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Overview of presentation

ÅVitamin D metabolism

ÅEarly studies on vitamin D & CV disease (1950-70s)

ÅRecent observational studies of vitamin D & CV 
disease

ÅRandomisedcontrolled trials of vitamin D 
supplementation

ïMeta-analysisof RCTs & implications

ÅProposed Auckland RCT of vitamin D & CV disease



Vitamin D metabolism





= 25OHD3



Chen T, Holick MF (2002)

& protection against 
other diseases



Vitamin D causesCV disease:

predominant viewpoint 
during 1950s-1970s



Prevailing viewpoint in 1960s

Taussig, Ann Intern Med 1966; 65: 1195



Limitations of research during 1950-70s

ÅOver-reliance on case reports in determining 
causation: 
ïvery small numbers of selected patients, who may not 

have been representative of all patients with a 
particularly condition;
ïdid not include a control group to decide if cases had a 

higher than expected intake of vitamin D.

ÅBased on animal studies which gave 
pharmacological dosesof vitamin D to produce 
arterial sclerosis



Vitamin D can kill!

possum poison in New Zealand

8g / Kg = 48 million IU per bait



Vitamin D & CV Disease: 1970s

HOWEVER,

ÁDevelopment of assays for 25OHDin 1970s showed 
that diet contributed only a small portion of total 
vitamin D, with 80% from sun exposure.

ÁSmall case control studies showed similar 25OHD 
levels in cases and controls
ÁGermany (Schmidt-Gayk, Atherosclerosis1977; 26: 55)

ÁDenmark (Lund, HormMetab Res1978; 10: 553)

Á TromsoHeart Study (Vik, BMJ1979; 2: 176)



increasing focus since 1980s 

Vitamin D may protect against CV Disease

Early papers:
ÅDescriptive epidemiology:
ïvariations in CVD by season, latitude and altitude
ïled to hypothesis that UV radiation (via vitamin D) may 

protect against CV disease ςScragg, Int J Epidemiol1981; 10: 337 

ÅVitamin D receptor identified in cardiac muscle in 1983 
ςSimpson, Circulation68: 239



Observational studies of 
vitamin D & CV disease

from 
communityor non-clinicsamples



Plasma 25-hydroxyvitamin D3 & myocardial infarction risk 
Auckland Heart Study (Scragg, Int J Epidemiol1990; 19: 559)

 Odds Ratios (95% CI) 
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Adjusted hazard ratio for all-cause mortality in follow-up of the 
[ƻƴƎƛǘǳŘƛƴŀƭ !ƎƛƴƎ {ǳǊǾŜȅΣ !ƳǎǘŜǊŘŀƳΣ җ ср ȅŜŀǊǎΣ ŦƻƭƭƻǿŜŘ ŦƻǊ 
median 6 years, by baseline 25OHD level: Visser, Am J ClinNutr 2006; 84:616

25(OH) D 
nmol/L

N Rate 
Per 103

person-yrs

HR (95% CI)

<25 117 66 1.47 (0.99, 2.19)

25-49.9 462 42 1.08 (0.78, 1.51)

50-74.9 440 30 0.95 (0.68, 1.32)

Ó 75 231 29 1.00

P for trend = 0.046

Adjusted for: 
demographic, education, BMI, alcohol, smoking, physical activity & chronic disease



FraminghamStudy Offspring cohort
(Wang, Circulation2008, 117: 503)

Sample

5-year rate 

per 100 person-years

RR (95% CI) 

adjusted for 

clinical co-

variates25OHD 

> 15 ng/mL

25OHD

< 15 ng/mL

Total 4.4 8.9 1.62 (1.11, 2.36)

Hypertension

> 140 / 90

5.8 14.2 2.13 (1.30, 3.48)

Normal BP 3.5 5.1 1.04 (0.55, 1.96)



10 Year risk of Myocardial Infarction: 
Health Professionals Study ςGiovannucci Arch Intern Med2008; 168: 1174

Baseline plasma 

25OHD (ng/mL)

Adjusted Relative Risk 

(95% CI)

< 15.0 2.09 (1.24, 3.54)

15.1 ï22.5 1.43 (0.96, 2.13)

22.6 ï29.9 1.60 (1.10, 2.32)

> 30.0 1.00

P-value for trend 0.02



Baseline 25OHD & All-Cause Mortality (8.7 yrs): NHANES III
Melamedet al, Arch Intern Med 2008; 168: 1629



25OHD <25 nmol/L

нрhI5 җмлл nmol/L

Survival from CV disease in follow-up of NHANES III cohort 
җ 65 years ςGinde AA, et al, J Am GeriatrSoc2009; 57: 15952009



Adjusted hazard ratio for CV disease mortality in follow-up of Mini-
Finland Health Surveyҗ ол ȅŜŀǊǎΣ ŦƻƭƭƻǿŜŘ ŦƻǊ ƳŜŘƛŀƴ нтΦм ȅŜŀǊǎΣ 
by baseline 25OHD level: Kilkkinen, Am J Epidemiol2009; 170:1032

25(OH) D quintile CVdeaths HR (95% CI)

1 (low) 254 1.00

2 194 1.04 (0.86, 1.26)

3 164 0.81 (0.66, 1.00)

4 171 0.86 (0.70,1.06)

5 (high) 150 0.76 (0.61, 0.95)

Total 833 P for trend = 0.005

Adjusted for: demographic, SES, BMI, alcohol, smoking, physical activity & season



6-year risk of 
All-cause & CV 

mortality, 

by sex-specific 
quartile of baseline 

25OHD: 

Hoorn study, Holland

Pilzet al, Clinical Endocrinol2009; 
71: 666



Survival from
All-causemortality, 

by quartile of 
baseline 25OHD: 

community dwelling 
ƳŜƴ җ рл ȅǊǎ

Szulcet al, ClinEndocrinol2009; 
71: 594

Top 3 
quartiles

Bottom 
quartile



Survival curves for CV disease & all-cause mortality in follow-up of 
InCHIANTIstudy, by 25OHD level - Semba, EurJ ClinNutr 2010; 63: 203



Cumulative forest 
plot of 

observational 
studies on 

vitamin D & CV 
disease

(Parker J, et al, 
Maturitas, 2009; in 

press)



Mechanisms



Decreased 
vitamin D

Physiological changes 

matrix-metallo-proteases
endothelial dysfunction (   NO)
insulin resistance
renin-angiotensin
adverse immune function

Pathological changes

cardiac hypertrophy
arterial resistance
plaque formation & rupture
thrombosis

Disease

coronary heart disease
stroke
congestive heart failure
peripheral vascular disease
hypertension



RandomisedControlled Trials 
(RCTs) of Vitamin D 
supplementation



²ƻƳŜƴΩǎ IŜŀƭǘƘ LƴƛǘƛŀǘƛǾŜ RCT
(Hsia, Circulation 2007; 115: 846)

ÅEnrolled 36,282 women aged 50-79 years

ÅTreatment (each day):
ïvitamin D 400 IU & calcium 1000 mg (or placebo)

ÅOutcome on cardiovascular events:
ïHazard ratio = 1.04 (95% CI: 0.92, 1.18) after 7 yrs



²ƻƳŜƴΩǎ IŜŀƭǘƘ LƴƛǘƛŀǘƛǾŜΥ no effect of 
Vitamin D(400 IU/day) & Calcium (1 gm/day) on CV disease

ςHsia, Circulation 2007; 115: 846

Heart disease Stroke



Limitations of WHI  RCT of vitamin D, calcium and 
cardiovascular disease

ÁLow doseof vitamin D (400 IU/day):
ÁIncrease serum 25OHD levels by only 7 nmol/L.

ÁLow compliance:
Á70% of participants taking supplements 50% or more 

of the time Ғ ор҈ ƻǊ ƳƻǊŜ ƻŦ ǘƘŜ ǘŀǊƎŜǘ ŘƻǎŜΣ ƻǊ 
about 140 IU/day.

ÁContaminationof the control group since many 
were taking vitamin D supplements on entry 
and continued to take them throughout the 
study.



Meta-analysis: Vitamin D supplements & Total Mortality
Autier, Arch Int Med2007; 167: 1730


