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Context: Several studies found association between vitamin D levels and hypertension, coronary
artery calcification, and heart disease.

Objective: The aim of this study was to summarize the evidence on the effect of vitamin D on
cardiovascular outcomes.

Design and Methods: We searched electronic databases from inception through August 2010 for
randomized trials. Reviewers working in duplicate and independently extracted study character-
istics, quality, and the outcomes of interest. Random-effects meta-analysis was used to pool the
relative risks (RR) and the weighted mean differences across trials.

Results: We found 51 eligible trials with moderate quality. Vitamin D was associated with non-
significant effects on the patient-important outcomes of death [RR, 0.96; 95% confidence interval
(Cl), 0.93, 1.00; P = 0.08], myocardial infarction (RR, 1.02; 95% Cl, 0.93, 1.13; P = 0.64), and stroke
(RR, 1.05; 95% Cl, 0.88, 1.25; P = 0.59). These analyses were associated with minimal heterogeneity.
There were nosignificant changes in the surrogate outcomes of lipid fractions, glucose, or diastolic
or systolic blood pressure. The latter analyses were associated with significant heterogeneity, and
the pooled estimates were trivial in absolute terms.

Conclusions: Trial data available to date are unable to demonstrate a statistically significant re-
duction in mortality and cardiovascular risk associated with vitamin D. The quality of the available
evidence is low to moderate at best. (J Clin Endocrinol Metab 96: 0000-0000, 2011)

cological evidence suggests an association between vi-
E tamin D status and cardiovascular disease (prevalent
and incident heart disease, stroke, and risk factors for
heart disease such as hypertension and coronary artery
calcification) (1-6). Several mechanisms have been pro-
posed including endothelial dysfunction, vascular compli-
ance, inflammation, and effects relating to PTH, renin-
angiotensin system, and others (1, 7-12). When this
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evidence is summarized by meta-analyses of observational
studies, an inverse association between 25-hydroxyvita-
min D and cardiovascular risk is suggested (13, 14).
Despite this observational and epidemiological evi-
dence, it is unclear whether vitamin D in interventional
studies would affect cardiovascular risk. The Endocrine
Society assembled a task force of experts to develop clin-
ical practice guidelines regarding the supplementation of

Abbreviations: Cl, Confidence interval; MI, myocardial infarction; RR, relative risk.
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TABLE 1. Characteristics of the included trials

Treatment
Vitamin D duration
First author, year (Ref.) Age (yr) % Women Population description status Vitamin D used (as published) (months)
Avenell, 2004 (31) 77 82 Elderly with history of osteoporotic fracture NR/NC Vitamin D3 800 IU 12
Baeksgaard,1998 (32) 62 100 Postmenopausal women Not deficient 14 pg (560 IU) of vitamin D3 (cholecalciferol) daily 24
Berggren, 2008 (33) 87 74 Elderly with femoral neck fractures Not deficient 800 IU/d vitamin D3 12
Bischoff, 2003 (34) 85 100 Elderly women in long stay geriatric health care Deficient 800 IU/d cholecalciferol 3
institutions
Bischoff-Ferrari, 2006 (35) 71 55 Healthy ambulatory elderly Not deficient 700 1U/d of cholecalciferol, orally 36
Bjoerkman, 2008 (36) 85 82 Elderly patients with chronically impaired mobility ~ Deficient 400 1U/d (group ) and 1200 1U/d (group Ill) 6
cholecalciferol, orally
Braam, 2004 (37) 55 100 Healthy Caucasian postmenopausal women NR/NC Vitamin D3, 8 ug 36
Brazier, 2005 (38) 75 100 Healthy ambulatory elderly women Deficient Single tablet containing vitamin D3 (cholecalciferol) 400 12
IU orally
Broe, 2007 (39) 89 73 Nursing home residents Not deficient  Vitamin D2 at doses of 200, 400, 600, and 800 IU 5
Brohult, 1973 (21) 52 68 Patients with rheumatoid arthritis NR/NC Cholecalciferol 100,000 IU/d 12
Buckley, 1996 (40) 54 76 Patients with rheumatoid arthritis Not deficient  Vitamin D3 500 IU/d 24
Bunout, 2006 (41) 76 92 Healthy elderly subjects Deficient Vitamin D3 (cholecalciferol) 400 IU/d 9
Burleigh, 2007 (42) 83 59 Elderly patients Deficient Once daily vitamin D 800 IU 1
Campbell, 2005 (22) 84 68 Elderly people with poor vision NR/NC Vitamin D tablets (two 1.25 mg calciferol tablets initially 12
and then one monthly for 1 yr)
Chapuy, 2002 (43) 85 100 Elderly ambulatory patients Not deficient 800 IU/d oral vitamin D3 24
Chapuy, 1992 (44) 84 100 Elderly ambulatory patients Not deficient 800 IU (29 ug) vitamin D3 In 2 pills (400 IU each) 18
Christiansen, 1980 (45) 50 100 Postmenopausal women Not deficient D3 2000 IU 24
Daly, 2009 (46) 61 0 Healthy older Caucasian men Not deficient 400 IU vitamin D3, twice daily via fortified milk 24
de Boer, 2008 (47) 62 100 Postmenopausal women Not deficient D3 200 IU PO twice daily 84
Flicker, 2005 (48) 83 95 Elderly in residential care Not deficient  Ergocalciferol 10,000 IU PO weekly, changed to 1000 24
IU orally per day because of product discontinuation
Grant, 2005 (30) 77 85 Elderly with a low-trauma fracture NR/NC Oral vitamin D3 (800 1U/d) 24
Grove, 1981 (49) 74 100 Women with backache and compression Not deficient ~ Calciferol 50,000 IU orally twice weekly 3
fractures
Harwood, 2004 (50) 82 100 Elderly women after hip fracture Deficient Single injection of 300,000 U of vitamin D2, injected 12
vitamin D2 plus 1 g/d oral calcium, 800 IU/d oral
vitamin D3 plus 1 g/d calcium
Heikkinen, 1997 (51) 53 100 Postmenopausal women NR/NC Vitamin D3 300 1U/d 36
Inkovaara, 1983 (52) 80 17 Residents of elderly care homes Deficient Vitamin D3 (cholecalciferol) 1000 IU daily 9
Jackson, 2006 (25) and 62 100 Postmenopausal women Not deficient  Vitamin D3 400 IU/d 84
Hsia, 2007 (53)
Jorde, 2010 (54) 48 64 Overweight or obese adults Not deficient 40,000 IU cholecalciferol weekly 12
Khajehdehi, 2000 (55) 31 49 Hemodialysis patients Vitamin D3 50,000 IU 3
Komulainen, 1999 (56) 53 100 Postmenopausal women Not deficient  Vitamin D3 (cholecalciferol) 300 U 60
Krieg, 1999 (57) 62-98 100 Postmenopausal women Deficient 440 IU vitamin D3 twice daily 24
Latham, 2003 (24) 80 53 Elderly patients with chronically impaired mobility ~ Not deficient ~ Calciferol 300,000 IU single oral dose Single
dose
Lips, 1996 (58) 80 74 Elderly patients Not deficient  Vitamin D3 400 IU daily 36
Lyons 2007 (59) 84 76 Elderly nursing home residents Not deficient  1.25 mg ergocalciferol 3 times a year (100,000 IU four 36
monthly)
Major, 2007 (60) 43 100 Premenopausal overweight or obese but NR/NC Cholecalciferol 400 1U/d 4
otherwise healthy
Meier, 2004 (61) 56 65 Healthy subjects Not deficient  Oral cholecalciferol (500 1U/d) 6
Meyer, 2002 (62) 85 75 Nursing home residents Not deficient D3 10 pg/d contained in cod liver oil 24
Nagpal, 2009 (63) 44 0 Centrally obese, nondiabetic, healthy men NR/NC 12,000 IU vitamin D3 every 2 wk 1.4
Pfeifer, 2001 (64) 75 100 Healthy elderly Deficient D3 400 IU twice daily (total 800/d) 2
Porthouse, 2005 (65) 77 100 Elderly women with risk factors for hip fracture Not deficient 800 IU cholecalciferol daily 24
Prince, 2008 (66) 77 100 Elderly women with a fall history and low serum Deficient Ergocalciferol 1000 1U/d 12
vitamin D
Rajpathak, 2010 (67) 62 100 Postmenopausal women NR/NC 400 U of vitamin D3/d NR
Recker, 2006 (68) 67 95 Patients with osteoporosis Deficient Cholecalciferol 2800 IU weekly 3.5
Sanders, 2010 (69) 76 100 Community-dwelling women Deficient 500,000 IU cholecalciferol, one oral dose annually 36-60
Schleithoff, 2006 (11) 56 17 Chronic heart failure patients Not deficient  Cholecalciferol 2000 1U/d 9
Scragg, 1995 (70) 70 55 General population Deficient 100,000 IU cholecalciferol Single
dose
Sugden, 2008 (71) 64 47 Type 2 diabetes Deficient A single dose of 100,000 IU vitamin D2 (ergocalciferol)  Single
dose
Trivedi, 2003 (72) 76 24 General population Not deficient ~ One capsule containing 100,000 IU vitamin D3 every 4 60
months
Tuppurainen, 1995 (73) 53 100 Perimenopausal women NR/NC Cholecalciferol 300 1U/d (no intake during June-August) 12
Wejse, 2009 (23) 37 39 Individuals with a diagnosis of tuberculosis NR/NC Cholecalciferol 100,000 IU at 0, 3, and 8 months 8
Zittermann, 2009 (74) 48 67 Between 18-70 and BMI >27 NR/NC Cholecalciferol 83.3 ug (3332 IUy/d 12

NR, Not reported; NC, not clear; HRT, hormonal replacement therapy.
2 This was based on a subset of 131 study participants (74 in intervention groups vs. 57 in the placebo group).
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TABLE 1. Continued
Other drugs coadministered Follow-up duration Pre-vitamin D level Post vitamin D level Intervention
with vitamin D Comparison group (months) (nmol/liter) (nmol/liter) raised vitamin D Adherence
Placebo Nothing 12 NR NR NR 84.5%
1000 mg calcium carbonate daily Placebo 24 NR NR NR NR
1000 mg calcium Nothing 12 NR NR NR NR
1200 mg/d calcium 1200 mg/d calcium 3 31 65 Yes, by >71% >90%
500 mg/d oral calcium citrate Placebo 36 70-82 102-110 Yes 82%
malate
Daily calcium carbonate of 500 mg  Placebo 6 23 Mean change >10 Yes, by >100% NR
500 mg calcium, 10 mg zinc, 150 Placebo 36 NR NR NR NR
mg magnesium
Calcium carbonate 500 mg Placebo 12 18 72 Yes 94%
None Placebo 5 49 60-75 Yes 97.6%
None Placebo 12 NR NR NR NR
Calcium carbonate 1000 mg/d Placebo 24 NR NR NR NR
800 mg/d calcium 800 mg/d calcium 9 30 65 Yes NR
Calcium carbonate once daily Calcium 1,200 mg 1 22 Median change +25 No 88%
1,200 mg
Exercise program for 1 yr No exercise or vitamin D program 12 NR NR NR NR
1200 mg/d of oral elemental Placebo 24 21 NR Yes 95%
calcium
Tricalcium phosphate, 1.2 g/d 2 pills containing lactose and a 18 40 105 Yes, by 162% 83%
suspension of lactose, Kaolin, and
starch each day
None Placebo, HRT, thiazide, fluoride, 24 NR NR NR 84%
fluoride + D, 1a D3
Calcium 500 mg, twice daily via Regular diet 24 78 Change from baseline Yes 85%
fortified milk +5
Oral 500 mg elemental Ca twice Placebo 72 NR NR No NC
daily
600 mg elemental calcium as 600 mg elemental calcium 24 25-90 NR No 86%
CaCO,
Calcium 1 g Placebo Up to 62 NR NR NR Unclear
Calcium 500 mg and sodium Placebo 3 NR NR NR NR
fluoride 20 mg twice daily
Calcium 1 g/d Nothing 12 28-30 40-50 Yes NR
Calcium lactate 500 mg/d Calcium lactate 500 mg/d 36 Normal NR NR NR
Calcium carbonate 3g, Placebo 12 NR NR NR NR
methandienone 2.5 mg
Calcium Placebo 84 NR NR NR 60%
Calcium 500 mg/d Placebo 12 58 140 Yes 95%
None Placebo 3 NR NR NR NR
Calcium 93 mg/d Calcium lactate 500 mg/d 60 NR NR NR 80%
500 mg twice daily Nothing 24 30 66 Yes, by 123% NR
None Placebo 6 37 NR Yes, by 9% 100%
None Placebo 48 27 62 Yes 85%
None Placebo NR NR NR NR 80%
Calcium 1200 mg/d Placebo 4 NR NR NR NR
Calcium 500 mg/d Nothing 24 75 87 Yes NR
Cod liver oil, which includes Cod liver oil with D3 removed 24 47 64 Yes 79%
vitamin A and omega-3 fatty
acids
None Placebo 6 wk 37 72 Yes NR
Calcium 600 mg (elemental) twice  Calcium 600 mg (elemental) twice daily 2 26 65 Yes 95%
daily
Calcium 1000 mg/d and nurse visit  Leaflet on dietary calcium intake and 25 NR NR NR 63%
prevention of falls only
Calcium citrate 1000 mg/d Placebo plus Ca citrate 1000 mg/d 12 45 60 Yes, by 28% 86%
1 g calcium carbonate Placebo Up to 108 NR NR NR NR
Alendronate 70 mg weekly Alendronate 70 mg weekly 35 56 Change from baseline Yes 93.9%
+3
None Placebo 12 497 55-742 Yes? Unclear
500 mg calcium/d Placebo + 500 mg calcium/d 4 36 67 Yes NR
None Placebo 1.25 36 Change from baseline Yes NR
+18
None Placebo 2 40 Change from baseline Yes NR
+23
None Placebo 60 NR 74.3 Yes 80%
None Placebo, calcium lactate 500 mg/d 12 NR NR NR NR
None Placebo 8 77 102 Yes 64%
None Placebo 12 30 86 Yes NR
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vitamin D. To assist in formulating these guidelines, we
conducted a systematic review of the literature to quan-
titatively and qualitatively summarize the available evi-
dence regarding the possible cardiovascular harms and
benefits of vitamin D.

Materials and Methods

The report of this protocol-driven systematic review adheres
to the Quality of Reporting of Meta-analyses (QUOROM)
standards for reporting systematic reviews of randomized
clinical trials and reporting Meta-analyses of Observational
Studies in Epidemiology (MOOSE) (15, 16) and was approved
by the Vitamin D Task Force of The Endocrine Society. The
quality of evidence was rated using the Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE)
methods (17).

Eligibility criteria

Eligible studies were randomized trials that enrolled adults
who received vitamin D supplementation and a concurrent com-
parison group that did not receive this intervention. We excluded
studies in which the intervention was calcitriol or one of its an-
alogs. We were interested in studies measuring the impact of the
intervention on patient-important outcomes such as death,
stroke, myocardial infarction (MI), and peripheral vascular dis-
ease. Secondarily, we were interested in the effect of vitamin D on
cardiovascular risk factors (blood pressure, glucose, and lipids).
Studies were included regardless of their language, size, or
duration of patient follow-up. Ineligible references were non-
randomized studies, review articles, commentaries, and letters
that did not contain original data. We also excluded the stud-
ies that reported a correlation of vitamin D levels with out-
comes, but in which participants did not receive an interven-
tion to raise their vitamin D levels, making causal inferences
very weak.

Study identification

An expert reference librarian (P.].E.) designed and con-
ducted the electronic search strategy with input from study
investigators with expertise in conducting systematic reviews.
To identify eligible studies, we searched the electronic data-
bases MEDLINE, EMBASE, Web of Science, SCOPUS, PE-
DRro (Physiotherapy Evidence Database); and regional med-
ical databases (KoreanMed, Scielo, LILACs, Imbiomed, Index
for Australian medical literature, Eastern Mediterranean In-
dex, IndMed, ExtraMed) through August 2010. Search terms
included vitamin D (as supplement, blood level, deficiency),
vitamin D deficiency, individual metabolites of vitamin D,
vitamin D2, vitamin D3 (explode cholecalciferols, ergocalcif-
erols, adjusted for database-specific vocabulary), explode
sunlight, hypoglycemia, hyperglycemia, blood glucose, exp
diabetes mellitus; exp cardiovascular diseases, exp hyperten-
sion, ex cerebrovascular disorders/(including stroke), explode
hyperlipidemia, exp lipids/bl; explode thromboembolism or
explode thrombosis or cardiovascular risk (EMBASE), risk$
or mortality or incidence or prevalence or outcome, popula-
tions, specific study types such as crossover, observational
studies. In addition, we reviewed the reference sections of
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eligible studies and available reviews and requested poten-
tially eligible studies from content experts.

Data collection

Teams of reviewers working independently and in dupli-
cate used web-based standardized forms and screened all
abstracts and titles and, upon retrieval of candidate studies,
reviewed the full text publications and determined study eli-
gibility. Disagreements were resolved by consensus. Review-
ers extracted descriptive, methodological, and outcome data
from all eligible studies.

Data collected from studies included a description of the pop-
ulation (e.g. age, sex, dwelling, comorbidities, and vitamin D
status), the intervention (the type of vitamin D raising interven-
tion, dose, and route), study design and quality components, and
data corresponding to the outcomes of interest (obtained at the
end of treatment and before initiation of follow-up). We classi-
fied studies as including patients with vitamin D deficiency
(probable, improbable, uncertain) based on: 1) author descrip-
tion; 2) reported serum 25-hydroxyvitamin D level (levels con-
sidered deficient were <20 ng/ml); or 3) enrollment of patients
with at least two vitamin D deficiency risk factors including:
elderly age, dark skin, living in a nursing home, living far from
the equator, winter season, sunscreen use, wearing a veil, smok-
ing, obesity, malabsorption disease, renal or liver disease, and
use of medication such as anticonvulsants, glucocorticoids, an-
tirejection and HIV medications (18). For dichotomous out-
comes, a 2X2 table was created from each study, and if not
available, the most adjusted summary measure and confidence
interval (CI) values were used. For continuous outcomes, we
collected from each study arm the number of participants,
mean and sp, or the mean difference. The methodological
quality of the trials was evaluated by pairs of blinded review-
ers focusing on allocation concealment, blinding, funding,
and loss to follow-up.

Statistical analysis

We performed random-effect meta-analysis (19) to pool rel-
ative risk (RR) and 95% CI across included studies. RR values
under 1.00 are associated with decreased risk for a particular
outcome as a result of a vitamin D-raising intervention. For con-
tinuous outcomes, we pooled the weighted mean difference
across studies. The I? statistic, which estimates the percentage of
total variation across studies that is due to heterogeneity rather
than chance, was used to assess inconsistency (20). I* values of
25% or less, 50%, and at least 75% represent low, moderate,
and high inconsistency, respectively. Treatment effect-subgroup
interactions were assessed by the ANOVA method and meta-
regression analysis. Statistical analysis was conducted using
Comprehensive Meta-Analysis, version 2 (Biostat Inc., Engle-
wood, NJ).

Subgroup and sensitivity analyses

To explore the causes of inconsistency and subgroup-treat-
ment interactions, we defined a priori subgroups based on pa-
tient characteristics (patients with or without vitamin D defi-
ciency; patients with or without comorbid conditions including
prior cardiovascular events; males vs. females); extent of use of
preventive interventions (aspirin, statins, and antihyperten-
sives); duration of intervention (short-term vs. long-term); ad-
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Study name Relative Lower Upper
risk limit  limit  Vitamin D
Avenell, 2004 0.35 0.02 5.50 1/99
Baeksgaard, 1998 0.32 0.01 7.79 0/65
Berggren, 2008 0.85 0.46 1.56 16/102
Bjérkman, 2008 1.36 0.68 273 27 /150
Brazier, 2005 3.06 0.32 28.93 3/95
Broe, 2007 0.63 0.13 3.07 5/99
Brohult, 1973 3.00 0.13  70.30 1/25
Burleigh, 2007 1.27 0.64 2.50 16/101
Campbell, 2005 0.60 0.22 1.61 6/196
Chapuy, 2002 0.76 0.55 1.06 71/393
Chapuy,1992 0.94 0.81 1.10 258/1634
Flicker, 2005 0.89 0.68 1.16 761313
Grant, 2005 0.99 0.83 1.18  217/1343
Grove, 1981 3.23 0.14  72.46 1/12
Harwood, 2004 2.03 0.85 4.84 31/113
Inkovaara, 1983 1.31 0.45 3.80 7145
Jackson, 2006 0.92 0.83 1.01 744/18176
Komulainen, 1999 0.34 0.01 8.31 0/112
Krieg, 1999 1.01 0.62 1.64 21/71
Latham, 2003 3.70 1.06 1292 11/121
Lips, 1996 0.89 0.75 1.04  223/1291
Lyons 2007 0.99 0.93 1.06  947/1725
Meier, 2004 0.28 0.01 6.58 0/30
Meyer, 2002 1.05 0.87 1.26 169/ 569
Porthouse, 2005 1.26 0.90 1.79 57 /1321
Prince, 2008 0.33 0.01 8.12 0/151
Sanders, 2010 0.85 0.56 1.28 40/ 1131
Schleithoff, 2006 1.19 0.42 3.33 7161
Trivedi, 2003 0.90 0.77 1.07  224/1345
Wejse, 2009 1.19 0.72 1.95 30/187
Mortality-Pooled estimate 0.96 0.93 1.00 3209/31076
Berggren, 2008 1.12 0.81 1.53 471102
Brazier, 2005 5.10 0.25 104.94 2/95
Jackson, 2006 1.05 0.92 1.20 411/18167
Komulainen,1999 3.08 0.13  74.81 1/112
Prince, 2008 0.67 0.11 3.93 2/151
Trivedi, 2003 0.96 0.81 113 22471345
Myocardial Infraction-Pooled estimate 1.02 0.93 1.13 687/19972
Berggren, 2008 1.71 0.97 3.02 271/102
Brazier, 2005 1.02 0.06 16.09 1/95
Inkovaara, 1983 2.49 0.71 8.76 8/45
Jackson, 2006 0.96 0.83 1.10 362/18167
Prince, 2008 1.00 0.21 4.88 3/151
Trivedi, 2003 1.04 0.80 1.35 105/1345
Stroke-Pooled estimate 1.05 0.88 1.25 506/19905

herence to the intervention; control interventions (placebo or no
intervention vs. calcium supplementation); whether the inter-

Events / Total

Control

1/35
1/63
18197
9/68
1/97
2/25
0/25
13/104
10/195
45/190
274/ 1636
85/312
217 /1332
0/13
5/37
5/42
807 /18106
1/115
26/ 89
3/122
251/1287
953 /1715
1/25
163/ 575
68 /1993
1/151
47 /1125
6/62
247 /1341
24/178
3284/ 31155

40/97
0/97
390/ 18106
0/115
3/151
233 /1341
666 / 19907

15197
1197
3/42

377/ 18106
3/151
101/ 1341
500 /19834
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2
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FIG. 1. Forest plot representing the pooled result of mortality, Ml, and stroke.

vention raised the level of 25-hydroxyvitamin D3 or not; study

design (appropriate allocation concealment vs. not); follow-up
duration (=12 months vs. <12 months); number of patients lost

5

to follow-up (=10% vs. <10%); and source of study funding
(for profit or not for profit).

We conducted sensitivity analyses to determine whether

review conclusions were affected by the choice of statistical
methods (random-effects model vs. fixed-effect model) or

TABLE 2. Meta-analysis of lipid fractions, glucose, and blood pressure

No. of studies included Weighted mean Heterogeneity
(no. of patients/controls) difference (95% Cl) P value (%)

Lipids (mmol/liter)

Cholesterol 12(1128/1139) 0.00 (—0.06, 0.07) 0.91 28

Triglycerides 11 (1042/1056) —0.04 (—-0.11, 0.03) 0.25 56

Low-density lipoproteins 11 (1104/1106) —0.09 (—0.24, 0.07) 0.27 90

High-density lipoproteins 12 (1135/1150) 0.06 (—0.11, 0.24) 0.48 99
Blood pressure (mm Hg)

Systolic 14 (751/767) —0.06 (—1.98, 1.87) 0.95 61

Diastolic 14 (751/767) —0.34 (—1.03, 0.35) 0.33 0
Blood glucose (mmol/liter) 8(1019/1062) —0.10(—0.31,0.12) 0.38 82
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TABLE 3. Subgroup analyses

No. of
No. of interventions No. control P, teraction
Subgroup identification studies (events/total) (events/total) RR (95% ClI) value
Mortality
Adherence
No/NR/NC (<80%) 16 1,205/23,028 1,244/23,450 0.96 (0.89-1.04) 0.97
Yes (=80%) 14 2,004/8,048 2,040/7,705 0.97 (0.92-1.01)
Allocation concealment
No 6 283/1,994 304/1,945 0.95 (0.82-1.10) 0.79
Yes 24 2,926/29,082 2,980/29,210 0.97 (0.93-1.01)
Comparison group
Calcium 20 1,553/24,387 1,584/24,567 0.95 (0.89-1.01) 0.70
Placebo 10 1,656/6,689 1,700/6,588 0.97 (0.90-1.04)
Funding sources
Includes for-profit 11 1,375/23,608 1,412/23,870 0.96 (0.88-1.05) 0.83
Not-for-profit 18 1,827/7,423 1,867/7,243 0.97 (0.93-1.02)
Gender
Female 26 2,931/28,494 2,979/28,585 0.97 (0.93-1.01) 0.41
Male 4 278/2,582 305/2,570 0.91 (0.78-1.05)
Intervention
Only vitamin D 10 165/6,689 1,700/6,588 0.97 (0.90-1.04) 0.70
Vitamin D and calcium 20 1,553/24,387 1,584/24,567 0.95 (0.89-1.01)
Intervention raised level
of vitamin D (as published)
No 2 92/414 98/416 0.93(0.73-1.20) 0.85
NR/NC 12 1,997/23,221 2,081/23,731 0.97 (0.93-1.02)
Yes 16 1,120/7,441 1,105/7,008 0.95 (0.87-1.03)
No. lost to follow-up
High (=10%) 15 712/3,889 658/3,477 0.97 (0.89-1.07) 0.76
Low (<10%) 14 2,490/27,142 2,621/27,636 0.96 (0.91-1.01)
Population description
Existing comorbidity 14 421/3,982 375/4,412 1.08 (0.95-1.23) 0.08
Healthy individuals 16 2,788/27,094 2,909/26,743 0.95 (0.91-1.00)
Treatment duration
Long (=12months) 22 2,165/28,620 2,274/28,868 0.96 (0.92-1.00) 0.36
Short (<12months) 7 97/731 57/572 1.10(0.83-1.44)
Type of vitamin D used
D2 4 1,028/2,288 1,041/2,203 0.98 (0.93-1.04) 0.38
D3 25 2,150/28,675 2,238/28,915 0.95 (0.90-1.00)
Vitamin D baseline status
Deficient 9 175/2,044 131/1,891 1.11(0.89-1.38) 0.19
Not deficient 17 2,809/27,369 2,925/27,677 0.96 (0.92-1.00)
Vitamin D dose used
High (=800 IU/d) 20 2,011/10,287 2,013/10,573 0.98 (0.93-1.03) 0.29
Low (<800 1U/d) 9 1,171/20,639 1,262/20,514 0.93 (0.86-1.00)
M
Adherence
No/NR/NC (<80%) 2 458/18,269 430/18,203 1.06 (0.94-1.20) 0.37
Yes (=80%) 4 229/1,703 236/1,704 0.96 (0.82-1.14)
Allocation concealment
No 1 2/95 0/97 5.10 (0.25-104.94) 0.30
Yes 5 685/19,877 666/19,810 1.02 (0.92-1.13)
Comparison group
Calcium 2 3/263 3/266 0.96 (0.20-4.51) 0.93
Placebo 4 684/19,709 663/19,641 1.02 (0.93-1.13)
Funding sources
Includes for-profit 2 413/18,262 390/18,203 1.09 (0.67-1.77) 0.70
Not-for-profit 4 274/1,710 276/1,704 0.99 (0.86-1.15)
Gender
Female 5 463/18,627 433/18,566 1.06 (0.94-1.20) 0.33
Male 1 224/1,345 233/1,341 0.96 (0.81-1.13)
Intervention
Only vitamin D 1 224/1,345 233/1,341 0.96 (0.81-1.13) 0.33
Vitamin D and calcium 5 463/18,627 433/18,566 1.06 (0.94-1.20)

(Continued)
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TABLE 3. Continued

No. of
No. of interventions No. control P teraction
Subgroup identification studies (events/total) (events/total) RR (95% CI) value
Intervention raised level
of vitamin D?
No/NR 3 459/18,381 430/18,318 1.06 (0.94-1.20) 0.34
Yes 3 228/1,591 236/1,589 0.96 (0.81-1.13)
No. lost to follow-up
High (=10%) 2 49/197 40/194 1.14 (0.83-1.56) 0.50
Low (<10%) 4 638/19,775 626/19,713 1.01(0.91-1.12)
Population description
Existing comorbidity 2 49/253 43/248 1.10 (0.80-1.50) 0.64
Healthy individuals 4 638/19,719 623/19,659 1.02 (0.91-1.13)
Type of vitamin D used
D2 1 2/151 3/151 0.67 (0.11-3.93) 0.64
D3 5 685/19,821 663/19,756 1.03(0.93-1.13)
Vitamin D baseline status
Deficient 2 4/246 3/248 1.26 (0.20-7.98) 0.83
Not deficient 4 683/19,726 663/19,659 1.02 (0.93-1.13)
Vitamin D dose used
High (=800 I1U/d) 3 273/1,598 276/1,589 0.99 (0.85-1.15) 0.52
Low (<800 IU/d) 3 414/18,374 390/18,318 1.06 (0.92-1.21)
Stroke
Adherence
No/NR/NC (<80%) 3 397/18,314 395/18,245 1.33(0.77-2.29) 0.41
Yes (=80%) 3 109/1,591 105/1,589 1.04 (0.80-1.34)
Allocation concealment
No 1 1/95 1/97 1.02 (0.06-16.09) 0.97
Yes 5 505/19,810 499/19,737 1.08 (0.87-1.33)
Comparison group
Calcium 1 3/151 3/151 1.00(0.21-4.88) 0.93
Placebo 5 503/19,754 497/19,683 1.08 (0.87-1.33)
Funding sources
Includes for-profit 2 363/18,262 378/18,203 0.96 (0.83-1.10) 0.25
Not-for-profit 3 135/1,598 119/1,589 1.18 (0.85-1.64)
Gender
Female 4 393/18,515 396/18,451 1.09 (0.80-1.50) 0.70
Male 2 113/1,390 104/1,383 1.28 (0.61-2.68)
Intervention
Only vitamin D 1 105/1,345 101/1,341 1.04 (0.80-1.35) 0.51
Vitamin D and calcium 5 401/18,560 399/18,493 1.21(0.83-1.77)
Intervention raised level
of vitamin D?
No/NR 3 397/18,314 395/18,245 1.33(0.77-2.29) 0.41
Yes 3 109/1,591 105/1,589 1.04 (0.80-1.34)
No. lost to follow-up
High (=10%) 2 28/197 16/194 1.68 (0.96-2.92) 0.06
Low (<10%) 3 470/19,663 481/19,598 0.97 (0.86-1.10)
Population description
Existing comorbidity 2 30/253 18/248 1.61(0.94-2.75) 0.08
Healthy individuals 4 476/19,652 482/19,586 0.98 (0.87-1.11)
Treatment duration
Long (=12 months) 5 498/19,860 497/19,792 1.00 (0.89-1.13) 0.16
Short (<12 months) 1 8/45 3/42 2.49(0.71-8.76)
Type of vitamin D used
D2 1 3/151 3/151 1.00(0.21-4.88) 0.93
D3 5 503/19,754 497/19,683 1.08 (0.87-1.33)
Vitamin D baseline status
Deficient 3 12/291 7/290 1.65 (0.65-4.16) 0.36
Not deficient 3 494/19,614 493/19,544 1.06 (0.85-1.31)
Vitamin D dose used
High (=800 I1U/d) 4 143/1,643 122/1,631 1.27 (0.89-1.81) 0.15
Low (<800 1U/d) 2 363/18,262 377/18,106 0.96 (0.83-1.10)

2 According to published record.

Only feasible analyses with sufficient data are shown. NR, Not reported; NC, not clear.
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when borderline eligible articles are included or excluded as
well as the effect of excluding observational and cluster ran-
domized studies.

Results

The initial search of the literature yielded 5584 citations,
of which 51 eligible studies were selected with a good
inter-reviewer agreement (k = 0.80) (Supplemental Fig. 1,
published on The Endocrine Society’s Journals Online
web site at http://jcem.endojournals.org). Contact of all
authors was attempted to verify data collected from their
publication as well as to request additional or missing
information. If an author did not respond to our initial
request, a second request was attempted. We successfully
contacted around 75% of the primary or secondary au-
thors. Table 1 summarizes the characteristics of the in-
cluded studies. Most studies recruited elderly women and
coadministered calcium with vitamin D, and none used
sun exposure or interventions other than vitamin D sup-
plementation. Most studies effectively concealed the ran-
dom allocation and blinded caregivers and patients. The
methodological quality of included studies is summarized
in Supplemental Table 1.

Meta-analyses

Mortality

Most of the included studies reported on mortality (n =
30). Pooling across studies showed a nonsignificant and
potentially trivial reduction in mortality that was consis-
tent across studies (RR, 0.96; 95% CI, 0.93, 1.00; P =
0.08; I2 = 0%) (Fig. 1).

M, stroke, and peripheral vascular disease

Six studies reported the outcome of MI, and six re-
ported on stroke. Meta-analyses showed no significant
effect of vitamin D on MI (RR, 1.02; 95% CI, 0.93, 1.13;
P = 0.64; > = 0%) or stroke (RR, 1.05; 95% CI, 0.88,
1.25; P = 0.59; I> = 15%) (Fig. 1). Five studies reported
the outcome of peripheral vascular disease but with no
events in either study arm.

Serum lipids, blood pressure, and blood glucose

Table 2 shows pooled data for the effect of vitamin D
on blood lipids, blood glucose, and blood pressure mea-
surements. Vitamin D did not significantly affect any of
the cardiovascular risk factors. However, the direction
of vitamin D effect was consistent with reduction of all
parameters measured except an increase in high-density
lipoprotein cholesterol. Results were inconsistent
across studies, and the pooled estimates were trivial in
absolute terms.
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Subgroup and sensitivity analyses

The planned subgroup analyses did not show any sig-
nificant subgroup-effect interactions (Table 3). This also
includes the subgroup of studies reporting on vitamin D
supplementation in vitamin D-deficient patients, in which
we found no significant decrease in mortality, MI, or
stroke (P > 0.05 for all outcomes).

The use of a fixed-effect model instead of a random-
effects model did not change study conclusions about any
outcome. Excluding a study reporting death of a patient
irrelevant to the intervention (21) did not change the over-
all pooled mortality data (RR, 0.96; 95% CI, 0.93, 1.00;
P =0.07;1* = 0%). Excluding a study in which the effects
of vitamin D were possibly confounded by other interven-
tions (22) did not change the overall mortality estimate
(RR, 0.97;95% CI, 0.93, 1.01; P = 0.67; I* = 0%). Ex-
cluding a study, in which mortality was possibly con-
founded by the population’s comorbidity (23) did not
change the overall results (RR, 0.96; 95% CI, 0.93,
1.00; P = 0.84; 1> = 0%). We also excluded a study in
which the intervention was a one-time high dose of vi-
tamin D given im (24), which also did not affect the
overall conclusion about mortality (RR, 0.96; 95% CI,
0.93,1.00; P = 0.66;1* = 0%). The same was true when
we excluded a study that was heavily weighted in the
analysis and used low vitamin D doses with poor ad-
herence (25) (RR for mortality, 0.97; 95% CI, 0.93,
1.02; P = 0.69;1> = 0%; RR for MI,0.99;95% CI, 0.86,
1.15; P = 0.64, 1> = 0%; RR for stroke, 1.16; 95% CI,
0.92, 1.46; P = 0.41; I*> = 0%). In general, analyses
conducted in adherent patients (compliers) provided
consistent trend of reduction in mortality, although re-
sults were nonsignificant.

We also conducted a sensitivity analysis in which we
only included studies that increased vitamin D baseline
levels as opposed to studies that administered low doses of
vitamin D, which did not actually raise the blood level
regardless of baseline. The pooled estimates were: mor-
tality (16 studies)—RR, 0.95; 95% CI, 0.87, 1.03; P =
0.22; I> = 6%; MI (three studies)—RR 0.96; 95% CI,
0.81,1.13; P = 0.51;I> = 0%; and stroke (three studies) —
RR, 1.04; 95% CI, 0.80, 1.34; P = 0.99; I> = 0%. When
we only analyzed the studies that reported vitamin D re-
pletion in vitamin D-deficient patients, we still did not see
any statistically significant results (RR, 1.06; 95% ClI,
0.81,1.41; P = 0.66; 1> = 3%, in six studies for mortality;
RR, 1.26;95% CI,0.20,7.98; P = 0.81;1* = 23%, in two
studies for MI; and RR, 1.01; 95% CI, 0.25, 3.97; P =
0.99;I? = 0%, in two studies for stroke). The latter Cls are
clearly wide, suggesting underpowered analyses.
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Discussion

We conducted a systematic review and meta-analysis to
summarize the best available research evidence regarding
the effect of vitamin D on patient-important cardiovascu-
lar events and other cardiovascular risk factors. Previous
systematic reviews of observational studies found signif-
icant associations between low vitamin D levels and the
risk of cardiovascular disease (of variable definitions
across the studies) and overall mortality (13, 14). Our
analysis of randomized trials in which vitamin D was given
as an intervention, as opposed to a blood level, did not
demonstrate a significant effect on death, stroke, M1, lipid
fractions (except a trivial increase in high-density lipopro-
tein), blood pressure, and blood glucose values. Our esti-
mate for the mortality outcome, although nonsignificant,
is in the same direction (i.e. reduction in risk) of that re-
ported in another systematic review by Grandi et al. (13).

The limitations of this review stem from the fact that
many of the included studies were not designed to evaluate
cardiovascular outcomes; therefore, if the ascertainment
of these endpoints was systematically different between
the intervention and the control groups, which might have
occurred in the 18% of the studies that were unblinded,
results could be biased. Publication and reporting biases
cannot be ruled out in any systematic review, although we
attempted to contact study authors to reduce the effect of
these biases. Lastly, the heterogeneity in some of the anal-
yses makes the overall evidence to be of low to moderate
quality. There remains the possibility that potential car-
diovascular benefit of vitamin D remains undetected due
to confounding baseline cardiac risk factors that random-
ization failed to correct or due to the coadministration of
calcium that may have a detrimental cardiovascular effect
(26). Itis also important to note that randomized trials are
likely to enroll participants without severe vitamin D de-
ficiency who are less likely to benefit from vitamin D,
which would drive the results toward the null. The
strengths of this review relate to the comprehensive liter-
ature search and the bias protection measures undertaken
during the conduct of the systematic review (i.e. selecting
studies and evaluating outcomes and quality by blinded
independent pairs of reviewers).

The effect of vitamin D on all-cause mortality remains
unclear. Our analysis did not find an association, whereas
a previous meta-analysis (27) found that vitamin D was
associated with decreased all-cause mortality (RR, 0.93;
95% CI, 0.87-0.99). Our meta-analysis includes more
trials (51 vs. 18). Nevertheless, it is obvious that the choice
of which trials to include in the meta-analysis is affecting
the inference; hence, inference regarding mortality is not
robust to the inclusion of evidence. It is plausible that
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vitamin D affects certain disease-specific mortalities such
as cancer mortality (28, 29), for example; and when data
are aggregated, the noise-to-signal ratio hides such effect.
It is also plausible that the current data, when restricted
to studies with adequate protection of bias, sufficient
follow-up, and documented increase in vitamin D level,
become underpowered to detect benefits in cardiovas-
cular outcomes. The answer to the mortality question
will likely require a very large trial with long follow-up
in which disease-specific mortality is measured and as-
certained as a primary endpoint. Trials with factorial
design similar to the Randomized Evaluation of Calcium
or Vitamin D (RECORD) trial (30) in which patients can
be randomized to differing doses of vitamin D with and
without calcium will be needed to determine the optimal
dose and the nonskeletal effects of these interventions.

The practice implications of this systematic review in-
dicate that recommending vitamin D to patients to reduce
cardiovascular risk is not consistent with the current ev-
idence. Individuals will require the age- and sex-appro-
priate daily intake of vitamin D and may require addi-
tional supplementation for other indications such as bone
health, but not for cardiovascular risk reduction. The ac-
companying guideline document developed by the task
force of the Endocrine Society will provide additional
practical advice and detailed recommendations regarding
vitamin D supplementation (75).

Conclusion

Trial data available to date are unable to demonstrate
a statistically significant reduction in mortality and car-
diovascular risk associated with vitamin D. The quality of
the available evidence is low to moderate at best.

Acknowledgments

Address all correspondence and requests for reprints to: M.
Hassan Murad, M.D., M.P.H., Associate Professor, Mayo Clinic,
Program Director, Preventive Medicine Fellowship, Knowledge
and Evaluation Research Unit, 200 First Street SW, Rochester,
Minnesota 55905. E-mail: murad.mohammad@mayo.edu.

This review was commissioned and funded by The Endocrine
Society.

Disclosure Summary: The authors (M.B.E., N.O.A.E.,
K.B.E,M.HM,MM.F.,;AAA, ] PA,HL,MAL,R.]J.M,
A.H., P.J.E., D.D.H., V.M.M.) have nothing to disclose.

References

1. Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E, Lanier K,
Benjamin EJ, D’Agostino RB, Wolf M, Vasan RS 2008 Vitamin D



10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Elamin et al. Vitamin D and Cardiovascular Outcomes

deficiency and risk of cardiovascular disease. Circulation 117:503—
511

. Kristal-Boneh E, Froom P, Harari G, Ribak J 1997 Association of

calcitriol and blood pressure in normotensive men. Hypertension
30:1289-1294

. Scragg R, Jackson R, Holdaway IM, Lim T, Beaglehole R 1990

Myocardial infarction is inversely associated with plasma 25-hy-
droxyvitamin D3 levels: a community-based study. Int ] Epidemiol
19:559-563

. WatsonKE, Abrolat ML, Malone LL, Hoeg JM, Doherty T, Detrano

R, Demer LL 1997 Active serum vitamin D levels are inversely cor-
related with coronary calcification. Circulation 96:1755-1760

. Poole KE, Loveridge N, Barker PJ, Halsall DJ, Rose C, Reeve ],

Warburton EA 2006 Reduced vitamin D in acute stroke. Stroke
37:243-245

. Fleck A 1989 Latitude and ischaemic heart disease. (See comment)

Lancet 1:613

. Mitsuhashi T, Morris Jr RC, Ives HE 1991 1,25-dihydroxyvitamin

D3 modulates growth of vascular smooth muscle cells. ] Clin Invest
87:1889-1895

. Michos ED, Melamed ML 2008 Vitamin D and cardiovascular dis-

ease risk. Curr Opin Clin Nutr Metab Care 11:7-12

. London GM, Guérin AP, Verbeke FH, Pannier B, Boutouyrie P,

Marchais SJ, Métivier F 2007 Mineral metabolism and arterial func-
tions in end-stage renal disease: potential role of 25-hydroxyvitamin
D deficiency. ] Am Soc Nephrol 18:613-620

Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst U, Wellnitz B,
Kinkeldei J, Bochm BO, Weihrauch G, Maerz W 2008 Independent
association of low serum 25-hydroxyvitamin D and 1,25-dihy-
droxyvitamin D levels with all-cause and cardiovascular mortality.
Arch Intern Med 168:1340-1349

Schleithoff SS, Zittermann A, Tenderich G, Berthold HK, Stehle P,
Koerfer R 2006 Vitamin D supplementation improves cytokine pro-
files in patients with congestive heart failure: a double-blind, ran-
domized, placebo-controlled trial. Am J Clin Nutr 83:754-759

Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP 2002 1,25-Di-
hydroxyvitamin D(3) is a negative endocrine regulator of the renin-
angiotensin system. J Clin Invest 110:229-238

Grandi NG, Breitling LP, Brenner H 2010 Vitamin D and cardio-
vascular disease: systematic review and meta-analysis of prospective
studies. Prev Med 51:228-233

Pittas AG, Chung M, Trikalinos T, Mitri J, Brendel M, Patel K,
Lichtenstein AH, Lau J, Balk EM 2010 Systematic review: vitamin
D and cardiometabolic outcomes. Ann Intern Med 152:307-314
Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF 1999
Improving the quality of reports of meta-analyses of randomised
controlled trials: the QUOROM statement. Quality of Reporting of
Meta-analyses. Lancet 354:1896-1900

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie
D, Moher D, Becker BJ, Sipe TA, Thacker SB 2000 Meta-analysis
of observational studies in epidemiology: a proposal for reporting.
Meta-analysis of Observational Studies in Epidemiology (MOOSE)
group. JAMA 283:2008-2012

Swiglo BA, Murad MH, Schiinemann H]J, Kunz R, Vigersky RA,
Guyatt GH, Montori VM 2008 A case for clarity, consistency, and
helpfulness: state-of-the-art clinical practice guidelines in endocri-
nology using the grading of recommendations, assessment, devel-
opment, and evaluation system. ] Clin Endocrinol Metab 93:666—
673

Lee JH, O’Keefe JH, Bell D, Hensrud DD, Holick MF 2008 Vitamin
D deficiency an important, common, and easily treatable cardio-
vascular risk factor? ] Am Coll Cardiol 52:1949-1956
DerSimonian R, Laird N 1986 Meta-analysis in clinical trials. Con-
trol Clin Trials 7:177-188

Higgins JP, Thompson SG, Deeks JJ, Altman DG 2003 Measuring
inconsistency in meta-analyses. BMJ 327:557-560

Brohult J, Jonson B 1973 Effects of large doses of calciferol on

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

J Clin Endocrinol Metab, July 2011, 96(7):0000-0000

patients with rheumatoid arthritis. A double-blind clinical trial.
Scand J Rheumatol 2:173-176

Campbell AJ, Robertson MC, La Grow SJ, Kerse NM, Sanderson
GF, Jacobs RJ, Sharp DM, Hale LA 2005 Randomised controlled
trial of prevention of falls in people aged > or = 75 with severe visual
impairment: the VIP trial. BMJ 331:817

Wejse C, Gomes VF, Rabna P, Gustafson P, Aaby P, Lisse IM, An-
dersen PL, Glerup H, Sodemann M 2009 Vitamin D as supplemen-
tary treatment for tuberculosis: a double-blind, randomized, place-
bo-controlled trial. Am J Respir Crit Care Med 179:843-850
Latham NK, Anderson CS, Lee A, Bennett DA, Moseley A, Cameron
ID 2003 A randomized, controlled trial of quadriceps resistance
exercise and vitamin D in frail older people: the Frailty Interventions
Trial in Elderly Subjects (FITNESS). ] Am Geriatr Soc 51:291-299
Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, Lewis
CE, Bassford T, Beresford SA, Black HR, Blanchette P, Bonds DE,
Brunner RL, Brzyski RG, Caan B, Cauley JA, Chlebowski RT, Cum-
mings SR, Granek I, Hays ], Heiss G, Hendrix SL, Howard BV, Hsia
J, Hubbell FA, Johnson KC, Judd H, Kotchen JM, Kuller LH, Langer
RD, Lasser NL, Limacher MC, Ludlam S, Manson JE, Margolis KL,
McGowan ], Ockene JK, Sullivan MJO, Phillips L, Prentice RL,
Sarto GE, Stefanick ML, Horn LV, Wactawski-Wende J, Whitlock
E, Anderson GL, Assaf AR, Barad D; Women’s Health Initiative
Investigators 2006 Calcium plus vitamin D supplementation and the
risk of fractures. (See comment) N Engl ] Med [Erratum (2006)
354:1102] 354:669-683

Bolland M]J, Avenell A, Baron JA, Grey A, MacLennan GS, Gamble
GD, Reid IR 2010 Effect of calcium supplements on risk of myo-
cardial infarction and cardiovascular events: meta-analysis. BMJ
341:c3691

Autier P, Gandini S 2007 Vitamin D supplementation and total
mortality: a meta-analysis of randomized controlled trials. Arch In-
tern Med 167:1730-1737

Chung M, Balk EM, Brendel M, Ip S, Lau J, Lee ], Lichtenstein A,
Patel K, Raman G, Tatsioni A, Terasawa T, Trikalinos TA 2009
Vitamin D and calcium: systematic review of health outcomes. Ev-
idence Report/Technology Assessment no. 183. (Prepared by Tufts
Evidence-based Practice Center under Contract no. 290-2007-
10055-I). AHRQ Publication no. 09-E015. Rockville, MD: Agency
for Healthcare Research and Quality. (Last accessed April 2011)
Gandini S, Boniol M, Haukka J, Byrnes G, Cox B, Sneyd MJ, Mullie
P, Autier P 2011 Meta-analysis of observational studies of serum
25-hydroxyvitamin D levels and colorectal, breast and prostate can-
cer and colorectal adenoma. Int J Cancer 128:1414-1424

Grant AM, Avenell A, Campbell MK, McDonald AM, MacLennan
GS, McPherson GC, Anderson FH, Cooper C, Francis RM, Don-
aldson C, Gillespie WJ, Robinson CM, Torgerson D], Wallace WA;
RECORD Trial Group 2005 Oral vitamin D3 and calcium for sec-
ondary prevention of low-trauma fractures in elderly people (Ran-
domised Evaluation of Calcium Or vitamin D, RECORD): a ran-
domised placebo-controlled trial. [See comment] Lancet 365:1621—
1628

Avenell A, Grant AM, McGee M, McPherson G, Campbell MK,
McGee MA, Group RTM 2004 The effects of an open design on trial
participant recruitment, compliance and retention—a randomized
controlled trial comparison with a blinded, placebo-controlled de-
sign. Clin Trials 1:490-498

Backsgaard L, Andersen KP, Hyldstrup L 1998 Calcium and vitamin
D supplementation increases spinal BMD in healthy, postmeno-
pausal women. Osteoporos Int 8:255-260

Berggren M, Stenvall M, Olofsson B, Gustafson Y 2008 Evaluation
of a fall-prevention program in older people after femoral neck frac-
ture: a one-year follow-up. Osteoporos Int 19:801-809

Bischoff HA, Stihelin HB, Dick W, Akos R, Knecht M, Salis C,
Nebiker M, Theiler R, Pfeifer M, Begerow B, Lew RA, Conzelmann
M 2003 Effects of vitamin D and calcium supplementation on falls:
a randomized controlled trial. ] Bone Miner Res 18:343-351
Bischoff-Ferrari HA, Orav EJ, Dawson-Hughes B 2006 Effect of



J Clin Endocrinol Metab, July 2011, 96(7):0000-0000

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

cholecalciferol plus calcium on falling in ambulatory older men and
women: a 3-year randomized controlled trial. Arch Intern Med 166:
424-430

Bjorkman M, Sorva A, Risteli J, Tilvis R 2008 Vitamin D supple-
mentation has minor effects on parathyroid hormone and bone turn-
over markers in vitamin D-deficient bedridden older patients. Age
Ageing 37:25-31

Braam LA, Hoeks AP, Brouns F, Hamulyak K, Gerichhausen MJ,
Vermeer C 2004 Beneficial effects of vitamins D and K on the elastic
properties of the vessel wall in postmenopausal women: a follow-up
study. Thromb Haemost 91:373-380

Brazier M, Grados F, Kamel S, Mathieu M, Morel A, Maamer M,
Sebert JL, Fardellone P 2005 Clinical and laboratory safety of one
year’s use of a combination calcium + vitamin D tablet in ambula-
tory elderly women with vitamin D insufficiency: results of a mul-
ticenter, randomized, double-blind, placebo-controlled study. Clin
Ther 27:1885-1893

Broe KE, Chen TC, Weinberg J, Bischoff-Ferrari HA, Holick MF,
Kiel DP 2007 A higher dose of vitamin D reduces the risk of falls in
nursing home residents: a randomized, multiple-dose study. ] Am
Geriatr Soc 55:234-239

Buckley LM, Leib ES, Cartularo KS, Vacek PM, Cooper SM 1996
Calcium and vitamin D3 supplementation prevents bone loss in the
spine secondary to low-dose corticosteroids in patients with rheu-
matoid arthritis: a randomized, double-blind, placebo-controlled
trial. Ann Intern Med 125:961-968

Bunout D, Barrera G, Leiva L, Gattas V, de la Maza MP, Avendano
M, Hirsch S 2006 Effects of vitamin D supplementation and exercise
training on physical performance in Chilean vitamin D deficient
elderly subjects. Exp Gerontol 41:746-752

Burleigh E, McColl J, Potter ] 2007 Does vitamin D stop inpatients
falling? A randomised controlled trial. Age Ageing 36:507-513
Chapuy MC, Pamphile R, Paris E, Kempf C, Schlichting M, Arnaud
S, Garnero P, Meunier PJ 2002 Combined calcium and vitamin D3
supplementation in elderly women: confirmation of reversal of sec-
ondary hyperparathyroidism and hip fracture risk: the Decalyos II
study. Osteoporos Int 13:257-264

Chapuy MC, Arlot ME, Duboeuf F, Brun J, Crouzet B, Arnaud S,
Delmas PD, Meunier PJ 1992 Vitamin D3 and calcium to prevent hip
fractures in the elderly women. N Engl ] Med 327:1637-1642
Christiansen C, Christensen MS, McNair P, Hagen C, Stocklund
KE, Transbel I 1980 Prevention of early postmenopausal bone loss:
controlled 2-year study in 315 normal females. Eur J Clin Invest
10:273-279

Daly RM, Nowson CA 2009 Long-term effect of calcium-vitamin
D3 fortified milk on blood pressure and serum lipid concentrations
in healthy older men. Eur J Clin Nutr 63:993-1000

de Boer IH, Tinker LF, Connelly S, Curb JD, Howard BV, Kesten-
baum B, Larson JC, Manson JE, Margolis KL, Siscovick DS, Weiss
NS 2008 Calcium plus vitamin D supplementation and the risk of
incident diabetes in the Women’s Health Initiative. Diabetes Care
31:701-707

Flicker L, Maclnnis RJ, Stein MS, Scherer SC, Mead KE, Nowson
CA, Thomas J, Lowndes C, Hopper JL, Wark JD 2005 Should older
people in residential care receive vitamin D to prevent falls? Results
of a randomized trial. (See comment.) ] Am Geriatr Soc 53:1881-
1888

Grove O, Halver B 1981 Relief of osteoporotic backache with flu-
oride, calcium, and calciferol. Acta Med Scand 209:469-471
Harwood RH, Sahota O, Gaynor K, Masud T, Hosking DJ 2004 A
randomised, controlled comparison of different calcium and vita-
min D supplementation regimens in elderly women after hip frac-
ture: the Nottingham Neck of Femur (NoNOF) Study. Age Ageing
33:45-51

Heikkinen AM, Tuppurainen MT, Niskanen L, Komulainen M,
Penttild I, Saarikoski S 1997 Long-term vitamin D3 supplementa-
tion may have adverse effects on serum lipids during postmeno-

52.

53.

54.

55.

S6.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

jcem.endojournals.org 11

pausal hormone replacement therapy. Eur J Endocrinol 137:495-
502

Inkovaara ], Gothoni G, Halttula R, Heikinheimo R, Tokola O
1983 Calcium, vitamin D and anabolic steroid in treatment of aged
bones: double-blind placebo-controlled long-term clinical trial. Age
Ageing 12:124-130

Hsia ], Heiss G, Ren H, Allison M, Dolan NC, Greenland P, Heck-
bert SR, Johnson KC, Manson JE, Sidney S, Trevisan M; Women’s
Health Initiative Investigators 2007 Calcium/vitamin D supplemen-
tation and cardiovascular events. Circulation [Erratum (2007) 115:
e466] 115:846-854

Jorde R, Sneve M, Torjesen P, Figenschau Y 2010 No improvement
in cardiovascular risk factors in overweight and obese subjects after
supplementation with vitamin D3 for 1 year. ] Intern Med 267:462—
472

Khajehdehi P 2000 Effect of vitamins on the lipid profile of patients
on regular hemodialysis. Scand ] Urol Nephrol 34:62-66
Komulainen M, Kroger H, Tuppurainen MT, Heikkinen AM,
Alhava E, Honkanen R, Jurvelin J, Saarikoski S 1999 Prevention of
femoral and lumbar bone loss with hormone replacement therapy
and vitamin D, in early postmenopausal women: a population-based
S-year randomized trial. J Clin Endocrinol Metab 84:546-552
Krieg MA, Jacquet AF, Bremgartner M, Cuttelod S, Thiébaud D,
Burckhardt P 1999 Effect of supplementation with vitamin D-3 and
calcium on quantitative ultrasound of bone in elderly institutional-
ized women: a longitudinal study. Osteoporos Int 9:483-488
Lips P, Graafmans WC, Ooms ME, Bezemer PD, Bouter LM 1996
Vitamin D supplementation and fracture incidence in elderly per-
sons. A randomized, placebo-controlled clinical trial. (See com-
ment.) Ann Intern Med 124:400-406

LyonsRA, Johansen A, Brophy S, Newcombe RG, Phillips C]J, Lervy
B, Evans R, Wareham K, Stone MD 2007 Preventing fractures
among older people living in institutional care: a pragmatic ran-
domised double blind placebo controlled trial of vitamin D supple-
mentation. Osteoporos Int 18:811-818

Major GC, Alarie F, Doré J, Phouttama S, Tremblay A 2007 Sup-
plementation with calcium + vitamin D enhances the beneficial
effect of weight loss on plasma lipid and lipoprotein concentrations.
Am J Clin Nutr 85:54-59

Meier C, Woitge HW, Witte K, Lemmer B, Seibel M] 2004 Supple-
mentation with oral vitamin D-3 and calcium during winter prevents
seasonal bone loss: a randomized controlled open-label prospective
trial. ] Bone Miner Res 19:1221-1230

Meyer HE, Smedshaug GB, Kvaavik E, Falch JA, Tverdal A, Ped-
ersen JI 2002 Can vitamin D supplementation reduce the risk of
fracture in the elderly? A randomized controlled trial. ] Bone Miner
Res 17:709-715

Nagpal ], Pande JN, Bhartia A 2009 A double-blind, randomized,
placebo-controlled trial of the short-term effect of vitamin D3 sup-
plementation on insulin sensitivity in apparently healthy, middle-
aged, centrally obese men. Diabet Med 26:19-27

Pfeifer M, Begerow B, Minne HW, Nachtigall D, Hansen C 2001
Effects of a short-term vitamin D-3 and calcium supplementation on
blood pressure and parathyroid hormone levels in elderly women.
J Clin Endocrinol Metab 86:1633-1637

Porthouse J, Cockayne S, King C, Saxon L, Steele E, Aspray T,
Baverstock M, Birks Y, Dumville J, Francis R, Iglesias C, Puffer S,
Sutcliffe A, Watt I, Torgerson DJ 2005 Randomised controlled trial
of supplementation with calcium and cholecalciferol (vitamin D3)
for prevention of fractures in primary care. BMJ 330:1003-1006
Prince RL, Austin N, Devine A, Dick IM, Bruce D, Zhu K 2008
Effects of ergocalciferol added to calcium on the risk of falls in
elderly high-risk women. Arch Intern Med 168:103-108
Rajpathak SN, Xue X, Wassertheil-Smoller S, Van Horn L, Robin-
son ]G, Liu S, Allison M, Martin LW, Ho GY, Rohan TE 2010 Effect
of 5y of calcium plus vitamin D supplementation on change in
circulating lipids: results from the Women’s Health Initiative. Am ]
Clin Nutr 91:894-899



12

68.

69.

70.

71.

72.

Elamin et al. Vitamin D and Cardiovascular Outcomes

Recker R, Lips P, Felsenberg D, Lippuner K, Benhamou L, Hawkins
F, Delmas PD, Rosen C, Emkey R, Salzmann G, He W, Santora AC
2006 Alendronate with and without cholecalciferol for osteoporo-
sis: results of a 15-week randomized controlled trial. Curr Med Res
Opin 22:1745-1755

Sanders KM, Stuart AL, Williamson EJ, Simpson JA, Kotowicz MA,
Young D, Nicholson GC 2010 Annual high-dose oral vitamin D and
falls and fractures in older women: a randomized controlled trial.
JAMA [Erratum (2010) 303:2357] 303:1815-1822

Scragg R, Khaw KT, Murphy S 1995 Effect of winter oral vitamin
D3 supplementation on cardiovascular risk factors in elderly adults.
Eur J Clin Nutr 49:640-646

Sugden JA, Davies JI, Witham MD, Morris AD, Struthers AD
2008 Vitamin D improves endothelial function in patients with
type 2 diabetes mellitus and low vitamin D levels. Diabet Med
25:320-325

Trivedi DP, Doll R, Khaw KT 2003 Effect of four monthly oral

73.

74.

75.

J Clin Endocrinol Metab, July 2011, 96(7):0000-0000

vitamin D-3 (cholecalciferol) supplementation on fractures and
mortality in men and women living in the community: ran-
domised double blind controlled trial. BMJ 326:469-472
Tuppurainen M, Heikkinen AM, Penttild I, Saarikoski S 1995
Does vitamin-D-3 have negative effects on serum levels of lip-
ids—a follow-up study with a sequential combination of estradiol
valerate and cyproterone-acetate and/or vitamin-D-3. Maturitas
22:55-61

Zittermann A, Frisch S, Berthold HK, Gotting C, Kuhn J, Kleesiek
K, Stehle P, Koertke H, Koerfer R 2009 Vitamin D supplementation
enhances the beneficial effects of weight loss on cardiovascular dis-
ease risk markers. Am J Clin Nutr 89:1321-1327

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Han-
ley DA, Heaney RP, Murad MH, Weaver CM 2011 Evaluation,
treatment, and prevention of vitamin D deficiency: an Endocrine
Society Clinical Practice Guideline. J Clin Endocrinol Metab 96:
[ X 22X X J



