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Vitamin D metabolism



2: The electromagnetic spectrum and penetration
of ultraviolet radiation through the Earth’s
atmosphere”
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*Adapted from Office of Public Outreach, Space Telescope
Science Institute. Amazing space. Available at:
<http://amazing-space.stsci.edu/light/ems-frames.html>.




Major source — sunlight

Skin

Cholecalciferol 7-Dehydrocholesterol
{vitamin D3)

Minor source — dietary intake

Vitamin D3 (fish, meat)
Vitamin D> (vitamin supplements)

25- ihydroxyvitamin D = 250HD

1,25-dihydroxyvitamin Da

Kidne
2 T Calcium absorption (small intestine)

T Urinary calcium reabsorption (kidney)
T Bone mineralisation

Maintains calcium balance in the body
via the action of parathyroid hormone
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New concept for Vitamin D

and cancer protection & protection against
other diseases

Liver

Vitamin Dj »" » 25(0OH)D;

Prostate
gland

Salmon

Y ¥

1,25(0H),D;

) 4

Regulation of cell growth

(cancer prevention)




Vitamin DcausedCV disease:

predominant viewpoint
during 1950s1970s



Prevalling viewpoint in 1960s

Possible Injury to the Cardiovascular System
from Vitamin D

HerLen B. TAussiG, M.p., F.A.C.p., Baltimore, Maryland

Tm: INTEREST IN VITAMIN D as a possible

source of injury to the cardiovascular

system lies in the recent advances in our
knowledge of supravalvular aortic stenosis.
When, in 1958, Denie and Verheugt (1)
reviewed the literature on supravalvular
aortic stenosis, they found that 12 cases had
been described, and they added 1 case of
their own. After this, a number of such

occurs when a new clinical syndrome is
recognized, a number of cases were imme-
diately reported from various parts of the
country and, indeed, from various parts of
the world. In 1964, Beuren and coworkers
(4) reported from Gottingen, West Ger-
many, that peripheral pulmonary stenosis
and an abnormality in the denture were
also part of the clinical syndrome.

TaussigAnn Intern Medl966; 65: 1195



Limitations of research during 1950s

A Overreliance oncase reportdn determining
causation:
I very small numbers of selected patients, who may not

nave been representative of all patients with a
particularly condition;

I did not include a control group to decide if cases had
nigher than expected intake of vitamin D.

A Based on animal studies which gave
pharmacological doseef vitamin D to produce
arterial sclerosis
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Vitamin D & CV Disease: 1970s

HOWEVER,

A Development ofissays for 250Hin 1970s showed
that diet contributed only a small portion of total
vitamin D, with 80% from sun exposure.

A Small case control studies showsdhilar 250HD

levels in cases and controls

A Germany (SchmidBayk Atherosclerosid977; 26: 55)
A Denmark (LunddormMetab Resl978; 10: 553)

A TromsoHeart StudyVik, BMJ1979; 2: 176)



Increasing focus since 1980s

Vitamin D mayprotect against CV Disease

Early papers:

A Descriptive epidemiology:
I variations in CVD by season, latitude and altitude

I led to hypothesis that UV radiation (via vitamin D) may
protect against CV diseasgescraggint JEpidemioll981; 10: 337

A Vitamin D receptor identified in cardiac muscle in 1983
C SimpsonCirculation68: 239



Observational studies of
vitamin D & CV disease
from
community or non-clinic samples



Plasma 28hydroxyvitamin D, & myocardial infarction risk
Auckland Heart StudyScraggint JEpidemioll990;19: 559

Odds ratio (95% CI)
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Adjustedhazard ratiofor all-cause mortalityin follow-up ofthe
[ 2y AA0dzZRAYFE ! Ay { dzZNBSesz 'Y
median 6 years, by baseline 250HD lewadser Am XlinNutr 2006; 84:616

25(0OH) D Rate HR (95% CI)
nmol/L Per 1G
personyrs
<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)
O 75 231 29 1.00

P for trend = 0.046

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



FraminghanStudy Offspring cohort

(Wang,Circulation2008, 117: 503)

S-year rate RR (95% ClI)

Sample per 100 person-years adjusted for

clinical co-

250HD 250HD variates
>15ng/mL | <15ng/mL

Total 4.4 8.9 1.62 (1.11, 2.36)

Hypertension 5.8 14.2 2.13 (1.30, 3.48)
>140/90

Normal BP 3.5 5.1 1.04 (0.55, 1.96)




10 Year risk of Myocardial Infarction
Health ProfessionalStudyc GiovannuccArch Intern Me®008; 168: 1174

Baseline plasma Adjusted Relative Risk
250HD (ng/mL) (95% CI)
<15.0 2.09 (1.24, 3.54)
15.17 225 1.43 (0.96, 2.13)
22.61 29.9 1.60 (1.10, 2.32)
> 30.0 1.00
P-value for trend 0.02




Baseline 250HD & Allause Mortality (8.7 yrs)iNHANES Il
Melamedet al, Arch Intern Me@008; 168: 1629
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Figum 1. Restricted cubic spline showing the fully adjusted associations
between serum 25-hydroxyvitamin D (25[0H]D) levels and all-cause
mortality in 13 331 participants of the Third Mational Health and Mutrition
Examination Survey. Knots are at 10.9, 20.5, 28.9, and 45.9 ng/mL. To
convert 25(0H)D to nanomoles per liter, multiply by 2.496. Gl indicates
confidence interval.



Survival from CV disease follow-up of NHANES l@dohort
05 yearsg GindeAA, etal,J AmGeriatrSoc2009; 57: 1592009
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Adjusted hazard ratio foilCV disease mortalitin follow-up of Mini-
Finland Health Survex on &SIk NBRX F2ftf 26SF
by baseline 250HD levelilkkinen Am Epidemiol2009; 170:1032

25(0OH) 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
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Fig. 1 (a) Kaplan—Meier curve for all-cause mortality in the firstand the
upper three 25(0OH 1D quartiles. (b) Kaplan—Meier curve for cardiovascular
maortality in the irstand the upper three 25 (OH)ID quart iles.
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Survival curves fof”V diseas& all-cause mortalityin follow-up of
INCHIANT$tudy, by 250HD levelSembaEurJClinNutr 2010; 63: 203

Z &% B

= rvkal Cfwd Buden FLUEen
B @mo\aE B =
E & 8 o &

1 8 12 18 24 X X 42 448 M BI W 7T ™™

T2 Cnoaths)

QLARTLE 4
(HIGHEET)

CQUSKTLE 3
QUSRTLE 2

QUSRTLE 1
[LOWEST)

Figure 2 Kaplan-Meswer plold of cardiovasoular deate mortality by
quartiles of serm 25-hydroayvitamin D. P 000001 by lod-rank test.
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Figure 1 Kaplan-Meer plots of all-cause mortaiity by quartiles of

serum 25-Ipdmxyyitamin D. P< 00007 by log-rank best.
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Fig. 3. Cumulative Forest plot: odds ratics levels for vitamin D and risk of car-
diometabolic disorders added in chronological order of publication,




Mechanisms



Physiological changes

Decreased — 4 matrix-metallo-proteases

vitamin D 4 endothelial dysfunction NO)
,rinsulin resistance
,rrenin-angiotensin

adverse immune function

Disease :
coronary heart disease Pathological changes
stroke & | cardiac hypertrophy
congestive heart failure arterial resistance
peripheral vascular disease plaque formation & rupture
hypertension thrombosis




RandomisedControlled Trials
(RCTs) of Vitamin D
supplementation
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(Hsia, Circulation 2007; 115: 846)

A Enrolled 36,282 women aged 5@ years

A Treatment (each day):
I vitamin D 400 IU & calcium 1000 mg (or placebo)

A Outcome on cardiovascular events:
I Hazard ratio = 1.0(05% CI: 0.92, 1.18) after 7 yrs



Heart disease

Q5.1 (092,113)

HR = 1.4




Limitations of WHIRCT of vitamin D, calcium and
cardiovascular disease

A Low doseof vitamin D (400 |U/day):
A Increase serum 250HD levels by onhymol/L.

A Low compliance

A 70% of participants taking supplements 50% or more
ofthetimeF op: 2NJ Y2NB 27F (¢
about 140 IU/day.

A Contaminationof 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 &otal Mortality
Autier, Archint Med 2007; 167: 1730



