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ABSTRACT 

Introduction: Diabetes mellitus is a metabolic disease 

that is a primary public health consideration. Low 

Vitamin D levels are linked to type 2 diabetes (T2DM), 

diminished insulin release, and enhanced insulin 

resistance in humans and animals. Vitamin D is also 

involved in the regulation of calcium and phosphorus 

homeostasis. Oxidative stress and antioxidant 

imbalances are important for the progression of 

diabetes as well. In this endeavor, the levels of vitamin 

D, calcium, phosphorus, and evaluation of the oxidant-

antioxidant factors of malondialdehyde (MDA) and 

total antioxidant capacity (TAC) in healthy and diabetic 

people were compared. 

 

Methods: This descriptive-analytical study was conducted in 2020 in Shiraz, Fars province, Iran. The population 

included 40 T2DM patients (with HbA1c equivalent 6-8) without comorbidities, 20-60 years old for both genders, 
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and 40 healthy individuals (female and male between 20-60 years old without comorbidities). The high-

performance liquid chromatography (HPLC) method was adopted for measuring Vitamin D and for measuring 

other levels, the colorimetric method was used. Using SPSS 22, statistical analysis was performed. The Mann-

Whitney U test for quantitative data was applied. P<0.05 was deemed significant. 

 

Results: There was a statistically significant difference between the two groups when it came to the means of 

vitamin D and MDA. In the diabetic group, vitamin D levels were lower (p=0.001) and MDA levels were higher 

(p<0.001). Comparing the level of calcium and phosphorus in diabetics and healthy people revealed no significant 

difference. This result was also true for the TAC test. 

 

Conclusions: According to our results, the mean of vitamin D in T2DM was significantly lower than healthy people 

and MDA in T2DM significantly increased compared to the control group, suggesting that increasing the activity 

of this enzyme in the development of secondary complications in diabetic patients is a predisposing factor. 
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INTRODUCTION  

Type 2 diabetes mellitus (T2DM) is characterized by a 

chronic rise in blood sugar due to a relative lack of 

insulin, insulin resistance, or both. Diabetes and its 

late effects lead to reduced life expectancy and health 

costs [1]. T2DM has become one of the most 

momentous and common health problems in recent 

decades and is now the 7th leading cause of death in 

the United States as well as worldwide with 5.2 

million deaths. Diabetes mortality is estimated at 82.4 

per 100,000 [2]. 

T2DM is a complex metabolic disease that 

causes a range of insulin resistance in the target 

tissues or defects in insulin secretion from the 

pancreas [3]. Various predisposing factors for this 

disease have been mentioned including systemic 

inflammation, oxidative stress, obesity, lifestyle, diet, 

and the role of vitamins and minerals [3, 4]. 

 During the last decade, vitamin D has been 

linked to an increased risk of T2DM, and vitamin D 

supplements are thought to be an effective option in 

lowering the risk of T2DM. Recently, various studies 

have been performed to determine the effect of 

vitamin D supplementation on the control of diabetes 

in T2DM [5-7].  Previous studies suggested that 

receptors of Vitamin D are located within pancreatic 

beta cells, and adequate levels of vitamin D aids 

insulin sensitivity and insulin secretion [8, 9]. 

Moreover, vitamin D is involved in calcium regulation 

and through this role, it can indirectly affect insulin 

release from pancreatic beta cells [1].  

Contradictory results have been reported in 

previous studies regarding the effect of vitamin D on 

metabolic syndrome and related diseases. For 

combined vitamin D and calcium supplements, 

intervention trials have only been effective in high-

risk populations (eg. those with glucose intolerance) 

and have reduced the incidence of T2DM [10]. 

However, in RCT studies, when the study was faced 

with low sample size, an inappropriate dose of 

vitamin D, low homogeneity of vitamin D status in the 
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samples, and genetic polymorphism (at least for 

vitamin D receptor), the results have shown that 

vitamin D and calcium do not play a protective role in 

T2DM [11]. Vitamin D receptors are scattered in the 

pancreatic beta cells and immune system cells. In 

addition, vitamin D is involved in the activity of 

endopeptidases in calcium-dependent beta cells and 

can both directly induce beta cells to secrete insulin 

and by indirectly increasing intracellular calcium, 

convert calcium-dependent channels in beta cells 

which convert pro-insulin to insulin [12]. 

Hyperglycemia also causes oxidative stress by 

increasing protein glycation and glucose oxidation. 

Overproduction of reactive oxygen species and 

consequent depletion of the body's antioxidant 

defense system leads to lipid peroxidation and cell 

damage which then lead to macro-and microvascular 

complications of diabetes [13]. 

Due to the importance of vitamin D deficiency 

and macro-mineral deficiency in diabetic patients, 

differences in study results, differences in climatic 

conditions and diet in different regions, and the lack 

of similar studies in recent years in Shiraz city, this 

study aims to compare vitamin D levels, calcium, 

phosphorus, and oxidative conditions in diabetic and 

healthy patients. 

 

SUBJECTS AND METHODS 

This descriptive-analytical study was conducted in the 

Laboratory of Pathobiology and Genetics of Peyvand 

Shiraz city, Fars province, south of Iran (2020). 

Approval was obtained from the ethics committee of 

the Shiraz University of Medical Science. The 

procedures used in this study adhere to the tenets of 

the Declaration of Helsinki. 

Inclusion and exclusion criteria:  The population of 

our study was selected randomly from diabetic 

patients who were referred to one of the medical 

diagnostic labs in Shiraz city. Inclusion criteria in our 

investigation were diabetic patients  (T2DM)  who 

have been diagnosed for at least three years and with 

HbA1c equivalent to 6-8, those who are taking oral 

medicine for the control of blood glucose (other than 

insulin), 20-60 years old in both genders, non-smoker, 

non-alcoholic, and without comorbidities. Exclusion 

criteria included consuming supplements in the form 

of minerals and vitamin D, obesity (BMI>33), 

nephropathies, hepatitis, or any comorbidity that 

requires medical attention, those with 

malabsorption, infertility, oligomenorrhea, 

pregnancy, lactation, malignancy, use of drugs 

affecting bone metabolism (estrogen, calcitonin, 

bisphosphonates, etc.), and injection of vitamin D in 

the last six months. 

 

Collection of samples: Forty healthy individuals were 

randomly selected from patients with no history of 

diabetes. The control group was matched to the 

patient group in terms of number, age, and sex. 

The study process was explained verbally to all 

participants. After obtaining the informed consent of 

the study participants, study-related interviews were 

conducted with them. Those who wished to 

participate in this study used their blood serum to 

measure the amount of calcium, phosphorus, vitamin 

D, Malondialdehyde (MDA), and their total 

antioxidant capacity (TAC). 

Sampling was performed after 8-12 hours of 

fasting from 8-11 a.m. and before taking blood 

glucose-lowering medications. Serum and plasma 

(containing the anticoagulant EDTA) were isolated to 

measure the target assays. 

 

Estimation of Vitamin D, Calcium, Phosphorous, 

Malondialdehyde and total antioxidant capacity: 

Vitamin D was measured by high-pressure liquid 

chromatography (HPLC) according to the Galunska et 

al. method [14]. 0.5 ml of the sample were mixed with 

1 ml of ethanol 96  (for 1 minute) to precipitate the 

protein. Then, the mixture was centrifuged for 10 
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minutes at 5500 rpm to achieve a clear supernatant. 

Subsequently, the clear liquid with 3 ml of hexane was 

re-extracted and evaporated under a slow flow of 

nitrogen. The dried residue was dissolved in 0.2 ml of 

methanol and HPLC analysis was carried out (Waters 

pump binary 1525, USA). Ten microliters of the 

prepared sample were injected into 25 cm long, 5-

micron diameter columns, and vitamin D was 

measured by UV-visible detector [14]. 

MDA content, which determined the extent of 

lipid peroxidation quantitatively, was assessed using 

a colorimetric method according to the method 

prepared by the Zellbio (Germany) kit. Lipid 

peroxidation is measured by the reaction of 

thiobarbituric acid with MDA.  

The TAC was measured using a colorimetric 

approach based on Ferric Reducing Potential of 

Plasma (FRAP). 

Calcium and phosphorus were measured by the 

photometric method (Pars Azmoon diagnostic kits) 

and with an auto-analyzer (BT-1500 Biotenica, Italy). 

Statistical analysis: Demographic and laboratory 

information were collected after coding and entered 

into the SPSS 22 software. The Shapiro Wilks test was 

used to evaluate the normality of the data. To 

compare the mean of the variables in the two groups, 

the t-test was used if the data was normal and if it was 

not normal, the Mann-Whitney test was used. 

 

RESULTS 

Demographics result: The Mean±SD of the 

participant's age was 45±9 years (range from 20 to 60 

years). There was an equal proportion of both sexes 

in the groups.  

 

Vitamin D result: For vitamin D levels, there was a 

statistically significant difference between the two 

groups. The level of vitamin D in the diabetic group 

was 29.1 ±2.25 IU/mL and in the control group, it was 

33.5 ± 4.5 IU/mL (p = 0.001) (Table 1). 

 

Calcium and phosphorus result: Comparing the level 

of calcium and phosphorus in diabetics and healthy 

people revealed no significant difference (Table 1). 

 

Malondialdehyde and total antioxidant capacity 

results: There was a significant difference between 

the two groups in terms of MDA level (p<0.001), and 

its value in the diabetic group was higher than the 

control. However, in the case of TAC, there was no 

significant difference between the two groups (Table 

1). 

                  

           Table 1. Serum levels of different variables in the two groups. 

P-value Non-Diabetic 

Mean±SD 

Diabetic (type 2) 

Mean±SD 

Variable 

0.001 33.5±4.5 29.1± 2.25 25 (OH) Vit D IU/mL 

0.126 9.64±0.18 9.53±0.2 Calcium mg/dL 

0.234 3.47±0.28 3.62±0.37 Phosphorous mg/dL 

<0.001 1.08±0.19 2.23±0.28 MDA µM 

0.473 1.66±0.23 1.57±0.41 TAC mM 

 
MDA Malondialdehyde; TAC: Total antioxidant capacity; Vit D: Vitamin D; SD: standard deviation 
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DISCUSSION 

This study aimed to appraise the level of vitamin D, 

calcium, phosphorus, and oxidative status in diabetic 

and non-diabetic patients.  

After conducting this study, we detected that 

the level of vitamin D in the T2DM group, compared 

to the healthy group, was significantly lower. It can be 

concluded that there is a role for vitamin D in 

regulating blood sugar and improving insulin 

sensitivity by reducing insulin resistance [1]. This 

study correlates well with the study conducted by 

Chiu et al. among 126 healthy and glucose tolerant 

subjects where 47 subjects were detected to have 

Vitamin D levels less than 20 ng/ml [8].  

  The most well-known use of vitamin D is for 

bone protection, but research has begun to explore 

its role in many areas of health. It has been proven 

that vitamin D deficiency can be a factor in developing 

Type 2 diabetes. It has also been demonstrated that 

the beta cells of the pancreas that secrete insulin 

contain the vitamin D receptor and the enzyme alpha 

1 hydroxylase [15]. 

The study by Osmani was conducted on 50 

newly diagnosed Type 2 diabetes mellitus patients for 

evaluating the levels of Vitamin D in diabetic and non-

diabetic patients; they found that the diabetic group 

had lower levels of Vitamin D compared with the 

control. It can be concluded that there is a role for 

Vitamin D in regulating blood sugar levels and 

improving insulin sensitivity [1]. 

Moreira-Lucas et al. performed a double-blind, 

randomized, placebo-controlled 24-week trial to 

assess insulin sensitivity and beta-cell function. They 

used 71 participants whose serum vitamin D levels 

were 25(OH)D ≤ 65 nmol/L and had high fasting blood 

sugar and elevated glycosylated hemoglobin. For 24 

weeks, once a week, cheese with and without vitamin 

D were given to subjects that were randomly divided 

into two groups of 28,000 IU of vitamin D3 (VitD; n = 

35) and placebo (n = 36). The results of their study 

after glucose tolerance testing in placebo and vitamin 

D groups showed that weekly doses of vitamin D3 in 

people with undesirable vitamin D levels and at risk 

for Type 2 diabetes could not improve oral glucose 

tolerance or other glycemic markers [16].  

Calcium has been discovered to have an indirect 

effect on insulin secretion. Vitamin D can play a role 

in keeping extracellular calcium levels normal, 

thereby controlling the flow of calcium through the 

cell membrane. Decreased serum vitamin D levels can 

affect and reduce the ability of calcium to secrete 

insulin [1]. In our study, serum calcium and 

phosphorus levels did not show a statistical significant 

difference with the control group. In contrast to our 

study,  Chen Hui et al. have shown that in Type 2 

diabetic patients, the circulating phosphorus was 

lower while the circulating calcium was higher [17]. 

Reduced calcium absorption during vitamin D 

deficiency triggers the secondary release of  

parathyroid hormone and calcium reabsorption 

increases in the kidneys. This condition prevents the 

entry of calcium required for insulin processing in 

target cells and reduces insulin sensitivity by 

increasing intracellular calcium levels [18]. Decreased 

insulin sensitivity increases parathyroid hormone 

secretion [19]. Thus, increased parathyroid hormone 

due to low levels of vitamin D has an unfavorable 

effect on insulin release from beta cells [20-21]. 

Another way vitamin D affects diabetes is by 

increasing the expression of insulin receptors and 

improving insulin function, as well as increasing the 

insulin response to glucose transport [22]. Vitamin D 

prevents beta-cell apoptosis and thus maintains beta-

cell mass [23]. 
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Diabetes is often correlated with elevated 

oxidative stress as a result of decrease of antioxidant 

defenses and a rise in free radical generation [24]. 

Free radicals attack lipids to form malondialdehyde, 

one of the most important markers of lipid 

peroxidation, following an enzymatic reaction. 

Increased levels of malondialdehyde indicate a 

disorder of the antioxidant defense system [25]. 

Measurement of serum malondialdehyde levels is a 

diagnostic indicator of lipid peroxidation and 

oxidative stress, which is often examined in 

pathological conditions caused by free radicals [26]. 

The results of our study were similar to the Pieme et 

al. study regarding the serum level of 

malondialdehyde, which was significantly increased 

in T2DM compared with the control group [26]. Li et 

al., in 2019, indicated that the serum level of 

malondialdehyde in diabetics was significantly higher 

when compared to the healthy group [24]. Similar 

reports have been made in previous studies [27-28].  

TAC represents the total peroxide damage 

caused by low molecular weight, enzymatic, free 

radical particles and reflects the effect of this damage 

on the enzymatic and non-enzymatic antioxidant 

balance in the body. Increased production of ROS in 

body tissues and fluids has been shown to reduce TAC 

[29]. Derived from the findings of the current 

research in T2DM and healthy individuals, the TAC of 

these individuals did not show a statistically 

significant difference. This result contradicts the 

findings of the study by Gunawardena et al. in 2019 

and Pieme et al. 2017. In their study, the difference in 

serum levels of total antioxidants in T2DM compared 

to healthy individuals was reduced and this decrease 

was statistically significant [13, 26]. Also, in a study by 

Li et al., serum total antioxidant levels decreased in 

diabetics [24]. Since oxidative factors have reserves in 

the body, in patients with glycemic crises with 

insufficient reserves of TAC tissue and reduced ability 

to produce TAC, we can see a decrease in this 

oxidative factor; if the body can reproduce it, they will 

not observe a significant change in the level of this 

factor [30]. 

Climatic conditions affect electrolyte levels, 

vitamin D, and blood glucose levels. Despite access to 

data related to these variables, few studies have been 

conducted in Shiraz. Some strengths of our study was 

that in selecting the sample, we applied a specific age 

limit and a specific duration of the treatment period, 

and the method of measuring vitamin D was done 

using the HPLC method. However, the use of the HPLC 

method and the cost of testing with this method 

limited the sample size.  

 

CONCLUSION 

According to our results, the average level of vitamin 

D in diabetic patients was significantly lower than in 

healthy people. A lack of vitamin D can contribute to 

the long-term effects of diabetes, including 

cardiovascular disease. Due to the significant increase 

in MDA in T2DM patients compared to the healthy 

group, increased activity of MDA is a predisposing 

factor to the development of secondary difficulties in 

T2DM. By knowing more about the changes in the 

activity of antioxidant enzymes and oxidative factors 

in these patients in different stages of the disease and 

the factors affecting it, we can be more hopeful about 

increasing the effectiveness of pharmacological and 

nutritional interventions to reduce oxidative stress in 

diabetic patients. Fruits and vegetables have a 

protective role against chronic diseases such as 

cardiovascular disease, ocular and nerve diseases, 

stroke, cancer, diabetes, and high blood pressure. To 

prevent high blood pressure, stroke, cardiovascular 

disease, and other deficiencies related to 

micronutrients, it is recommended to consume at 
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least 400-500 grams of fruits and vegetables daily, 

and insufficient intake of these substances causes 

non-communicable nutritional disorders. The 

protective effect of fruits and vegetables is mostly 

attributed to their antioxidant compounds that 

neutralize natural radicals such as vitamins E and C, E 

(alpha-tocopherol), alpha and beta carotene, and 

glutathione. Pigmented fruits and vegetables that 

contain beta and alpha carotenoids, lutein, lycopene, 

zeaxanthin, astaxanthin, β-cryptoxanthin act as a 

precursor of vitamin A in the human body and in 

addition to compensating for vitamin deficiency in the 

body, play effective roles as anti-oxidants, 

suppressing inflammatory responses, modulating cell 

signaling, and inducing apoptosis. Also, they can play 

a protective role in cardiovascular disease, cancer, 

gastrointestinal disorders, and metabolic diseases 

[31]. Therefore, diabetic patients may need more 

antioxidants, and taking supplements such as 

vitamins D and C can have a critical role in 

strengthening the system of antioxidant protection 

and improving the lives of diabetic patients. 

 

Abbreviations: MDA: malondialdehyde, TAC: total 

antioxidant capacity, DM: Diabetes mellitus, BMI: 

body mass index, EDTA: Ethylenediaminetetraacetic 

acid, HPLC: high-pressure liquid chromatography, SD: 

Standard deviation, Vit D: Vitamin D. 
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