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A B S T R A C T

Background: Obesity is affecting children in epidemic proportions in the United States with nearly 25% of
children being obese. Consequences of obesity including dyslipidemia, type 2 diabetes and cardiovascular dis-
ease are leading to morbidity at younger ages. Parallel to the obesity and diabetes epidemics, the prevalence of
vitamin D deficiency has reached very high levels and has been associated with insulin resistance and dyslipi-
demia. Studies exploring the impact of vitamin D repletion on insulin sensitivity and dyslipidemia in children are
sparse.

The aim of this study was to determine the impact of treatment with vitamin D (ergocalciferol) in obese
African American (AA) children on vitamin D levels and insulin secretion and sensitivity.
Methods: This pilot study was conducted in a tertiary care Pediatric Emergency Department (ED). African
American obese children (n= 29; 22 female) 13–17 y, with 25-hydroxy vitamin D level [25(OH)D]<20 ng/ml,
were randomized to receive either 50,000 IU vitamin D2/week or a placebo for 12 weeks. Pre- and post- oral
glucose tolerance testing with glucose and insulin levels drawn at 0, 30, 60, 90 and 120min were performed.
Pre/post intervention lipid profiles and calcium levels were also evaluated.
Results: There was no difference in serum 25(OH)D between groups at baseline. Follow-up 25(OH)D level was
greater in the treatment vs. placebo group, and significantly increased from baseline in the treatment group only.
However, there was no difference between groups in baseline vs. follow-up insulin- or lipid-related parameters.
Follow-up serum 25(OH)D was positively correlated with fasting insulin and high-density lipoprotein (HDL)
level in the vitamin D treated group only.
Conclusion: While serum 25(OH)D levels in obese AA teens increased adequately with vitamin treatment for
12 weeks and correlated with fasting insulin, it did not significantly impact insulin secretion or sensitivity.
Larger studies are required over a longer period of time to confirm and explore the reasons for this finding.

Background

Obesity is affecting children in epidemic proportions in the United
States at the rate of nearly 25% [1]. Consequences of obesity include
type 2 diabetes and cardiovascular disease, morbidities which now are
beginning to occur at younger ages [2]. In parallel, prevalence of vi-
tamin D [25(OH)D] deficiency has increased. Studies have reported
that 9% of children and adolescents are vitamin D-deficient [i.e., serum
25(OH)D concentration < 20mg/ml] and 60% are vitamin D-in-
sufficient [serum 25(OH) D concentration 20–30 ng/ml] [3]. The

vitamin D metabolite 25(OH)D is a pro-hormone known to play a major
role in calcium homeostasis. But in recent years, animal and in vitro
studies have linked 25(OH)D deficiency to development of diabetes and
cardiovascular disease [4–6]. Studies addressing the association be-
tween low serum 25(OH)D levels and insulin secretion and sensitivity
are limited in high risk children [7]. To our knowledge, limited studies
exist in children that have addressed the efficacy of vitamin D treatment
on insulin secretion and sensitivity and parameters of cardiovascular
health in obese, vitamin D deficient children [8–11].

The objectives of this 12-week pilot study in obese, vitamin D-
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deficient AA children were to evaluate 1) the impact of vitamin D
treatment on serum 25(OH) D levels and 2) the impact of vitamin D
repletion on insulin sensitivity indices and insulin response to glucose
challenge. We hypothesized that 25(OH)D level would increase to
sufficient levels with treatment and be positively associated with in-
sulin sensitivity and secretion in vitamin D-deficient obese (BMI≥ 95th
percentile) AA children.

Methods

This was a 12-week randomized, double-blinded placebo-controlled
pilot trial that was performed in the Emergency Department (ED) of a
tertiary care Children's Hospital from June 2013 to May 2014. This
study was approved by the UAB Institutional Review Board.

Study population

This study included subjects from a convenience sample of AA
children between the ages of 13 and 17 years with BMI≥ 95th per-
centile and 25(OH)D level of ≤20 ng/ml. Exclusion criteria included:
children who had pre-existing chronic diseases (including type 1 or type
2 diabetes), pregnancy, on medications influencing blood glucose [e.g.,
insulin, anabolic steroids, androgens or prolonged (> 3 months) oral
steroids], on vitamin D treatment, hemoglobin A1C (HbA1c) of ≥6.5%,
a serum calcium level of ≥10.8 mg.dL [12].

Study protocol

Once enrolled, the study involved three visits.

Screening visit

Eligibility screening was done by reviewing height, weight and BMI
percentiles of the study subjects [13]. Informed consent and assent were
obtained from parents and from all children above the age of 13 years,
respectively, prior to enrollment. During the screening visit, informa-
tion on patient demographics, date of last menstrual period (when
applicable), dietary history was obtained, and Tanner staging was
performed. Screening labs included serum calcium, 25(OH)D, HbA1C,
and a urine pregnancy test. Parents of children who met the above
inclusion criteria were contacted the following day and detailed in-
structions regarding return visit were given. Participants were in-
structed to fast overnight (at least 10 h) prior to their baseline visit and
were reminded by phone a day prior to the visit.

Baseline visit

Participants who were deemed eligible for inclusion returned di-
rectly to the outpatient laboratory area after the instructed overnight
fast. Blood was drawn for primary and secondary outcomes measures
(listed below), and a urine specimen was obtained for calcium and
creatinine levels. Following this, the participants were given a standard
flavored oral glucose dose of 1.75 g/kg (maximum of 75 g) to be con-
sumed over a 5-minute period. Blood measurements of glucose and
insulin were obtained at 30, 60, 90 and 120min post-ingestion. All
samples were drawn between 8 am and 12 pm. Participants were then
randomized to either Vitamin D2 (50,000 IU orally once per week)
treatment or placebo (also orally once per week) for 12 weeks.

The randomization was performed and maintained by our hospital
pharmacist while all other study personnel were blinded to this ran-
domization. The capsules were prepared and provided by the phar-
macist for the study period to participants, and instruction was given to
maintain a diary of doses taken. All participants were also given cal-
cium carbonate in the form of Tums (500mg/day). The participants
were given periodic reminders via phone call and/or text message
based on participant preference by the research assistant to ensure

compliance. The participants were also scheduled a 12-week follow-up
visit, with instructions.

12-Week follow-up visit

Participants arrived in the fasted state, with their completed drug
diary and medication containers, in which a pill count was performed
and documented for remaining medications. All baseline evaluations
were repeated. At the end of the study procedure, the research assistant
was unblinded to the randomization by the pharmacist and a pre-
printed prescription for 12 weeks of vitamin D treatment at the same
dose used for the treatment group was given to those patients who had
been given the placebo for ethical reasons.

Primary and secondary outcome measures

The primary outcome measure was the change in 25(OH) D levels
from baseline after 12-week of treatment with vitamin D or placebo.

Secondary outcome measures were insulin-glucose homeostasis
measures assessed by calculation of the whole body insulin sensitivity
index (WBISI) derived from the Matsuda index, calculation of
Homeostasis Model Assessment of Insulin Resistance (HOMA–IR) and
area under the curve (AUC) for insulin and glucose [14,15]. Matsuda
index (WBISI) has been validated in children and has been found to
correlate with insulin sensitivity derived from insulin clamp studies, the
gold standard assessment of insulin sensitivity. Post OGTT AUC and
incremental AUC for glucose and insulin were calculated according to
published guidelines [16].

HOMA-IR is a validated estimate of insulin resistance derived from
product of fasting glucose (mmol/L) and fasting insulin (µU/mL) di-
vided by a constant of 22.5 or when measured in mass units, it is the
product of fasting glucose (mg/dL) and fasting insulin (mg/dL) divided
by a constant of 405. Studies have shown that HOMA-IR levels
of> 3.19 in children can be used as a surrogate marker of insulin re-
sistance in non-diabetic children [17].

Other secondary outcome measures were changes in the lipid
parameters; i.e., high density lipoprotein (HDL), low density lipoprotein
(LDL), triglycerides and total cholesterol. We also collected other
variables including urine calcium and creatinine (to monitor for hy-
percalciuria associated with hypervitaminosis D) and HbA1c levels.

Laboratory assays

All the analytes were measured at the clinical laboratory of the
Michigan Children’s Hospital. All the chemistry analytes were measured
on Vista 1500. Plasma Insulin was measured using Siemens Immulite
2000. The Insulin assay is a two-site sandwich immunoassay using di-
rect chemiluminescent technology which uses constant amounts of two
antibodies. The first antibody, in the Lite Reagent, is a monoclonal
mouse anti-insulin antibody labeled with acridinium ester. The second
antibody, in the Solid Phase, is a monoclonal mouse anti-insulin anti-
body, which is covalently coupled to paramagnetic particles. The re-
sults were reported in micro-units/ml. Serum 25(OH)D was measured
on Centaur XP using chemiluminescent immunoassay and reported in
nanograms/ml.

HDL, LDL and total cholesterol were measured and reported in mg/
dL. Calcium was measured using dye binding method using spectro-
photometry technique and reported in mg/dL. Urine creatinine was
measured using an enzymatic method.

Statistical procedures

Descriptive statistics were performed to characterize the study
groups. The Kolmogorov-Smirnov test was performed and visual in-
spection of the distribution of the data was conducted for evaluating
normality. Extreme insulin values were observed in 2 patients in the
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treatment group and 1 patient in the control group. Where indicated,
separate analyses with inclusion and exclusion of subjects with extreme
values were performed. Baseline fasting insulin, two-hour insulin,
WBISI, HOMA-IR, and insulin AUC; post-intervention 25(OH)D, fasting
insulin, two-hour insulin, insulin AUC, and triglycerides; and the pre-/
post- difference variables, 25(OH)D, fasting insulin, HOMA-IR, total
cholesterol, and triglycerides were not normally distributed, thus
median and interquartile ranges are presented. Means and standard
deviations (for normally distributed, continuous variables), median and
interquartile range (for non-normally distributed continuous variables),
and frequency (for the categorical variable, gender) were evaluated.
The unpaired sample t-test (for normally distributed variables) and the
Wilcoxon-Mann-Whitney test (for non-normally distributed data) were
used to identify differences between study groups (treatment vs. pla-
cebo); the paired t-test was used to test for baseline versus follow-up
differences within the same study groups. The effect of vitamin D re-
placement upon vitamin D status and the associations of 25OHD with
lipids, HOMA-IR, fasting insulin, and fasting glucose were visualized by
means of spaghetti plots. Partial Pearson correlation analysis was used
to test the associations between follow-up 25(OH)D levels and the
outcome variables across groups, controlling for the baseline outcome
variable being tested. Based on prior studies, a sample size of 30 (15 in
each group) would have a 80% power of detecting a difference between
the two groups [18,19]. To allow for a 15% attrition rate, 44 were
enrolled. All statistical analyses were performed using SAS software
(version 9.2, SAS Institute Inc., Cary NC) and a two-sided P-value of
α=0.05 was considered statistically significant.

Results

A total of 86 patients (100% non Hispanic African Americans) were
enrolled in the ED. Of these, 15 patients were deemed ineligible due to
normal 25(OH)D levels or high hemoglobin A1c levels, nine patients
withdrew after enrollment in the ED and 32 patients were lost to follow-
up (12 of which occurred after randomization). Thus only 30 patients
completed the study entirely. However, one subject from the vitamin D
treatment group did not improve serum 25(OH)D, which instead was
decreased. This subject also did not return used medication vials,
leading to speculation regarding adherence to study protocol, and was
thus removed from the final analysis, leaving a final sample size of 29,
with 14 in the placebo group and 15 in the treatment group. Of the 15
patients in the treatment group, two were enrolled in Winter (13%),
three (20%) in Spring, four (27%) in Summer and six (40%) in Fall. Of
the placebo group participants, two (14%) were enrolled in Winter, 2
(14%) in Spring, four in Summer (28%) and six (42%) in Fall.

The diary detailing the vitamin D intake including study drug, diet
and other sources was recovered in entirety in 20 patients (11 in the
study drug arm). Based on this, the average daily total intake of vitamin
D in the study group was 5,360 ± 2,240 IU versus 125 ± 60.4 IU in
the placebo group.

Baseline and follow-up descriptive characteristics by study group
are shown in the Table 1. There was no statistical difference between
baseline group characteristics. Fig. 1 shows the effect of vitamin D
therapy over the course of the treatment. In both placebo and treatment
groups, the baseline levels of 25(OH)D did not influence the magnitude
of the responses to vitamin D supplementation. Changes of serum vi-
tamin D was significant (p < 0.0001) in the treatment and non-sig-
nificant (p < 0.126) in the placebo groups, while there was no sig-
nificant difference in serum 25(OH)D between these two groups at
baseline (p=0.832).

In the treatment group at the 12-week follow-up, eight patients
were vitamin D sufficient with 25(OH)D levels> 30 ng/ml and seven
patients were insufficient with levels between 20 and 30 ng/ml. None of
the participants had serum 25(OH)D in the toxic range. In the placebo
group at the 12-week follow up, 11 study participants remained defi-
cient with serum 25(OH)D levels of< 20 ng/ml and three participants

were insufficient with 25(OH)D levels of 20–30 ng/ml. None of the
patients developed hypercalciuria and serum calcium levels remained
normal in both groups pre- and post-treatment. It is important to note
that serum 25(OH)D was not in the elevated range for any of the par-
ticipants indicating the safety of the current treatment.

Participants had markedly elevated HOMA-IR at baseline and at
follow-up in both groups (Table 1). There was no significant increase
from baseline in the 12 week fasting insulin, HOMA IR, or lipid levels in
either group.

The associations between 25(OH)D levels and different serum lipids
are shown in Fig. 2. For these measures, in placebo group, the varia-
bility between individuals was more than that in the study group over
the course of the trial. Non-linear associations between these variables
were observed. The effect of 25(OH)D upon lipid outcomes shows that
vitamin D therapy improved serum lipids levels when considering the
levels of all serum lipids as a whole. However, only changes in HDL
were correlated with post-supplementation serum vitamin D status in
our study (r= 0.57, p < 0.027).

Fig. 3 demonstrates the associations of 25(OH)D levels with fasting
glucose, fasting insulin and HOMA-IR. Again these variables were non-
linearly correlated. Our findings revealed that any alteration in HOMA-
IR, an index that includes fasting insulin and fasting glucose levels, was
not significantly correlated with 25(OH)D concentrations following the
trial (r= 0.38, p=0.186). Consistently, in Fig. 3, no relationship was
found between this index and serum vitamin D status.

In the Vitamin D-treated group, follow-up 25(OH)D was positively
correlated with follow-up fasting insulin (r= 0.5, P < 0.05) and HDL
(r= 0.6, P < 0.05) but not HOMA-IR (r= 0.5, P=0.08). BMI did not
influence these associations. These relationships were not observed for
baseline measures (data not shown). In the placebo group, follow-up (or
baseline) 25(OH)D was not correlated with any follow-up insulin- or
lipid-related parameter. Exclusion of subjects with extreme insulin va-
lues did not alter these findings (data not shown).

Discussion

In vitamin D-deficient obese AA children, vitamin D treatment at
50,000 IU per week for 12 weeks significantly improved their serum
25(OH)D levels. However, significant changes in insulin secretion and
sensitivity were not observed in either group. This study is unique in
assessing whether vitamin D repletion may independently improve in-
sulin- and lipid-related parameters short- term in obese AA children
with vitamin D deficiency.

The effect of vitamin D repletion on diabetes risk has been equivocal
across populations [18–22]. The discrepant findings may be explained
by inherent population differences and/or the specific metabolic effect
studied and interpreted. Vitamin D may be most effective for insulin
secretion rather than insulin sensitivity in non-diabetic 25(OH)D defi-
cient obese African Americans. Vitamin D has been shown to be re-
quired for maintenance of normal glucose tolerance and insulin release
in animals and humans [21–24]. Prolonged depletion leads to failure of
insulin secretion which over time becomes irreversible [25]. Similar to
the findings of Harris et al, while fasting insulin values increased with
vitamin D treatment, in our study they remained within the normal
range [19]. This finding could be viewed as adverse in terms of glucose
homeostasis, but within physiological norms, raised insulin may lend
beneficial metabolic effects, further evidenced by an observed decrease
in HDL. Fasting insulin is important for utilization of peripheral tissues
for fasting systemic glucose, largely produced and secreted by the liver.

Even though all the participants in our study had elevated baseline
HOMA-IR, there was no significant improvement with vitamin D re-
pletion. This study adds to the field by demonstrating the lack of effect
of adequate serum 25(OH) D levels on insulin sensitivity. Boucher et al
were the first to report a positive association between 25(OH)D and oral
glucose tolerant test-induced insulin secretion (30min post-OGTT) in
an Asian adult population [21]. Another randomized trial including 61
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pre-diabetics (35-55y) treated with two intramuscular injections of
300,000 units of vitamin D one month apart, showed an increase in
mean HOMA-IR and a decrease in Matsuda index (WBISI) at two
months’ follow-up [26]. Authors hypothesized that this finding was due
to genetic predisposition to insulin resistance which could not be
overcome vitamin D administration. Furthermore, Harris et al, noted
worsening insulin resistance in adult African Americans after treatment
with 4000 IU of vitamin D daily [18].

These reports, in addition to other equivocal studies across diverse
populations varying by life stage, degree of glucose tolerance, and/or
weight status, may explain the lack of perceived benefit of vitamin D
replacement on glycemic control. Prophylaxis may be most important
in certain populations, such as obese AA children with vitamin D de-
ficiency. Change in metabolism associated with improving vitamin D
status may rely on energy delivery and similar to the characteristic
increase in insulin resistance with pubertal progression, perhaps a si-
milar phenomenon occurs. Thus larger randomized controlled studies
are required to determine optimal dose and duration of treatment of AA
children with vitamin D deficiency and insulin resistance.

Although lipid parameters did not differ between groups or from

baseline to follow-up, which is similar to the study by Ponda et al, our
study observed a positive correlation between 25(OH)D and HDL in the
vitamin D-treated group at follow-up [27]. While we did not observe an
increase in triglycerides, there was a marginal correlation between
triglyceride level and 25(OH)D in the placebo group only who did not
increase 25(OH)D levels. It is possible that the duration of 12 weeks was
insufficient to observe significant differences in lipid profile as sug-
gested in some adult literature. Hence more studies may be required to
determine if this trend persists with long-term monitoring in children.

It is important to note that in our study, treatment with high doses
of vitamin D with supplemental calcium for 12 weeks did not result in
hypercalciuria or other adverse effects in any of our patients thus
suggesting safety of this treatment dose and duration in teens.

Limitations

Our study had several limitations. This study included a homo-
genous cohort of obese AA teens. While this lends for insight into this
specific population, findings cannot be extrapolated to other popula-
tions. Further our study sample was limited by significant dropouts and

Table 1
Demographics, baseline and follow up outcome variables of study groups.

Variable Baseline p-value 12-Week p-value p-value p-value

Vitamin D Placebo Between group Vitamin D Placebo Between group Vitamin D
base/12wk

Placebo
base/12wk

Age (years) 15.1 (1.4) 15.3 (1.4) 0.513 n/a n/a
Gender (% female) 86.7 64.3 0.143 n/a n/a
Weight (kg) 101.5 (19.0) 110.5 (26.1) 0.228 n/a n/a
Height (cm) 168.9 (7.9) 168.2 (9.4) 0.974 n/a n/a
BMI (kg/m2) 35.4 (5.1) 38.2 (7.7) 0.211 n/a n/a
HbA1c (%) 5.5 (0.3) 5.6 (0.3) 0.142 n/a n/a
25(OH)D (ng/ml) 12.1 (3.8) 12.4 (3.8) 0.832 32.0 (22.0, 43.0) 13.0 (12.0,

18.0)
0.001 <0.0001 0.126

Fasting insulin (µU/ml) 18.8 (15.5, 37.1) 23.3 (17.4, 40.6) 0.809 23.5 (15.7, 38.1) 23.0 (18.4, 44.4) 0.550 0.747 0.947
Fasting glucose (mg/dl) 82.8 (9.5) 83.4 (8.2) 0.900 84.5 (7.0) 85.3 (9.4) 0.687 0.435 0.567
2 h insulin (µU/ml) 118.9 (52.0,

178.8)
111.5 (44.7,
194.1)

0.892 70.4 (67.3, 110.7) 86.6 (73.0,
108.7)

0.725 0.134 0.609

WBISI (Matsuda Index) 2.0 (1.4, 2.7) 2.4 (1.2, 2.9) 0.574 2.6 (1.3) 2.8 (1.7) 0.744 0.356 0.948
HOMA-IR 5.1 (3.2, 7.4) 4.8 (3.8, 8.5) 0.769 5.2 (2.9, 8.8) 4.6 (3.7, 10.7) 0.471 0.849 0.699
Glucose AUC (mg/

dl× 120min)
104.7 (24.6) 101.5 (16.1) 0.686 105.1 (22.5) 102.5 (18.3) 0.680 0.854 0.977

Insulin AUC (µU/ml× 120min) 146.9 (96.4,
214.0)

141.1 (72.0,
212.2)

0.977 112.5 (75.2,
145.6)

94.6 (71.1,
181.3)

0.556 0.279 0.542

Total cholesterol (mg/dl) 154.1 (24.3) 155.9 (38.5) 0.978 151.4 (27.5) 144.4 (38.4) 0.469 0.278 0.433
HDL (mg/dl) 46.9 (10.2) 41.9 (11.7) 0.188 44.5 (11.0) 41.4 (12.5) 0.414 0.162 0.791
LDL (mg/dl) 203.3 (56.4) 219.5 (60.0) 0.639 215.3 (44.6) 240.9 (77.6) 0.274 0.531 0.094
Triglycerides (mg/dl) 72.9 (28.6) 79.9 (22.3) 0.434 69.0 (49.0, 73.0) 68.0 (52.0, 98.0) 0.462 0.408 0.950

Data are presented as frequency, mean (SD), or median (interquartile range). Bolded values indicate significant difference between groups (P≤ 0.05).

Fig. 1. Spaghetti plot of 25 (OH) D (ng/ml) over the
course of the trial by study groups (placebo and
treatment) for all subjects. Each subject shown as a
separate line. The blue lines represent the average
trend in our data (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 2. Spaghetti plot for the associations of serum 25OHD (ng/ml) with lipids: cholesterol (A), Triglyceride (B), Low-density lipoprotein (LDL) (C) and High-density
lipoprotein (HDL) (D) cholesterols by study groups (placebo and treatment). Each subject shown as a separate line. The blue line represents average trends in our
data. The shaded area depicts the standard error (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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lost to follow-up and it is possible that results may have been impacted
by the lower numbers. In our study, there were significantly more
numbers of females that were randomized than males which may have
contributed to differences in insulin resistance and secretion as well.
Another limitation of the study is lack of adequate daily calcium intake
by the participants. Even though as part of the study participants con-
sumed Tums 500mg daily (equivalent to elemental calcium 200mg
daily), this is well below the recommended daily allowance for calcium.
Further, we did not measure BMI at the 12 week follow up visit, and did
not have a measure of pubertal status. It is possible that BMI and
pubertal changes in 12 weeks may have contributed to insulin re-
sistance and impacted our study results. However, given that all par-
ticipants were both categorized as obese and AA, less variability in body

habitus and maturation by age would be expected.

Conclusion

Improvement of vitamin D levels in obese AA teens led to a positive
correlation between 25(OH)D and fasting insulin which remained
within physiologically normal concentrations, and a positive correla-
tion between 25(OH)D and HDL after 12-weeks. This was not observed
in the placebo group who did not improve vitamin D status.
Improvement in serum 25(OH)D levels may contribute to higher fasting
insulin, but not insulin sensitivity, and seems to also have a beneficial
impact on lipid metabolism. Larger studies are required over a longer
period of time to confirm and explore these findings.

Fig. 3. Spaghetti plot for the associations of serum 25(OH) D (ng/ml) with fasting glucose (A), fasting insulin (B), Homeostatic model assessment for insulin
resistance (HOMA-IR) (C) by study groups (placebo and treatment). Each subject shown as a separate line. The blue line represents average trend in our data. The
shaded area depicts the standard error (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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