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ABSTRACT: Obesity is a common clinical disorder featuring excessive buildup of body fat. 
The bioavailability of vitamin D in obese subjects is lowered because of its sequestration in the 
superfluous fat tissue. Hypovitaminosis D itself is associated with glucose intolerance, insulin 
resistance, dyslipidemia and hypertension, which are also linked to obesity. Objectives: To 
compare and correlate serum vitamin D and insulin resistance in controls and overweight / 
obese males. Study Design: Cross Sectional, Comparative Study. Setting: The study was 
conducted in the Department of Physiology, Post – Graduate Medical Institute (PGMI) in 
collaboration with Lahore General Hospital and Central Park Medical College. Period: From 
7th June 2018 to 10th Oct 2018. Material and Methods: Eighty male subjects (age range 35-50 
years) included in this cross-sectional comparative study were divided into two groups on the 
basis of BMI; Group I: non-obese (control) BMI < 25 Kg/m2 (n=40) and Group II: overweight / 
obese males with BMI ˃25 Kg/m2 (n=40). Fasting serum vitamin D (25 hydroxy cholecalciferol; 
25-OH D, serum insulin and blood glucose levels were measured. Insulin resistance (IR) was 
estimated from fasting serum glucose levels taken in mmol/l and the fasting serum insulin taken 
in µIU/ml by using Homeostasis Model Assessment-estimated Insulin Resistance (HOMA-IR 
index). Results: Group II had lower serum 25-OH vitamin D levels and higher HOMA-IR index 
than control group. Significant negative correlation was present between serum vitamin D and 
HOMA-IR. Conclusion: Vitamin D deficiency may promote insulin resistance in overweight or 
obese individuals.
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INTRODUCTION
Imbalance between energy intake and 
expenditure leads to a medical ailment known 
as Obesity characterized by excessive body fat 
accumulation. Many chronic maladies including 
diabetes mellitus, cerebrovascular accidents, 
and cardiovascular diseases can be resultant 
of obesity.1,2 Excess adiposity predisposes 
to deficiency of vitamin D, also known by its 
chemical name as 25-hydroxy cholecalciferol 
(25-OH D), by reducing its bioavailability. Vitamin 
D is sequestered in the accrued adipose tissue 
because of its lipid-soluble nature. Additionally, 
obese people tend to commonly consume 
vitamin-poor diets which may be responsible 
for the low vitamin D levels seen in obesity.3 
Advances in research suggested that vitamin D 
deficiency may be a major contributor to obesity-

related ramifications including impaired glucose 
tolerance (IGT), insulin resistance (IR) eventually 
leading to type 2 diabetes mellitus. Vitamin D 
receptor has been found in nearly each tissue type, 
including those essential for glucose metabolism. 
Disproportionate distribution body fats observed 
in obesity increases the serum levels of serum 
free fatty acids (FFA) which themselves contribute 
to the development of IR and decline in glucose 
transport and metabolism in skeletal muscle and 
fat tissues.4,5 Vitamin D has been shown to control 
insulin synthesis and it decreases the apoptosis 
of β cells of pancreas. It is also involved in the 
up-regulation of the insulin receptor gene in 
skeletal muscle, thereby improving the transport 
of glucose into the muscle cells.6-8 The present 
study investigated the relationship between 
serum vitamin D levels with insulin resistance in 
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obese or overweight adult males selected from 
the local population.

MATERIALS AND METHODS
This cross – sectional, comparative study 
conducted in the department of Physiology, Post – 
Graduate Medical Institute (PGMI) in collaboration 
with Lahore General Hospital and Central Park 
Medical College. The study population consisted 
of 80 male subjects who were segregated into 
two groups based on a pre-defined body mass 
index (BMI) criterion. Group I consisted of non-
obese men with a BMI less than 25 Kg/m2 
(n=40). This group served as the control group. 
Under-weight people with BMI less than 19 were 
excluded. The Group II comprised of overweight 
/ obese males with a BMI more than 25 Kg/m2 
(n=40). All subjects recruited for the study were 
non-diabetics and were not on any medication. 
After ethical approval, all participants were 
provided information about the study and consent 
was obtained from them. Socio-demographic 
data and anthropometric measures for BMI 
calculations were recorded on study proforma. 
3 ml of fasting blood sample was drawn from 
each participant using aseptic technique which 
was then added to gel-activated vacutainers for 
serum extraction. Serum vitamin D and insulin 
levels were measured by commercially available 
enzyme-linked immunosorbent assay (ELISA) 
kits. Serum glucose was measured by glucose 
oxidase method. Insulin resistance was calculated 
from fasting serum glucose levels taken in mmol/l 
and the fasting serum insulin taken in µ IU/ml 
using homeostasis model assessment-estimated 
insulin resistance (HOMA-IR) index. The HOMA-
IR developed by Matthews et al.9 has been widely 
used for the estimation of insulin resistance in 
researches. Measurement of IR using HOMA-IR 
is more convenient as compared to euglycemic 
clamp method.

RESULTS 
All collected and measured data were entered 
into SPSS software for statistical analysis. The 
data were found to be non-normally distributed 

after applying Shapiro-Wilk test of normality. Non-
parametric statistical tests were applied for group 
comparisons and correlational analysis. Mann 
Whitney U test was applied to compare data 
between Group 1 and Group 2 (Table-I). Median 
(IQR) Serum 25(OH)D of Group I was 65.5 (58.45-
74.97) ng/ml and in obese group II was 18.85 
(12.85-34.17) ng/ml. Group I had median (IQR) 
fasting serum insulin 7.05 (6.43-7.77) µU/ml 
whereas group II had 13.25 (11.7-14.6). Median 
(IQR) of fasting serum glucose Group I was 90 
(88-94.75) mg/dl and in obese group II was 94 
(92-99.5) mg/dl. Median (IQR) HOMA-IR in Group 
I was 1.61 (1.46-1.83) and in group II was 3.12 
(2.65-3.46).

RESULTS 
All collected and measured data were entered 
into SPSS software for statistical analysis. The 
data were found to be non-normally distributed 
after applying Shapiro-Wilk test of normality. Non-
parametric statistical tests were applied for group 
comparisons and correlational analysis. Mann 
Whitney U test was applied to compare data 
between Group 1 and Group 2 (Table-I). Median 
(IQR) Serum 25(OH)D of Group I was 65.5 (58.45-
74.97) ng/ml and in obese group II was 18.85 
(12.85-34.17) ng/ml. Group I had median (IQR) 
fasting serum insulin 7.05 (6.43-7.77) µU/ml 
whereas group II had 13.25 (11.7-14.6). Median 
(IQR) of fasting serum glucose Group I was 90 
(88-94.75) mg/dl and in obese group II was 94 
(92-99.5) mg/dl. Median (IQR) HOMA-IR in Group 
I was 1.61 (1.46-1.83) and in group II was 3.12 
(2.65-3.46).

 � Using Mann Whitney U Test
***is considered as very highly significant. 

Using Spearman’s correlation coefficient, a 
significant negative correlation was present 
between serum 25(OH) D and HOMA-IR in all 
subjects (rho = - 0.769 p = <0.0001*** (Figure-1).
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DISCUSSION
The present study has demonstrated that serum 
vitamin D levels are significantly lower in individuals 
with higher BMI which are consistent with results 
from previous studies.10-12 Lower serum vitamin 
D levels have also been reported by Roth et al. 
in otherwise healthy children who were obese as 
compared to lean children.13 Obese patients with 
metabolic syndrome have also been reported to 
suffer from hypovitaminosis D as compared to 
healthy subjects.14,15 Furthermore, reduced 25-
OH D levels in obese persons may be attributed 
to its fat-soluble nature which causes it to be 
sequestered in fat tissue and its lower dietary 
intake.16 A decreased amount of serum 25-OH D 
has been shown to increase intracellular calcium 
in adipocytes which can stimulate lipogenesis, 
thus predisposing a patient to further weight gain 

and advancing the risk of diabetes mellitus.17 
Moreover, treatment of diabetic patients with 
vitamin-D has been shown positive impact over 
glycemic control by decreasing insulin resistance. 
Administration of vitamin D has also been shown 
to ameliorate pro-inflammatory markers like 
C-reactive protein which are typically found in 
diabetic patients.18

The present work has shown that serum 
insulin levels and HOMA-IR (reflective of insulin 
resistance) are significantly higher in people 
with BMI > 25 kg/m2. These findings that 
raised BMI decreases serum insulin because of 
decreased vitamin d receptors due to obesity 
is in accordance with several studies carried 
out previously.19 Increased free fatty acid levels 
(FFA) in obesity result in insulin resistance by 
inhibiting the transport of glucose into the cell, its 
phosphorylation and oxidation.20 Insulin produced 
under a condition of insulin resistance does not 
act as efficiently as in the normal insulin-sensitive 
state, leading to an ineffective cellular utilization 
of glucose which may lead to immunity backfire. 
Beta cells in the pancreas consequently increase 
their production of insulin, further contributing to 
a high blood insulin level.21

Low levels of serum vitamin D seen in obesity 
may lead to insulin resistance as depicted by the 
negative correlation observed between serum 
25-OH D and HOMA-IR in the current study. This 
result is comparable to the study of Pham, 2015. 
In his longitudinal study of non-diabetic adults, he 
found that higher baseline and greater temporal 
increases in serum 25(OH)D concentrations 
were associated with a reduced risk for insulin 

Parameters Group I Group II
Mean rank

P-Value
Group I Group II

 � Fasting serum 25(OH)D (ng/ml)
Median (IQR)

65.5
(58.45-74.97

18.85
(12.85-34.17) 60.50 20.50 <0.0001***

 � Fasting serum insulin(µU/ml)
Median (IQR)

7.05
(6.43-7.77)

13.25
(11.7-14.6) 20.50 60.50 <0.0001***

 � Fasting serum glucose (mg/dl)
Median (IQR)

90
(88-94.75)

94
(92-99.5) 32.25 48.78 <0.001**

 � HOMA-IR Median (IQR) 1.61
(1.46-1.83)

3.12
(2.65-3.46) 20.55 60.55 <0.0001***

Table-I. Group-based comparison of serum 25(OH) D and glycemic parameters

Figure-1. Scatter plot of serum 25(OH) D and HOMA-IR 
in all subjects
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resistance.22 In another study by Moore et al., a 
cross-sectional analysis of Jerusalem birth cohort 
showed a moderate inverse relation between 
serum vitamin D concentration and logarithm of 
HOMA-IR in men. No such findings were observed 
for women.23 Our study also involved male subjects 
and future work employing women from the local 
population may give useful data for comparisons 
with other studies conducted elsewhere. A study 
by Rajakumar et al., failed to demonstrate an 
association between serum vitamin D levels 
and HOMA-IR. These contradictory results may 
be explained by the limited number of subjects, 
the wider age range of the participants and the 
differences in the methods for assessment of 
insulin sensitivity.24

CONCLUSION
The results from the present study highlight a 
potentially beneficial role of serum 25-OH D in 
decreasing insulin resistance. Lower levels of 
serum 25-OH D increase blood glucose levels 
because of its ineffective utilization and increase 
serum insulin levels by stimulation of beta cells 
of pancreas. Thus, vitamin D deficiency over a 
certain time period may result in the development 
of type II diabetes mellitus. The possible 
therapeutic utility of vitamin D in prevention and/
or management of diabetes mellitus needs to be 
explored in future studies.
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