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Introduction 
Vitamin D plays a key role in calcium 
and bone metabolism but emerging 
evidence suggests that its biological 
role extends beyond the skeletal  
system to influence a variety of sys-
temic processes like inflammation, 
cell differentiation and immune regu-
lation.1,2 This has led to extensive 
research exploring the association of 
vitamin D with a range of serious  
diseases like cancer, cardiovascular 
disease and type 2 diabetes.3 Although 
the plausible underlying mechanisms 
are not well understood, low levels of 
vitamin D concentrations have been 
associated with impaired β cell func-
tion4 and insulin resistance5 leading 
to alteration in glucose homeostasis 
and therefore type 2 diabetes. 
Furthermore, vitamin D receptors 
have also been identified in vascular 
endothelium, smooth muscles and 
cardiomyocytes thereby implicating 
its potential role in microvascular  
and macrovascular disease, leading to 
increased risk of cardiovascular mor-
tality in type 2 diabetes.6,7 As type 2 
diabetes remains a major public heath 
problem, it becomes vastly important 
for health care providers and research-
ers to understand the role of ‘emerg-
ing’ risk factors like vitamin D in the 

context of diabetes and its complica-
tions. The challenge is to ascertain 
whether vitamin D deficiency in type 
2 diabetes is purely coincidental or do 
low levels of vitamin D actually cause 
the disease? In addition, will vitamin 
D supplementation be helpful in  
preventing or treating type 2 diabetes 
and its related complications? 
 This article will focus on the cur-
rent knowledge and evidence available 
and will try to explore the ‘enigmatic’ 
relationship that exists between vita-
min D and type 2 diabetes.

Vitamin D: its metabolism and  
molecular action
The primary source of vitamin D in 
humans (80–90%) is from endoge-
nous biosynthesis in skin cells, a 
critical step of which is hydroxyla-
tion of 7-dehydrocholesterol into 
cholecalciferol catalysed by the 
ultraviolet radiation from sunlight.8 

The remaining 10–20% is obtained 
from dietary sources and nutritional 
supplements. Dietary vitamin D is 
bound to vitamin D binding protein 
and in continued association with 
chylomicrons and lipoproteins trav-
els to the liver, where it is metabo-
lised along with endogenously  
synthesised cholecalciferol.9 In the 
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liver and various other tissues, chole-
calciferol undergoes hydroxylation 
by an enzyme 25-hydroxylase that 
converts it to 25-hydroxyvitamin D 
(25[OH]D) which enters the circu-
lation bound to a specific carrier 
protein.10 Subsequently in the kid-
ney, 25(OH)D undergoes two differ-
ent hydroxylations by 1α hydroxy-
lase and 24-hydroxylase, generating 
the active 1,25(OH)2D3 (calcitriol) 
and the inactive 24,25(OH)2D3.11 
The active form, 1,25(OH)2D3, in 
turn binds to vitamin D receptors 
(VDRs) and activates various tran-
scription factors regulated by 
1,25(OH)2D3. (Figure 1.) The acti-
vated VDR forms a heterodimer 
with retinoic X receptor (RXR) and 
thereby participates in stimulating 
the RXR nuclear pathway.12 The 
classical effects of 1,25(OH)2D3 are 
the result of interactions with this 

nuclear receptor. VDRs are widely 
distributed in the skeletal system, 
kidney, gut, liver and brain, but they 
are also identified in several endo-
crine glands including pancreatic  
β cells and on different immune 
cells which might be physiologically 
relevant for pathogenesis and man-
agement of diabetes.13

Pathogenic role of vitamin D  
in type 2 diabetes 
Vitamin D and insulin secretion 
Type 2 diabetes is characterised by 
underlying insulin resistance and 
progressive loss of β cell mass and 
islet cell dysfunction.14 It has been 
widely reported that vitamin D is  
necessary for normal islet cell  
insulin secretion through direct and 
indirect action.15 The direct effect  
is suggested by the binding of 
1,25(OH)2D3 to VDR on β cells, by 

identification of vitamin D response 
element (VDRE) in the human  
insulin gene promoter,16 and by the 
transcriptional activation of the 
human insulin gene caused by 
1,25(OH)2D3.17 The indirect actions 
of vitamin D on β cell secretory func-
tion seem to be mediated by altera-
tions in calcium (Ca2+) flux through 
the β cell membrane and mobilisa-
tion of Ca2+ from intracellular orga-
nelles.18 The available Ca2+ not only 
brings about activation of β cell  
calcium dependent endopeptidase 
which produces insulin from pro- 
insulin19 but also for β cell glycolysis, 
which plays a role in signalling circu-
lating glucose concentration.20

 Several signalling pathways have 
been reported to play critical roles 
in insulin secretion and β cell 
growth and survival. A key regulator 
is ‘Akt’ located downstream in the 

Figure 1. Vitamin D metabolism
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insulin pathway which, when acti-
vated, induces phosphorylation 
thereby reducing the toxic effects  
of glucose and fatty acids on β 
cells.21,22 In addition, activation of 
Akt/JNK pathways by vitamin D can 
also regulate the activity of angio-
tensin (an active component of the 
renin-angiotensin system) mediated 
islet endothelial cell apoptosis23  
and improve islet cell function  
and survival.24,25

 The immune system plays a key 
role in β cell destruction thereby 
affecting insulin secretion. VDRs 
have been identified on almost all 
cells of the immune system especially 
the antigen presenting cells (APC- 
macrophages and dendritic cells) 
and activated T cells.26,27 Vitamin D 
suppresses adaptive immunity by 
inhibiting the maturation of den-
dritic cells and differentiation of 
macrophages respectively, and also 
reduces their capacity to present 
antigen to CD4 cells; additionally, it 
inhibits the proliferation and differ-
entiation of CD4 cells into Th1 (T 
helper) and Th7, and promotes pro-
duction of Th2 and T Reg (regula-
tory T) cells.28 Moreover, vitamin D 
has been reported to downregulate 
the production of several cytokines 
like IL-2, IL-6, INF-γ, TNF-α and 
TNF-β which are normally involved 
in destruction of β cells.29 These 
immunomodulatory effects of vita-
min D prevent β cell apoptosis and 
improve their survival.

Vitamin D and insulin resistance
Although progressive β cell death is 
integral to the pathogenesis of type 
2 diabetes, low grade inflammation 
and insulin resistance in the target 
cells also play a key role in the devel-
opment and progression of the dis-
ease. The actions of vitamin D are 
manifold; expressions of vitamin D 
receptors on pancreas, liver, skeletal 
muscles – and also the effect on 
activities of human insulin gene pro-
moter,30 human insulin receptor 
gene,31 peroxisome proliferator 
activator receptor δ,32 on expression 
of insulin receptor and on media-
tors of glucose transport33 – have 
significant influence on insulin sen-
sitivity and glucose homeostasis.
 Obesity and insulin resistance 
are linked, and studies have  
shown an association of metabolic 

syndrome with low levels of vitamin 
D which is more pronounced in 
overweight people as compared  
to normal weight individuals.34 
Obese people have low stores of 
25(OH)D and its metabolites, 
which could be attributed to a lack 
of adequate exposure to sunlight as 
they usually have poor mobility and 
insufficient exercise, and also due 
to sequestration of 25(OH)D in an 
enlarged pool of subcutaneous  
tissue leading to reduced bioavaila-
bility.35,36 This inverse association 
has been shown in different sub-
groups of patients where the most 
important determinant for hypo-
vitaminosis D has been related to 
adiposity and body size.37,38

 As fat mass is a major site for 
chronic inflammation which is a 
forerunner of insulin resistance, 
vitamin D levels in the adipose  
tissue is a principal determinant of 
such inflammatory processes. The 
immunomodulatory role of vitamin 
D through its activities on innate 
and adaptive immunity and its influ-
ence on the activities of antigen 
presenting cells, cytokine secretion 
and mediators of inflammation26–29 
can have a major impact on the 
inflammatory responses, thereby 
reducing insulin resistance, and 
alteration in levels of 25(OH)D  
in turn can manifest as abnormal 
glucose homeostasis.
 The liver plays an important role 
in a variety of metabolic, inflamma-
tory and immune reactions that is 
pertinent to the development of 
hepatic insulin resistance, leading 
to varying degrees of steatosis and 
type 2 diabetes. Vitamin D can influ-
ence these hormonal and cellular 
pathways as hypovitaminosis D has 
been linked to non-alcoholic fatty 
liver disease (NAFLD),39 and vita-
min D bioavailability has been 
shown to affect hepatic lipogenesis 
and gluconeogenesis.24 Increased  
de novo lipogenesis and impaired 
lipid disposal in the liver leads to 
accumulation of free fatty acids 
which results in insulin signalling 
defects and impairment of cellular 
glucose metabolism.40 Preliminary 
data have shown calcitriol (activated 
metabolite of vitamin D) can ame-
liorate abnormal hepatic lipid and 
glucose metabolism through its  
activation of Ca2+/CaMKKβ/AMPK 

signalling under insulin resistant 
conditions, which supports the view 
of using vitamin D as an adjuvant  
in the management of insulin  
resistance, NAFLD and type 2 dia-
betes mellitus.24

 Another important mediator 
that may link vitamin D status and 
insulin resistance is the parathyroid 
hormone (PTH). Although the 
exact mechanisms are still unclear, 
authors have hypothesised a correla-
tion between intracellular calcium 
affected by PTH levels and insulin 
resistance,41,42 while others have 
suggested that increase in PTH  
levels encourages intracellular flux 
of calcium within adipocytes, lead-
ing to increased lipogenesis, weight 
gain and thereby promoting insulin 
resistance.43 In patients with vitamin 
D deficiency, secondary hyperpara-
thyroidism leads to elevated levels  
of PTH and excess PTH is responsi-
ble for decreased insulin secretion 
by pancreatic β cells. Hyperglycaemic 
clamp studies in uraemic patients 
have also demonstrated a negative 
correlation between glucose meta-
bolic rate (a measure of insulin 
sensitivity) and PTH levels; this  
possibly explains the increased  
prevalence of diabetes and insulin 
resistance in hyperparathyroidism.44 
Additionally, lowering of PTH levels 
by sub-total parathyroidectomy45 or 
one alpha cholecalciferol supple-
mentation46 has been shown to 
increase insulin secretion from  
pancreatic β cells with amelioration 
of glucose intolerance.
 Several polymorphism of the 
VDR gene have been also linked to 
insulin sensitivity, secretion and 
insulin resistance. Among a cohort 
of Bangladeshis, ApaI VDR gene 
polymorphism was associated with 
the insulin secretion index.47 In 
contrast, the BsmI VDR gene poly-
morphism was associated with post-
prandial C peptide concentration  
in a Hungarian population48 and 
with fasting glucose in a large  
cohort of a German population.49 
Similarly, FokI VDR polymorphism 
was associated with the indices of 
insulin resistance in Polish men.50 
Such gene polymorphisms not only 
affect insulin release but also  
disturb vitamin D production, trans-
port and action, increasing the risk 
of diabetes. 
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Does vitamin D supplementation 
prevent the development or 
progression of type 2 diabetes? 
In recent times, evidence has 
emerged to support the hypothesis 
that altered vitamin D status and 
homeostasis may play a role in the 
development of type 2 diabetes.15 

The restoration of vitamin D 
reserves in vitamin D deficient 
patients has been shown to improve 
glucose tolerance,51 but other stud-
ies have yielded conflicting results 
and did not show any benefit.52,53 As 
vitamin D insufficiency is associated 
with both insulin resistance and 

impaired pancreatic β cell function, 
the hypothesis that vitamin D may 
be relevant to the prevention of type 
2 diabetes is biologically plausible. 
This has led to a plethora of 
cross-sectional observational and 
interventional studies in the last 
10–15 years which have tried to 
explore the impact of vitamin D  
status (Table 1) and its supplemen-
tation (Table 2) on parameters of 
glycaemic status and on different 
indices of insulin sensitivity and 
insulin resistance.
 Several observational and 
cross-sectional studies19,34,54–61 have 

shown inconsistent results while try-
ing to establish an association 
between vitamin D status and insu-
lin secretion. Some have shown an 
inverse association of vitamin D with 
different phases of insulin secre-
tion19,55 and incident diabetes,57,60 

whereas others have shown an 
inverse relationship of 25(OH)D 
with fasting plasma glucose (FPG), 
HbA1c, and different indices of insu-
lin sensitivity, insulin resistance and 
metabolic syndrome.19,34,54–56,58,59 
Perhaps the largest data analysis was 
from the National Health and 
Nutritional Examination Survey 

Author, 
reference

Study design Study subjects, 
number

Study parameters Association with vitamin D levels

Scragg et 
al., 200454

Observational 
analysis

6228 NHANES III 
participants

Fasting glucose and 
insulin (HOMA β), 
HOMA-IR

Inverse association with fasting glucose and 
HOMA-IR in Non-Hispanic whites and Mexican 
Americans, not with HOMA-β

Chiu et al., 
200419

Observational 
analysis

126 mixed participants 
(Asian, African, 
Caucasian, Mexican 
American)

Hyperglycaemic 
clamp.
OGTT 

Inverse association with 1st and 2nd phase insulin 
response.
Inverse association with glucose on OGTT

Kamycheva 
et al., 
200755

Observational 
analysis

15 Norwegian subjects 
with secondary 
hyperparathyroidism. 
Age and BMI matched 
controls 

Hyperglycaemic 
clamp

Inverse association with 2nd phase insulin secretion.
Negative association with insulin sensitivity index 

Hypponen et 
al., 200856

Cross-sectional study  6810 British adults HbA1c, IGF-1, lipids Inverse association with HbA1c and metabolic 
syndrome 

Lu et al., 
200934

Population based 
cross-sectional study

3262 Chinese adults Fasting insulin and 
glucose (HOMA-IR)

Inverse association with FPG, HbA1c, fasting insulin 
and HOMA-IR

Pittas et al., 
201057

Case controlled 
longitudinal 
observation study 

608 newly-diagnosed 
type 2 diabetes, 559 
control subjects

Incident diabetes 
by self-report and 
questionnaire

Inverse association with development of incident 
diabetes

Kayaniyil et 
al., 201058

Cross-sectional 
analysis

712 Canadian subjects 
from PROMISE cohort

ISOGTT, HOMA-IR, 
IGI/IR, ISSI-2

Independent predictor of insulin sensitivity (ISOGTT, 
HOMA-IR) and β cell function (IGI/IR, ISSI-2) 

Dalgard et 
al., 201159

Population based 
cross-sectional 
analysis

668 Faroese residents FPG, HbA1c, fasting 
insulin, HOMA-IR, 
HOMA-β

Inverse association with odds of newly-diagnosed 
diabetes and inverse association with levels of 
HbA1c

Pittas et al., 
201260

Prospective 
observational study, 
randomised to 2 
arms – placebo and 
lifestyle 

2039 participants from 
Diabetes Prevention 
Programme trial

FPG performed  
sub-annually and 
OGTT performed 
annually

Inverse association with incident diabetes, stronger 
in placebo group and in older obese individuals 

Veronese et 
al., 201461

Observational cohort 
study

2227 Italian subjects FPG, HbA1c No significant association with incident diabetes

HOMA-β: Homeostasis model assessment β; HOMA-IR: Homeostasis model assessment-insulin resistance; FPG: fasting plasma glucose; HbA1c: glycated 
haemoglobin; IGF-1: insulin like growth factor 1; ISOGTT: insulin sensitivity index for oral glucose tolerance test; IGI: insulinogenic index; IR: insulin resistance; 
ISSI-2: insulin secretion sensitivity index 2; OGTT: oral glucose tolerance test.

Table 1. Studies showing the associations of vitamin D with insulin secretion and sensitivity/resistance
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1989–1994 (NHANES III)54 which 
revealed that 25(OH)D was inversely 
associated with diabetes risk and 
measures of insulin sensitivity. Older 
studies by Orwoll et al.62 did not 
show an association of 25(OH)D 
with fasting or post challenge glu-
cose, insulin, C-peptide or glucagon 
in men with type 2 diabetes. 
Similarly, Scragg et al.54 did not find 
any association of vitamin D and  
the homeostasis model assessment 
of β cell function (HOMA-β). Manco 
et al.63 established that serum 
25(OH)D was not associated with 

insulin sensitivity in morbidly obese 
Caucasian subjects either before or 
5–10 years after bariatric surgery. 
With the exception of a few, most of 
these cross-sectional studies used 
proxy measures (fasting insulin,  
fasting glucose, HbA1c, HOMA [IR], 
HOMA-β etc) which may be influ-
enced by obesity, body adiposity and 
ethnicity, and they did not take into 
account confounding factors like 
physical activity and calcium intake 
which may potentially mediate an 
association between 25(OH)D and 
insulin sensitivity.

 Although most observational 
studies have shown an association 
between low blood 25(OH)D con-
centration and increased risk of 
impaired glycaemia and type 2 dia-
betes, the major challenge has been 
to demonstrate whether vitamin D 
supplementation improves glucose 
homeostasis and prevents progres-
sion from pre-diabetes to diabetes 
or whether it can improve glycaemic 
endpoints in type 2 diabetes. Over 
the last decade several randomised 
controlled interventional stud-
ies64–66 have been undertaken which 

Author, 
reference

Study design Study subjects, 
number

Intervention Outcome/endpoints

Borissova et 
al., 200364

Case controlled, 
observational study

10 Bulgarian women 
patients with type 2 
diabetes

1332 IU of cholecalciferol daily 
for 4 weeks

Reduction of insulin resistance and 
improved first-phase insulin secretion 
but not significant

Pittas et al., 
200769

Randomised, double 
blind trial

314 Caucasian 
American adults 
without diabetes 

700 IU of cholecalciferol and 
500mg of calcium citrate daily 
for 3 years

Patients with impaired fasting glucose 
had lower glycaemia and HOMA-IR

De Boer et 
al., 200872

Randomised, double 
blind trial

33 951 postmenopausal 
women of different 
ethnic origin

400 IU of cholecalciferol and 
1000mg of elemental calcium for 
7 years 

No change in fasting glucose, insulin 
or HOMA-IR levels; no reduction in risk 
of developing diabetes

Nagpal et 
al., 200967

Double blind, 
randomised 
controlled trial

Healthy middle-aged 
centrally obese men

3 doses of 120 000 IU 
cholecalciferol fortnightly versus 
placebo for 6 weeks

Improvement in postprandial insulin 
sensitivity (oral glucose sensitivity 
index)

Von Hurst 
et al., 
201070

Randomised 
controlled, double 
blind trial

81 South Asian women 
with insulin resistance 
and vitamin D deficiency

4000 IU cholecalciferol for  
6 months

Improvement in insulin sensitivity with 
lowering of insulin resistance and 
fasting insulin levels

Mitri et al., 
201165

Randomised, double 
masked, placebo 
controlled trial

92 patients with early 
diabetes or glucose 
intolerance 

2000 IU of cholecalciferol ± 
800mg of elemental calcium

Improved pancreatic β cell function 
(disposition index) and insulin 
sensitivity

Nazarian et 
al., 201171

Open label study 8 patients with  
vitamin D deficiency 
and pre-diabetes

10 000 IU cholecalciferol for  
4 weeks

Improvement in insulin sensitivity and 
reduced acute insulin response to 
glucose 

Talaei et al., 
201366

Before and after 
matched, single 
blind study

100 patients with  
type 2 diabetes

50 000 units of vitamin D3, 
weekly for 8 weeks

Improved mean FPG, insulin and 
HOMA-IR

Sollid et al., 
201474

Randomised 
controlled trial

511 patients with 
pre-diabetes

20 000 IU of cholecalciferol, 
weekly for 6 months

No change in FPG, PPG, HbA1c, 
HOMA-IR, lipids, hs-CRP

Jorde et al., 
201673

Randomised 
controlled trial

511 patients with 
pre-diabetes diagnosed 
by abnormal OGTT 

20 000 IU of cholecalciferol 
weekly for 5 years

Failure to prevent progression from 
pre-diabetes to diabetes

Anyanwu et 
al., 201668

Prospective, single 
blind, randomised 
controlled trial

42 patients with type 2 
diabetes

3000 IU of vitamin D3 daily for 
12 weeks

Improved mean FPG, significant 
conversion from poor to good control

FPG: fasting plasma glucose; PPG: postprandial glucose; HbA1c: glycated haemoglobin; HOMA-IR: homeostasis model assessment-insulin resistance;  
hs-CRP: high-sensitivity C-reactive protein; OGTT: oral glucose tolerance test; IU: international unit. 

Table 2. Studies showing the effects of intervention with vitamin D on insulin secretion, sensitivity and resistance
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have reported significant improve-
ment in insulin secretion after  
supplementation of vitamin D3 in 
variable doses and for varying length 
of time (Table 2). Some have also 
noted that insulin secretion is better 
following vitamin D supplementa-
tion within the first three years of 
diagnosis with type 2 diabetes, which 
supports the plausible concept that 
vitamin D supplementation may not 
be effective after β cell exhaustion.62 
The majority of intervention trials 
have used cholecalciferol for a  
variable duration (six weeks to seven 
years) and have shown improve-
ment in glucose profile (fasting  
and post-meal),66–68 HbA1c,68,69 
improvement in insulin sensitiv-
ity65,67,70,71 and lowering of insulin 
resistance.64,66,69,70

 In contrast, other authors72–74 

did not show any benefit of vitamin 
D supplementation on reducing risk 
of diabetes or preventing progres-
sion from a pre-diabetes to diabetes 
stage and also did not show any 
improvement in levels of FPG, post-
prandial glucose, HbA1c, plasma 
insulin or HOMA-IR levels. These 
findings were supported by a few 
meta-analyses which were published 
recently. George et al.75 in their 
meta-analysis suggested a weak 
effect of vitamin D supplementation 
in reducing fasting glucose and 
improving insulin resistance in 
patients with type 2 diabetes or 
impaired glucose tolerance, but  
the magnitude of reduction in fast-
ing glucose was of debatable clinical 
significance. Seida et al.76 conducted 
a large systematic review and 
meta-analysis of 35 randomised  

controlled trials but found no  
evidence for the use of vitamin D3 
supplementation to prevent diabe-
tes in individuals without diabetes 
or to reduce insulin resistance and 
hyperglycaemia in those with pre- 
diabetes or established diabetes. A 
very similar outcome was also 
observed in a more recent meta- 
analysis by Poolsup et al.77 who 
included 10 recent randomised  
controlled trials but failed to show a 
positive effect of vitamin D supple-
mentation on HOMA-IR and 2-hour 
plasma glucose after oral glucose 
tolerance test, but showed signifi-
cant lowering of FPG and HbA1c in 
patients with pre-diabetes.

Conclusion 
Emerging evidence has suggested 
an increasing association of vitamin 
D and glucose metabolism, as vita-
min D has been linked to transcrip-
tional activation of the insulin gene, 
regulation of synthesis of insulin, 
stimulation of the expression of 
insulin receptors and activation of 
glucose transporters. 25(OH)D is 

the main indicator for vitamin D 
status and its levels have been 
related to the development and pro-
gression of diabetes, as patients with 
low levels have been postulated to 
have impaired β cell function with 
lowered insulin secretion, sensitivity 
and with higher insulin resistance. 
 Although the relationship has 
been widely studied in observa-
tional and interventional studies, 
routine supplementation of vita-
min D for the prevention and  
management of type 2 diabetes has 
still not been endorsed by any 
major societies, and it remains to 
be seen whether vitamin D supple-
mentation has a role in modifying 
the metabolic and cardiovascular 
derangements that accompany  
type 2 diabetes in the future.
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Key points

●  Vitamin D plays a pivotal role in calcium metabolism but also exhibits a multiple 
pleiotropic role in regulating inflammation, immune function and metabolism 

●  Evidence suggests a possible role of vitamin D status with glucose metabolism and the 
development and progression of type 2 diabetes 

●  Vitamin D plays a significant role in insulin secretion and insulin signalling pathways, and 
deficiency can lead to altered insulin sensitivity and resistance 

●  Vitamin D has a beneficial role on lowering surrogate markers of glycaemic status 
●  Intervention trials are ongoing with vitamin D supplementation to demonstrate its 

beneficial effect in reducing the progression from pre-diabetes to diabetes in high-risk 
groups and to improve glycaemic profile in people with established diabetes

Call for diabetes vignettes

Do you have an interesting clinical diabetes case that could be written up as a short 
story in Practical Diabetes?  Diabetes vignettes should contain a case history and 
discussion of the implications for practice; articles should be a maximum of 800 words.  

We welcome submissions from the whole multidisciplinary team; for further information 
please email the Managing Editor, Helen Tupsy: email htupsy@wiley.com.
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