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Medications & Supplements

Vitamin D deficiency
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Vitamin D : Metabolism and Regulation
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MRNA expression in normal human
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Table 1 | Overview of the large vitamin D supplementation clinical trials 2017-2020

Study Country Number of Age Ethnicity* Serum 250HD (ng/ml) Duration of Intervention Primary
patients (years, (% white Baseli Final® follow-up (vitamin D outcome(s)
mean +5D) ethnicity) aseline ind (years) vs placebo)

VITAL® USA 25,874 677 71 30.8+10 42+10 5.3 2,0001U per day Cancer and
cardiovascular
disease

ViDA New 5,110 6618 83 265+¢ 54+16 3.3 Onedoseof 200,000 Cardiovascular

Zealand IU and 100,0001U events and
per month mortality

D2d USA 2423 60110 67 28.0+10.2 54+£15 2.5 4.0001U per da}f T2DM

DO-HEALTH Europe 2,157 740+44 NM 224+t84 376x113 3 2,0001U per day Six health
outcomes'

Calgar}f Canada 373 624 04 31+8 s0£16# 3 400,4,0000r 10,000 EMD

IU per day

DO-Health outcomes: Systolic and diastolic blood pressure, physical and
cognitive performance, non-vertebral fractures and infections

Bouillon R, et al. Nat Rev Endocrinol. 202



Effects of Vitamin D supplementation in:

> T2DM
» Cancer
» Cardiovascular disease

» Bone disease



Vitamin D and Type 2 Diabetes Mellitus
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The onset of diabetes is associated
with increased levels of both Ca2+
and ROS, which are normally
regulated by Vitamin D, which acts to
maintain low resting levels of both
Ca2+ and ROS. Vitamin D increases
expression of antioxidants that reduce
levels of ROS, and it maintains low
Ca2+ levels by increasing expression
of the plasma membrane Ca2+-
ATPase (PMCA) and the NCX1, which
extrude Ca2+, and the Ca2+ buffer
calbindin.

Berridge MJ. Biochem J. 2017



The Vitamin D and Type 2 Diabetes (D2d) trial was conducted to test whether vitamin D
supplementation (4000 Ul/die) reduces the risk of type 2 diabetes among adults at high risk for the
disorder.

Participants met at least two of three glycemic criteria for prediabetes as defined by the 2010
American Diabetes Association (ADA) guidelines:

« fasting plasma glucose level, 100 to 125 mg/dl;
« plasma glucose level 2 hours after a 75-g oral glucose load, 140 to 199 mg/dl;

« and glycated hemoglobin level, 5.7 t0 6.4%.

Exclusion criteria were any glycemic criterion in the diabetes range, factors affecting the
glycated hemoglobin level, use of diabetes or weight-loss medications, or use of supplements
containing vitamin D at a dose of more than 1000 IU per day or calcium at a dose of more than
600 mg per day.

Pittas AG, et al. N Engl J Med. 20
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Figure 2. Kaplan—Meier Curves for Survival Free from Diabetes among Adults at Risk for Type
2 Diabetes.
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Vitamin D and Prevention of Type 2 Diabetes

DOUBLE-BLIND, RANDOMIZED TRIAL

ich 1 ° °
242 e e " Vitamin D;  Placebo
OVl (4000 IU/day)
(N=1211) (N=1212)
Progression to 293 323
Patients Patients

new-onset diabetes
HR, 0.88; 95% CI, 0.75-1.04 (P=0.12)

No significant between-group differences in adverse events

Risk of new-onset diabetes not significantly lower
with vitamin D than with placebo

Te NEW ENGLAND JOURNAL of MEDICINE Pittas et al. .

Pittas AG, et al. N Engl J Med. 20



Post hoc analysis D2d trial

Table 2—Hazard ratios (95% ClIs) for new-onset diabetes in categories stratified by intratrial mea
the entire D2d cohort

>40 ng/ml

rum 25(OH)D level in

<250 nmol/L 50-74 nmol/L 75-99 nmol/L 100-124 nmol/L =125 nmol/L

(n = 247) (n = 456) (n = 590) (n = 413) (n = 452)
Median level 40.0 b3.8 86.3 110.0 145.2
Model 1 1.14 (0.84-1.54) Reference 1.08 (0.84-1.38) 0.65 (0.48-0.89) 0.41 (0.29-0.57)
Model 2 1.24 (0.90-1.70) Reference 1.01 (0.79-1.30) 0.59 (0.43-0.82) 0.38 (0.27-0.54)
Model 3 1.22 (0.89-1.68) Reference 1.01 (0.79-1.30) 0.59 (0.43-0.82) 0.39 (0.27-0.55)
Model 4 1.24 (0.90-1.71) Reference 0.99 (0.77-1.27) 0.58 (0.42—0.81) 0.36 (0.25-0.51)
Model 5 1.25 (0.91-1.72) Reference 0.98 (0.76-1.26) 0.57 (0.41-0.79) 0.35 (0.24-0.50)

- —
Model 1: adjusted for trial assignment (vitamin D or placebo) only. Model 2: additionally adjusted for site, BMI (at baseline), race (White, Black, other).
Model 3: additionally adjusted for sex and age (at baseline). Model 4: additionally adjusted for physical activity (at baseline). Model 5: additionally
adjusted for statin use (at baseline). To convert the values for 25(0H)D to ng/L, divide by 2.496.

Dawson-Hughes B, et al Diabetes Care. 2020



A Pooled Risk Ratio

Vitamin D Control Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% Cl Year M-H, Fixed, 95% Cl
Davidson 2013 7 56 5 53  1.0% 1.32 [0.45, 3.92] 2013 b
Dutta 2014 i 68 13 ar 2.6% 0.39 [0.16, 0.95] 2014
Kuchay 2015 T 69 a 68 1.7% 0.77 [0.30, 1.94] 2015 N
Barengolts 2015 9 87 9 86 1.7% 0.99 [0.41, 2.37] 2015
Jorde 2016 103 256 112 255 208% 0,92 [0.75, 1.12] 2016 e
Kawahara 2018 57 630 64 626 11.9% 0.88 [0.63, 1.24] 2018 .l
Pittas 2019 203 1211 323 1212 59.7% 0.91[0.79, 1.04] 2019 =
Miroomand 2019 1 81 4 81 0.7% 0.25 [0.03, 2.19] 2019 +
Total (95% CI) 2458 2438 1000%  0.89 [0.80, 0.99] * _ -11%
Total events 483 539 ) . . . :
ity e - - o - r T T L) L}
Heterogeneity: Chi* =542, df =7 (P =061); I? = 0% 01 02 0.5 1

Test for overall effect: £ = 2.14 (P = 0.03)

B Pooled Hazard Ratio

Jorde 2016 -0.10537 0.136896 20.1%
Kawahara 2018 -0.13928 012038 25.9%
Pittas 2019 -0.12785 0.083402 54.0%
Total (95% CI) 100.0%

Heterogeneity: Chi* = 0.04, df =2 (P = 0.98); I?= 0%
Test for overall effect: Z=2.06 (P = 0.04)

rials with a total of 4,896 subjects

Hazard Ratio

2 5 10
]

Favours [vitamin D] Favours [control

0.90 [0.69, 1.18] 2016
0.87 [0.69, 1.10] 2018
0.88 [0.75, 1.04] 2019

0.88 [0.78, 0.99]

Hazard Ratio
IV, Fix Cl
01 02 0.5 1 2 5 10

Favours [vitamin D]

Favours [control]

Zhang Y, et al Diabetes Care. 2020



Table 3—Subgroup analysis of the effect of vitamin D on new-onset diabetes

No. of trials No. of patients [ RR {95% Cl) P anan
Overall 8 4,896 0% 0.89 (0.80, 0.99)
Baseline 25(0H)D (nmaol/L)
=50 3 2,517 0% 0.90 (0.80, 1.02) 0.79
<50 5 1,122 26% 0.87 (0.68, 1.11)
Baseline 25(0H)D (nmol/L)
=30 7 3,640 0% 0.89 (0.80, 1.00) NA
<30 0 [v] NA NA
Achieved 25(0H)D in vitamin D group (nmol/L)
=75 7 4,734 0% 0.90 (0.81, 1.00) NA
=75 0 1] NA NA
Type of vitamin D
Vitamin Dy 7 4,723 0% 0.89 (0.80, 0.99) 0.81
Vitamin D, 1 173 NA 0.99 (0.41, 2.37)
Daily dose equivalent (IU)
=2,000 8 4,896 0% 0.89 (0.80, 0.99) NA
2,000 0 1] NA NA
Mean BMI (kg/m*’
=30 5 2,514 0% 0.95 (0.84, 1.08) 0.048
=30 3 1,126 4% 0.73 (0.57, 0.92)
Daily 2 3,679 0% 0.90 (0.80, 1.03) 0.70
Intermittently 6 1,217 8% 0.86 (0.66, 1.10)
Intervention
Vitamin D vs. placebo 7 4,771 0% 0.90 (0.81, 1.01) 0.07
Vitamin D + calcium vs. calcium 1 125 NA 0.39 (0.16, 0.95)
Latitude
=37 3 3,557 0% 0.89 (0.79, 1.00) 0.85
<37 6 1,339 15% 0.86 (0.63, 1.18)
Follow-up
=3 years 3 4,190 0% 0.91 (0.81, 1.01) 0.28
=3 years 5 706 0% 0.70 (0.45, 1.10)

To convert Vitamin D IU to pg, multiply by 0.0025. NA, not available.

Zhang Y, et al Diabetes Care. 202



Vitamin D and Cancer

1,25(0H),D, &
5 . HIF-1a, VEGF, Angiopoietin-1, -
e Angiopoietin-2, PDGF-BB.. bt
ra
5 WNT2b, WNT9J—| WNT signaling;
JAG1 & —| Notch signaling->Hasz ; E Sapey ":':'nd"’f""msh
L h ILE, MMP2.J, o iEEL
ympnhoma
’ CHRDLL, NID2, SEMA3B, TIMP3, CD82'; B cer
CCL11, CCL13, S100A4, CYTL, CCL2 i
Exosomal miR-10a-5pT p of cancer prog|
H Hs
‘ HyC ‘ P21, P27 - cell cycle arrest Inhibition of proliferation
b
Lung cancer X + | WNTLJ —| WNT/g-catenin, BMP,
Induction of differentiation

Breast cancer

TGF-6 signaling

miR-145 1 - E2F3, CDK6 J - cell cycle arrest

P21, p27, p15, p16T Inhibition of proliferati
Ca?* signaling - Rho-ROCK-p38MAPK-MSK1 1 e it

H, BCL2, clAP, xIAP. BAX, BAD 1
microRNA-498 1> hTERT > telomerase shorten Induction of apoptosis
H DKK1 4" —| WNT /8-catenin— c-Myc, cyclinDJ
20-1, E-cadherin 1 Induction of differentiation
| E-cadherin P sail, slugd- — EMT | Suppression of migration
. | ATGS, Beclin 10> LC3BII 1 > Autophagy Autophagic cell death
rostate cancer Colo-rectal cancer
o X INOS, COX-2, NF-kB activation, p38 MAPK
PG synthesis, MMP-3, MMP-9, IL8, IL6-. Anti-inflammaticn
~ Tumor-derived endothelial cells MKPS, IGFBP-3 1T
i_ Normal tumor cell \ . ive CD34% ol
. Cancer stem cell /cancer stem-like cell e * | Tcell blastogenesis and HLA-DR expression Enhanced immune respanse
=@ Cancer-associated fibroblast NK cells-induced cytotoxicity 1+
Ova ri ancancer Tumor-infiltrating lymphocyte
. Inflammatory mediator

igliaccio S, et al. Int J Obes (Lond). 2022 Wu X, et al. Acta Pharm Sin B. 20



401,605 Completed initial screening
questionnaire and were
assessed for eligibility

i The VITamin D and OmegA-3 TriaL (VITAL)

39,430 Initially willing and eligible;
entered run-in phase

13,559 Excluded because they were
non-compliant, or became
unwilling or ineligible

— Primary endpoints were total invasive cancer ar

25,871 Randomized

ecalciferol, 2000 |U/day)

.\ major cardiovascular events (composite

6470
Placebo vitamin D

6463 6464 6474
Active vitamin D Active vitamin D Placebo vitamin D
Active omega-3 Placebo omega-3| | Active omega-3 Placebo omega-3

1 1 ) ! myocardial infarction, stroke, and cardiovascul:

12,927 Allocated to active 12,944 Allocated to placebo
vitamin D vitamin D

l I mortality).

Status as of end of intervention:
11,463 Known to be alive
948 Alive per NDI® search
516 Died

Status as of end of intervention:
11,400 Known to be alive
1,027 Alive per NDI* search
517 Died

Y J

12,927 Analyzed 12,944 Analyzed

Manson JE, et al. N Engl J Med. 2019



Cancer incidence

The VITamin D and OmegA-3 TriaL (VITA
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Hazard Ratios (HR) and 95% Confidence Intervals (Cl) of the Primary, Secondary, and Other Outcomes by
Randomized Vitamin D Assignment in Intention-To-Treat Analyses

No. of Events
Vitamin I} (N =12,927) | Placebo (N=12,244) | HR 95% C1
Outcomes (17 and 29) Total invasive r:mit-zr'fII 73 524 0.9 | 0.88-1.06
Breast 124 122 1.02 | 0.79-1.31
Prostate 192 219 088 | 0.72-1.07
Colorectal 51 47 1.0 | 0.73-1.62
Cancer death 154 187 0.83 | 0.67-102

Manson JE, et al. N Engl J Med. 2019



Vitamin D Assessment (ViDA) study

Figure 2. Proportion of Participants Developing Cancer During Follow-up
From June 3, 2011, to July 31, 2015, by Study Group

8851 Individuals assessed
for eligibility 0.104
—— [[] vitamin D
3601 Excluded
1087 Not interested 0.08 + _— D Placebo
L, 541 Vitamin D dose <
too high =
497 Kidney stones 3
1476 Other reasons =3
= i
= 0.06
‘ =
5250 Baseline assessment from 4
April 5, 2011, through a
November 6, 2012 g 0.04 -
]
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92 Failed run-in o
> questionnaire 0.02
31 High calcium level
17 Other reasons
(:_5110 Randomized_::/“- ﬁb Ill é _'3 ;‘
Time in Study, y
2558 Randomized to receive 2552 Randomized to receive No. at risk
‘;';";"‘CDBF Jetarti ;ngib% e start VitaminD 2558 2504 2453 1760 374
onfirmed starting onfirmed starting
treatment with placebo within 2 mo Placebo 2550 2504 2447 1899 275
vitamin D5 within 2 mo

Shaded areas represent 95% Cls for the 2 curves.

ragg R, et al . JAMA Oncol. 2018



Cancer mortality
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Manson JE, et al. J Steroid Biochem Mol Biol. 2020



Endpoint Vitamin D (N = 12,927) | Placebo (N=12,944) | HR | 95% Cl1

no. of participants w/event Vltam | n D S h Owed a
Total invasive cancer 793 824 0.96 | 0.88-1.06 . .
romisin signal for
Cancer mortality 154 187 0.83 | 0.67-1.02 p g g
Breast cancer 124 ]22 1.02 0.?9-].31 reduction in total Cancer
Prostate cancer 192 219 0.88 | 0.72-1.07

Colorectal cancer 51 47 1.09 | 0.73-1.62 mor‘tallty (H R=083 [067_

Cardiovascular disease (CVD), primary and secondary outcomes

Major CVD event? 396 409 0.97 | 0.85-1.12 1 02]), eSpeCiaIIy in
. + wntd 536 558 0.96 | 0.86-1.08
Sxpanded CVD event : : analyses that accounted for
Total myocardial infarction 169 176 0.96 | 0.78-1.19
Total stroke 141 149 095 | 0.76-1.20 |atency by exc|uding the firs’[
Cardiovascular mortality 152 138 1.11 | 0.88-1.40

All-cause mortality 485 493 099 | 087-1.12 year (HR=0.79 [0.63-0.99])

Excluding the first two years of follow-up:

Total invasive cancer 490 522 0.94 | 0.83-1.06 or first 2 years (HR=075
Cancer mortality 112 149 0.75 | 0.59-0.96

Major CVD event 274 296 0.93 | 0.79-1.09 [059'096]) Of fOHOW'Up-

All-cause mortality 368 384 0.96 | 0.84-1.11

Manson JE, et al. J Steroid Biochem Mol Biol. 2020



Hazard Ratios (HR) and 95% Confidence Intervals (CI) of the Primary Outcomes Comparing Vitamin D and Placebo Groups, According to Selected

Prespecified Subgmupsa

Total Invasive Cancer

Subgroup # ppts VitD | Placebo | HR (95%CI) P, int.
# ppis with event
Race 25,304 0.21
Non-Hispanic white 18,046 626 632 0.99 (0.89-1.11)
African American 5.106 98 126 077 (0.59-1.01)
Other 2,152 53 5 1.03 {0.70-1.51)
Body Mass Index (kg/m?) 25,254 0.002
<25 7.843 s 278 0.76 (0.63-0.90)
25-<30 10,122 38 323 1.04 (0.90-1.21)
=30 7.289 .1 199 1.13 {0.94-1.37)
Baseline serum IS[OHJDb 15,787 0.99
<20 ng/mL 2,001 58 63 0.97 (0.68-1.39)
=20 ng/mL 13,786 459 464 098 (0.B6-1.12)
Baseline serum ZSIOHij_ € 15,787 0.57
<cohort median 7.812 251 252 1.02 (0.86-1.21)
=cohort median T.975 266 275 095 (0.80-1.12)
Omega-3 FA randomization status® | 25.871 0.56
Placebo group 12,938 385 412 0.94 (0.82-1.08)
Omega-3 FA group 12,933 408 412 099 (0.BT7-1.14)

BMI
experienced a significant treatment-associated
reduction in cancer risk (HR=0.76 [0.63-0.90]),

but overweight or obese individuals did not (p,

Individuals with normal (<25 kg/m2)

interaction=0.002). African Americans assigned
to vitamin D also had a suggestive reduction in
cancer risk (HR=0.77 [0.59-1.01]), although the
p-value for interaction by race/ethnicity was not

significant

Manson JE, et al. J Steroid Biochem Mol Biol. 2020



Oxidative
stress

Inflammation

Systemic
hypertension

Vitamin D

Cardiovascular

Diabetes disease

mellitus

Myocardial
fibrosis

Cardiac
hypertrophy

Vitamin D and cardiovascular disease

Endothelial
dysfunction

RAAS
activation

Cosentino N, et al. Nutrients. 2(



1 a meta-analysis of
50,000 individuals,
50HD
ssociated with an increased risk
(RR

.43, comparing individuals with

nearly
low serum
concentrations  were

f cardiovascular events
1e lowest vitamin D status with
dividuals with a better vitamin D

tatus.

No of No of No of Relative risk (95% CI)* for Relative risk (95% CI)* |
studies participants deaths cause specific mortality cause specific mortalit
Cardiovascular death |
Primary prevention cohorts 19 80 662 6416 —— 1.35(1.13 t0 1.61)
Secondary prevention cohorts 10 20987 3787 — 1.60 (1.32 10 1.94)
All cohorts 29 101649 10203 —p— 1.43(1.2510 1.64)
Cancer death
Primary prevention cohotts 12 104 353 5003 —— 1.14 (1.01 t0 1.29)
Secondary prevention cohorts 5 16382 1617 & 1.59 (1.17 t0 2.16)
All cohorts 17 120735 6620 —— 1.25(1.10t0 1.43)
Non-cardiovascular, non-cancer death
Primary prevention cohorts 7 38526 1444 — 1.30 (1.07 to 1.59)
Secondary prevention cohorts 3 13035 1121 & 1.49 (0.94 10 2.35)
All cohorts 10 51561 2565 —a— 1.34(1.13 to 1.60)
All cause mortality
Primary prevention cohorts 27 780990 48488 —i— 1.35(1.22 t0 1.49)
Secondary prevention cohorts 41 59918 16 148 —E— 1.50 (1.36 t0 1.65)
All cohorts 68 840908 64 636 —a 1.44 (1.34 10 1.55)
0.5 1

Relative risk (95% CI) for bottom versus top thirds
of baseline 25-hydroxyvitamin D concentration

Chowdhury R, et al. BMJ. 2014



B Major Cardiovascular Events
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cardiovascular events including corona
revascularization was 0.97 (95% CI 0.8!
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The VITamin D and OmegA-3 TriaL (VITA

Hazard Ratios (HR) and 95% Confidence Intervals (CI) of the Primary. Secondary. and Other Outcomes by
Randomized Vitamin D Assignment in Intention-To-Treat Analyses

No. of Evenis

Vitamin D (N =12,927) | Placebo (N=1294) | HR | 95% CI

Cardiovascular disease (CVD) outcomes

Major CVD l:"i.‘ﬁJ.TLﬂ'b 396 400 0.97 | 0.851.12
Expanded CVD events® 536 358 096 | 086-1.08
Myocardial infarction 169 176 0.9 | 0.78-1.19
Stroke 141 149 095 | 0.76=1.20
Cardiovascular mortality 152 138 1.11 | 0.88-1.40

d
Other vascular outcomes

Coronary artery bypass graft (CABG) 73 08 0.75 | 0.55-1.01
Percutaneous coronary intervention (PCT) 182 188 0.97 | 0.70-1.19
Myocardial infarction death 24 15 1.60 | 0.84-3.06
Stroke death 19 23 084 | 046-154

Modified from Manson JE, et al. N Engl J Med. 2



Figure 2. Proportion of Participants With a Cardiovascular Disease (CVD) Event During Follow-up
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Time in Study, y
No. at risk
Vitamin D group 2558 2432 2336 1660 205
Placebo group 2550 2453 2336 1791 239

Scragg R, et al. JAMA Cardiol. 201



Figure 2. Forest Plot lllustrating the Results of the Primary and Secondary End Points, Part 1

Vitamin D Placebo Risk Ratio Favors - Favors Weight,
Study or Subgroup Events Total Events Total (952 CI) Vitamin D - Placebo %
—) f
Trivedi et al,35 2003 477 1345 503 1341 0.95 (0.86-1.04) . 21.2
Brazier et al,33 2005 6 95 5 97  1.23(0.39-3.88) — 0.2
Grant et al,32 2005 339 2649 363 2643 0.93 (0.81-1.07) - 12.5
Sanders et al,24 2010 17 1131 13 1125 1.30 (0.63-2.67) : 0.5
Jackson et al,27 2006 1405 18176 1363 18106 1.03 (0.96-1.10) - 33.9
Wang et al, 26 2014 0 30 5 30 0.09 (0.01-1.57) = : 0.0
Zitterman et al, 1> 2017 85 199 73 201 1.18 (0.92-1.50) - 4.4
Scragg et al, 16 2017 303 2558 293 2550 1.03 (0.89-1.20) - 10.6
Shoji et al,14 2018 103 488 85 476 1.18 (0.91-1.53) - 3.9
Manson et al,13 2018 396 12927 409 12944 0.97 (0.85-1.11) - 12.8
Subtotal (95% CI) 39598 39513 1.00 (0.95-1.05) 100.0
Total events 3131 3112 :

Heterogeneity: 12 =0.00, x%, =10.07, P=.35, 12 =8%
Test for overall effect: z=0.18, P=.93

this meta-analysis of randomized clinical trials that included more than 83 000 patrticipants,
amin D supplementation was not associated with reduced risks of major adverse

rdiovascular events, myocardial infarction, stroke, cardiovascular disease mortality, or all- _ _



Cardiovascular death

Ott et al,23 1889 0 43 1 43 0.33(0.01-7.06) 0.1
Aloia et al,2> 1988 0 17 0 17 Not estimable

Trivedietal, 32003 101 1345 117 1341  0.86(0.87-1.11) - 10.6
Grant et al,32 2005 256 2648 291 2643 0.80 (0.75-1.03) - 26.5
Jacksonet al,2” 2006 549 18178 525 18106 1.04 (0.93-1.17) ] 46.6
Wang et al,26 2014 0 30 0 30 Notestimable

Zitterman et al, 152017 12 199 9 201 1.35(0.58-3.12) —— 1.0
Scragg et al,16 2017 18 2558 15 2550 1.20 (0.50-2.37) e 1.5
Shoji et al,14 2018 7 488 11 476 0.82 (0.24-1.58) _.__ 0.8
Manson et al,132018 152 12927 138 12944 1.10 (0.88-1.39) -— 13.0
Subtotal (95% Cl) 38432 38351 0.98 (0.90-1.07) 100.0
Total events 1095 1107 :

Heterogeneity: 2 =0.00, x 3 =7.11, P=.42,12=2%
Test for overall effect: z= 0.41 (P=.68)

0.01 0.1 1 10 100
Risk Ratio (95% CI)

Barbarawi M, et al. JAMA Cardiol. 201



Vitamin D Placebo Risk Ratio Favors : Favors

Study or Subgroup Events Total Events Total (95% CI) Vitamin D Placebo Weight,

‘ | Myocardial infarction | %
Ott et al,23 1989 0 43 il 43 0.33(0.01-7.08) 0.1
Aloia et al,25 1988 1 17 1 17 1.00(0.07-14.72) : 0.1
Komulainenetal,29 1999 1 112 0 115 3.08(0.13-74.81) 0.1
Gallagher et al,34 2001 9 245 6 244 1.49(0.54-4.13) ——— 0.5
Trivedi et al,35 2003 224 1345 233 1341 0.96 (0.81-1.13) % 19.8
Grant et al,32 2005 114 2649 117 2643  0.97(0.78-1.25) —~ 8.7
Berggren et al,28 2007 47 102 40 97 1.12(0.81-1.53) f*— 5.5
Zhu et al,22 2008 1 39 0 81 8.15(0.28-147.82) § > 0.1
Prince et al,20 2008 2 151 3 161 0.67 (0.11-3.93) —-—— 0.2
Sanders et al,24 2010 3 1131 2 1125 1.49(0.25-8.91) —— 0.2
Lehouck et al,31 2012 1 81 3 91 0.33 (0.04-3.15) _——— 0.1
Jacksonetal,2’ 2006 659 18176 637 18106 1.03(0.33-1.15) ﬁ 48.4
Witham et al,21 2013 2 80 2 79 0.99 (0.14-8.84) —-— 0.1
Wang et al,26 2014 0 30 1 30 0.33(0.01-7.87) : 0.1
Baron et al, 1% 2015 8 1130 7 1129 1.14(0.42-3.14) ——%+—— 0.5
Scragg et al,16 2017 28 2558 31 2550  0.90(0.64-1.50) —— 7 2% |
Manson et al,13 2018 169 12927 176 12944 0.96 (0.78-1.19) - 12.6
Shoji et al,1% 2018 10 488 11 478 0.89 (0.38-2.07) -—%—— 0.8
Subtotal (95% CI) 41314 41262 1.00(0.93-1.08) é 100.0
Total events 1279 1271 :

Heterogeneity: T2 =0.00, X % =6.07, P=.99, 12 = 0%
Test for overall effect: z=0.10 (P=.92)

Barbarawi M, et al. JAMA Cardiol.
2019
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he ViDA trial

xtensively the effects of

studied

itamin D supplementation
1 a subgroup of
articipants using a state of
e art invasive technology
suprasystolic oscillometry).
fter a mean follow-up of
.1 years, vitamin D
upplementation generated

ull effects.

Table 2. Arterial Function Measures at Baseline and Follow-up (Adjusted for Age, Sex, and Ethnicity) by Treatment Group in the
Total Sample (N=517)

e e Change From Baseline, Vitamin D

Vitamin D Group (n=256) Placebo Group (n=261) Minus Placebo
Wariable Baseline Follow-up Baseline Follow-up Mean (95% CI) P Value
Pulse rate, beats/min 63.0 (10.0) 65.7 (9.5) 63.9 (11.0) 65.7 (11.8) 0.9 (—0.7 to 2.6) 0.27
Brachial SBP, mm Hg 137.7 (18.4) 128.9 (16.1) 137.7 (16.8) 131.0 (18.9) —2.1 (—5.2 to 0.9) 0.17
Brachial DBP, mm Hg 78.4 (10.8) 73.7 (9.9 78.7 (9.7) 74.8 (9.9) —0.8 (—2.5 to 0.8) 0.32
Aortic SBP, mm Hg 140.1 (18.4) 131.1 (16.2) 139.7 (17.8) 132.9 (20.2) —2.2(—541t0 09) 0.17
Aortic DBP, mm Hg 72.0 (6.6) 69.5 (6.1) 72.2 (6.0) 70.2 (6.1) —0.5 (—1.5 to 0.6) 0.41
Augmentation index, % 30.0 (12.1) 27.0 (11.2) 29.9 (13.1) 26.8 (12.6) 0.0 (—2.4 to 2.5) 0.98
Pulse wave velocity, m/s 9.3 (1.7) 9.2 (1.6) 9.3 (1.7) 9.3 (1.9) —0.1 (—0.2 to 0.0) 0.18
Peak reservoir pressure, mm Hg 124.3 (17.8) 116.5 (15.1) 124.2 (16.4) 118.4 (18.5) —20(-511t01.1) 0.21
Peak excess pressure, mm Hg 28.5 (8.3) 25.8 (7.9) 28.1 (8.5) 26.1 (8.3) —0.7 (—2.51t0 1.0) 0.40
Reservoir pressure integral, mm Hg/s 92.1 (18.3) 83.0 (16.7) 91.7 (21.0) 85.4 (21.5) —2.8 (—6.1 to 0.5) 0.10
Loge(excess pressure integral, mm Hg/s) 1.57 (0.38) 1.40 (0.42) 1.54 (0.43) 1.39 (0.43) —0.02 (—0.11 to 0.086) 0.59
Backward pressure amplitude, mm Hg 28.6 (7.3) 25.3 (6.3) 28.5 (7.9) 25.9 (8.3) —0.8 (—2.0 to 0.5) 0.25
Forward pressure amplitude, mm Hg 40.0 (8.4) 36.8 (7.9) 39.5 (B.5) 37.5 (9.6) —1.2 (—2.7 to 0.4) 0.14
Loge(wave reflection index), %1072 —=120.6 (35.0) —124.5 (28.8) —-118.1 (35.9) —125.7 (35.7) 3.7 (—4.3 10 11.8) 0.36

Sluyter JD, et al. J Am Heart Assoc. 20




Vitamin D vs no vitamin D Omega-3s vs no omega-3s Strength exercise vs control

Difference P Difference P Difference P

Mean change at3yin (99% Cl) value (99% Cl) value (99% CI) value
Systolic BP, mm Hg -0.8(-2.1t00.5) 13 -0.8(-2.1t0 0.5) 11 0.5(-0.8t0 1.9) .30
Diastolic BP, mm Hg 0(-0.7 t0 0.8) .88 -0.5(-1.2t00.2) .06 0.3(-0.4to0 1.0) .32
SPPB, points -0.1(-0.3t00.1) .26 -0.0(-0.2t00.2) 76 -0.1(-0.3t00.1) .25
MoCA, points -0.1(-0.4t00.1) 11 -0.1(-0.3t00.2) .52 0.0(-0.2t00.2) .96
Nonvertebral 1.03 (0.75-1.43) .79 1.18 (0.85-1.63) .19 1.06 (0.77-1.47) .62
fractures, IR ratio

Infections, IR ratio 0.95 (0.84-1.08) 33 0.89 (0.78-1.01) .02 1.04 (0.92-1.18) .38

The DO-HEALTH trial in European older adults (n. 2157) did not find any effect of vitamin D
supplementation on systolic or diastolic blood pressure.

Bischoff-Ferrari HA, et al. JAMA. 20:



. participants  with vitamin D
oficiency at baseline (<50 nmol/l
20 ng/ml), brachial systolic and
blood
ocreased by 3 mmHg to 5 mmHg

astolic pressure

ot significant); however, aortic
(7.5

and other

/stolic blood pressure
P = 0.03)

arameters (augmentation index,

mHg,

llse wave velocity, peak
servoir pressure and backward
‘essure amplitude) improved on
rrection of baseline vitamin D.

ficiency.

Table 3. Arterial Function Measures at Baseline and Follow-up (Adjusted for Age, Sex, and Ethnicity) by Treatment Group Amc
Those With Baseline Vitamin D Deficiency (Deseasonalized 25(0OH)D <50 nmol/L; n=150)

ziahil] Change From Baseline, Vitamin D

Vitamin D Group (n=71) Placebo Group (n=79) Minus Placebo
Variable Baseline Follow-up Baseline Follow-up Mean (95% CI) P Value
Pulse rate, beats/min 62.9 (10.9) 65.7 (9.9) 66.2 (13.3) 65.4 (12.8) 35 (—0.0 to 7.1) 0.05
Brachial SBP, mm Hg 137.4 (16.8) 125.5 (13.0) 139.4 (18.2) 132.8 (20.1) 53 (-11.810 1.3) 0.11
Brachial DBP, mm Hg 78.9 (10.7) 72.8 (9.2) 80.0 (11.3) 76.6 (10.8) 28 (6210 0.7) 0.12
Aortic SBP, mm Hg 139.8 (18.5) 127.1 (14.1) 141.1 (18.6) 136.0 (21.4) 75(-1441t0 —06) | 003
Aortic DBP, mm Hg 72.2 (6.4) 68.9 (5.5) 73.2 (7.0) 71.3 (6.5) 1.3 (-3.7 10 1.0) 0.25
Augmentation index, % 29.7 (13.6) 22.9 (8.7) 291 (13.7) 28.1 (14.5) 57(-1081t —06) | 0.03
Pulse wave velocity, m/s 9.2 (1.8) 8.9 (1.5) 9.2 (1.9) 9.3 (2.0) 0.3 (06 to —0.1) 0.02
Peak reservoir pressure, mm Hg 125.2 (18.0) 112.3 (12.4) 125.2 (17.9) 120.9 (20.1) 86(—1541t —19) | 0.01
Peak excess pressure, mm Hg 26.5 (6.8) 25.7 (8.4) 28.6 (8.7) 27.0 (7.9) 0.7 (—2.8 to 4.1) 0.70
Resarvoir prassure integral, mm Ho/s 3.0 (18.1) 81.2 (16.2) 8.5 21.2) 87.6 (23.1) 88(-1621t 33 | 0.003 |
Loge(excess pressure integral, mm Hg/s) | 1.51 (0.39) 1.38 (0.47) 1.54 (0.42) 1.45 (0.43) 0.04 (-0.22 to 0.14) | 0.65 |
Backward pressure amplifuds, mm Hg 287 80 235 6.0) 2407 267 4.1 36(-6310 -08 n.0i
Forward pressure amplitude, mm Hg 8.7 (8.5 3.7 6.3 401 (8.7) 38488 33{(-641t0 02 0.04
Loge(wave reflection index), x 1072 117.7 (34.2) 130.6 (31.3) 122.6 (41.8) 125.1 (50.2) 103 (—29.210 86) | 0.28

Sluyter JD, et al. J Am Heart Assoc. 20



e Vitamin D and bone
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Condizione | Trattamento | scelta ® scelta 0 seelta
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Absolute Change in aBMD Measures Over 2 Years
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Baseline 25(0H)D < 30 nmol/L (<12 ng/ml)

o 800 1 bt The Aberdeen study recruited 305
1- —_ W 1000 IU (n=42) . .
= T postmenopausal women in late winter and
(11]
& o - T T randomized them to receive placebo,
b L T T
. T l 1 vitamin D 400 IU/d, or vitamin D 1000 IU/d
l Spine Total Hip over 1 year.
2 P, =0.027 P,=0.082
P,=0.019 P, = 0.045

Baseline 25(0OH)D > 30 nmol/L  (>12 ng/ml)

21 O Placebo (n=44)
3 400 IU (n=45)
W 1000 IU (n=42)
o 1 -
=
[11]
% ——
c c —i—
S ‘
=
o ——
X 4
Spine Total Hip
-2- P1=0.34 P1=0.20

P2 =094 Pe=0.23 Macdonald HM, et al. J Bone Miner Res. 2018



Figure 3. Data Distribution and Change in Total Bone Mineral Density (BMD) and Failure Load During 3 Years of Vitamin D Supplementation
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A VitaminD  Control Relative risk of total Weight %)
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Prince et al (2008 4/151 3151 <F . » 03
Janssen et al (zo10)™ 136 o34 ————— g 01
Sanders et al (2010)7 1551131 125/1125 H— 9
Glendanning et al (2012)™ 104353 10/333 e, 03
MacDonald et al (2013)7 34203 3102 -+m o2
Harsen et al (2015)% 476 “m 03
Uusi-Rasi et al (z005) 11205 — B o2
Him at al {2007)* 17101 » 01
Ehaw et al (2017)F 1362552 4m a
Larsen et al {2018)* 13255 —— 1
Smith et al (2017)™ 138 ——F 01
Total W19 945 1647119540 | 101 {0-94-1-1)
Heterogensity: F=13%, p=0-28
High wslow dose
Bischoff-Ferrari et al (20000 7186 15/87 <+l 41
Grimnes et al {3012)% 149 6148 : » 24
Mak etal (2016)= 3111 3107 7} » 12
Ginde et al (2017)® 455 B/52 “—m 23
Total 204401 32354 — 0-61(0-36-1-06)
Heterogensity: F-0%, p=0-6&
Selected population
Witham et al { 2010)= 2/53 152 ;> 2
Mitri et al (2011)= 1/B6 /86 o » 1
Punthakes at al {2002 )= 3607 614 -+ i » 4
Witham et al {2013§7 2/80 379 +——*
Breslavsky et al (20147 024 223 -+ > 1
Massart et al (2014 026 529 +—— 1
Baron et al (20152 5541130 64/1129 —— a5
Schwetz et al (20072 2/249 2/243 -+ L 3
Total 65/2255 80/2255 —— 0-85 (0-61-1-17)
Heterogensity: F=0%, p=074
Heterogensity between subgroups: p=0-12
Al studies (n=36) 1775/22 601 759/22189 F 1-00 (0-93-1-07)
Heterogeneity: P=5%, p=0-33 T T T T 1 p=0-00
03 o5 08113 2 3
-— e

Favowrs decreased risk  Favoursincreased risk

wiith vitamin D

withwitamin D

Fractures

In pooled analyses, vitamin D had no effect on
total fracture (36 trials; n=44 790, relative risk
1-00, 95% CI 0-93-1-07), hip fracture (20 trials;
n=36 655, 1-11, 0-97-1-26).

Bolland M, et al. Lancet 2018



Subtotal (Q=3.0, df=7, P =_89; 12 =0.0%)

Vitamin D Control
Events, No./ Total Events, No./ Total Rate Ratio
Source Treatment Participants, No.  Participants, No. Risk of Bias (95% CI)
Any fracture

Glendenning et al,3® 2012 150000IU/3 mo 10/353 10/333 High 0.94 (0.39-2.29)
Larsen et al,*? 2018 20000 1U/wk 15/256 13/255 Unclear 1.16 (0.54-2.48)
Law et al,*1 2006 100000 1U/3 mo 66/1762 53/1955 High 1.39(0.97-2.01)
Meyer et al,4? 2002 400 1uU/d 69/569 76/575 High 0.90 (0.64-1.28)
Lips et al,*3 1996 400 1U/d 135/1291 122/1287 High 1.12 (0.86-1.45)
Trivedi et al,** 2003 100000 1U/4mo 119/1345 149/1341 High 0.78 (0.61-1.00)
Sanders et al, %5 2010 500000 IU/y 171/1131 135/1127 High 1.31(1.03-1.67)
Khaw et al, %6 2017 100000 IU/mo 156/2558 136/2550 Low 1.15(0.91-1.46)
Grant et al,*" 2005 800 Iu/d 208/1343 192/1332 High 1.08 (0.88-1.35)
Lyons et al, %8 2007 100000 IU/4 mo 205/1725 218/1715 High 0.92 (0.76-1.14)
Smith et al,*? 2007 300000 Uy 306/4727 279/4713 High 1.11(0.93-1.20)
All 1460/17 060 1383/17183 1.06 (0.98-1.14)
Subtotal (Q=14.5, df=10, P=.15; ¥=31.1%)

Sanders et al, %5 2010 500000 1U/y 19/1131 15/1127 High 1.22 (D.64-2.48)
Law et al,*! 2006 1000001U/3 mo 24/1762 20/1955 High 1.28 (0.73-2.41)
Trivedi et al,*4 2003 100000 IU/4mo 21/1345 2471341 High 0,83 (0.48-1.57)
Grant et al,*” 2005 800 1U/d 47/1343 41/1332 High 1.14(0.75-1.75)
Meyer et al, %2 2002 400 1U/d 50/569 47/575 High 1.08 (0.71-1.63)
Lips et al,*® 1996 400 1U/d 58/1291 48/1287 High 1.15(0.82-1.79)
smith et al, 49 2007 300000 IU/y 66,4727 444713 High 1.42 (1.03-2.18)
Lyons et al, %8 2007 100000 1U/4mo 112/1725 104/1715 High 1.06 (0.82-1.42)
All 397/13893 343/14045 1.14 (0.98-1.32)

Favors
- Control

Favors |
Vitamin D

‘. B
—
-—i
—.
L
+
>

0.5

T
1
Rate Ratio (95% CI)

Yao P, et al. JAMA Netw Open. 2019

Weight

0.8
1.0
4.5
4.9
8.9
9.6
10.4
10.8
13.0
14.2
21.9
100.0

4.7
6.1
6.2
12.0
12.6
14.4
15.4
28.6
100.0



Calcium+ Vitamin D Controf

Calcium, VitaminD, Events, No./ Total Events, No./ Total Rate Ratio Favors Calcium+  Favors Weight,
Source mg/d ufd Participants, No.  Participants, No.  Risk of Bias (95% Cl) Vitamin D  Control %
lAny fracture
Chapuy et al,5? 2002 1200 800 70/393 35/190 High 0.96 (0.61-1.51) :- - 16
Porthouse et al,5! 2005 1000 800 58/1321 91/1993 High 0.96 (0.69-1.34) - 2.8
Salovaara et al,52 2010 1000 800 86/1586 103/1609 High 0.84 (0.63-1.13) - 3.7
Grant et al,*” 2005 1000 800 179/1306 192/1332 High 0.94 (0.76-1.17) — 6.6
Chapuy et al,5* 1992 1200 800 160/1634 215/1636 High 0.72 (0.58-0.89) - e 7.0
Jackson et al,54 2006 1000 400 2102/18176 2158/18106 Low 0.97 (0.91-1.03) - 78.3
All 2655/24416 2794/24 866 0.94 (0.89-0.99) <> 1000 -69
Subtotal (Q=7.3, df=5, P=.20; I =31.4%)
Hip fracture
Salovaara et al,52 2010 1000 800 4/1586 2/1609 High 1.98 (0.40-9.81) - : - 09
Porthouse et al,51 2005 1000 800 8/1321 17/1993 High 0.72 (0.32-1.61) - . - 34
Chapuy et al, 50 2002 1200 800 27/393 21/190 High 0.58(0.31-1.08) =+ : 5.5
Grant et al,*7 2005 1000 800 46/1306 41/1332 High 1.15(0.75-1.76) - e - 120
Chapuy et al,>* 1992 1200 800 80/1634 110/1636 High 0.72 (0.53-0.96) -1 _ 25.5
Jackson et al,54 2006 1000 400 175/18176 199/18106 Low 0.87 (0.71-1.07) —in— 52.7
All 340/24416 390/24866 0.84 (0.72-0.97) ~c- 100.0 _{¢

Subtotal (Q=6.0, df=5, P=.31; P =16.5%)

; _ '
0.5 1 1.5
Rate Ratio (95% CI)

Yao P, et al. JAMA Netw Open. 2019
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Table 1. Characteristics of the Participants at Baseline, According to Randomized Assignment to Vitamin D or Placebo.*

Characteristic

Female sex — no. (26)

Age —yr

Race or ethnic group — no.ftotal no. (36) 1

Mon-Hispanic White

Black

Total
(N=25,871)

13,085 (50.6)
67.1+7.1

18,046,25,304 (71.3)
5,106/25,304 (20.2)

Vitamin D Group
(N=12,927)

6,547 (50.6)
67.1+7.0

9,013/12,647 (71.3)
2,553/12,647 (20.2)

Placebo Group
(N=12,944)

6,538 (50.5)
67.1+7.1

9,033/12,657 (71.4)
2,553/12,657 (20.2)

497 /12,657 (3.9)
200/12,657 (1.6)
110/12,657 (0.9)
264/12,657 (2.1)
28.1+5.8
1,733/12,924 (13.4)
1,895,/12,009 (15.8)
562/12,763 (4.4)

Mon-Black Hispanic 1,013/25,304 (4.0)
388/25,304 (1.5)
228/25,304 (0.9)
523/25,304 (2.1)

28.1+5.7

3,537/25,824 (13.7)

3,704,23,979 (15.4)

1,118/25,512 (4.4)

516/12,647 (4.1)
Asian or Pacific Islander 188/12,647 (1.5)
118/12,647 (0.9)

259/12,647 (2.0)

American Indian or Alaskan Mative
Other or unknown
28.1+5.7
1,804/12,900 (14.0)
1,809/11,970 (15.1)
556,12,749 (4.4)

Body-mass index}
Diabetes — no.ftotal no. (%6)
Parental history of hip fracture — no./total no. [(%5)

Rheumatoid arthritis — no. ftotal no. (%6)

History of fragility fracture — no. ftotal no. (36) 2,578/25,023 (10.3) 1,287/12,513 (10.3) 1,291/12,510 (10.3)

Unintentional fall in the past year — no./total no. (%) 6,921/25,715 (26.9) 3,521/12,848 (27.4) 3,400/12,867 (26.4)
Current use of osteocporosis medication — no. ftotal 1,240/25,690 (4.8) 609/12,835 (4.7) 631/12,855 (4.9)
no. (%)§
Current smoker — no./total no. (3%) 1,835/25,488 (7.2) 921/12,732 (7.2) 914/12,756 (7.2)
Current use of supplemental vitamin D — no. (%)Y 11,030 (42.6) 5,497 (42.5) 5,533 (42.7)
Current use of glucocorticoids — no. ftotal no. (26) 461,/25,427 (1.8) 239/12,705 (1.9) 222/12,722 (1.7)
Servings of milk per day 0.71+0.91 0.71+0.89 0.72+0.92
Baseline 25-hydroxyvitamin D level — ng/ml|| 30.7+10.0 30.7+10.0 30.7+10.0
Baseline calcium level — mg/dl*>* 9.00x1.61 9.00x+1.61 9.00x1.61
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Discordance between observational and randomized clinical trials

Most importantly, serum 250HD levels are a highly confounded variable. Specifically, serum 250HD
levels are affected by a host of health behaviors, the presence of obesity, socioeconomic status and

education levels.

Reverse causality remains a valid rationale to explain the discordance between observational and
intervention studies. The most plausible hypothesis states that individuals with any health problems
are less likely to regularly engage in outdoor activity and less exposure to sunlight results in lower

vitamin D status.

Modified from Bouillon R, et al. Nat Rev Endocrinol. 202



Conclusions

The data generated by the 2017-2020 megatrials of vitamin D supplementation do not support
the recommendation of vitamin D supplementation in general population for improving global
health or preventing major diseases or medical events such as cancer, cardiovascular events,
T2DM, falls or fractures.

These data do not contradict the need to correct severe deficiency at any age.

Some extra-skeletal benefits of vitamin D supplementation are largely based on subgroup or post

hoc analyses and might guide the correct design of future studies.



The 7% of the world population has a severe vitamin D deficiency and do not take or even have
access to normal doses of vitamin D.

However, many vitamin D-replete people take vitamin D supplements without clear benefits.

Therefore, we recommend that vitamin D be used wisely and “giveth to those who needeth”.

Modified from Bouillon R, et al. Nat Rev Endocrinol. 202



Grazie per la vostra cortese attenzione



