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IMPORTANCE Low circulating concentrations of 25-hydroxyvitamin D (25[OH]D) have been
consistently associated with an increased risk of coronary heart disease (CHD) in white
populations. This association has not been rigorously evaluated in other races or ethnicities,
in which the distributions of 25(OH)D concentration and possibly other aspects of 25(OH)D
metabolism differ.

OBJECTIVE To examine the association of serum 25(OH)D concentration with risk of CHD in a
multiethnic population.

DESIGN, SETTING, AND PARTICIPANTS We studied 6436 participants in the Multi-Ethnic Study
of Atherosclerosis (MESA), recruited from July 2000 through September 2002, who were
free of known cardiovascular disease at baseline. We measured baseline serum 25(OH)D
concentrations using a mass spectrometry assay calibrated to established standards. We
tested associations of 25(OH)D with adjudicated CHD events assessed through May 2012.

MAIN OUTCOME AND MEASURES Primary outcome measure was time to first adjudicated CHD
event, defined as myocardial infarction, angina, cardiac arrest, or CHD death.

RESULTS During a median follow-up of 8.5 years, 361 participants had an incident CHD event
(7.38 events per 1000 person-years). Associations of 25(OH)D with CHD differed by
race/ethnicity (P for interaction < .05). After adjustment, lower 25(OH)D concentration was
associated with a greater risk of incident CHD among participants who were white (n = 167
events; hazard ratio [HR], 1.26 [95% CI, 1.06-1.49] for each 10-ng/mL decrement in 25(OH)D)
or Chinese (HR, 1.67 [95% CI, 1.07-2.61]; n = 27). In contrast, 25(OH)D was not associated
with risk of CHD in participants who were black (HR, 0.93 [95% CI, 0.73-1.20]; n = 94) or
Hispanic (HR, 1.01 [95% CI, 0.77-1.33]; n = 73).

CONCLUSIONS AND RELEVANCE Lower serum 25(OH)D concentration was associated with an
increased risk of incident CHD events among participants who were white or Chinese but not
black or Hispanic. Results evaluating 25(OH)D in ethnically homogeneous populations may
not be broadly generalizable to other racial or ethnic groups.
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L ow circulating concentrations of 25-hydroxyvitamin D
(25[OH]D) have been consistently associated with in-
creased risk of clinical and subclinical coronary heart dis-

ease (CHD).1-11 Whether this relationship is causal and modi-
fiable with vitamin D supplementation has not yet been
determined in well-powered clinical trials, which are ongoing.12

However, experimental studies provide biological plausibil-
ity for a causal relationship. These studies demonstrate that
1,25-dihydroxyvitamin D, the active vitamin D hormone
produced from 25(OH)D, potently suppresses the renin-
angiotensin system, modulates immune cell function in a man-
ner that may reduce chronic inflammation, and inhibits ab-
normal cell proliferation.13-16 Based in part on these potential
beneficial actions, 25(OH)D testing and supplementation have
become increasingly common over the last decade.17

Most studies of 25(OH)D and risk of CHD have examined
populations that are composed largely or entirely of white
participants.1-6,8,10,11 Results from these studies are frequently
extrapolated to multiracial populations.12,18 This may not be ap-
propriate because vitamin D metabolism and circulating 25
(OH)D concentrations vary substantially by race/ethnicity.19,20

We tested associations of serum 25(OH)D concentration
with incident CHD events in a large, community-based, mul-
tiethnic population of adults who were free of clinical cardio-
vascular disease at baseline. 25(OH)D status and CHD events
were assessed using gold-standard methods. We evaluated
whether associations of 25(OH)D with CHD differed among
white, black, Chinese, and Hispanic participants.

Methods
Study Population
The Multi-Ethnic Study of Atherosclerosis (MESA) is a multi-
center, community-based prospective cohort study of clini-
cal and subclinical cardiovascular disease.21 Each center’s
institutional review board approved the study, and all partici-
pants provided informed consent. From 2000 to 2002, MESA
enrolled 6814 adults aged 45 to 84 years from 6 field centers
(New York and Bronx counties, New York; Baltimore and Bal-
timore County, Maryland; Forsyth County, North Carolina; Chi-
cago, Illinois; St Paul, Minnesota; and Los Angeles, Califor-
nia). By design, MESA recruited a study population that was
38% white, 28% black, 22% Hispanic, and 12% Chinese. MESA
excluded individuals who had prevalent clinical cardiovascu-
lar disease, defined as myocardial infarction, angina, stroke,
transient ischemic attack, heart failure, atrial fibrillation, use
of nitroglycerin, prior angioplasty, coronary artery bypass graft
surgery, valve replacement, pacemaker or defibrillator im-
plant, or any surgery on the heart or arteries.

We restricted our study population to 6476 participants for
whom we measured serum concentrations of 25(OH)D at the
baseline MESA examination. We excluded 6 participants with
serum 25(OH)D concentration suggestive of high-dose vita-
min D supplementation (>100 ng/mL; to convert to nano-
mole per liter, multiply by 2.496) and 34 participants without
follow-up data, resulting in a final sample size of 6436 (94%
of all MESA participants).

Measurement of Serum 25(OH)D Concentration
Sera samples were collected at the baseline MESA exam in 2000-
2002, after an overnight fast. Samples were stored at −80°C un-
til they were shipped to the University of Washington for analy-
sis in 2011-2012. Total 25(OH)D (sum of 25-hydroxyvitamins D2

and D3) was measured using high-performance liquid chroma-
tography–tandem mass spectrometry. Calibration was con-
firmed with National Institute of Standards and Technology’s
standard reference material 972.22 The interassay coefficient of
variation was 4.4% at 10.4 ng/mL with a lower limit of detec-
tion of 2.0 ng/mL for 25(OH)D3 and a coefficient of variation of
4.4% at 9.4 ng/mL with a lower limit of detection of 0.5 ng/mL
for 25(OH)D2. 25-hydroxyvitamin D is stable during long-term
storage at −80°C.23

CHD Events
At intervals of 9 to 12 months, a telephone interviewer con-
tacted each participant to inquire about interim hospital admis-
sions, cardiovascular outpatient diagnoses, and deaths. Self-
reported diagnoses were verified via death certificate and
medical record review, as previously described.24 Cardiovascu-
lar disease outcomes were adjudicated by the MESA events com-
mittee, which included cardiologists, physician epidemiolo-
gists, and neurologists.21 Incident CHD, used as the primary
outcome for this study and other MESA studies,25 was assessed
until May 2012 and defined as the first occurrence of any 1 of the
following events: myocardial infarction, definite or probable an-
gina, resuscitated cardiac arrest, or CHD death. Definite angina
was defined as symptoms of typical chest pain or atypical symp-
toms, followed by 1 or more additional criteria, including coro-
nary artery bypass graft surgery or other revascularization pro-
cedure, 70% or greater obstruction on coronary angiography, or
evidence of ischemia by stress tests or by resting electrocardio-
gram. Probable angina required symptoms of typical chest pain
or atypical symptoms, a physician’s diagnosis of angina, and
medicaltreatmentforit.Asasecondaryoutcome,weusedamore
restrictive definition of CHD that included only incident myo-
cardial infarction, CHD death, and resuscitated cardiac arrest,
which we labeled hard CHD events.26

Covariates
All covariates were ascertained at the baseline MESA examina-
tion, concurrent with 25(OH)D measurements. Participants
completed self-administered questionnaires, interviewer-
administered standardized interviews, and extensive in-person
examinations yielding demographic and lifestyle characteris-
tics, medical history, anthropometric measurements, and labo-
ratory data. Race/ethnicity was characterized on the basis of par-
ticipants’ responses to questions modeled from the year 2000
US Census. General health was self-reported on a question-
naire as excellent, very good, good, fair, or poor. Leisure-time
physical activity was estimated as the total amount of inten-
tional exercise performed in a usual week and measured in meta-
bolic equivalent task–minutes. Participants were asked to
report the average frequency of consumption of specific food
items over the previous year using a 120-item food frequency
questionnaire. Dietary vitamin D intake was estimated by mul-
tiplying the frequency and serving size for each food con-
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sumed by the vitamin D content of that food (Nutritional Data
Systems for Research). Data regarding vitamin D supplement use
were not available. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared. Dia-
betes was defined as a fasting blood glucose concentration of 126
mg/dL (to convert to mmol/L, multiply by 0.0555) or more or the
use of insulin or oral hypoglycemic medications. Blood pres-
sure was ascertained as the mean of the last 2 of 3 seated mea-
surements. Total and high-density lipoprotein cholesterol were
measured using the cholesterol oxidase method. Low-density
lipoprotein cholesterol levels were calculated using the Friede-
wald equation. Intact serum parathyroid hormone was quanti-
fied using a 2-site immunoassay on a clinical analyzer.27 Glo-
merularfiltrationratewasestimatedfromserumcreatinineusing
the Chronic Kidney Disease Epidemiology Collaboration
equation.28 Chronic kidney disease was defined as a glomeru-
lar filtration rate less than 60 mL/min/1.73 m2.

Statistical Analyses
Mean annual serum 25(OH)D concentration was estimated for
each participant using a cosinor model previously developed and
validated in MESA.20 The cosinor model assumes that 25(OH)D
concentration follows a sine wave pattern across months of mea-
surement. Using the observed mean amplitude of 25(OH)D ex-
cursion in the MESA population, each participant’s mean an-
nual 25(OH)D concentration was estimated from the participant’s
single baseline 25(OH)D measurement and the month during
which it was obtained. Race is not included in the cosinor model
because its inclusion did not improve prediction performance.
Annualized 25(OH)D concentration was evaluated using clini-
cally relevant categories that have been previously published:
30 ng/mL or more (reference group), 20-29 ng/mL, and less than
20 ng/mL.18,29,30 Because the distribution of serum 25(OH)D con-
centration and perhaps the functional form of its association with
CHD risk was expected to vary by race/ethnicity group, we also
evaluated annualized 25(OH)D using race-specific quintiles.

Participants were considered at risk of incident CHD events
from the date of their baseline MESA examination until the first
occurrence of the composite outcome or until their data were
censored due to death from non-CHD cause (n = 217), loss to fol-
low-up, or the end of available follow-up (May 2012). Func-
tional forms of the race-specific associations of 25(OH)D with
CHD risk were examined graphically using adjusted penalized
smoothing splines with evenly spaced knots, among the inner
99% of annualized 25(OH)D concentrations.31 We used the Cox
proportional hazards regression model to estimate the relative
hazard of CHD, adjusting for covariates selected prior to analy-
ses based on known or suspected biologic relationships. The first
model included demographic data, including age, race/
ethnicity, sex, and study site. The second model added likely po-
tential confounding variables, including BMI (continuous vari-
able), smoking status (never, former, current), educational
attainment (high school, some college, completed college), total
gross family income in the past 12 months, self-reported health
status (poor, fair, good, very good, excellent), nutritional vita-
min D intake (log-transformed continuous variable), and leisure-
time physical activity level (log-transformed continuous vari-
able). The third model added variables that may possibly

confound or mediate the associations of interest, including dia-
betes status, chronic kidney disease status, systolic blood pres-
sure, serum concentrations of high-density lipoprotein, low-
density lipoprotein, triglycerides, parathyroid hormone, serum
C-reactive protein (log-transformed), and the use of antihyper-
tensive and lipid-lowering medications.

Approximately 5% or less of the study participants were
missing data on education, income, physical activity, smok-
ing status, serum C-reactive protein, systolic blood pressure,
antihypertensive medication use, or lipid concentrations. For
the regression analyses, these participants’ values were mul-
tiply imputed using chained equations.32 The multiple analy-
ses over the imputations were combined using Rubin rules to
account for the variability in the imputation procedure.33

Subgroup-specific hazard ratios (HRs) were calculated via
linear combination of regression coefficients for main effect
and cross-product terms. Interactions were tested by the Wald
test of a product term for 25(OH)D concentration and race/
ethnicity categories. Analyses completely stratified by race/
ethnicity yielded similar results.

All analyses were conducted with Stata 11.2 (StataCorp). The
nominal level of significance was defined as P < .05 (2-sided).

Results
Baseline Characteristics
At baseline, the mean age was 62 years and 53% of participants
were women. Mean (SD) serum 25(OH)D concentration was 25.5
(10.6) ng/mL and varied substantially by race/ethnicity: 30.1 (10.6)
ng/mL for white participants (n = 2501), 26.7 (8.3) for Chinese par-
ticipants (n = 784), 19.2 (9.0) for black participants (n = 1750), and
24.6 (9.4) for Hispanic participants (n = 1401) (P < .001). Partici-
pants with lower serum 25(OH)D concentrations were less likely
tobewhite,weremorelikelytosmokeorhavediabetesorchronic
kidney disease, and were characterized by larger body mass,
higher serum parathyroid hormone concentration, and lower
physical activity levels (Table 1). Race/ethnicity was associated
with differences in baseline characteristics, particularly for the
level of education completed, gross family income, self-
reported health, prevalence of diabetes, and amount of inten-
tional exercise (eTable 1 in Supplement).

CHD Events
During a median follow-up of 8.5 years (interquartile range, 7.6-
8.6 years), there were 361 occurrences of the composite clinical
end point (incidence rate: 7.38 events per 1000 person-years).
The qualifying event was myocardial infarction for 139 partici-
pants, CHD death for 46 participants, resuscitated cardiac ar-
rest for 13 participants, and angina for 163 participants (Table 2).

25(OH)D and CHD Events
Unadjusted incidence rates and adjusted risks of incident CHD
were higher with lower baseline serum 25(OH)D concentra-
tion (Table 3). However, we observed significant heteroge-
neity in the association of 25(OH)D with CHD risk by race/
ethnicity, with P values for interaction < .05 across race/
ethnicity groups for each model (Table 3). Lower serum 25
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Table 1. Baseline Participant Characteristics by Serum 25-Hydroxyvitamin D Concentration

Serum 25-Hydroxyvitamin D Concentration, No. of Participants (%)

<20 ng/mL (n=2131) 20-29 ng/mL (n=2224) ≥30 ng/mL (n=2081)
Age, mean (SD), y 60.8 (10.2) 62.3 (10.3) 63.3 (10.2)

Race/ethnicity

White 429 (20.1) 855 (38.4) 1217 (58.6)

Chinese 167 (7.8) 351 (15.8) 266 (12.8)

Black 1064 (49.9) 478 (21.5) 208 (10.0)

Hispanic 471 (22.2) 540 (24.3) 390 (18.6)

Female, sex 1191 (56.0) 1096 (49.3) 1142 (54.9)

Study site

Forsyth County, NC 342 (16.1) 306 (13.8) 320 (15.4)

New York and Bronx Counties, NY 419 (19.7) 323 (14.5) 269 (12.9)

Baltimore and Baltimore County, MD 424 (19.9) 327 (14.7) 281 (13.5)

St Paul, MN 306 (14.4) 337 (15.2) 380 (18.3)

Chicago, IL 384 (18.0) 386 (17.4) 367 (17.6)

Los Angeles, CA 256 (12.0) 545 (24.5) 464 (22.3)

Highest level of education completed

High school 786 (37.0) 807 (36.4) 708 (34.1)

Some college/technical school 559 (26.3) 510 (23.0) 436 (21.0)

College graduate 778 (36.6) 900 (40.6) 932 (45.0)

Total gross family income, $

<20 000 519 (25.8) 525 (24.4) 434 (21.3)

20 000-49 999 782 (38.8) 766 (35.7) 707 (34.8)

≥50 000 714 (35.4) 859 (39.9) 888 (43.9)

General self-reported health

Poor 18 (0.9) 13 (0.6) 6 (0.3)

Fair 252 (11.9) 177 (8.0) 113 (5.5)

Good 933 (44.1) 938 (42.6) 763 (36.9)

Very good 631 (29.8) 749 (34.0) 775 (37.5)

Excellent 283 (13.4) 327 (14.8) 411 (19.9)

Physical examination, mean (SD)

BMI 30.1 (6.1) 28.1 (5.0) 26.6 (4.6)

Systolic blood pressure, mm Hg 128.5 (22.1) 126.2 (21.4) 124.7 (20.9)

Diastolic blood pressure, mm Hg 73.1 (10.6) 71.9 (10.1) 70.6 (10.0)

Medical history

Diabetes 320 (15.0) 310 (13.9) 165 (7.9)

Chronic kidney disease 206 (9.7) 269 (12.0) 342 (16.5)

Antihypertensive medication use 770 (36.1) 737 (32.7) 621 (29.8)

Lipid-lowering medication use 304 (14.3) 374 (16.8) 366 (17.6)

Smoking status

Never 1041 (49.0) 1172 (52.8) 1033 (49.8)

Former 709 (33.4) 803 (36.2) 826 (39.8)

Current 373 (17.6) 243 (11.0) 217 (10.5)

Nutritional vitamin D intake, mean (SD), μg/d 4.0 (3.6) 4.5 (4.0) 4.6 (3.8)

Total intentional exercise, median (IQR), MET, min/wk 630 (0-1680) 810 (105-1890) 1140 (330-2460)

Laboratory Measurements

Total 25-hydroxyvitamin D, ng/mL

Mean (SD) 14.0 (4.4) 24.8 (3.8) 37.4 (7.2)

Median (IQR) 14.0 (10.8-17.0) 24.8 (22.0-27.5) 35.9 (32.6-40.9)

25-Hydroxyvitamin D3, ng/mL

Mean (SD) 13.1 (4.2) 21.9 (5.4) 33.3 (9.5)

Median (IQR) 12.9 (10.2-16.2) 22.5 (18.6-25.8) 33.3 (28.1-38.4)

25-Hydroxyvitamin D2, ng/mL

Mean (SD) 1.2 (2.1) 3.3 (4.5) 4.7 (6.2)

Median (IQR) 0.4 (0.2-0.9) 0.8 (0.4-5.1) 1.2 (0.4-8.1)

(continued)
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(OH)D concentration was associated with significantly higher
risks of CHD among white participants (fully adjusted hazard
ratio [HR], 1.26 [95% CI, 1.06-1.49] per 10 ng/mL decrement in
25(OH)D concentration) and Chinese participants (HR, 1.67
[95% CI, 1.07-2.61]). However, there was no evidence of asso-
ciation among black participants (HR, 0.93 [95% CI, 0.73-
1.20]) or Hispanic participants (HR, 1.01 [95% CI, 0.77-1.33]).
Evaluation of the association of 25(OH)D with CHD risk using
splines and race/ethnicity-specific 25(OH)D quintiles simi-
larly revealed that significant associations were limited to white
and Chinese participants (Figure and Table 4).

Sensitivity Analyses
For the more restricted hard CHD outcome (n = 216 events),
associations of low serum 25(OH)D concentration were of
stronger magnitude for white and Chinese participants and
were null for black and Hispanic participants (eTable 2 in
Supplement). Similar results were observed when mean
annual 25(OH)D concentration was replaced with untrans-
formed 25(OH)D concentration and models were adjusted
for season of blood draw, when participants with incident
CHD events during the first 12 months of follow-up were
excluded, and in analyses restricted to participants with
good, very good, or excellent self-reported health statuses
(eTables 3, 4, and 5 in Supplement).

Discussion

In this multiethnic, community-based cohort of adults without
clinical cardiovascular disease, low serum 25(OH)D concentra-
tion was associated with increased risk of adjudicated incident
CHD events among white or Chinese participants but not among
black or Hispanic participants. Differences in associations across
race/ethnicity groups were consistent for both a broad and re-
stricted definition of CHD and persisted after adjustment for
known CHD risk factors.

We examined CHD events as our study outcome in part be-
cause low 25(OH)D concentration has been consistently associ-
ated with increased CHD risk in observational studies of white
participants.2-10 However, few of these studies included substan-
tial numbers of multiracial participants. Among those that did,
the number of multiracial participants was insufficient to test for
racialheterogeneity(n = 332),5 theanalyseswerecross-sectional,7

ortheoutcomewaslimitedtosubclinicalcardiovasculardisease.9

Further analyses of racial differences in the associations of 25
(OH)D with CHD are needed to confirm our results. Until such
studies are available, results of studies testing associations of cir-
culating 25(OH)D concentration with CHD or related outcomes
in predominantly white populations should not be extrapolated
to multiracial populations.

Table 2. Coronary Heart Disease Incidence Rates per 1000 Person-Years

Eventa

All Participants
(n = 6436)

White Participants
(n = 2501)

Chinese Participants
(n = 784)

Black Participants
(n = 1750)

Hispanic Participants
(n = 1401)

No. of
Events IR

No. of
Events IR

No. of
Events IR

No. of
Events IR

No. of
Events IR

Any CHD eventb 361 7.38 167 8.61 27 4.41 94 7.22 73 7.02

Myocardial infarction 156 3.15 76 3.86 10 1.61 29 2.2 41 3.9

Anginac 182 3.71 90 4.62 16 2.6 41 3.15 35 3.36

Resuscitated cardiac arrest 24 0.48 9 0.45 1 0.16 11 0.83 3 0.29

CHD mortality 63 1.22 21 1.03 4 0.62 23 1.68 15 1.36

Abbreviations: CHD, coronary heart disease; IR, incidence rate.
a Participants could experience more than 1 type of CHD event. In this table, each

event is counted independently for the event-specific incidence data, but only the
earliest event for each participant was counted toward composite event rates.

b Any CHD event is defined as an occurrence of myocardial infarction, angina

(definite or probable with coronary revascularization), resuscitated cardiac
arrest, or CHD death.

c Definite angina or probable angina is defined as symptoms of typical chest
pain or atypical symptoms and physician diagnosis of angina followed by
coronary artery bypass grafting or percutaneous coronary intervention.

Table 1. Baseline Participant Characteristics by Serum 25-Hydroxyvitamin D Concentration (continued)

Serum 25-Hydroxyvitamin D Concentration, No. of Participants (%)

<20 ng/mL (n=2131) 20-29 ng/mL (n=2224) ≥30 ng/mL (n=2081)
Parathyroid hormone, mean (SD), pg/mL 52.6 (24.0) 44.1 (22.8) 37.4 (14.3)

Calcium, mean (SD), mg/dL 9.6 (0.9) 9.5 (1.1) 9.6 (0.8)

Phosphorus, mean (SD), mg/dL 3.7 (0.5) 3.6 (0.5) 3.7 (0.5)

Low-density lipoprotein, mean (SD), mg/dL 117.7 (33.1) 117.0 (30.6) 116.3 (30.4)

High-density lipoprotein, mean (SD), mg/dL 50.0 (14.6) 49.7 (14.2) 53.7 (15.7)

Total cholesterol, mean (SD), mg/dL 192.5 (37.4) 193.9 (35.4) 196.0 (34.1)

C-reactive protein, median (IQR), mg/L 2.4 (1.0-5.0) 1.8 (0.8-3.9) 1.6 (0.7-3.8)

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by
height in meters squared; IQR, interquartile range; MET, metabolic equivalent tasks.

SI conversion factors: To convert 25-hydroxyvitamin D to nmol/L, multiply by

2.496; calcium to mmol/L, multiply by 0.25; phosphorus to mmol/L, multiply by
0.323; cholesterol to mmol/L, multiply by 0.0259; C-reactive protein to nmol/L,
multiply by 9.524.
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There are a number of possible explanations for the racial
heterogeneity that we observed. Potential nonbiologic causes
of heterogeneity include inadequate modeling in 1 or more ra-
cial groups, confounding that differs by race, and chance varia-
tion. However, results were robust evaluating race-specific
25(OH)D quintiles and splines, we are unable to discern char-
acteristics that could conceivably cause differential confound-

ing by race, and chance findings are unlikely—at least for black
vs white comparisons—due to reasonable numbers of events
in each race, the lack of any trend toward association in blacks,
and the statistically significant global and black-vs-white
P values for interaction. Therefore, our data suggest that
biological differences explain much of the observed hetero-
geneity.

Table 3. Associations of Serum 25-Hydroxyvitamin D Concentration With Incident Coronary Heart Disease Eventsa

Serum 25-Hydroxyvitamin D
Concentration, ng/mL

No. of
Participants No. of Events

Incidence
Rateb

Hazard Ratio (95% CI)

Model 1c Model 2d Model 3e

All participants 6436 361 7.38

≥30 2081 107 6.67 1 [Reference] 1 [Reference] 1 [Reference]

20-29 2224 134 7.89 1.28 (0.98-1.67) 1.22 (0.93-1.59) 1.20 (0.91-1.58)

<20 2131 120 7.55 1.47 (1.08-2.00) 1.28 (0.93-1.76) 1.32 (0.95-1.83)

Per 10-ng/mL decrement 1.20 (1.07-1.36) 1.14 (1.01-1.29) 1.15 (1.01-1.32)

P valuef .003 .04 .04

Global P value for interaction
by race/ethnicity

.03 .03 .04

White participants 2501 167 8.61

≥30 1217 65 6.79 1 [Reference] 1 [Reference] 1 [Reference]

20-29 855 63 9.49 1.41 (0.99-2.00) 1.33 (0.93-1.90) 1.35 (0.94-1.94)

<20 429 39 12.25 2.18 (1.46-3.25) 1.84 (1.22-2.78) 1.85 (1.21-2.81)

Per 10-ng/mL decrement 1.34 (1.13-1.58) 1.26 (1.07-1.49) 1.26 (1.06-1.49)

P valuef .001 .007 .008

Chinese participants 784 27 4.41

≥30 266 6 2.89 1 [Reference] 1 [Reference] 1 [Reference]

20-29 351 13 4.72 1.68 (0.64-4.42) 1.69 (0.64-4.45) 1.63 (0.62-4.27)

<20 167 8 6.18 2.63 (0.90-7.69) 2.43 (0.82-7.16) 2.43 (0.81-7.5)

Per 10-ng/mL decrement 1.82 (1.15-2.89) 1.72 (1.09-2.70) 1.67 (1.07-2.61)

P valuef .01 .02 .03

P value for interaction vs
white participants

.21 .14 .17

Black participants 1750 94 7.22

≥30 208 12 7.97 1 [Reference] 1 [Reference] 1 [Reference]

20-29 478 31 8.67 1.00 (0.52-1.94) 0.91 (0.46-1.78) 0.83 (0.42-1.62)

<20 1064 51 6.42 0.89 (0.48-1.65) 0.76 (0.41-1.44) 0.75 (0.40-1.42)

Per 10-ng/mL decrement 0.98 (0.78-1.23) 0.92 (0.73-1.15) 0.93 (0.73-1.20)

P valuef .86 .47 .59

P value for interaction vs
white participants

.03 .03 .02

Hispanic participants 1401 73 7.02

≥30 390 24 8.26 1 [Reference] 1 [Reference] 1 [Reference]

20-29 540 27 6.72 0.88 (0.50-1.53) 0.86 (0.49-1.51) 0.84 (0.47-1.48)

<20 471 22 6.33 0.91 (0.50-1.64) 0.79 (0.43-1.45) 0.83 (0.45-1.53)

Per 10-ng/mL decrement 1.04 (0.80-1.34) 0.99 (0.76-1.28) 1.01 (0.77-1.33)

P valuef .79 .93 .95

P value for interaction vs
white participants

.06 .10 .15

SI conversion factors: To convert 25-hydroxyvitamin D to nmol/L, multiply by 2.496.
a The incident coronary heart disease event is defined as the first occurrence of

myocardial infarction, angina (definite or probable with coronary
revascularization), resuscitated cardiac arrest, or coronary heart disease death.

b Incidence rates are per 1000 person-years.
c Model 1 includes age, sex, study site, and, in analyses including all participants,

race/ethnicity.
d Model 2 includes model 1 and adds body mass index, smoking status,

educational attainment, gross family income in the past 12 months,

self-reported general health status, intentional physical activity (natural
logarithm), and nutritional vitamin D intake.

e Model 3 includes model 2 and adds diabetes status, systolic blood pressure,
use of antihypertensive medication, chronic kidney disease status,
lipid-lowering medication, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, triglyceride cholesterol, parathyroid hormone, and
natural logarithm of C-reactive protein concentrations.

f P values are derived from analysis of serum 25-hydroxyvitamin D
concentration as a continuous variable.
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Prior studies testing associations of circulating 25(OH)D
concentration with other health outcomes also generally sup-
port differing associations in black vs white populations. Spe-
cifically, associations of low 25(OH)D concentration with dia-
betes, fracture risk, stroke, and bone mineral density, observed
in white individuals, were attenuated or absent among black
individuals.19,34-38 In addition, in a cohort study of the Na-
tional Health and Nutrition Examination Survey (NHANES III)39

participants, low serum 25(OH)D concentration was associ-
ated with a significantly higher risk of all-cause mortality
among white participants but not among the 3597 non-
Hispanic black participants. In contrast, in the Health, Aging,
and Body Composition (Health ABC)40 study (N = 2638), low
25(OH)D concentrations were associated with increased risk

of all-cause mortality in both black and white participants.
However, nearly one-third of the participants in the Health ABC
cohort had cardiovascular disease at baseline, in contrast to
the NHANES III study, in which fewer than 10% of partici-
pants had prevalent cardiovascular disease. Also, a majority
of black participants in Health ABC had diabetes or hyperten-
sion, and all were 70 years or older. Similarly, significant as-
sociations of low 25(OH)D concentration with all-cause mor-
tality were reported among both black and white participants
in the Southern Community Cohort Study,41 although these as-
sociations were stronger in white participants. In this study,
no data were presented on prevalent cardiovascular condi-
tions. Together, these studies suggest that low circulating 25
(OH)D concentration may be associated with a restricted sub-

Figure. Race/Ethnicity-Specific Associations of 25-Hydroxyvitamin D, Examined as a Continuous Variable, with Incident Coronary Heart Disease Events
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The smooth spline estimates the hazard ratio of the combined coronary heart
disease event, according to annualized serum concentrations of 25(OH)D
(nanograms per milliliter). Splines are adjusted for age, sex, and study site.

Dotted lines represent 95% confidence intervals. Below each spline is the
histogram of the distribution of serum 25(OH)D concentration.
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set of health outcomes in black populations. Alternatively, and
perhaps more likely, confounding by chronic illness may in-
flate observed associations of 25(OH)D with broad health out-
comes such as all-cause mortality in comorbid black and white
populations, with true null results for black individuals ap-
parent in studies in which confounding is minimized and out-
comes are restricted to those most specifically linked with 25
(OH)D deficiency.

In white populations, low 25(OH)D may lead to 1,25 dihy-
droxyvitamin D deficiency with resulting inappropriate acti-
vation of the renin-angiotensin system, dysregulation of im-
mune cell functions, and failure to inhibit abnormal cell

proliferation.13-16 Differences in vitamin D metabolism may in-
terrupt this sequence in black populations. Compared with
white individuals, black individuals have higher circulating
concentrations of 1,25-dihydroxyvitamin D, despite lower 25
(OH)D concentrations.19 This suggests that increased activity
of 25-hydroxyvitamin D-1-α-hydroxylase (CYP27B1) or re-
duced 1,25-dihydroxyvitamin D catabolism may allow black in-
dividuals to maintain adequate tissue-level 1,25-dihydroxyvi-
tamin D in the setting of low circulating 25(OH)D, protecting
against otherwise adverse cardiovascular effects of low 25
(OH)D. Increased CYP27B1 activity in black individuals could
be driven by increased parathyroid hormone or by racial dif-

Table 4. Associations of Race-Specific Quintiles of 25-Hydroxyvitamin D With Incident Coronary Heart Disease Eventsa

Race-Specific Serum
25-Hydroxyvitamin D Quintile,
ng/mL

No. of
Participants Events

Incidence
Rateb

Hazard Ratio (95% CI)

Model 1c Model 2d Model 3e

Global P value for interaction by
race/ethnicityf

0.026 0.025 0.041

White participants 2501 167 8.61

≥38.7 500 23 5.80 1 [Reference] 1 [Reference] 1 [Reference]

32.5-38.6 499 31 7.90 1.30 (0.75-2.23) 1.27 (0.74-2.20) 1.30 (0.75-2.27)

26.9-32.4 501 30 7.64 1.27 (0.73-2.19) 1.14 (0.66-1.99) 1.10 (0.62-1.95)

21.1-26.8 500 37 9.54 1.67 (0.98-2.84) 1.47 (0.87-2.51) 1.55 (0.90-2.67)

<21.1 501 46 12.46 2.41 (1.45-4.00) 2.05 (1.22-3.45) 2.00 (1.16-3.44)

Chinese participants 784 27 4.41

≥33.7 154 2 1.63 1 [Reference] 1 [Reference] 1 [Reference]

28.4-33.6 158 4 3.20 2.04 (0.38-11.15) 1.57 (0.25-9.50) 1.52 (0.25-9.25)

24.5-28.3 158 7 5.76 3.75 (0.77-18.19) 3.68 (0.76-17.90) 3.52 (0.73-17.08)

19.6-24.4 157 6 4.94 3.44 (0.69-17.11) 3.31 (0.67-16.49) 3.05 (0.62-15.04)

<19.6 157 8 6.56 5.10 (1.08-24.15) 4.55 (0.95-21.72) 4.44 (0.93-21.32)

P value for interaction vs white
participantsf .21 .14 .17

Black participants 1750 94 7.22

≥26.4 348 23 8.99 1 [Reference] 1 [Reference] 1 [Reference]

19.8-26.3 352 20 7.61 0.78 (0.43-1.43) 0.73 (0.39-1.40) 0.70 (0.37-1.34)

15.5-19.7 350 14 5.45 0.62 (0.32-1.20) 0.61 (0.30-1.25) 0.58 (0.28-1.19)

11.6-15.4 350 23 8.73 1.09 (0.61-1.94) 0.85 (0.44-1.65) 0.85 (0.43-1.65)

<11.6 350 14 5.32 0.76 (0.39-1.47) 0.61 (0.30-1.25) 0.64 (0.31-1.32)

P value for interaction vs white
participantsf .03 .03 .02

Hispanic participants 1401 73 7.02

≥32.4 279 17 8.03 1 [Reference] 1 [Reference] 1 [Reference]

26.3-32.3 281 13 6.38 0.87 (0.42-1.80) 0.87 (0.42-1.80) 0.82 (0.39-1.71)

21.3-26.2 278 18 8.53 1.25 (0.64-2.44) 1.13 (0.57-2.25) 1.12 (0.56-2.24)

16.6-21.2 281 10 4.86 0.70 (0.32-1.53) 0.64 (0.29-1.40) 0.58 (0.26-1.30)

<16.6 282 15 7.24 1.11 (0.54-2.27) 0.97 (0.47-2.03) 1.03 (0.49-2.16)

P value for interaction vs white
participantsf .10 .11 .16

SI conversion factors: To convert 25-hydroxyvitamin D to nmol/L, multiply by
2.496.
a The incident coronary heart disease event is defined as the first occurrence of

myocardial infarction, angina (definite or probable with coronary
revascularization), resuscitated cardiac arrest, or coronary heart disease
death.

b Incidence rates are per 1000 person-years.
c Model 1 includes age, sex, study site, and, in analyses including all participants,

race/ethnicity.
d Model 2 includes model 1 and adds body mass index, smoking status,

educational attainment, gross family income in the past 12 months,
self-reported general health status, intentional physical activity (natural
logarithm), and nutritional vitamin D intake.

e Model 3 includes model 2 and adds diabetes status, systolic blood pressure,
use of antihypertensive medication, chronic kidney disease status,
lipid-lowering medication, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, triglyceride cholesterol, parathyroid hormone, and
natural logarithm of C-reactive protein concentrations.

f P values are derived from analysis of serum 25-hydroxyvitamin D as a
continuous variable.
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ferences in CYP27B1 affinity for substrate, and reduced 25-
hydroxyvitamin D-24-hydroxylase (CYP24A1)–mediated vita-
min D catabolism has been reported in black individuals with
chronic kidney disease.19,42 Alternatively, vitamin D receptor af-
finity for vitamin D metabolites may vary by race.43 The distri-
bution of at least 1 important vitamin D receptor polymor-
phism (FokI) is known to differ by race/ethnicity.44-46 We
recently observed that common genetic polymorphisms in the
vitamin D receptor modify associations of serum 25(OH)D con-
centration with risk of a composite clinical outcome among older
white adults, supporting the principle that genetic variation in
the vitamin D receptor alters susceptibility to low 25(OH)D.47

To our knowledge, no previous study has evaluated asso-
ciations of 25(OH)D with CHD events in Hispanic or Chinese
populations. Our sample sizes for these groups were rela-
tively small; thus we observed low numbers of events in these
groups, particularly Chinese, so our results for these groups
should be interpreted with caution. In addition, Hispanic MESA
participants have diverse ancestry, and additional heteroge-
neity may be present within Hispanic participants.48 Further
studies of 25(OH)D and health outcomes are needed in His-
panic and Chinese populations.

An important limitation of this observational study is the
potential for confounding, as many unhealthy characteristics
are linked with lower 25(OH)D concentrations. However, con-
founding is minimized in MESA because, by design, partici-
pants were free of self-reported clinical cardiovascular dis-
ease at baseline and because potential confounding variables
were quantified in a high-quality manner. An additional limi-
tation is that our study had only limited power to detect as-
sociations of small magnitude within individual racial and eth-

nic groups. As a result, it is possible that we missed potential
nonlinear or threshold associations in black or Hispanic indi-
viduals. Serum 25(OH)D concentration was measured at only
a single time point. Serum 25(OH)D concentrations have been
reported to remain relatively stable over long periods,49,50 but
misclassification of long-term 25(OH)D exposures could still
bias results toward the null. We measured total rather than free
or bioavailable 25(OH)D, and associations of free or bioavail-
able 25(OH)D with CHD may differ from associations of total
25(OH)D with CHD.51

Strengths of this study include the use of a large, multi-
ethnic, community-based population; evaluation of adjudi-
cated incident CHD events over relatively long follow-up time;
use of an accurate 25(OH)D assay calibrated to National Insti-
tute of Standards and Technology standards; the estimation
of mean annual 25(OH)D concentration from a single measure-
ment to account for seasonal variation and reduce misclassi-
fication of the exposure; and measurement of exposure, out-
comes and covariates in a standard and high-quality manner
across race/ethnicity groups.

Well-powered clinical trials are needed to determine
whether vitamin D supplements have causal and clinically rel-
evant effects on the risk of CHD.12,52 Currently, at least 5 such
trials are under way. One of these trials, the Vitamin D and
Omega-3 Trial (VITAL),53 is targeting enrollment of a large mul-
tiracial study population, although power may be insufficient
to determine whether effects vary by race even in this trial. Our
study suggests that the risks and benefits of vitamin D supple-
mentation should be evaluated carefully across race and eth-
nicity, and that the results of ongoing vitamin D clinical trials
should be applied cautiously to individuals who are not white.
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