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Abstract  

The aims of the study were 1. to investigate the frequency of 25-hydroxyvitamin D deficiency and 

2. to observe the relationships between D vitamin supplementation and albumin excretion in 

elderly patients with type 2 diabetes mellitus (DM). The study population included 100 patients 

with type 2 DM treated with insulin therapy (mean age 56.1±8.8 yrs). Of 100 patients, 30 (mean 

age 65.4±6.4 yrs) had low 25-hydroxyvitamin (OH) D (25(OH)D) levels. Patients with low 

25(OH)D levels received 50.000 unit of vitamin D3 orally every three weeks for 6 months. 

Albumin excretion rate was measured in patients with low level 25(OH) D before and after D 

vitamin supplementation. Amongst patients with deficiency; 10 (33.3%) had insufficient vitamin 

D levels, 19 (63.4%) had deficient levels, 1 (3.3%) had severe deficiency. There were statistically 

significant differences for plasma levels of A1c (p=0.003), postprandial glucose (p=0.0001), 

triglyceride (p=0.04), total-Cholesterol (p=0.03), LDL-Cholesterol (p=0.02), and HDL-

Cholesterol (p=0.001) in patients with deficiency before and after D vitamin supplementation. 

There was high frequency of 25(OH)D deficiency in patients with type 2 diabetic patients. And 

also, D vitamin supplementation changed metabolic parameters such as triglyceride, total-

Cholesterol, LDL-Cholesterol and HDL-Cholesterol, postprandial glucose and A1c levels but 

not albumin excretion rate. 
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Introduction  

There is a tendency in increased prevalence of type-2 diabetes mellitus (DM) in elderly patients 

along with increased life expectancy [1-4]. Age has become the most dominant factor in the 

etiology of vitamin D deficiency [3, 4]. In patients with established DM and in the general 

population, low 25-hydroxyvitamin (OH) D (25(OH)D) levels are associated with higher fasting 

glucose and higher levels of glycated haemoglobin [5, 6]. There are several mechanisms 

whereby vitamin D might alter glucose metabolism. Vitamin D is known to have 

antiinflammatory and immunomodulatory effects [7]. This could ameliorate low-grade chronic 

inflammation that has been implicated in insulin resistance in type 2 DM [8]. Vitamin D may 

also stimulate insulin release by pancreatic ß-cells [9, 10]. In a previous study, Yılmaz et al. [11] 

suggested that 73% of type 2 diabetic patients had vitamin D deficiency. Vitamin D deficiency 

predicted higher fasting and postprandial blood glucose and also disregulation of diabetes. Also, 

vitamin D supplementation may have a role in modifying other aspects of the metabolic and 

cardiovascular derangements that accompany type 2 diabetes [12]. Recently, Joergensen et al. 

[13] suggested that in high-risk type 2 diabetic patients with elevated urinary albumin excretion 

rate, low levels of vitamin D were associated with asymptomatic coronary artery disease. 

However, no many studies related to relationship between D vitamin supplementation and 

albümin excretion rate in elderly patients with type 2 diabetes mellitus. Therefore, The aims of 

the study were 1. to investigate the frequency of 25(OH)D deficiency and 2. to observe the 

relationship between D vitamin supplementation and albumin excretion in elderly patients with 

type 2 DM.   

Subjects and Methods 

100 patients with type 2 DM treated with insulin therapy (71 females, 29 males, mean age 

56.1±8.8 yrs) were enrolled in the study. Of 100 patients, 30 (17 females, 13 males, mean age 

65.4±6.4 yrs) had low 25(OH) D level. Patients with low 25(OH)D level received 50.000 unit of 

vitamin D3 orally per three weeks for 6 months. Albumin excretion rate (AER) was measured in 

patients with low level 25(OH) D before and after D vitamin supplementation. All the data were 

evaluated retrospectively.  
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Anthropometric measurements were made in all subjects. A two point bioelectrical impedance 

apparatus calibrated for adults (Tanita TBF 300, TANITA Corp.) was used to measure the 

percentage body fat (%BF).  

Serum concentrations of glucose, triglyceride, total and HDL-Cholesterol were determined by 

enzymatic procedures. Plasma A1c levels and AER were measured by enzymatic and 

chromatographic methods using commercial kits (Bio-system S.A and Human Germany) 

respectively. Serum 25(OH)D was measured by radioimmunoassay (RIA) (RIA kit, DiaSorin, 

Stillwater, MN). The intra- and interassay coefficients of variation for vitamin D were 8.1% and 

10.2%, respectively. Patients were classified as having normoalbuminuria (urinary albümin 

excretion [(UAE<30 mg/24 h), microalbuminuria, (UAE 30–299 mg/24 h), or macroalbuminuria 

(UAE≥300 mg/24 h)] at baseline.  

 

Statistical Analysis 

Statistical analysis was performed using the SPSS for Windows (13.0) software package. 

Numerical variables were expressed as mean ± standard deviation. The groups were compared 

using the Mann Whitney test.  

Results 

The characteristics and clinical findings of the study groups are shown in Table 1. There were 

statistically significant differences for systolic (p=0.03) and diastolic (p= 0.05) blood pressures 

between diabetic patients with and without 25(OH)D deficiency. In study group (n= 100), 30 

patients had low 25(OH)D levels. 10 of them (33.3%) had insufficient vitamin D levels (20 to 

<30 nmol/L), 19 (63.4%) had deficient levels (10 to <20 ng/mL), 1 (3.3%) had severe deficiency 

(<10 nmol/L) in patients with deficiency. 

Among 70 diabetic patients without deficiency, 22.0% were smokers and 20.0% informed 

alcohol consumption. However, 30.0% of diabetic patients with low 25(OH)D levels were 

smokers and only 16.6% of them consumed alcohol (p=0.5, p=0.72; respectively). All diabetic 

patients were classified as having normoalbuminuria (n=54), microalbuminuria, (n=40), and 

macroalbuminuria (n=6) at baseline. In diabetic patients with low 25(OH)D levels, 
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normoalbuminuria (n=15), microalbuminuria, (n=12), and macroalbuminuria (n=3) at baseline 

were found. Mean levels of postprandial glucose in diabetic patients with low 25(OH)D level 

were statistically significantly higher than that of control.    

 

Table 1. Demographic characteristics of diabetic patients were shown.  

Parameters 
Diabetic patients 

without 25(OH)D 

deficiency 

(n= 70)  

Diabetic patients with 

25(OH)D deficiency 

(n= 30) 

P 

Age (years) 54.9±11.1 65.4±6.4 0.63 

Smokers, no (%) 22.0% 30.0% 0.50 

Smoking pocket/year 21.9±9.1 20.9±2.8 0.45 

Alcohol consumption, no (%) 20.0% 16.6% 0.72 

Body Mass Index  (kg/m
2
) 28.7±6.9 26.3±3.2  0.83 

Waist circumference (cm) 107.8±13.4 105.2±8.6 0.80 

Diabetes duration (years) 8.0±1.0 10.5±3.6 0.65 

Systolic Blood Pressure (mmHg) 10.1±18.1 125.6±21.5 0.03* 

Diastolic Blood Pressure 

(mmHg) 

67.2±10.0 62.1±17.1 0.05* 

*Data are expressed as meanSD 
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Table 2.  Blood profiles of diabetic patients were shown. 

 Diabetic patients 

without 25(OH)D 

deficiency 

(n= 70) 

Diabetic patients 

low 25(OH)D  

(n= 30) 

P 

Triglyceride (mg/dl) 140.9±33.1 133.1±47.5 0.90 

Total-Cholesterol (mg/dl) 249.0±39.4 239.0±46.8 0.85 

LDL-Cholesterol (mg/dl) 130.9±30.1 125.7±34.8 0.75 

HDL-Cholesterol (mg/dl) 42.7±10.3 41.2±9.0 0.40 

Fasting glucose (mg/dl) 133.1±29.4 149.0±39.4 0.55 

Postprandial glucose 

(mg/dl) 

158.9±50.0 222.2±61.1 0.001* 

A1c (%) 8.4±0.9 7.7±0.77 0.45 

Urinary albumin excretion 

(mg/24 h) 

37.9±6.0 33.4±2.4 
0.50 

Creatinin (mg/dl) 0.9±0.4 1.0±0.1 
0.60 

Urea (mg/dl) 38.1±4.1 24.1±6.8 
0.90 

25(OH)D (nmol/L) 43.9±3.1 23.9±7.8 
0.03* 

* Data are expressed as meanSD  
Abbreviations: LDL= Low-density lipoprotein; HDL= High-density lipoprotein; 25(OH)D= 25-

hydroxyvitamin D 

 

There were statistically significant differences for plasma levels of A1c (p=0.003), postprandial 

glucose (p= 0.0001), triglyceride (p=0.04), total-Cholesterol (p=0.03), LDL-Cholesterol 

(p=0.02), and HDL-Cholesterol (p=0.001) between patients with D vitamin supplementation 

(Table 3). However, no statistically significant difference for urinary albumin excretion levels 

between before and after treatment was found (p=0.15) 
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Table 3. Clinical and biochemical characteristics of patients before and after D vitamin 

supplementation were shown. 

 Before 

supplementation 

(n= 30) 

After 

supplementation 

(n= 30) 

p 

Body Mass Index  (kg/m
2
) 26.3±3.2 26.0±3.2 0.30 

Waist circumference (cm) 105.2±8.6 101.8±9.2 0.25 

Systolic Blood Pressure 

(mmHg) 

119.8±16.2 125.6±21.5 0.25 

Diastolic Blood Pressure 

(mmHg) 

61.3±10.3 62.1±17.1 0.57 

Triglyceride (mg/dl) 133.1±47.5 117.6±22.0 0.04* 

Total-Cholesterol (mg/dl) 239.0±46.8 219.3±47.5 0.03* 

LDL-Cholesterol (mg/dl) 125.7±34.8 119.2±28.0 0.02* 

HDL-Cholesterol (mg/dl) 41.2±9.0 45.3±9.2 0.001* 

Fasting glucose (mg/dl) 149.0±39.4 128.2±25.3 0.17 

Postprandial glucose (mg/dl) 222.2±61.1 174.8±39.5 0.0001* 

A1c (%) 8.5±1.1 7.7±0.77 0.003* 

Urinary albumin excretion 

(mg/24 h) 

35.1±2.8 33.4±2.4 
0.15 

Creatinin (mg/dl) 1.0±0.1 0.9±0.2 
0.55 

Urea (mg/dl) 24.1±6.8  0.10 

25(OH)D (nmol/L) 23.9±7.8 .1 0.0001* 

* Data are expressed as meanSD  
Abbreviations: LDL= Low-density lipoprotein; HDL= High-density lipoprotein; 25(OH)D= 25-

hydroxyvitamin D 

 

 

In diabetic patients with 25(OH)D deficiency, mean levels of 25(OH)D were negatively 

correlated with microalbuminuri (r = - 0.802, p = 0.02) and A1c (r = - 0.650, P = 0.001) levels. 
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Discussion 

The extraskeletal health benefits of vitamin D and high prevalence of inadequate levels of 

vitamin D have been largely unrecognized by both physicians and patients [14- 16]. In the 

present study, the frequency of 25(OH)D deficiency was found to be 30% in patients with type 2 

DM on insulin therapy. And also, 25(OH)D supplementation for 6 months didn’t change urinary 

albumin excretion rate in patients with 25(OH)D deficiency. However, D vitamin 

supplementation effected mean levels of A1c, postprandial glucose, triglyceride, total-

Cholesterol, LDL-Cholesterol and HDL-Cholesterol in diabetic patients with deficiency.  

The elderly population is more susceptible to vitamin D deficiency, especially the elderly who 

live in nursing homes and who are hospitalized [17– 20]. Low 25(OH)D levels are common in 

patients with both Type 1 and Type 2 diabetes mellitus [21–23]. Similarly, Lee et al. [24] 

showed that the mean concentration (±SD) of 25(OH)D in patients with type 2 DM was 11.2 

(±6.1) ng/ml with a prevalence of Vitamin D deficiency of 85.9%. To our findings, 25(OH)D 

deficiency was found to be 30% in patients with type 2 DM. In type 2 diabetic patients, severe 

vitamin D deficiency predicts increased risk of all-cause and cardiovascular mortality, 

independent of urinary albümin excretion rate and conventional cardiovascular risk factors [2]. 

Likewise, in the general population, an inverse association was found between vitamin D levels 

and the prevalence of albuminuria [25]. Previously, sex, body mass index and the use of sun 

protectors have been shown to be associated with vitamin D deficiency. In a previous study, the 

prevalence of albuminuria was enhanced with decreased levels 25(OH)D [26]. Similarly, 

Bonakderon et al. [27] suggested that vitamin D deficiency has a negative effect on albuminuria 

in diabetic patients, and its replacement might be associated with a beneficial effect on the risk 

factors of diabetic nephropathy, such as hyperlipidemia and hypertension. In the present study, 

we found that mean levels of 25(OH)D were negatively correlated with albuminuria in diabetic 

patients with vitamin deficiency. And also, no effect of D vitamin supplementation on albümin 

excretion rate was found in diabetic patients with deficiency. There is some evidence that 

describes the beneficial effect of vitamin D supplement therapy on regulation of blood pressure. 

Pfeifer et al. [28] demonstrated that supplement therapy with calcium and vitamin D results in 

better reduction of systolic blood pressure compared with calcium alone. In another study [29], it 

was found that there was an inverse relation between vitamin D level and blood pressure. 
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Otherwise, we didn’t find any correlations between 25(OH)D levels and systolic or diastolic 

blood pressures in diabetic patients with D vitamin deficiency. In addition, no effect was found 

to change blood pressure with D vitamin supplemantation. However, we found that mean levels 

of triglyceride, total-Cholesterol, LDL-Cholesterol and HDL-Cholesterol significantly changed 

with D vitamin supplementation. Similarly, Gagnon et al. [30] reported that lower 25(OH)D 

concentrations were associated with increased metabolic syndrome risk and higher waist 

circumference, serum triglyceride, fasting glucose, and insulin resistance at 5 year. 

Previously, in many studies [31- 33], it was found that there was a relatioship between 25(OH)D 

level and diabetes risk. Kayaniyil et al [34], suggest that higher plasma 25(OH)D concentrations 

and higher vitamin D intake are associated with lower risk of type 2 diabetes. To our findings, 

mean levels of postprandial glucose and A1c improved with D vitamin therapy in diabetic 

patients with low 25(OH)D level. However, the small number of studies did not allow us to 

meta-regress baseline 25(OH)D levels against the degree of improvement in glycaemic indices, 

or to examine whether higher baseline glucose or HbA1c values may have been associated with 

greater improvements with vitamin D therapy [35, 36]. Future studies related to relationship 

between glucose control and 25(OH)D level in diabetic patients is needed.  

In summary, there were high (30%) frequency of 25(OH)D deficiency in patients with type 2 

diabetic patients. And also, D vitamin supplementation changed metabolic parameters such as 

triglyceride, total-Cholesterol, LDL-Cholesterol and HDL-Cholesterol, postprandial glucose and 

A1c levels but not albumin excretion rate in patients with low 25(OH)D level. 
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