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Abstract 

Introduction: Although obesity, particularly visceral obesity is associated with insulin resistance (1), the 

mechanism by which adipose tissue modulates insulin sensitivity is controversial. Increase in body mass index 

has been reported to increase insulin level and ferritin at the iron stores. Vitamin D has also been found to 

influence insulin secretion insulin secretion and ferritin at the iron stores.  

Objectives: Analysis of variance (ANOVA) of vitamin D and body mass index on fasting insulin was done to 

understand their influence on insulin level. 

Materials and methods: Four groups were formed including low vitamin D-low body mass index (X1), low 

vitamin D-high body mass index (X2), high vitamin D- low body mass index (X3) and high vitamin D-high body 

mass index (X4). In the high vitamin D - high body mass index group there was marked increase in fasting 

insulin. Calculated F - ratio for Analysis of variance showed a value of 6.48 which was much higher than the 

table value of 2.76. Mean differences of two ANOVA pairs were found to be significantly different (X1 - X4 and 

X3 - X4). In this study, the groups X1 and X4 were further analyzed and compared. Insulin and ferritin was 

found to have a positive correlation in group X4, X1 - X4 and in the total sample (all four groups). 

Result: The results showed that increase in vitamin D and body mass index increases fasting insulin level and 

ferritin at the iron stores. The standard deviation of fasting insulin was almost 50% of mean in group X4 and the 

standard deviation of ferritin was more than the mean ferritin in X4 groups. 

Conclusion: These results showed that vitamin D and body mass index increases fasting insulin level and 

ferritin at iron stores. 
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Introduction 

Bone metabolism is found to be altered in both type 1 

and type 2 diabetes. Increased blood sugar levels 

decrease the levels of markers of bone turnover. The 

relationship between diabetes mellitus and 

osteoporotic fractures is well established [1]. A 

decrease in bone mineral density and (BMD) and an 

increased risk of osteoporotic hip and other fractures 

are seen in association with type 1 diabetes mellitus 
[3,4]. Though there is no reduction in BMD with type 

2 diabetes mellitus, some patients shows an increased 

risk of fractures of approximately 1.5 fold at the hip, 

proximal humerus, forearm, and foot [4, 6], suggesting 

that there may be bone fragility that is not defined by 

BMD. Therefore, detecting osteoporosis much earlier 

to prevent osteoporotic fractures is important. This 

study is towards that direction to clinically 

understand factors that influence bone turnover.  

The continuous remodeling of bone is achieved and 

regulated through the action of various systemic 

hormones including vitamin D. The endocrine action 

of vitamin D includes the maintenance of mineral 

and skeletal homeostasis. An optimal level of 

25(OH)D level of at least 30 to 32 ng/mL (75-80 

nmol/L) is required for maintaining normal bone 

metabolism[7, 8].Vitamin D may have a beneficial 

effect on insulin action either directly by stimulating 

the expression of insulin receptors an thereby 

enhancing insulin responsiveness for glucose 

transport [9] or indirectly via its role in regulating 

extracellular calcium and ensuring normal calcium 

influx through cell membrane and an adequate 

intracellular cytosolic calcium pool because calcium 

is essential for insulin-mediated intracellular process 

in insulin responsive tissue such as skeletal muscle 

an adipose tissue [10]. Insulin resisstance is also 

associated with systemic inflammation but for the 

βcell dysfunction elevated cytokine found to play a 

key role. By directly modulating the generation and 

effects of these cytokines, vitamin D could improve 

insulin sensitivity. 

After BMI serum ferritin is the second strongest 

determinant of blood glucose and after BMI and age 

it is the third stongest determinant of serum insulin. 

Some studies have shown that serum ferritin can be 

used as a marker of insulin resistance [11] 

In this study, we are analysing the influence of 

vitamin D and BMI on fasting insulin levels in 

individuals over 18 years of age. BMI is known to 

increase insulin resistance through cytokines 
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originating from adipose tissue. But the influence of 

vitamin D on insulin over and above the influence of 

BMI is evaluated in this study.  

 

Aim and objectives 

In this study, we propose to evaluate the influence of 

vitamin D over and above the influence of BMI on 

serum fasting insulin. 

a. Analysis of variance of the influence of vitamin 

D and BMI on fasting insulin will be evaluated. 

b. The total sample will be divided in to lower and 

higher vitamin D groups. Each of these groups 

was further divided in to low and high BMI 

groups. 

c. The results obtained will be further analyzed by 

correlation with ferritin. 

 

Materials and methods 

The sample were collected from individuals below 30 

years of age..For this work, serum samples was 

prepared from 10 ml of fasting blood collected from 

donors who have fasted over night. Serum samples 

were collected by observing routine precautions for 

venipuncture. The sample was allowed before 

centrifugation. Then centrifuged for five minutes at 

3000 rpm. Within two hours after centrifugation, 

transferred atleast 500 µL of cell free sample to a 

storage tube. 

Vitamin D was estimated using a Competitive 

immunoassay (Liaison Immunochemistry auto 

analyser from Diasorin, Italy). Serum fasting insulin 

was estimated using Sandwich or immunometric 

immune assay (Beckman Coulter Access 2 

Immunochemistry Analyser). Serum ferritin was 

estimated by enzyme immuno assay (Beckman 

Coulter Access 2 Immunochemistry Analyser). 

Finally the BMI was calculayed using the formula 

BMI = weight in kg/ height in m2 The analysis of 

variance (ANOVA) of fasting serum insulin under 

the influence of vitamin D and BMI were examined 

followed by analysis of correlation coefficient. 
 

Result and discussion 

Individuals were grouped in to two groups, low and 

high vitamin D. In these two groups vitamin D 

concentration was 12.78±3.21 and 31.72±9.9 

respectively. These two groups were further divided 

into low and high BMI groups, resulting in four 

groups. Lowest BMI was observed in low vitamin D 

low BMI group (BMI=18.64±1.24) and highest BMI 

was obtained in high vitamin D and high BMI 

(BMI=26.54±2.25). In the low vitamin D low BMI 

group fasting insulin was 4.84±1.49, in the high 

vitamin D high BMI fasting insulin was 10.44±5.29. 

These results showed that in the high vitamin D 

group BMI was higher and in high vitamin D high 

BMI group fasting insulin was higher. The mean 

fasting insulin is plotted in figure 1.  

Analysis of variance of fasting insulin under the 

influence of BMI and vitamin D were analyzed. The 

F-ratio obtained was 6.48 and was higher than the 

table value. These results showed that the fasting 

insulin in the four groups were significantly different. 

The mean insulin value in the four groups were 

compared, this resulted in six combinations. The 

significant difference was obtained from Q-test and 

was found to be 3.88. There were two groups, 

X1(low vitamin D-low BMI) and X4(high vitamin D-

high BMI); X3(high Vitamin D-low BMI) and 

X4(high vitamin D-high BMI) that had mean 

differences higher than the significant difference. Of 

these two significant different pairs X1 and X4 were 

further analyzed to understand the causes and 

influence of low and high vitamin D and BMI. 

Another study showed that vitamin D and BMI 

significantly influences serum ferritin levels. Serum 

ferritin levels are also related to insulin resistance. 

Therefore we analyzed the X-Y scatter and 

correlation of ferritin and fasting insulin in the X1 

and X4 groups. There was a positive and a 

significantly increased correlation of 0.512 was 

obtained, showing that there is a direct relationship of 

vitamin D and BMI with insulin and ferritin seen by 

Analysis of variance. And there is also a relationship 

between ferritin and insulin seen by correlation 

(fig.2). 

Fasting insulin in the groups X1 and X4 were plotted 

as a scatter diagram (fig.3). The mean fasting insulin 

and standard deviation in these two groups were 

calculated. Mean fasting insulin in group X4 is more 

than two times than in group X1and the standard 

deviation is more than three times. Standard 

deviation of fasting insulin in group X4 is more than 

50% of mean and this is seen in the scattering of 

fasting insulin in group X4 (fig.3). 

 Ferritin levels were analyzed in group X1 and X4. 

Mean ferritin was almost five times in group X4 

when compared to group X1. The standard deviation 

in group X4 is more than five times that in group X1, 

and is almost equal to the mean value. This large 

variation of ferritin in group X4 is seen in fig.4. The 

results in table 7 and 8 showed that in individuals 

with increased BMI and vitamin D there is increase 

in fasting insulin level and there is increase in 

ferritin. Increased vitamin D and BMI may have a 

cumulative effect on increasing ferritin at the iron 

stores. 

The correlation between fasting insulin and ferritin 

was also examined in group X4 (fig.5). There was a 

positive and significant correlation between fasting 

insulin and ferritin in group X4. The correlation was 

0.345 and this was much less than the correlation in 

group X1 and X4. 

The X-Y scatter of the correlation between fasting 

insulin and ferritin in all the four groups (total 

sample) was evaluated (fig.6). There was a 

significant and a high positive correlation coefficient 

of 0.669. These results showed that there is a 

relationship between fasting insulin and ferritin even 

without grouping by vitamin D, BMI. The 

relationship may be secondary to increase in BMI 

and increase in vitamin D, both of which are known 

to increase fasting insulin and ferritin. 

As the group studied were low vitamin D-low BMI 

(X1) and high vitamin D-high BMI (X4), it may be 

expected that fasting insulin may correlate with the 

level of viatmin D. Vitamin D was also reported to 

increase insulin secretion. In another study vitymin D 
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was found to correlate with increase in BMI which 

increase fasting insulin resistance. When X-Y scatter 

of the correlation between vitamin D and fasting 

insulin was done, there was a positive correlation and 

the correlation coefficient was 0.58 (fig7). The 

correlation was also found to be significant. These 

result showed that fasting insulin correlates with 

vitamin D and BMI. 

In conclusion it may be stated that vitamin D and 

BMI increase fasting insulin and ferritin at the iron 

storage sites. It is not clear from these observations 

whether insulin or vitamin D plays a role in increase 

of ferritin at the iron stores. 
 

Tables and figures 

 

 
 

Fig 1: Mean fasting insulin in high and low vit D groups which were further divided into high and low BMI. 

 

 
 

Fig 2: X-Y scatter of the correlation between ferritin and fasting insulin (X1 - X4 group) 

 

 
 

Fig 3: Fasting insulin levels in low vit D low BMI and high vit D high BMI groups 
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Fig 4: Ferritin levels in low vit D low BMI and high vitamin D high BMI groups (X1-X4). 

 

 
 

Fig 5: X-Y scatters of the correlation between Fasting insulin and ferritin (X4) 

 

 
 

Fig 6: X-Y scatter of the correlation between insulin and ferritin in all the 4 groups. 
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Fig 7: X-Y scatter of the correlation between Vitamin D and Fasting insulin in X1-X4 group. 

 

Conclusion 

Increase in BMI has been reported to increase ferritin 

at the stores and increase insulin resistance. Vitamin 

D has also been found to influence fasting insulin 

levels and ferritin at the iron stores. Analysis of 

variance of vitamin D and BMI on fasting insulin 

was done to understand their influence on insulin. In 

the high vitamin D-high BMI group (X4 group) there 

was marked increase in fasting insulin. These results 

showed that vitamin D and BMI increases fasting 

insulin and ferritin at iron stores. Thus Vitamin D 

which is a regulator of bone and mineral metabolism 

is also a potent immunomodulator which i linked to 

severalhuman diseases including diabetes and 

osteoporosis. The study showed that elevated vitamin 

D independeneltly elevate serum fasting insulin 

levels. Further there is a need for randomized trials to 

evaluate the significant effects of vitamin D 

supplementations in insulin resistance and also bone 

health. 
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