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Abstract

We tested the hypothesis that racial differences in vitamin D levels are associated with racial
disparities in insulin resistance between Blacks and Whites. Among 3,628 non-Hispanic Black and
White adults in the National Health and Nutrition Examination Survey (NHANES) from
2001-2006, we examined the association between race and insulin resistance using the
homeostasis assessment model for insulin resistance (HOMA-IR). We conducted analyses with
and without serum 25-hydroxyvitamin D (25[OH] D). We adjusted for age, sex, educational level,
body mass index, waist circumference, physical activity, alcohol intake, smoking, estimated
glomerular filtration rate and urinary albumin/creatinine ratio. Blacks had a lower mean serum
25[0OH] D level compared to Whites (14.6 (0.3) ng/ml versus 25.6 (0.4) ng/ml respectively; P<
0.0001). Blacks had a higher odds ratio (OR) for insulin resistance without controlling for serum
25[0OH] D levels (OR 1.67; 95% confidence interval: 1.26, 2.20). The association was not
significant (OR 1.28; 95% confidence interval: 0.90, 1.82) after accounting for serum 25[OH] D
levels. The higher burden of insulin resistance in Blacks compared to Whites may be partially
mediated by the disparity in serum 25[OH] D levels.
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1. Introduction

Vitamin D inadequacy has been associated with insulin resistance (IR) [1-5] and is
significantly more prevalent and severe in Blacks compared to Whites [6, 7]. Insulin
resistance (IR) is associated with type 2 Diabetes Mellitus (DM)[8] and disproportionately
affects Blacks more than Whites [9]. While vitamin D has been shown to influence skeletal
health[10], some but not all, clinical trial data [4, 11] and cohort studies [2, 12] suggest that
low vitamin D status is also associated with a higher prevalence of adverse extra-skeletal
outcomes such as IR and cardiovascular diseases (CVD). For example, cross-sectional
studies of the National Health and Nutrition Examination Survey (NHANES) suggest an
inverse relationship between vitamin D status and cardiovascular risk factors [13, 14], CVD
[15], and renal dysfunction [16].

The mechanisms by which vitamin D may impact insulin resistance remain controversial. It
has been observed that chronic insulin resistance may be linked to deterioration of
pancreatic B cell function secondary to high insulin secretory demands [17]. Improvement in
pancreatic B cell function has been observed with vitamin D supplementation [18]. It may be
that baseline pancreatic B cell function is a predictor for the potential benefits of vitamin D
supplementation. In a post hoc analysis of a double-blind randomized placebo-controlled
trail, supplementation with vitamin D and calcium of non-diabetic participants with
impaired fasting glucose resulted in a significantly lesser increase in HOMA-IR over 3 years
than in patients with normal fasting glucose [3].

We examined the hypothesis that racial differences in vitamin D levels, as reflected by the
biomarker serum 25-hydroxyvitamin D (25[OH] D), are associated with racial disparities in
the prevalence of IR between Blacks and Whites in the United States.

2. Methods and materials

2.1. Survey Overview

We examined data from the NHANES, 2001-2006. It is a large; federally-supported and
administered cross-sectional survey performed at regular intervals that provide nationally
representative estimates of health and disease in the U.S. population. Details regarding data
collection in NHANES are available elsewhere [19].

2.2. Study participants

Our sample included 3,628 adult participants (20 years and older), for whom fasting plasma
glucose (FPG), fasting serum insulin (FI) and serum 25[OH] D levels were available. We
excluded participants who were taking anti-diabetes drugs or who had a positive urine
pregnancy test result or who reported being pregnant at the time of the examination.

Race and Hispanic ethnicity were assessed by self-report and categorized as non-Hispanic
White, non-Hispanic Black, Mexican American, or other race (other Hispanics, Asians,
Native Americans, or participants who self-reported as more than one race/ethnic group).
Given our focus on the Black-White disparity in IR, we confined our sample to non-
Hispanic Blacks and non-Hispanic Whites.

Age at screening was grouped into categories of 20 to < 35, 35 to < 45, 45 to <55, 55 to <
65, and those = 65 years old. Education was based on the highest-grade level completed
including < high school, high school, and > high school. Smoking status was defined as
never smoked, current smoker, and former smoker. Body mass index (BMI) was determined
based on participants' weight (kg) and height (m) and categorized as < 20; 20 to < 25; 25 to
< 30 and those = 30 kg/mZ2. Waist circumference (cm) was assessed at the high point of the
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iliac crest. Physical activity was based on participant self-report compared to others the
same age, and alcohol was based on mean daily intake (gm/day).

2.3. Biochemical measurements

Serum specimens were frozen to < 70 C, shipped on dry ice and stored at < 70 C. We used
the homeostasis model assessment insulin resistance (HOMA-IR) model to assess IR, which
was calculated using the formula: fasting insulin (UU/L) x fasting glucose (mmol/L])/22.5.
IR was defined based on the weighted 75™ percentile value as previously published [20].

Serum 25[OH] D was measured using a radioimmunoassay kit (DiaSorin, Stillwater, MN).
Although 1,25-dihydroxyvitamin D is the biologically active form of vitamin D, serum
25[0OH] D is considered the best indicator of vitamin D status in individuals without kidney
disease [21]. We grouped serum 25[OH] D into quintiles based on the entire sample
distribution of serum 25[OH] D levels given the potential for nonlinear effects [22]. For
serum 25[OH] D levels, the quintiles were < 15.7 ng/ml, 15.7 ng/ml to < 20.7 ng/ml, 20.7
ng/ml to < 25.1 ng/ml, 25.1 ng/ml to < 31.0 ng/ml, and > 31.0 ng/ml.

FPG and FI levels were measured during the morning examination session only in available
survey participants after fasting for at least 8 hours but less than 24 hours. FPG was
measured enzymatically by the hexokinase method. FI was measured using
radioimmunoassay with the double-antibody batch method (the Merocodia Insulin ELISA
two-site immunoassay was used from 2003 to 2006). Measures of FPG and FI were adjusted
for changes in laboratory methods between 2003 to 2006.

Markers of renal function were considered as possible confounders to our evaluation of the
relationship between race and insulin resistance as relates to serum 25[OH] D levels. Low
vitamin D status has been associated with albuminuria [23] and Blacks have been noted to
be more likely to have albuminuria than Whites [24]. The untimed urinary albumin/
creatinine ratio (ACR) was classified as normal if ACR was < 30 mg/g and abnormal if > 30
mg/g. Participants with estimated glomerular filtration rate (eGFR) < 60 were considered as
having chronic kidney disease. The definition of ACR and chronic kidney disease was based
on the criteria of the National Kidney Foundation [25].

2.4, Statistical analyses

Analyses were conducted with SUDAAN (version 10.01) and Stata (version 10.1, College
Station, TX), adjusting for the complex survey design of NHANES to yield appropriate
standard errors and population parameter estimates. We modeled the Black-White
differences in log odds of IR adjusting for age, sex, educational level, body mass index,
waist circumference, physical activity, alcohol intake, smoking, eGFR and ACR. We then
compared the parameter estimates for Blacks from models that excluded (model 1) and
included serum 25[OH] D (model 2) using the method of Clogg et al [26] as a test for the
hypothesis that vitamin D partly mediates higher IR in Blacks compared to Whites. The
percent attenuation was defined as 100 *(Bmodel 1 — B Model 2)/(B Model 1); Where B is the
parameter estimate for race.

3. Results

Of the 3,628 participants in our final sample, 946 met our criteria for IR. The prevalence of
insulin resistance was higher in non-Hispanic Blacks than Whites (33.0% and 23.8%,
respectively; £<0.001) and men rather than women (28.3% and 23.8%, respectively; P<
0.0001) (not shown in table). The overall mean serum 25[OH] D level was 24.2 (0.4) ng/ml.
Non-Hispanic Blacks had a significantly lower mean level of 14.6 (0.3) ng/ml than Whites
(Table 1). There was a higher proportion of Blacks relative to Whites in the lower quintiles
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of serum 25[OH] D (Figure 1). Supplementary Table 1 shows additional weighted
population characteristics stratified by presence of IR. Most in the sample were White
(87.4%) and there were essentially an equal proportion of men and women (49.0 % and
51.0%, respectively). Forty-eight percent of the sample was younger than 45 years.
Supplementary Table 2 demonstrates the consistent racial group differences in mean serum
25[OH] D levels.

Individuals in the lowest quintile of serum 25[OH] D levels were significantly more likely to
have IR than those in the highest quintile (OR 1.65; 95% confidence interval (Cl): 1.10,
2.47) (Table 2). The odds of IR was statistically significantly higher in Blacks compared to
Whites (OR 1.67; 95% ClI: 1.26, 2.20) in a logistic regression model that included age, sex,
race, education, smoking status, BMI, waist circumference, physical activity, alcohol intake,
eGFR and ACR (Table 2). When serum 25[OH] D levels were controlled for in the model,
the association between IR and Black race was no longer statistically significant (OR 1.28;
95% CI: 0.90, 1.82) (Table 2). Notably, the reduction in the log odds of the race effect after
adjusting for serum 25[OH] D levels was significant (0.27, 95% CI: 0.08, 0.47), confirming
that there was a statistically significant reduction in the odds for Black race to be associated
with IR.

While waist circumference was a significant predictor for IR in our analysis (OR 1.08; 95%
Cl: 1.06, 1.09), a higher BMI was not significant in predicting IR (OR 2.40; 95% CI: 0.72,
7.95) (Table 2). Less active individuals (OR 1.75; 95% ClI: 1.29, 2.37) and men (OR 1.28;
95% ClI: 1.03, 1.58) were more likely to have IR (Table 2).

4. Discussion

To our knowledge, the statistically significant attenuation of IR risk in Blacks compared to
Whites after adjustment for serum 25 [OH] D levels has not been previously described in a
large and nationally representative database. The combination of the findings of increased
odds for IR in the lowest quintile of serum [OH] D compared to the highest quintile, and the
higher proportion of Blacks relative to Whites in the lower quintiles of serum 25 [OH] D
provides a viable explanation for our findings. A much smaller study of 50 women
demonstrated that the lower whole-body insulin sensitivity index noted in Blacks, compared
to Whites, was partially ameliorated by adjusting for serum 25 [OH] D[27]. Our findings are
consistent with other studies that have demonstrated associations between racial differences
in vitamin D levels and racial disparities in cardiovascular risk factors and mortality [15, 28,
29].

Our findings may seem to conflict with another analysis of the NHANES dataset (2001-
2004), which revealed an inverse relationship between the diagnosis of diabetes and serum
25[0OH] D quartiles only for non-Hispanic Whites and Mexican Americans, and not for
Blacks [5]. In that analysis, Blacks had the lowest mean serum 25[OH] D levels of the three
ethnic groups. These contradictory findings most likely reflect the different measures
(diabetes versus IR) and the existence of a complex non-linear relationship between vitamin
D status and insulin resistance that may vary between different racial/ethnic groups.

Adiposity is well documented to be associated with lower vitamin D levels [30-32] and
higher rates of IR [33, 34]. The bioavailability of vitamin D may be diminished in obese
patients because the fat soluble vitamin may be sequestered in adipose tissue to a greater
extent than in non-obese patients [35]. An inverse relationship between vitamin D levels and
adiposity has been described in both White [30, 36, 37] and Black populations [31, 32, 38].
Waist circumference was a significant predictor for IR in our analysis, but BMI was not,
after controlling for the effects of both. Both waist circumference and BMI have previously
been associated with IR [39] and serum 25[OH] D levels [30]. It remains debatable which
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measure of adiposity is the most relevant to insulin resistance for the different racial/ethnic
groups [33]. Waist circumference was used in the definition of metabolic syndrome by the
updated National Cholesterol Education Panel/American Heart Association criteria without
any reference to BMI [34], however, the World Health Organization criteria include the
option of using BMI in their assessment of the presence of metabolic syndrome [40]. The
finding that a sedentary lifestyle increases the risk for IR (Table 2) has been demonstrated
previously [41]. Men were also found to be more likely to have IR in our analysis which is a
finding that has been described before [42] and has been hypothesized to be linked to the
anti-diabetic action of estrogen [43]. Estrogen may influence fat distribution such that males
tend to have greater visceral fat which lends itself to the development of insulin
resistance[44].

The recent Institute of Medicine recommendations on the daily requirements for vitamin D
[45] have generated debate in the scientific community in part because of their position on
the cut-off points for adequate serum 25[OH] D levels. This is an issue of particular
relevance to dark-skinned populations [46] as well as impoverished populations with poor
dietary habits. The non-Hispanic Black population has been documented to have
consistently lower mean serum 25[OH] D levels in relation to other racial/ethnic groups [16,
22, 31, 47-50]. For this reason, the Endocrine Society in their Clinical Practice Guidelines
lists African Americans as high-risk candidates with a need for more vigilant serum 25[OH]
D screening [51].

A limitation of the NHANES dataset is that it uses a proxy index of insulin resistance, the
HOMA-IR, as opposed to the gold standard euglycemic clamp, which measures whole body
insulin resistance. The HOMA-IR is based on fasting measures from peripheral venous
punctures and is a better indicator of hepatic insulin sensitivity [50]. Studies have suggested
that serum 25[OH] D may have different associations with insulin resistance depending on
the technique used [50]. A bias towards the null hypothesis is more likely with the more
crude HOMA-IR measure of insulin resistance. Another limitation is the cross-sectional
nature of the NHANES dataset and therefore cause-effect relationships cannot be established
from these results. It is evident that analyses involving vitamin D levels are subject to
confounding because healthy behaviors such as outdoor activity in the sun and eating
nutritious products will directly lead to higher vitamin D levels. In addition, the NHANES
(2001-2006) dataset is limited by the absence of consistent seasonal data corresponding to
when serum 25[OH] D levels were obtained [19]. Serum 25[OH] D levels are well known to
vary by season (due to variation in UV exposure) [52].

In conclusion, the finding that controlling for racial differences in serum 25[OH] D levels
attenuates the noted racial disparity in IR supports the hypothesis that Blacks may be at
greater risk for insulin resistance by virtue of their tendency to have a lower vitamin D
levels compared to Whites. The results from our study are preliminary and await
confirmation through prospective and interventional designs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cl Confidence interval

DM Diabetes Mellitus

eGFR Estimated Glomerular Filtration Rate

FPG Fasting plasma glucose

FI Fasting serum insulin

HOMA-IR Homeostasis assessment model for insulin resistance
IR Insulin resistance

NHANES National Health and Nutrition Examination Survey
OR Odds ratio

ACR Urinary Albumin/Creatinine Ratio
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Race/Ethnicity

Serum 25[0H] D (ng/mL)

Prevalence of study participants (percent) in each quintile of serum 25[OH] D stratified by
race/ethnicity. Serum 25[OH] D levels were grouped into quintiles based on the entire
sample distribution. For serum 25[OH] D levels, the 15t quintile was < 15.7 ng/ml; 2"d
quintile was 15.7 ng/ml to < 20.7 ng/ml; 3" quintile was 20.7 ng/ml to < 25.1 ng/ml; 4t
quintile was 25.1 ng/ml to < 31.0 ng/ml; and the 5" quintile was > 31.0 ng/ml.
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