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Vitamin D metabolism: an overview

Vitamin D>

Vitamin %

Produced through UV

Synthesized in skin and occurs naturally in irradiation of yeast ergosterol
oily fish and is added to milk. and added to many foods.
Vitamin D3 (cholecalciferol). Vitamin D. (ergocalciferol).

Both Vitamin D: and Vitamin D=
bind to proteins, mainly
vitamin D binding protein. and
I are taken to the liver.

Liver

The liver converts vitamin D
to 25-hydroxyvitamin D =
(25(OH)D ). Vit

bind to proteins, mainly
D binding protein, and travels
renal tublar lumen.

25(0OHID 1-alpha-hydroxylase

1,25, (OH)-D
R

An enzyme vwithin the
proximal tubule cell

(1-alpha-hydroxylase) converts
the 25(OH)D to 1,25, (OH).D

Tublar lumen

Kramer H et al., AJKD 2014



Tessutl e funzioni iInfluenzati dalla vitamina D

Sistema scheletrico

Sistema muscolare

Crescita e differenziazione cellulare
Funzione immunitaria

Secrezione insulinica

Progressione dell’'osteoartrite
Sistema cardiovascolare

Gonadi e riproduzione



Noncalcemic functions

Solar UVB Dietary
radiation soquces
AZIONI ANTINFETTIVE vna!mo AZIONI ANTI-PROLIFERATIVE

y /ﬂ\.\ Macrophage

Maintenance of normal cell proliferation
in prostate, colon, breast, etc.

Increased / _
\C_VT M. tuberculosis VA VAV
VDR-RXR——® Decreased

f - ‘ - p21, p27, etc.
Death \Q*M .

'VDR-RXR - o = 1,25(0OH),D
Increased. increased 1-OHase -

*1 -OHase
1,25(0H),D ———» Q  — Immune modulation
AZIONI METABOLICHE + Activated T and
B lymphocytes
(m/c?&\—? AZIONI IMMUNOLOGICHE

Increased insulin

Holick, M. F. J. Clin. Invest. 2006;116:2062-2072



Vitamin D and marine omega 3 fatty acid supplementation and
Incident autoimmune disease: VITAL randomized controlled trial

All incident confirmed autoimmune diseases

Vitamin D arm
0.0125 .

i1} i
g — Active
% Placebo
s 0.0100 -
= Hazard ratio 0.78 (9522 Cl 0.61 t0 0.99)
g P=0.05
= 0.0075
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o

0.0025
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Hahn J et al.,. BMJ 2022



Vitamin D and Risk for Type 2 Diabetes in People With Prediabetes

Figure 3. Effect of cholecalciferol on new-onset diabetes among adults with prediabetes according to intratrial cumulative mean
serum 25-hydroxyvitamin D level.

Events/ Hazard Ratio (95% CI)
Participants, n/N

Cholecalciferol

<50 nmol/L B/25 1.18 (0.55-2.54) i =
50-74 nmol/L 50/114 1.00 (reference)
75-99 nmol/L 110/316 0.64 (0.45-0.90) N —
100-124 nmol/L 94/400 0.38 (D.27-0.55) —
=125 nmol/L 78/472 0.24 (0.16-0.368) —_—
Placebo
<50 nmol/L 95/283 1.29 (0.98-1.69) —
50-74 nmol/L 144/500 1.00 (reference) [}
75-99 nmol/L 123/423 1.07 (0.84-1.27) —
100-124 nmol/L 20/101 0.68 (0.42-1.11) =
=125 nmol/L 5/24 0.70 (0.28-1.71) =
I I I I I 1
0.10 0.25 0.50 1.0 15 2.0 3.0

Pittas AG et al., Ann Int Med 2023
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Sistema scheletrico

Sistema muscolare



Vitamin D: Brief History

Mid 1600s

e Rickets identified as major health problem

e People moving from rural to urban areas,
lifestyles change, decreased sun exposure

Early 1800s

e Rickets incidence escalates with Industrial
Revolution, becoming epidemic in
northern Europe and in industrialized
northern regions of the United States.




Vitamin D: Brief History

1824

® First report on the use of cod liver oil to prevent rickets

* Schutte D. Beobachtungen Uber den Nutzen des Berger Leberthrans (Oleumn
jecoris Aseli, von Gadus asellus L) Arch Med Erfahr. 1824,2:79-92.

1922

® McCollum coined term “vitamin D” to describe antirachitic
factor in cod liver oil

* McCollum EV, Simmonds N, Becker JE, Shipley PG. J Biol Chem. 1922;53:293-
ke

® Antirachitic properties of UV Ilght demonstrated in rats




Miopatia In rachitismo
vitamina D-dipendente







Tessutl e funzioni influenzati dalla vitamina D

Sistema scheletrico

Sistema muscolare



The Roles of Vitamin D in Skeletal Muscle

Effects via the Vitamin [ Reca
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Girgis CM et al., Endocr Rev. 2013



Vitamin D Status and Muscle Damage Vitamin D and Muscle Regeneration

Vitamin D !
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25-hydroxyvitamin D level is associated with greater grip strength
across adult life span: apopulation-based cohort study

Men Women
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-
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Residual maximum grip strength of dominant hand (kg)
(after adjustment)

50 100 150 150 200

Vitamin D (nmol/L)

Fox FAU et al

250

., Endocr Connect 2023



Vitamin D Supplementation Improves Handgrip Strength
In Postmenopausal Women

% %

Study ID hand grip strength Effect (95% CI) Weight Study ID timed up and go test Effect (95% CI) Weight
Brunner, 2008 4 0.16 (-0.32, 0.62) 17.72 Bislev, 2018 - 0.52 (0.1, 0.93) 12.02
Cangussu, 2015 - 0.90 (-2.76, 4.56) 3.05 Glendenning, 2012 8 0.10 (-0.14, 0.34) 13.14
Cheng, 2018 — % 383(1.92,574) 7.84 Hansen 1, 2015 4+ -0.09 (-0.61, 0.43) 12.73
Gao 1, 2015 —=—— 0.45 (-0.73, 1.63) 12.39 Hansen 2, 2015 & -0.03 (-0.58, 0.52) 12.67
Gao 2, 2015 + 1.54 (0.46, 2.62) 13.14 Janssen, 2010 - -0.90 (-4.69, 2.89) 417
Glendenning, 2012 e .0.40 (-0.97,017)  17.06 Setiati, 2018 . -0.66 (-4.06, 2.74) 4.82
Setiati, 2018 —.—+— 1.75 (0.07, 3.43) 9.0 Verhaar, 2000 —_— -5.20 (-8.12, -2.28) 5.79
Suebthawinkul, 2018 4 - 0.97 (-0.36, 2.30) 11.29 Zhu, 2010 —=} 1.10 (-2.43, 0.23) 10.44
Janssen, 2010 # 0.60 (-1.57, 2.77) 6.69 Uusi-Rasi 1, 2015 —— 6.13 (4.82, 7.44) 10.52
Verhaar, 2000 — 1.30 (-3.76, 6.36) 1.72 Uusi-Rasi 2, 2015 & 210(-2.68,-162)  12.80
Overall, DL (I* = 68.5%, p = 0.001) <> 0.88 (0.18,1.57)  100.00 Overall, DL (I* = 95.0%, p = 0.000) <> 0.04(-098,0.89)  100.00

T T I I

5 0 5 -10 0 10

favour control favour experimental favour experimental favour control

NOTE: Weights are from random-effects model NOTE: Weights are from randomseffects model

Zhang JL et al., Front Endocrinol 2022



High dose vitamin D

Prince et al™®

Broe et al**

Flicker et a[**
Bischoff-Ferrari et a[*?
Pfeiferet al™”
Bischoff et a[*®

Pfeifer et al™’

Combined

Low dose vitamin D

Broe et al*’
(200 IU D,/day)

Broe et al™’
(400 IU D,/day)

Broe et al™’
(600 IU D,/day)

Graafmans et al"®

Combined

Relative risk (95% CI)

supplemental
vitamin D

Pooled relative
risk (95% CI)
- 0.81(0.71t0 0.92)

T

L]

] Pooled relative
1 sk (95% CI)

f 1.10 (0.89 t0 1.35)

0.5 0 5
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Relative risk (95% Cl)

Relative risk (95% CI)
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Bischoff-Ferrari HA et al., BMJ 2009



Once-weekly dose of 8400 IU vitamin Dz compared with placebo:
effects on neuromuscular function and tolerability in older adults with
vitamin D insufficiency'™

Paul Lips, Neil Binkley, Michael Pfeifer, Robert Recker, Suvajit Somanta, Dosinda A Coln, fulie Chandler,
Elizabeth Rosenberg, and Dimitris A Papanicolaou

Baseline characteristics of subjects’

Flaceha “ilaEmnn Oy
Characiendic (m= 1132) {m =114}
Age () T7hH = 66° TRS5 *+ 4.2
Height {cm) 161.9 = 1.3 1623 = 10.7
Weight (k) TR =170 TLI = 152
Mediolsteral sway with eyes open {(cm)
All patients 0349 = L150 0306 = (123
Subhproups by heseline 25(0H D
Gl G sl iom
<15 ngmlL 0355 |68 (303 [75)
=15 ng'ml. 340 [43) (313 |38)
Serum 250H D concenitration (ngfml.)
All patients 141 =55 137 % 4.4

Condusions: Weekly treatment with 8400 TU vitamin Dy raisaed
25HO0OHID concentrations in elderly, vitamin D—insufficient individ-
uals, Treatment with 400 IU vitamin Dy did not reduce medio-
lateral sway significantly compared with treatment with placebo in
this population, although in post hoc analysis, treatment with B4
I vitamin D3 reduced sway in the subgroup of patients who had
elevated sway at baseline. Weekly reatment with B400 IU vitamin
Dy was well toleraied. This trial was regisiered at clinicaltrials. goy
as NCTOO242476. Am J Clin Mar 2010:91:985-91.
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Influence of vitamin D on sarcopenia pathophysiology:
A longitudinal study in humans and basic research in VDR knockout mice

Table 2 Comparison of sarcopenia-related changes in the two groups

Vitamin D non-deficient Vitamin D deficient

384 384 P value
Gnp 7th (kg) 28.55 £ 9.14 27.83 = 9.25 0.278
ASM 7th (kg) 16.67 = 4.24 16.37 = 3.99 0.307
SMI 7th {kg,r’mz'_l 6.55 + 1.13 6.48 = 1.03 0.367
-1.13 £ 2.47 ~1.55 + 2.47 0.019
ASM —-0.01 = 0.74 —0.05 = 0.79 0.423
SMI 0.02 = 0.29 0.02 =0.29 0.743
Sarcopenia classification 7th (%) Normal 266 (69.3) 263 (68.5) 0.299

Dynapenia 26 (6.8) 29 (7.6)

Presarcopenia 75 (19.5) 64 (16.7)

Sarcopenia 14 (3.6) 26 (6.8)

Severe sarcopenia 3 (0.8) 2 (0.5)
New dynapenia (%) 17 (4.4) 15 (3.9) 0.857
New presarcopenia (%) 19 (4.9) 13 (3.4) 0.367
<New sarcopenia (%) 5 (1.3) 15 (3.9) 0.039
New severe sarcopenia (%) 3 (0.8) 2 (0.5) 1.000

ASM, appendicular skeletal muscle mass; SMI, skeletal muscle mass.

Values are expressed as number (%).

Mean = standard deviation.

P values were obtained using the t-test for continuous data and Fisher's exact test for categoncal data.

Mizuno T et al., Journal of Cachexia, Sarcopenia and Muscle 2022
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Influence of vitamin D on sarcopenia
pathophysiology:
A longitudinal study in humans and
basic research in VDR knockout mice

Mizuno T et al., Journal of Cachexia, Sarcopenia and Muscle 2022



Effects of Whey Protein, Leucine, and Vitamin D Supplementation in
Patients with Sarcopenia: A Systematic Review and Meta-Analysis

Experimental Control Std. Mean Difference Std. Mean Difference
Study orSubgrou Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1. including exercise
Rondanelli et al. 2020 9498 677.97 64 =694 313568 63 24.7% 0.45[0.10, 0.80] .
Subtotal (95% CI) 64 63 24.7% 0.45 [0.10, 0.80] e
Heterogeneity: Not applicable
Test for overall effect: Z = 2.49 (P=0.01)
2. non-exercise
Bauer et al. 2015 24074 86665 184 7222 7518 196 75.3% 0.21 [0.01, 0.41] —il—
Subtotal (95% CI) 184 196 75.3% 0.21 [0.01, 0.41] i
Heterogeneity: Not applicable
Test for overall effect: Z=2.02 (P=0.04)
Total (95% Cl) 248 259 100.0% 0.27 [0.09, 0.44)] . . "!‘"' '
Heterogeneity: Chi* = 1.35, df =1 (P = 0.25); I = 26% —D'.E —{J.'.’EE 0 D.ﬁﬁ D:E

Test for averall effect: Z = 2.99 (P = 0.003)
Test for subgroup differences: Chi? = 1.35,df =1 (P=0.25), IF = 25.8%

Favours [control] Favours [experimental]
appendicular muscle mass

Chang M.C & Choo YJ, Nutrients 2023
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Vitamin D Increases Irisin Serum Levels and the Expression
of Its Precursor in Skeletal Muscle

In vivo In humans
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Sanesi, L. et al., Int J Mol Sci 2023



The effect of vitamin D supplementation on lower-extremity power and
function in older adults: a randomized controlled trial

M Kvla Shea, Roger A Fielding, and Bess Dawson-Hughes

Methods: This was a single-center, double-blind, randomized,
placebo-controlled trial that included 100 community-dwelling men
and women =60 y old who had serum 25(OH)D =20 ng/mL at
screening and a mean £ 5D serum 25(0OH)D of 202 £ 6.7 ng/mL
at baseline. Participants were randomly assigned to 800 IU vitamin
Da/d (intervention) or placebo. Those in the intervention group
whose serum 25(0OH)D was <28 ng/mL after 4 mo were given
an additional 800 IU vitamin Ds/d, whereas all other participants
received placebo as an additional pill.

Results: After 12 mo, the mean + SD serum 25(OH)D was
32.5 £ 5.1 ng/mL in the intervention group and 19.8 £ 7.3 ng/mL
in the control group (treatment = time P < 0.001). The change in
leg press power, function, and strength did not differ between the 2
groups over 12 mo (all treatment x time P > 0.60), nor did the change
in lean mass (treatment x time P = 0.89).

Conclusion: Increasing serum 25(0H)D to =32 ng/mL {(on average)
over 12 mo did not affect lower-extremity power, strength, or

lean mass in older communitv-dwelline adults. This trial was
registered at clinicaltrials.gov as NCT02293187. Am J Clin Nutr
2019;109:369-379,

garum 25(0H)10, ng'mL

treabtment = ims F =< 0.001

*retwaan-group differance withn month & = 0.004
i i 12 maonth



Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 1642-1652
Published online 8 March 2022 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/jcsm.12976

Effect of vitamin D monotherapy on indices of

Table 1 Study and participant characteristics of the included studies in the-m;!ta-analvsj-s.

Vitamin D" Placebo
Baseline Baseline Treatment Sarcopenia
Study, year Country Study design n (MVF) Age IE{DH}D" m (MYF) Age IS{DH}D" Treatmentdose duration outcomes
Shea, 2019 usa Double-blind RCT 49 (3.2117) 701 (£7.4) 19.6 (6.6) 31 32N19) 69.2 (+6.2) 20.8 (6.9) 853 IU/day 12 months  HGS SPPB 5CT
Aloia, 2019 Lsa, Double-blind RCT 130 (0/130) 67.8 (65.1-71.5) 21.5 (6.5) 130 (0130) 69(654-73.4) 22.2(6.9) 3490 IL!.-H:L'!'g,.'c 36 months  HGS SPPE
Levis, 2016 usa Double-blind B0 (o) T.B (+x6.3) 23.1 (5.0 B (B4/0) 73.0 (x7.3) 22.6 (5.3) 4000 |Lday 9 manths HGS SPPB GST ST
crossover RCT

Hansen, 2015 usa Double-blind RCT 79 {0/79) £0.0 (=5.0) 21.0 (3.0 76 (0/76) B1.0 (x6.0) 21.0 (3.0 50000 12 months  TUG ALM CST

I/ month
Cangussu, 2015 Brazil Double-blind RCT 80 (0/80) 58.8 (=6.6) B0 (0/80) 539.3 (=6.7) 16.9 (6.7) 1000 [LAday 9 months HGS CST ALM
Pirotta, 2015 Australia Double-blind RCT 13 (5/8) B6.1 (=4.0) 18.6 (4.6) 13 (8/5) 71.5 (=5.7) 19.4 (4.5) 2000 IU/day 10 weeks KET TUG
Ceglia, 2013 Usa Double-blind RCT 9 (Q/9) 760.0 (= 4.0) 436 (10.3) 12 {012) B0.0 (5.0 48.3 (8.8) 4000 |/day 4 months SFPE
Glendenning, 2012  Australia Double-blind RCT 353 (V353) 769 (= 4.0) 26.0 (7.1) 333 (0/333) 76.5 (=4.0) 26.6 (10.9) 150000 9 months HGS TUG

I3 manths
Lips, 2010 Europe amd Double-blind RCT 114 (MA) T8.5 (+6.2) 112 (MA) 77.6 (+6.6) 14.1 (5.5) B400 IUfweek 16 weeks SPPE G5T

Morth America

Grady, 1991 usa Double-blind RCT 50 (27/23) 7.4 (=5.4) 242 (14.1) 48 (2426) 78.9 (x5.4) 26.3 (206) 0.5 pgiday & manths HGS

Conclusions  Vitamin D supplementation did not improve any sarcopenia indices in community-dwelling older adults
and may compromise some aspects of physical performance, Future studies are warranted to investigate the impact

of vitamin D supplementation on individual indices of SPPB, including mobility and bal

ance, in older adults.



The American Journal of Clinical Nutrition

Available online 19 April 2023
In Press, Journal Pre-proof  (2) What's this? »

ELSEVIER

Original Research Article

Vitamin D supplementation and muscle power,
strength and physical performance in older
adults: a randomized controlled trial ¢

Denise K. Houston * ° =, Anthony P. Marsh b Rebecca H. Neiberg ?, Jamehl| L. Demons ?,

Claudia L. Campos ?, Stephen B. Kritchevsky # Osvaldo Delbono ?, Janet A. Tooze ®

Conclusions

In low-functioning older adults with 25(0OH)D concentrations of 18 to <30 ng/mL,
randomization to 2000 IU/day vitamin D3 did not result in improvements in leg power,
strength, or physical performance or muscle fiber composition and contractile properties.



Kerrie M. Sanders, PhD

Annual High-Dose Oral Vitamin D
and Falls and Fractures in Older Women

Doris Young, MD, MBBS, FRACGP A RandomIZEd Controlled Trlal

(,‘ml'l'n-'\- C. Nicholson, PhDD, FRACP

Double-blind, placebo controlled trial of 2256 community-dwelling women, aged >70 years
500000 IU of D3, orally, in autumn or winter
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falls and non-vertebral fractures: secondary and post-hoc
outcomes from the randomised, double-blind,
placebo-controlled ViDA trial

Kay-Tee Khaw, Alistair W 5tewart, Debbie Waayer, Carlene M M Lawes, Les Toop, Carlos A Camargo r, Robert Scragg

Summary
Lancet Disbetes Endoarinal 2017:  Background Adults with low concentrations of 25-hydroxyvitamin D (25[0OH]D) in blood have an increased risk of falls
543856 and fractures, but randomised trials of vitamin D supplementation have had inconsistent results. We aimed to assess

Published Online  the effect of high-dose vitamin D supplementation on fractures and falls.
April 28, 2017

« 100 000 IU cholecalciferol capsule or identical
placebo every month from 2011 to 2015.
« 5108 participants



Cox proportional hazards model of fractures and falls recorded
during follow-up. Lines depict the proportion of participants
having a fracture or a fall during follow-up
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Khaw KT et al., Lancet Diabetes Endocrinol 2017



h S M) Effect of monthly high-dose vitamin D supplementation on
" falls and non-vertebral fractures: secondary and post-hoc
outcomes from the randomised, double-blind,
placebo-controlled ViDA trial

Kay-TeeKhaw, Alistair W Stewart, Debbie Waayer, Carlene M M Lawes, Les Toop, Carlos A Camargo Jr, Robert Scragg

Summary

Lancet Diobetes Endoaing 2017:  Background Adults with low concentrations of 25-hydroxyvitamin D (25[OH]D) in blood have an increased risk of falls

5:438-56  and fractures, but randomised trials of vitamin D supplementation have had inconsistent results. We aimed to assess

Published Online  the effect of high-dose vitamin D supplementation on fractures and falls.
April 28, 2017

« 100 000 IU cholecalciferol capsule or identical
placebo every month from 2011 to 2015.
« 5108 participants
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Tessutl e funzioni influenzati dalla vitamina D

Sistema scheletrico

Sistema muscolare



The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JULY 28, 2022

VOL. 387 NO. 4

Supplemental Vitamin D and Incident Fractures in Midlife

and Older Adults

Meryl S. LeBoff, M.D., Sharon H. Chou, M.D., Kristin A. Ratliff, B.A,, Nancy R. Cook, Sc.D., Bharti Khurana, M.D.,

Eunjung Kim, M.S., Peggy M. Cawthon, Ph.D., M.P.H., Douglas C. Bauer, M.D., Dennis Black, Ph.D.,

J. Chris Gallagher, M.D., I-Min Lee, M.B., B.S., Sc.D., Julie E. Buring, Sc.D., and JoAnn E. Manson, M.D., Dr.P.H.

Vitamin D 2000 IU/daily

Table 1. Characteristics of the Participants at Baseline, According to Randomized Assignment to Vitamin D or Placebo.=

Characteristic

Female sex — no. [2€)
Age —yr
Race or ethnic group — no. ftotal no. (%)
Mon-Hispanic White
Black
Mon-Black Hispanic
Asian or Pacific Islander
American Indian or Alaskan Mative
Other or unknown
Body-mass indexi
Diabetes — no.ftotal no. (36)
Parental history of hip fracture — no. ftotal no. (2€)
Rheumatoid arthritis — no. ftotal no. (%)
History of fragility fracture — no.ftotal no. (3£)

Total
(N=25871)

13,085 (50.6)
67.1+£7.1

18,046/25,304 (71.3)
5,106/25,304 (20.2)
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)
2,578/25,023 (10.3)

Vitamin D Group
(M=12,927)

6,547 [50.6)
67.1+7.0

9,013/12,647 (71.3)
2,553/12,647 (20.2)
516/12,647 (4.1)
188/12,647 (1.5)
118/12,647 (0.9)
259/12,647 (2.0)
28.1+5.7
1,804/12,900 (14.0)
1,809/11,970 (15.1)
556/12,749 (4.4)
1,287/12,513 (10.3)

Placebo Group
(N=12,944)

6,538 (50.5)
67.127.1

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+5.3
1,733/12,924 (13.4)
1,895/12,009 (15.8)
562/12,763 (4.4)
1,291/12,510 {10.3)

Unintentional fall in the past year — no.ftotal no. (%6)

Current use of osteoporosis medication — no.ftotal

no. (36)§

Current smoker — no.ftotal no. (3€)

6,921/25,715 (26.9)
1,240/25,690 (4.8)

1,835/25,488 (7.2)

3,521/12, 848 (27.4)
609/12,835 (4.7)

921/12,732 (7.2)

3,400/12,867 (26.4)
631/12,855 (4.9)

914/12,756 (7.2)

Current use of supplemental vitamin D — no. [36)9 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/mil| 30.7+10.0 30.7=10.0 30.7+10.0
Baseline calcium level — mgy/dl#= 9.00+1.61 9.00+1.61 9.00£1.61
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Nonlinear (A, B, and C) and linear (D) Mendelian randomization analyses for
the association of genetically predicted 25-(OH)D with all-cause (A), cancer
(B), CVD (C), and respiratory (D) mortality in the UK Biobank, projected on
the measured 25-(OH)D scale.
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Evaluating benefit from vitamin D supplementation:
defining the area for treatment

207 Potential area of Futile area of intervention
intervention

10

7 85-87% of patients

4 of the Leboff’s trial

Odds ratio (all cause mortality)

Reference line
(no excess risk)

I ! I | I
10 20 30 40 50

Serum 25(OH)D (ng/ml)

Nella popolazione generale!!

Tripepi G et al., Osteoporos Int 2023, accepted



Cumulative probability of hip

Risk of hip fracture in a RCT comparing the effects
of cholecalciferol D and calcium vs placebo

fracture

—E— Placebo

—0— Calcium + Vitamin D

8,8% *

6%

RR % 43%

p=0.043

12
Months

18

3270 healthy
ambulatory
women,
(mean age, 84 yrs
years)
treated with
calcium 1000 mg
and cholecalciferol
800 1U/d

Chapuy MC et al., NEJM 1992




Serum Biochemical Values in the Vitamin D,—Calcium and Placebo
Groups at Base Line and after 6, 12, and 18 Months of Follow-up

FJable 5. Serum Biochemical Values in the Vitamin D,—Calcium
and Placebo Groups at Base Line and after 6, 12, and 18 Months
of Folilow-up.*

SeErRUM INDEX arNnD GroOUPT Base IINE FOLIOwW-L5P

& MO 12 MO 18 MO

Calcium (mg/dl)T

Vitamin Da—calcium S 172036 9 28 %x0.35 S 202=0G.33 9. 21 x0.39

Placebo S 1530.40 Q. 15+0.36 9. 00x=0.39% 9. 002x=0.35%
PIH {(pg/mmbD§

Vitamin Ps—calcium S54+=37 353219 332239 30+ 149

Placebo S50=24 5623 GO=30F% 56 =29F%
25(OH)D (mg/mbDi|

Vitamin Ds—calcium I5=11 40319 42 9% 42299

Placebo 1320 1329 10=8%F I1=7
1,25C(0H).D (pg/miy*=

Vitammin Diy—calcium 2610 ND NID 27T =9

Placebo 29210 ND NID 2629
Alkaline phosphatase

137/ literxr) ;

Vitamin Dis—calcium 625 SO =229 62 = 20% S7 =22

Placebo FT2x22 T2x=27 7o0+32FF BO+27%
Osteocalcin (ueg/litex)EF

Vitamin Dy—calcium B8+3 8+3 T7=3 fr i = =

Placebo 83 S3-3 73 sS=3

*Plus—minus values are means =SID. Normal ranges for adults 40 to 70 years of age:
calciam, 9.2 to 10.2 mg per deciliter; parathyroid hormone (PTH), 11 to S5 pe per sniililiter;
ZS{OH)IP, 1S 1o SO ng per milliliter; 1 . 2S5COH)LID, 23 to 45 peg per mmilliliter; and osteocalcin,
7 to 12 g per Iiter. NND denotes not detenmined. Values are for 73 women in the vitarnin
DPs—calcium group and 69 in the placebo group., except for 1,.2S5S(O0OH3:D (19 in the vitamin
Day—cailciurn group and 21 in the placedbo group’. -

+To convert serurn values to millirmoles per liter, multiply by 0.25_
FP<<0.01 for the comparison with the base-line value.

§To conmvert values to picomoles per liter, multiply by ©G.11%1.

TP <<0G.001 for the comparison with the base-line value.

fTo convert values to nanomoles per liter, multGpliy by Z2.S.

=+FTo convert values 1o picomeles per liter, multiply by 2.S.
+TP<<0.05 for the comparison with the base-line value.

I3 To converl values o nanomoles per liter, rnulniply by O_.17.

Chapuy MC et al. N Engl J Med 1992



Cumulative Hazard
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| HR=17 (1.1-2.6); p=0.023

" HR=18(1.2-2.8); p=0.008

Vitamin D insufficiency over 5 years
IS associated with increased
fracture risk

e Low =<50nmoll/l
 |Intermediate = 50-75 nmol/l
 High =>75 nmol/l

Buchebner D et al., Osteoporos Int 2014



Nelle Popolazioni «Speciali», invece......



NOTA 96
PER LA PRESCRIZIONE DI FARMACI A BASE DI VITAMINA D

Farmaci inclusi nella Nota AIFA: | La prescrizione a carico del SSN dei farmaci inclusi
nella MNota com indicazione “prevenzione e
trattamento della carenza di vitamina D" nell’adulto
(218 anni) & limitata alla prevenzione e al trattamento
della carenza divitamina D nei seguenti scenari clinici:

+ colecalciferolo
e colecalciferolo/sali di calcio
+ calcifediolo

A. indipendentemente dalla determinazione della
25(0H)D

*  persone istituzionalizzate

+ persone con gravi deficit motori o allettate che
vivono al proprio domicilio

* donne in gravidanza o in allattamento

+ persone affette da osteoporosi da qualsiasi
causa non candidate a terapia remineralizzante

(vedi Nota 79)

B. previa determinazione della 25(0OH)D
(vedi Allegato 1)

* persone con livelli sierici di 25(0OH)D <12 ng/mL
(o <30 nmolfL) e sintomi attribuibili a
ipovitaminosi (astenia intensa, mialgie, dolori
diffusi o localizzati, frequenti cadute immotivate)

* persone asintomatiche con rilieve occasionale di
25(0H)D <12 ng/mL (o <30 nmol/L)

+ persone con 25(0H)D <20 ng/mL (o <50 nmol/L)
in terapia di lunga durata con farmaci interferenti
col metabolismo della vitamina D

* persone con 25(0H)D <20 ng/mL (o <50 nmol/L)
affette da malattie che possono causare
malassorbimento nell’adulto

* persone con 25(0H)D <30 ng/mL (o 75 nmol/L)
con diagnosi di iperparatiroidismo (primario o
secondario)

+ persone con 25(0H)D <30 ng/mL (o 75 nmol/L)
affette da osteoporosi di qualsiasi causa o
osteopatie accertate candidate a terapia
remineralizzante per le quali la correzione
dell'ipovitaminosi dovrebbe essere propedeutica
all'inizio della terapia *

* Le terapie remineralizzanti dovrebbero essere iniziate dopo la

correzione della ipovitaminosi D.

Per una guida alla determinazione appropriata dei livelli di 250H vitamina D e la conseguente prescrizione
terapeutica & possibile fare riferimento alla flowchart allegata (Allegato 1).



NOTA 96

PER LA PRESCRIZIONE DI FARMACI A BASE DI VITAMINA D

Farmaci inclusi nella Nota AIFA:

= colecalciferolo
s colecalciferolo/sali di calcio
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(o <30 nmolf/L) e sintomi attribuibili a
ipovitaminosi (astenia intensa, mialgie, dolori
diffusi o localizzati, frequenti cadute immotivate)
persone asintomatiche con rilievo occasionale di
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in terapia di lunga durata con farmaci interferenti
col metabolismo della vitamina D

= persone con 25(0H)D <20 ng/mL {o <50 nmol/L)
affette da malattie che possono causare
malassorbimento nell’adulto

= persone con 25(0H)D <30 ng/mL (o 75 nmol/L)
con diagnosi di iperparatiroidismo (primario o
secondario)

= persone con 25(0H)D <30 ng/mL (o 75 nmol/L)
affette da osteoporosi di qualsiasi causa o
osteopatie accertate candidate a terapia
remineralizzante per le quali la correzione
dell'ipovitaminosi dovrebbe essere propedeutica
all'inizio della terapia *

* Le terapie remineralizzanti dovrebbero essere iniziate dopo la

previa determinazione della 25(0OH)D
(vedi Allegato 1)

persone con livelli sierici di 25{0H)D <12 ng/mL
o <30 nmol/Ll) e sintomi attribuibili a
ipovitaminosi (astenia intensa, mialgie, dolori
diffusi o localizzati, frequenti cadute immotivate)

persone asintomatiche con rilievo occasionale di
25(0H)D <12 ng/mL (o <30 nmol/L)

persone con 25(0H)D <20 ng/mL (o <50 nmol/L)
in terapia di lunga durata con farmaci interferenti
col metabolismo della vitamina D

persone con 25(0H)D <20 ng/mL (o <50 nmol/L)
affette da malattie che possono causare
malassorbimento nell’adulto

persone con 25(0H)D <30 ng/mL (o 75 nmol/L)
con diagnosi di iperparatiroidismo (primario o
secondario)

persone con 25(0H)D <30 ng/mL (o 75 nmol/L)
affette da osteoporosi di qualsiasi causa o
osteopatie accertate candidate a terapia
remineralizzante per le quali la correzione
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carrezione della ipovitaminosi D.

Per una guida alla determinazione appropriata dei livelli di 250H vitamina D e la conseguente prescrizione
terapeutica & possibile fare riferimento alla flowchart allegata (Allegato 1).

* Le terapie remineralizzanti dovrebbero essere iniziate dopo la
correzione della ipovitaminosi D.




Il rischio di frattura e piu elevato in donne osteoporotiche in
trattamento con alendronato, risedronato o raloxifene ma
deplete di vitamina D (vs replete)

Vitamina D-replete Vitamina D-deplete
-« L > Unadjusted
Adjusted for
< - > age and
treatment
Multiple

Adjustment

0.0 02 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Relative Risk and 95%: CI

RR corretto per tipo di trattamento, eta,
precedenti fratture, durata del follow-up ed
intake di calcio Adami S, Giannini S et al., Osteoporos Int 2008




Association between 250HD level and
bisphosphonate response

Non-response (%)

100
80
60
40
20

Rates of non-response among patients with various

250HD levels
@ 52/66

250HD serum concentration (ng/mL)

Carmel AS et al., Osteoporos Int 2012
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20.00
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Degli Esposti L et al., Endocrine 2018



Conclusioni

|| sistema endocrino della vitamina D svolge funzioni assai
Importanti per tessuto muscolare ed 0sseo

 L'ipovitaminosi D si associa a danno 0sseo e muscolare

|| trattamento con vitamina D si associa a beneficio sulla
robustezza ossea e la funzione muscolare neil soggetti che ne
sono carenti
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