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Abstract

Aims/Hypothesis. Vitamin D insufficiency has not been well studied in Native American (NA) children, who are at
risk for obesity and diabetes. The authors examined vitamin D insufficiency and its association with body mass index
(BMI) and insulin resistance. Methods. In a cross-section of NA children 5 to 18 years old (N = 198), anthropometrics,
biomarkers of insulin resistance, and 25-hydroxy-vitamin D concentration [25(OH) vitamin D] were measured.
BMI% and homeostatic model assessment of insulin resistance (HOMA-IR) were calculated. Results. Mean age was
10.8 £ 0.3 years (mean + SEM). Mean serum 25(OH) vitamin D was 7.8 + 0.4 ng/mL and 97% had vitamin D
insufficiency [25(OH) vitamin D <30 ng/mL]. After adjusting for BMI, 25(OH) vitamin D was inversely associated
with HOMA-IR (P < .0001) and several other markers of insulin resistance. Conclusions/Interpretation. Vitamin D
insufficiency was nearly universal in this cohort of NA children and was associated with diabetes and vascular risk

markers. Whether vitamin D supplementation can improve insulin resistance must be studied further.
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Introduction

Vitamin D has been linked to type 2 diabetes risk in youth
and adults."? Vitamin D concentration is also inversely
associated with body mass index (BMI) in most groups
where it has been studied.'” Obese children and adoles-
cents with low vitamin D status may be at risk of develop-
ing impaired glucose metabolism, and 25-hydroxyvitamin
D [serum 25(OH) D] has been independently associated
with both insulin sensitivity and B-cell function among
individuals at risk for type 2 diabetes.”

Vitamin D insufficiency is more common in people
of color*® and among those living at higher latitudes
where sun exposure is reduced during half of the year.
Native Americans (NAs) living in Great Plains states,
who have darker skin color and live at higher latitudes,
would be assumed to be at particular risk, although the
prevalence of vitamin D insufficiency in NA youth liv-
ing in the United States is as yet unknown.

We hypothesized that vitamin D insufficiency is not
only common but also correlates with insulin resistance

and other diabetes risk factors in NA youth. With this
background, we designed a study to determine the prev-
alence of vitamin D insufficiency and its association with
diabetes and vascular risk factors in a community sam-
ple of NA youth living in the Great Plains.

Methods
Study Population
This study was approved by the Institutional Review

Boards of the Aberdeen Area Indian Health Service
(IHS) and the University of Nebraska Medical Center
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(UNMC). All 5- to 18-year-old NA youth who were
eligible to access IHS based on enrollment in a tribe
were eligible to participate in the study. Exclusion crite-
ria included pregnancy or delivery within 6 weeks, active
infection, or illness that could affect weight such as cancer
or malabsorption. No individuals were found to have exclu-
sion criteria at the time of study. Prior diagnosis of dia-
betes was not considered an exclusion criterion because
there was a misperception by some families that the
presence of acanthosis nigricans alone was equivalent to
a diagnosis of diabetes. However, no youth believed to
have type 2 diabetes presented for screening.

Recruitment was performed across a reservation,
located at 43° latitude, year round from April 2006 to
October 2009. Brochures were distributed and educa-
tional events were held at schools, the local grocery
store, the tribal exercise facility, health facilities, and
community events. Interviews in the newspaper and on
the radio were also used to disseminate information
about the program. Youth or their parents then called the
advertised number to request more information or to
schedule a screening.

Study Parameters and Study Visit

Youth were requested to fast from supper the night
before until the morning of their scheduled visit. On or
before the screening day, informed consent from a parent
and assent from the youth were obtained. For eligible youth,
height was measured to the nearest one-eighth inch using
a stadiometer (Seca, Hanover, MD) and weight was mea-
sured using the clinic scale. After the child had been sit-
ting quietly for 5 minutes, blood pressure was measured
using an appropriately sized cuff with the arm at heart
level. Abdominal circumference measurement was taken
twice midway between the lowest rib and the superior
border of the iliac crest twice without clothing, using a
flexible fiberglass tape while the subject was in the stand-
ing position at the end of gentle expiration. Each of the
2 measurements was rounded to the nearest 0.5 cm, and
the average of the values was used.

Body mass index (BMI) was later calculated from
height and weight and BMI percentile-for-age-and-sex
(BMI%) was determined using the Centers for Disease
Control published growth charts. In children and adoles-
cents, BMI varies with age and gender. A given BMI
value is compared against reference charts to obtain a
ranking of BMI percentile-for-age-and-sex. The BMI
percentile indicates the relative position of the child’s
BMI compared with a historical reference population of
children of the same age and gender.®

Blood was drawn for fasting glucose, insulin, lipid
profile, high-sensitivity C-reactive protein (hsCRP), and

25-hydroxy-vitamin D [25(OH) vitamin D]. Each child
was then given Glucola based on their weight (1.75 g/
kg), up to a maximum of 75 g total. Two hours post—
glucose load, another glucose was drawn from all partici-
pants with the exception of 10 youth who were unwilling
or from whom a second sample could not be drawn.

The parent or guardian of each child was asked about
family history of diabetes, and the child’s birth weight,
medical history, vitamin use, medications, recent infec-
tions, and dental health. Separately, youth 12 to 18 years
old were asked these same questions; they were also
asked about their recent physical activity, alcohol, and
smoking habits.

Laboratory Testing

Glucose was measured at the nearby IHS hospital facility
laboratory. Plasma and serum were stored at —20°C for up
to 1 month prior to transport on dry ice to UNMC for assay
for the tests discussed below. Insulin, serum 25(OH) vita-
min D, and hsCRP were assayed in the Clinical Research
Center (CRC) laboratory. Plasma insulin was measured
by radioimmunoassay (Millipore, St Charles, MO) in an
assay with sensitivity of 2 pU/mL and <0.2% cross-
reactivity with pro-insulin (intra-assay and inter-assay
variation were 3.0% and 2.2%, respectively).

Homeostatic model assessment of insulin resistance
(HOMA-IR) was calculated from fasting glucose and
fasting insulin using the following equation: HOMA-IR =
(fasting glucose [mg/dL] x fasting insulin [mU/L])/405.”
Serum 25(OH) vitamin D was assayed using a radioim-
munoassay that positively correlates with mass spec-
trometry and measures both D2 and D3 (DiaSorin,
Stillwater, MN; intra-assay and inter-assay variation
3.4% and 9.6%, respectively). CRP was assayed using a
highly sensitive enzyme-linked immunosorbent assay
(ELISA; Immundiagnostik, Bensheim, Germany; sensi-
tivity = 0.124 ng/mL). Fasting lipids were measured in
The Nebraska Medical Center Clinical laboratory using
standard methodology.

Statistical Analysis

Statistical Analysis Software (version 9.0, SAS Institute,
Cary, NC) was used for all statistical analysis. Descriptive
statistics were calculated for all variables. Comparisons
between age groups and between boys and girls were
performed with the Wilcoxon rank sum test for continu-
ous variables. Spearman correlations were calculated
between 25(OH) vitamin D, BMI%, HOMA-IR, and the
other laboratory testing measurements.
Log-transformation and multiple robust regression®
were used when necessary to satisfy the assumption of
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Table 1. Study Population Characteristics

Characteristic Mean + SEM Median (Range)

N 198

Age (years) 10.8 0.3 11.0 (5,19)

Gender (male %/ 47/53 93 (47)/105 (53)
female %)

BMI percentile-for-age- 777+ 1.7 88.0 (1.0,99.0)
and-sex

Systolic blood pressure 103+0.9 102 (71, 133)
(mm Hg)

Diastolic blood pressure 62.7+0.8 62 (36,92)
(mm Hg)

Abdominal 785+ 1.4 76 (48, 145.5)
circumference (cm)

Fasting glucose (mg/dL) 854+0.7 85 (51,157)

2-hour glucose (mg/dL) 96.1 £2.0 94 (46,323)

Fasting insulin (pU/mL) 226+ 1.8 15 (2,178)

HOMA-IR (>4 4.89 +0.42 3.03 (0.45,45.66)
considered high)

hsCRP (mg/L; <I low, I-3 27+05 1.24 (0.04,70.5)
moderate, >3 high)

25(OH) vitamin D 17.78 £ 0.4 17.0 (6.8,40.0)

(ng/ml)

Abbreviations: SEM, standard error of the mean; BMI, body mass index;
HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-
sensitivity C-reactive protein.

multiple linear regression and minimize the impact of
outliers on the regression estimators. Multiple linear
regression was used to assess the associations of systolic
blood pressures, diastolic blood pressures, log-transformed
triglycerides or log-transformed hsCRP with 25(OH)
vitamin D adjusting for the effects of BMI%. Multiple
robust regression was used to assess associations between
log-transformed fasting glucose, log-transformed 2-hour
glucose, log-transformed fasting insulin, and log-
transformed HOMA-IR with 25(OH) vitamin D con-
trolling for BMI1%.

Results

The demographic characteristics of the study population
are shown in Table 1. Mean age (:SEM) was 10.8 years
(£0.3). The mean BMI% was 78th percentile (£1.7), and
54.6% of participants had BMI% >85%. Mean abdomi-
nal circumference was 78.5 cm (£1.4). Vitamin D insuf-
ficiency, defined as 25(OH) vitamin D <30 ng/mL, was
observed in 97%, with mean 25(OH) vitamin D of 17.8 +
0.4 ng/mL. A significant proportion (38.9%) had more
severe vitamin D deficiency, defined as 25(OH) vitamin
D <16 ng/mL.

The prevalence of vitamin D insufficiency (serum 25(OH)
vitamin D <30 ng/mL) was not different between warm
months (April-September) and cold (October-March)
months (98.7% vs 96.0%, respectively; P = .42),

although the prevalence of vitamin D deficiency
[25(0OH) vitamin D <16 ng/mL] was greater in cold
(58.1%) than in warm months (27.4%; P < .0001). As a
result, median 25(OH) vitamin D was lower in cold than
warm months (14.5 vs 18.9 ng/mL; P < .0001). Only
14/192 (7%) of the parents stated their child was taking
vitamins of any kind.

25(0OH) vitamin D was lower in girls than boys
(median: 16.6 vs 18.4 ng/mL; P=.02). Levels of 25(OH)
vitamin D were also lower in older participants (12- to
18-year-olds: median 15.7 ng/mL; P = .002) compared
with younger participants (5- to 11-year-olds: median
18.0 ng/mL).

Serum levels of 25(OH) vitamin D correlated with
multiple biomarkers of diabetes risk (see Figure 1).
Serum 25(OH) vitamin D was negatively correlated
with BMI% (Figure 1A; P = .003). This correlation
existed in the group as a whole and was also seen in
males and females (both Ps =.02), as well as in younger
(5- to 11-year-olds: P =.02) and older participants (12-
to 18-year-olds: P=.01). Serum 25(OH) vitamin D con-
centration was also negatively correlated with fasting
(Figure 1B; P = .01) and 2-hour glucose (P = .0008).
Figures 1C and 1D show the negative correlation between
25(0OH) vitamin D concentration and fasting insulin (P <
.0001), and HOMA-IR (P < .0001). Level of 25(OH)
vitamin D was inversely correlated with triglycerides
(P < .0001; Figure 1E) and positively correlated with
high-density lipoprotein (HDL; P =.04; data not shown).
Serum 25(OH) vitamin D was also negatively correlated
with hsCRP (P = .007; Figure 1F), as well as both sys-
tolic and diastolic blood pressure (P < .0001 for both;
data not shown). There was no significant correlation
between 25(OH) vitamin D and total cholesterol or low-
density lipoprotein.

After adjusting for BMI%, 25(OH) vitamin D was
inversely associated with log-transformed HOMA-IR
(P <.0001), log-transformed fasting glucose (P = .005)
and 2-hour glucose (P = .007), log-transformed fasting
insulin (P < .0001), log-transformed triglycerides (P =
.0009), systolic (P = .002) and diastolic (P = .0001)
blood pressures (see Table 2).

Discussion

Vitamin D deficiency is recognized as being common in
many populations, but this is the first study to evaluate
the prevalence of vitamin D insufficiency and its poten-
tial consequences in NA children. More than 95% of
those we screened had a vitamin D concentration <30
ng/mL. Similarly, vitamin D concentration was <75
nmol/L (equivalent to 30 ng/mL) in >95% of French
Canadian children who live at an even higher latitude."
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Figure |.Vitamin D and diabetes and cardiovascular disease risk factors
Correlation between 25-hydroxy-vitamin D [25(OH) vitamin D] and body mass index (BMI) percentile-for-age-and-sex (BMI%) is shown in
Figure IA (r=-0.21,P =.003).Vitamin D was positively correlated with fasting and 2-hour glucose (Figure IB;r=0.18,P =.01 and r =-0.24,
P =.0008, respectively). Figure | C shows the correlation between 25(OH) vitamin D and fasting insulin (r = —0.39, P < .0001). Figure 1D shows
a negative correlation between 25(OH) vitamin D and homeostatic model assessment of insulin resistance (HOMA-IR; r = -0.4, P < .0001).
Figures |E and |F show the correlation between 25(OH) vitamin D and triglycerides (r = —0.28, P < .0001) and high-sensitivity C-reactive
protein (hsCRP;r =—0.19, P = .007), respectively.

Downloaded from cpj.sagepub.com at Selcuk Universitesi on February 8, 2015


http://cpj.sagepub.com/

150 Clinical Pediatrics 51(2)
Table 2. BMI% Adjusted Association of 25(OH) Vitamin D With Biomarker Measurements®
95% Confidence Limits for

Coefficient
Outcome Coefficient Lower Upper P
Log 0-hour glucose —0.0036 —0.0061 —0.0011 .0045
Log 2-hour glucose —0.0082 —0.0142 —0.0023 .007
Log fasting insulin —0.046 —0.063 —0.029 <.0001
Log HOMA-IR —0.048 —0.066 —-0.03 <.0001
Log triglycerides —-0.02007 -0.03179 —0.00835 .0009
Log hsCRP —0.01853 —0.05174 0.01468 2725
Diastolic blood pressure —0.49792 —-0.75091 —0.24493 .0001
Systolic blood pressure —-0.49787 —0.80428 —0.19147 .0016
Log HDL 0.00421 —0.00193 0.01035 .1783

Abbreviations: BMI, body mass index; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein;

HDL, high-density lipoprotein.
°P values <.05 are considered statistically significant.

Although elevated BMI was common (53.7% of par-
ticipants had a BMI% >85%), it was not as common as
vitamin D insufficiency in this sample.

Although the frequency of vitamin D insufficiency
was the same throughout the year, the frequency of the
more severe vitamin D deficiency [25(OH) vitamin D
<16 ng/mL] was higher in cold months (September-
March) than in warm months (April-August). Vitamin
D concentration was also lower in girls than in boys in
our cohort, as reported in the third National Health and
Nutrition Examination Survey (NHANES III).”

The causes for vitamin D insufficiency are frequently
discussed. Vitamin D is acquired, in part, through expo-
sure to the sun. As youth and adults are encouraged to
use sun-blocking agents and spend more time indoors, it
is not surprising that vitamin D insufficiency is com-
mon. In winter months, particularly at higher latitudes,
sun exposure is even less common. Finally, dark skin
pigmentation alone is recognized to result in lower vita-
min D for the same amount of sun exposure. Some have
postulated a role for obesity, as well."*

Whether vitamin D deficiency is a cause or an effect
of obesity is still debated. In this cohort, vitamin D was
not only inversely correlated with obesity (in the form of
BMI%) but with many other type 2 diabetes risk factors
as well: fasting and 2-hour glucose, HOMA-IR, triglyc-
erides, hsCRP, and blood pressure. Additionally, vita-
min D was positively correlated with HDL, which is
also linked to insulin resistance.

Whereas this is the first study to evaluate these rela-
tionships in NA youth, others have observed similar
relationships in children in other racial and ethnic
groups. In 2009, Reis et al'' demonstrated that low serum
vitamin D was strongly associated with hypertension,

hyperglycemia, and metabolic syndrome in a multieth-
nic sample of US adolescents.

While increased blood pressure can be linked to BMI
alone, another mechanism may include the association
between low vitamin D and elevations in parathyroid
hormone, which can more directly cause elevations in
blood pressure.' In our cohort, vitamin D was inversely
associated with systolic and diastolic blood pressures,
even after adjusting for BMI1%. This is consistent with
prior studies, which have demonstrated a relationship
between vitamin D and systolic and diastolic blood
pressures in adults and children.'*"

Inflammation, as indicated by elevations in inflamma-
tory cytokines, is also recognized to correlate with diabe-
tes risk and contributes to insulin resistance. However,
vitamin D is known to reduce inflammation, and low
vitamin D states are associated with more infections.'®
Whether vitamin D supplementation improves inflamma-
tion and, in turn, insulin resistance is as yet unknown.

The optimal dosing of vitamin D for prevention of dia-
betes or cardiovascular disease is currently unknown.'”'®
Current recommendations for vitamin D intake were
developed with skeletal health outcomes in mind, and
available evidence is inconsistent and insufficient for the
development of the dietary reference intake with regards to
nonskeletal outcomes. A recent Institute of Medicine
report recognized the need for more studies to evaluate the
optimal vitamin D concentration and the value of higher
dose supplements with regard to nonskeletal outcomes."”

Recommendations regarding vitamin D dosing are
varied. In the United States, assuming minimal sun
exposure, the estimated average requirement (EAR) of
vitamin D for individuals older than 1 year is 400 [U/d,
and the recommended daily allowance (RDA) is 600
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1U/d for those aged 1 to 70 years and 800 IU/d for those
71 years and older. These values correspond to serum
25(0OH) vitamin D levels of 16 ng/mL (40 nmol/L) for
EARs and 20 ng/mL (50 nmol/L) or more for RDAs.*
The American Academy of Pediatrics currently recom-
mends that all infants and children, including adoles-
cents, have a daily intake of 400 IU of vitamin D beginning
soon after birth.”! The Canadian Paediatric Society rec-
ommends 400 [U/d in summer, fall, and spring and 800
1U/d of vitamin D for breastfed infants during the winter
months and 800 IU/d in winter for their Native chil-
dren.”? Currently, US recommendations for vitamin D
intake do not consider obesity, skin pigmentation, or the
effects of season or geography.

Whereas optimal serum concentrations and dosing
for nonskeletal outcomes are unknown, and vitamin D
replacement is one way to improve serum vitamin D
concentration, it is not recommended that healthy chil-
dren and youth take a daily multivitamin unless they are
at nutritional risk, for example, deprived, low-income
family, obesity, or vegetarian diets.” Obesity and low
socioeconomic status contribute to nutritional risk for
many NA children, yet the national IHS formulary
includes only one multivitamin, and it contains 400 1U
of vitamin D3.*

Very few children/youth in our sample (7.7%) were
taking a vitamin or any supplement on a regular basis.
This low frequency of dietary supplementation is a direct
contrast to a recent NHANES analysis showing that
between 1999 and 2004, approximately 34% of children
between the ages of 2 and 17 years had used vitamin and
mineral supplements in the previous month.”

Although the existence of a relationship between vita-
min D deficiency and obesity is apparent, the mechanism
leading to it is not. Fat tissue is a storage site for vitamin
D, and thus it has been hypothesized that with increasing
adiposity, more vitamin D is sequestered in fat, leading to
lower serum levels.”**” However, as vitamin D deficiency
symptoms, including muscle weakness, myalgias, and
arthralgias, may be gradual and vague, vitamin D defi-
ciency may discourage physical activity and/or encourage
eating behavior, as well, and thus lead to obesity.28

Studies suggest that vitamin D supplementation may
reduce diabetes risk. In nondiabetic animal models,
pharmacological doses of 1,25-dihydroxyvitamin D, or
its structural analogues, have been shown to delay the
onset of diabetes, mainly through immune modula-
tion.””*° Additionally, in a few small, short-term human
studies, vitamin D supplementation appears to improve
insulin resistance and weight loss.'®*’*! Achieving a
normal vitamin D concentration may require more than
twice as much vitamin D in obese preadolescent chil-
dren with vitamin D deficiency as in their nonobese

counterparts.”> Thus, studies focused on individuals
most at risk for diabetes, by virtue of their weight status,
must consider optimal dosing of vitamin D for individu-
als with more adipose tissue. Additional human stud-
ies of how vitamin D impacts glucose metabolism, how
vitamin D deficiency may contribute to insulin resis-
tance and optimal dosing of vitamin D to achieve ade-
quate levels in individuals with increased adiposity are
warranted.

Conclusions

In this first study of vitamin D in NA youth, vitamin D
insufficiency was nearly universal in a sample of Great
Plains NA youth. Vitamin D was also negatively corre-
lated with multiple markers of future diabetes and vas-
cular risk: BMI percentile, fasting and postprandial
glucose, fasting insulin, triglycerides, hsCRP, systolic
and diastolic blood pressure, and insulin resistance.
Vitamin D was also positively associated with HDL,
which protects against vascular risk.

Although there may be multiple mechanisms for
vitamin D deficiency in this population, greater fre-
quency of vitamin D supplements would be a first step
in improving vitamin D concentration in NA children.
Further studies are needed to determine the potential
metabolic benefits and optimal dosing of vitamin D sup-
plementation on this high-risk group.
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