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Introduction
Type 2 diabetes is a disease caused by both insulin re-
sistance and an insulin secretory defect.1 The effect of 
vitamin D on beta-cell function and insulin sensitivity 
has been observed in both animal and human studies.2 
Dietary vitamin D3 supplementation has been shown 
to improve glycaemic control and insulin sensitivity in 
people with diabetes and in normal populations.3

Vitamin D is required for and improves the produc-
tion of insulin; and also improves insulin sensitivity.4 
Insulin secretion is impaired in the vitamin D-deficient 
pancreas, and it is improved by dietary vitamin D3 
supplementation.2 Vitamin D has been shown to facilitate 
the biosynthetic capacity of pancreatic beta-cells and 
also accelerates the conversion of pro-insulin to insulin.5 
One study has shown a significant correlation between 
changes in vitamin D levels and first- phase insulin 
secretion, with a decrease in insulin resistance after one 
month of vitamin D3 supplementation.6

Reports suggest that vitamin D3 supplementation 
improves insulin resistance and pancreatic beta-cell func-
tion. However, there is paucity of data on the relationship 
between vitamin D and glycaemia in type 2 diabetes 
in Nigeria. The objective of this study was therefore to 
determine the effect of vitamin D3 supplementation on 
insulin resistance and pancreatic beta-cell function in 
vitamin D-deficient type 2 diabetes subjects.

Patients and methods
This study was carried out at the Diabetes Clinic of the 
Lagos University Teaching Hospital (LUTH). It was a 
single blind prospective randomised placebo-controlled 
trial, involving type 2 diabetes participants. The study 
subjects were 42 type 2 diabetes participants with vitamin 
D deficiency selected following a prior cross-sectional 
study on 114 type 2 diabetes patients for determination 
of vitamin D status. The participants were randomised 
into two equal groups for the treatment and placebo 
arms of the study.

 Laboratory tests carried out include analysis for: fast-
ing glucose, HbA1c, calcium, albumin, phosphate, serum 
insulin, creatine, and alanine transaminase. Vitamin D 
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levels were determined using high-performance liquid 
chromatography (HPLC). Vitamin D3 supplements (3000 
IU daily for 12 weeks) were given to the participants in 
the treatment arm, and a placebo (50 mg of corn starch) 
was given to the placebo arm. The doses of participants’ 
oral anti-diabetic medications were kept constant dur-
ing the study period. Insulin resistance and pancreatic 
beta-cell function were determined at baseline and after 
12 weeks of follow-up. Insulin resistance and beta-cell 
function were estimated with the homeostasis model as-
sessment (HOMA-IR),7 defined as the product of fasting 
serum insulin (µU/ml) and fasting blood glucose (FBG 
mmol/L) divided by 22.5. A score of ≥2.0 defined IR.8 
Insulin secretion function (IS or HOMA-B) was defined 
as the product of 20 and fasting insulin (µU/ml) divided 

by FBG (mmol/l) minus 3.5. A score 
of <100 defined reduced IS (beta-
cell function).8

Participants were aged 35–65 
years with type 2 diabetes and on 
oral antidiabetic medication. They 
gave informed consent, and had 
previously documented vitamin D 
deficiency. Patients excluded from 
the study included those with type 
1 diabetes on insulin, pregnant 
women, and those with chronic 
diseases including renal insuffi-
ciency (glomerular filtration rate 
(GFR)<30ml/min), chronic liver 
disease or alanine transaminase 
(ALT) >5 times the upper reference 
limit, tuberculosis, diarrhoea, or 
malabsorption states.

The sample size was calculated 
using the formula described by 
Whitley and Ball.9 Statistical analy-
sis was done using the Statistical 
Package for Social Sciences (SPSS) 
version 20. Results were expressed 
as means (±SD) and percentages. 
Comparisons between treatment 
groups were made using Wil-
coxon, Chi square and Z-tests. A p 
value<0.05 was considered statisti-
cally significant.

Results
Patients’ adherence was assessed 
by tablet counts at each visit. There 
was an overall adherence of 62% 
and 60% in the treatment and pla-
cebo groups respectively.

The mean age of the participants 
was 52±2 years in the treatment 
group and 51±2 years in the pla-
cebo group (p value not significant 
(pNS)). There were 10 (59%) fe-

males and seven (41%) males in the treatment group, and 
nine (56%) females and seven (44%) males in the placebo 
group (pNS). The mean (±SD) body mass index (BMI) 
was 28.4±4.0 vs 26.5±0.9 in the treatment and placebo 
arms respectively (pNS).

Figure 1 shows a reduction from baseline in the mean 
insulin resistance (HOMA-IR) level in both the treatment 
and placebo groups. The mean baseline values (95% CI) 
were 1.9 (1.0–2.8) and 2.9 (1.1–4.7) respectively; and the 
post-treatment values were 1.3 (0.8–1.9) and 2.5 (1.5–3.5) 
respectively. However, this reduction was only statisti-
cally significant in the treatment group (p<0.01). 

The proportion of subjects with improvement in insulin 
resistance status (HOMA-IR<2.0) was significantly higher 

African Journal of Diabetes Medicine 15Vol 25 No 1 May 2017

Figure 1: Effect of  vitamin D3 on insulin resistance after 12 weeks of  treatment. 
There was a significant reduction in the baseline mean HOMA-IR after 12 weeks 
of  vitamin D3 supplementation in the treatment group. The reduction in mean 
HOMA-IR in the control group was not statistically significant.
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Figure 2: Effect of  vitamin D3 on pancreatic beta-cell function
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in the treatment arm , 80% (4 out of 5) compared with 
the placebo arm, 12% (1 out of 8).

Figure 2 shows the effect of vitamin D3 supplementa-
tion on pancreatic beta-cell function (HOMA-B) in both 
groups. There was a reduction in the mean HOMA-B (in-
sulin secretory capacity) in the treatment group (p=0.29) 
while it increased in the placebo group (p=0.18). These 
differences were, however, not statistically significant.

There was an appropriate reduction in the mean 
HOMA-B in the treatment group while it increased in 
the placebo group.

Out of the 16 subjects with impaired pancreatic beta-cell 
function, one subject improved in the treatment group; 
whereas there was no change in the HOMA-B status in 
the placebo group.

Discussion
Vitamin D deficiency is a global healthcare concern. A 
growing number of studies have reported widespread 
vitamin D deficiency and insufficiency in both appar-
ently healthy populations and patients with various 
pathologies including diabetes.10 It has been estimated 
that one billion people worldwide are affected by various 
degrees of vitamin D deficiency.11 Since the first report 
on the influence of vitamin D on insulin secretion,12 
evidence has suggested a role for vitamin D in both the 
occurrence13 and treatment of type 2 diabetes.14,15 There is 
now convincing evidence that vitamin D has some role in 
both pancreatic insulin secretion and insulin sensitivity, 
and thereby affects the pathogenesis of the disease.14,15

Vitamin D receptors (VDRs) are found throughout the 
body including in pancreatic beta-cells.16 Vitamin D ap-
pears to play a role in the regulation of insulin release in 
response to glucose intake.16,17 Direct effects may be medi-
ated by binding of the active form 1,25 (OH)D to beta-cell 
VDRs.18 Vitamin D may indirectly affect insulin secretion 
via regulation of calcium-mediated insulin release by 
regulating calcium influx through the cell membrane.16 
Vitamin D may also enhance insulin responsiveness for 
glucose transport by directly stimulating the insulin 
receptor.16,17 It may indirectly influence insulin action 
via regulation of calcium influx through the cellular 
membrane, thereby ensuring normal calcium-mediated 
insulin release.16,17

Vitamin D may promote beta-cell survival by modulat-
ing the effects of inflammatory cytokines and decreasing 
beta-cell destruction.17 Vitamin D may prevent genera-
tion of cytokines by interfering with the promoter gene 
for transcription factors and up-regulation of cytokine 
binding proteins.16,17

The finding of an improvement in insulin resistance after 
vitamin D3 supplementation in this study is consistent 
with findings from previous studies.19,20 A randomised, 
placebo-controlled trial concluded that improving vi-
tamin D status in insulin-resistant women resulted in 
improved insulin resistance and sensitivity, but no change 
in insulin secretion.20 We found no significant effect of 

vitamin D3 supplementation on pancreatic beta-cell 
function (HOMA-B) in individuals with type 2 diabetes 
compared with controls. This finding is similar to that 
reported by von Hurst et al.20 In Caucasian patients 
with impaired fasting glucose, oral supplementation 
with vitamin D and calcium reduced the progression 
of insulin resistance and increased insulin sensitivity.21

It is somewhat surprising that the pancreatic beta-
cell function (insulin secretory capacity) reduced after 
supplementation in the treatment group compared with 
the placebo group. This is probably due to the improve-
ment in insulin sensitivity noted in the treatment group. 
Interpretation of the beta-cell function should not be done 
in isolation as one might conclude erroneously that the 
participants in the treatment arm had failing beta cells 
as opposed to appropriately low secretion.22

Our study does have some limitations. Participants 
were assumed to have kept their doses of anti-diabetic 
medication constant during the intervention period. They 
were also assumed not to be taking vitamin D-containing 
complementary medicines during the intervention pe-
riod. Also, HOMA, an indirect index of beta-cell function, 
was used to assess insulin resistance instead of the eug-
lycaemic clamp (due to cost and unavailability). Finally, 
changes in lifestyle, diet, or physical activity may have 
occurred among study participants during the period 
of vitamin D3 supplementation, but this was difficult to 
account for as a confounder.

In conclusion, this study revealed a significant im-
provement in the insulin resistance status of vitamin 
D-deficient type 2 diabetes subjects following vitamin 
D3 supplementation. However, supplementation of vi-
tamin D did not improve pancreatic beta-cell function. 
Reports of improvement in glycaemic control in persons 
with type 2 diabetes after administration of vitamin D 
may stem from this beneficial effect of vitamin D on 
insulin resistance.

Acknowledgements
We are grateful to Dr I A Odeniyi and Dr S O Iwuala, 
both of the Endocrinology Unit, Department of Medicine, 
LUTH, Lagos, Nigeria; and Mr M Olajide of the Depart-
ment of Pharmacy, College of Medicine, University of 
Lagos, Nigeria.

Author declaration
Competing interests: none.
Any ethical issues involving humans or animals: none.
Was informed consent required: yes - documentation 
on file.

References
1. De Fronzo RA, Ferrannini E, Simonson DC. Fasting hyperglycae-

mia in non-insulin dependent diabetes mellitus: contributions 
of excessive hepatic glucose production and impaired tissue 
glucose uptake. Metabolism 1989; 38: 387–395.

2. Chertow BS, Sivitz WI, Baranetsky NG, et al. Cellular mechanisms 
of insulin release: the effects of vitamin D deficiency and reple-
tion on rat insulin secretion. Endocrinology 1983; 113: 1511–1518.



Original Article

African Journal of Diabetes Medicine 17Vol 25 No 1 May 2017

3. Luong K, Nguyen LT, Nguyen DN. The role of vitamin D in pro-
tecting type 1 diabetes mellitus. Diabetes Metab Res Rev 2005; 21: 
338–346.

4. Ken CC, Audrey C, Vay Liang WG, et al. Hypovitaminosis D is 
associated with insulin resistance and B-cell dysfunction. Am J 
Clin Nutr 2004; 75: 820–825.

5. Bourlon PM, Faure-Dussert A, Billaudel B. The de novo syn-
thesis of numerous proteins is decreased during vitamin D3 
deficiency and is gradually restored by 1,25-dihydroxyvitamin 
D3 repletion in the islet of Langerhans of rat. J Endocrinol 1999; 
162: 101–109.

6. Borissova AM, Tankova T, Kirilov G, et al. The effect of vitamin 
D3 on insulin secretion and peripheral insulin sensitivity in type 
2 diabetes patients. Int J Clin Pract 2003; 54: 258–261.

7. Mathew DR, Hosker JP, Rudenski AS, et al. Homeostasis model 
assessment: insulin resistance and beta-cell function from fasting 
glucose and insulin concentrations in man. Diabetologia 1985; 28: 
412–419.

8. Oli JM, Adeyemo AA, Okafor GO, et al. Basal insulin resistance 
and secretions in Nigerians with type 2 diabetes mellitus. Metab 
Synd Relat Disord 2009; 7: 595–599.

9. Whitley E, Ball J. Statistics review 4: sample size calculations. 
Critical Care 2002; 6: 335–341.

10. Vieth R, Cole DE, Hawker GA, et al. Wintertime vitamin D insuf-
ficiency is common in young Canadian women, and their vitamin 
D intake does not prevent it. Eur J Clin Nutr 2001; 55: 1091–1097.

11. Holick MF. Vitamin D deficiency. New Engl J Med 2007; 357: 
266–281.

12. Norman AW, Frankel JB, Heldt AM, et al. Vitamin D deficiency 
inhibits pancreatic secretion of insulin. Science 1980; 209: 823–825.

13. Forouhi NG, Luan J, Cooper A, et al. Baseline serum 25-hydroxy 
vitamin D is predictive of future glycemic status and insulin 
resistance – The Medical Research Council Ely Prospective Study 
1990–2000. Diabetes 2008; 57: 2619–2625.

14. Chiu KC, Chu A, Go VLW, et al. Hypovitaminosis D is associated 
with insulin resistance and beta cell dysfunction. Am J Clin Nutr 
2004; 79: 820–825.

15. Borissova AM, Tankova T, Kirilov G, et al. The effect of vitamin 
D3 on insulin secretion and peripheral insulin sensitivity in type 
2 diabetic patients. Int J Clin Pract 2003; 57: 258–261.

16. Ozfirat Z, Chowdhury TA. Vitamin D deficiency and type 2 
diabetes. Postgrad Med J 2007; 357: 266–281.

17. Pittas AG, Lau J, Hu FB, et al. The role of vitamin D and calcium 
in type 2 diabetes. A systematic review and meta-analysis. J Clin 
Endorinol Metab 2007; 92: 2017–2029.

18. Alfonso B, Liao F, Busta A, et al. Vitamin D in diabetes mellitus – 
a new field of knowledge poised for development. Diabet Metab 
Res Rev 2009; 25: 417–419.

19. Talaei A, Mohamadi M, Adgi Z. The effect of vitamin D on insulin 
resistance in patients with type 2 diabetes. Diabet Metab Syndr 
2013; 5: 1–5.

20. von Hurst PR, Stonehouse W, Coad J. Vitamin D supplementation 
reduces insulin resistance in South Asian women living in New 
Zealand who are insulin resistant and vitamin D deficient – a 
randomised, placebo-controlled trial. Br J Nutr 2010; 103: 549–555.

21. Baynes KC, Boucher BJ, Feskens EJ, et al. Vitamin D, glucose 
tolerance and insulinaemia in elderly men. Diabetologia 1997; 
40: 344–347.

22. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA 
modelling. Diabetes Care 2004; 27: 1487–1495.

Subscribe to The African Journal
of Diabetes Medicine

The journal is available for a flat-rate annual subscription
of £50 (US$85) including airmail postage to anywhere

in the world.

For practicing African health professionals
the cost is £30 (US$50).

Please email editor@fsg.co.uk for further information.

www.africanjournalofdiabetesmedicine.com


