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e The effects of oral vitamin D on insulin resistance in 
pre‑diabetic patients
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Background: Some epidemiological and interventional studies have shown the role of vitamin D on insulin secretion and 
resistance. A  previous study in our center showed that intramuscular vitamin D decreases insulin sensitivity in pre‑diabetic 
patients. We investigated the role of oral vitamin D on the insulin sensitivity index and insulin resistance in pre‑diabetic patients. 
Materials and Methods: In a randomized clinical trial, we divided 45 people with pre‑diabetes aged 47.4 ± 6.6 (range 33-61) years 
into three groups: group A subjects treated with 50,000 IU oral vitamin D and 500 mg calcium carbonate (n = 21), group B subjects 
treated with a single 300,000 IU intramuscular vitamin D and 500 mg calcium carbonate (n = 9), and group C subjects treated with 
500 mg calcium carbonate alone (n = 15). Serum 25‑hydroxyvitamin D [25(OH) D] was measured at baseline. If it was less than 
75 nmol/l, 50,000 IU vitamin D was given weekly, and if serum 25(OH) D was more than that, vitamin D was administered every 
2 weeks. Before and after 12 weeks of treatment, a 75‑g glucose tolerance test was performed. We used paired t‑test and analysis of 
variance (ANOVA) to analyze the data. P values less than 0.05 were considered significant. Results: Mean (SD) of serum vitamin 
D increased from 77.5 ± 39.2 to 118.8 ± 56.3 nmol/l (P = 0.009) in group A and from 80 ± 36 to 102.8 ± 43.3 nmol/l (P = 0.053) in 
group B, and decreased from 44.8 ± 18.3 to 34.6 ± 13.9 nmol/l (P = 0.06) in group C. Insulin sensitivity index (Matsuda) decreased 
from 11.4 ± 3 to 9.9 ± 3.2 (P = 0.046) in group A, but in comparison with other groups, it was not significant. Conclusion: Oral 
vitamin D had no effect on insulin sensitivity in pre‑diabetes patients in 12 weeks treatment. A randomized double‑blind study with 
a longer duration of treatment is suggested to investigate the effect of vitamin D on insulin resistance.
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reports have shown a positive, no effect, or even a 
negative effect of vitamin D administration on insulin 
sensitivity.

In a previously done study in our center, injection of 
vitamin D to vitamin D deficient pre‑diabetic patients, 
who were the first‑degree relatives of type II diabetes 
mellitus  (T2DM) patients, decreased the insulin 
sensitivity. However, in comparison with control group, 
it was not significant.[15] Various explanations for these 
conflicting results are noted, including the dosage, the 
route of prescription, and race. To examine the effect 
of the route of medication administration on insulin 
resistance, we investigated the effect of oral vitamin 
D on insulin resistance and sensitivity indexes and 
compared the results with intramuscular injection and 
control group.

MATERIALS AND METHODS

This study was conducted on pre‑diabetic patients 
admitted to the Isfahan Endocrine and Metabolism 
Research Center, Isfahan University of Medical 
Sciences, during May to November 2011. Pre‑diabetic 
patients were individuals who participated in the 

INTRODUCTION

In recent years, the relationship between vitamin D 
and its effect on insulin secretion and insulin resistance 
has been shown. In the pancreas, from a local process, 
vitamin D becomes active through 1a‑hydroxylase 
enzyme. The active form of vitamin D through its 
receptors directly or through regulation of intracellular 
calcium helps to secrete insulin.[1,2] Vitamin D increases 
insulin sensitivity through the effect on its muscle cell 
receptors by increasing insulin receptor or increasing the 
sensitivity of insulin receptor to insulin and the effect on 
peroxisome proliferatoractivated receptor (PPAR) δ and 
the influence on regulation of extracellular calcium.[3‑7] 
Therefore, vitamin D may affect insulin secretion and 
insulin resistance, the two pathogenesis of type  II 
diabetes. The prevalence of vitamin D deficiency in 
patients with diabetes and pre‑diabetes is high.[7,8] 
As the treatment of vitamin D deficiency is cheap 
and safe, it may be an effective method in preventing 
diabetes.[9] Some cross‑sectional and epidemiological 
studies have shown the role of vitamin D deficiency 
on increasing the incidence of diabetes.[10‑12] However, 
the results of interventional studies with vitamin 
D on insulin sensitivity were inconstant.[13,14] The 
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research project “Does the intramuscular injection of 
vitamin D increase insulin resistance?”[15] At least 1 year 
had passed since the end of the previous study, and a new 
group of pre‑diabetic patients was selected as control. 
Exclusion criteria included type I diabetes mellitus (T1DM) 
or T2DM based on the American Diabetes Association 
(ADA) 2011 criteria,[16] cigarette smoking, history of 
hyperparathyroidism, pregnancy, lactation, drugs 
(glucocorticoid, hydrochlorothiazide, bisphosphonate, 
metformin, and anticonvulsants), psychiatric illness, and 
a history of kidney disease. Written informed consent was 
obtained from all participants.

Anthropometric measurement was performed in 
participants with light clothing and shoes removed. Height 
in centimeters, weight in tenth of kilogram, and body mass 
index (BMI) calculated as weight in kilograms divided by 
the square of height in meters  (kg/m2) were measured. 
Systolic and diastolic blood pressure was measured in the 
right arm with the patient in a sitting position after 5 min 
rest. Waist circumference was measured in standing position 
at the top of iliac crest in horizontal plane and in normal 
expiration.

Fasting morning blood was drawn for measurement of 
glucose, insulin, calcium, phosphate, albumin, HbA1c, and 
25‑hydroxyvitamin D [25(OH) D], and glucose tolerance 
test with 75  g glucose was performed. Blood samples 
were drawn after 30, 60, and 120  min for glucose and 
insulin measurement. Insulin was measured by Sandwich 
chemiluminescent immunoassay  (DIAPLUS insulin-96 
test; Diasorin, Saluggia, Italy). Intra‑assay coefficient of 
variation was 2.9% and inter‑assay coefficient of variation 
was 5.1%. Samples for vitamin D were frozen at −20°C, 
and after adequate sample size was obtained, vitamin 
D concentration was measured by direct competitive 
chemiluminescent immunoassay  (IDS, Boldons, UK).
This assay has 100% specificity for 25‑hydroxyvitamin 
D3 and 75% specificity for 25‑hydroxyvitamin D2. The 
intra‑assay  coefficient of variation was 5.6% for 67.1 
nmol/l and inter‑assay coefficient of variation was 6.4% 
for 72 nmol/l.

Pre‑diabetic patients from the previous project had been 
randomized by using a random number table into three 
treated groups: Vitamin D  (injection) alone, vitamin 
D  (injection) and calcium intake, and calcium intake 
alone.[15] In our study, those patients who were eligible 
and still pre‑diabetic according to baseline measurements 
were merged into two groups randomly. The first group 
was treated with a single intramuscular injection of 
300,000  IU vitamin D3[17]  (Iran hormone, Tehran, Iran), 
and the second and the third groups were treated with 
50,000 IU oral vitamin D (Zahravi, Tabriz, Iran) weekly or 

every other week,[18] if serum vitamin D concentration was 
less or more than 75 nmol/l, respectively. A new group of 
pre‑diabetic patients was selected as control on the basis 
of the exclusion criteria given above. Calcium carbonate 
500 mg (Ramopharmin, Tehran, Iran) daily was given to 
all groups.[19,20] After 12  weeks, anthropometric and lab 
measurements were repeated and oral glucose test was 
performed.

Insulin sensitivity and resistance were calculated from 
Matsuda index and homeostasis model assessment of 
IR (HOMA‑IR), respectively. The Matsuda index is defined 
as 10,000/square root of (fasting glucose × fasting insulin) 
× [mean glucose × mean insulin during oral glucose 
tolerance test (OGTT)].[21] HOMA‑IR is defined as: (fasting 
glucose  ×  fasting insulin)/22.5.[22] b‑cell function was 
measured from HOMA‑B, which is defined as 20 × fasting 
insulin/(fasting plasma glucose  −3.5).[22] Area under the 
curve (AUC) glucose and AUCinsulin were calculated using 
the trapezoidal rule. Delta percent of changes from baseline 
were also analyzed.

Results were analyzed using SPSS software version  15. 
Changes in results between baseline and after intervention 
were tested with paired t‑test and Wilcoxon signed ranks 
test for normally distributed or non‑normally distributed 
continuous variables, respectively. For comparison between 
more than two groups, we used analysis of variance 
(ANOVA) test and Kruskal–Wallis test for normally or non-
normally distributed variables, respectively. Correlation 
analysis was performed using Pearson’s technique. P values 
less than 0.05 were considered statistically significant.

RESULTS

Forty‑eight patients were enrolled, 31  patients from the 
previous project and 17 new pre‑diabetic patients. Three 
of the patients did not participate in the follow‑up. One 
in the control group, because of journey, and two refused 
to do OGTT (one in the control group and one in oral 
vitamin D treated group). However, 21  patients in oral 
vitamin D and calcium treated group (group A), 9 patients 
in vitamin D injection and calcium group (group B), and 
15 patients in calcium treated group (group C) completed 
the study. Mean  (SD) age was 47.4  ± 6.6  (range 33-61) 
years, and mean (SD) BMI and mean waist circumference 
were 29.4 ± 3.6 kg/m2 and 91.8 ± 8.4 cm, respectively. The 
mean of weight, BMI, and waist of patients before and 
after the intervention and their comparison among the 
three groups was not statistically significant [Table 1]. The 
serum concentration of vitamin D increased significantly 
after oral therapy with vitamin D  (from 77.5  ± 39.2 to 
118.8 ± 56.3 nmol/l, P = 0.009); however, the changes after 
intramuscular vitamin D or in the control group were 
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not significant. Insulin sensitivity that was calculated by 
Matsuda Index decreased significantly after treatment 
with oral vitamin D (from 11.4 ± 3 to 9.9 ± 3.2, P = 0.046) 
and non‑significantly after intramuscular vitamin D (from 
11.1 ± 1.9 to 10.5 ± 2.4, P = 0.1) treatment. Change in control 
group was not significant (10.7 ± 3 to 10.8 ± 2.1, P = 0.7). 
Comparison of these changes among the three groups 
was not significant. Decrease in insulin resistance that was 
assessed by HOMA‑IR was not significant in each group. 
The b‑cell function (HOMA‑B) increased non‑significantly 
after oral and intramuscular vitamin D (P = 0.3 and P = 0.2, 
respectively). For patients in group A who had vitamin D 
less than 75 nmol/l (n = 15), the vitamin D level increased 
from 54  ± 13.1 to 114  ± 65.5 nmol/l (P  = 0.006). In this 
subgroup, Matsuda index increased non‑significantly 
(P = 0.1) (not shown in the table). Decrement in AUCglucose 
and AUCinsulin was not significant in each group. Changes 
in HbA1c, calcium, and phosphate were not significant in 
each group. Results of comparison between groups are 
shown in  Table  2.

BMI was significantly higher (31.6 ± 4.6 vs. 28.4 ± 2.5 kg/m2, 
P = 0.049) in patients with baseline vitamin D < 50 nmol/l 
in comparison with subjects with vitamin D 50–75 nmol/l. 
However, correlation analysis did not show any relation 
between BMI and vitamin D concentration at baseline. BMI 
had direct relationship with HOMA‑IR (r = 0.42 P = 0.002), 
and was inversely related to Matsuda index  (r = −0.37, 
P = 0.009) and had correlation with AUCinsulin (r = 0.34, 
P  = 0.021). These correlations persisted after treatment 
with vitamin D in all patients. There was no correlation 
between vitamin D and insulin sensitivity or insulin 
resistance indexes. Delta percent of changes from baseline 
were not statistically significant. There was no difference 
between men and women in our findings.

DISCUSSION

In our study, although insulin sensitivity was reduced after 
oral intake of vitamin D, in comparison with other groups, 
this reduction was not statistically significant. This finding 

is similar to the results of our previous study that was 
conducted in our center on pre‑diabetic patients.[15] In that 
study, insulin sensitivity was reduced 2 months after the 
intramuscular injection of 300,000 IU vitamin D. However, 
in comparison with controls, this change was not significant. 
The present study did not show any difference between oral 
and intramuscular vitamin D on insulin resistance. It shows 
that the route of administration does not have a key role on 
the effect of vitamin D on insulin sensitivity.

Insulin sensitivity is measured from standard tests such 
as euglycemic clamp test or intravenous glucose tolerance 
test (IVGTT). Such techniques are difficult to do and 
time consuming. Thus, insulin sensitivity is calculated 
from fasting plasma glucose and insulin, or OGTT‑based 
formulas standardized with euglycemic clamp test or 
IVGTT are routinely used. Studies that used euglycemic 
clamp test or IVGTT to measure insulin sensitivity after 
vitamin D treatment are few in number. Ljunghall et al.[23] 
investigated 65 vitamin D sufficient Caucasian men with 
impaired glucose tolerance using IVGTT. They prescribed 
oral, 0.75 μg/d of alphacalcidiol or placebo for 3 months. 
Insulin sensitivity did not change after treatment. Results 
of similar studies were consistent.[24,25]

Studies that measure fasting plasma glucose (HOMA‑IR) 
primarily measure hepatic insulin resistance, and 
OGTT‑derived indexes such as Matsuda measure total 
body insulin sensitivity. Studies with OGTT for calculating 
insulin sensitivity are also rare. Insulin sensitivity did not 
change in most of these studies. In Nagpal et al.’s[5] study, 
in 100 centrally obese Indian men, after 3 doses of oral 
120,000 IU cholecalciferol fortnightly versus placebo, on 3‑h 
oral glucose, the insulin sensitivity index (Mari’s formula) 
was improved, whereas other oral glucose insulin sensitivity 
indexes remained unaffected. In comparison, subjects in 
our study were pre‑diabetic and the first‑degree relatives 
of T2DM patients and more obese  (mean BMI 29.4  vs. 
26.7  kg/m2). Correlation analysis showed persistence of 
relation of BMI with insulin resistance after vitamin D 
treatment. Risk factors for diabetes and insulin resistance 

Table 1: Demographic and anthropometric characteristics of pre‑diabetic people (mean±SD)
Characteristics Oral vitamin D+calcium 

treated (group A)
Intramuscular vitamin 

D+calcium treated (group B)
Calcium treated (group C) P value*

Age (years) 46.3±6.5 47.8±7.7 48.9±6.1 0.5

Weight (kg) 76.3±12.5 69.1±9.4 74.7±8.8 0.3

BMI (kg/m2) 30.4±4.3 28.5±3.1 28.6±2.6 0.3

Waist circumference (cm) 92.7±10.1 89.7±9 91.6±5.4 0.7

Systolic blood pressure (mmHg) 120±16 123±14 126±18 0.5

Diastolic blood pressure (mmHg) 76±8 78±6 77±7 0.8

Sex 0.25
Male (%) 4 (19) 2 (22) 7 (47)
Female (%) 17 (81) 7 (78) 8 (53)

BMI=Body mass index, *P<0.05 statistically significant
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in our study were more potent than in the Nagpal et al.’s 
study. Furthermore, insulin resistance calculated by 
HOMA‑IR in our study and Nagpal et al.’s study showed 
this difference (2.3 ± 1.3 and 1.47 ± 1.16, respectively).

In our study, insulin resistance as assessed by HOMA‑IR 
increased non‑significantly. There are several studies 
that showed the administration of  vitamin D does not 
improve HOMA-IR.[26,27] In von Hurst et  al.’s[9] study, 
after 4000 IU vitamin D administration, serum 25(OH) D 
concentrations increased significantly from 21 nmol/l at 
baseline to 93 nmol/l at 3 months, and then declined to 80 
nmol/l at 6 months. After 3 months, the insulin resistance 
improved non‑significantly, but significant improvement 
was observed after 6 months of treatment. Improvement 

was seen in patients in whom vitamin D concentration 
was 80 nmol/l or more. This study showed sufficient 
dose and sufficient length of time are needed to enhance 
insulin sensitivity. In our study, we followed patients for 
only 3 months. In vitamin D deficient subgroup, insulin 
sensitivity was not improved with vitamin D treatment. 
Small sample size or short time of follow‑up may be the 
cause of inconclusive results.

This study has some possible limitations. The small sample 
size may be a limiting factor, particularly in group  B. 
However, in this study, we wanted to examine the effect 
of oral vitamin D on insulin sensitivity or resistance. We 
chose this group to make sure if the effect of intramuscular 
injection of vitamin D which had been observed in the 

Table 2: Different variables on admission and after 12 weeks follow‑up in pre‑diabetic people (mean±SD)
Variables Oral vitamin D+calcium 

treated (group A)
Intramuscular vitamin D+ 
calcium treated (group B)

Calcium treated 
(group C)

P value*

Matsuda index
Before intervention 11.4±3 11.1±1.9 10.7±3 0.9

12 weeks after intervention 9.9±3.2 10.5±2.4 10.8±2.1 0.7

P value 0.046 0.1 0.7
HOMA‑IR

Before intervention 2.3±1.3 2.1±0.7 2.6±1.2 0.7
12 weeks after intervention 3.8±6.5 2.2±1.2 2±0.9 0.5

P value 0.3 0.6 0.2
HOMA‑B

Before intervention 88.4±63.3 112±93 95.6±53.4 0.7

12 weeks after intervention 134.6±173.8 133.3±120 89±49.9 0.6

P value 0.3 0.2 0.8
HbA1c  (%)

Before intervention 5.2±0.4 5.4±0.5 5.5±0.6 0.2
12 weeks after intervention 5±0.6 5.2±0.4 5.4±0.5 0.3

P value 0.2 0.4 0.4
FPG (mg/dl)

Before intervention 103.2±9.9 99.1±11.6 104.6±9.8 0.5
12 weeks after intervention 108.8±11.5 94±13.2 99.7±9 0.2

P value 0.5 0.04 0.01
25 (OH) D (nmol/l)

Before intervention 77.5±39.2 80±36 44.8±18.3 0.02†

12 weeks after intervention 118.8±56.3 102.8±43.3 34.6±13.9 0.0001

P value 0.009 0.053 0.06
AUCglucose

Before intervention 931±158 947±102 957±162 0.95
12 weeks after intervention 918±158 907±88 910±115 0.98

P value 0.7 0.2 0.5
AUCinsulin

Before intervention 7910±5252 5444±2335 8806±4513 0.3
12 weeks after intervention 7716±4747 5300±2108 8209±4023 0.3

P value 0.3 0.9 0.6
25 (OH) D, 25‑hydroxyvitamin D, HOMA=Homeostasis model assessment, HbA1c=Hemoglobin A1c, FPG=Fasting plasma glucose, AUC=Area under the curve *P<0.05 is 
statistically significant, †In post‑hoc analysis, the difference was between groups A and D (P=0.04). Participants in group A merged from two groups of participants in our previously 
done study.[15] These two groups were vitamin D deficient people who had been treated with calcium carbonate or intramuscular injection of vitamin D for period of study and all of 
them had shifted just to oral vitamin D supplementation for follow up after finishing the study (one year before the current study). We selected those people who had stopped their 
supplementation in recent 3 months



Hoseini, et al.: Vitamin D and insulin resistance

Journal of Research in Medical Sciences | January 2013 |51

previous study was seen again or not. Another limitation 
is that 12‑week follow‑up may be too short to determine 
the effect of vitamin D on insulin sensitivity or resistance. 
However, vitamin D reaches its equilibrium in this period.[9]

CONCLUSION

Oral vitamin D had no effect on insulin sensitivity or 
resistance in pre‑diabetes patients who were the first‑degree 
relatives of T2DM patients. A  randomized double‑blind 
study with a longer duration of treatment is suggested.
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