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OBJECTIVE—Optimal vitamin D levels are associated with reduced cardiovascular and all-
cause mortality. We investigated whether optimal 25-hydroxyvitamin D (25[OH]D) is protective
in individuals with the metabolic syndrome.

RESEARCH DESIGN AND METHODS —The Ludwigshafen Risk and Cardiovascular
Health (LURIC) study is a cohort study of subjects referred for coronary angiography between
1997 and 2000, from which 1,801 with the metabolic syndrome were investigated. Mortality was
tracked for a median of 7.7 years. Multivariable survival analysis was used to estimate the asso-
ciation between 25(OH)D levels and mortality.

RESULTS —Most subjects (92%) had suboptimal levels of 25(OH)D (<75 nmol/L), with
22.2% being severely deficient (<25 nmol/L). During follow-up, 462 deaths were recorded,
267 (57.8%) of which were cardiovascular in origin. After full adjustment, including the met-
abolic syndrome components, those with optimal 25(OH)D levels showed a substantial reduc-
tion in all-cause (hazard ratio [HR] 0.25 [95% CI 0.13-0.46]) and cardiovascular disease
mortality (0.33 [0.16-0.66]) compared with those with severe vitamin D deficiency. For specific
cardiovascular disease mortality, there was a strong reduction for sudden death (0.15 [0.04—
0.63]) and congestive heart failure (0.24 [0.06-1.04]), but not for myocardial infarction. The
reduction in mortality was dose-dependent for each of these causes.

CONCLUSIONS—Optimal 25(OH)D levels substantially lowered all-cause and cardiovas-
cular disease mortality in subjects with the metabolic syndrome. These observations call for
interventional studies that test whether vitamin D supplementation provides a useful adjunct
in reducing mortality in these subjects.
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he cluster of cardiovascular risk
factors termed the metabolic syn-
drome is an important determinant
of vascular disease (1-4), which is the
major cause of morbidity and mortality
worldwide. Available pharmacologic and

lifestyle interventions have been shown
to attenuate the hazard associated with
the syndrome and its components (5,6).
However, these treatment modalities still
fail to normalize risk, and much research
effort is therefore dedicated to exploring
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additional treatment approaches, for which
targeting suboptimal vitamin D levels
presents a potentially important option.

Studies in the U.S. and Europe show
that most of the general population have
25-hydroxyvitamin D (25(0OH)D) levels
below the target level of 75 nmol/L (7,8),
with levels being even lower in those with
the metabolic syndrome (9). The high prev-
alence of a poor vitamin D status has gained
much public health interest because of its
association with cardiovascular disease
conditions, including arterial hyperten-
sion, diabetes, and the metabolic syndrome.
Moreover, prospective studies have shown
that low 25(OH)D levels are associated with
increased all-cause and cardiovascular mor-
tality (10-13). Whether these associations
are causal remains to be explored, but it is
often stressed that vitamin D metabolites
regulate a very wide range of genes with
significance for overall and cardiovascular
health (14), making causality a plausible
hypothesis.

In light of nascent evidence for a pro-
tective effect of optimal vitamin D levels,
it is perhaps surprising that no studies
have specifically addressed whether vitamin
D levels predict mortality and cardiovascu-
lar events in subjects with the metabolic
syndrome. Such data are needed to assess
the potential of supplementation studies in
this increased-risk population. We therefore
studied a large cohort of subjects referred
for coronary angiography, focusing our
analyses on 1,801 individuals who fulfilled
the criteria for the metabolic syndrome.

RESEARCH DESIGN AND
METHODS

Study population

The Ludwigshafen Risk and Cardiovascu-
lar Health (LURIC) study is a prospective
cohort study designed to evaluate deter-
minants of cardiovascular health (15-17).
Between July 1997 and January 2000,
3,316 Caucasian subjects referred for cor-
onary angiography were recruited at the
Herzzentrum (Cardiac Center) Ludwig-
shafen in southwest Germany. Exclusion
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criteria were any acute illness other than
acute coronary syndrome, any predomi-
nant noncardiac chronic disease, and a his-
tory of malignant neoplasm(s) within the
past 5 years. The metabolic syndrome was
identified in 1,801 subjects. Written in-
formed consent was obtained from each
participant, and the study was approved
by the institutional review board at the
Arztekammer Rheinland-Pfalz (Medical
Association of Rheinland-Pfalz).

A detailed questionnaire was used to
collect a range of demographic character-
istics, including lifestyle factors such as
alcohol consumption, smoking, and phys-
ical activity. Daily physical activity was
recorded using a nonvalidated 11-point
scale ranging from bedridden to extremely
active. Key points on the scale were 1, bed
rest; 2, mostly supine, 3, not very active, 6,
usual office work; 9, heavy work or sports;
and 11, extremely sportive.

Laboratory analyses

A fasting venous blood sample was ob-
tained in the morning before coronary
angiography from supine subjects. Selected
variables were measured after samples
were snap frozen and stored at —80°C.
A summary of analytic methods rele-
vant to this study has been previously re-
ported (15). Serum levels of 25(OH)D were
assayed weekly using a radioimmu-
noassay (DiaSorin SA, Antony, France)
with intra-assay and interassay coefficients
of variation of 8.6% and 9.2%, respec-
tively (15,16). We have also validated
this radioimmune assay using liquid chro-
matography coupled to tandem mass spec-
trometry, which correlated significantly
(r=10.88, P < 0.001), with intra-assay and
interassay coefficients of variation of less
than 10%.

Diagnoses

Serum vitamin D status was categorized
based on 25(OH)D levels as being opti-
mal (=75 nmol/L), or having insuffi-
ciency (50-74.99 nmol/L), moderate
deficiency (25-49.99 nmol/L), or severe
deficiency (<25 nmol/L), as recommended
by the Endocrine Society (18,19). For ref-
erence, other organizations may use other
criteria, such as the Institute of Medicine,
that recommend levels >50 nmol/L (20).
Metabolic syndrome in adults was defined
using the consensus statement from the
International Diabetes Federation Task
Force on Epidemiology and Prevention;
the National Heart, Lung, and Blood Insti-
tute; the American Heart Association; the
World Heart Federation; the International

Atherosclerosis Society; and the Interna-
tional Association for the Study of Obesity
(21). Specifically, it was identified in those
having 3 or more of the following (1):
blood pressure =130/85 mmHg or receiv-
ing antihypertensive medication (2); fasting
glucose =5.6 mmol/L or receiving drug
treatment for diabetes (3); triglycerides
=1.7 mmol/L or receiving specific drug
treatment (4); HDL cholesterol <1.03
mmol/L in men or <1.30 mmol/L in women
or receiving specific drug treatment (5); or
waist circumference >102 c¢cm in men or
>88 cm in women (21).

Follow-up

Follow-up procedures (median 7.7 years)
have been described in detail elsewhere
(15-17). Briefly, information on mortal-
ity was obtained from local registries. We
used death certificates to classify the de-
ceased into those who died of cardiovascu-
lar versus noncardiovascular causes. This
classification was done independently by
two experienced clinicians who were blin-
ded to the study participants, except for in-
formation that was required to classify the
cause of death. In the event of disagreement
or uncertainty, a classification decision was
made by one of the LURIC study principal
investigators (W.M.).

Statistical analysis

Subjects were stratified according to
widely used cutoffs for the definition of
vitamin D status based on 25(OH)D levels
(18). Baseline demographics of the sub-
jects categorized by vitamin D status are
described as percentages for categoric
data and as, depending on their distribu-
tion, continuous data are presented as
means * SD or as geometric means with
95% Cls. Comparisons between groups
were performed using the x* test for cate-
goric data and ANOVA for continuous
data. Kaplan-Meier curves, followed by
the log-rank test, were used to evaluate dif-
ferences in overall and cardiovascular mor-
tality for the 25(OH)D groups. Hazard
ratios (HR) with 95% Cls for the mortality
categories were calculated using Cox pro-
portional hazards regression models,
which enabled adjustment for potential
confounding parameters. In these analyses,
model 1 describes the crude association;
model 2 was adjusted for age, sex, smoking,
alcohol and physical activity; and model 3
was further adjusted for BMI, waist circum-
ference, diastolic blood pressure, type 2
diabetes, total cholesterol, cystatin C,
C-reactive protein, the New York Heart As-
sociation (NYHA) functional classification,
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cardiovascular medication, and month of
blood sampling (seasonality). HRs for
25(OH)D categories were calculated using
the severe vitamin D deficiency group as
the reference. Assumptions underlying the
Cox proportional hazards regression model
were evaluated by log minus log survival
and partial (Schonfeld) residuals versus sur-
vival time plots, and were found valid. All
statistical tests were two-sided, and statisti-
cal significance was defined as P < 0.05. All
data were analyzed using SPSS 18.0 software
(SPSS Inc, Chicago, IL).

RESULTS —The metabolic syndrome
was identified in 1,811 subjects (54.6%)
referred for coronary angiography, for
whom serum levels of 25(OH)D were
available in 1,801 (99.4%). Study partic-
ipants had to demonstrate clinical stabil-
ity, except for acute coronary syndrome.

In the 1,801 subjects with the meta-
bolic syndrome and complete 25(OH)D
data, 92% had suboptimal (<75 nmol/L)
25(0OH)D levels, with 27.0% having in-
sufficiency (50-74.99 nmol/L), 42.8%
moderate deficiency (25-49.99 nmol/L),
and 22.2% severe deficiency (<25 nmol/L).
As reported in Table 1, 25(OH)D levels
had an inverse relationship with fasting
glucose and the prevalence of diabetes,
whereas HDL cholesterol levels increased
with increasing 25(OH)D levels. Surpris-
ingly, there was also a small positive asso-
ciation with diastolic blood pressure, but no
association was observed with systolic blood
pressure or prevalence of hypertension, al-
though pulse pressure did decrease with
increasing 25(OH)D levels. The decrease
in the proportion of subjects at NYHA func-
tional classes Il and IV suggested lower rates
of heart failure in those with increased 25
(OH)D levels (Table 1). Anumber of lifestyle
factors were positively associated with 25
(OH)D levels, including alcohol consump-
tion and physical activity (Table 1).

Across the 12,514 person-years of
follow-up, 462 deaths were recorded, of
which 267 (57.8%) were cardiovascular
in origin (Table 2). Figure 1 presents the
Kaplan-Meier plots for all-cause and car-
diovascular mortality according to the
four 25(OH)D groups. There was a clear
dose-dependent reduction in all-cause
mortality (P < 0.001 for trend; Table 2),
showing a 75% reduction (HR 0.25 [95%
CI 0.13-0.46]) in those with optimal
25(OH)D levels, relative to those with se-
vere deficiency, after full adjustment. For
cardiovascular disease, a comparable re-
duction in mortality was observed (P <
0.001 for trend; Table 2).
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Vitamin D and mortality

Table 1—Baseline characteristics in those with the metabolic syndrome according to 25(OH)D concentrations

25(OH)D groups

Severe deficiency Moderate deficiency Insufficient Optimal
(<25 nmol/L) (25-49.99 nmol/L) (50-74.99 nmol/L) (=75 nmol/L)

Characteristics (n =487) (n=771) (n =400) (n=143) P
Age (years) 66.0 = 10.1 63.6 +99 622 +90 61.7 83 <0.001
Female 46.6 28.4 30.0 23.1 <0.001
Waist circumference (cm) 1029+ 118 1039+ 11.0 103.0 = 10.0 102.5 = 10.1 0.29
BMI (kg/mz) 289 + 45 29.0 4.0 28.7 £ 38 288+ 34 0.75
Glucose (mmol/L) 6.1 (5.9-6.3) 5.9 (5.7-6.0) 5.7 (5.5-5.8) 5.6 (5.4-5.8) <0.001
Glycosylated hemoglobin A (%) 6.8 6.6 6.4 6.3 <0.001
Triglycerides (mmol/L) 2.0(1.9-2.1) 2.1(2.0-2.2) 2.2 (2.0-2.3) 2.2(2.0-2.3) 0.12
Cholesterol (mmol/L)

Total 4.8 (4.7-4.9) 4.9 (4.8-5.0) 5.0 (4.9-5.1) 5.0 (4.8-5.2) 0.12

LDL 2.7 (2.6-2.9) 2.8(2.7-2.9) 29(2.8-2.9) 2.9 2.7-3.0) 0.29

HDL 0.87 (0.85-0.89) 0.87 (0.86-0.89) 0.91 (0.89-0.93) 0.92 (0.89-0.96) 0.005
Blood pressure (mmHg)

Systolic 147 = 23 147 £ 23 146 = 21 147 = 20 0.92

Diastolic 812 *114 835+ 11.2 84.6 £ 10.7 84.8 = 10.8 <0.001
Pulse pressure (mmHg) 66.0 = 19 63.8 =18 61.9 = 16.6 62.6 * 18.4 0.005
C-reactive protein (mg/L) 70.2 (57.0-86.5) 37.7 (32.4-43.8) 34.8 (28.0-43.3) 28.7 (21.5-38.2) <0.001
Parathyroid hormone (ng/L) 35.4 (33.8-37.1) 29.2 (28.0-30.5) 31.0 (29.6-32.4) 26.4 (25.1-27.7) <0.001
Calcium (mmol/L) 23 (2.3-2.3) 2.3(2.3-2.3) 232324 24(23-24) 0.001
Cystatin C (mg/L) 1.10 (1.06-1.14) 1.02 (0.99-1.05) 0.98 (0.94-1.01) 0.94 (0.90-0.98) <0.001
Smokers

Former 439 47.1 46.8 57.3

Current 18.5 18.0 19.8 16.8 0.10
Current drinkers 42.6 50.4 50.4 57.4 0.001
Physical activity level

Average 46.1 45.5 41.2 30.1

Above average 12.8 27.8 37.1 52.9 <0.001
NYHA <0.001

11 28.5 31.3 30.3 28.7

11T 24.0 16.7 133 12.6

v 3.9 3.0 2.8 2.8
Cardiovascular disease 14.8 9.3 9.0 5.6 0.001
Peripheral vascular disease 15.8 10.4 8.0 4.9 <0.001
Type 2 diabetes 35.1 26.3 21.0 14.0 <0.001
Hypertension 64.9 65.0 64.8 67.1 0.76
Cardiovascular medication use 2.5 3.1 6.3 2.1 0.09

Continuous data are shown as mean * SD or geometric mean (with 95% Cls), and categoric data are shown as percentages.

Diabetes is associated with a strong
reduction in 25(OH)D levels and is a
major predictor of mortality. However, the
removal of 965 subjects with type 2 di-
abetes from this analysis only modestly
reduced the observed effect sizes. For
example, after removal of those with type
2 diabetes, we found a 64% reduction for
all-cause mortality in subjects with opti-
mal 25(OH)D levels (HR 0.36 [95% CI
0.20-0.64), relative to those with severe
deficiency (P < 0.001 for trend).

We also performed a sensitivity anal-
ysis to rule out that 25(OH)D is a marker
of end-stage disease in this population
by excluding subjects who died within
2 years of follow-up, leaving 1,561 subjects.

The results remained essentially unal-
tered: comparing optimal versus severe
deficiency yielded HRs of 0.16 (95% CI
0.06-0.39) for all-cause mortality and
0.24 (0.09-0.67) for cardiovascular dis-
ease—specific mortality. We further re-
moved 268 subjects with a glomerular
filtration rate of <60 mL/min/1.73 m?,
which represents a loss of more than half
the adult level of normal kidney function
(22). Likewise, we found the current study
results remained essentially unchanged
(data not shown).

A total of 35 subjects (2.0%) reported
regularly taking vitamin supplements, which
usually contained B complex vitamins or
vitamin Ds. Because mean 25(OH)D levels

were only modestly higher in users of vita-
min D preparations (51.4 £ 31.2 nmol/L)
compared with the remaining cohort
(40.7 = 24.7 nmol/L; P = 0.048), while
1,25-dihydroxyvitamin D levels, as well
age and parathyroid hormone levels, did
not differ significantly (data not shown),
these subjects were included in the pres-
ent analysis. Sensitivity analyses excluding
those subjects did not affect the risk esti-
mates (data not shown).

Despite a limited number of subjects
available for analyses of cause-specific
mortality, we observed a 85% reduced
sudden death in those with optimal 25
(OH)D levels (HR 0.15 [95% CI 0.04—
0.63]) contrasted with severe deficiency
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Table 2—HRs for all-cause and cardiovascular mortality in those with the metabolic syndrome according to 25(OH)D concentrations

25(OH)D group
Severe deficiency Moderate deficiency Insufficient Optimal P
(<25 nmol/L) (25-49.99 nmol/L) (50-74.99 nmol/L) (=75 nmol/L) for trend
All-cause
Participants at risk/dead (n) 487/190 771/184 400/76 143/12 —
Model 1 1 (reference) 0.56 (0.45-0.69) 0.45 (0.34-0.59) 0.18 (0.10-0.34) <0.001
Model 2 1 0.62 (0.50-0.77) 0.56 (0.43-0.75) 0.25 (0.14-0.46) <0.001
Model 3 1 0.63 (0.50-0.79) 0.61 (0.45-0.82) 0.28 (0.14-0.53) <0.001
All-CVD
Participants at risk/dead (n) 487/113 771/107 400/37 143/10 —
Model 1 1 (reference) 0.55 (0.42-0.72) 0.36 (0.25-0.53) 0.25 (0.13-0.50) <0.001
Model 2 1 0.60 (0.46-0.79) 0.45 (0.30-0.66) 0.34 (0.17-0.68) <0.001
Model 3 1 0.61 (0.46-0.82) 0.49 (0.33-0.74) 0.36 (0.17-0.76) <0.001
Sudden death from CVD
Participants at risk/dead (n) 487/48 771/48 400/20 143/3 —
Model 1 1 (reference) 0.56 (0.37-0.85) 0.44 (0.26-0.77) 0.13 (0.03-0.55) 0.001
Model 2 1 0.58 (0.38-0.89) 0.51 (0.29-0.89) 0.16 (0.04-0.67) 0.006
Model 3 1 0.56 (0.36-0.87) 0.53 (0.30-0.95) 0.17 (0.04-0.73) 0.01
Congestive heart failure
Participants at risk/dead (n) 487/38 77124 400/5 143/2 —
Model 1 1 (reference) 0.36 (0.21-0.60) 0.15 (0.06-0.38) 0.16 (0.04-0.67) <0.001
Model 2 1 0.42 (0.25-0.72) 0.20 (0.08-0.52) 0.23 (0.06-0.98) <0.001
Model 3 1 0.43 (0.25-0.77) 0.24 (0.09-0.64) 0.34 (0.08-1.48) 0.004
Stroke
Participants at risk/dead (n) 487/8 771/13 400/4 143/1 —
Model 1 1 (reference) 0.78 (0.31-1.93) 0.54 (0.16-1.81) 0.38 (0.05-3.04) 0.67
Model 2 1 0.89 (0.35-2.26) 0.67 (0.20-2.31) 0.52 (0.06-4.34) 0.89
Model 3 1 0.88 (0.33-2.34) 0.70 (0.20-2.54) 0.75 (0.08-6.72) 0.96
Myocardial infarction
Participants at risk/dead (n) 487/14 771/25 400/10 143/4 —
Model 1 1 (reference) 1.10 (0.56-2.15) 0.85 (0.37-1.93) 0.92 (0.30-2.83) 0.91
Model 2 1 1.17 (0.59-2.31) 1.02 (0.44-2.38) 1.21 (0.39-3.82) 0.96
Model 3 1 1.39 (0.68-2.82) 1.21 (0.50-2.92) 1.65 (0.49-5.54) 0.79

HRs are presented with 95% Cls, and categoric data are shown as indicated. Model 1 was unadjusted; model 2 adjusted for age, sex, smoking, alcohol and physical
activity; model 3 further adjusted for BMI, waist circumference, diastolic blood pressure, type 2 diabetes, total cholesterol, cystatin C, C-reactive protein, the NYHA
functional classification, cardiovascular medication, and month. CVD, cardiovascular disease.

(P = 0.004 for trend, Table 2). Mortality
due to congestive heart failure similarly
showed a significant trend (P = 0.001).
Vitamin D status was not significantly as-
sociated with fatal myocardial infarction.
Risk of fatal strokes was also not signifi-
cantly related to 25(OH)D levels, but in-
terpretation of this analysis is limited by
the very low number of events (n = 25).
Because exposure to sunlight is a ma-
jor potential confounder, although all anal-
yses were adjusted for seasonality, we also
performed a sensitivity analysis stratifying
the study into those measured during the
“summer” (May to October) and “winter”
(November to April). The associations were
similar to those from the overall analysis,
with HRs in the “summer” of 0.62 (95% CI
0.45-0.87), 0.62 (0.41-0.93), and 0.32
(0.15-0.68) for moderate deficiency, insuf-
ficient, and optimal, respectively, compared

with those with severe deficiency. Like-
wise, for the “winter” period, the HRs were
0.63 (0.46-0.87), 0.56 (0.34-0.91), and
0.17 (0.04-0.69), respectively. The ob-
servations also remained similar for all-
cardiovascular disease mortality (data
not shown).

CONCLUSIONS—To the best of our
knowledge, this is the first study to show
that optimal levels of 25(OH)D substantially
reduce the risk of all-cause and cardiovas-
cular mortality in subjects with the meta-
bolic syndrome, a population well-known
to exhibit excess mortality (1-4). We
observed a 75% and 69% reduction in all-
cause and cardiovascular disease mortality,
respectively, in those with optimal levels
compared with those with severe 25(OH)
D deficiency. The analyses further showed
that these associations were not driven by

diabetes, a factor known to be associated
with reduced 25(OH)D levels. The findings
presented here strengthen a limited longi-
tudinal literature describing the association
between vitamin D and mortality (10—
12,16) and extend our prior observations
derived from the LURIC cohort (17).
Although answers regarding the
causal role of vitamin D need to come
from randomized controlled trials, it is
promising to note that most criteria usu-
ally taken as support for causality were
met: these include temporality, strength,
consistency, biologic gradient, coherence,
and plausibility. Indeed, numerous mech-
anisms have been identified by which
vitamin D metabolites may affect meta-
bolic homeostasis and atherogenesis. For
example, vitamin D effects include regula-
tion of glycemic homeostasis, as observed
in the current study; whereby reduced
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Figure 1—Kaplan-Meier plots for all-cause (left) and cardiovascular mortality (right) according to 25(OH)D groups in those with the metabolic
syndrome. Log-rank analysis indicated a significant difference between all 25(OH)D groups (P < 0.001).

vitamin D levels are associated with lower
glucose levels and/or reduced insulin se-
cretion and increased insulin resistance
(18,23-26).

Not all studies have identified the
association with vitamin D and insulin
action, including in subjects with the met-
abolic syndrome (27). However, vitamin
D can also influence the effects of glyce-
mia independently of these mechanisms
by blunting the effect of advanced glyca-
tion end products on endothelial cells
(28), which may contribute to the in-
creased arterial stiffness and endothelial
dysfunction observed in individuals defi-
cient in vitamin D (29). Vitamin D can
also exert protective effects on the vessel
walls by inhibition of macrophage to
foam cell formation (30) and via its anti-
inflammatory effects (31,32). The latter is
likewise consistent with the current data,
which showed an inverse association of
25(OH)D levels with C-reactive protein.

Vitamin D suppresses atherosclerotic
disease and attenuates thrombogenesis
(32,33). In the current study, however,
we did not find an association with acute
myocardial infarction or stroke; the latter
might have resulted from the limited
number of events. Vitamin D sufficiency
has been associated with an downregulation
of the renin-angiotensin-aldosterone sys-
tem, thus potentially attenuating the de-
velopment of hypertension (18), although
only pulse pressure was inversely associ-
ated with 25(OH)D levels in the current
study. The action of vitamin D on the renin-
angiotensin-aldosterone system (18),
along with its suppression of cardiac hy-
pertrophy (34) and hypercontractility

(35,36), likely contributes to the reduc-
tion in sudden cardiac death and heart
failure mortality.

Surprisingly, 25(OH)D levels were
not associated with the measures of adi-
posity, namely waist circumference and
BMI (37). However, this may be an arti-
fact of selecting those with the metabolic
syndrome, for which central adiposity isa
component and who are thus overall gen-
erally more obese. Likewise, in these more
ill subjects (e.g., those with heart failure),
issues of wasting may also potentially be
present that interfere with the association.
In the overall population of 3,316 sub-
jects, when including those with and
without the metabolic syndrome, we did
observe a significant inverse association
between BMI and 25(OH)D levels (16).

A baseline positive association was
observed between alcohol intake with
25(0OH)D levels. Short-term studies have
suggested that alcohol intake does not
affect vitamin D metabolism (38); how-
ever, consumption at moderate levels
might have assisted in the reduction in car-
diovascular disease mortality (39). Overall
alcohol consumption per se is usually
associated with an overall excess of
deaths (39), so is unlikely to be a signif-
icant determinant of the apparent protec-
tive effect on mortality associated with
the 25(OH)D levels, particularly given that
we adjusted for alcohol consumption in the
analyses.

Several limitations of our study
should be noted. We assessed 25(OH)D
only at one time point, and this may not
reflect long-term vitamin D status. How-
ever, despite significant seasonal variation,

25(0OH)D levels are reported to track over
time in a comparable manner similar to
other established risk factors such as blood
pressure and lipids (40). A single measure
also does not consider the significant
seasonal variations in 25(OH)D levels.
However, we adjusted the analyses for sea-
sonality by incorporating the timing of the
sampling, which should partly address
this issue. We also performed sensitivity
analyses stratified by season, for which the
results consistently showed a clear protec-
tive effect for all-cause and all-cardiovascular
mortality.

Significantly, momentary 25(OH)D
was found to be a powerful long-term pre-
dictor: the Kaplan-Meier plots showed a
consistent linear relationship with mor-
tality, continuing for more than 8 years
after a single assessment of 25(OH)D.
Inclusion of only Caucasian subjects limits
the generalizability of the study but does
help to minimize potential confounding
resulting from the use of an ethnically di-
verse population; for example, skin pig-
mentation and cultural aspects, such as
style of dress, could differentially influ-
ence the magnitude of photosynthesis at
different times of the year (8).

Likewise, because these subjects with
the metabolic syndrome had undergone
elective angiography due to cardiovascular
symptoms or events, they are thus not
representative of the general population
with the metabolic syndrome and are
likely to display an elevated mortality
risk. Although, we performed multivari-
able adjustments, we cannot rule out that
unmeasured or unknown confounders
could have influenced our results.
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A possible alternative explanation of
our results is that those with the highest
risk for mortality had limited sunlight
exposure due to existing health-related
issues, thereby confounding the associa-
tion between increased risk and reduced
vitamin D levels. Related, those with
greater physical activity levels would
likely be healthier, and if the activities
were performed outdoors, would also
have increased ultraviolet B exposure.
This would in turn affect 25(OH)D levels.
Moreover, increased physical activity may
also be associated with other beneficial
lifestyle practices that reduce morbidity
and mortality. We addressed these poten-
tial confounding issues in several ways: we
adjusted our Cox regression analyses for
parameters that are related to outdoor
activities and sun light exposure, includ-
ing NYHA functional class, physical activ-
ity, cardiovascular medication, renal
function, and month of blood sampling.
These adjustments had only modest effects.
Similarly, sensitivity analyses that excluded
those who died within the first 2 years of
follow-up only minimally attenuated the
observed effects. Considering the mag-
nitude of the observed benefit of higher
25(OH)D levels and the very modest effect-
size attenuation seen after comprehensive
statistical and sample adjustments, it seems
fair to conclude that residual confounding
is a unlikely hypothesis.

In summary, 25(OH)D levels were
dose-dependently associated with a ro-
bust reduction in all-cause and cardio-
vascular mortality in subjects with the
metabolic syndrome. We hope these find-
ings will spur interventional randomized,
controlled trials to confirm the effects of
vitamin D on mortality and, if positive,
help establish recommendations for sup-
plementation in these subjects.
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