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Effect of High-dose Vitamin D Supplementation on Beta Cell
Function in Obese Asian-Indian Children and Adolescents:
A Randomized, Double Blind, Active Controlled Study

Shweta Varshney, Rajesh Khadgawat, Monita Gahlot', Deepak Khandelwal, Avneet Kaur Oberoi, R. K. Yadav?, V Sreenivas?®, Nandita Gupta, Nikhil Tandon
Departments of Endocrinology and Metabolism, 'Dietitics, 2Physiology, *Biostatistics, All India Institute of Medical Sciences, New Delhi, India

Objective: Vitamin D deficiency has been found to be associated with insulin resistance. In an attempt to explore this association, we
planned a study to investigate the effects of high-dose vitamin D supplementation on beta cell function in obese children and adolescents.
Methods: A randomized, double blind, active-controlled study was carried out to investigate the effects of high dose (120,000 IU once a month)
vitamin D supplementation in comparison to recommended daily allowance (12,000 IU/month) for 12 months. Beta cell function was assessed by
disposition index. Inflammatory cytokines and cardiovascular risk factors were also assessed before and after supplementation. Results: A total of
189 obese children and adolescents were recruited. The mean serum 250HD level of the study population was 8.36 + 5.45 ng/ml. At baseline,
94.7% subjects were vitamin D deficient (<20 ng/mL). After 12 months of supplementation, serum 250HD level in intervention group
was 26.89 + 12.23 ng/mL, while in control group, it was 13.14 + 4.67 ng/mL (P < 0.001). No significant difference in disposition index as
well as other parameters of insulin resistance, sensitivity, inflammatory cytokines, and pulse wave velocity was seen after supplementation.
Conclusion: Vitamin D supplementation in doses of 120,000 IU per month for 12 months in obese Asian-Indian children and adolescents did
not affect beta cell function as well as cardiovascular risk factors.
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its possible future consequences.# There is a mechanistic
support that vitamin D may influence both, insulin secretion
as well as insulin sensitivity, and subsequently incidence of
type 2 diabetes. In general, cross-sectional and prospective
studies have found associations between vitamin D
insufficiency with impaired glucose tolerance and IR, while
supplementation of vitamin D in high-risk populations for IR
has resulted in improvement in insulin secretion in adults.

INTRODUCTION

Approximately 10% of the world’s children and adolescents
are estimated to be carrying excess body fat, with an increased
risk for developing chronic diseases. The prevalence of
obesity is dramatically higher in economically developed
regions, but also rising significantly in most parts of the
world.l"! Childhood obesity has been found to be associated
with an increase in insulin resistance (IR), impaired

glucose tolerance, and metabolic syndrome.”” Children  In spite of accumulating evidence of the possible

and adolescents with IR and metabolic syndrome are more
likely to develop type 2 diabetes and cardiovascular diseases
in comparison to children and adolescents with normal
body mass index (BMI).!"! Through various mechanisms,
IR is clearly a mediator of future type 2 diabetes and risk
of cardiovascular diseases. However, current scientific
understanding of natural history and determinants of IR
is incompletely understood.” Recent literature in adult
population has shown a role of vitamin D deficiency in IR and
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association between vitamin D deficiency and IR, vitamin
D supplementation studies are limited by relatively small
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sample sizes, lack of randomized active controlled design, and
short-term interventions.

The effect of vitamin D supplementation on IR has not been
well studied in prospective, active-controlled design in
population at high risk for IR. We planned a randomized double
blind active controlled study to assess the effect of vitamin D
supplementation on beta cell function in obese children and
adolescent subjects, using robust parameters which are well
validated in both adult as well as pediatric population.

MEeTHODS

Study Subjects: The study was conducted as randomized,
double-blind, active controlled, single-center study. Obese
children and adolescents attending the endocrinology outdoor
service for the management of obesity were recruited (between
October 2011and September 2015). The inclusion criteria
included obese children and adolescents between the ages of 11
and 17 years. Obesity was defined as per International Obesity
Taskforce (IOTF) criteria.l’) All parents signed informed
consent while assent was taken from all study subjects. The
study was approved by the Institutional Ethics Committee.
Ethics committee approval is obtained on 28" September 2010
by institutional ethics committee.

Subjects already diagnosed with diabetes mellitus or
impaired glucose tolerance were excluded from the study
as were subjects taking metformin or any weight reducing
drugs. Similarly, subjects taking or had taken vitamin
D supplementation in last 6 months in doses exceeding
400 IU/day, using medications known to interact with
vitamin D metabolism (steroids, thiazide diuretics, phenytoin,
phenobarbitone, and antitubercular drugs) or subjects with
clinical features suggestive of osteomalacia or severe vitamin
D deficiency were excluded from the study. Subjects with any
known systemic illness (endocrine, cardiac, renal, hepatic,
or gastrointestinal diseases), syndromic obesity, or with
symptoms suggestive of hypothalamic obesity were also
excluded. After biochemical screening, additional exclusion
criteria were subjects with serum calcium level >1 mg/dL
above the upper limit of normal for age, hypercalciuria as per
definition, and serum 250HD level >100 ng/mL.

Sample size calculation: The study sample size has been
calculated based on the primary outcome of beta cell function.
We anticipated an effect size of 10% change with vitamin
D supplementation. With 90% power and 95% confidence
interval, sample size was estimated at 125 subjects in each
group (total 268 subjects, OpenEpi version 2.3) while with
80% power and 95% confidence interval, 93 evaluated subjects
would be required in each group. A 30% dropout was expected
and added in final sample size.

Vitamin D supplementation: Each subject was counseled
by certified dictician in the presence of parents. A low
caloric weight reducing diet was advised to all subjects and
encouraged to participate in regular physical activity on

a daily basis. After counseling, subjects were randomized
into two groups—intervention and control, in the ratio of
1:1 (computer-generated randomized code). The intervention
group received 120,000 IU of vitamin D per month, while
control group received 12,000 IU vitamin D per month in a
single oral dose after meal. Plan of vitamin D intervention is
shown in Figure 1. The dose of 120,000 per month was selected
to assess effects of high dose of vitamin D supplementation.
Ideally, active groups should have been compared with placebo
but in view of very high prevalence of vitamin D deficiency
in this population in prior studies, recommended daily
requirement dose of vitamin D was given to control group in
place of placebo.!®!

There were total 12 doses, of which, six were given as directly
supervised doses during follow-up visits in the hospital
while rest of the six doses were taken at home which were
confirmed by telephonic call in the evening. On each visit,
subjects were called in the morning in fasting state with the
fasting midstream urine sample collected at home. Once blood
samples were collected, vitamin D supplementation was given
after breakfast.

Both preparations for intervention as well as control
(120,000 IU tablets for intervention group and 12,000 TU
for the control group, Torrent Pharmaceuticals, Ahmedabad,
India) were unlabeled for dose and identical in all physical
aspects (color, taste, and external appearance).

Physical examination: Height was measured with wall-mounted
Holtain’s stadiometer (Holtain Inc., Crymych, Pembs. UK),
while weight was measured with the same digital weighing
machine. Blood pressure (BP) was measured in the right upper
limb in sitting position with a mercury sphygmomanometer
after S-min rest with an appropriate size cuff. BP was measured
three times and the mean value was recorded.

Body fat analysis: Total body fat distribution was assessed
by dual energy X-ray absorptiometry (DXA) by fan beam
technology using pediatric software for age <16 years
(DXA, Hologic QDR 4500A, Hologic Inc, Bedford, MA).

Biochemical and hormonal measurements: Fasting venous
blood samples were collected on ice, centrifuged immediately
using a refrigerated centrifuge, and stored at —20°C until analysis.
Complete blood count, liver function tests, renal function test,

I Study subjects- age group 11-17 years, obesity ‘

I

‘ Life style intervention advice

Randomization in 1:1

Intervention group l ‘ Control group ‘

Vitamin D 120,000 IU/month for 12 months ‘ | Vitamin D 12000/month for 12 months I

Figure 1: Plan of vitamin D intervention
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serum calcium (corrected calcium with serum albumin),
phosphate, alkaline phosphatase, uric acid, and blood glucose
were measured in all subjects on an automated chemistry analyzer
(Roche Hitachi 912 Chemistry Analyzer, GMI Inc., USA).
Glycosylated hemoglobin (HbA 1c) was measured in whole blood
using ion-exchange high-performance liquid chromatography
(Bio-Rad Laboratories Inc., CA, US). Serum intact PTH and
serum C-peptide were measured on a Roche Elecsys e411
autoanalyzer using an electrochemiluminescent tracer-based
immunometricassay. Serum 250HD was measured on the
DiaSorin auto analyzer (“LIASON” DiaSorin, Inc., Stillwater,
MN, USA) using a chemiluminescent label. The reproducibility
of the assay ranged from 6% to 12% and was within the
performance characteristics described by the manufacturer. Our
laboratory is registered with the UK-DEQAS vitamin D assay
external quality control assessment program and hence met
their performance targets regularly (www.deqas.org). Vitamin D
deficiency was defined as a serum 250HD level <20 ng/ml.
This was further subdivided into severe, moderate, and mild
vitamin D deficiency if serum 250HD levels were <5, 5 to
less than 10, and 10 to less than <20 ng/mL, respectively,
while levels between 20 and 30 ng/mL were considered as
insufficiency and >30 as vitamin D sufficient.l” Five samples
of oral glucose tolerance test (OGTT) were carried out with
sample collection at 0, 30, 60, 90, and 120 min after ingestion
of glucose. The dose of glucose was calculated as per
recommendations of American Diabetes Association.®

Indices of glucose and insulin metabolism: Changes in beta
cell function were measured by “Disposition Index” (calculated
by the insulin secretion x insulin sensitivity). Insulin secretion
was calculated by “insulinogenic index,”™' while insulin
sensitivity was calculated by whole body insulin sensitivity
index, also known as “Matsuda Index.”!!%

Measurement of cardiovascular risk factors
Biochemical outcomes—inflammatory markers,
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-),
and highly sensitive C-reactive protein (hsCRP)—were
measured by enzyme-linked immune sorbent assay (ELISA)
technique, using commercially available kits [R and D
Systems, Minneapolis (MN), USA].

Pulse wave velocity and augmentation index by radial pulse
wave analysis were measured noninvasively by SphygmoCor®
pulse wave velocity system (AtCor Medical, Sydney, Australia)
using standard guidelines.['!

Statistical analysis: Statistical analysis was carried out using
Stata 14.1 (College Station, Texas, U.S.A.). Data is presented
as mean + SD. Comparison between groups was performed
using two tailed ¢-tests, Mann--Whitney and Chi-square tests.
P value < 0.05 was considered as significant.

ResuLts

A total of 189 obese children and adolescents completed the
study, of which 120 (63.49%) were boys and 69 (36.51%)

Enroliment Assessed for eligibility (n=292)
Excluded (n=90)
+ Not meeting inclusion criteria (n=44)
+ Declined to participate (n= 31)
+ Other reasons (n= 15)
Randomized (n= 202)
l Allocation | l

L

Allocated to intervention (n= 102)

+ Received allocated intervention (n=102)

+ Did not receive allocated intervention (give
reasons) (n=0)

Allocated to intervention (n= 100)

+ Received allocated intervention (n=100)

+ Did not receive allocated intervention (give
reasons) (n=0)

l Follow-Up l

Lost to follow-up (give reasons) (n=6)

Lost to follow-up (give reasons) (n=7)

Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)

l (Analysis | l

Analysed (n=93)
+ Excluded from analysis (give reasons) (n=0)

Analysed (n=96)
+ Excluded from analysis (give reasons) (n=0)

Figure 2: The CONSORT flow diagram of the study

were girls [Figure 2]. The baseline characteristics of study
subjects are shown in Table 1. Combined history of diabetes,
hypertension, or obesity in any family member (any of these
three diseases in any family member) was present in 89% of
total study subjects.

At baseline, 94.7% subjects (boys—94.1%; girls—95.7%,)
were vitamin D deficient (serum 250HD <20 ng/mL). Severe
vitamin D deficiency (<5 ng/mL) was seen in 27.8% subjects,
while 70.6% had serum vitamin D levels <10 ng/mL. Only four
subjects had serum 250HD level >30 ng/mL [Table 2]. No
significant correlation was seen between serum 250HD and
any other biochemical parameters including BMI. However,
significant positive correlation was seen between BMI and
HOMA-IR (» = 0.34, P < 0.001) and inverse correlation
between BMI-disposition index (» =—0.18, P=0.01).

Impaired fasting glucose (IFG) was seen in 11.5% subjects
while none in diabetic range. Ten subjects had both, IFG as
well as IGT, while 30 subjects who had IGT but FBG was
in normal range. Approximately 67.5% subjects had HbAlc
levels in normal range. Of total 189 subjects, 47.6% subjects
had at least one of the three parameters abnormal.

Effect of supplementation: The biochemical characteristics of
study subjects after 12 months of supplementation are shown in
Table 3. Vitamin D sufficiency (>30 ng/mL) could be achieved
in 41.2% of subjects in intervention group, while none of the
control group subjects reach to this level. In spite of using high
dose of vitamin D supplementation in intervention group, 32%
subject still remained vitamin D deficient, while 90.2% subjects
were still vitamin D deficient in the control group [Table 3].

Baseline serum PTH was not significantly different
between the two groups at baseline. After 12 months of
vitamin D supplementation, serum PTH decreased in both
groups (40.26 = 13.25 pg/mL in intervention group; P <0.001
compared with baseline PTH vs. 43.84 + 15.74 pg/mL in
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Table 1: Comparison of anthropometric and biochemical parameters of study subjects at baseline

Parameter (unit) Intervention group Control group P
Age (years) 12.89+1.63 13.15+1.54 0.25
BMI (kg/m?) 29.53+3.27 30.36+4.27 0.13
HbAlc (%) 5.48+0.36 5.53+0.43 0.42
Serum calcium (mg/dL) 9.45+0.54 9.57+0.52 0.12
Serum albumin 4.58+0.82 4.56+0.71 0.17
Serum alkaline phosphatase (IU/L) 615.73£256.95 559.76+299.01 0.11
Serum total cholesterol (mg/dL) 157+28.65 155+23.65 0.63
Serum LDL (mg/dL) 95423.5 91£21 0.33
Serum HDL (mg/dL) 40+4.09 40+6.95 0.54
Serum VLDL (mg/dL) 22+8.56 22+7.16 0.93
Serum PTH (pg/mL) 57.65+49.16 56.45+60.52 0.88
Serum 250HD (ng/mL) 8.36+5.45 9.01£5.59 0.42
Total body fat (gm) 23,835.4146,941.94 23,086.83+5,896.83 0.70
Blood glucose 0 min (mg/dl) 91+7.36 91+7.98 0.89
Blood glucose 30 min 148+31.8 143+27.8 0.21
Blood glucose 60 min 133+33.5 137+£29.4 0.33
Blood glucose 90 min 127+£31.3 131+26.58 0.41
Blood glucose 120 min 120+24.99 124+20.52 0.32
Serum insulin 0 min (pU/ml) 19.8+10.08 20.67+11.53 0.58
Serum insulin 30 min 165.09+121.62 149.16+115.29 0.37
Serum insulin 60 min 148.38+124 133.93496.97 0.37
Serum insulin 90 min 121.98+93.87 138.1+£108.19 0.28
Serum insulin 120 min 128.31+104.68 115.84490.63 0.38
Plasma c-peptide 0 (ng/mL) 3.52+1.17 3.33£1.03 0.31
Plasma c-peptide 30 12.88+5.09 11.26+4.60 0.049
Plasma c-peptide 60 13.28+5.51 11.84+3.67 0.06
Plasma c-peptide 90 12.93+4.98 12.36+4.28 0.46
Plasma c-peptide 120 12.92+5.6 12.11+4.26 0.33
Matsuda index 2.68+2.19 2.47+1.48 0.46
HOMA IR 4.44+2.30 4.60+2.48 0.65
Insulinogenic Index 2.81+£2.01 2.83+2.38 0.94
Disposition Index 5.48+4.52 5.72+4.42 0.72

Data expressed as means+SD. BMI: Body mass index; HOMA-IR: Homeostasis model of assessment for IR index; LDL: Low density lipoprotein; HDL: High
density lipoprotein; PTH: Parathyroid hormone; 25(OH)D: 25-hydroxyvitamin D. *P<0.05

control group; P = 0.03 compared with baseline PTH).
However, comparison between serum PTH levels between
the two groups after 12 months, no significant difference was
observed.

There was no statistically significant difference in blood
glucose, serum insulin, and C-peptide levels at any time point
after 12 months. Similarly, there was no significant difference
in disposition index between the two groups at the end of
12 months. In a sub-group analysis, subjects had moderate to
severe vitamin D deficiency at baseline (serum 250HD level <5
and 5--10 ng/mL) also; there were no significant difference in
disposition index between the two groups. Similarly, subjects
who showed greater increase in serum 250HD level (change
of >20 ng/mL between baseline and 12 months) also did not
show any significant difference in disposition index.

Among pro-inflammatory markers, no significant difference
was found in serum hsCRP, IL-6, and TNF-c levels between
the two groups at 12 months (data not shown). Similarly,

no significant difference was also observed in any of the
parameters of pulse wave velocity [Table 4].

There was no significant difference between the two groups
when comparing lipid profile at baseline and after the
supplementation. Similarly, no significant difference was also
observed in total body fat.

Safety of intervention: Vitamin D supplementation in the
present doses was found to be absolutely safe. None of the
study subject developed symptomatic hypercalcemia. Even in
the absence of symptoms, none of the study subject developed
both hypercalcemia as well as hypercalciuria at single point
of time requiring withdrawal from the study. Similarly,
none of the study subjects could reach to very high serum
250HD level (>100 ng/ml) in any group. The highest serum
250HD levels seen after supplementation were 54 ng/ml in
intervention group and 24 ng/ml in control group. Only seven
subjects developed hypercalcemia (intervention group 3;
control group 4), however none of them had any symptoms
related to hypercalcemia or found to have hypercalciuria
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Table 2: The effect of vitamin D supplementation on metabolic parameters in intervention and control group after 12 months

Parameter (unit) Intervention group Control group P
BMI (kg/m?) 29.83+3.60 31.06+4.67 0.06
HbAlc (%) 5.46+0.28 5.58+0.37 0.22
Serum calcium (mg/dL) 9.64+0.52 9.51+0.65 0.17
Serum albumin 4.63+0.69 4.48+0.62 0.18
Serum alkaline phosphatase (IU/L) 505.7+£232.73 549.69+246.43 0.26
Serum total cholesterol (mg/dL) 156.82+28.66 154.97+23.65 0.63
Serum LDL (mg/dL) 86+17.6 82+20.97 0.27
Serum HDL (mg/dL) 39+6.92 40+8.27 0.43
Serum VLDL (mg/dL) 24+11.36 23+7.16 0.52
Serum PTH (pg/mL) 40.26+13.25 43.84+15.74 0.12
Serum 250HD (ng/mL) 26.89+12.23 13.14+4.67 <0.001*
Total body fat (gm) 24,595.5+6,067.91 24,254.68+6,250.99 0.76
Blood glucose 0 min (mg/dl) 90+7.63 90+8.11 0.83
Blood glucose 30 min 139+31.4 133+26.25 0.15
Blood glucose 60 min 134+29.39 132+28.05 0.76
Blood glucose 90 min 119+25.83 118423.43 0.87
Blood glucose 120 min 115437.35 114424.04 0.77
Serum insulin 0 min (pU/ml) 24.77+18.43 23.01+15.05 0.48
Serum insulin 30 min 193.37+148.92 168.75+123.36 0.24
Serum insulin 60 min 172.04+144.45 166.41+151.03 0.79
Serum insulin 90 min 147.54+137.97 147.65+153.23 0.99
Serum insulin 120 min 139.26+134.40 119.27+111.16 0.27
Plasma c-peptide 0 (ng/mL) 3.83+1.87 3.55+1.36 0.37
Plasma c-peptide 30 12.95+6.29 11.21+4.98 0.09
Plasma c-peptide 60 13.53+6.03 12.06+4.42 0.15
Plasma c-peptide 90 12.56£5.92 11.51+4.3 0.30
Plasma c-peptide 120 11.43+5.64 10.92+4.58 0.60
Matsuda index 2.3742.23 2.35+1.24 0.93
HOMA IR 5.57+4.40 5.17+3.47 0.48
Insulinogenic Index 3.27£3.32 3.96+6.87 0.40
Disposition Index 5.84+4.92 5.85+4.03 0.43

Data expressed as means+SD. BMI: Body mass index; HOMA-IR: Homeostasis model of assessment for IR index; LDL: Low density lipoprotein;
HDL: High density lipoprotein; PTH: Parathyroid hormone; 25(OH)D: 25-hydroxyvitamin D. *Significant

Table 3: Vitamin D status of study subjects at baseline and after 12 months of supplementation

Group <5 ng/ml <10 ng/ml <20 ng/ml <30 ng/ml >30 ng/ml
Before After Before After Before After Before After Before After

Intervention 31.6% 0.0% 71.6% 2.1% 94.7% 32.0% 97.8% 58.8% 2.2% 42.2%

Control 23.9% 0.0% 69.6% 28.3% 94.6% 90.2% 97.8% 100% 2.2% 0.0%

Table 4: Pulse wave velocity in the study subjects intervention and control group

Parameters Intervention group Control group Difference between  Difference hetween
Baseline  After 12 months P Baseline  After 12 months P two groups _values the two groups
at baseline values at 12 months
Carotid-Radial* ~ 6.85%1.59 7.03+1.62 037  6.55£1.22 6.75+1.27 0.76 0.17 0.27
Radial-Distal* 6.76+1.93 6.72+1.79 093  7.35%2.40 7.33+1.92 0.19 0.84 0.5
Carotid-Distal* 6.76+1.04 6.50£0.93 0.07  6.83=1.14 6.75+0.71 0.26 0.64 0.10
Carotid-Femoral*  5.97+1.86 5.98+1.11 1.00  5.93%1.90 6.14+1.44 0.95 0.89 0.46

*All values are in M/s

at the same time, hence continued in the study and did not  3.2% had hypercalciuria at 12 months, however none of them
develop hypercalcemia on next visit. None of the subjects were found to have hypercalcemia. There was no significant
had hypercalciuria at baseline while 5.3% at 6 months and difference in urinary calcium creatinine ratio at baseline;
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however, after 12 months of vitamin D supplementation,
urinary calcium creatinine ration was significantly higher
in intervention group than in control group (0.08 + 0.05 vs.
0.05+0.03 P<0.01).

Discussion

Here, we are reporting the effects of vitamin D supplementation
in doses of 120,000 IU/month for 12 months in obese
Asian-Indian children and adolescents and compared with dose
of 12,000 IU/month. Vitamin D supplementation increased
circulating serum 250HD concentrations in both the groups
with predominant effect in intervention group. No effect
of vitamin D supplementation was observed in any of the
parameters of insulin sensitivity and beta cell function in both
the groups. Results of our study are in agreement with other
vitamin D supplementation studies published.?!?2 The study
subjects in these studies varied from normal healthy adults,!*
to subjects with high prevalence of IR like nondiabetic obese
children,*'"! adults with metabolic syndrome,!”! subjects with
PCOS,*! and pregnant women.*!!

There are several lines of evidence supporting a role for
vitamin D in pancreatic beta cell function. Vitamin D appears
to affect the insulin response to glucose stimulation, whereas
it does not appear to influence basal insulinemia.” Vitamin D
deficiency may influence insulin secretion and sensitivity
via its effects on intracellular calcium. Vitamin D deficiency
results in elevated parathyroid hormone, which in turn is
known to elevate intracellular calcium. Pancreatic beta cells
depend on an acute intracellular calcium increase for insulin
secretion, which may be attenuated with elevated cytosolic
calcium.™

Gedik and Akalin®®*! were first to report the normalization of
insulin secretion after 6 months of vitamin D supplementation
in four subjects with vitamin D deficiency. Since then,
there have been many studies reporting effects of vitamin
D supplementation in IR. Results of many of these studies
did not show any effect,[!>141624] however, some of the
recently published studies have shown significant effect of
vitamin D supplementation on parameters of IR. Kelishadi
et al." studied effect of 300,000 units of vitamin D
supplementation in obese adolescents in the age group of
10-16 years and reported decrease in HOMA-IR (P = 0.02)
12 weeks after supplementation. Similarly, other studies have
also reported improvement in insulin parameters after vitamin
D supplementation.?5-2¢!

The most of the intervention studies have used HOMA
as outcome parameter to assess effect of vitamin D
supplementation. It is the most widely used parameter of
IR because of its convenience of estimation. It gives more
information about hepatic IR than whole body insulin sensitivity
and does not provide any information about insulin secretion.
Vitamin D appears to affect exclusively the insulin response
to glucose stimulation, whereas it does not appear to influence
basal insulin levels.’! Vitamin D supplementation has been

reported to influence peripheral insulin sensitivity more, as
shown by Nagpal et al.*”! where three doses of 120,000 [U
vitamin D3 fortnightly versus placebo showed significant
improvements in a 3-h OGTT-derived insulin sensitivity index,
but not indices derived from fasting values.

It would be difficult to compare results of these studies
because of many limitations like lack of randomization,!”’
placebo-controlled design,?” use of HOMA only as outcome
parameter,!'”l small sample size,['*!®? shorter duration of
intervention,!'*'! absence of vitamin D deficiency in study
subjects at baseline.['’]

Improvements in serum vitamin D levels depends upon
baseline vitamin D status with maximum change seen in
subjects with severe vitamin D deficiency while subjects with
mild deficiency show minimal increase in vitamin D level.*®!
Although we used high dose of vitamin D supplementation
(120,000 IU per month), still vitamin D deficiency could not
be corrected in 32% subjects in intervention and 90% in control
group. It has been estimated that non-obese adults require a
100-1U intake to increase serum 250HD concentrations by
1.0 ng/mL,?* whereas obese adults require twice the dose
to see similar response.B” In this study, 120,000 per month
produced a mean increase of 26.89 ng/mL or 1.0 ng/mL for
every 149 IU ingested in obese adolescents. This suggests
obese subject require much higher dose of vitamin D to correct
deficiency. The requirement of higher doses of vitamin D
could be partly due to the decreased bioavailability because of
preferred deposition in body fat compartments with subsequent
non-availability to body cells.

The duration of intervention has been reported to be one of
the important factors affecting IR. Blenchia et al. reported no
effect of supplementation at 3 months while significant effect
was observed 6 months after supplementation.!"®! Similarly,
Hurst et al.*" also found no significant change until 6 months.
Our study had supplementation for 12 months, however it
may be possible that longer duration of supplementation
(for 24-30 months) may give different results.

Strengths of our study were manifolds. We selected obese
Asian-Indian children and adolescent who have been
documented to have high IR and low whole body insulin
sensitivity.?? Others were use of high doses of vitamin D
supplementation for long duration of intervention, high
prevalence of vitamin D deficiency in study subjects, and
assessment of both insulin secretion and insulin sensitivity.
Apart from insulin-based parameters, we also used serum
C-peptide based parameters for assessment for IR.

Limitations of our study were lack of supervision of intake of
all doses, lack of a 24-h urine calcium excretion measurement
to assess safety, and fairly wider age range. Another important
limitation may be the use of 12,000 IU per month in control
group which might have blunted the difference between the
two groups. This dose was chosen for ethical reasons to give
them at least recommended daily dose of vitamin D!®! to prevent
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rickets as very high prevalence of VDD have been reported
in this population.

ConcLusION

Our study did not show any effect of vitamin D
supplementation in the dose of 120,000 IU/month, for
12 months, on beta cell functions. At the same time, no effect
was also observed on inflammatory cytokines and parameters
of arterial stiffness.
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