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INTRODUCTION

ABSTRACT

Objective: Considering the physiologic roles of vitamin D on insulin regulation, the effects
of vitamin D treatment on insulin sensitivity and resistance indexes and beta cell function
in pre-diabetic vitamin D deficient patients were investigated.

Methods: In a randomized open clinical trial, 6| pre-diabetic vitamin D deficient patients
who were the first degree relatives of type 2 diabetic patients, were enrolled and randomized
into three groups (A, B and C). Group A (n =21) were treated with intramuscular injection
of 300,000 units of vitamin D at the beginning of the study and one month later. In
group B (n=20), injection of vitamin D plus 500 mg/d calcium and in group C (n = 20), just
calcium was administered for two months. At baseline and two months later, oral glucose
tolerance test was done. Homeostasis Model of Assessment-Insulin Resistance (HOMA-
IR), insulin resistance index, Homeostasis Model of Assessment-B (HOMA-B) which is a
beta cell function index, and Matsuda index, an insulin sensitivity index, were calculated and
compared before and after intervention and between three groups.

Findings: In vitamin D treated groups (A + B), the mean (SD) of HOMA-IR increased
from 2.46 (1.36) to 3.1 (2.3) (P = 0.02), and Matsuda index decreased from || (3) to
9.0 (2.3) (P=0.001).

Conclusion: Injection of vitamin D increased insulin resistance and decreased insulin
sensitivity indexes.

Keywords: Vitamin D; pre-diabetic state; diabetes mellitus type 2; oral glucose
tolerance test

The relationship between low concentration of 25(OH)
D and insulin resistance has been previously reported

The presence of vitamin D receptor and vitamin D
depended calcium binding protein on the beta cells
may express some physiological roles for vitamin D
on the regulation of insulin secretion. Direct effect of
vitamin D is stimulation of insulin receptor expression
on P cells and its indirect action is the regulation of
extra cellular calcium and maintaining of normal
calcium influx to these cells.'
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in several studies.P It is well known that pre-diabetic
patients have increased insulin resistance and decreased
insulin sensitivity. They are high risk people for
progression to type 2 diabetes (T2DM). Therefore, they
are a suitable population target for primary prevention
program of diabetes.” It is expected that vitamin D
treatment in vitamin D deficiency pre-diabetic patients
can improve insulin sensitivity and decrease insulin
resistance indexes.

Considering the role of vitamin D deficiency on
insulin resistance, vitamin D treatment may prevent
the progression vitamin D deficient pre-diabetic to
T2DM patients.

In order to investigate this hypothesis, we
administered intramuscular injection of vitamin D
with and without oral calcium to vitamin D deficient
pre-diabetic patients.
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The purpose of this study was to investigate the
effects of intramuscular injection of vitamin D with
and without calcium, on the insulin sensitivity,
insulin resistance and beta cell function indexes in the
first degree relatives of type 2 diabetic patients with
pre-diabetes.

METHODS

In a randomized open clinical trial, 142 pre-diabetic
participants were enrolled the study. They were
selected by consecutive patients sampling method
from 35-55 years old people. They were the first
degree relatives of type 2 diabetic people in Isfahan
Diabetes Prevention Program Study. After 10-12
hrs of overnight fasting, a 75g oral glucose was
administered and plasma glucose and insulin
concentrations were measured at 0, 30, 60 and
120 mine after glucose taking (OGTT). HbAlc,
serum calcium, phosphate, albumin and serum
plasma 25(0OH) D were measured at baseline.
Patients with diabetes mellitus (n = 9), pre-diabetes
with serum 25(0OH) D = 30 ng/ml (n = 12), past
history of renal stone (n = 4), history of chronic
kidney disease (n = 6), history of metabolic bone
disease (n = 2), hyperthyroidism (n = 1), pregnant
women (n = 0), taking corticosteroids (n = 12) and
hydrochlorothiazide (n = 23), taking vitamin D or
calcium products within recent past 2 months (n = 9),
and febrile disease within past two weeks (n = 3),
were excluded from the study.

Overall, 61 participants with pre-diabetes according to
the 2003 American Diabetes Association (ADA) criterial®
and plasma 25(0OH) D < 30 ng/ml were eligible.

All participants were randomized into three groups (A,
B and C). In group A (n = 21) people were treated with
intramuscular injection of 300,000 units of vitamin D at
the beginning of the study and one month later.

In group B (n = 20), participants were treated with
intramuscular vitamin D with the same protocol of
group A plus oral calcium carbonate, 500 mg per day
for two months.

In group C (n = 20), participants were just in taking
calcium carbonate, 500 mg per day for two months.
No vitamins D supplementations were administered
in this group.

All patients were asked not to take any more calcium
and or vitamin D supplementation for two next
months. There was no especial recommendation
for changing the life style and sunlight exposure
modification.

Anthropometric parameters including height, weight,

waist circumference (WC) and systolic and diastolic
blood pressure were measured.

Body mass index (BMI) was calculated by weight (kg)
divided by the square of height (m).

Blood pressure (BP) was measured twice in the sitting
position after 5 mine of resting with a standard and
calibrated mercury sphygmomanometer (ALPK2, Japan).

Plasma glucose and insulin were measured by
GHOD-PAP and sandwich chemiluminescence
immunoassay methods, respectively. Serum 25(OH) D
was measured by direct competitive chemiluminescence.
Homeostasis model assessment insulin
resistance (HOMA-IR), an insulin resistance index,
calculated as glucose (mmol/l)x insulin (uu/mL)/22.5,
HOMA-B a beta cell function index, calculated as;
fasting insulin (uu/mL)/fasting glucose (mg/dl)-3.5, and
Matsuda index, an insulin sensitivity index calculated
as; 10,000/[(FPG*FPI)(Gm*Im)]*® where FPG and FPI
are fasting plasma glucose and fasting plasma insulin,
Gm and Im are mean of glucose and insulin during
OGTT. In matsuda index glucose and insulin values
are in mg/dl and pu/mL, respectively.”’ This study was
approved by the Isfahan Endocrine and Metabolism
Research Center (IEMRC) Medical Ethics Committee
and all patients signed a written consent form to enroll
in this clinical trial.

After two months, 2™ OGTT with the same protocol
as the beginning of the study, was repeated for all
participants (n = 61) and plasma glucose, insulin and
25(0OH) D were measured.

HOMA-IR, HOMA-B, Matsuda index, area under the
curve (AUC) of insulin and glucose were compared
before and after intervention and between three
groups.

HOMA-IR, HOMA-B, Matsuda index, area under the
curve of insulin and glucose, were compared before
and after intervention in the entire participant with
vitamin D injection (A + B groups).

Statistical analysis of the data was performed using
SPSS version 15 for windows. Data were expressed
as mean and standard deviation (SD), if the data
were normally distributed, and as median if the
distribution was not normal.

Student t test was used for the comparison of
quantitative variables. Chi square test was used for
comparison of qualitative variable between two groups.

Comparison of data before and after of intervention
in each group was done with paired t-test in normally
distributed data and with Wilcoxon t-test, if the data
distribution was not normal.

P < 0.05 was considered significant.
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RESULTS

General demographic and clinical characteristics of
all participants are summarized in Table 1. There are
no significant differences in these basal characteristics
between three groups [Table 1]. Mean age of all
participants was 45.7 (8.5) years. Table 2 presents the
mean of biochemical parameters, insulin resistance,
and insulin sensitivity and beta cell function indexes
before intervention in three groups.

Table 1: Basal demographic and clinical
characteristics of pre-diabetic and vitamin D
deficient groups (A, B and C)*

Characteristics (A) (n=21) (B) (n=20) (C) (n=20) P value

Age (year) 44 (11.3) 46 (6.6) 47 (6.7) 0.4
Weight (kg) 75 (14.3) 74 (10.2) 80 (9.5) 0.2
BMI (kg/m?) 30 (5.4) 30 (4.5) 30 (4) 0.9
WC (cm) 92 (10) 95 (7.8) 98 (25) 0.5
SBP (mmHg) 126 (15) 128 (13) 125 (16) 0.7
DBP (mmHg) 73 (24) 82 (9) 84 (10) 0.09

Sex (female) n=17 (80%) n=17(86%) n=15(75%) 0.6

Data presented as Mean (SD), *A: Taking intramuscular injection of vitamin D
alone, B: Taking intramuscular injection of vitamin D plus oral calcium, C: Taking
oral calcium alone, WC: Waist circumference, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure

Table 2: Biochemical, insulin resistance, insulin
sensitivity and beta cell function indexes in
pre-diabetic and vitamin D deficient groups (A, B
and C)*

Parameter (A) (n=21) (B) (n=20) (C) (n=20) P
mean mean mean value
(SD) (SD) (SD)

Glucose (mg/dl)

0' 104 (10) 108 (11) 102 (8.2) 0.1
30' 166 (24) 155 (27) 158 (24) 0.4
60' 173 (40) 193 (29) 175 (31) 0.1
120' 138 (33) 155 (33) 128 (28) 0.4
Insulin (pu/mL)
0' 9.3 (6) 9.1 (4) 11.3 (6.3) 0.3
30' 58.3 (31) 34.5 (17) 79.6 (65) 0.07
60' 73.3 (46) 62 (36) 102 (66) 0.2
120' 56 (38) 63 (36) 84 (66) 0.1
Calcium (mg/dl) 9.5 (0.4) 9.3(0.2) 9.4 (0.5) 0.1
Phosphate (mg/dl) 3(0.7) 3(0.5) 2.8 (0.3) 0.08
Albumin (g/dl) 4.7 (0.4) 4.6 (0.5) 4.6 (0.3) 0.3
HbA1 c% 5.6 (0.5) 5.8 (0.7) 5.6 (1) 0.7
25(0H) D (ng/ml) 12.6 (8) 11 (6) 11.3 (6) 0.7
HOMA-IR 24(15) 25(1.2) 28(16) 06
HOMA-B 86 (55) 77 (37) 111 (80) 0.1
Matsuda index 11.4(3.5) 10.6 (2.4) 10 (2.5) 0.3

Data presented as Mean (SD), *A: Taking intramuscular injection of vitamin
D alone, B: Taking intramuscular injection of vitamin D plus oral calcium, C:
Taking oral calcium alone, HOMA-IR: Homeostasis Model of Assessment-
Insulin Resistance (Insulin resistance index), HOMA-B: Homeostasis Model
of Assessment-B (A beta cell function index)

Table 3: Biochemical, insulin resistance, insulin
sensitivity and beta cell function indexes before
and two months after intervention in three groups
(A, B and C)*

Parameter Before After Pvalue
Group A Glucose (mg/dl)
0 104 (10) 110 (24) 0.3
30' 166 (24) 164 (38) 0.6
60' 173 (40) 164 (47) 0.4
120' 138 (33) 118 (41) 0.07
Insulin (pu/mL)
0' 9.3 (6) 11 (7) 0.1
30' 58.3 (31) 59 (45) 0.2
60' 73.3 (46) 75 (49.5) 0.9
120' 56 (38) 54 (41) 0.6
HbA1c 5.6 (0.5) 5.7 (0.7) 0.4
25 (OH) D 12.6 (8) 41.2 (23) 0.00
HOMA-IR 2.4(1.5) 3.2(3) 0.1
HOMA-B 86 (55) 88.3 (48) 0.9
Matsuda index 11.4 (3.5) 9.2 (2.6) 0.002
AUC of glucose 1039 (165) 979 (271) 0.4
AUC of insulin 7463 (3720) 7277 (4109) 0.8
Group B Glucose
0' 108 (11) 109 (13) 0.8
30' 155 (27) 171 (26) 0.01
60' 191 (290) 178 (40) 0.2
120' 155 (23) 128 (40) 0.007
Insulin (pu/mL)
0' 9.1 (4) 11 (5) 0.001
30' 34.5 (17) 45.5 (23) 0.05
60' 62 (36) 69 (43) 0.3
120' 63 (36) 60 (33) 0.06
HbA1c 5.8 (0.7) 5.9 (0.6) 0.4
25 (OH) D 11 (6) 35 (20) 0.001
HOMA-IR 25(1.2) 3(1.4) 0.004
HOMA-B 77 (37) 93 (48) 0.008
Matsuda index 10.6 (2.4) 8.7 (1.8) 0.001
AUC of glucose 1088 (142) 1033 (166) 0.1
AUC of insulin 6377 (3102) 6442 (3336) 0.9
Group C Glucose
0' 102 (8.2) 101 (25) 0.8
30' 158 (24) 161 (27) 0.4
60' 175 (31) 185 (47) 0.3
120' 128 (28) 131 (43) 0.7
Insulin (pu/mL)
0' 11.3 (6.3) 13.2 (7) 0.08
30' 78.6 (55) 52 (28) 0.1
60' 102 (66) 99 (53) 0.2
120' 84 (66) 82 (59) 0.7
HbA1c 5.6 (1) 5.8 (0.5) 0.8
25 (OH) D 11.3 (6) 15.5 (22) 0.3
HOMA-IR 2.8 (1.6) 3.3(2) 0.1
HOMA-B 111 (80) 105 (78) 0.3
Matsuda index 10 (2.5) 9.5 (6) 0.7
AUC of glucose 999 (119) 1022 (226) 0.5
AUC of insulin 8111(4102) 8228 (4433) 0.8

Data presented as Mean (SD), *A: Taking intramuscular injection of vitamin

D alone, B: Taking intramuscular injection of vitamin D plus oral calcium, C:
Taking oral calcium alone, HOMA-IR: Homeostasis Model of Assessment-
Insulin Resistance (Insulin resistance index), HOMA-B: Homeostasis Model of
Assessment-B (A beta cell function index), AUC: Area under the curve
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The mean concentrations of 25(OH) D in all groups
were low. There was no significant difference
between serum vitamin D levels, HOMA-IR,
HOMA-B and matsuda index between groups before
intervention [Table 2]. Table 3 shows the mean of
biochemical parameters, 25(OH) D, insulin resistance,
insulin sensitivity, beta cell function indexes and
AUC of glucose and insulin in all groups before and
2 months after intervention. In group A, the mean
of 25(OH) D increased significantly (P = 0.002) but
insulin resistance, insulin sensitivity and beta cell
function indexes, AUC of glucose and insulin before
and two month after vitamin D injection did not
change significantly.

In B group, two month after vitamin D injection
plus oral calcium carbonate, plasma glucose 30’
and insulin 0" increased, significantly (P = 0.01,
P = 0.001, respectively). However, glucose 120’
decreased (P = 0.007). In this group with two month
of intervention, HOMA-IR and HOMA-B increase and
Matsuda index decrease significantly. However, AUC
of plasma insulin and glucose in this group did not
change. In group C there is no statistically different
in all biochemical parameters and indexes before and
after calcium administration. Comparing the mean
of insulin resistance, insulin sensitivity, and beta cell
function indexes, AUC of plasma glucose and insulin
in three groups has been presented in Table 4.

There is no significant difference between three
groups in insulin sensitivity, resistance and beta
cell function indexes, AUC of plasma glucose and
insulin, two months after intervention [Table 4].
Table 5 presents the mean and standard deviation
of HOMA-IR, HOMA-B, matsuda index and AUC
of glucose and insulin in all of the participant with
vitamin D injection (A + B groups) before and after

Table 4: Comparison of mean and standard
deviation of insulin resistance, insulin sensitivity
and beta cell function indexes, area under the
curve of plasma glucose and insulin between three
pre-diabetic and vitamin D deficient groups*

Parameter A B C P value
HOMA-IR 3.2 (3) 3(1.9) 3.3(2) 0.8
HOMA-B 88.3 (48) 93 (48) 105 (7.8) 0.7
Matsuda 9.2 (2.6) 8.7 (1.8) 9.5 (6) 0.8
index

AUC of 979 (271) 1033 (166) 1022 (226) 0.6
glucose

AUC of 7277 (4109) 6992 (3336) 8228 (4433) 0.1
insulin

Data presented as Mean (SD), *A: Taking intramuscular injection of vitamin

D alone, B: Taking intramuscular injection of vitamin D plus oral calcium, C:
Taking oral calcium alone, HOMA-IR: Homeostasis Model of Assessment-
Insulin Resistance (Insulin resistance index), HOMA-B: Homeostasis Model of
Assessment-B (A beta cell function index), AUC: Area under the curve

of intervention. The mean (SD) of 25(OH) D levels
increased from 11.8 (7) ng/ml to 38. 2 (21) ng/ml in
group A + B (P = 0.001).

In this comparison, HOMA-IR Increased (P = 0.02)
and Matsuda index decreased significantly (P = 0.001),
2 months after intervention in the entire participant
who were treated with intramuscular injection of
vitamin D.

DISCUSSION

This is a randomized prospective control trial
to investigate the possibility of reducing insulin
resistance and slowing of progression to type 2
diabetes, in pre-diabetic patients. Two months after
intervention, HOMA-IR, HOMA-B and Matsuda
indexes did not change in participants with vitamin
D injection (group A) in comparison to those who
did not take vitamin D (group C) [Table 4]. There
was no significant difference in the area under the
curve of plasma glucose and insulin between these
two groups [Table 4]. In group A, before and after of
vitamin D administration, Matsuda index decreased,
however, HOMA-IR and HOMA-B did not change.

In those receiving intramuscular injection of vitamin
D and oral calcium (group B), before and two months
after intervention, HOMA-IR and HOMA-B increased
and Matsuda index decreased, significantly [Table 3].
The increase in insulin resistance may not be the
results of increased body weight, because it was
constant during of study. In group B, the plasma
glucose concentration of 30 min during OGTT
increased. It can be explained by increased in insulin
resistance, beta cell function and decrease in insulin
sensitivity. However, the plasma glucose of 120 min
during OGTT decreased in this group. It showed that
early insulin secretion defect, probably, has a major

Table 5: Comparison of insulin sensitivity, insulin
resistance and beta cell function indexes, area
under the curve of glucose and insulin in all
pre-diabetic and vitamin D deficient groups who
were treated with intramuscular injection of vitamin
D (A+B groups) before and after intervention

Parameter Before After P value
HOMA-IR 2.46 (1.36) 3.1 (2.3) 0.02
HOMA-B 82.3 (46.5) 91.1 (48) 0.09
Matsudo index 11 (3) 9.0 (2.3) 0.001
AUC (glucose) 1.66 (152.3) 10.9 (217) 0.1
AUC (insulin) 688 (3388) 6832 (3675) 0.9

Data presented as Mean (SD), *A: Taking intramuscular injection of vitamin
D alone, B: Taking intramuscular injection of vitamin D plus oral calcium,
HOMA-IR: Homeostasis Model of Assessment-Insulin Resistance (Insulin
resistance index), HOMA-B: Homeostasis Model of Assessment-B (A beta
cell function index), AUC: Area under the curve
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role in increased plasma glucose level in 30 min. It
seems that the combination of intramuscular vitamin
D and oral calcium, led to the more decrease in
insulin sensitivity and increase insulin resistance
indexes than what has been observed by vitamin D
injection alone.

Vitamin D decreases production of cytokines such
as IL2, IL6 and TNF and exposure of 3 cells to this
cytokines, leading to apoptosis.'” On other hand,
vitamin D has an important role for the homeostasis of
glucose with direct effect on f cell function. So that in
vitamin D deficiency state, impaired insulin secretion
and glucose intolerance occurs. Several study showed
that these two defects have been corrected by vitamin
D supplementation.'*®!

In the Nurses’ Health Study, which has been done
on 1557 women over a period of 20 years, those who
had taking of 1200 mg calcium and more than 800 IU
vitamin D, daily had 33% decrease in the risk of
T2DM in comparison to those who received less than
400IU vitamin D per day.!"

In Finish Mobile Clinic Study, similar to previous
study, high vitamin D status protected again T2DM.["’!

On the other hand, some studies show no effect of
vitamin D supplementation in glucose homeostasis
and there are, rarely, some studies the negative
effect of vitamin D on the insulin resistance. For
example, in the Women’s Health Initiative Study,
intakes of 400 IU of vitamin D per day did not
show any protection against diabetes. In Nagpal
et al., study on 100 men with central obesity, three
oral doses of vitamin D during six, could not make
any change in insulin secretion.”" In Nilasl ef al.,
study, treatment with vitamin D did not show any
significant change in body weight or plasma glucose
level in post menopausal women.? In the Taylor
et al. study, vitamin D replacement with 300,000 IU
of intramuscular injection in Asian people, increased
insulin resistance, significantly.” This study was
similar to our study from two aspects; one of them is
the route of vitamin D administration and the second
one the increased insulin resistance by vitamin D
injection.

In order to explain our findings some points should be
considered. The population of this study was selected
from the first degree relatives of T2DM. They have
a strong component of insulin resistance and f§ cell
dysfunction, genetically. As mentioned above, most of
other studies showed that insulin resistance decreased
with vitamin D administration with or without oral
calcium. However, in our study, insulin resistance
increased. It may reflect the strong genetically,

determined insulin resistance predisposition in our
patients which could not overcome with vitamin D
administration.

The route of vitamin D administration probably has
some effects on the insulin resistance. In the most of
the previous studies, which reported the decrease in
insulin resistance by vitamin D, it had been orally,
administered.!

A novelty in our study was that the combination of
intramuscular vitamin D and oral calcium showed
more deteriorating effect on insulin resistance and
insulin sensitivity indexes than intramuscular vitamin
D alone. It should be studied more in future with a
bigger sample size, to make sure if this finding is a
persistent result. At this moment, we do not have any
explanation for this finding.

In the first degree relatives of T2DM, with
pre-diabetes and vitamin D insufficiency and or
deficiency, after two months of vitamin D injection
alone or its combination with oral calcium, insulin
resistance and sensitivity indexes did not change,
significantly in comparison with placebo. However, in
people who received vitamin D and calcium, insulin
resistance and P cell function indexes increased and
insulin sensitivity index decreased.

Statistical analysis of the data was performed using
SPSS version 15 for windows. Data were expressed
as mean and standard deviation (SD), if the data
were normally distributed, and as median if the
distribution was not normal.

Student t test was used for the comparison of
quantitative variables. Chi square test was used
for comparison of qualitative variable between two
groups.

Comparison of data before and after of intervention
in each group was done with paired t-test in normally
distributed data and with Wilcoxon t-test, if the data
distribution was not normal.

P < 0.05 was considered significant.
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