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Abstract

Background: A number of studies have shown a high prevalence of insufficient vitamin D levels in humans in 

the North American, European and Asian regions. Various research works have also shown that low serum 

vitamin D levels play a major role in the pathogenesis of chronic, non-infective illnesses such as diabetes mellitus 

and cancer. 

Objective: This study was aimed at assessing the serum vitamin D status in relation to glucose homeostasis 

among men with Type-2 Diabetes mellitus and normal controls.

Methods: This comparative cross-sectional study included 80 men with confirmed diagnosis of Type-2 diabetes 

mellitus and 49 normal adult male controls. Serum 25-hydroxy vitamin D, fasting serum C-peptide and fasting 

plasma glucose levels were measured in both study groups. 

Results: There was a significant difference between the mean serum 25-OH vitamin D levels among the cases 

(36.55ng/mL) and the controls (42.96ng/mL) (p = 0.001). All the four 25-OH vitamin D-deficient subjects had 

diabetes. In the diabetes group, 43.8% had a normal insulin resistance compared to 61.8% of the control group (p 

= 0.054). In the diabetes group, 73.8% had sufficient vitamin D, 21.2% had insufficient vitamin D and 5% had 

vitamin D deficiency. In the control group, there was a significant negative correlation between serum 25-OH 

vitamin D and BMI and fasting plasma glucose. The mean HOMA2IR value for the diabetes group (3.09) was 

higher than the value for the controls (2.40).

Conclusion: The mean serum 25-OH vitamin D level in the diabetes group was lower than that of the control 

group hence, hypovitaminosis D may be a contributor to the onset of diabetes mellitus among Nigerian men.
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Introduction

Diabetes mellitus (DM) comprises a group of common 

metabolic disorders that share the phenotype of 

hyperglycaemia. 
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a complex interaction of genetics, lifestyle choices 
[]

and environmental factors.  Depending on the 

aetiology of DM, factors contributing to 

hyperglycaemia may include reduced insulin 

secretion, decreased glucose utilisation and 
[] increased glucose production. DM is a serious 

international public health issue, affecting more 
[]

than 180 million people worldwide.  

Many distinct types of DM exist and are caused by 
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A study in Port Harcourt, Nigeria gave a crude 
[]

prevalence rate of DM of 6.8%.  The high DM 

burden in Africa can be attributed to 

westernisation of lifestyles and inadequate 

physical activity. Type-2 diabetes mellitus is the 

most common type of the disease in clinical 

practice. The pathogenesis of Type-2 DM 

remains obscure but insulin resistance, impaired 

beta cell function and systemic inflammation 

have been implicated. More recent studies 

suggested that vitamin D also influences these 
[]pathways.  The present treatment modalities in 

DM include the use of oral hypoglycaemic 

agents (OHA), insulin therapy and lifestyle 

modifications. However, recent research, focus 

on the various preventive measures in DM and 

these are aimed to reduce hospital and clinic 

attendance as well as the expenditure on drug 
[]

procurement. 

Vitamin D is a hormone that is known to be 

involved in calcium homeostasis and bone 
[]formation.  However, recent research showed 

that vitamin D also play important roles in 

cancer prevention, immunity and glucose 

homeostasis. Humans get vitamin D through 

exposure to sunlight, from diet and from dietary 
[]supplements.  High prevalence of vitamin D 

insufficiency has been observed worldwide and 

these have occurred concurrently with insulin 

resistance, which in turn, is implicated in the 
[]aetiology of Type 2 DM.  Factors that contribute 

to vitamin D deficiency include increased age, 

decreased exposure to sunlight, increased skin 
[]

pigmentation and obesity.  If it can be 

established that vitamin D deficiency 

contributes to the onset of Type-2 diabetes 

mellitus in Nigerians, the information will open 

a new frontier in the management of DM. 

Vitamin D deficiency is easily correctable 

through dietary supplementation and more 

exposure to the ultraviolet B rays of the sun.

The objective of the study was to evaluate the 
prevalence of Vitamin D insufficiency/ 
deficiency among men with Type-2 DM in 
comparison with men without diabetes. The 
study can serve as a prelude to bigger studies 
to evaluate the relevance of vitamin D 
supplementation in the prevention and 
treatment of DM.

Methods 

Study design

This was a comparative cross-sectional study of 

serum vitamin D and C-peptide levels among adult 

males with Type-2 DM who were on treatment 

with oral hypoglycaemic drugs (OHA). The serum 

vitamin D, C-peptide and fasting plasma glucose 

levels were measured and compared between the 

two groups of subjects. The study included 80 adult 

men with confirmed Type-2 diabetes mellitus 

attending University College Hospital, Ibadan 

while 49 apparently healthy men residing in 

Ibadan and its environment served as controls. The 

respective cases and controls were matched for 

social class. All the participants in the study were 

recruited after granting written informed consent.

Sample size determination

The minimum sample size required to detect a 

difference in mean 25-OH Vitamin D between 

subjects with Type-2 DM and healthy controls was 

derived using the formula: 
2 2

n = [2(Zá + Z1-â) 2ó ] / (µ  - µ )1 2

Where Zá =   standard normal deviate 

corresponding to 5% level of significance = 1.96

Z1-â   = standard normal deviate corresponding to 

a power of 90% = 1.28

ó = standard deviation of 25 (OH) Vitamin D = 23 
[12]nmol/L (Targher et al 2006). 

µ1 -  µ2 = the minimum difference in mean 25 (OH) 

Vitamin D between subjects with diabetes and  

control groups which is assumed to be clinically 

significant = 15

n   = minimum sample size in the two groups.

Although a minimum of 49 subjects per group was 

required, a non-response rate of 15% was assumed 

thus, 58 subjects were studied per group.

Study site and Ethical considerations

The study was conducted at the Metabolic 

Research Unit of the University College Hospital 

Ibadan, Oyo state, Nigeria. Ethical approval for the 
th

study was granted on the 17  March 2011 by the 

University of Ibadan/ University College Hospital 

(UI/UCH) Health Research Ethics Committee with 

number EC/10/0199.

Inclusion and Exclusion criteria

Adult men with confirmed diagnosis of Type-2 DM 

attending the Metabolic Research Unit (MRU) 
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Insulin resistance

The HOMA2 (Homeostasis Model Assessment2) 

calculator software was used to estimate insulin 

resistance using fasting plasma glucose and C-

peptide levels. The HOMA calculator uses model-

derived analysis to determine â cell function, 

insulin sensitivity and insulin resistance in the 
[13]

steady state condition.  HOMA has been used in 

over 500 studies and the validity of this method 
[14]

was reviewed by Wallace et al.  The insulin 

resistance threshold used in the study was 2.77 

according to the results of a study conducted by 
[15]

Borona et al  in 1998.

Data analysis

The Statistical Package for Social Sciences (SPSS) 

version 16.0 was used for data processing. Socio-

demographic and other measured variables were 

summarized depending on the variable type 

using means and standard deviation. The mean 

values of measured variables were compared 

between groups using Student's t-test. Cross-

tabulation was used to test the proportional 

relationship between Vitamin D and insulin 

resistance within each study group. The 

correlation between Vitamin D levels and other 

measured variables were tested using a 

correlation analysis within groups. The Pearson's 

correlation analysis was used for normally 

distributed data and Spearman's correlation for 

skewed data. The level of statistical significance 

for all tests was 95%.

Results

Unit conversions for measured analytes were as 

follows: 

1nmol/L = 1ng/mL x 2.5 ( 2 5 - O H  

vitamin D)

1nmol/L = 1ng/mL x 0.33 (C-peptide)

1mmol/L = 1mg/dL x 0.056 (Glucose)

The mean 25-OH vitamin D values for the 

diabetes group (36.5ng/mL) was significantly 

lower than that of controls (42.96ng/mL) (p = 

0.006). The mean fasting plasma glucose level was 

significantly higher among the subjects with 

diabetes (8.45mmol/L [152.1mg/dL]) than 

among the controls (5.0mmol/L [90.14mg/dL]) (p 

< 0.001). 
2The mean BMI of the cases (24.88kg/m ) was similar 

2to that of the controls (24.59kg/m ) (p = 0.740). The 

mean HOMA2IR value for the cases (3.09) was 

significantly higher than for the controls (2.40) (p = 

0.655). The mean serum C-peptide value of the cases 

(3.56ng/mL) was slightly lower than that of the 

controls (3.26 ng/mL) (p = 0.376). A comparison of 

the data for both study groups is depicted in Tables I 

and II. 
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Table I: Comparison of mean values of the physical characteristics in both groups
 

Variables

 
Cases

 

n = 80
 

Mean(SD)
 

 

Controls

n = 49

Mean (SD)

P-values

Age (years)
 

61.66 (10.4)
 

54.50 (11.1) <0.001

Body Mass Index (BMI) 

(kg/m2)  
24.59 (5.5)

 
24.88 (3.5) 0.740

Height (m)  1.7017 (0.07)  1.71 (0.06) 0.437

Weight (kg)  73.35 (13.1)  72.92 (13.2) 0.856

 

A l m o s t  a l l  t h e  c a s e s  ( 9 2 . 5 % )  t o o k  

metformin/glibenclamide, 5% took only 

m e t f o r m i n  w h i l e  1 . 2 %  w a s  o n  

pioglitazone/metformin. Most of the cases (68.7%) 

did not have co-morbidities while 31.3% had 

hypertension with diabetes.

Table II: Comparison of the mean values of the measured analytes in both groups 

Variables  Cases n = 80  
Mean (SD)  

 

Controls n = 49

Mean (SD)

P-values

C-Peptide  (ng/mL)  3.56 (1.69)  3.26 (2.07) 0.376

Vitamin D (ng/mL)
 

36.55 (11.3)
 

42.96 (10.1) 0.001

Fasting Plasma Glucose 

(mmol/L)
 

8.45 (3.87)
 

5.0 (0.49) <0.001

HOMA2IR
 

3.09 (1.4)
 

2.40 (1.5) 0.014

HOMA2 %Insulin Secretion
 

42.423 (28.4)
 

66.35 (51.2) <0.001

HOMA2 % Beta Cell Function
 

111.4 (97.6)
 

167.5 (73.4) 0.004

 
 

The study groups were subdivided according to 

age intervals of 25 years i.e. 30 - 55 years (younger 

age group) and 56 - 80 years (older age group). This 

is to adjust for the impact of age on the measured 

variables since the mean age was significantly 

different between both study groups. The cases 

had lower levels of mean serum 25-OH vitamin D 
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with age intervals of 25 years each. The reason 
for this was to adjust for the influence of age on 
the measured parameters. The mean serum 
vitamin D level was lower in the diabetes group 
for each age sub-group compared to the control 
group. This shows that even after adjusting for 
the significant age difference between the two 
study groups, mean serum vitamin D was still 
significantly higher in the control group. The 
present study also found reduced levels of 
vitamin D in the older age group compared to 
the younger age group. This observation 
supports the reports of previous studies that 

[17]
vitamin levels decrease gradually with age.  

There appears to be a variation in the serum 
vitamin D levels in African studies. Ethiopian 
men had mean serum vitamin D level of 

[]
9.4ng/mL (23.5nmol/L),   in Zairian men the 

[mean value was 26ng/mL (65nmol/L), ] while 
among  Fulani men, the serum vitamin D level 
ranged from 10ng/mL to 30ng/mL ( 25-

[16]75nmol/L).  It is, however, difficult to 
compare serum 25-OH vitamin D values from 
different studies because of difference in the 
analytic methods employed to assay the 25-OH 
vitamin D levels and the lack of an 

[19]internationally standardized assay. 
 
The mean serum C-peptide level was not 
significantly different between the diabetes 
group (3.56 ± 1.69ng/mL) and the controls (3.26 
± 2.07ng/mL). It is expected that mean serum C-
peptide levels will be higher in the diabetes 
group because of increased insulin secretion to 
overcome insulin resistance. However, later in 
life, people with diabetes may have decreased 
serum C-peptide levels because of exhaustion of 
â cell reserves. Therefore, serum C-peptide 
values in individuals with Type-2 diabetes may 
be raised or depressed depending on the state of 
the â cells.

The mean insulin resistance in the diabetes 
group was significantly lower than the value in 
the control group in the present study. The 
insulin resistance values from this study were 
also much lower than the results of the study 
reported by Oli et al in Enugu, in which people 
with diabetes had 9.4 ± 12.9 while the controls 
had 3.4 ± 2.8. However, both studies supported 
the finding that insulin resistance was 
significantly higher in the diabetes groups. The 
reason for this large difference between the 
studies may be due to the fact that the original 
HOMA equation was used for the Enugu study 
while the present study used the updated 
HOMA2 algorithm which puts renal glucose 

loss and changes in hepatic and peripheral glucose 
[20]

resistance into consideration.  In addition, 
fasting serum insulin was used in the Enugu study 
while fasting serum C-peptide was used in this 
study. The use of HOMA to make comparisons 
across ethnic groups is valid, but the baseline 
HOMA-%S from a normoglycaemic population in 
each comparative group should be established 
first in order to determine whether a difference in 
insulin sensitivity between groups implies a 

[20]
different baseline.  

In the diabetes group, there was a significant 
negative correlation between the logarithm of 
serum C-peptide and the logarithm of fasting 
plasma glucose. 25-OH vitamin D had no 
significant correlation with fasting serum C-
peptide, insulin resistance or body mass index but 
there was a weak negative correlation with fasting 
plasma glucose. This finding was similar to the 

[21]
reports made by Orwoll et al  in 1994 and Scragg 

[17] 
in 2004 where correlations were found in 
Hispanics and non-Hispanic whites but not in 
blacks. No explanation could be given for the lack 
of correlation in blacks but Orwoll proposed that 
blacks may exhibit a different vitamin D 
homeostasis compared to the other ethnic groups. 
There may actually be a genetic difference in 
vitamin D homeostasis between ethnic groups but 
this can only be proven by further molecular 
studies. Larger sample sizes in future studies may 
also give more power to the study and may show 
associations that are not evident in this study.

Conclusion

The present study showed that serum 25-OH 
vitamin D less than or equal to 20ng/mL 
(50nmol/L) was associated with Type-2 diabetes 
mellitus. The mean serum 25-OH vitamin D level 
in the diabetes group was significantly lower than 
that of the control group hence it is likely that 
hypovitaminosis D may be a contributor to the 
onset of diabetes mellitus. A larger cohort study 
designed to find the effect of vitamin D 
supplementation on diabetes mellitus will help to 
further investigate this theory. It is also important 
to standardize serum 25-OH vitamin D assay in 
order to facilitate the comparison of data across 
centres. No association was found between serum 
25-OH vitamin D levels and insulin resistance in 
the present study. Molecular studies are required 
to investigate the association between serum 
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vitamin D level, insulin resistance and diabetes 
mellitus in the sub-Saharan population.
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