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Serum 25 Hydroxy Vitamin D3 Levels in Type 2 
Diabetic Patients
Tip 2 Diyabetik Hastalarda Serum 25 Hidroksi Vitamin D3 Seviyeleri
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Özet

Amaç:­ Düşük vitamin D konsantrasyonlarının diyabet ve 
insülin rezistansı ile ters orantılı olduğu konusunda bilgiler 
çoğalmaktadır. Tip 2 diyabetik hastalarda vitamin D seviyeleri ile 
bazı antropometrik ve metabolik verileri araştırmayı planladık. 

Yöntem:­ 101 Tip 2 diyabetik hasta ve 60 kontrol ile 
gerçekleştirdiğimiz çalışmada her iki grubun vitamin D seviyeleri 
ile diğer parametrelerini kıyasladıktan sonra diyabetik hastalarda 
korelasyon analizi yaptık, ayrıca 25-hidroksi vitamin D3 seviyelerine 
göre hastaları sınıflandırıp kıyaslamaları tekrarladık.

Bulgular:­ Kontrollerle kıyaslandığında diyabetiklerde düşük 
25-hidroksi vitamin D3 seviyelerine rastladık. Vitamin D indirekt 
insülin direnci indeksi ile negatif korele bulundu. Diyabetik hastalar 
25-hidroksi vitamin D3 düzeyleri açısından gruplandığında hiçbir 
parametrede farklılık saptanmadı. 

Sonuç:­Çalışmamız tip 2 diyabetiklerde 25-hidroksi vitamin D3 
seviyesinin belirgin olarak düşük olduğunu ortaya koymuştur. 
Diyabetik hastalarda vitamin D eksikliği varsa, vitamin seviyeleri 
azaldıkça metabolik parametreleri daha fazla kötüleşmemektedir. 
Hipovitaminozis D non-diyabetiklerde de saptandığından 
toplumumuza vitamin D ilavesinin gerekli olduğunu düşünüyoruz. 
(Ha se ki T›p Bül te ni 2013; 51: 89-94)

Anahtar­Kelimeler:­Tip 2 Diyabetes mellitus, Vitamin D

Abs­tract

Aim:­Accumulating knowledge suggests that low 25-hydroxyvitamin 
D3 concentrations may be inversely related to diabetes mellitus 
and insulin resistance. We planned to investigate the association 
of 25-hydroxyvitamin D3 levels with some antropometric and 
metabolic data in type 2 diabetic patients.

Methods:­In our study including 101 patients with type 2 diabetes 
mellitus and 60 healthy controls, after making comparisons of 
25-hydroxyvitamin D3 levels and other parameters of two groups, 
we made correlation analysis in our diabetic patients. Later, we 
grouped our patients according to their 25-hydroxyvitamin D3 
levels and made comparisons. 

Results:­We found significantly lower 25-hydroxyvitamin D3 levels 
in type 2 diabetic patients than in controls. In correlation analysis, 
25-hydroxyvitamin D3 levels were found to be negatively correlated 
with insulin homeostasis model assessment index. When we 
grouped our diabetic patients according to 25-hydroxyvitamin D3 
levels, no difference was demonstrated in any parameters.

Conclusion:­ This study suggests that 25-hydroxyvitamin D3 
levels are significantly low in type 2 diabetes mellitus. In patients 
with type 2 diabetes, once vitamin D deficiency exists, metabolic 
parameters do not worsen according to decreasing vitamin D 
levels. Since hypovitaminosis D also exists in non-diabetics, we 
recommend vitamin D supplementation in our population . (The 
Me di cal Bul le tin of Ha se ki 2013; 51: 89-94)
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Introduction

Vitamin D affects various tissues besides bones, 

sun exposure and vitamin D intake determines its 

concentration (1).  It has been demonstrated that vitamin 

D deficiency is associated with hypertension (2-4), type 

1 (T1DM) and type 2 diabetes mellitus (T2DM) (5-11), 

metabolic syndrome (12-14), cardiovascular disease (15-

17) and malignancy (18-20). 
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Serum concentration of 25-hydroxy vitamin D3(25(OH)D) 
is the best indicator of vitamin D status (21). Hypovitaminosis 
D is defined as serum 25(OH)D concentration <20ng/ml 
(22,23). The 25(OH)D concentration was lower in patients 
with T2DM, than in nondiabetic control subjects (17,24). It 
has been reported that insulin secretion is dependent upon 
vitamin D (25-27). It has also been reported that there is a 
positive correlation of vitamin D concentration with insulin 
sensitivity (28-30).  

Keeping in mind the complex relationship of vitamin 
D with glucose metabolism, cardiovascular disease, 
metabolic syndrome and insulin resistance, we planned to 
seek the relationship of vitamin D with various parameters 
in diabetic patients. 

Materyal­and­Methods
Patients
A total of 101 T2DM patients, aged between 30 and 80 

years, were recruited from the outpatient clinic at Ankara 
Education and Research Hospital from January 2011 to 
February 2011. Sixty healthy age-matched individuals 
constituted the control group. 

Subjects with a history of chronic renal disease and 
liver disease, skin disorders, malabsorption, inflammatory 
bowel disease or celiac disease, and those taking 
medications that may interfere with serum levels of 
25(OH)D were excluded. 

After detailed physical examination, body weight and 
height were measured in all subjects. Body mass index 
(BMI) was calculated as the weight in kilograms divided by 
the square of the height in meters (kg/m2). 

Blood samples were withdrawn after a 12-hour 
overnight fast, at 08.30 a.m. for measuring fasting plasma 
glucose (FPG), HbA1c, fasting insulin (FI), serum total and 
HDL cholesterol (HDL-C), triglyceride (TG), creatinine, Ca, 
P, PTH, TSH, albumin and 25(OH)D levels. 

An indirect measure of insulin resistance was calculated 
from the fasting plasma insulin (μunite/ml) x fasting 
plasma glucose (mmol/l) /22.5 formula as homeostasis 
model assessment (HOMA-IR). 

This study was performed according to the principles 
of the Declaration of Helsinki 2008. The local ethics 
committee approved this study and all the subjects gave 
written informed consent.

Laboratory­Methods

Plasma glucose, total cholesterol, TG, creatinine, Ca, P, 
albumin and HDL-C concentrations were determined by 
enzymocalorimetric spectrophotometric method using 
a Roche/Hitachi molecular PP autoanalyzer. Low-density 
lipoprotein cholesterol (LDL-C) was calculated by the 
Friedewald Formula (LDL=Total cholesterol - HDL - TG ÷ 
5). Insulin was measured by means of DRG Diagnostics 

(DRG Instruments GmbH, Germany) ELISA kits and FI was 
measured by TOSOH G7 HPLC system. PTH and TSH were 
determined by chemiluminescence method using the 
Advia Centaur XP system. 

For the measurements of 25(OH)D, Waters LC-MS/
MS device liquid chromatography mass spectrometry was 
used. We classified 25(OH)D serum levels as follows: 1) 
<12 ng/mL, 2) 12-20 ng/mL and 3) ≥20 ng/mL. 

Statistical­Analysis

Calculations were performed using SPSS version 
10.1. Student’s t-test was used to compare the groups 
in a parametric way (for data showing homogeneous 
dispersion) and the Mann-Whitney U test was used in a 
non-parametric way (for data showing non-homogeneous 
dispersion). Correlation between variables was calculated 
using Pearson’s correlation coefficient. Data are presented 
as mean±SD. A p value of less than 0.05 was considered 
statistically significant. 

Results
This study included 101 patients with T2DM [61 

females (61%) and 40 males (29%)’ yerine 61 females 
(61%) and 40 males (39%). All the demographic and 
laboratory findings in the groups were compared and are 
illustrated in Table 1. In T2DM patients BMI, FBG, HbA1c, 
FI, HOMA-IR, TG levels were significantly higher (p=<0.01) 
and 25(OH)D levels were significantly lower than in 
controls (p=<0.01).

When we made correlation analysis in diabetic 
patients, we found that 25OHD positively correlated with 
creatinine (p=<0.05, r=0.18) and negatively correlated 
with BMI (p=<0.001, r=-0.23), HbA1c (p=<0.05, r=-0.21), 
FI (p=<0.05, r=-0.01), HOMA-IR (p=<0.05, r=-0.20), and 
PTH levels (p=<0.05, r=-0.18). 

Then we classified our diabetic patients according to 
their 25 (OH) D levels as follows: 1) <12, 2) 12-20 and 
3) >20ng/ml (Table 2). We did not find any difference in 
serum 25 (OH) D levels between the patient subgroups.

Discussion­
Vitamin D is produced in the body after sun exposure 

and is found in foods. In the body, two hydroxylased forms 
of vitamin D are present (21). There are three reasons why 
25(OH)D is thought to be a good indicator of vitamin D 
state. First; 1,25 (OH) 2D has a shorter half life than 25 
(OH) D, second; its plasma levels are closely related to PTH, 
Ca and P, and lastly, levels of 1,25 (OH) 2D do not decrease 
until vitamin D deficiency is serious (23).  

Vitamin D affects cell growth, immune functions, 
neuromuscular functions and inflammation (21,23,32-33).
There is also mounting interest in the role of vitamin D in 
the aetiology of T1DM (5-8) and T2DM (9-11) as well as 
metabolic syndrome (12-14). 
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In most (24,25,34-37), but not all (38-40), case-control 
studies, patients with T2DM are found to have lower 
serum 25(OH)D concentration compared with controls 
without diabetes. We also found lower levels of 25(OH)

D in our diabetic patients, compared to that in controls, in 
concordance with most of the previous studies. Persons 
with diabetes are at risk for vitamin D insufficiency and 
deficiency. Reasons for this include diet, lack of sun 

Table­1.­Demographic and laboratory findings of the groups

T2DM
n=101

Control
n=60

p

Age (year) 55.8±7.5 51.9±7.7 NS

BMI (kg/m2) 29.8±4.1 27.2±2.56 <0.01 

FBG ( mg/dl)  172.1±68.6 92.2±5.0 <0.01 

HbA1c (%) 8.2±2.1 5.4±0.2 <0.01 

FI ( μU/ ml) 13.0±6.4 7.9±4.0 <0.01

HOMA-IR 5.4±3.6 1.7±0.9 <0.01

TC (mg/dl)  198.5±10.4 188.8±22.1 NS

LDL-C (mg/dl) 127.7±38.4 124.8±31.0 NS

HDL-C (mg/dl) 44.8±10.0 29.4±10.40 NS

TG (mg/dl)  202.9±23.5 144.4±50.0 <0.01

Creatinine (mg/dl) 0.1±0.04 0.8±0.1 NS

Ca (mg/dL) 9.4±0.3 9.3±0.5 NS

P(mg/dL) 3.3±0.4 3.3±0.4 NS

PTH (pg/mL)  53.6±25.2 55.2±18.2 NS

TSH (μIU/ MI) 1.6±1.0 1.9±1.1 NS

Albumin (g/dL) 4.3±0.2 4.3±0.3 NS

25(OH)D ( ng/ml) 9.9±7.6 14.3±7.7 <0.01

BMI: Body mass index, FBG: Fasting blood glucose,HbA1c: Hemoglobin A1c, FI: Fasting insulin, HOMA-IR: Homeostasis model assesment index-insulin resistance, 
TC: Total cholesterol, LDL-C: Low density lipoprotein cholesterol, HDL-C: High density lipoprotein cholesterol, TG: Triglyceride, Ca: Calcium, P: Phosphorous, PTH: 
Parathyroid hormone, TSH: Thyroid stimulating hormone, 25(OH)D: 25-hydroxy vitamin D. Data are presented as mean±SD. NS: nonsignificant. 

Table­2. Findings of T2DM patients according to their serum 25(OH)D levels

25(OH)D­
(ng/ml)

<12
n=74

12-20
n=20

>20
n=7

p

Age (year) 55.3±7.8  29.7±6.0  58.7±7.4 NS

BMI (kg/m2) 29.8±4.1  30.0±3.06  29.5±6.4 NS

FBG ( mg/dl) 173.4±71.3  167.2±55.4 192.8±55.8 NS

HbA1c (%) 8.1±2.2 8.3±2.0 8.6±2.1 NS

FI ( μU/ ml) 13.3±6.9 12.2± 6.9  12.1±4.0 NS

HOMA-IR 5.2±4.1 4.8±2.2 5.4±1.5 NS

TC (mg/dl) 88.3±20.4  186.8±20.1  201.8±18.5 NS

LDL-C (mg/dl) 129.1±37.6  122.2±41.8  129.4±42.4 NS

HDL-C (mg/dl)  44.6±9.3  43.3±11.6  50.8±11.6 NS

TG (mg/dl)  206.3±26.7 206.0±13.9 168.2±50.0 NS

25OHD: 25-hydroxy vitamin D, BMI: Body mass index, FBG: Fasting blood glucose,HbA1c: Hemoglobin A1c, FI: Fasting insulin, HOMA-IR: Homeostasis model 
assesment index-insulin resistance, TC: Total cholesterol, LDL-C: Low density lipoprotein cholesterol, HDL-C: High density lipoprotein cholesterol, TG: Triglycer-
ide. Data are presented as mean±SD. NS: nonsignificant. 
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exposure, obesity, lack of outdoor physical activity, renal 
impairment and genetic predisposition. 

25(OH)D levels in the range of 30 to 60 ng/mL are 
considered normal (26). Vitamin D insufficiency has been 
defined as a 25(OH)D of 16-30 ng/mL (41). Vitamin D 
deficiency is generally defined as a 25(OH)D below 20 ng/
mL(22,23). The National Health and Nutrition Examination 
Survey (NHANES) III used a slightly lower value which was 
<15 ng/mL(42). Whatever cutoff value was accepted, our 
patients’ vitamin D levels were significantly low.

The vitamin D levels of our patients were found to be 
deficient, however, it must be noted that the 25(OH)D 
levels of our controls were also very low, as it was also 
determined in another study made in Ankara (43). In the 
literature, only in a few studies so low 25(OH)D levels 
were encountered both in patient and control groups 
(44,45). It was interesting that Al-Daghri et al. (46) found 
that severe hypovitaminosis D was prevalent in both 
non-diabetic and diabetics in Saudi adults, but was more 
common in young and middle aged non-diabetics. Several 
explanations are possible to describe the reason for very 
low vitamin D levels both in patient and control subjects. 
First, the season we have performed our study may affect 
the vitamin D levels; we made the study during the winter. 
Second, in our small group of Turkish population, genetic 
variations must be considered. Third, our clothing style 
may have affected sun exposure. Fourth, as vitamin D 
is stored in fatty tissues and less is biologically active in 
serum, obesity may be linked to the low vitamin D levels in 
our subjects. The BMI of both diabetics and controls were 
above the normal range. Fifth, insufficient dietary intake 
of vitamin D may be another cause of the low levels. Last, 
lack of outdoor physical activity due to possible obesity or 
mobility issues and to the season must also be considered. 

Vitamin D has various effects on glucose homeostasis. 
Besides its role in insulin secretion (47), it also has an 
influence on insulin resistance directly or via Ca indirectly 
(48). Ca is essential for insulin mediated-intracellular 
processes in insulin responsive tissues such as skeletal 
muscle and adipose tissue. Changes in Ca in primary 
insulin target tissues may contribute to peripheral insulin 
resistance (49) via impaired insulin signal transduction, 
leading to decreased glucose transporter-4 activity (49). 
The association between low vitamin D level and insulin 
sensitivity have been reported in cross-sectional and 
observational studies (22). The results from the trials on 
the effect of vitamin D and/or Ca supplementation on 
insulin resistance have showed improvement on insulin 
action (50). Supporting the role of vitamin D in both 
insulin secretion and action, our diabetic patients whose 
25(OH)D levels were lower than controls, had higher blood 
sugar, insulin and HbA1c levels. 25(OH)D levels in diabetic 
patients were also found to be negatively correlated with 

HbA1c and FI levels. Diabetic patients were more obese 
than controls and we showed a negative correlation 
between BMI and vitamin D. As expected, our diabetics 
had higher TG levels.   

In our diabetic patients, besides significantly low 
25(OH)D levels, HOMA-IR levels were significantly high. 
When we made correlation analysis in diabetic patients, 
we also found a negative correlation between 25OHD and 
HOMA-IR. Our results may indicate that vitamin D levels 
may be related to insulin resistance.

As mentioned before, vitamin D levels in the diabetic 
group was statistically lower than in the control group, but 
when we categorized diabetics according to their 25(OH)
D levels (<12,12-20 and >20ng/mL), we did not find 
any difference in the parameters such as blood glucose, 
insulin, lipids, body mass or insulin resistance index. This 
result makes us speculate that if vitamin D levels are above 
normal limits, decline in 25(OH)D levels may not make any 
change in glucose, lipid metabolism, or obesity or insulin 
resistance. 

In conclusion, we found that vitamin D levels were 
significantly low in type 2 diabetics compared to non-
diabetics. There was an inverse relationship between 
vitamin D levels and insulin resistance. We also concluded 
that as vitamin D levels were so low, when vitamin D levels 
declined in diabetic patients, metabolic parameters did 
not worsen. Our findings warrant further examination in 
prospective studies including clinical trials. Our non-diabetic 
population also had low 25(OH)D levels, thus, we think 
that in Turkish population, fortified foods in increasing 
dietary intake of vitamin D should be encouraged as a 
component in the treatment plan in combination with 
supplements of vitamin D and safe sun exposure. 
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