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Abstract
The beneficial biologic effects attributed to vitamin D suggest a potential to influence overall mortality.
Evidence addressing this hypothesis is limited, especially for African Americans who have a high
prevalence of vitamin D insufficiency. The authors conducted a nested case-control study within the
prospective Southern Community Cohort Study to relate baseline serum levels of 25-hydroxyvitamin D
(25(OH)D) with subsequent mortality. Cases were 1,852 participants who enrolled from 2002 to 2009
and died >12 months postenrollment. Controls (n = 1,852) were matched on race, sex, age, enrollment
site, and blood collection date. The odds ratios for quartile 1 (<10.18 ng/mL) versus quartile 4 (>21.64
ng/mL) levels of 25(OH)D were 1.60 (95% confidence interval (CI): 1.20, 2.14) for African Americans and
2.11 (95% CI: 1.39, 3.21) for non-African Americans. The effects were strongest for circulatory disease
death, where quartile 1 versus quartile 4 odds ratios were 2.53 (95% CI: 1.44, 4.46) and 3.25 (95% CI:
1.33, 7.93) for African Americans and non-African Americans, respectively. The estimated odds of total
mortality were minimized in the 25(OH)D range of 35–40 ng/mL. These findings provide support for the
hypothesis that vitamin D status may have an important influence on mortality for both African
Americans and non-African Americans.

Introduction

Vitamin D, in addition to its established role in maintaining bone health, has been cited as a potential
protective factor for a number of diseases, including certain cancers, cardiovascular disease, diabetes,
and autoimmune disease.[1] A therapeutic role for vitamin D is being explored for many of these
conditions.[2–6] Among the wide-ranging biologic effects attributed to vitamin D are the regulation of
inflammation, cellular proliferation, cellular differentiation, angiogenesis, and apoptosis, which are key
cancer-related mechanisms.[7] Vitamin D is also thought to play a role in regulating the immune and

renin-angiotensin systems, insulin secretion, and thrombogenic activity.[8–10] Thus, it is reasonable to
assume that vitamin D status, given its broad ramifications, may have the potential to influence overall
mortality. The existing body of work addressing this question is still limited, and observational studies of
circulating 25-hydroxyvitamin D (25(OH)D), the clinical measure of vitamin D status, in relation to allcause mortality have, with few exceptions,[11–13] been relatively small, involving anywhere from 50 to
750 deaths.[14–21] Furthermore, African Americans are recognized as being at high risk for vitamin D
insufficiency[1] and have mortality rates higher than any other racial group in the United States.[22] Yet
the association between vitamin D status and overall mortality among African Americans is particularly
understudied. The importance of vitamin D as a potential mediator of racial health disparities in the
United States merits its exploration in relation to mortality in studies involving large numbers of African
Americans.

Without randomized controlled trials designed to specifically address mortality endpoints, prospective
cohort studies with baseline assessment of 25(OH)D can currently provide some of the most informative
data to assess a potential link between vitamin D and mortality risk. Our objective was therefore to
investigate the association between baseline serum 25(OH)D levels and subsequent mortality in a large,
multiracial prospective cohort study.
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Materials and Methods

The Southern Community Cohort Study (SCCS) was approved by institutional review boards at
Vanderbilt University and Meharry Medical College, and all participants provided written, informed
consent.

Study Population

The SCCS is a prospective cohort study designed to investigate racial disparities in cancer that enrolled
over 85,000 men and women in 12 southeastern US states from 2002 to 2009. Comprehensive study
details are provided elsewhere.[23] In brief, individuals were eligible for enrollment if they were aged
40–79 years, English speaking, and had not been under treatment for cancer within the past year.
Approximately two-thirds of SCCS participants self-reported their race as African American; the
remainder were mostly non-Hispanic white. Recruitment took place primarily (86%) at community
health centers, with a smaller proportion (14%) enrolling through the mail in the same geographic area.
This analysis was restricted to community health center-enrolled participants, as blood samples were
not collected from participants who enrolled through the mail.

At the community health centers, trained study interviewers administered a computer-assisted personal
interview to collect baseline data on demographic characteristics, lifestyle factors, body size, and
medical history. More than half (54%) of the participants provided a 20-mL nonfasting baseline blood
sample, which was kept chilled until processing and freezing at −80°C the next day.

Case Identification and Control Selection

The cohort was followed prospectively for mortality via linkage to the Social Security Administration's
Death Master File and the National Death Index. Excluding deaths that occurred within 1 year of

enrollment, we identified 3,953 deaths as of April 2010. Of these, 1,854 had a serum sample in frozen
storage, and 25(OH)D measurement (described below) was successful for 1,852, forming the case group
for this analysis with death dates ranging from May 2003 to February 2010. These deaths occurred an
average of 3.6 (range: 1.0–7.8) years after study enrollment. Controls, who were alive on the death date
of their corresponding case, were individually matched on sex, race (black/white/other), age at
enrollment (±3 years), community health center enrollment site, and date of blood collection (±6
weeks). The latter 2 matching criteria provided tight control of the geographic location and season of
blood collection. The mean absolute difference in the date of blood collection between the cases and
their matched controls was 2.5 (standard deviation: 1.8) weeks. Matching on exact enrollment site could
not be achieved for 10.6% of the cases, nor matching on exact race for 0.7% of the cases, but analyses
restricted to the 89% with exact matching for all criteria provided the same overall results.

Of the 1,852 deaths studied, 1,798 occurred prior to January 1, 2010, the time period for which the
National Death Index had cause of death data available. We obtained the underlying cause of death
from the National Death Index for 1,774 (98.7%) of the deaths in this time period and created
classifications based on the International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10) (version for 2007), as follows: cancer death (n = 477) (ICD-10 codes
C00–C97); circulatory disease death (n = 537), which included hypertension (n = 86) (ICD-10 codes I10–
I13), ischemic heart disease (n = 260) (ICD-10 codes I20–I25), pulmonary heart disease (n = 14) (ICD-10
codes I26–I28), cardiac arrest and arrhythmias (n = 43) (ICD-10 codes I44–I49), heart failure (n = 34)
(ICD-10 code I50), cerebrovascular disease (n = 90) (ICD-10 codes I60–I69), atherosclerosis, and other
diseases of the arteries, arterioles, and capillaries (n = 10) (ICD-10 codes I70–I78); and all other
nonexternal causes (n = 621), which included all other deaths except those already classified as a cancer
or circulatory disease death, or having ICD-10 codes beginning with S, T, V, W, X, or Y.

Serum 25(OH)D Measurement

Serum 25(OH)D levels were measured at Heartland Assays, Inc. (Ames, Iowa), by using a US Food and
Drug Administration-approved direct, competitive, chemiluminescence immunoassay, the DiaSorin
LIAISON 25 OH Vitamin D TOTAL assay (DiaSorin, Stillwater, Minnesota), which is co-specific for 25hydroxyvitamin D2 and D3.[24, 25] Among 10 (blinded) triplicate sets of identical serum samples
included for quality control, the average intraassay coefficient of variation was 4.2%.

Statistical Analysis

Serum 25(OH)D quartiles were determined on the basis of the distribution among the controls, with
25%, 50%, and 75% cutoffs of 10.18, 15.15, and 21.64 ng/mL. Although the distributions of 25(OH)D
measurements varied by race, there were sufficient overlap and adequate numbers of African
Americans and non-African Americans across each quartile to avoid the need for race-specific quartiles.
Mean 25(OH)D levels within each quartile were nearly identical by sex (quartile 1: 7.5, 7.2; quartile 2:
12.6, 12.4; quartile 3: 18.2, 18.3; quartile 4: 29.6, 28.9 ng/mL for males and females, respectively) and by
race (quartile 1: 7.3, 7.5; quartile 2: 12.5, 12.5; quartile 3: 18.1, 18.5; quartile 4: 29.3, 29.5 ng/mL for
African Americans and non-African Americans, respectively).

Mean 25(OH)D levels were compared across participant characteristics by using 1-way analysis of
variance or t tests. Participant characteristics were also compared by case-control status by Pearson's χ2
test. Conditional logistic regression was used to estimate odds ratios and 95% confidence intervals for
all-cause and cause-specific mortality in relation to quartiles of serum 25(OH)D. Matching factors were
accounted for in the conditional analysis, and additional covariates included body mass index (using a
continuous and quadratic term), smoking status (never, former smoker of below-median pack-years,
former smoker of above-median pack-years, current smoker of below-median pack-years, current
smoker of above-median pack-years), annual household income (<$15,000, $15,000–$24,999, $25,000–
$49,999, ≥$50,000), and total work and leisure time physical activity (in quartiles of metabolic
equivalent-hours/day). Other potential confounders that were examined but not retained in the final
models included education, total energy intake, height, alcohol intake, health insurance status, marital
status, and (for women) use of hormone replacement therapy. Time participating in sports, because of
its potential for a stronger relation with outdoor exposure, was tested as a replacement for total
physical activity in the models, but the results did not change. To examine the shape of the continuous
relation between 25(OH)D and mortality risk, we also utilized fully adjusted restricted cubic spline
models.

Interaction by race, sex, and body mass index was assessed by using the likelihood ratio test to compare
models with and without the relevant interactions terms. We found no significant interaction by sex or
by body mass index. Where we found significant interaction by race, race-specific results are presented.
African-American versus white results were nearly identical to African-American versus non-AfricanAmerican results, so only the latter are presented.

All analyses were performed by using SAS, version 9.2, statistical software (SAS Institute, Inc., Cary,
North Carolina). All P values are 2 sided.
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Results

Mean serum 25(OH)D levels varied significantly across strata of age, race, sex, season of blood
collection, body mass index, smoking status, and household income (Table 1). The 2 major determinants
of 25(OH)D levels, race and season of blood collection, showed expected patterns, with African
Americans having levels an average of 5.1 ng/mL lower than whites and blood collected in winter having

levels 5.6 ng/mL lower than those collected in summer (a seasonal pattern seen for both African
Americans and non-African Americans).

We observed a significant trend (Ptrend < 0.001) of increasing risk of all-cause mortality with decreasing
quartiles of serum 25(OH)D (Table 2). Those in the lowest quartile had an 80% increased mortality risk
(95% CI: 1.43, 2.27) compared with those in the highest quartile. To evaluate whether preexisting
disease affected these results, we repeated the analyses among participants without a reported history
of heart attack/bypass surgery (odds ratio for quartile 1 (ORQ1) = 1.84, 95% CI: 1.47, 2.31), diabetes
(ORQ1 = 1.55, 95% CI: 1.21, 1.99), hypertension (ORQ1 = 1.55, 95% CI: 1.08, 2.21), hypercholesterolemia
(ORQ1 = 1.75, 95% CI: 1.34, 2.29), stroke/transient ischemic attack (ORQ1 = 1.68, 95% CI: 1.34, 2.10),
emphysema/chronic bronchitis (ORQ1 = 1.67, 95% CI: 1.33, 2.09), or any of these 6 conditions (ORQ1 =
1.65, 95% CI: 1.05, 2.60) and found that the association persisted. Vitamin D was also a mortality risk
factor for subjects who were nonsmokers at baseline (ORQ1 = 1.56, 95% CI: 1.02, 2.39) and who were of
healthy weight (body mass index of 18.5–<25 kg/m2) at baseline (ORQ1 = 2.29, 95% CI: 1.55, 3.38).

Although trends of increasing risk with decreasing 25(OH)D levels were significant for both racial groups,
the effect was somewhat stronger for non-African Americans than for African Americans (Pinteraction <
0.001) (Table 2). By use of classifications recently issued by the Institute of Medicine[26] (with >20
ng/mL as the referent "adequate" level), African Americans with "inadequate" (12–20 ng/mL) and
"deficient" (<12 ng/mL) levels had odds ratios of 0.95 (95% CI: 0.75, 1.21) and 1.35 (95% CI: 1.05, 1.74),
and non-African Americans had odds ratios of 1.30 (95% CI: 0.96, 1.78) and 2.20 (95% CI: 1.51, 3.19),
respectively. Using an alternate referent value suggested by others[1, 27] to represent vitamin D
adequacy (>30 ng/mL), we found that African Americans with levels of 12–30 ng/mL and <12 ng/mL had
odds ratios of 1.18 (95% CI: 0.79, 1.75) and 1.63 (95% CI: 1.08, 2.45), and non-African Americans had
odds ratios of 1.27 (95% CI: 0.82, 1.95) and 2.37 (95% CI: 1.41, 3.96), respectively.

Figure 1 shows the estimated continuous association between serum 25(OH)D levels and mortality by
using race-stratified restricted cubic spline models with knots at 5, 20, and 45 ng/mL. For African
Americans, the odds of overall mortality reached its minimum at 35.4 ng/mL and, for non-African
Americans, at 35.7 ng/mL. We applied 20 different variations for the placement of the 3 knots, and the
odds of overall mortality reached its minimum in the 25(OH)D range of 35–40 ng/mL for the majority (34
of 40) of these models among African Americans and non-African Americans (not shown).

(Enlarge Image)

Figure 1.

Restricted cubic spline plots of the association between serum 25(OH)D and all-cause mortality,
Southern Community Cohort Study, 2002–2010. Plots for African Americans (dashed line) and nonAfrican Americans (solid line) depict predicted odds ratios from fully adjusted restricted cubic spline
models with knots at 5, 20, and 45 ng/mL. 25(OH)D, 25-hydroxyvitamin D.

Serum 25(OH)D levels were not significantly associated with total cancer mortality, although there was a
suggestion of an adverse effect for the lowest quartile (odds ratio = 1.28, 95% CI: 0.78, 2.11) (Table 3). In
contrast, circulatory disease mortality was significantly elevated at below-median levels of 25(OH)D,
with stronger effects seen for non-African Americans (Pinteraction = 0.004). Having quartile 1 levels of
25(OH)D was associated with an odds ratio of 2.53 (95% CI: 1.44, 4.46) among African Americans and
3.25 (95% CI: 1.33, 7.93) among non-African Americans. Our results also suggest an inverse association
between 25(OH)D and mortality for an aggregate group of all other disease causes (Ptrend = 0.001), with
an odds ratio for the lowest quartile of 1.72 (95% CI: 1.15, 2.58).
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Discussion

We observed that low serum levels of 25(OH)D were associated with an increased risk of subsequent
mortality among African Americans and non-African Americans. Many reports have shown low 25(OH)D

levels to be predictive of poor prognosis among seriously ill patients,[28–32] but if causal, an association
between vitamin D and mortality among normal middle-aged adults would have far more serious public
health implications. To our knowledge, the only previous study to report African-American–specific
results regarding vitamin D and total mortality was that by Melamed et al.[11] within the Third National
Health and Nutrition Examination Survey, which found no significant association with bottom quartile
25(OH)D levels (odds ratio = 1.05, 95% CI: 0.77, 1.44), although their analysis was based on only 401
African-American deaths and could not statistically distinguish these findings from the positive results
among non-Hispanic whites. Nearly all previous epidemiologic studies of vitamin D and mortality have
been conducted in populations entirely or largely of European descent (refer to reference 33 for
review).[19, 20] Our study provides some of the first evidence that clinical vitamin D status may play an
important role in mortality risk for African Americans, among whom vitamin D insufficiency is
widespread.[34]

To date, there are no published data from randomized controlled trials designed specifically to assess
the effect of vitamin D supplementation on total mortality. However, Autier and Gandini[35] conducted
a mortality outcome meta-analysis of 18 trials involving subjects randomized to vitamin D
supplementation for other endpoints, mainly bone mineral density or bone fractures. Although this
analysis was limited in some respects by the design orientation of the original trials (e.g., by and large,
the studies were conducted among frail, elderly individuals of European descent taking ordinary doses
of vitamin D supplements often with the addition of calcium), they did report a significant 7% reduction
in total mortality risk among vitamin D supplement users with a mean daily dose of 528 IU and a mean
follow-up time of 5.7 years (range: from 6 months to 7 years).[35] Among observational studies, several
(including our own) are now in close accord in reporting an approximate doubling of mortality risk for
25(OH)D levels below ~10 ng/mL,[12, 14, 15, 17] and a recent meta-analysis of prospective
observational studies with follow-up for overall mortality ranging from 1.3 to 13 years reported a
summary relative risk for mortality of 0.77 (95% CI: 0.70, 0.84) associated with a 10-ng/mL increase in
25(OH)D over a median reference category of ~11 ng/mL.[33] With 25(OH)D levels slowly decreasing in
the adult US population,[36] and with 21% of non-Hispanic whites and 73% of blacks currently estimated
to have levels <20 ng/mL,[34] these accumulating findings highlight the need to focus clinical attention
on attaining adequate vitamin D levels.

Our findings may help to inform the current debate about the scope of the public health impact of
vitamin D insufficiency and delineating "goal" levels of circulating 25(OH)D. Although an Institute of
Medicine report recently classified serum 25(OH)D levels above 20 ng/mL as adequate,[26] others have
suggested values of 30 ng/mL or higher.[1, 27] Bischoff-Ferrari et al.[37] have proposed that 25(OH)D
levels of 36–40 ng/mL would be optimal with regard to several health endpoints, which corresponds
well with our spline model predictions that the odds of mortality would minimize at 25(OH)D levels in
the range of 35–40 ng/mL.

We did not find a significant inverse association between serum 25(OH)D and subsequent total cancer
mortality, in agreement with some[13, 17, 38] but not all[18, 39] observational studies. Randomized
controlled trials of bone fractures have generally failed to detect significant benefits of vitamin D
supplementation on total cancer mortality,[40, 41] and some recent analyses even suggested adverse
effects on cancer mortality at high (>40 ng/mL) blood levels.[18, 38] Given the heterogeneous nature of
cancer, grouping deaths across all cancer sites could obscure associations with specific cancers, but few
studies have been sufficiently powered to examine cancer types individually for mortality. This may be
resolved with ongoing follow-up of existing cohorts.

We found strong associations between baseline 25(OH)D and subsequent death from diseases of the
circulatory system. This likely reflects contributions from multiple cardiovascular disease risk factors
such as hypertension, atherosclerosis, inflammation, diabetes, and chronic kidney disease, all of which
have been associated with vitamin D.[8, 42] Cells of vascular system tissue, including the heart, express
the vitamin D receptor, and experimental data suggest that vitamin D receptor activation positively
influences cardiovascular function through effects on vascular smooth muscle cell growth, fibrinolysis,
inflammation, thrombogenicity, and endothelial regeneration.[43–48] Calcitriol downregulates the
renin-angiotensin system,[49] and vitamin D receptor knockout mice develop phenotypes of
hypertension, left ventricular hypertrophy, and enhanced thrombogenic activity.[44, 49] Similarly,
human studies have shown that both ultraviolet B radiation and vitamin D supplementation may
decrease blood pressure levels.[50, 51] Overall, experimental data reinforce mounting epidemiologic
evidence of a link between vitamin D and cardiovascular dysfunction, incident cardiovascular events,
and cardiovascular disease mortality.[52–56]

Limitations of our study should be discussed. First, this is an observational study and not a randomized
controlled trial and, thus, is susceptible to confounding influences that hinder causal inference. Second,
the SCCS population is by design not representative of the general US population. The cohort is
composed heavily of individuals of low socioeconomic status, having enrolled the vast majority of cohort
members at community health centers that provide health services in medically underserved, lowincome areas.[23] However, this should not interfere with the validity of our internal analyses.
Moreover, the sample of participants from which the cases and controls arose (i.e., the subset who
provided baseline blood samples) is very similar with respect to age, education, income, body size,
health habits (e.g., smoking), and medical history to that which did not provide a baseline blood sample
(data not shown), so we can infer that our study sample is representative of the SCCS cohort. Third, we
used only one 25(OH)D measurement as a proxy of "typical" vitamin D status, although we observed an
intraclass correlation coefficient of 0.87 (95% CI: 0.83, 0.90) for serial measurements of 25(OH)D taken
1–3 years apart in a sample of more than 200 SCCS participants.[57] Other groups have also found a
single 25(OH)D measurement to adequately represent vitamin D status.[58, 59] Fourth, our data were

too sparse at high levels of 25(OH)D to feasibly estimate an association with mortality at levels where
adverse effects on disease and mortality have been reported.[11, 18, 38] Finally, the available follow-up
period was relatively short, and it will be of interest to determine whether our findings vary with
extended follow-up. Of concern is the possibility that morbidity in the time period leading up to death
would discourage outdoor (and thus sun) exposure, creating a reverse-causation bias. We took steps to
mitigate this problem by restricting case selection to deaths that occurred after at least 1 year of followup. Subanalyses among deaths that occurred after 3.6 years (our average) of follow-up still showed a
strong association with 25(OH)D: ORQ3 = 1.15 (95% CI: 0.84, 1.58), ORQ2 = 1.42 (95% CI: 1.04, 1.95),
ORQ1 = 1.64 (95% CI: 1.16, 2.30), similar for African Americans and non-African Americans. We also
calculated the association between vitamin D and mortality among participants reportedly free of
several chronic diseases at baseline and saw little effect on our results.

This investigation also has several notable strengths. To our knowledge, this study included the largest
number of deaths of any single previous investigation of 25(OH)D and all-cause mortality. Further, unlike
clinical populations, this community-based cohort allowed us to relate vitamin D status to subsequent
mortality with findings of greater generalizability. Finally, we believe this represents the first robust
assessment of the vitamin D–mortality association among African Americans, for whom vitamin D status
has been a longstanding concern.

In conclusion, this study provides evidence that vitamin D status may have an important influence on
mortality risk for African Americans and non-African Americans.

