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Abstract

Background Studies have suggested that vitamin D may

be important for both insulin sensitivity and insulin

secretion, and that supplementation with vitamin D may

subsequently prevent development of type 2 diabetes.

Aim of the study The objective of the current study was to

test the hypothesis that supplementation with vitamin D

would improve glycaemic control in subjects with type 2

diabetes.

Methods Thirty-six subjects with type 2 diabetes, treated

with metformin and bed-time insulin, were randomised to

supplementation with cholecalciferol (40,000 IU per week)

versus placebo for 6 months. Thirty-two subjects partici-

pated throughout the entirety of the study. Fasting blood

samples were drawn before and at the end of the 6 month

study without the previous bed-time insulin injection. The

insulin and metformin doses were not changed throughout

the study.

Results After 6 months, the fasting glucose, insulin,

C-peptide, fructosamine, and HbA1c levels were not

significantly different from baseline values. In addition,

changes in these parameters (values at 6 months minus

values at baseline) did not differ between the vitamin D and

the placebo group.

Conclusions We were not able to demonstrate that vita-

min D supplementation had a significant effect on glucose

metabolism in subjects with type 2 diabetes but without

vitamin D deficiency. Further studies are needed in larger

groups of subjects with type 2 diabetes or impaired glucose

tolerance, who also exhibit low serum 25-hydroxyvitamin

D levels.

Keywords Diabetes mellitus � Glucose �
Placebo-controlled study � Vitamin D

Introduction

Vitamin D increases intestinal calcium absorption and is of

vital importance for skeletal health. In addition, vitamin D

appears to have a number of extra-skeletal effects, as low

serum levels of 25-hydroxyvitamin D (25(OH)D) have

been associated with cardiovascular diseases, cancer, and

immunological diseases [28, 29].

There are also indications that vitamin D plays a sig-

nificant role in glucose metabolism. Thus, we have recently

performed a study where measures of calcium metabolism

were related to insulin sensitivity, as evaluated with a hy-

perglycaemic clamp [12]. In a multiple regression model,

we found serum 25(OH)D to be a stronger predictor of

insulin sensitivity than all other variables tested, including

BMI. This is in accordance with other glucose clamp

studies where insulin sensitivity has been related to serum

levels of 25(OH)D [7, 15]. In addition, in vitro and animal

studies have found a reduced insulin secretion when the
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25(OH)D level is low, followed by a normalization after

vitamin D supplementation [6, 21].

Therefore, it is plausible that supplementation with

vitamin D might increase both insulin secretion and sen-

sitivity in humans. This could be of particular interest for

subjects with type 2 diabetes, as most of these subjects

have a combination of reduced insulin secretion and insulin

resistance [14]. In accordance with this insight, it was

recently reported that serum 25(OH)D levels in a group of

524 non-diabetic subjects were inversely associated with

glycaemia and insulin resistance 10 years later [8].

However, as pointed out in a review by Pittas et al. [25]

the available evidence is currently only indicative of a

clinical role for vitamin D supplementation in the pre-

vention or treatment of type 2 diabetes. As a result, inter-

vention studies with vitamin D are highly needed [27]. In

the present study, we randomised a group of subjects with

type 2 diabetes to supplementation with vitamin D

(40,000 IU per week) versus placebo for 6 months, with

improvement in haemoglobin A1c (HbA1c) as the primary

objective.

Methods

Subjects

Males and females with type 2 diabetes, age 21–75, with

disease duration for at least 1 year, on treatment with

medium long-acting insulin at bed-time in addition to

metformin during the day, with HbA1c levels stable in the

range of 7.0–9.5% for the last 3 months, and serum calcium

\2.55 mmol/L, were recruited from the outpatient clinic at

the University Hospital of North Norway. Subjects with a

history of coronary infarction, angina pectoris, stroke, renal

stone disease, or sarcoidosis were not included.

Protocol

At inclusion all previous supplementations with vitamin D

(including cod liver oil) were discontinued. There was no

wash-out period. Subjects were randomised into two

groups, stratified by gender and smoking status: the vitamin

D group was to take two capsules of vitamin D (20,000 IU

cholecalciferol per capsule (Decristol�, Jenapharm, Jena,

Germany)) per week, while the placebo group was to take

two placebo capsules per week. The intervention or treat-

ment period lasted 6 months. The placebo capsules, pur-

chased from Hasco-lek (Wroclaw, Poland) were identical

to the vitamin D capsules in regards to size and shape. The

subjects were supplied with a new supply of medication

after 3 months. Unused capsules were returned and coun-

ted. The subjects were classified as current smokers or

non-smokers. During the trial, the subjects were instructed

not to change their insulin or metformin dosages.

Measurements

The subjects did not take their bed-time insulin dose the

evening before the first and last visits of the 6 month study

period, which were performed in the morning in the fasting

state. Blood samples were drawn for determination of

plasma glucose, serum insulin, C-peptide and serum

fructosamine, HbA1c, serum calcium, PTH, 25(OH)D,

1,25-dihydroxyvitamin D (1,25(OH)2D), total cholesterol,

triglycerides, HDL- and LDL-cholesterol. After resting for

15 min, blood pressure was measured three times, 2 min

apart, with an automatic device (Dinamap Vital Signs

Monitor 1846; Criticon Inc, Tampa, FL). The mean of the

last two measurements was used in the analyses. Height,

weight, and waist and hip circumference were measured

wearing light clothing and no shoes. Urine was collected

over a 24 h period to calculate the calcium excretion.

Fasting plasma glucose, serum insulin, C-peptide, fruc-

tosamine and HbA1c [11], serum calcium, creatinine and

PTH [10], and serum total cholesterol, triglycerides,

HDL- and LDL-cholesterol [9] were measured as previously

described. Serum levels of 25(OH)D3 were determined by

immunometry (electrochemiluminescence: ECLIA) using

an automated clinical chemistry analyser (Modular E170,

Roche Diagnostics�, Mannheim, Germany). According to

the manufacturer, this assay has, for total analytical preci-

sion, a coefficient of variation B7.8% as judged in any of

three different concentrations (48.6, 73.8, and 177.0 nmol/L).

The cross-reactivity with 25(OH)D2 was \10% and the

analytical sensitivity was 10 nmol/L. At present, the labo-

ratory has no reference values for 25(OH)D3, but the man-

ufacturer provides a population based reference range

of 27.7–107.0 nmol/L for adults as a guideline. Serum

1,25(OH)2D was measured at the end of the study as

previously described [13].

The HOMA method was used to calculate the basal

insulin sensitivity [(fasting plasma insulin (pmol/

L) 9 fasting plasma glucose (mmol/L))/135] and secretion

[(fasting plasma insulin (pmol/L) 9 3.33)/(fasting plasma

glucose (mmol/L) 3.5)] [19].

The trial was registered at ClinicalTrials.gov (NCT004

00491).

Statistical analyses

The primary outcome was change in HbA1c after 6 months.

In the power calculation we used an SD of 0.6% for HbA1c

(based on data from our outpatient clinic at the University

Hospital of North Norway in subjects with type 2 diabetes

having an HbA1c in the range of 7.5–9.5%) and a clinically
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relevant difference for HbA1c of 0.5%. If the study started

with 70 subjects and we assumed that 30 in each group

completed the study, we would have an 89% chance of

finding a statistically significant (P \ 0.05) and clinically

relevant difference between the two groups. Secondary

endpoints were measures of glucose and calcium metabo-

lism as shown in Table 1.

Comparisons between the groups at baseline levels were

done with the Student’s t-test, and comparisons between

changes from baseline (delta values = 6 month values

minus baseline) were done with ANCOVA using a general

linear model with the delta value as the dependent variable

and gender, age, BMI, time of year for baseline value, and

the baseline value in question, as covariates. All statistical

tests were performed two-sided, and P-value \ 0.05 was

considered statistically significant. The Statistical Package

for Social Sciences version 15.0 was used for all statistical

analyses (SPSS Inc., Chicago, Ill., USA).

Ethics

The study was approved by the Regional Ethics Commit-

tee. All participants gave written informed consent prior to

the study.

Results

Thirty-six subjects were included in the study. The inclusion

period was from June 2006 to January 2007. Four subjects

dropped out of the study, all in the vitamin D group. One of

them, a 68-year-old female had a serum calcium level of

2.48 mmol/L and serum PTH of 8.2 pmol/L at baseline.

After 3 months, the subject had an episode with fever,

an increase in serum calcium to 2.66 mmol/L, and exhib-

ited PTH level of 4.7 pmol/L. She was withdrawn from

the study, and serum calcium normalised. The baseline

Table 1 Baseline values and changes after 6 months (6 month values minus baseline) in the vitamin D and the placebo group. Thirty-two

subjects completed the study

Baseline values Change from baseline after 6 months

(delta values)

P-valuea

Vitamin D group Placebo group Vitamin D group Placebo group

Males/females 9/7 9/7

Age (years) 57.7 ± 9.7 54.8 ± 5.9

Smokers (%) 25.0 18.8

BMI (kg/m2) 32.8 ± 6.8 31.3 ± 6.3 –0.2 ± 0.8 0.1 ± 0.6 0.06

Waist-hip ratio 1.01 ± 0.08 0.99 ± 0.08 –0.01 ± 0.04 –0.01 ± 0.03 0.58

Systolic blood pressure (mmHg) 138.1 ± 14.0 132.6 ± 13.5 –1.3 ± 11.4 3.6 ± 12.4 0.15

Diastolic blood pressure (mmHg) 79.4 ± 9.0 81.5 ± 9.1 1.6 ± 9.6 3.2 ± 6.9 0.25

Plasma glucose (mmol/L) 9.8 ± 3.1 9.2 ± 2.4 –0.2 ± 3.1 0.4 ± 1.0 0.43

Serum insulin (pmol/L) 376 ± 454 372 ± 539 –6 ± 251 –6 ± 116 0.65

Serum C-peptide (pmol/L) 1,163 ± 581 1,035 ± 478 –60 ± 497 13 ± 282 0.27

Serum fructosamine (lmol/L) 267 ± 51 269 ± 34 2 ± 39 2 ± 20 0.64

HbA1c (%) 8.0 ± 1.3 7.9 ± 1.1 –0.2 ± 0.9 –0.2 ± 0.5 0.90

HOMA–Insulin secretion [(pmol/L)/(mmol/L)] 229 ± 252 258 ± 496 10 ± 185 63 ± 304 0.99

HOMA–Insulin resistance [(pmol/L) 9 (mmol/L)] 27.6 ± 34.3 25.0 ± 30.7 0.3 ± 23.5 –0.2 ± 13.7 0.58

Serum calcium (mmol/L) 2.35 ± 0.06 2.39 ± 0.09 –0.03 ± 0.05 –0.05 ± 0.07 0.97

Serum PTH (pmol/L) 3.9 ± 3.6 4.0 ± 1.6 –0.3 ± 1.0 0.0 ± 0.9 0.04

Serum creatinine (lmol/L) 63.4 ± 12.8 66.2 ± 8.4 –2.0 ± 4.9 –2.1 ± 6.8 0.97

Serum 25(OH)D (nmol/L) 60.0 ± 14.0 58.5 ± 21.0 58.3 ± 29.8 –1.3 ± 14.8 \0.001

Serum cholesterol (mmol/L) 4.5 ± 1.1 4.8 ± 0.9 0.0 ± 0.6 0.1 ± 0.4 0.81

Serum triglycerides (mmol/L) 1.6 ± 0.7 1.5 ± 0.6 0.2 ± 0.7 0.1 ± 0.4 0.77

Serum HDL-cholesterol (mmol/L) 1.3 ± 0.3 1.3 ± 0.4 –0.1 ± 0.2 –0.1 ± 0.2 0.13

Serum LDL-cholesterol (mmol/L) 3.0 ± 1.0 3.3 ± 0.8 –0.1 ± 0.4 0.0 ± 0.3 0.63

24 h urinary calcium excretion (mg) 5.1 ± 3.0 5.3 ± 2.9 1.1 ± 2.2 0.5 ± 2.5 0.30

a Vitamin D group versus placebo group regarding delta values
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characteristics of the remaining 32 subjects are shown in

Table 1. Twelve subjects (6 in each group) were included

during the summer months. The serum 25(OH)D levels in

these 12 subjects were 66.7 nmol/L ± 18.3, while the

remaining 20 subjects exhibited levels of 54.8 ± 15.9 nmol/

L (P = 0.06). There were no significant differences between

the two treatment groups at baseline. At the end of the study,

all subjects continued the same bed-time insulin and day

time metformin dosage regimen as they had participated in

prior to inclusion in this study. Concerning the primary

endpoint, changes in HbA1c from baseline (delta value), the

two groups did not differ (–0.2 ± 0.9% and –0.2 ± 0.5%

for vitamin D group and placebo group, respectively;

P = 0.90). Regarding delta values for the secondary end-

points, there were no significant differences between the two

groups with the exception of a significant increase in serum

25(OH)D and a significant decrease in serum PTH in the

vitamin D group compared with the placebo group.

Furthermore, the fasting plasma glucose, serum insulin,

C-peptide, fructosamine and HbA1c levels were almost

identical to baseline values after 6 months in both treatment

groups. There was an increase in the urinary calcium

excretion in the vitamin D group, but not significantly dif-

ferent from the placebo group (Table 1). At the end of the

study the serum 1,25(OH)2D levels were significantly higher

in the vitamin D group than the placebo group (94.5 ± 20.5

and 67.9 ± 20.1 pmol/L, respectively (P = 0.001)). The

compliance rate was 98 and 97% in the vitamin D and

placebo groups, respectively.

Apart from the 68 year old female who was excluded

after 3 months, none of the subjects developed hyper-

calcaemia (serum calcium [ 2.60 mmol/L).

Discussion

In the present study, we found that supplementation with

40,000 IU cholecalciferol for 6 months did not lower the

HbA1c levels in subjects with type 2 diabetes, nor was there

any improvement in parameters of insulin secretion or

resistance.

There are several mechanisms whereby vitamin D may

influence insulin secretion and sensitivity. For instance,

the insulin producing beta-cells have receptors for

1,25(OH)2D, and they even have the enzyme necessary for

hydroxylating 25(OH)D to the active form 1,25(OH)2D [4].

In addition, insulin secretion is a calcium dependent pro-

cess and can therefore indirectly be influenced by vitamin

D, which through its effect on calcium absorption, is an

important regulator of the calcium balance. Thus, as sug-

gested by Pittas et al. [25] inadequate vitamin D levels may

alter the balance between the extracellular and intracellular

calcium pools in the beta-cells, and consequently interfere

with normal insulin release.

Regarding insulin sensitivity, it appears that vitamin D

may stimulate the expression of the insulin receptor in

peripheral tissues and thereby increase glucose transport

[18]. Similar to insulin release, insulin mediated processes

are calcium dependent [22] and therefore may be indirectly

influenced by the subject’s vitamin D status. Thus, it is not

surprising that epidemiological studies have found a neg-

ative association between serum levels of 25(OH)D and

blood glucose both in the fasting state [20] as well as after

a glucose challenge [1].

In accordance with this, it was found in the Women’s

Health Study, which included 10,066 women 46 years or

older, that those with a vitamin D intake below 159 IU per

day had a 35% higher prevalence of type 2 diabetes as

compared to those with an intake above 511 IU per day [16].

Data from the American Nurses’ Health Study, where 83,779

women were followed for 20 years, also indicated that a high

intake of vitamin D may protect against the development of

diabetes. Thus, among those with the highest vitamin D

intake from supplements there was a relative risk of 0.87 for

developing diabetes as compared to those with the lowest

vitamin D intake from supplements [24]. A similar obser-

vation was also made by Pittas et al. in a post-hoc analysis on

blood glucose and insulin levels in 314 subjects randomised

to calcium and vitamin D supplementation versus placebo for

the treatment of osteoporosis [26]. Among these subjects, 92

had impaired fasting glucose at time of inclusion in the study.

After 3 years, those with impaired fasting glucose random-

ised to calcium and vitamin D had a significantly lower

increase in fasting blood glucose in comparison to those

randomised to placebo (0.02 mmol/L versus 0.34 mmol/L).

Furthermore, there are reports on improvement in glucose

tolerance after vitamin D supplementation in vitamin D

deficient subjects with impaired glucose tolerance [5].

On the other hand, and in accordance with our results,

Ljunghall et al. found no effect on glucose tolerance or

insulin secretion in 65 middle-aged men with impaired

glucose tolerance and normal serum 25(OH)D levels, when

given 0.75 lg alpha-calcidiol daily or placebo for

3 months [17]. Similarly, in a study on 20 subjects with

type 2 diabetes by Orwoll et al., 1 lg 1,25(OH)2D for

4 days had no effects on fasting or stimulated glucose,

insulin, or C-peptide concentrations [23].

The present study has many limitations and there could

be several explanations for the lack of effect of vitamin D

on glucose metabolism observed. Firstly, we were only

able to include 36 subjects and our power calculation was

based on a group of 70 subjects. With the present number

included, we would only have a 70% chance of finding a

statistically significant difference in HbA1c of 0.5%, which
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was threshold considered as clinically relevant. The

included subjects were treated with insulin and metformin,

which might have masked a subtle effect of vitamin D.

Although there was a significant decrease in serum PTH in

the vitamin D group, the increase in urinary calcium

secretion was not significantly higher than in the placebo

group, indicating that the effect on calcium metabolism

was modest. We did not have data on calcium intake, and

calcium supplementation was not given. This could be of

importance as there are indications that this is essential if

glucose intolerance is to be normalised, especially in cases

where vitamin D is depleted [2]. We evaluated the insulin

sensitivity and secretion based on fasting levels only,

which is not as accurate as the glucose clamp method.

Furthermore, we only measured serum 1,25(OH)2D at the

end of the study. However, at that time point, the serum

1,25(OH)2D levels were significantly higher in the vitamin

D group, and the lack of effect on the glucose metabolism

can therefore not be ascribed to a lower conversion to the

active form of vitamin D in this group. Finally, the effect of

vitamin D supplementation is probably most pronounced in

vitamin D deficient subjects, and none of our patients had a

serum 25(OH)D level below 25 nmol/L.

On the other hand, our study also has strength in that we

used a high vitamin D dose of 40,000 IU per week, which

is considerably larger than in most other studies. This

resulted in serum 25(OH)D levels which should be suffi-

cient for an optimal outcome [3].

One of our subjects developed a transient increase in

serum calcium after 3 months and was withdrawn from the

study. In retrospect, it could be argued that her baseline

serum calcium and PTH values indicated a mild form of

primary hyperparathyroidism, and accordingly should not

have been included in the study. None of the other subjects

developed hypercalcaemia, but the study was too small to

make a conclusion in regards to safety and the present

vitamin D dose.

In conclusion, we were not able to demonstrate an effect

on glucose metabolism in subjects with type 2 diabetes

after supplementation with vitamin D. However, it should

be emphasised that the number of patients was too low to

draw definitive conclusions. Therefore, there is a need for

larger studies with longer duration and graded doses of

vitamin D. In particular, the effect of vitamin D supple-

mentation should be tested at an earlier stage in the dia-

betes disease process, such as in subjects with impaired

glucose tolerance and with low serum 25(OH)D levels.
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