RESULTS 

The demographic and biochemical characteristics of 

the participants are illustrated in Table 1. There was 

no significant difference between groups regarding 

age, gender, BMI, waist circumference, duration of 

diabetes, systolic and diastolic blood pressure, hs-

CRP, creatinine, GFR, total cholesterol, LDL-C, HDL-C, 

triglycerides, and medications (antidiabetic and lipid-

lowering agents). The mean value of vitamin D level 

was 7.67±3.10 ng/dl in group with severe vitamin D 

deficiency and 21.20±6.67ng/dl in deficient group. 

FBS, PPG and HbA1C were significantly higher in 

severe vitamin D deficiency (p < 0.05). Also the group 

with severe vitamin D deficiency had significantly 

higher oxLDL levels compared to the deficient group 

(58.07±16.29 U/dL vs. 48.43±12.66 U/dL, p < 0.05) 

(Figure 1). 

ROC analysis was performed in the study to 

assess the predictive value of FBS, PPG, HbA1C and 

oxLDL for diagnosis of vitamin D severe deficiency 

condition (Table 2 and Figure 2). The area under curve 

(AUC) was 0.86 for FBS, 0.83 for PPG, 0.75 for HbA1C, 

and 0.71 for oxLDL (p <0.05). Particular attention 

should be paid to FBS for which AUC in the presence 

of severe vitamin D deficiency was 0.86 with a cut-off 

value of  >154.5 mg/dl, 67.00% sensitivity and 65.00% 

specificity. We also showed a very high diagnostic 

value of PPG determination (AUC 0.83, p <0.05) in 

differentiating the group of diabetic patients with 

severe vitamin D deficiency from the deficient group. 

The cut-off value was >219.5 mg/dl with a sensitivity 

of 72.00% and specificity of 75.00%. When HbA1C 

>7.9%, the sensitivity and the specificity are 72.00% 

and 75.00% and when oxLDL >50.5 U/dl, the 

sensitivity and the specificity are 67.00% and 70.00%, 

respectively, in the differentiation of severe vitamin D 

deficiency from deficiency condition.  

There was no significant correlation between 

vitamin D levels with each variable. Similarly, there 

was not any association among variables in both 

vitamin D deficiency and severe deficiency groups. 
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Table 1. Baseline Characteristics of study population.  

Data is presented as mean ± SD or number and percent. P value < 0.05 is considered statistically significant. 

Abbreviations: BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, FBS: fasting blood sugar, PPG: postprandial 

glucose, HbA1C: hemoglobin A1C, Hs-CRP: High sensitivity C-reactive protein, GFR: Glomerular filtration rate, LDL-C: low density lipoprotein 

cholesterol, HDL-C: high density lipoprotein cholesterol, TG: Triglyceride, oxLDL: oxidase LDL, OAD: Oral antidiabetic drug, NS: non-significant. 

 

 
Vitamin D deficient 

(<10 ng/ml ) 

Vitamin D insufficient 

(10 - 30 ng/ml) 

 

P-value 

 

Gender (male, female) (13,12) (7,18) NS 

Age (years) 56.56±11.79 55.60±14.20 NS 

BMI (kg/m2) 28.32±4.47 27.54±3.37 NS 

Waist circumference (cm) 94.08±10.76 93.84±9.33 NS 

Duration of diabetes (year) 9.42 ± 6.4 9.65 ± 5.31 NS 

Blood pressure (mmHg)    

SBP 127.76±21.94 132.16±20.14 NS 

DBP 79.92±11.63 76.12±12.80 NS 

MAP 95.86±14.20 94.80±9.33 NS 

Plasma glucose (mg/dl)    

FBS (mg/dl) 199.61±64.74 146.78±46.40 < 0.01 

PPG (mg/dl) 284.1 ± 81.4 199.83± 40.74 < 0.01 

HbA1C(%) 8.37±1.81 6.93±1.33 <0.01 

Insulin (µu/ml) 22.38±15.21 18.19±12.06 NS 

Hs-CRP ( mg/ml) 4.23±0.43 3.09±0.24 NS 

Creatinine (mg/dl) .96±0.22 .99±0.22 NS 

GFR (mL/min) 84.11±27 86.45±27.95 NS 

Urea (g/24h) 27.13±13.53 30.3±16.72 NS 

Uric Acid (mg/dl) 5.27±1.07 5.23±1.25 NS 

Plasma cholesterol (mg/dl)    

Total cholestrol 187.38±29.72 190.78±52.72 NS 

LDL-C (mg/dl) 106.05±27.96 108.91±42.95 NS 

HDL-C (mg/dl) 43.75±9.71 44.13±10.86 NS 

Triglyceride (mg/dl) 194.67±86.82 155.95±70.51 NS 

OxLDL (U/dl) 58.07±16.29 48.43±12.66 0.04 

Vitamin D (ng/dl) 7.67±2.10 21.20±6.67 < 0.001 

Medication - no. (%) 

Insulin only 1(50) 1(50) NS 

OAD only 21(50) 21(50) NS 

OAD + insulin 1(33.3) 2(66.7) NS 

Statin 12(54.5) 10(45.5) NS 
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Table 2. Receiver Operating Characteristic (ROC) analysis for blood glucose, lipids and hs-CRP in differentiating 

between vitamin D deficiency and severe deficiency 

  
 

AUC 
95% confidence 

interval 
 

 
p-value 

 
Sensitivity % 

 
Specificity % 

 
Cut-off value 

Hs-CRP  0.66 (0.49-0.83)  0.11 ----- ----- ----- 

TG  0.67 (0.49-0.86)  0.10 ----- ----- ----- 

HDL-C  0.46 (0.26-0.66)  0.71 ----- ----- ----- 

LDL-C  0.46 (0.27-0.64)   0.68 ----- ----- ----- 

OxLDL  0.71 (0.52-0.88)  0.04 67 70 50.5 

FBS  0.86 (0.74-0.98)  <0.001 67 65 154.5 

PPG  0.83 (0.69-0.98)  <0.001 72 75 219.5 

HbA1C  0.75 (0.57-0.92)  <0.01 72 75 7.9 

 AUC: Area under the curve (CI 95%) 

Abbreviations: Hs-CRP: High sensitivity C-reactive protein, TG: Triglyceride, HDL-C: high density lipoprotein cholestrol LDL-C: low 

density lipoprotein cholesterol, ox LDL: oxidase LDL, FBS: fasting blood sugar, PPG: postprandial glucose, HbA1C: hemoglobin A1C. 

 

DISCUSSION 

Our findings demonstrated that diabetic patients with 

severe vitamin D deficiency had significantly higher 

oxLDL levels compared to the deficient group (Figure 

1). OxLDL is a particle derived from circulating LDL 

under oxidative stress in the subendothelial space of 

the arterial wall, and a small amount of oxLDL may 

also be released into circulation [11, 21-23]. The 

source of such oxLDL could be the direct release of 

modified LDL from ruptured or permeable plaques or 

ischemic injury due to damaged cell membranes. It is 

likely that elevated levels of oxLDL reflect the 

turnover of oxLDL in newly formed or progressing 

lesions in arteries [24]. Vitamin D can reduce the 

damage of superoxide-mediated stress in a dose- and 

time-dependent manner [25]. Riek et al. study has 

provided evidence that vitamin D receptors activation 

by vitamin D decreases macrophage oxLDL uptake by 

reducing gene expression in patients with diabetes 

[14]. Similarly, Jisu et al. showed that diabetic-derived 

macrophages cultured in 1, 25(OH) 2 D3-

supplemented media had decreased oxLDL 

cholesterol uptake both qualitatively and 

quantitatively by 40 and 50%, respectively, when 

compared to macrophages cultured in vitamin D-

deficient media [1]. It is worth mentioning that, 

despite the significant difference in oxLDL, we found 

no difference in total cholesterol, HDL-C, LDL-C, and 

triglycerides between vitamin D deficiency levels. 

Furthermore, we showed that there were no direct 

associations between oxLDL with other lipid markers. 

The oxidation of LDL is a complex process during 

which not only the lipids but also the proteins 

undergo oxidative changes [26]. In agreement, some 

previous studies demonstrated that a change in the 

oxLDL level certainly does not occur in parallel with a 

change in the LDL-cholesterol level in hyperglycemic 

conditions [11, 27]. In vitamin D deficiency, the 

oxidative-antioxidative balance was observed to 

change in favor of oxidative stress [28]. Uberti et al. 

study showed that administering Vitamin D to 

endothelial cells before induction of oxidative stress 

can improve cell viability [29]. During hyperglycemia 

or an insulin-resistant state, increased scavenger 

receptor expression promotes the foam-cell 

formation and is considered a link between diabetes 

and atherosclerosis [13]. 
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Figure 1. Boxplots showing distributions of oxidized LDL in different levels of vitamin D deficiency in patients with 
type 2 diabetes. 

 

Although our study groups were the same with 

respect to anthropometric data, duration of diabetes 

and lipid and glucose lowering medications, we found 

significantly higher serum FBS, PPG and HbA1C in 

severe vitamin D deficiency in type 2 diabetes. Our 

results are generally consistent with previous reports 

[2, 30]. However, further interventional studies would 

be needed to show the biological effects of vitamin D 

deficiency on glycemic control in type 2 diabetes 

mellitus;  it has been shown that 25(OH)D deficiency 

may decrease insulin secretion and increase 

peripheral insulin resistance and blood sugar (Figure 

2) [31]. With regard to glucose homeostasis, vitamin 

D affects pancreatic beta-cell proliferation and 

survival and its ability to respond to situations of 

increased insulin demand, such as in type 2 diabetes 

[2]. In vivo experiments showed impaired insulin 

secretion in vitamin D-deficient rats and clearly 

established a molecular role of the vitamin D receptor 

in the endocrine function of the pancreas [32].  

In this study there was no significant 

difference in hs-CRP between the two groups. 

Similarly, Carlson et al. reported that correction of 

hypovitaminosis D had no statistically significant 

effect on hs-CRP levels in patients with hypertension 

[33]. Our findings are also in accord with Pittas et al. 

study which there were no statistically significant 

differences in plasma C-reactive protein or 

interleukin-6 between the two treatment groups of 

placebo and vitamin D in non-diabetic adults [34]. 

Here we found no significant correlation between 

oxLDL and hs-CRP of two groups. Conversely, Zhang 

et al. study reported a positive correlation between 

oxLDL and CRP in patients with diabetes and acute 

coronary syndrome [15]. CRP is bound to oxidized LDL 

but not to native LDL and this binding promotes oxLDL 

uptake by macrophages [12, 35]. The interaction 

between oxLDL and CRP is calcium-dependent and, 

most importantly, occurred at physiological 

concentrations, i.e., for CRP at 0.1 to 2 mg/L [35-37]. 

Macrophages absorb these lipoproteins and 

transform into foam cells. Thus, this process 

contributes to higher levels of inflammatory cytokines 

produced by macrophages and subsequently 

increases CRP production by the liver; so oxLDL 

increases CRP mRNA and protein expression [38]. 
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We compared the diagnostic accuracies of FBS, PPG, 

HbA1C, and oxLDL using ROC curve analysis and area 

under the curve, which is the reflection of how good 

these markers are at distinguishing between low and 

very low levels of vitamin D in patients with diabetes. 

The AUC of FBS, PPG, HbA1C, and oxLDL were in the 

range of 0.7-0.9 which indicates their moderate 

accuracies in differentiating vitamin D deficiency from 

severe deficiency condition (Figure 3, Table 2). 

 

Figure 2. The theoretical framework for the interactions of blood glucose oxidized low-density lipoprotein (ox-LDL) 
and C-reactive protein (CRP) in vitamin D deficiency. Vitamin D deficiency decreases insulin secretion and increases 
peripheral insulin resistance and blood glucose. Hyperglycemia as an oxidative stress induces ox-LDL production. On the other 
hand, vitamin D deficiency directly increases ox-LDL endothelial uptake that results in higher levels of circulating ox-LDL and 
subsequent CRP production. Increased circulating oxLDL also may decrease insulin secretion and increase peripheral insulin 
resistance and blood glucose. 

 

Figure 2. ROC curve of oxLDL, FBS, PPG and HbA1C in vitamin D deficiency. 
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To our knowledge, no study compared lipid profiles, 

blood glucose and markers of inflammation and their 

predictive values in different levels of vitamin D 

deficiency. 

The principal limitation of this study is its cross-

sectional nature which precludes the determination 

of the direction of causality. Findings from studies in 

Iran have demonstrated that vitamin D deficiency is a 

highly prevalent problem among Iranians [39, 40]. 

Further prospective and interventional studies are 

needed to clarify the effects of vitamin D 

supplementations on glycemic control and lipid 

oxidation in patients with type 2 diabetes mellitus. 

CONCLUSION 

In conclusion, diabetic patients with severe vitamin D 

deficiency had higher FBS, PPG, HbA1C, and oxLDL 

levels compared with deficient ones. The findings 

presented herein have therapeutic implications. This 

study hypothesizes that, in patients with diabetes 

mellitus type 2, normal levels of vitamin D in the 

blood may facilitate glucose control. The results also 

could possibly point to the effect of vitamin D 

deficiency level on oxLDL production. 

 

List of abbreviations: Hs-CRP: High sensitivity C-

reactive protein, OxLDL: Oxidized low-density 

lipoprotein, LDL: Low-density lipoprotein, HDL: High-

density lipoprotein, BMI: Body mass index, FBS: 

Fasting blood sugar, PPG: Post prandial glucose, AUC: 

Area under curve, ROC: Receiver operating 

characteristics, SBP: Systolic blood pressure, DBP: 

Diastolic blood pressure. 
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