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Context: Inverse associations are reported between circulating 25-hydroxyvitamin D and visceral
adiposity. The effects of vitamin D levels on atherosclerosis are unknown.

Obijective: The objective of this study was to test for relationships between vitamin D, adiposity,
bone density, and atherosclerosis in African-Americans.

Design: Circulating 25-hydroxyvitamin D, 1,25 dihydroxyvitamin D, intact PTH, C-reactive protein
and computed tomography-derived calcified atherosclerotic plaque (CP), bone density, and fat
volumes were measured.

Setting: Examinations were performed at a single outpatient general clinical research center visit.

Subjects: Three hundred forty African-Americans with type 2 diabetes were evaluated. Mean *+ SD
age was 55.6 + 9.6 yr, diabetes duration 10.6 = 8.3 yr, glomerular filtration rate 1.6 = 0.5 ml/sec,
body mass index 35.6 + 8.7 kg/m?, and 25-hydroxyvitamin D concentration 50.4 + 30.5 nmol/liter.

Main Outcome Measure: Biomarkers were tested for association with pericardial, visceral, im, and
sc adipose tissues; thoracic and lumbar vertebral bone density; and aorta, coronary, and carotid
artery CP.

Results: Adjusting for age, gender, body mass index, glycosylated hemoglobin, and glomerular
filtration rate, 25-hydroxyvitamin D was negatively associated with visceral adiposity (P = 0.009)
and positively associated with carotid artery CP and aorta CP (P = 0.013 and 0.014, respectively) but
not with coronary artery CP or bone density.

Conclusions: We confirmed an inverse association between vitamin D and visceral adiposity in
African-Americans with diabetes. In addition, positive associations exist between 25-hydroxyvita-
min D and aorta and carotid artery CP in African-Americans. The effects of supplementing vitamin
D to raise the serum 25-hydroxyvitamin D level on atherosclerosis in African-Americans are un-
known. Prospective trials are needed to determine the cardiovascular effects of supplemental
vitamin D in this ethnic group. (J Clin Endocrinol Metab 95: 1076-1083, 2010)
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arked ethnic differences exist in bone metabolism
M and development of calcified atherosclerotic plaque
(CP). Relative to European-Americans, African-Americans
have lower rates of osteoporosis (despite ingesting less di-
etary calcium), form fewer calcium-containing kidney stones
and manifest skeletal resistance to PTH (1-3). Systemic dif-
ferences in regulation of calcium and phosphorus appear to
be involved (4). Related phenomena may include the mark-
edly lower amounts of calcified CP in African-Americans,
despite the presence of more severe conventional cardiovas-
cular disease risk factors (5-9). Together these observations
suggest biologically mediated ethnic differences in the regu-
lation of bone and vascular health.

Vitamin D is critically important for absorption of dietary
calcium and phosphorus in the gastrointestinal tract to main-
tain bone health. Vitamin D receptors are also present on
heart, stomach, liver, brain, skin, pancreatic islets (8 cells),
thyroid, parathyroid, adrenal gland, and immune cells (10),
and low vitamin D levels have been associated with diabetes
(11,12), inflammation (13), hypertension (14-17), and sub-
clinical atherosclerosis (18). Low levels of vitamin D are far
more common in African-Americans than European-Amer-
icans (19-21), and supplementation is typically recom-
mended in those with 25-hydroxyvitamin D levels less than
74.9 nmol/liter (30 ng/ml) (22). Low levels of 25-hydroxyvi-
tamin D are associated with increased mortality in predom-
inantly non-African-derived populations (23).

Inverse relationships between bone density and CP have
been observed in predominantly European-derived popula-
tions (24-29). Inverse relationships have also been observed
between visceral adiposity and vitamin D in Europeans (30)
and more recently in African-Americans and Hispanics (31,
32). It remains unclear whether circulating vitamin D levels
relate to bone density or CP in African-derived populations.
The African American-Diabetes Heart Study is exploring the
inherited and environmental causes of CP in African-Amer-
icans with longstanding type 2 diabetes mellitus and pre-
served kidney function. We measured circulating forms of
vitamin D, highly sensitive C-reactive protein (hsCRP) and
intact PTH as well as determined regional adipose tissue vol-
umes, CP, and thoracic and lumbar vertebral bone density
using computed tomography (CT). Relationships between
organ-specific adipose tissue and vascular CP with vitamin
D, CRP, and intact PTH were assessed.

Subjects and Methods

Study populations

African-Americans with type 2 diabetes recruited in the Af-
rican American-Diabetes Heart Study formed the study popu-
lation. Diabetes was diagnosed after the age of 30 yr in the ab-
sence of historical evidence of ketoacidosis. Subjects who

jcem.endojournals.org 1077

underwent prior coronary artery bypass surgery or carotid end-
arterectomy had that vascular bed excluded from analysis be-
cause it was felt that the CP in the relevant arteries would be
impacted by these procedures. Participants with prior myocar-
dial infarction or stroke were included. The study was approved
by the Institutional Review Board at the Wake Forest University
School of Medicine, and all participants provided written in-
formed consent.

Examinations were conducted in the General Clinical Re-
search Center of the Wake Forest University School of Medicine
and included interviews for medical history, current medications
and health behaviors, measurements of body size, resting blood
pressure, 12-lead electrocardiogram, fasting blood draw, and
spot urine collection. Laboratory assays included urine albumin
and creatinine, total cholesterol, low-density lipoprotein, high-
density lipoprotein, triglycerides, hemoglobin Alc (HbA,.),
hsCRP, blood urea nitrogen, serum glucose, creatinine, albumin,
calcium, phosphorus, 25-hydroxyvitamin D, 1,25 dihydroxyvi-
tamin D, and intact PTH. The vitamin D assays were developed
and performance characteristics determined by Quest Diagnos-
tics Nichols Institute (San Juan Capistrano, CA). The 25-hy-
droxyvitamin D assay was performed using liquid chromatog-
raphy tandem mass spectroscopy and a radioreceptor assay was
used for 1,25 dihydroxyvitamin D. Intra- and interassay coeffi-
cients of variation for 25-hydroxyvitamin D are: (low control =
49.9-62.4 nmol/liter; medium control = 112.3-137.3 nmol/
liter; high control = 237.1-262.1 nmol/liter; acceptance =15%),
interassay, low = 9.7% (D2), 13.5% (D3); medium = 11.6%
(D2), 10.7% (D3); high = 8.8% (D2), 8.4% (D3); and intraas-
say, low = 9.0% (D2), 11.2% (D3); medium = 6.9% (D2),7.5%
(D3); high = 8.1% (D2), 8.5% (D3). Intra- and interassay co-
efficients of variation for 1,25 dihydroxyvitamin D are: (low
control = 65-91 pmol/liter; medium control = 143-169 pmol/
liter; high control = 286-338 pmol/liter); results were: interas-
say, low = 19% (D2), 13% (D3); medium = 17% (D2), 10%
(D3); high = 11% (D2), 6% (D3) and intraassay, low = 15%
(D2), 7% (D3); medium = 13% (D2), 10% (D3); and high =
11% (D2), 7% (D3). Modification of Diet in Renal Disease es-
timated glomerular filtration rates (GFRs) were computed (33).
History of cardiovascular disease was provided by participant
self-report.

Vascular imaging

Calcified atherosclerotic plaque was measured in the coro-
nary, carotid, and infrarenal abdominal aorta arteries with single
and multidetector CT systems using a standard electrocardio-
gram-gated CT scanning protocol based on those currently im-
plemented in the National Heart, Lung, and Blood Institute’s
Multi-Ethnic Study of Atherosclerosis (MESA) (34). The calcium
mass score (SmartScore; General Electric Healthcare, Wauke-
sha, WI), accounting for the volume and density of CP on a
pixel-by-pixel basis and highly correlated with the standard Ag-
atston score using a 90 Hounsfield unit threshold, 0.5 mm? min-
imum lesion size (two adjacent pixels) was used for compara-
bility between vascular territories.

Adipose tissue imaging

Pericardial adipose tissue (PAT) and visceral adipose tissue
(VAT) were measured from volumetric CT acquisitions to reduce
variability related to slice location using the Volume Analysis
software (Advantage Windows Workstation, GE Healthcare)
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and a threshold of —190 to —30 as the definitions of fat con-
taining tissue. PAT is the combined adipose tissue superficial
(paracardial) and deep (epicardial) to the pericardium; however,
the pericardium extends superiorly to encase the great vessels
and inferiorly borders the diaphragm (35). Our methods for
measuring PAT segments a volume for measurement that cov-
ers 45 mm in length along the z-axis (cephalocaudad) of the
individual based on origin of the left main coronary such that
it extends 15 mm above and 30 mm below. This PAT volume
includes the majority of the coronary arteries and myocar-
dium and excludes PAT located superiorly around the aorta
and pulmonary arteries and adjacent to the abdomen, as re-
ported (36).

In the abdomen, VAT, sc adipose tissue (SAT), and intermus-
cular adipose tissue (IMAT) were measured on abdominal CT
scans with technical factors: helical mode, 120 kVp, 250 mA, 4 X
2.5 mm collimation, standard reconstruction kernel, and a dis-
play field of view of 500 mm. The landmark for analysis was the
first lumbar disk above the lumbar-sacrum junction, most com-
monly designated as L4-L5. A volume 15 mm in z-axis length of
the abdomen was segmented for the sc, abdominal wall, and
intraabdominal compartments. VAT was defined as the fat con-
taining pixels located within the abdominal cavity, SAT was
defined as the fat containing pixels between the skin surface and
lean tissue of the abdominal wall, and IMAT was measured
within the abdominal wall and paraspinal muscles. Studies in
human cadavers revealed that the area measured by CT is an
accurate estimate of VAT, SAT, and IMAT volume.

Bone imaging

Quantitative CT for volumetric trabecular bone mineral den-
sity (BMDj; milligrams per cubic centimeter) of the thoracic and
lumbar vertebrae were measured using images obtained for CP
in the coronary and abdominal aorta, including an external cal-
ibration phantom as in previous reports. Detailed descriptions
have been published (37).
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Statistical methods

Generalized linear models were fitted to test for associations
between circulating 25-hydroxyvitamin D, 1,25 dihydroxyvita-
min D, hsCRP, and intact PTH treated separately as predictors
with PAT, VAT, IMAT, and SAT; thoracic and lumbar vertebral
BMD; and aorta, coronary, and carotid artery CP (38). The Box-
Cox method was applied to identify the appropriate transfor-
mation of each outcome variable that would best approximate
the distributional assumptions of conditional normality and ho-
mogeneity of variance of the residuals (39). The natural log of
(coronary CP+1), (carotid CP+1), (aorta CP+1), (IMAT+1),
(PAT+1), (urine albumin to creatinine ratio+1), and (thoracic
BMD+1) as well as the square root of (VAT) and (lumbar BMD)
were analyzed. There was no need to transform GFR and SAT.
Before these transformations, observed values of aorta, carotid, and
coronary CP exceeding the 95th percentile were winsorized at their
95th percentile. Analyses were run without adjustment, adjusting
for age and gender and adjusting for age, gender, body mass index,
GFR, and HBA, .. Because the adjustments did not affect the pa-
rameter estimates significantly, we show only results obtained using
the fully adjusted model. Standard regression diagnostics for col-
linearity and influence were computed for each model reported.

Results

The study population consisted of 340 unrelated African-
Americans with type 2 diabetes mellitus. Demographic
characteristics of the 140 men and 200 women are listed
in Table 1. Two participants had undergone carotid end-
arterectomy and 17 coronary artery bypass surgery; these
19 vascular beds were excluded from analysis. Table 2
contains all laboratory results. Participants had mean = sp
25-hydroxyvitamin D 50.4 * 30.5 nmol/liter; 1,25 dihy-

TABLE 1. Demographic characteristics of African American-Diabetes Heart Study participants

Female Male All
Variable (n = 200) (n = 140) (n = 340)
Age (yr)
Mean sb 55.1 9.1 56.3 10.4 55.6 9.6
Median 54.0 55.0 55.0
Diabetes duration (yr)
Mean sb 10.2 7.2 1.1 9.6 10.6 8.3
Median 8.0 9.0 8.0
Body mass index (kg/m?)
Mean sb 37.9 9.2 32.5 7.0 35.6 8.7
Median 36.7 31.1 33.8
Systolic BP (mm Hg)
Mean sb 133.3 20.2 132.9 17.8 133.1 19.2
Median 130.0 132.0 132.0
Diastolic BP (mm Hg)
Mean sb 76.1 11.8 78.3 10.9 77.0 11.5
Median 76.0 78.5 77.0
Lipid medications
n (%) 112 (57.4%) 72 (52.2%) 184 (55.2%)
Smoking
Never (%) 100 (50%) 46 (32.4%) 146 (42.7%)
Former (%) 58 (29%) 60 (42.3%) 118 (34.5%)
Current (%) 42 (21%) 36 (25.3%) 22 (22.8%)

BP, Blood pressure.
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TABLE 2. Laboratory characteristics, by gender
Male Female Combined
Variable Mean SD Median Mean SD Median Mean SD Median
Coronary CP mass score 907.0 1717.0 136.257 461.0 1295.0 20.3 642.3 1495.0 40.8
Coronary CP score 109 (79.6%) 147 (77.4%) 256 (78.3)
greater than 0%
Carotid CP mass score 268.4 786.9 12° 137.8 398.5 0.0 192.3 594.7 3.0
Carotid CP score greater 84 (61%) 93 (49.0%) 177 (54.1%)
than 0%
Aorta CP mass score 7561.6 13720.7 1343.0 4881.6 8421.7 724.0 6007.9 11025.5 1084.5
Aorta CP score greater 111 (81.0%) 152 (80.4%) 263 (80.7%)
than 0%
GFR (ml/sec) 1.6 0.5 1.5 1.6 0.5 1.2 1.6 0.5 1.2
Urine albumin: creatinine 20.3 64.5 2.9 20.4 75.4 1.6 204 70.9 2.0
(mg/mmol)
Serum creatinine 83.9 229 76.37 68.6 15.3 61.0 68.6 229 68.6
(m mol/liter)
C-reactive protein 9.1 13.4 3.8° 15.3 26.4 6.9 12.7 22.1 5.7
(mg/liter)
Fasting blood sugar 9.0 3.9 8.0 8.2 3.4 7.3 8.5 3.6 7.5
(mmol/liter)
HDL cholesterol 1.1 0.3 1.1° 1.3 0.3 1.2 1.2 0.3 1.2
(mmol/liter)
LDL cholesterol 2.7 1.0 2.6 29 1.0 2.6 2.8 1.0 2.6
(mmol/liter)
Triglycerides (mmol/liter) 1.6 2.3 1.2 1.4 1.1 1.1 1.5 1.7 1.1
HbA,, proportion of 0.1 0.0 0.1 0.1 0.0 0.1 0.1 0.0 0.1
total
Visceral adipose 175.6 83.7 164.2 179.4 66.0 170.5 177.8 73.9 168.5
(cm? per 15 mm)
Pericardial adipose 21.0 860.4 87.8 86.6 34.5 82.9 59.1 557.6 83.3
(cm? per 45 mm)
Subcutaneous adipose 341.8 162.6 323.3 512.3 172.8 490.8 440.8 188.3 423.0
(cm? per 15 mm)
Intermuscular adipose 9.4 6.4 7.9 11.7 8.8 9.4 10.8 8.0 8.6
(cm? per 15 mm)
Lumbar BMD (mg/cm?) 174.4 44.6 174.6 184.4 50.0 183.8 180.1 47.9 177.6
Thoracic BMD (mg/cm3) 197.6 48.7 197.4 212.3 55.4 207.4 206.2 53.1 204.7
25-Hydroxyvitamin D 49.2 26.7 449 51.4 32.7 39.9 50.4 30.5 437
(nmol/liter)©
1,25 dihydroxyvitamin D 119.9 45.0 111.8 129.0 46.8 124.8 125.3 46.3 119.6
(pmol/liter)©
Intact PTH (ng/liter) 55.7 34.8 49.0 63.6 29.2 53.5 60.3 32.8 52.0
Serum calcium 2.4 0.1 2.4 2.4 0.1 2.4 2.4 0.1 2.4
(mmol/liter)
Serum phosphorus 1.1 0.2 1.19 1.2 0.2 1.2 1.1 0.2 1.2
(mmol/liter)

HDL, High-density lipoprotein; LDL, low-density lipoprotein.

@ P < 0.01 for gender comparison; © P < 0.05 for gender comparison; € normal ranges for 25-hydroxyvitamin D greater than 75 nmol/liter; 1,25

dihydroxyvitamin D = 47-187 pmols/liter; intact PTH = 15-72 ng/liter.

droxyvitamin D 125.3 = 46.3 pmol/liter; intact PTH
60.3 = 32.8 ng/liter; serum calcium 2.4 = 0.1 mmol/liter;
phosphorus 1.1 = 0.2 mmol/liter; and Modification of
Diet in Renal Disease equation estimated GFR 1.6 = 0.5
ml/sec. Among participants, 80 (23.5%) reported taking a
multivitamin and 13 (3.8%) took vitamin D and/or cal-
cium supplements.

Table 3 contains the results of analyses comparing
relationships between vitamin D levels, intact PTH, and

hsCRP vs. organ-specific adipose tissue volume. In the
fully adjusted model (age, gender, body mass index,
HbA, ., and GFR adjusted), a negative association was
observed between 25-hydroxyvitamin D and VAT (P =
0.009); similar relationships were seen in men and
women (P = 0.046 and 0.039, respectively, data not
shown). In addition, nonsignificant trends toward a
negative relationship between 25-hydroxyvitamin D
with SAT (P = 0.153) and IMAT (P = 0.083) were
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TABLE 3. Vitamin D, intact PTH, CRP, and
organ-specific adipose tissue volume

Parameter
Tissue estimate SE P value

25-Hydroxyvitamin D

Visceral —0.031 0.012 0.009

Pericardial —0.002 0.002 0.195

Subcutaneous —-0.894 0.624 0.153

Intermuscular —0.005 0.003 0.083
1,25 Dihydroxyvitamin D

Visceral —0.007 0.008 0.425

Pericardial 0.0002 0.001 0.862

Subcutaneous 0.301 0.425 0.48

Intermuscular 0.0004 0.002 0.829
Intact PTH

Visceral 0.008 0.004 0.077

Pericardial 0.0004 0.001 0.523

Subcutaneous 0.238 0.227 0.297

Intermuscular 0.001 0.001 0.464
C-reactive protein

Visceral 0.053 0.066 0.431

Pericardial 0.016 0.011 0.135

Subcutaneous 4.089 3.442 0.236

Intermuscular 0.036 0.015 0.015

observed. Serum hsCRP was positively associated with
IMAT (P = 0.015).

Table 4 contains results of association analyses be-
tween vitamin D, intact PTH, and CRP with vertebral
bone density and aorta, coronary and carotid artery CP.
25-Hydroxyvitamin D was positively associated with
both carotid artery CPand aorta CP (P = 0.013and 0.014,

TABLE 4. Vitamin D, PTH, and CRP associations with
bone density and calcified plaque

Parameter
estimate SE P value
25-Hydroxyvitamin D
Lumbar BMD —0.006 0.008 0.439
Thoracic BMD -0.213 0.233 0.362
Coronary CP 0.016 0.013 0.204
Carotid CP 0.028 0.011 0.013
Aorta CP 0.036 0.015 0.014
1,25 Dihydroxyvitamin D
Lumbar BMD -0.010 0.005 0.047
Thoracic BMD —0.281 0.162 0.083
Coronary CP —0.013 0.009 0.144
Carotid CP —0.005 0.008 0.551
Aorta CP —0.002 0.010 0.819
Intact PTH
Lumbar BMD —0.003 0.003 0.290
Thoracic BMD —0.024 0.086 0.776
Coronary CP —0.0002 0.005 0.972
Carotid CP —0.005 0.004 0.263
Aorta CP —0.001 0.005 0.835
C-reactive protein
Lumbar BMD —0.002 0.460 0.970
Thoracic BMD —1.668 1.334 0.212
Coronary CP —0.0007 0.074 0.993
Carotid CP 0.05 0.068 0.461
Aorta CP 0.046 0.085 0.591
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respectively) but not bone density or coronary artery
CP. These associations are presented graphically in Fig.
1. A negative association was detected between 1,25
dihydroxyvitamin D and lumbar bone density (P =
0.047), and a trend was observed for negative associa-
tion between 1,25 dihydroxyvitamin D and thoracic
bone density (P = 0.083).

Discussion

The present study evaluated African-Americans with type
2 diabetes for association between circulating vitamin D
and quantitative measures of CP in three vascular beds,
four organ-specific adipose tissue depots, and vertebral
BMD in the thoracic and lumbar spine. We confirm the
recently reported negative association between VAT and
25-hydroxyvitamin D in African-Americans (31, 32) and
observed similar trends for SAT and IMAT. An important
novel positive association was detected between serum
25-hydroxyvitamin D concentrations and both carotid ar-
tery CP and infrarenal aorta CP in our sample of persons
with diabetes. It is unknown whether positive associations
exist between vitamin D and CP in African-Americans
lacking diabetes; however, there is no a priori reason to
expect differences in this relationship based on the pres-
ence of diabetes.

Whereas calcified atherosclerotic plaque documents
the presence of subclinical atherosclerosis and coronary
artery CP is predictive of future cardiovascular events
in European-Americans, Asian-Americans, and African-
Americans (40), our study suggests that the relationship
between 25-hydroxyvitamin D and subclinical atheroscle-
rosis in African-Americans is unique. Higher levels of 25-
hydroxyvitamin D seem to be positively associated with
aorta and carotid CP in African-Americans but not with
coronary CP. These results contradict what is observed in
individuals of European descent. Studies in Amish, Euro-
pean-American (Health Professionals Follow-Up Study),
and Italian participants reveal that 25-hydroxyvitamin D
concentrations are inversely associated with subclinical
atherosclerosis as measured by CP or carotid intima-me-
dia thickness (41-44). In the MESA study [comprising
European-Americans, Asian (Chinese)-Americans, Afri-
can-Americans, and Hispanic-Americans| and in the
Amish, lower 25-hydroxyvitamin D concentrations were
not associated with prevalent coronary CP, but lower vi-
tamin D levels were associated with increasing risk for
incident coronary CP in MESA participants after adjust-
ing for age, gender, and ethnicity (41, 44). We observed a
significant positive association between 25-hydroxyvita-
min D and both aorta CP and carotid artery CP in the
present analyses in African-Americans. Additionally, we
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FIG. 1. Relationships between log (calcified atherosclerotic plaque + 1) and 25-hydroxyvitamin D.

detected no evidence of association between hsCRP and
CP, VAT, PAT, SAT, or bone density in this African-
American sample.

These results led us to reconsider the role of 25-hy-
droxyvitamin D replacement in African-Americans with
vitamin D insufficiency. Current practice encourages vi-
tamin D replacement in those with low levels because this
is presumed to be protective from (and serve as a treatment
for) osteopenia and osteoporosis. Vitamin D supplemen-
tation has also been postulated to favor cardiovascular
health (45). In theory, vitamin D-induced prevention of
osteopenia should also be associated with lower levels of
CP. However, the inverse relationship between bone min-
eralization and CP appeared to be weaker in African-
Americans than European-Americans, assuming pre-
served kidney function, although relatively small numbers
of African-American subjects were evaluated (46). The
effects of vitamin D supplementation on development and
progression of CP remain unknown (47), and it would not
be unexpected to see differential effects of supplementa-
tion based on ethnicity (48).

In a study including 208 postmenopausal African-
American women with 25-hydroxyvitamin D levels less

than 49.9 nmol/liter (<20 ng/ml), Aloia et al. (49) per-
formed a randomized controlled trial comparing vitamin
D plus calcium supplementation to calcium supplemen-
tation alone. In these calcium-replete women, no effects of
vitamin D supplementation were seen on the rate of bone
loss or bone turnover after 3 yr, nor were differences de-
tected in urinary calcium excretion, PTH levels, or rates of
nephrolithiasis. Supplemental vitamin D and calcium in
Women’s Health Initiative participants (9.1% African-
American) improved hip BMD and increased kidney
stones, without significant effects on hip fracture or total
or cardiovascular mortality (50). A follow-up Women’s
Health Initiative report demonstrated nonsignificant
reductions in total mortality among postmenopausal
women receiving supplemental vitamin D (51). A meta-
analysis evaluating 57,311 frail elderly postmenopausal
women in 18 randomized controlled trials also detected
significant reductions in total mortality with supplemental
vitamin D, although the impact of ethnicity, baseline vi-
tamin D level, and vitamin D dosage were not assessed
(23). Ethnic differences in the relationship between vita-
min D levels and atherosclerosis remain important to de-
termine because epidemiological studies revealed consis-
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tent ethnic differences in CP (5-9) and rates of myocardial
infarction in those with equal access to medical care (52—
54). African-Americans were at lower risk than European-
Americans, despite presence of more severe cardiovascu-
lar disease risk factors.

An important limitation of this and other studies with
CT-derived measures of CP are their cross-sectional na-
ture. In the future, it will be important to quantify vitamin
D levels and their associations with adiposity and CT-
derived CP in longitudinal studies containing large num-
bers of African-American participants.

In conclusion, VAT and 25-hydroxyvitamin D are sig-
nificantly and negatively associated in African-Americans
with diabetes. In contrast, significant positive associations
are observed between 25-hydroxyvitamin D and both ca-
rotid artery CP and aorta CP. The direct relationship be-
tween vitamin D and quantity of CP in African-Americans
may differ from that in European-derived populations, in
which lower vitamin D levels appear to be associated with
excess risks for atherosclerotic cardiovascular disease and
osteoporosis. Until long-term safety studies are per-
formed, the effect of supplementing vitamin D on athero-
sclerosis in African-Americans with vitamin D deficiency
remains unknown. In addition, the normal range for se-
rum concentrations of 25-hydroxyvitamin D may differ
based on ethnicity and needs to be determined in the
African-American population.
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