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Background-—Vitamin D deficiency is associated with an increased risk of cardiovascular disease; however, it is unclear whether
vitamin D status should be considered in clinical risk assessments of patients with cardiovascular disease.

Methods and Results-—This study included 2975 patients who had their first serum total 25-hydroxy vitamin D (25-OH vitamin D)
measurement before their first coronary catheterization in Alberta, Canada. Cox regression was used to examine associations
between 25-OH vitamin D and mortality risk after adjusting for demographic and clinical risk factors. Interactions were tested using
multiplicative terms, and prognostic value was assessed using measures of model discrimination, fit, calibration and net
reclassification improvement. There were 401 deaths over a median of 5.8 years of follow-up. Serum total 25-OH vitamin D was
inversely associated with mortality after adjusting for demographic and clinical risk factors, which was largely driven by excess risk
in the bottom quintile (hazard ratio 1.84 for bottom versus top quintile, 95% CI 1.36–2.50, P for trend <0.001). Associations were
weaker in the presence of several competing risk factors (e.g., advanced age; P for interactions <0.05). Adding 25-OH vitamin D to
a model containing demographic and clinical risk factors yielded similar discrimination, model fit, and calibration and only modest
improvements in risk reclassification (net reclassification improvement 1.9% for deaths, 2.3% for survivors).

Conclusions-—Pre-catheterization, serum total 25-OH vitamin D was inversely associated with mortality risk after adjusting for
established demographic and clinical risk factors. This association was attenuated by several competing risk factors. Overall, 25-
OH vitamin D added little prognostic value over established risk factors; therefore, its measurement is not warranted in patients
undergoing coronary catheterization. ( J Am Heart Assoc. 2016;5:e004289 doi: 10.1161/JAHA.116.004289)
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A n abundance of epidemiological evidence links vitamin
D deficiency to cardiovascular disease (CVD). In 2 large

meta-analyses of prospective cohort and intervention studies,
lower serum total 25-hydroxyvitamin D (25-OH vitamin D; the
major circulating form of vitamin D) was associated with a

greater risk of fatal and nonfatal CVD events in both healthy
persons and those with preexisting CVD.1,2 Combined with
biochemical evidence of 25-OH vitamin D’s role in the
development of cardiovascular risk factors such as insulin
resistance,3 many have suggested that vitamin D deficiency
is causally related to CVD. Given the high prevalence of
vitamin D deficiency in the Northern Hemisphere,4 findings
such as these have helped increase demand for 25-OH
vitamin D testing and supplementation rates.5 Nevertheless,
because of a lack of high-quality trials of vitamin D
supplementation,6 both the US Agency for Healthcare
Research and Quality7 and the US Institute of Medicine8

have stated that evidence is insufficient to support a causal
role of vitamin D in CVD. Others have noted that vitamin D
deficiency may simply indicate ill health.9 As such, 25-OH
vitamin D could still be valuable as a clinical prognostic
marker.8,10–12

While several clinical studies have evaluated the associa-
tion between 25-OH vitamin D and risk of CVD outcomes,
complications, and mortality following surgery or hospitaliza-
tion,13–20 few have fully evaluated the prognostic value of 25-
OH vitamin D by contrasting model discrimination, fit, and
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calibration to those from models containing established risk
factors. Furthermore, none have examined the ability of 25-
OH vitamin D to appropriately reclassify patient risk when
added to models containing established risk factors.

The objectives of this study were therefore to (1)
examine the association between serum total 25-OH vitamin
D concentration and total mortality in a population of
patients undergoing coronary catheterization; (2) examine
variation in this association according to timing between 25-
OH vitamin D testing and catheterization, demographic risk
factors, clinical risk factors, and season of testing; and (3)
determine whether 25-OH vitamin D provides additional
prognostic value (superior model discrimination, fit, calibra-
tion and risk reclassification) above and beyond established
risk factors.

Methods

Study Population
Our study included patients from the Alberta Provincial Project
for Outcome Assessment in Coronary Heart Disease
(APPROACH). Established in 1995, APPROACH is a cardiac
admission, catheterization, and revascularization registry that
collects demographic, clinical, and outcome data on all
patients undergoing invasive cardiac procedures in the
province of Alberta, Canada.21 At the time of analysis, follow-
up was available until August 20, 2015. All patients provided
informed consent at the time of enrollment. This study
complies with the Declaration of Helsinki and was approved
by the University of Calgary Conjoint Health Research Ethics
Board (ethics identifier E25065).

Exposure
Results for serum total 25-OH vitamin D, date of testing, and
personal health number were extracted from the laboratory
information systems of Calgary (Calgary Laboratory Services,
August 9, 2007, to June 26, 2013; n=32 610) and Edmonton
(Alberta Health Services, August 26, 2008, to September 26,
2013; n=13 784) Alberta. During the time period of this
study, 25-OH vitamin D testing was available to all Alberta
physicians for any purpose. Because 25-OH vitamin D was
measured by liquid chromatography–tandem mass spectrom-
etry in Edmonton and by immunoassay (Liaison; DiaSorin) in
Calgary, 240 identical samples were run by each method
(R2=0.8, slope=1.0, intercept=�8), and Edmonton results
were corrected to match those from Calgary by subtracting
8 nmol/L. Results below each assay’s limit of quantification
were replaced with the respective limit of quantification and
results above each assay’s upper reporting limit were
replaced with the respective upper reporting limit.

Outcome
The outcome used was total (all-cause) mortality, provided by
linkage of the APPROACH registry to Alberta Vital Statistics.

Covariates
Established prognostic factors were assessed at catheteriza-
tion in the APPROACH registry. These included both demo-
graphic (age, sex) and clinical risk factors (body mass index
[BMI; kg/m2], renal disease, hypertension, hyperlipidemia,
type 2 diabetes mellitus, congestive heart failure, smoking
status [current and prior], prior history of myocardial infarc-
tion, family history of heart disease, ejection fraction),
including a modified 5-point Duke severity score (Duke5)
based on the number of coronary vessels affected and the
extent of occlusion.

Statistical Analysis
Laboratory data was merged to the APPROACH registry by
personal health number. To eliminate the effect of a change in
lifestyle, supplementation, or prior procedure on 25-OH
vitamin D concentration only the first 25-OH vitamin D result
prior to the first recorded catheterization was used Patient
characteristics were tabulated according to quintiles of 25-OH
vitamin D. Trends were evaluated using linear regression
(continuous variables) and logistic regression (dichotomous
variables). Demographic and clinical risk factors of patients
who were tested were compared to those who were not using
the Student t test (continuous variables) and the chi-squared
test (categorical variables).

Cox proportional hazards models were used to evaluate the
shape and association between pre-catheterization 25-OH
vitamin D quintiles (top quintile as reference) and post-
catheterization mortality. Follow-up time was calculated from
catheterization until death or censoring. An ordinal variable
for vitamin D quintile was used to test for linear trends across
quintiles. A second model was adjusted for demographic risk
factors (age, sex). A third model was further adjusted for
clinical risk factors (BMI, smoking status, renal disease,
hypertension, hyperlipidemia, type 2 diabetes mellitus, family
history of heart disease, prior myocardial infarction, conges-
tive heart failure, whether ejection fraction was measured,
ejection fraction [<20%, 20–34%, 35–50%, >50% (reference)],
and Duke5 score (0–5)).

Interaction terms (eg, 25-OH vitamin D quintile multiplied
by age) were used to test whether associations differed
according to the length of time between 25-OH vitamin D
testing and catheterization, demographic risk factors, clinical
risk factors, and the season of testing (based on dates of
solstices and equinoxes in the Northern Hemisphere).
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Continuous covariates were dichotomized according to the
median prior to testing, and strata-specific associations were
shown for any significant interactions.

The ability of models to discriminate between patients who
died versus those who did not was evaluated using the
concordance probability estimate (C-metric).22 Model fit was
assessed using the Akaike Information Criterion (AIC), a
measure that assigns a penalty for additional variables in a
model. Calibration was evaluated using the Greenwood-Nam-
D’Agostino goodness-of-fit test.23 Risk reclassification was
assessed using net reclassification improvement (NRI)24 from a
model containing demographic and clinical covariates versus a
model also containing 25-OH vitamin D. The NRI describes (1)
the proportion of cases (deaths) correctly reclassified to higher
risk categories (case NRI=[number of cases reclassified
higher�number of cases reclassified lower]/number of cases)
and (2) the proportion of controls (survivors) correctly reclas-
sified to lower risk categories (control NRI=[number of controls

reclassified lower�number of controls reclassified higher]/
number of controls). An “overall” NRI can be calculated as the
sum of both, however this cannot be expressed as a percentage
because it is the sum of 2 fractions with different denomi-
nators.24 Risk categories of 0% to <5%, 5% to <10%, 10% to
<20%, and ≥20% were selected for use in NRI calculations after
physician consultation and literature review.25 For calibration
and net reclassification, we used predicted probabilities
calculated at 5 years of follow-up.

All statistical analyses were performed using SAS version
9.4 (SAS Institute). Analyses were considered statistically
significant at a<0.05.

Results
The final data set contained 2975 patients (mean age
64 years, 60% male) catheterized between November 2007

Table 1. Patient Characteristics by Quintile of Serum Total 25-OH Vitamin D

Characteristic

Quintile

P for Trend1 2 3 4 5

Patients, n 595 597 593 597 593

25-OH vitamin D, nmol/L,
median (range)

30.4 (≤40.2) 48.4 (40.3–56.3) 64.0 (56.4–71.9) 80.5 (72.0–91.6) 109.0 (≥91.8)

Age, y (SD) 59.9 (12.1) 62.7 (12.1) 63.3 (11.5) 65.8 (11.5) 66.5 (11.6) <0.001

Male, % (n) 65.5 (390) 64.5 (385) 61.7 (366) 58.1 (347) 51.8 (307) <0.001

BMI, kg/m2 (SD) 28.8 (5.9) 29.0 (6.1) 28.8 (5.7) 28.0 (5.6) 27.3 (5.7) <0.001

Current smoker, % (n) 22.5 (134) 18.6 (111) 17.2 (102) 13.9 (83) 12.1 (72) <0.001

Prior smoker, % (n) 27.1 (161) 30.5 (182) 34.6 (205) 32.7 (195) 34.6 (205) 0.005

Renal disease, % (n) 6.7 (40) 4.9 (29) 3.9 (23) 4.5 (27) 4.2 (25) 0.055

Hypertension, % (n) 66.6 (396) 70.5 (421) 69.0 (409) 67.3 (402) 68.6 (407) 0.873

Hyperlipidemia, % (n) 68.1 (405) 69.2 (413) 65.4 (388) 64.8 (387) 65.1 (386) 0.092

Type 2 diabetes mellitus, % (n) 37.3 (222) 30.2 (180) 23.8 (141) 23.8 (142) 21.4 (127) <0.001

Family history of heart disease, % (n) 30.0 (178) 31.2 (186) 34.1 (202) 31.7 (189) 32.4 (192) 0.369

Prior myocardial infarction, % (n) 8.1 (48) 7.2 (43) 7.8 (46) 9.1 (54) 7.4 (44) 0.873

Congestive heart failure, % (n) 14.0 (83) 12.6 (75) 9.8 (58) 13.4 (80) 13.5 (80) 0.985

Ejection fraction missing, % (n) 23.5 (140) 23.5 (140) 19.6 (116) 27.3 (163) 28.5 (169) 0.014

Ejection fraction <50, % (n)* 21.3 (97) 22.1 (101) 17.6 (84) 21.7 (94) 19.1 (81) 0.416

Duke5 score, score (SD)† 1.9 (1.2) 1.9 (1.1) 1.8 (1.1) 1.8 (1.1) 1.8 (1.2) 0.048

Season of 25-OH vitamin D testing

Spring, % (n) 22.5 (134) 27.1 (162) 24.1 (143) 26.1 (156) 24.6 (146) 0.569

Summer, % (n) 19.5 (116) 25.3 (151) 24.8 (147) 24.0 (143) 25.5 (151) 0.055

Fall, % (n) 25.9 (154) 26.5 (158) 25.3 (150) 28.1 (168) 28.2 (167) 0.278

Winter, % (n) 31.8 (189) 21.1 (126) 25.8 (153) 21.8 (130) 21.8 (129) <0.001

25-OH vitamin D indicates 25-hydroxyvitamin D; BMI, body mass index; Duke5 scale, modified 5-point Duke severity scale; SD, Standard deviation.
*Ejection fraction was coded as a 4-point scale.
†Duke5 score is a 5-point scale.
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and March 2012. Patients were followed for a median of
5.8 years (16 413 person-years) from 25-OH vitamin D
measurement until death or censoring. There were 401
deaths, of which 44(11%) occurred ≤30 days after catheter-
ization. The median time between 25-OH vitamin D testing
and catheterization was 0.95 years, whereas the median time
from catheterization until death or censoring was 4.4 years
(12 945 person-years).

Increasing 25-OH vitamin D quintile was significantly
associated with greater patient age; higher proportions of
past smokers and patients without a measure of ejection
fraction; lower BMI; lower proportions of men, current
smokers, those with type 2 diabetes mellitus and those who
were tested during the winter season (Table 1).

Compared with patients who were tested, the remaining
26 704 who were not tested were significantly younger, were
more likely to be male and currently smoke (Table S1). They
also had higher BMI; a greater prevalence of a family history
of coronary heart disease, prior myocardial infarction,
congestive heart failure, missing ejection fraction, and low
ejection fraction; and lower prevalence of renal disease and
type 2 diabetes mellitus. These patients also had higher
Duke5 scores and longer follow-up after catheterization.

Serum total 25-OH vitamin D quintile was inversely
associated with risk of mortality following coronary catheter-
ization (hazard ratio 1.56 for bottom versus top quintile, 95%
CI 1.17–2.08, P for trend <0.001), which was driven by
excess risk in the first quintile (Figure). The association was
strengthened (hazard ratio 2.07, 95% CI 1.54–2.78, P for
trend <0.001) after adjusting for demographic risk factors
(age, sex) but was weakened (hazard ratio 1.84, 95% CI 1.36–
2.50, P for trend <0.001) after further adjusting for clinical
risk factors. In a sensitivity analysis, adjustment for medica-
tion use, including lipid-lowering agents, antiarrhythmia
medications, blood pressure–lowering agents, anticoagulants,
thrombolytic agents, antiplatelet agents, nitrates, insulin, and
other blood sugar–lowering medications did not substantially
change the association (data not shown). In addition, using
the last 25-OH vitamin D test result prior to catheterization
weakened the association slightly (data not shown).

The overall association between 25-OH vitamin D and
mortality was attenuated among patients who were older, who
had an ejection fraction <50%, or who had a higher Duke5
score (P for interactions <0.05) (Table 2). Interestingly, the
association was not significantly affected by the time between
testing and catheterization or season of testing (data not
shown).

Despite being inversely associated with mortality, 25-OH
vitamin D quintile had poor discriminative ability and model fit
(c-metric 0.55, AIC 6212) compared with demographic and
clinical risk factors together (c-metric 0.70, AIC 5924)
(Table 3). Adding 25-OH vitamin D quintile to the model

containing demographic and clinical risk factors only slightly
improved overall discrimination and fit (c-metric 0.71, AIC
5908). All models were acceptably calibrated by the Green-
wood-Nam-D’Agostino test (P≥0.05); however, the model
containing only 25-OH vitamin D quintile was the most well
calibrated.

When 25-OH vitamin D quintile was added to the model
containing demographic and clinical covariates, 20% of all
patients were reclassified to a new 5-year risk category
(Table 4). Among deaths, 9.0% were correctly reclassified to a
higher risk category and 7.1% were incorrectly reclassified to
a lower risk category, resulting in an NRI for deaths of 1.9%
(Table 4). Among survivors, 11.3% were correctly reclassified
to a lower risk category and 9.0% were incorrectly reclassified
to a higher risk category, resulting in an NRI of 2.3% for
survivors (Table 5). The overall NRI was 0.041 (Table 5).

Discussion
In a population of patients undergoing their first coronary
catheterization, higher pre-catheterization serum total 25-OH
vitamin D was significantly associated with a lower risk of
mortality, largely due to the excess risk in the bottom quintile.
This association was attenuated by several competing risk
factors. Considering 25-OH vitamin D in addition to
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Serum total 25-OH vitamin D quintile 
(median nmol/L indicated)

P for linear trends < 0.01

Model 1: unadjusted
Model 2: adjusted for demographic risk factors
Model 3: adjusted for demographic and clinical risk factors

Figure. Associations between serum total 25-OH vitamin D
quintile and mortality. Median 25-OH vitamin D is shown for each
quintile. Demographic risk factors were age and sex. Clinical risk
factors were body mass index, smoking status (current, prior vs
never), renal disease, hypertension, hyperlipidemia, type 2 diabetes
mellitus, family history of heart disease, prior myocardial infarction,
congestive heart failure, whether ejection fraction was measured,
ejection fraction (<20%, 20–34%, 35–50%, >50%), and Duke5 score
(0–5). The number of deaths in each quintile were 115 in quintile 1,
71 in quintile 2, 64 in quintile 3, 75 in quintile 4, and 76 in quintile 5.
25-OH vitamin D indicates 25-hydroxyvitamin D.
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demographic and clinical risk factors only marginally improved
prognostic value. Although we found similar associations
observed in other studies of vitamin D deficiency, CVD and
mortality risk, to our knowledge ours is the first to use risk-
reclassification measures to evaluate the clinical utility of
vitamin D status.

Vitamin D deficiency, defined by the Endocrine Society
clinical practice guidelines as a serum total 25-OH vitamin D
concentration <50 nmol/L (<20 ng/mL),26 is relatively com-
mon. In a systematic review of vitamin D status in 195 studies
from 44 countries, 37% reported mean 25-OH vitamin D
concentration <50 nmol/L.27 Although vitamin D deficiency
can lead to rickets in children and osteomalacia in adults,28 a
growing body of epidemiological evidence also implicates
vitamin D deficiency as a risk factor for cancer, autoimmune

disorders, infectious diseases, and CVD as well as its risk
factors such as type 2 diabetes mellitus.1,2,10,28 Cardiovas-
cular-related associations seem plausible given that the
vitamin D receptor is present on numerous cardiovascular
cell types and is involved in biochemical pathways responsible
for blood pressure regulation, inflammation, and thrombo-
sis29; however, these associations could be due to confound-
ing. Vitamin D deficiency is associated with old age, poor-
quality diet, sedentary lifestyle, obesity, and smoking, all of
which are causally related to the development of cardiovas-
cular risk factors and CVD itself.8,11,12

Even if 25-OH vitamin D is simply a risk marker correlated
with causal risk factors, there remains strong interest in
whether it can better identify high- and low-risk patients
compared to established risk factors. In several prospective
cohort studies of postsurgical or intensive care unit patients,
25-OH vitamin D was inversely associated with late dis-
charge,16,17 in-hospital death,18–20 serious infections,18 dis-
ease severity, and secondary CVD events.18 Furthermore, in a
study of 3371 patients undergoing coronary artery bypass
grafting or valve surgery, 25-OH vitamin D was inversely
associated with postoperative cardiac complications includ-
ing in-hospital death, myocardial infarction, low output
syndrome, and stroke.13 In contrast, other studies have not
found associations with postoperative mortality or cardiac
comorbidities (eg, arrhythmias, low cardiac output) in cardiac
surgery patients,14,15 perhaps because of small sample sizes
and presence of competing risk factors. Interestingly, serum
25-OH and 1,25 (OH)2 vitamin D fluctuate during hospital
stays16 and following cardiac surgery,15,30 likely due to
fluid administration. This finding clearly supports measuring
25-OH vitamin D in the pre-procedural rather than peri- or
post-procedural states, and may explain heterogeneity
between studies.

Table 2. Significant Interactions Among Serum Total 25-Hydroxyvitamin D Quintiles and Demographic and Clinical Risk Factors

Variable

Quintile, Hazard Ratio (95% CI)

P for Trend
P for
Interaction1 3 5

Age*

≥63 y 1.28 (0.88–1.86) 0.92 (0.63–1.36) 1.0 0.604 <0.002

<63 y 3.17 (1.68–5.97) 1.48 (0.72–3.07) 1.0 <0.001

Ejection fraction

≥50% 2.03 (1.24–3.30) 0.85 (0.49–1.47) 1.0 0.010 0.026

<50% 0.89 (0.42–1.90) 1.41 (0.68–2.91) 1.0 0.446

Duke5 score*

≥3 1.48 (1.03–2.13) 0.98 (0.65–1.48) 1.0 0.159 0.001

<3 2.98 (1.70–5.23) 1.15 (0.63–2.11) 1.0 <0.001

Models are adjusted for demographic and clinical covariates except for the stratification variable.
*Continuous variables were dichotomized according to the median.

Table 3. Measures of Model Performance

Model
Discrimination:
C-Metric (SE)

Model Fit,
AIC

Calibration,*
Greenwood-Nam-
D’Agostino Test,
P Value (v2)

25-OH vitamin
D quintile only

0.55 (0.015) 6212 0.989 (0.30)

Demographic
and clinical
covariates only

0.70 (0.01) 5924 0.971 (2.95)

25-OH vitamin D
plus demographic
and clinical
covariates

0.71 (0.01) 5908 0.058 (16.4)

Higher values of the c-metric indicate better discrimination between deaths and
survivors. A lower AIC indicates better model fit. A nonsignificant (P≥0.05) value for the
Greenwood-Nam-D’Agostino test indicates that observed and predicted outcomes do not
differ significantly. 25-OH vitamin D indicates 25-hydroxyvitamin D; AIC, Akaike
Information Criterion
*Calibration was determined based on 5-year predicted probabilities.

DOI: 10.1161/JAHA.116.004289 Journal of the American Heart Association 5

Prognostic Value of 25-OH Vitamin D Gerling et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



In our study, serum total 25-OH vitamin D measured prior
to catheterization was inversely associated with mortality.
Patients with a 25-OH vitamin D concentration in the bottom
quintile had nearly twice the risk of death compared to those
in the top quintile, even after adjusting for BMI. Adipose
tissue, which is strongly associated with increased BMI, is a
sink for fat-soluble 25-OH vitamin D8 and is causally related to
development of dyslipidemias, type 2 diabetes mellitus, high
blood pressure, and inflammation.31 Interestingly, this asso-
ciation remained significant after adjusting for other risk
factors and possible mediators (eg, type 2 diabetes mellitus,
hypertension, coronary artery disease severity) which could
indicate that 25-OH vitamin D affects mortality risk through
an independent pathway; however, because of a lack of
information on diet, physical activity, and other correlated risk
factors, this association is more likely due to residual and
unmeasured confounding.

We found that this association was significantly attenuated
in older patients, among those with a low ejection fraction or
a high Duke5 score. This may be expected if other risk factors
are more important than vitamin D status and tend to “wash
out” associations attributed to 25-OH vitamin D. Another

explanation is simply that these patients are more likely to
take vitamin D supplements which would result in exposure
misclassification and attenuation of the association. Interest-
ingly, elapsed time between 25-OH vitamin D testing and
catheterization did not alter this association, suggesting that
25-OH vitamin D concentration is relatively stable over long
periods of time; however, using the last 25-OH vitamin D
measure before catheterization attenuated the overall asso-
ciation, which may be due to lifestyle modification, supple-
mentation, and other changes initiated by patients after
receiving results from the first test.

According to the American Heart Association, the prog-
nostic value of novel risk markers should be evaluated in
terms of model discrimination, fit, calibration, and particularly
the ability to correctly reclassify cases and controls compared
to established risk factors.32 Nevertheless, few epidemiolog-
ical studies of 25-OH vitamin D followed these recommenda-
tions. In our study, serum total 25-OH vitamin D was a poor
discriminator of patients who died and those who survived. As
well, adding 25-OH vitamin D to a model containing estab-
lished demographic and clinical risk factors led to only minor
improvements in model discrimination and fit. However, as
the c-metric is insensitive to changes in absolute probabil-
ity,33 we calculated the NRI.24 As NRIs for both deaths and
survivors were <5%, this suggested that serum total 25-OH
vitamin D provides little prognostic value above and beyond
established cardiovascular risk factors.

Our study has several strengths. First, we examined only
the first 25-OH vitamin D measurement occurring before the
first catheterization to reduce the possibility that patients
changed their diet, physical activity, or supplement use in

Table 4. Reclassification of 5-Year Predicted Mortality Risk Among Deaths and Survivors When Adding Serum Total 25-OH Vitamin
D to a Model Containing Clinical and Demographic Covariates

Model* Without
25-OH Vitamin D Group

Model* With 25-OH Vitamin D

0% to <5% 5% to <10% 10% to <20% ≥20% Total, % (n)

0% to <5% Deaths, % (n) 68.8 (11) 31.3 (5) 0 (0) 0 (0) 4.2 (16)

Survivors, % (n) 87.2 (510) 12.8 (75) 0 (0) 0 (0) 22.5 (585)

5% to <10% Deaths, % (n) 10.0 (6) 68.3 (41) 21.7 (13) 0 (0) 15.9 (60)

Survivors, % (n) 14.7 (122) 73.9 (614) 11.4 (95) 0 (0) 32.0 (831)

10% to <20% Deaths % (n) 0 (0) 7.8 (9) 78.5 (91) 13.8 (16) 30.7 (116)

Survivors, % (n) 0 (0) 14.2 (108) 77.5 (588) 8.3 (63) 29.2 (759)

≥20% Deaths, % (n) 0 (0) 0 (0) 6.5 (12) 93.5 (174) 49.2 (186)

Survivors, % (n) 0 (0) 0 (0) 14.9 (63) 85.1 (359) 16.3 (422)

Total, % (n) Deaths, % (n) 4.5 (17) 14.6 (55) 30.7 (116) 50.3 (190) 100 (378)

Survivors, % (n) 24.3 (632) 30.7 (797) 28.7 (746) 16.3 (422) 100 (2597)

25-OH vitamin D indicates 25-hydroxyvitamin D.
*Both models contained demographic and clinical covariates. A total of 20% of patients were reclassified to a new risk category when 25-OH vitamin D was added to the model. The total
number of deaths considered in this analysis was 378 because 23 patients died after 5 years.

Table 5. Net Reclassification Improvement

Net Reclassification
Improvement Result

Deaths 1.9%

Survivors 2.3%

Overall 0.042
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response to a diagnosis of vitamin D deficiency or CVD, which
could bias associations. Second, we were able to evaluate the
impact of and adjust for multiple risk factors and coronary
artery disease severity in our models. Third, to our knowledge,
our study is the first to use reclassification measures to
evaluate the prognostic value of serum total 25-OH vitamin D
compared with established risk factors. Fourth, we added
depth to a well-established and long-running cardiac cathe-
terization registry by linking to provincial repositories of
laboratory data containing abundant 25-OH vitamin D test
data.

Our study also has some limitations. First, not all
APPROACH patients were tested for 25-OH vitamin D;
therefore, our findings may not be generalizable to all patients
receiving coronary catheterization. Associations were slightly
stronger in younger and healthier participants who made up a
larger proportion of untested patients; however, these small
differences are unlikely to change our overall findings.
Second, we had no control over when patients were tested
for 25-OH vitamin D relative to catheterization; however, the
association of 25-OH vitamin D and mortality did not
significantly change according to time between testing and
catheterization. Third, although cause of death was not
available in our data, a large proportion of patients would have
died from cardiovascular causes. Fourth, although there is
likely residual and unmeasured confounding in our study
because of individual differences in sun exposure, physical
activity, diet, or supplement use, we attempted to limit the
effect of lifestyle changes that might occur after a diagnosis
of vitamin D deficiency or catheterization by including only
the first 25-OH vitamin D test result prior to the first
catheterization.

Conclusions
Pre-catheterization serum total 25-OH vitamin D was inversely
associated with mortality risk after adjusting for established
demographic and clinical risk factors. This association was
attenuated by several competing risk factors. Overall, 25-OH
vitamin D added little prognostic value over established risk
factors; therefore, its measurement is not warranted in
patients undergoing coronary catheterization.

Acknowledgments
Gerling acquired, analyzed, and interpreted the data, drafted the
manuscript and performed statistical analysis. James, Wilton, Naugler
contributed to design of the study, interpreted data, revised the
manuscript and provided supervisory support to Gerling. Southern
contributed to the acquisition of data, revisions of the manuscript
and statistical analysis. Galbraith contributed to design of the study,
revisions of the manuscript and administrative support. Knudtson

contributed to the interpretation of data, administrative support and
obtained funding. de Koning conceived of the idea for this study,
interpreted the data, revised the manuscript, provided statistical
support and supervised Gerling. de Koning had full access to all the
data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis. We thank Mei Zhang and Zhi
Tan for additional statistical support, and Dr Alex Chin for sharing 25-
OH vitamin D method comparison data. All authors declare no
conflicts of interest. Written permission has been obtained from all
persons named in the acknowledgments.

Sources of Funding
Funding for this study was provided by a grant from the MSI
Foundation of Alberta to de Koning.

Disclosures
None.

References
1. Wang L, Song Y, Manson JE, Pilz S, M€arz W, Micha€elsson K, Lundqvist A, Jassal

SK, Barrett-Connor E, Zhang C, Eaton CB, May HT, Anderson JL, Sesso HD.
Circulating levels of 25-hydroxy-vitamin D and risk of cardiovascular disease: a
meta-analysis of prospective studies. Circ Cardiovasc Qual Outcomes.
2012;5:819–829.

2. Chowdhury R, Kunutsor S, Vitezova A, Oliver-Williams C, Chowdhury S, Kiefte-
de-Jong JC, Khan H, Baena CP, Prabhakaran D, Hoshen MB, Feldman BS, Pan A,
Johnson L, Crowe F, Hu FB, Franco OH. Vitamin D and risk of cause specific
death: systematic review and meta-analysis of observational cohort and
randomised intervention studies. BMJ. 2014;348:1–13.

3. Mozos I, Marginean O. Links between vitamin D deficiency and cardiovascular
diseases. Biomed Res Int. 2015;2015:109275.

4. Prentice A. Vitamin D deficiency: a global perspective. Nutr Rev. 2008;66:
S153–S164.

5. Zhao S, Gardner K, Taylor W, Marks E, Goodson N. Vitamin D assessment in
primary care: changing patterns of testing. London J Prim Care (Abingdon).
2015;7:15–22.

6. Elamin MB, Elnour NOA, Elamin KB, Fatourechi MM, Alkatib AA, Almandoz JP,
Liu H, Lane MA, Mullan RJ, Hazem A, Erwin PJ, Hensrud DD, Murad MH,
Montori VM. Vitamin D and cardiovascular outcomes: a systematic review and
meta-analysis. J Clin Endocrinol Metab. 2011;96:1931–1942.

7. Newberry SJ, Chung M, Shekelle PG, Booth MS, Liu JL, Maher ALR, Motala A,
Cui M, Perry T, Shanman R, Balk EM. Vitamin D and calcium: a systematic
review of health outcomes (update). Rockville, MD: Agency for Healthcare
Research and Quality; 2014. Report No.: 14-E004-EF.

8. Institute of Medicine (US) Committee to Review Dietary Reference Intakes for
Vitamin D and Calcium. Dietary Reference Intakes for Calcium and Vitamin D.
Washington, DC: National Academies Press (US); 2011.

9. Autier P, Boniol M, Pizot C, Mullie P. Vitamin D status and ill health: a
systematic review. Lancet Diabetes Endocrinol. 2014;2:76–89.

10. Al Mheid I, Patel RS, Tangpricha V, Quyyumi AA. Vitamin D and cardiovascular
disease: is the evidence solid? Eur Heart J. 2013;34:3691–3698.

11. Jaaskelainen T, Knekt P, Marniemi J, Sares-Jaske L, Mannisto S, Heliovaara M,
Jarvinen R. Vitamin D status is associated with sociodemographic factors,
lifestyle and metabolic health. Eur J Nutr. 2013;52:513–525.

12. van der Wielen RPJ, Lowik MRH, van den Berg H, de Groot LC, Haller J,
Moreiras O, Staveren WA. Serum vitamin D concentrations among elderly
people in Europe. Lancet. 1995;346:207–210.

13. Zittermann A, Kuhn J, Ernst JB, Becker T, Dreier J, Knabbe C, Gummert JF,
B€orgermann J. 25-Hydroxyvitamin D, 1,25-dihydroxyvitamin D and postop-
erative outcome in cardiac surgery. J Clin Endocrinol Metab. 2015;100:72–
80.

14. Turan A, Grady M, You J, Mascha EJ, Keeyapaj W, Komatsu R, Bashour CA,
Sessler DI, Saager L, Kurz A. Low vitamin D concentration is not associated

DOI: 10.1161/JAHA.116.004289 Journal of the American Heart Association 7

Prognostic Value of 25-OH Vitamin D Gerling et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



with increased mortality and morbidity after cardiac surgery. PLoS One.
2013;8:e63831.

15. Sriram K, Perumal K, Alemzadeh G, Osei A, Voronov G. The relationship
between immediate preoperative serum 25-hydroxy-vitamin D3 levels and
cardiac function, dysglycemia, length of stay, and 30-d readmissions in cardiac
surgery patients. Nutrition. 2015;31:820–826.

16. Higgins DM, Wischmeyer PE, Queensland KM, Sillau SH, Sufit AJ, Heyland DK.
Relationship of vitamin D deficiency to clinical outcomes in critically ill
patients. JPEN J Parenter Enteral Nutr. 2012;36:713–720.

17. Flynn L, Zimmerman LH, Mcnorton K, Dolman M, Tyburski J, Baylor A, Wilson R,
Dolman H. Effects of vitamin D deficiency in critically ill surgical patients. Am J
Surg. 2012;203:379–382.

18. Turan A, Hesler BD, You J, Saager L, Grady M, Komatsu R, Kurz A, Sessler DI.
The association of serum vitamin D concentration with serious complications
after noncardiac surgery. Anesth Analg. 2014;119:603–612.

19. Venkatram S, Chilimuri S, Adrish M, Salako A, Patel M, Diaz-fuentes G. Vitamin
D deficiency is associated with mortality in the medical intensive care unit. Crit
Care. 2011;15:R292.

20. Arnson Y, Gringauz I, Itzhaky D, Amital H. Vitamin D deficiency is associated
with poor outcomes and increased mortality in severely ill patients. QJM.
2012;105:633–639.

21. Ghali WA, Knudtson ML. Overview of the Alberta provincial project for
outcome assessment in coronary heart disease. Can J Cardiol. 2000;16:1225–
1230.

22. Gonen M, Heller G. Concordance probability and discriminatory power in
hazards regression proportional. Biometrika. 2005;92:965–970.

23. D’Agostino RB, Nam BH. Evaluation of the performance of survival analysis
models: discrimination and calibration measures. In: Balakrishnan N, Rao CR,
eds. Handbook of Statistics—Advances in Survival Analysis. Amsterdam:
Elsevier; 2004:6–25.

24. Leening MJG, Vedder MM, Witteman JCM, Pencina MJ, Steyerberg EW.
Net reclassification improvement: computation, interpretation, and

controversies. A literature review and clinician’s guide. Ann Intern Med.
2014;160:122–131.

25. Cook NR, Ridker PM. The use and magnitude of reclassification measures for
individual predictors of global cardiovascular risk. Ann Intern Med.
2009;150:795–802.

26. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney
RP, Murad MH, Weaver CM. Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society Clinical Practice Guideline. J Clin Endocrinol
Metab. 2011;96:1911–1930.

27. Hilger J, Friedel A, Herr R, Rausch T, Roos F, Wahl DA, Pierroz DD, Weber P,
Hoffmann K. A systematic review of vitamin D status in populations worldwide.
Br J Nutr. 2014;111:23–45.

28. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357:266–281.

29. Norman PE, Powell JT. Vitamin D and cardiovascular disease. Circ Res.
2014;114:379–393.

30. Borgermann J, Lazouski K, Kuhn J, Dreier J, Schmidt M, Gilis-Januszewski T,
Knabbe C, Gummert JF, Zittermann A. 1,25-Dihydroxyvitamin D fluctuations in
cardiac surgery are related to age and clinical outcome. Crit Care Med.
2012;40:2073–2081.

31. Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX, Eckel RH. Obesity
and cardiovascular disease: pathophysiology, evaluation, and effect of weight
loss. An update of the 1997 American Heart Association Scientific statement
on obesity and heart disease from the Obesity Committee of the Council on
Nutrition, Physical. Circulation. 2006;113:898–919.

32. Hlatky MA, Greenland P, Arnett DK, Ballantyne CM, Criqui MH, Elkind MSV,
Go AS, Harrell FE Jr, Hong Y, Howard BV, Howard VJ, Hsue PY, Kramer CM,
McConnell JP, Normand S-LT, O’Donnell CJ, Smith SC Jr, Wilson PWF.
Criteria for evaluation of novel markers of cardiovascular risk. A scientific
statement from the American Heart Association. Circulation.
2009;119:2408–2416.

33. Cook NR. Use and misuse of the receiver operating characteristic curve in risk
prediction. Circulation. 2007;115:928–935.

DOI: 10.1161/JAHA.116.004289 Journal of the American Heart Association 8

Prognostic Value of 25-OH Vitamin D Gerling et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Supplemental Material 

 

Table S1. Patient characteristics according to 25-OH vitamin D testing status 

Predictors Yes (n=2975) No (n=26704) 

p for 

difference 

Age, y (sd) 63.6 (12.0) 62.8 (12.5) <0.001 

Male, % (n) 60.3 (1795) 72.1 (19246) <0.001 

BMI, kg/m2 (sd) 28.4 (5.8) 29.1 (5.7) <0.001 

Current smoker, % (n) 16.9 (502) 29.5 (7886) <0.001 

Prior smoker, % (n) 31.9 (948) 31.3 (8352) 0.511 

Renal Disease, % (n) 4.9 (144) 3.9 (1032) 0.010 

Hypertension, % (n) 68.5 (2035) 68.3 (18234) 0.893 

Hyperlipidemia, % (n) 66.6 (1979) 66.7 (17834) 0.773 

Type 2 Diabetes, % (n) 27.3 (812) 23.0 (6127) <0.001 

Family history of heart disease, % (n) 31.8 (947) 34.3 (9173) 0.006 

Prior Myocardial Infarction, % (n) 7.9 (235) 9.9 (2631) <0.001 

Congestive Heart Failure, % (n) 12.7 (376) 14.1 (3772) 0.027 

Ejection fraction missing, % (n) 24.5 (728) 30.1 (7986) <0.001 

Ejection fraction <50, % (n) 20.4 (457) 28.5 (5343) <0.001 

Duke5 score, score (sd) 1.8 (1.3) 2.0 (1.1) <0.001 

Outcomes    

Crude mortality rate, % (n) 13.5 (401) 13.6 (3647) 0.872 

Median follow-up time from catheterization, y (sd) 4.4 (1.4) 5.0 (1.8) <0.001 

 

Continuous variables are presented as mean (standard deviation [SD]) unless otherwise 

indicated.  

 




