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ABSTRACT 
 

The major and most well-known function of vitamin D is to maintain calcium and phosphorus homeostasis 
and promote bone mineralization. However, recent evidence suggests that vitamin D and calcium homeostasis 
may also be important for a variety of non-skeletal outcomes. Recently, there is accumulating evidence to 
suggest that altered vitamin D and calcium homeostasis may play a role in the development of type 2 diabetes 
mellitus (T2DM). This retrospective, cohort study was designed to test the hypothesis that supplementation with 
vitamin D would improve glycemic control in patients with T2DM. Data were collected retrospectively from 
patients’ records with established T2DM treated with oral anti-diabetic drugs and supplemented with oral 
vitamin D3 (Cholecalciferol) for at least 6 months. The fasting blood glucose levels (FBG), glycated 
hemoglobin (HbA1c %), and lipid profile were assessed at baseline and after 6 months on this therapy. The 
laboratory findings of these patients were compared with patients that were treated with oral anti-diabetic drugs 
only. Analysis of data showed that FBG and HbA1c% were significantly reduced in Cholecalciferol 
supplemented groups after 6 months compared to their levels before supplementation. Meanwhile groups not 
supplemented with Cholecalciferol showed minimal non significant reduction of the mean FBG levels from the 
baseline.  It was concluded that vitamin D therapy in patients with T2DM causes a significant decrease in mean 
fasting blood glucose levels. Further studies are needed to confirm these results and to determine if these 
findings are applicable. 
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Introduction 

 
Vitamin D deficiency is still a global health care concern. A growing number of studies have reported 

widespread vitamin D deficiency and insufficiency in both apparently healthy populations and patients with 
various pathologies. It has been estimated that 1 billion people worldwide are affected by various degrees of 
vitamin D deficiency (Holick, 2007). 

Diabetes is the most prevalent endocrinologic disorder in the world. The total number of people with 
diabetes worldwide is estimated to increase from 171 million in 2000 to 366 million by 2030 (Wild, 2004). Type 
2 diabetes (T2DM) is associated with increased morbidity and mortality and hence with accelerated health care 
costs. It can result in many long-term micro- and macrovascular complications clinically presented as blindness, 
kidney disease, heart disease, and neuropathy, among others. Persons with diabetes are 4 times as likely to have 
heart disease as are those without diabetes (Eliades and Pittas, 2009). 

Since the first report on the influence of vitamin D on insulin secretion (Norman et al., 1980), which was 
further supported by animal studies (Chertow et al., 1983 and Cade et al., 1986) evidence has proposed a role 
for vitamin D in both the occurrence (Scragg et al., 2004 and Forouhi et al., 2008) and treatment (Chiu et al., 
2004) of T2DM. There is now convincing evidence that vitamin D has some role in both pancreatic insulin 
secretion (Borissova et al., 2003) and insulin sensitivity and thereby affects the pathogenesis of the disease 
(Chiu et al., 2004). 

Accordingly, cohort studies have documented associations of vitamin D intake with a reduced risk of 
subsequent diabetes (Pittas et al., 2006). These observations have led to the idea that amelioration of glycemic 
status could be achieved by an improvement in vitamin D status in patients with T2DM. 
 
Patients And Methods 
 
Ethics statement: 

 
The study was approved by The Public Health Laboratory in Makkah. Informed consent was not obtained 

from the study participants because the data was analyzed anonymously. 
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Study setting and design: 
 
We examined the medical records of 64 diabetic patients who had been enrolled in the outpatient clinic of 

diabetic centre of El-Nor Hospital in Holy Makkha from June 2009 to June 2011. Follow-up data were available 
through January 2012. 

 All the patients enrolled in the study were diagnosed as type 2 diabetes mellitus according to the criteria of 
ADA. Those patients were treated with oral anti-diabetic agents. Half of these patients took daily 
supplementations of Cholecalciferol (in a dose of 1.200 IU daily) at least for the last 6 months. Compliance to 
all drugs used was ensured via the regular monthly follow up.  

Criteria of inclusion were males or females between 45-60 years old, without co-morbidities, managed by 
oral agents either metformine alone or combined with sulphonylurea. 

Criteria of exclusion were sepsis, shock, coma or organ failures, trauma, surgery, cardiovascular event or 
hospitalization in the last six months, use of antibiotics, corticosteroids, immune modulators, cancer radio or 
chemotherapy, dietary or vitamin-mineral (rather than cholicalceferol) supplements in the last six months, or 
refusal to participate in the protocol. 

Patients were classified 4 groups: 
M group: patients of this group were treated with metformine alone. 
MS group: patients of this group were treated with metformine and sulfonylurea.  
MC group: Patients of this group were treated with metformine plus daily supplementations of 

Cholecalciferol at least for the last 6 months.  
MSC group: Patients of this group were treated with metformine and sulfonylurea plus daily 

supplementations of Cholecalciferol at least for the last 6 months. 
 
Outcome determination: 

 
The primary outcome of interest was the glycemic control manifested with the levels of fasting blood 

glucose level (FBG). Glycated hemoglobin (HbA1c %), triglyceride (TG), total cholesterol, low-density 
lipoprotein (LDL), and high-density lipoprotein (HDL) were also recorded. 
 
Statistical analysis: 

 
Univariate analyses of baseline and follow-up demography and clinical laboratory endpoints were 

accomplished using the unpaired t test and paired t test where appropriate. The data were analyzed by one-way 
analysis of variance (ANOVA), followed by post hoc LSD multiple comparison test to estimate the significance 
of difference between groups, and linear regression analysis was used as appropriate. All statistical analyses 
were performed using SPSS version 16.0. All P values were based on two-sided tests. The difference between 
groups was considered significant when P was <0.05. 
 
Results: 

 
Sixty four patients were included in the study. Baseline characteristics of these patients were shown in table 

(1). Statistical analysis of baseline characteristics of patients included in the study demonstrated that patients of 
different studied groups were matched concerning these variables with no significant difference except for the 
age P= (0.036).  
 
Table 1: Baseline characteristics of the patients participating in the study. 

Parameters M (n= 23) Ms (n= 9) Mc (n=18) Msc (n= 14) P Value 
Age 52.08 ±  10.23 56.05 ± 11.96 46.11 ± 6.35 58.28 ± 10.04 0.036* 
Male n (%) 13 (56.52 %) 4(44.44 %) 12(66.66%) 7(50%) 0. 076 
Body Weight (Kg) 81.86 ± 18.58 82.33 ± 12.59 75. 55 ± 13.62 89.5± 14.39 0.180 
SBP (mmHg) 127.85±17.82 124.44±10.13 126.56±14.67 137.14± 9.13 0.174 
DBP (mmHg) 80.86±8.84 83.33±5.00 81.21±8.32 82.78 ± 8.52 0.799 
FBG (mg/dl) 165.95±52.42 163.72±43.65 168.77±57.71 170.07 ± 44.23 0.069 
Hb A1c (%) 7.5±1.5 7.8±1.9 7.4±1.8 8.1 ±  1.8 0.537 
Cholesterol (mg/dL) 187.5±43.3 180.5±43.3 182.8±43.0 184.8 ± 43.0 0.894 
Triglycerides (mg/dL) 160.5±100.7 157.5±100.7 155.4 6±65.9 165.4±65.9 0.330 
LDL (mg/dL) 88.6±25.9 86.6±25.9 91.1 ±  19.8 89.1±19.8 0.979 
HDL (mg/dL) 50.8±8.2 52.8±8.2 46.1±10.0 47.1±10.0 0.787 

Data are mean ± SD (standard deviation) or n= number (percent); *P < 0.05 is significant; M = metformine group; MS= metformine + 
sulfonylurea group; MC= metformine+ Cholecalciferol group; MSC= metformine+ sulfonylurea + Cholecalciferol; SBP = systolic blood 
pressure; DBP= diastolic blood pressure; FBG= fasting blood glucose; Hb A1c (%) = Glycated hemoglobin; HDL= high-density lipoprotein; 
LDL = low-density lipoprotein. 
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By the end of the 6 months, Cholecalciferol supplemented groups (MC, MSC groups) showed significant 
reduction (P < 0.001) in the serum FBG, and Hb A1C% levels when compared with their baseline levels. 
Meanwhile, groups not supplemented with Cholecalciferol (M, MS groups) showed slight non significant (P > 
0.05) decrease in the serum FBG, and Hb A1C% levels when compared with their baseline levels. Moreover, the 
reduction in the serum FBG, and Hb A1C% levels was significant when comparing Cholecalciferol 
supplemented and the non supplemented groups (P < 0.001). The serum lipid profile did not change 
significantly, either within or between groups. 
 
Table 2: Comparison of biochemical changes within and between groups after the Cholecalciferol supplementation. 

Parameters  M (n= 23) Ms (n= 9) Mc (n=18) Msc (n= 14) P2 Before After P 1 Before After P1 Before After P1 Before After P1 
FBG (mg/dl) 165.9±52.4 162.1±36.5 0.236 163.7±43.6 158.5±54.1 0.072 168.7±57.7 134.6±49.5 <0.001* 170.0±44.2 149.0±42.7 <0.001* <0.001* 
Hb A1c (%) 7.5±1.5 7.3±1.2 0.439 7.8±1.9 7.6±1.4 0.309 7.4±1.8 6.8±0.9 <0.001* 8.1±1.8 7.2±1.8 <0.001* <0.001* 
Cholesterol 
 (mg/dL) 187.5±43.3 190.3±48.1 0.187 180.5±43.3 182.5±43.3 0.269 182.8±43.0 177.5±41.9 0.402 184.8±43.0 178.4±53.0 0.859 0.244 

Triglycerides 
(mg/dL) 160.5±98.7 161.3±91.8 0.124 157.5±99.7 156.5±97.8 0.282 155.4±65.9 155.2±55.1 0.984 165.4±65.9 160.7±63.4 0.051 0.662 

LDL (mg/dL) 88.6±25.9 93.5±24.1 0.266 86.6±23.7 89.6±28.6 0.213 91.1±19.8 87.2±25.1 0.209 89.1±19.8 86.8±20.4 0.910 0.786 
HDL (mg/dL) 50.8±7.5 51.6±9.6 0.385 52.3±8.2 54.9±6.2 0.450 46.1±10.0 46.0±9.6 0.973 47.1±10.0 46.7±11.2 0.788 0.136 

Data are mean _ SD (standard deviation) or n= number (percent); * P < 0.05 is significant; M = metformine group; MS= metformine + sulfonylurea group; MC= metformine+ 
Cholecalciferol group; MSC= metformine+ sulfonylurea + Cholecalciferol; SBP = systolic blood pressure; DBP= diastolic blood pressure; FBG= fasting blood glucose; Hb A1c (%) = 
Glycated hemoglobin; HDL= high-density lipoprotein; LDL = low-density lipoprotein 

 
Discussion: 

 
Diabetes mellitus is a complex, progressive disease, accompanied by multiple complications. 

Hyperglycemia has been accepted as being essential for the development of diabetic complications. The 
Diabetes Control and Complication Trial (DCCT) established that prolonged exposure to hyperglycemia is 
considered the primary factor associated with the development of diabetic macro-vascular complications in type 
1 diabetic patients. The DCCT showed that improvement of glycemic control, as measured by reduction in 
glycosylated hemoglobin levels, significantly reduced the risk of development and/or progression of all diabetic 
complications and also reduced the mortality and morbidity due to cardiovascular diseases in type 1 diabetes 
mellitus patients (Mattila and de Boer, 2010). 

Understanding the factors that contribute to glycemic control is the key to developing more effective 
treatment and identifying the needs of adults with type 2 diabetes. The influences of demographics, clinical 
conditions, and treatment adherence on glycemic control have also been documented. Furthermore lifestyle 
behaviors (physical activity, smoking, drinking, and weight control) are postulated to play an important role in 
glycemic control (Chiu and Wray, 2010).  

Statistical analysis of baseline characteristics of patients included in the present study demonstrated that 
patients of different studied groups were matched with no significant difference concerning the sex ratios, body 
weight and blood pressure. The only significant difference was noticed for age. 

Patients included in this study were middle aged. A number of studies have reported on the relationship of 
age to glycemic control in patients with T2DM, but they have focused largely on middle-aged and elderly 
patients. The conclusions of these studies have been mixed, showing a high prevalence of poor control in the 
elderly (Smith et al., 1999), better glycemic control in older patients, (Hu et al., 1999) or no effect of age on 
metabolic control (Shorr et al., 2000). In controversy to these studies, El-Kebbi et al. (2003) reported a high 
prevalence of poor glycemic control in young adult African Americans with diabetes than older patients. He also 
suggested that older patients may have better access to medical care, or may be more motivated in taking care of 
their diabetes and more compliant with their diet and medications. Glasgow et al. (1997) also reported that older 
patients with diabetes had significantly better scores than younger patients on glucose testing, regular physical 

activity, healthy low-fat eating, and compliance with medication. 
Sex ratio distributions showed no significant difference among the different groups of the present study. 

Kirk et al. (2011) study's findings indicated that female sex was associated with better glycemic control. 
Whereas, Göbl et al. (2010) reported that glycemic control was comparable between women and men.  

Although there was no significant difference in the mean body weight among the different studied groups, 
the mean body weight was high (81.82 ± 17.71). Obesity is universally associated with excess adipose tissue 
distribution (Lev Ran, 2001). Excess adipose tissue especially in the visceral compartment, liver and muscle, is 
dysfunctional. The secreted adipokines (including cytokines and chemokines) mediating auto, para and 
endocrine actions, that enhance systemic inflammation, which results in dysglycemia (Blüher, 2010). DM in 
obese patients is predominantly related to insulin resistance; thus, intentional weight loss, by improving insulin 
resistance, decreases the risk of incident diabetes, and in patients with existing diabetes results in better 
glycemic control (Knowler et al., 2002). Moreover a number of previous studies suggest that weight loss often 
leads to better glycemic control and even diminished need for anti-diabetic medications (Redmon et al., 2010).  

There is accumulating evidence to suggest that altered calcium and vitamin D homeostasis may play a role 
in the development of type 2 diabetes. The role of vitamin D is suggested by cross-sectional studies showing 
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that low serum 25-hydroxyvitamin D concentration is associated with glucose intolerance, diabetes, insulin 
resistance, and the metabolic syndrome (Scragg et al., 1995 and (Cigolini et al., 2006). The role of calcium in 
the development of type 2 diabetes is suggested indirectly by cross-sectional studies in which high calcium 
intake has been found to be inversely associated with body weight and fatness (Jacqmain et al., 2003).  

The results of the present study showed that after 6 months, groups supplemented with oral Cholecalciferol 
showed a significant reduction of the mean fasting blood glucose (FBG) levels from the baseline. There was a 
mean decrease in the FBG of 34.11± 2.97 in the metformine + cholicalceferol group. Moreover a mean decrease 
in the FBG of 21.07 ± 3.86 was achieved by metformine + sulfonylurea + cholicalceferol group. Meanwhile 
groups not supplemented with Cholecalciferol showed minimal non significant reduction of the mean FBG 
levels from the baseline. 

The results of this study are in accordance with the results of previous studies. Pittas et al. (2007a) in a 
double-blind, randomized, controlled trial reported that in  healthy adults with impaired fasting blood glucose, 
supplementation with calcium and vitamin D may attenuate increases in glycemia and insulin resistance that 
occur over time. In addition, in a retrospective study conducted by Sabherwal et al. (2010) indicated that, 
vitamin D and calcium replacement therapy in South Asian patients with T2DM produced a significant decrease 
in both HbA1c and weight, which might be attributed to the increase in vitamin D levels post-treatment  
Consistent with finding of this study, Nikooyeh et al. (2011) showed that daily intake of a vitamin D-fortified 
yogurt drink, either with or without added calcium, improved glycemic status in T2DM patients.  

However, Von Hurst et al. (2010) in a randomized, placebo-controlled trial concluded that improving 
vitamin D status in insulin resistant (IR) women resulted in improved IR and sensitivity, but no change in 
insulin secretion. The study suggested that, the optimal vitamin D concentrations for reducing IR were shown to 
be 80–119 nmol/l. These findings support those of Chiu et al. (2004) in a cross-sectional study, which suggested 
enhanced insulin sensitivity might be seen if 25 (OH) D concentrations was to be increased from 25 to 75 
nmol/l. The same study also reported a subtle variation in b-cell response to an oral glucose tolerance test at 
different vitamin D concentrations. 

Meanwhile, several observations have linked vitamin D deficiency to alterations in glucose metabolism (Tai 
et al., 2008a). Cross-sectional studies have shown inverse correlations between 25(OH) D levels and both 
fasting serum glucose (Liu et al., 2009) and insulin resistance (Alemzadeh et al., 2008). However, all these 
studies were mainly performed in older adults (Reis et al., 2007) or in obese subjects (either obese children and 
adolescents (Alemzadeh et al., 2008) or obese adults (Rueda et al., 2008). In addition, after adjustment for BMI, 
the vitamin D relation to insulin resistance was found to be independent of BMI in elderly non-diabetic men 
(Baynes et al., 1997) and non-diabetic adults (Liu et al., 2009), while, on the contrary, in obese subjects (Rueda 
et al., 2008), the association between vitamin D and the MetS lost its significance after adjustment for BMI and 
fat mass. The only study that was performed in glucose-tolerant young subjects revealed an independent 
negative association between 25(OH) D levels and plasma glucose during an oral glucose tolerance test. 
Moreover, in this last study, there was also an independent correlation between 25(OH) D and insulin sensitivity 
index measured by a hyperglycemic clamp (Chiu et al., 2004). The reason for these discrepant results could be 
the nature of the studied cohorts, or the way insulin sensitivity assessment was made. Finally, a recent 
interventional study showed that in adults without diabetes, correction of vitamin D deficiency is not associated 
with any effect on blood glucose or insulin sensitivity (assessed by an oral glucose tolerance test), adding more 
controversies to the subject (Tai et al., 2008b). 

The association between vitamin D and diabetes arose from the identification of vitamin D receptors on the 
insulin-producing beta cells (Mathieu et al., 2005). Activation of this receptor has been found to increase 
glucose stimulated insulin release (Pittas et al., 2007-b). In addition, vitamin D receptor activation in the 
periphery may increase insulin sensitivity by regulating optimal intracellular calcium levels and increased 
expression of the insulin receptor gene (Maestro et al., 2000). Given that data, reduced insulin sensitivity in 
combination with an insulin secretion deficit constitutes the underlying pathology of T2DM (Ferrannini, 1998).  

Meanwhile, Von Hurst et al. (2010) suggested at least two postulated mechanisms for an increase in insulin 
sensitivity in response to improved vitamin D status – suppression of chronic inflammation and increased 
expression of the insulin receptor and/or proteins of the insulin-signalling cascade. A mild inflammation  state, 
marked by the presence of pro-inflammatory cytokines, is associated with obesity and IR. These cytokines, 
predominantly TNF-α and IL-6, are known to be released from adipose tissue (Weisberg et al., 2003), and 
increased serum concentrations are known to induce IR in multiple tissues (Kershaw and Flier, 2004). Vitamin 
D has recognised anti-inflammatory actions: it has been shown to dose dependently suppress the release of TNF- 
α and IL-6 (Schleithoff et al., 2006) while up-regulating synthesis of the anti-inflammatory cytokine IL-10 
(Canning et al., 2001), thus potentially partly counteracting the inflammatory consequences of increased 
adiposity. Plasma matrix metalloproteinases (MMP) are also inflammatory  markers and are associated with 
vascular damage and unstable angina. MMP2 and MMP9 have been shown to be inversely correlated with 
vitamin D status, and reduced with vitamin D supplementation (Timms et al., 2002).  
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A second potential mechanism for the influence of vitamin D on insulin sensitivity is in the regulation of 
the insulin-signaling cascade. A vitamin D response element has been identified on the human insulin receptor 
(IR) gene promoter (Kelley et al., 2008), and in vitro treatment with 1,25-dihydroxyvitamin D3 resulted in 
increased transcription of the insulin receptor gene, together with improved insulin-dependent glucose transport 
(Maestro et al., 2003). Additionally, 1,25(OH)2D3 appears to stimulate glucose oxidation either via the 
activation of IR transcription or by a direct regulation of phosphatidylinositol 3-kinase activity (Maestro et al., 
2002). Murine studies have shown phosphatidylinositol 3-kinase and the insulin receptor substrate proteins to be 
important coordinators of insulin regulation (Withers and White, 2000). Insulin-stimulated activity of 
phosphatidylinositol 3-kinase and other proteins downstream of phosphatidylinositol 3-kinase such as protein 
kinase C has been shown to be impaired in obese and diabetic human subjects, and improved in obese subjects 
following weight loss (Kim et al., 2003) 

In controversy with these findings, Grimnes et al. (2011) demonstrated that, vitamin D supplementation to 
apparently healthy subjects with insufficient serum 25(OH)D levels does not improve insulin sensitivity or 
secretion or serum lipid profile. This discrepancy could be explained by the intervention lasted only 6 months; 
therefore, the study couldn't assess long-term effects on glucose and lipid metabolism or safety. Furthermore, 
subjects included in the study were almost exclusively Caucasians, and the results may not apply to other ethnic 
groups. The participants included in this study were healthy with insufficient serum 25(OH) D levels and it is 
possible that vitamin D–deficient people with abnormal glucose metabolism still could benefit from vitamin D 
treatment.   

Furthermore, the results of this study are in contrary with previous studies showing that 1-year 
supplementation with 20,000 or 40,000 IU/week vitamin D3 did not improve glucose metabolism or serum lipids 
in 330 overweight or obese Caucasian subjects (Jorde et al., 2010). Nor did injection of two doses of 100,000 IU 
vitamin D3 improve fasting glucose or insulin sensitivity in 33 primarily Caucasian adults with serum 25(OH)D 
<50 nmol/L (Tai et al., 2008a). However, intervention studies with vitamin D in subjects with established type 2 
diabetes also fail to show improvement in glycemic control (Witham et al., 2010).  

Nevertheless, Boer et al. (2008) indicated that Calcium plus vitamin D3 supplementation had no  effect on 
fasting glucose, insulin, or development of diabetes during 7 years of supplementation with 1,000 mg calcium 
and 400 IU vitamin D3 in >33,000 women was reported from the Women’s Health Initiative study. Boer and his 
associates attributed these results to the small insufficient doses of vitamin D which used in their study. Vitamin 
D3 400 IU daily would be expected to raise 25-hydroxyvitamin D concentrations from 43.7 nmol/l (the median 
baseline value in this study) to ~65.7 nmol/l, still less than the 80 nmol/l threshold currently recommend by 
many experts (Dawson et al., 2005).  

This study had some limitations such as being a retrospective non randomized study, inadequate 
information about the achieved serum vitamin D3 concentrations and finally the small number of patients 
participating in the study.  
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