
S.  Adami1  ,  E.  Romagnoli  2,  V.  Carnevale2

D.  Gatti1  

A.  Scillitani3

R.  Nuti5  

A.  Giusti4 M.  Rossini1  

S.  Minisola2  

,  

,  

,  

,  

,  ,  

Correspondence  address:

37100Verona  

PoliclinicoGBRossi

Prof.SilvanoAdami

E-mail:Silvano.adami@univr.it

Rheumatology

Department  of  Medicine,  
La  Sapienza  University,  Rome;  3  Endocrinology  Unit,  S.  Giovanni  Rotondo  Hospital,  Foggia;  

Galliera  Hospital,  Genoa,  Italy;  Department  of  Medicine,  University  of  Siena

1  Rheumatology  Unit,  Department  of  Medicine,  University  of  Verona;

5  4  

2  

Guidelines  for  the  prevention  and  treatment  
of  hypovitaminosis  D  with  cholecalciferol

(granulomatosis)  or  with  primary  hyperparathyroidism.  

than  20  ng/ml  and  20-30  ng/ml,  respectively.

•  In  pregnant  women,  vitamin  D  supplements  should  be  given  as  in  non-pregnant  women,  but  bolus  administra-

tion  (i.e.:  single  dose  >25,000  IU)  should  be  avoided.  

SUMMARY  

•  In  subjects  recently  treated  for  deficiency-insufficiency,  a  maintenance  dose  of  800-2,000  IU/day  (or  weekly  

equivalent)  is  recommended.  In  patients  on  daily  doses  over  1,000  IU,  25(OH)D  levels  should  be  checked  

regularly  (e.g.  once  every  two  years).  

•  In  Italy,  approximately  50%  of  young  healthy  subjects  have  vitamin  D  insufficiency  during  the  winter  months.  

The  Italian  Society  for  Osteoporosis,  Mineral  Metabolism  and  Bone  Diseases  (SIOMMMS)  has  elaborated  the  

following  guidelines  about  the  definition,  prevention  and  treatment  of  inadequate  vitamin  D  status.  The  highlights  

are  presented  here.  

The  prevalence  of  deficiency  increases  with  ageing,  affecting  almost  all  elderly  subjects  not  on  vitamin  D  

supplements.  

•  The  highest  tolerated  daily  dose  has  been  identified  as  4,000  IU/day.  

•  Daily  vitamin  D  allowance  ranges  from  1,500  IU  (healthy  adults)  to  2,300  IU  (elderly  with  low  calcium  intake).  

Since  the  average  Italian  diet  includes  around  300  IU/day,  subjects  with  no  effective  sun  exposure  should  be  

supplemented  with  1,200-2,000  IU  vitamin  D  per  day.  

•  Vitamin  D  supplementation  should  be  carefully  monitored  in  patients  at  higher  risk  of  vitamin  D  intoxication  

•  When  a  condition  of  deficiency  has  been  identified,  a  cumulative  dose  of  300,000-1,000,000  IU,  over  1-4  
weeks  is  recommended.  

•  Conditions  of  “deficiency”  and  “insufficiency”  are  defined  by  the  following  ranges  of  25(OH)D  levels:  less  

•  The  serum  25-hydroxy-vitamin  D  [25(OH)D]  levels  represents  the  most  accurate  way  to  assess  vitamin  D  

repletion,  even  though  there  are  still  no  standardized  assay  methods.  
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dihydroxycholecalciferol  [1,25(OH)2  D3 ]  
or  calcitriol,  which  is  produced  through  a  
series  of  enzymatic  steps  starting  from  
cholecalciferol  or  vitamin  D3.  Ergo-
calciferol,  or  vitamin  D2 ,  follows  the  
same  metabolic  steps.  Both  vitamin  D3  and

vitamin  D2  can  be  taken  in  the  diet  but  
the  predominant  portion  of  vitamin  D3  
derives  from  the  conversion  of  7-
dehydrocholesterol  (or  provitamin  D)  (1)  
following  exposure  of  the  skin  to  
ultraviolet  rays  of  specific  wavelength  
( UVB  between  290  and  315  nm)  (2).  
Sunlight  is  characterized  by  the  presence  
of  this  radiation  only  for  a  limited  number  
of  hours,  which  however  varies  in  relation  
to  the  season  and  latitude.  For  this  
reason,  in  Italy,  the  production  of  vitamin  D  is  linked
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metabolism  The  actions  of  vitamin  D  
are  attributable  to  its  active  metabolite,  i.e.  1,25-
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In  temperate  latitudes,  80%  of  the  need  for  
vitamin  D  is  guaranteed  by  solar  radiation  and  
the  remaining  20%  is  ensured  by  nutrition  (5).  

Vitamin  D3  is  contained  almost  exclusively  in  

animal  fats,  while  the  amount  of  vitamin  D2  
present  in  some  vegetable  fats  is  negligible.

25(OH)D  is  the  main  circulating  metabolite  of  
vitamin  D  and  its  serum  concentrations  
constitute  the  most  reliable  biochemical  index  

of  the  state  of

ml)  and,  during  hepatic  transit,  are  
converted  into  25-hydroxylecalciferol  

[25(OH)D3 ]  by  the  enzyme  25-
hydroxylase.  This  metabolic  process  

can  take  place  even  in  the  presence  of  
a  reduction  in  functioning  liver  tissue.  However,  
quite  recently  a  high  prevalence  of  
hypovitaminosis  D  has  been  documented  in  

patients  suffering  from  HCV-related  chronic  
hepatitis;  in  patients  with  genotype  1  this  
condition  seems  to  interfere  with  the  therapeutic  
response  to  interferon  (6).

sun  exposure  is  negligible  in  the  winter  months.  
Other  factors  that  strongly  influence  vitamin  
synthesis  are  age  (for  the  same  amount  of  sun  

exposure,  elderly  subjects  produce  30%  less)  
(3,  4),  the  surface  and  thickness  of  the  skin  
exposed  to  the  sun,  the  irradiation  time ,  as  well  
as  the  use  of  protective  creams,  which  can  
reduce  the  skin  synthesis  of  vitamin  D  by  97%.

The  conversion  into  1,25(OH)2  D3  (or  calcitriol)  
by  1-alpha-hydroxylase  is  carried  out  at  the  
level  of  various  tissues  (see  below)  although  

the  most  relevant  portion  relating  to  the  control  
of  mineral  metabolism  occurs  in  the  proximal  

renal  tubules,  requires  the  presence  of  
parathyroid  hormone  (PTH)  and  is  partly  
modulated  by  serum  calcium  and  phosphorus  
levels.  The  di-hydroxylated  metabolites  have  a  

very  short  half-life  and  are  not  deposited  at  the  
tissue  level.

In  subjects  suffering  from  renal  failure,  the  

production  of  1,25(OH)2  D  is  progressively  
compromised.  However,  alpha-hydroxylase  
activity  is  no  longer  able  to  ensure  normal  
hormonal  levels  only  in  the  presence  of  a  

significant  deterioration  in  renal  function.  
Consequently,  prevention  of  vitamin  D  deficiency  
with  hydroxylated  metabolites  is  justified  only  in  
patients  with  advanced  renal  failure  (stage  IV-
V).  However,  it  must  be  underlined  that,  even  
in  these  patients,  25(OH)D  levels  must  be  
maintained  within  the  normal  range  to  ensure  

an  adequate  substrate  for  extra-renal  1-alpha-

hydroxylases  (11).

Vitamin  D  as  such  remains  in  circulation  

only  for  a  very  short  time  and  its  blood  
concentrations  are  therefore  very  low  

(1-2  ng/

On  the  other  hand,  treatment  with  final  active  
metabolites  of  vitamin  D  could  be  irrational  and  
in  other  conditions

Studies  conducted  in  patients  with  osteoporosis

D  is  a  partially  hydrophilic  metabolite  that  is  
deposited  only  in  the  liver  and  muscles;  its  half-
life  is  shorter  than  that  of  vitamin  D  and  such  
as  to  satisfy  the  requirement  for  no  more  than  
12-18  days  (8,  9).  After  this  period,  in  patients  
with  vitamin  D  deficiency  who  have  been  
administered  25(OH)cholecalciferol,  serum  
25(OH)D  levels  tend  to  reduce  rapidly  after  

treatment  is  stopped;  the  administration  of  
higher  monthly  doses  of  calcifediol  overcomes  

this  problem  (10).

Vitamin  D  is  highly  fat-soluble.  It  is  
rapidly  absorbed  at  the  duodenal  and  
jejunal  level  and  then  distributed  

through  the  lymphatic  circulation  
almost  entirely  to  the  adipose  tissue,  
from  which  it  is  released  in  small  
quantities  compared  to  the  stored  
amount.  Therefore,  a  greater  adipose  
mass  "dilutes"  vitamin  D,  which  explains  
why  the  risk  of  its  deficiency  is  higher  
in  obese  subjects.

or  even  potentially  risky,  since  1-hydroxylation  
is  the  limiting  step  in  the  synthesis  process  of  
active  vitamin  D;  it  therefore  constitutes  a  
protection  mechanism  against  possible  
intoxication,  which  is  preserved  with  other  types  
of  supplementation.

vitamin  repletion  (5,  7).  The  25(OH)

Vitamin  D  comes  4/5  
from  sun  exposure.  It  
is  deposited  in  
adipose  tissue  and  
the  amount  that  is  
released  is  
immediately  
converted  in  the  
liver  into  25(OH)D,  
whose  serum  
concentrations  
represent  a  precise  indicator  of  vitamin  deposits.  The  25(OH)
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D  is  converted  to  
the  active  metabolite  

1,25(OH)2  D  primarily  
in  the  kidney  as  
part  of  a  
homeostatic  
mechanism  involving  
serum  levels  of  PTH,  calcium  and  phosphorus.
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1,25(OH)2  D  also  induces  the  production  
of  RANKL  thus  promoting  the  activation  of  
osteoclasts.

A.  Effects  on  intestine,  bone  tissue  and  
muscle

1,25(OH)2  D  is  able  to  stimulate  the  
production  of  muscle  proteins  but  above  
all  to  activate  some  calcium  transport  
mechanisms  at  the  level  of  the  sarcoplasmic  
reticulum,  which  are  essential  for  muscle  
contraction.  In  conditions  of  hypovitaminosis  
D,  pictures  of  proximal  myopathy  (difficulty  
in  getting  up  from  the  chair,  functional  
impotence  in  bringing  the  arms  above  the  
head,  etc.),  of  sarcopenia  and  reduction  of  
muscular  strength,  with  balance  disorders  
and  resulting  in  an  increased  risk  of  falls  
(13-24).

L'1,25(OH)2  D  determines  an  increase

Vitamin  D  deficiency,  especially  if  prolonged  
over  time,  can  lead  to  real  disabilities.  The  
histological  counterpart  consists  of  an  
atrophy  of  type  II  muscle  fibers,  an  increase  
in  spaces  between  muscle  fibrils  and  the  
replacement  of  muscle  tissue  with  adipose  
cells  and  fibrous  tissue  (25).  In  elderly  

subjects  this  phenomenon  can  add  to  the  
physiological  loss  of  muscle  mass  
(sarcopenia).  A  reduction  in  the  risk  of  falls  
following  the  administration  of  vitamin  D  
in  elderly  subjects  has  been  reported  
(26-30).

of  intestinal  calcium  absorption  through  
the  induction  of  the  synthesis  of  a  protein  

expressed  on  the  brush  border  of  intestinal  
epithelial  cells,  which  binds  the  ion  and  
transports  it  from  the  lumen  to  the  cell  
cytoplasm.  Furthermore,  1,25(OH)2  D  also  
facilitates  the  passive  absorption  of  calcium,  
increasing  the  permeability  of  intercellular  
tight  junctions.
The  action  of  vitamin  D  on  bone  tissue  

occurs  through  the  interaction  with  
1,25(OH)2  D  receptors  expressed  by  
osteoblasts;  it  has  been  observed  that  
vitamin  D  promotes  the  synthesis  of  some  
proteins,  especially  osteocalcin,  which  are  
fundamental  for  the  homeostasis  of  bone  tissue.

Mechanism  of  action

Once  activated  at  1,25(OH)2  D,  vitamin  D  
binds  to  a  specific  receptor  (VDR)  which  
belongs  to  the  superfamily  of  steroid  
receptors.  In  reality,  two  types  of  vitamin  D  
receptors  have  been  identified.  The  first,  
located  in  the  nucleus,  is  able  to  directly  
stimulate  the  transcription  of  genes  and  
therefore  the  ex-novo  synthesis  of  proteins  
(genomic  mechanism).  The  other  receptor  
is  located  on  the  cell  membrane  and  acts  
by  inducing  the  formation  of  second  cellular  
messengers  (such  as  cAMP,  diacylglycerol,  
inositol  triphosphate,  arachidonic  acid)  or  
by  phosphorylating  some  cellular  proteins.  
This  non-genomic  mechanism  of  action  is  
capable  of  rapidly  modulating  the  cellular  
response  to  various  stimuli  (12).

contributes  to  the  maintenance  of  calcium  
homeostasis,  as  demonstrated  by  the  fact  
that  nephrectomized  patients  or  patients  
with  severe  renal  failure  are  characterized  by

Vitamin  D  receptors  are  practically  
ubiquitous,  demonstrating  their  important  
physiological  role,  not  only  in  mineral  
metabolism  but  also  in  numerous  other  

functions  of  the  organism.  The  affinity  of  
the  vitamin  D  receptor  for  1,25(OH)2  D  is  
one  thousand  times  greater  than  that  for  
25(OH)D  or  other  metabolites.

practically  unwearable  levels  of  1,25(OH)2  
D.  The  local  production  of  1,25(OH)2  D  
appears  to  be  implicated  in  the  mechanisms  
of  paracrine  regulation  of  cell  growth,  
including  tumor  growth  (31-37).

B.  Extra-skeletal  effects
Vitamin  D  also  performs  important  functions  
outside  the  musculoskeletal  tissue.  In  fact,  

the  presence  of  receptors  for  vitamin  D  has  
been  observed  in  various  cell  types  and  
the  expression  of  1ÿ-hydroxylase  has  
been  documented,  i.e.  the  ability  to  produce  
1,25(OH)2  D,  in  activated  macrophages,  
in  osteoblasts,  in  keratinocytes  and  at  the  
prostate,  colon  and  breast  level.

metasteroidea,  would  however  demonstrate  
a  greater  effectiveness  of  calcitriol  
compared  to  cholecalciferol  in  preventing  
the  risk  of  fracture.

Local  production  of  1,25(OH)2  D  does  not
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ability  of  vitamin  D  to  modulate  the  

activity  of  the  immune  system,  through  
actions  exerted  on  B  and  T  
lymphocytes  and  on  cells  of  the  

monocyte-macrophage  lineage.  In  this  
sense,  correcting  vitamin  D  deficiency  

could  contribute  to  reducing  the  risk  
of  various  autoimmune  diseases  

including  type  1  diabetes  (41).  In  
relation  to  the  latter  pathology,  it  
should  be  remembered  that  the  cells  
of  the  pancreatic  islets  express  VDR  
receptors  and  that  1,25(OH)2  D  is  

able  to  promote  the  synthesis  and  
secretion  of  insulin.

its  actions  through  The  
identification  of  the  VDR  in  the  renal  tissue  and  the  correlation  

with  negative  specific  receptors  (VDR)  should  be  detected  between  the  levels  
of  1,25(OH)2  D  nuclear  or  located  on  the  renin  suggest  a  

possible  cell  surface.  role  of  vitamin  D  also  in  the  It  exerts  a  crucial  
regulation  of  arterial  blood  pressure  ( 40).  Calcium-phosphorus  capacity  is  

also  known ,  increasing  the  efficiency  of  intestinal  calcium  absorption,  
increasing  renal  tubular  reabsorption  of  

calcium  and  phosphorus  
and  positively  

interfering  on  
osteoblastic  and  
osteoclastic  activity.

However,  for  some  of  the  extraskeletal  
effects  hypothesized  based  on  
association  studies,  solid  demonstration  
is  still  lacking

D,  i.e.  32-50  nmol/l  (12.8-20  ng/ml)  and  68-78  
nmol/l  (27.2-31  ng/ml),  depending  on  the  
statistical  method  used  in  the  construction  of  

the  regression  (44,  45).  Furthermore,  the  
approach  linked  to  PTH  levels  is  also  affected  
by  the  duration  of  the  deficiency  state  (until  

the  development  of  forms  similar  to  tertiary  
hyperparathyroidism)  and  the  calcium  intake  
in  the  diet,  as  a  condition  of  vitamin  D  
deficiency  can  be  masked  by  a  particularly  

generous  dietary  calcium  intake  and  vice  versa  
(46).  On  the  other  hand,  serum  PTH  levels  
are  significantly  affected  by  vitamin  D  status  
for  25(OH)D  concentrations  lower  than  16.3  

ng/ml  and  by  calcemia  for  vitamin  levels  above  
this  threshold  (47).

Over  the  last  decade,  various  observational  
studies  have  documented  a  relationship  

between  25(OH)D  levels  and  various  other  
parameters:  bone  mineral  density  (BMD)  
values  (48,  49),  propensity  to  fall,  incidence  of  
fractures,  cardiovascular  diseases,  neoplasms  
(especially  colon,  breast  and  prostate),  
depressive  syndromes,  diabetes,  multiple  
sclerosis  and  numerous  other  pathological  

conditions.  The  relationship  between  25(OH)D  
levels  and  relative  risk  for  some  of  these  
conditions  would  seem  to  indicate  that  optimal  

25(OH)D  concentrations  are  around  75-100  
nmol/l  (or  30-45  ng/ml)  ( 49)  [(Fig.  1),  modified  
from  49].

This  documented  anti-proliferative  activity  has  

promoted  the  use  of  1,25(OH)2  D  o

Theoretically,  the  most  accurate  method  for  
estimating  minimum  vitamin  D  concentrations  

would  be  to  detect  the  appearance  of  
histological  signs  of  osteomalacia  (see  below);  
however  this  approach  is  impractical  and  
probably  also  insensitive.

In  recent  years,  several  authors,  on  the  basis  
of  meta-analyses  and  cross-sectional  studies,  

have  identified  the  threshold  value  of  an  
adequate  vitamin  D  status  with  a  serum  

concentration  of  25(OH)D  equal  to  32  ng/ml.  
However,  it  must  be  underlined  that,  in  the  

absence  of  intervention  studies,  this  threshold  
value  cannot  be  conclusively  defined.  Co-

scientific,  since  the  few  intervention  studies  
have  not  provided  unequivocal  results.

they  considered  the  25(OH)  level  to  be  optimal

n  OPTIMAL  LEVELS  OF  25(OH)D

of  its  metabolites  in  the  treatment  of  

psoriasis  (38)  and  has  made  it  1,25(OH)2D,  is  to  
hypothesize  its  use  in  some  types  of  active  metabolite  of  neoplasms  

(prostate,  breast  and  vitamin  D  which  exerts  colon)  ( 39).

Although  an  adequate  standardization  of  
dosing  methods  has  not  yet  been  achieved  
(42),  the  serum  concentration  of  25(OH)D  is  
considered  the  best  clinical  indicator  of  the  
bioavailable  vitamin  reserve.  The  definition  of  
normal  25(OH)D  levels  has  changed  profoundly  

over  the  last  decade.  The  first  approach  was  
based  on  the  minimum  levels  of  25(OH)D  
necessary  to  ensure  optimal  intestinal  calcium  
absorption.  This  limit  was  established  as  32  
ng/ml  (80  nmol/l)  (43).  Others

D  associated  with  PTH  values  within  the  
normal  range  in  90-100%  of  the  population  
studied.  This  latter  approach  defines  very  
different  estimates  of  the  25(OH)  threshold

It  also  promotes  some  
muscle  functions.
Finally,  1,25(OH)2D  
contributes  to  the  
control  of  cell  
proliferation,  with  
effects  on  the  
immune  system,  the  
skin  and  numerous  neoplasms.

REVIEW

Machine Translated by Google



133  Rheumatism  3/2011

Figure  1  -  Relationship  between  25(OH)D  levels  and  relative  risk  for  
some  pathological  conditions.

Guidelines  on  prevention  and  treatment  of  hypovitaminosis  D  with  cholecalciferol

In  this  document,  with  regards  to  the  threshold  
levels  of  25(OH)D  below  which  negative  
consequences  occur,  the  following  points  
are  developed:

B.  Risk  of  fracture
Results  of  intervention  studies

A.  Rickets  and  osteomalacia

In  the  presence  of  a  normal  dietary  calcium  
intake,  the  risk  of  rickets  increases  for  

25(OH)D  levels  lower  than  25  nmol/l  (10  ng/
ml)  (43)  but  is  still  minimal  for  levels  between  
25  and  50  nmol/l.  Recent  autopsy  data  (52)  
have  documented  the  presence  of  
osteomalacia  for  25(OH)D  levels  lower  than  
or  equal  to  50  nmol/l  (20  ng/ml).  However,  
when  calcium  intake  is  inadequate,  levels  
above  75  nmol/l  (30  ng/ml)  may  be  necessary  
to  avoid  the  risk  of  osteomalacia.

There  is  a  wide  variability  of  data.  In  some  
studies  it  is  concluded  that  25(OH)D  levels  
above  approximately  40  nmol/l  are  sufficient  
to  ensure  adequate  bone  protection,  but  in  
others  this  threshold  is  set  at  50  nmol/l  (53-57).

Results  of  observational  studies  
Numerous  observational  studies  have  linked  

25(OH)D  levels  to  the  risk  of  fracture  (mainly  
of  the  femur)  (58,  59).  In  all  these  studies,  
low  levels  of  25(OH)D  are  associated  with  a  
higher  risk  of  fracture.  The  threshold  values  
above  which  no  further  benefits  are  observed  
are  not  very  unambiguous  and  vary  from  40  
nmol/l  (60)  to  50  nmol/l  (61)  to  60-70  nmol/l  

(62-65).

moved  to  other  authoritative  positions  (66).  In  
particular,  it  should  be  remembered  that  in  2  
meta-analyses  of  randomized  controlled  trials  

(RCTs)  a  threshold  of  50  nmol/l  was  found  to  
be  inadequate  to  guarantee  a  reduction  in  
the  risk  of  fractures  and  falls  (28,  67).  
Furthermore,  from  the  NHANES  study,  the  
relationship  between  BMD  and  25(OH)D  
levels  demonstrated  a  clear  persistence  of  
the  positive  correlation  for  values  well  above  50  nmol/l  (48,49).

It  should  be  underlined  that  with  the  exception  

of  the  study  conducted  in  Sweden  (60)  
where  the  calcium  intake  is  very  high  and  the  
concentrations  of  25(OH)D  rather  
homogeneous,  most  of  the  other  studies  
indicate  that  a  a  significant  increase  in  the  
risk  of  fracture  is  observed  for  25(OH)D  
values  lower  than  approximately  60  nmol/l.

The  partial  inconsistency  of  these  positions  
and  the  results  of  the  various  studies  can  be  
attributed  to  the  interaction  between  25(OH)D  
levels  and  dietary  calcium  intake,  since  in  the  
presence  of  a  particularly  rich  calcium  diet,  
levels  may  be  sufficient  of  lower  25(OH)D  
and  vice-versa  (46,  68).

On  the  other  hand,  this  last  threshold  was  
identified  by  the  IOM  as  50  nmol/l,  in  con-

It  should  also  be  remembered  that  the  
expression  of  vitamin  D  receptors  (and  
therefore  the  response  to  vitamin  D)  is  
reduced  with  advancing  age  at  the  level  of  all  
tissues,  and  in  particular  the  intestine,  kidney  
and  muscle  (69).  The  mechanism  of  renal  

regulation  of  1,25(OH)2  D  production  in  
response  to  PTH  also  appears  to  attenuate  
with  aging  (70,  71).  These  latter  observations  
would  therefore  lead  us  to  believe  that  in  the  
elderly  the  optimal  levels  of  25(OH)D  must  
be  slightly  higher  than  those  identified  for  
young  people.
In  conclusion  considering  that:

yes,  recently  these  normality  thresholds  have  
been  called  into  question  by  a  report  from  

the  Institute  of  Medicine  (IOM)  (51).

a)  desirable  serum  25(OH)D  levels
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20-30  

Definition

>100  >250  

>375  >150  

of/ml

<20  Shortage

Insufficiency

nmol/L  

Excess

<50  

Intoxication

50-75  

(Tab.  I).  
In  Table  I,  deficiency  is  defined  as  a  
marked  deficiency  and  insufficiency  

as  a  subtle  (or  less  severe)  deficiency  
of  vitamin  D,  while  concentrations  

above  30  ng/ml  (75  nmol/l)  can  be  
considered  optimal  (75).  However,  it  
must  be  remembered  that  according  
to  some  authors  even  serum  25(OH)D  

levels  higher  than  20  ng/ml  (50  nmol/
l)  would  be  associated  with  a  reduction  
in  bone  turnover  and  the  risk  of  
fracture  (76,  77)  and  could  therefore  

be  considered  optimal.

sun  exposure  and  dietary  imbalances.  Sun  
exposure,  in  terms  of  both  exposed  body  
surface  and  irradiation  time,  reduces  with  
advancing  age,  in  relation  to  socio-cultural  
reasons  or  ocular  or  skin  pathologies  that  limit  
its  tolerability.  It  should  also  be  remembered  
that  the  skin  production  of  vitamin  D,  with  the  

same  ultraviolet  exposure,  decreases  with  
age.  Even  the  intake  of  foods  that  contain  the  
greatest  quantities  of  vitamin  D  (milk  and  

derivatives,  animal  fats)  decreases  with  age  
for  fear  of  increasing  cardiovascular  risk.

A  worrying  picture  has  also  emerged  from  
international  polycentric  studies  which  have  
unexpectedly  documented  a  greater  prevalence  
of  hypovitaminosis  D  in  Southern  European  
countries  (Italy,  Greece  and  Spain)  (79,  82,  
87).  In  Italy,  vitamin  D  is  not  added  to  foods  
and  consequently  the  correction  of  the  deficit  
is  commonly  entrusted  to  pharmacological  
supplementation.

they  probably  increase  with  age  (46);

In  clinical  practice,  the  combination  of  calcium  
and  vitamin  D  is  usually  indicated  and  used  for  
the  treatment  of  osteopenia  and  postmenopausal  
osteoporosis,  available  in  various  

pharmaceutical  formulations  in  our  country.  
This  treatment  has  been  shown  in  various  
clinical  trials  to  reduce  the  risk  of  hip  fractures  
in  particular  groups  of  patients  (88,  89).  Due  

to  the  very  poor  compliance  with  these  
formulations  (90,  91)  it  often  happens  that  
even  in  patients  being  treated  with  drugs  for  
the  treatment  of  osteoporosis,  vitamin  D  
supplementation  is  infrequent  and  stopped  
early  (92),  despite  the  recommendation  
reported  in  the  leaflet.  illustrative  of  drugs  for  
osteoporosis  and  in  AIFA  Note  79.  It  has  been  
documented  in  Italy  that  this  tends  to  nullify  
the  therapeutic  outcomes  of  the  drugs  used  
for  osteoporosis  (93-95).

b)  in  Italy  the  calcium  intake  is  generally  very  
modest  (46,  72,  73);

n  PREVALENCE  OF  DEFICIT

The  problem  of  vitamin  D  deficiency  is  not  
exclusive  to  the  elderly.

c)  the  risk  of  vitamin  D  poisoning  (see  below)  
is  rather  remote;

OF  VITAMIN  D  IN  ITALY

A  recent  study  aimed  at  establishing  the  
normal  values  of  mineral  metabolism  markers  

in  young  and  healthy  subjects  has  
demonstrated  that  vitamin  D  deficiency

it  appears  reasonable  to  conservatively  
identify  the  vitamin  deficiency  threshold  with  a  
serum  concentration  of  25(OH)

Vitamin  D  deficiency  is  particularly  frequent  in  
Italy,  especially  in  the  elderly  and  in  the  winter  
months  (4,  78-85).  The  deficiency  is  so  
common  and  of  such  magnitude  that  86%  of  

Italian  women  over  70  have  blood  levels  of  
25(OH)D  lower  than  10  ng/ml  at  the  end  of  
winter  (72).  This  finding  takes  on  dramatic  
aspects  in  institutionalized  subjects  or  with  
other  concomitant  pathologies  (78,  83,  86),  
both  due  to  the  poor

D  inferior  a  75  nmol/l  (30  ng/ml).
These  guidelines  therefore  consider  
the  ranges  of  25(OH)D  levels  reported  
by  Holick  to  be  acceptable  (74)

S.  Adami,  E.  Romagnoli,  V.  Carnevale,  et  al.
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Table  I  -  Interpretation  of  blood  25(OH)D  
levels.
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Vitamin  D  requirement

Several  factors,  including  the  initial  
25(OH)D  level,  influence  the  increase  in  
serum  25(OH)D  in  response  to  a  given  
dose  of  vitamin  D.  With  a  dose  of  2.5  ÿg  
(100  IU/  day),  the  average  increase  varies  
from  2.75  nmol/l  (1.1  ng/ml)  for  low  initial  
levels  of  25(OH)D  to  1.75  nmol/l  (0.7  ng/
ml)  for  higher  initial  levels  (near  optimal)

To  estimate  the  need  for  vitamin  D  it  is  
necessary  to  know  the  quantity  normally  
used  by  the  body.  The  latter  has  never  
been  defined  and  must  therefore  be  
estimated  empirically,  on  the  basis  of  the  
doses  necessary  to  reach  and  maintain  
the  desirable  serum  levels  of  25(OH)D  
indicated  above.

(97).  The  increase  in  25(OH)  levels

In  subjects  with  vitamin  D  deficiency  or  
insufficiency  and  therefore  probably  with  
a  very  low  dietary/solar  intake  (for  example  
<400  IU/day)  a  daily  dose  of  less  than  
2,000  units  is  not  able  to  allow  the  
achievement  of  adequate  levels  of  
25(OH)D  (Adami  S:  personal  data;  103,  
104).

D  in  response  to  a  given  dose  of  vitamin  
D  is  also  a  function  of  body  mass,  being  
lower  in  subjects  with  a  high  body  mass  
index  (BMI)  compared  to  those  with  a  
normal  BMI  (98,  99).  Other  factors,  which  
also  affect  25(OH)D  levels,  have  no  known  
impact  on  the  response  of  25(OH)D  to  
vitamin  D  supplementation.  For  example,  
estrogen  use  increases  measured  serum  
levels  of  25(OH)D  via  increased  levels  of  
vitamin  D  binding  protein  (100),  but  does  
not  alter  the  increase  in  serum  25(OH)D  
achieved  through  supplementation.  
Furthermore,  serum  25(OH)D  levels  
decrease  with  aging,  but  the  response  of  
serum  25(OH)D  to  a  given  dose  of  vitamin  
D  supplementation  is  independent  of  age  
(101).  Finally,  dietary  calcium  intake,  
within  the  range  normally  consumed,  does  
not  affect  the  25(OH)  response

Based  on  dosages  used  in  various  trials

Serum  D  to  vitamin  D  supplementation.  
This  latter  concept  must  be  distinguished  
from  observations  that  calcium  requirements  

may  depend  on  vitamin  D  status  (46,  102).

for  the  treatment  of  osteoporosis,  which  
involved  the  administration  of  vitamin  D  to  

patients  with  deficiency  or  insufficiency,  it  
was  estimated  that  to  achieve  25(OH)D  
levels  equal  to  or  greater  than  75  nmol/l  
it  is  necessary  to  take  between  1,800  and  

4,000  IU  of  vitamin  D  per  day  (105,  106).  
We  can  therefore  reasonably  hypothesize  
an  average  daily  requirement  of  vitamin  D  
of  around  1,500-2,300  IU/day,  taking  into  
account  that  it  can  increase  with  age,  body  
mass,  fat  mass  and  calcium  intake.

n  PREVENTION  STRATEGIES

The  problem  of  defining  the  daily  
requirement  can  also  be  addressed  by  
relating  the  vitamin  D  intake  and  the  
25(OH)D  concentrations.  The  most  
consistent  data  in  this  regard  are  those  
collected  in  the  NHANES  study,  2005-2006  
(107).  The  results  of  this  investigation  in  
women  are  summarized  in  Table  II,  where  
the  average  levels  of  25(OH)D  detected  in  
Italy  for  similar  age  ranges  are  also  reported.

AND  CURE  FOR  DEFICIENCY

Note  that,  if  a  25(OH)D  value  of  75  nmol/l  
is  assumed  as  the  normal  threshold,  the  
prevalence  of  vitamin  D  deficiency  in  Italy  
appears  slightly  lower  than  in  the  USA  in  
young  subjects,  but  significantly  higher  
among  the  elderly.

OF  VITAMIN  D  WITH

In  the  rereading  of  these  data  by  the  IOM  
(51)  it  is  assumed  that  sun  exposure  
contributes  only  30%  to  the  intake  of  
vitamin  D,  which  contradicts  the  
experimental  data  obtained  in  the  USA  and  North

COLECALCIFEROLO  

it  affected  30  and  65%  of  subjects  for  cut-
offs  of  25(OH)D  <20  ng/ml  or  <30  ng/ml,  
respectively  (96).  The  problem  worsens  in  
the  winter  months  even  in  young  people  
and  in  particular  in  women  (81).

Factors  determining  serum  25(OH)D  
levels  and  their  changes  in  response  
to  oral  administration  of  vitamin  D.
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Table  II  -  Relationship  between  vitamin  D  intake  and  25(OH)D  concentrations:  results  of  the  
NHANES  study.

Table  III  -  Estimate  of  the  daily  requirement  of  vitamin  D  in  healthy  subjects  assuming  that  solar  irradiation  
provides  30  or  80%  of  the  average  daily  requirement.
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536  <8  

308  

1.875  

Vitamin  D  intake  (IU/day)

577  

UV  irradiation  contribution  =  30%

260  

deer

371  

375  

Global  dietary  intake  of  vitamin  D

Media  

440  

2.020  
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(range)  

51-70  

Supplements
Age  years

1.160  

1.300  

404  
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Daily  requirement  of  vitamin  D

>70  
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571  
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Levels  of  25OHD  nmol/l

Food

2.000  
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144  
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America  (5,  74),  according  to  which  sun  
exposure  contributes  80%.

The  global  intake  (sun,  food,  supplements)  
of  vitamin  D  in  the  USA  in  elderly  subjects  
is  approximately  600  IU/day  if  a  contribution  

from  sun  exposure  of  30%  is  assumed  (400  
oral  +200  sun  exposure)

which  rises  to  2,000  IU/day  if  the  share  
attributed  to  sun  exposure  is  equal  to  80%  
(400  oral  +1,600  sun  exposure).

D.  The  consequences  on  the  estimate  of  
vitamin  D  requirements,  using  NHA-NES  
data  and  assuming  the  contribution  of  sun  
exposure  to  25(OH)D  levels  equal  to  30%  
or  80%  are  shown  in  Table  III .

These  percentages  are  very  relevant  for  
estimating  the  global  daily  requirement  
(sun,  food,  supplements)  of  vitamin  D  to  
achieve  normal  25(OH)  levels

It  must  be  remembered  that  the  estimate  of  

a  daily  requirement  of  vitamin  D  equal  to  
2,000  IU  (value  obtained  from  the  three  
analyzes  set  out  above)  is  associated  with  
sub-optimal  average  levels  of  25(OH)D,  so  
it  appears  reasonable  to  hypothesize  that  
the  optimal  global  intake  (sun  exposure,  foods,  sup-

In  Italian  epidemiological  studies  (72,  96)  a  
difference  of  approximately  40%  has  been  

documented  between  the  25(OH)D  values  
detected  in  subjects  with  minimal  and  in  
those  with  medium  sun  exposure,  suggesting  
that  the  latter  contributes  60%.  -90%  of  
vitamin  D  needs.

Estimating  the  daily  requirement  of  vitamin  
D  can  also  be  done  following  another  
approach.  It  has  been  observed  that  for  
every  100  IU  of  vitamin  D  taken,  25(OH)D  
levels  increase  by  1  ng/ml  (2.5  mmol/l).  If  
this  relationship  remained  linear  for  any  
initial  level  of  25(OH)D,  the  daily  
administration  of  2,000  IU  of  vitamin  D3  
would  still  guarantee  serum  concentrations  
equal  to  or  greater  than  20  ng/ml  even  in  
subjects  with  negligible  daily  exposure  to  
sunlight  (43).
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a  diet  low  in  vitamin  D  (as  is  the  Mediterranean  diet  

in  general)  its  deficiency  among  the  elderly  

inevitably  takes  on  epidemic  dimensions.

However,  it  should  be  noted  that,  according  
to  a  recent  study,  the  administration  of  an  
annual  bolus  of  500,000  IU  of  cholecalciferol  

to  a  group  of  elderly  women  induced  the  
paradoxical  effect  of  increasing  the  risk  of  

falls  and  fractures  (112).

Sources  of  vitamin  D  in  Italy

Despite  the  gross  methodological  

limitations  of  this  research,  in  which  the  
risk  factors  for  falls  and  fractures  had  not  

been  controlled  and  in  which  the  population  

studied  had  initial  levels  of  25(OH)D  that  

were  double  compared  to  the  elderly  Italian  

population,  the  results  of  this  study  suggest  a  

community  preventive  approach  with  smaller  

boluses  (maximum  of  300,000  IU).

Dietary  intake  of  vitamin  D  and  effective  exposure  

to  sunlight  are  the  main  factors  determining  the  

serum  25(OH)D  level.

This  approach  would  seem  at  least  initially  justified  

by  the  pharmacokinetics  of  vitamin  D  with  the  aim  

of  "saturating"  the  body's  stores.

Vitamin  D  is  present  in  foods  in  limited  quantities.  

The  main  source  is  animal  fats  contained  mainly  in  

fatty  fish  (for  example  salmon)  and  dairy  products.

Vitamin  D  is  normally  administered  orally,  limiting  

the  use  of  the  intramuscular  route  to  patients  with  

severe  malabsorption  syndromes.

In  order  to  guarantee  a  greater  intake  of  vitamin  D  

through  dairy  products,  it  would  be  necessary  to  
add  these  foods,  as  is  currently  the  case  only  in  

Northern  European  countries  and  more  widely  in  

North  America,  where  however  this  supplementation  

only  guarantees  an  average  intake.  of  40-80  IU/

day  in  young  subjects  and  160-200  IU/day  in  people  

over  50  (108).  This  US  estimate  on  vitamin  D  

supplementation  of  the  most  commonly  used  foods  

was  made  a  few  years  ago  (109)  but  now  takes  on  

greater  importance  due  to  the  growing  perception  

of  the  role  of  vitamin  D  in  the  epidemiology  of  many  

diseases  (51).

The  recommended  dosage  schedules  must  take  

into  account  potential  interference  from  other  drugs  

or  pathological  conditions  (Tab.

It  is  likely  that  the  contribution  of  the  diet  to  25(OH)D  

levels  in  Italy  is  considerably  lower  than  in  the  

USA,  both  due  to  the  type  of  diet  (less  animal  fats)  

and  the  infrequent  supplementation  of  vitamin  D  in  

high-quality  foods.  common  use.  This  exposes  

elderly  people  with  little  sun  exposure  even  more  to  

the  deficiency.

IV).  

In  past  centuries,  exposure  to  the  sun  during  the  

summer  months  (the  ones  effective  for  the  skin  

synthesis  of  vitamin  D)  was  the  unavoidable  

necessity  of  a  population  mainly  dedicated  to  

outdoor  work  and  which  included  a  lower  percentage  

of  elderly  people.  Today  sun  exposure  is  mostly  

discretionary  and  appreciated  only  by  some  young  

people.  The  majority  of  the  population,  particularly  

with  advancing  age,  limits  exposure  to  the  sun  and  

uses  protective  creams  more  and  more  often,  

which  reduce  the  photosynthesis  of  the  vitamin.  In  

hiring  populations

The  dosage  of  vitamin  D  to  be  recommended  can  

therefore  also  vary  depending  on  the  clinical  

condition  treated  and  the  therapeutic  objectives  that  

are  set.

Use  of  vitamin  D  supplements

plements)  could  also  be  higher  than  previously  

suggested.

The  recommended  dose  of  vitamin  D  is  expressed  

as  a  daily  dosage.  However,  at  the  same  cumulative  

dose,  vitamin  D  can  also  be  administered  through  

weekly  boluses  (110).  To  improve  adherence  to  

treatment  it  is  also  possible  to  resort  to  monthly  or  

quarterly  boluses;  in  this  case  the  equivalent  
doses,  according  to  some  authors,  should  be  

greater  than  the  cumulative  daily  or  weekly  doses  

(111).  In  some  cases,  an  annual  bolus  was  also  

used  for  practical  reasons  (90).
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-  Anticonvulsants

-  Chronic  renal  failure

-  Whipple's  disease

-  Glucocorticoids

-  Iperfosforemia  

-  Crohn's  disease

-  Drugs  for  the  treatment  of  AIDS  or  anti-rejection.

-  Congenital  deficiencies  of  1-hydroxylase

-  Gastro-intestinal  by-pass  surgery

-  Breastfeeding  and  pregnancy

-  Drugs  that  reduce  the  absorption  of  fats

Decreased  synthesis  of  25(OH)D  (also  administer  calcidiol)

-  Other

-  Severe  liver  failure

Decreased  bio-availability

B.  Reduced  availability

Urinary  losses  of  25(OH)D

A.  Fat  malabsorption

-  Obesity  with  sequestration  of  vitamin  D  in  adipose  

tissue

-  Nephrotic  syndrome

-  Cystic  fibrosis

Increased  catabolism/consumption

Decreased  synthesis  of  1,25(OH)2D  (also  administer  

calcitriol)

-  Celiac  disease

Measurement  of  serum  25(OH)  levels

In  many  guidelines  it  has  been  preferred  to  
give  universal  recommendations  that  are  
easy  to  understand  and  adopt.

In  elderly  subjects  aged  between  60  and  70,  
it  can  be  assumed  that  a  state  of  vitamin  D  
insufficiency  does  not  exist  only  in  the  

presence  of  lifestyles  characterized  for  
example  by  prolonged  summer  holidays,  with  
extensive  sun  exposure.  For  this  age  range  
(60-70  years)  a  control  of  25(OH)D  levels  
otherwise  appears  justified.  However,  a  
pragmatic  approach  involving  "blind"  
supplementation  with  600-1000  IU/day  also  
appears  acceptable,  once  the  conditions  in  
which  vitamin  D  may  be  contraindicated  are  
excluded  (see  overdose).

These  dosages  may  be  considered  acceptable  
in  contexts  where  prevalence

of  the  deficiency  states  is  considerably  lower  
than  in  Italy  and  are  capable  of  guaranteeing  
serum  25(OH)D  levels  higher  than  50  nmol/l,  
but  lower  than  those  desired  by  these  
guidelines  (75-80  nmol/l).  In  fact,  
supplementation  with  600  IU/day  in  subjects  
over  70  years  of  age  does  not  substantially  
modify  the  proportion  of  deficient  subjects  
(110).

By  prevention  of  insufficiency  we  mean  the  
dose  of  vitamin  D  to  be  recommended  to  
subjects  in  whom  the  vitamin  deficiency  has  
already  been  corrected  and  the  supplementation  
is  aimed  at  preventing  its  recurrence.

It  is  therefore  reasonable  to  believe  that  a  
young  person  (<60  years)  with  a  lifestyle  
characterized  by  normal  sun  exposure  (one  
seaside  holiday  per  year,  and  more  than  20  
minutes/day  of  outdoor  life  in  the  summer)  
( 72,  96),  does  not  need  to  carry  out  checks  
to  verify  a  possible  state  of  insufficiency  and  
therefore  not  even  supplements.

In  young  adults  it  has  been  calculated  that  a  
summer  exposure  on  both  surfaces  of  the  
body  lasting  20-30  minutes/

These  minimum  recommended  intakes  have  
recently  been  revised  by  the  IOM,  which  
proposes  400  IU  up  to  1  year  of  life,  600  IU  
up  to  70  years  of  age  (even  during  pregnancy  
and  breastfeeding)  and  800  IU  over  70  years  
of  age  (51) .

Prevention  of  vitamin  D  insufficiency

per  day  in  the  middle  hours  of  the  day  is  
equivalent  to  an  intake  of  10,000-20,000  IU  
of  vitamin  D.

D  can  be  considered  a  good  indicator  of  daily  
needs.  However,  the  use  of  this  dosage,  as  
part  of  a  generalized  screening  or  even  for  
periodic  monitoring  during  supplementation,  
does  not  appear  economically  acceptable.

In  particular,  a  minimum  daily  intake  of  200  
IU  of  vitamin  D  is  recommended  from  the  
second  month  of  life  until  adolescence  (113),  

400  IU  in  adulthood  and  at  least  600  IU  (15  
µg)  over  the  age  of  70  (114 ).

In  people  over  the  age  of  70  (and  increasingly  
with  age)  who  do  not  take  vitamin  D  
supplements,  vitamin  D  deficiency  has  a  
prevalence  close  to  100%.  In  these  cases,  
where  the  control  of  25(OH)  is  not  essential
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Table  IV  -  Clinical  conditions  that  
interfere  with  vitamin  D  metabolism.
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Table  V  -  Estimate  of  therapeutic  and  maintenance  doses  as  a  function  of  25(OH)D  levels  in  
subjects  who  have  not  received  supplements  in  the  last  year.

Baseline  value  of  25(OH)D

20-30  ng/ml  or  50-75  nmol/l 300.000  

Cumulative  therapeutic  dose  of  
vitamin  D

600.000  

2.000  

10-20  ng/ml  or  25-  50  nmol/l 1.000  

1.000.000  <10  ng/ml  or  25  nmol/l

800  

Daily  maintenance  dose
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In  this  regard,  it  should  in  fact  be  noted  that  
the  increases  in  serum  concentrations  of  
25(OH)D  achieved  through  the  
administration  of  vitamin  D3  are  more  
pronounced  than  those  obtained  by  
administering  vitamin  D2  (116,  117).

A  scheme  that  still  guarantees  a  wide  
margin  of  safety  in  terms  of  overdose  could  
be  represented  by  the  administration  of  a  
single  bolus  of  300,000  IU  in  the  winter  

months  followed  by  1,000  IU/day  (or  
equivalent  weekly  or  monthly).

For  all  the  schemes  mentioned  above  it  
must  be  remembered  that  in  the  presence  
of  precarious  nutritional  conditions  or  
intestinal  malabsorption  syndromes  and  in  

case  of  administration  of  some  drugs  (for  
example  anticonvulsants  or  glucocorticoids)  
it  is  advisable  to  increase  the  doses  or  

resort  to  the  administration  parenteral. It  has  been  reported  that  a  bolus  of  100,000  
IU  of  cholecalciferol  raises  25(OH)D  levels  
by  10  ng/ml  for  3  months  (118),  one  of  
300,000  IU  maintains  levels  above  32  ng/
ml  for  at  least  two  months  (116 )  while  
600,000  IU  of  approximately  40  ng/ml  for  3  
months  (119).

Although  few  studies  have  been  published  
on  this  specific  topic,  the  use  of  hydroxylated  
metabolites  of  vitamin  D  seems  to  be  
indicated  only  in  some  particular  conditions.

In  a  study  conducted  in  Australia,  annual  
boluses  of  500,000  IU  resulted  in  increases  

in  25(OH)D  of  approximately  20  ng/ml  within  
the  first  month  (112).

Treatment  of  vitamin  D  deficiency  and  
insufficiency

If  the  deficiency  is  defined  by  the  finding  of  

25(OH)D  levels  lower  than  20  ng/ml,  to  
achieve  values  certainly  higher  than  30  ng/
ml,  adults  must  be  administered,  over  a  few  
weeks,  a  cumulative  dose  including  between  
600,000  and  900,000  IU,  in  relation  to  the  
initial  value  of  25(OH)D.  Table  V  shows  
some  possible  treatment  schemes  as  a  
guide.

The  objective  of  therapy  for  vitamin  D  
deficiency  and  insufficiency  is  to  restore  
normal  serum  levels  and  therefore  25(OH)D  
deposits  in  a  short  time.  The  cumulative  
dose  to  be  administered  over  a  few  weeks  
may  vary  depending  on  the  severity  of  the  
deficiency  and  body  mass.  The  25(OH)D  
value  detected  at  the  time  of  identification  
of  the  deficiency  or  insufficiency  state  can  

be  considered  a  good  indicator  of  the  
requirement  (Table  V).

In  subjects  deficient  or  persistently  at  risk  
for  deficiency,  a  check  of  serum  25(OH)D  
after  3-6  months  may  be  appropriate.

This  dose  must  be  followed  by  a  maintenance  
dose,  to  avoid  returning  to  conditions  of  
insufficiency  or  deficiency  (103,  115);  if  the  
conditions  persist

have  induced  this  state  of  deficiency  or  

insufficiency  (Table  V),  the  dosage  must  be  
higher.
An  accurate  estimate  of  the  effects  of  
"therapeutic"  doses  of  vitamin  D  has  never  
been  made,  but  there  are  some  studies  on  
the  effect  of  vitamin  D  boluses  on  25(OH)  levels

D  serum,  it  is  fully  justified  to  start  a  "blind"  
treatment,  after  having  excluded  the  
presence  of  contraindications.

D  in  adults.  In  order  to  increase  25(OHD)  
concentrations,  both  vitamin  D2  and  vitamin  
D3  can  be  used ,  at  adequate  doses.
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VITAMIN  D  AT  AGE

die  (51,  126)  are  completely  safe  after  9  
years  of  age.

PEDIATRIC

This  dosage  should,  however,  be  
commensurate  with  the  non-pharmacological  
intake  of  vitamin  D.  In  other  words,  if  2,000  
IU/day  in  elderly  subjects  with  little  sun  
exposure  can  be  considered  absolutely  safe  
(and  in  some  cases  even  insufficient),  the  
same  dose  may  not  be  as  safe  in  the  long  
term  in  young,  thin  subjects  with  frequent  
sun  exposure.

the  onset  of  syndromes  even  vaguely  similar  
to  SAS  in  newborns  has  never  been  
documented  (120).  Despite  this,  the  technical  
data  sheets  of  products  containing  vitamin  D  
supplements  continue  to  include  very  strict  
recommendations  on  the  use  of  vitamin  D  in  

pregnant  women.

In  some  conditions  (granulomatosis,  primary  
hyper-parathyroidism)  there  is  an  abnormal,  
substrate-dependent  conversion  of  25(OH)D  
into  the  active  metabolite  1,25(OH)2  D;  

therefore,  in  patients  suffering  from  these  
pathologies  the  levels  of  25(OH)

These  recommendations  may  have  a  
significant  negative  impact  in  terms  of  public  
health.  In  fact,  many  works  have  clearly  
demonstrated  that  vitamin  D  deficiency  

during  pregnancy  has  negative  effects  on  
both  the  mother  and  the  newborn  and  that  

during  pregnancy  the  prevention  of  vitamin  
D  deficiency  must  be  done  as  in  non-pregnant  

women  (125).  The  most  recent  guidelines  
recommend  the  administration  of  600  IU/day  

of  vitamin  D  (51).

D  must  be  strictly  maintained

In  infants,  vitamin  D  supplementation  
depends  on  the  maternal  intake  of  vitamin  
D  (120).  With  artificial  feeding,  the  Federal  
Food,  Drug,  and  Cosmetic  Act  (121)  
recommends  a  dietary  intake  of  100  IU/100  
Kcal  and  therefore  an  intake  varying  between  
265  and  660  IU/day.  In  children  under  6  

months  of  age  the  recommended  intake  is  
300  IU/day  and  in  children  over  6  months  of  

age  400  IU/day.  The  Institute  of  Medicine  
has  recently  recognized  that  under  one  year  
of  age  the  current  evidence  does  not  allow  it  
to  provide  recommendations  and  it  is  only  

possible  to  hypothesize  that  an  intake  of  400  
IU/day  is  adequate;  the  recommended  dose  
increases  to  600  IU  after  one  year  of  life  

(51).  This  intake  can  increase  if  children  are  
not  exposed  to  sunlight  and  in  any  case  in  
the  winter  months.

n  VITAMIN  D  REQUIREMENT

The  dose  of  supplements  possibly  
recommended  must  also  take  into  account  
the  possible  presence  of  vitamin  D  in  foods  
(artificial  milk  or  baby  food).

AND  PREGNANCY

n  OVERDOSE

In  the  1960s,  some  cases  of  Supravalvular  
Aortic  Stenosis  (SAS)  associated  with  
hypercalcemia,  attributed  to  an  excessive  
intake  of  vitamin  D,  were  reported  in  Great  
Britain  (122,  123).  These  observations  have  
led  to  a  drastic  reduction  in  the  use  of  

supplements  during  pregnancy  and  some  
drug  data  sheets  list  pregnancy  among  the  
contraindications  to  the  use  of  vitamin  D.  In  

subsequent  years  it  was  clarified  that  SAS  
actually  corresponds  to  Williams  Syndrome  
(124 ),  condition  linked  to  an  alteration  of  the  
gene  that  controls  the  synthesis  of  elastin,  in  
which  there  is  an  increased  conversion  of  
vitamin  D  into  25(OH)D.

Excessive  administration  of  vitamin  D  can  

cause  intoxication,  characterized  by  
hypercalcemia  and  rapid  deterioration  of  
renal  function.  The  few  cases  described  in  

the  past  refer  to  the  use  of  very  high  doses  
of  vitamin  D,  used  up  to  30  years  ago  for  the  
treatment  of  hypoparathyroidism.

In  the  following  years,  numerous  experimental  
works  on  vitamin  D  intoxication  during  
pregnancy  were  conducted,  in  which

n  SUPPLEMENTATION

According  to  some  authors,  dosages  up  to  
2,000  IU/day  or,  more  recently,  up  to  4,000  IU/
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pregnant  women,  avoiding  the  use  of  boluses  (doses  >25,000  IU).

1,000,000  IU,  over  1-4  weeks.

SUMMARY

•  Once  the  vitamin  deficiency  has  been  corrected,  the  daily  prevention  -  maintenance  dose  varies  according  to  age  and  

sun  exposure,  with  a  range  between  800  and  2,000  IU/day  or  equivalent  weekly.

The  Italian  Society  of  Osteoporosis,  Mineral  Metabolism  and  Skeletal  Diseases  (SIOMMMS)  has  decided  to  develop  

guidelines  relating  to  the  definition  of  hypovitaminosis  D  and  prevention  and  treatment  strategies,  summarized  in  the  

following  points:

A  check  of  25(OH)D  levels  is  recommended  approximately  every  two  years  for  treatments  with  daily  doses  greater  

than  1,000  IU.

•  Vitamin  D  requirement  varies  from  1,500  IU/day  (healthy  adults)  to  2,300  IU/day  (elderly,  with  low  dietary  calcium  

intake).  The  diet  in  Italy  provides  on  average  around  300  IU/day,  so  when  sun  exposure  is  virtually  absent,  

supplements  of  1,200-2,000  IU/day  must  be  guaranteed.

•  The  maximum  daily  dose  beyond  which  the  risk  of  intoxication  is  considered  high  has  been  identified  as  4,000

•  The  measurement  of  serum  25-hydroxy-vitamin  D  [25(OH)D]  represents  the  most  accurate  method  for  estimating  the  

state  of  vitamin  D  repletion,  although  the  measurement  techniques  are  not  yet  adequately  standardized.

UI.  

•  Thresholds  have  been  identified  for  a  condition  of  "deficiency"  [25(OH)D  <20  ng/ml]  and  "insufficiency"

•  Vitamin  D  supplements  should  be  used  with  caution  and  with  periodic  monitoring  of  25(OH)  levels

[25(OH)D  between  20  and  30  ng/ml]  of  vitamin  D  status.

D  in  patients  with  granulomatous  diseases  or  primary  hyperparathyroidism.

•  Vitamin  D  insufficiency  affects  approximately  50%  of  young  people  in  the  winter  months.  The  deficiency  condition  

increases  with  advancing  age  until  it  affects  almost  all  of  the  elderly  Italian  population  who  do  not  take  vitamin  D  

supplements.

•  During  pregnancy,  vitamin  D  supplements  can  be  administered  as  in  non-pregnant  women

•  In  the  presence  of  severe  deficiency,  cumulative  doses  of  vitamin  D  varying  between  300,000  and

Guidelines  for  the  prevention  and  treatment  of  hypovitaminosis  D  with  cholecalciferol

Recently  the  Institute  of  Medicine  identified  
the  maximum  tolerated  dose  as  4,000  IU/
day  (51).

n  CLINICAL  UTILITY  OF

For  obvious  economic  reasons  it  is  not  
possible  to  propose  the  measurement  of  
25(OH)D  levels  in  the  entire  population.  It  
is  therefore  desirable  to  develop  algorithms  
for  estimating  the  risk  of  vitamin  D  
deficiency,  in  order  to  select  subjects  in  
whom  carrying  out  this  dosage  is  useful.

within  the  normal  range.  In  these  cases,  
lower  doses  and  periodic  checks  of  serum  
25(OH)D  levels  are  recommended.

DOSAGE  OF  25(OH)D

Quite  recently,  using  the  databases  of  3  
studies  conducted  on  large  cohorts  of  the  
general  Italian  population,  an  algorithm  is  
being  developed  under  the  aegis  of  
SIOMMMS  which  the  company  then  
intends  to  subject  to  prospective  validation.

REVIEW

Vitamin  D  supplements  should  be  used  with  
caution  and  with  periodic  monitoring  of  25(OH)  levels.

A  control  of  25(OH)D  levels  is  recommended  after  
treatments  with  daily  doses  greater  than  

1,000  IU,  for  several  years.

Deficiency  [25(OH)D  <20  ng/ ml]  and  insufficiency  
[25(OH)D  between  20  and  30  ng/ ml]  are  very  

common  conditions  in  the  Italian  population  and  their  
prevalence  increases  with  advancing  age.  The  
measurement  of  serum  25(OH)D  represents  the  most  

appropriate  method  to  estimate  the  state  of  vitamin  D  repletion.

D  in  patients  with  granulomatous  diseases  (such  
as  sarcoidosis)  and  primary  hyperparathyroidism.  
During  pregnancy,  vitamin  D  supplements  can  be  

used  as  in  non-pregnant  women,  
however  avoiding  the  use  of  boluses.

However,  epidemiological  data  allow  us  to  assume  that  
all  elderly  people  who  are  not  taking  supplements  

are  deficient.  In  the  presence  of  deficiency  or  
insufficiency,  cumulative  doses  of  vitamin  D  ranging  
between  300,000  and  1,000,000  IU  should  be  administered  
over  1-4  weeks.  The  daily  maintenance  dose  (or  weekly,  

monthly  or  quarterly  equivalents),  after  reaching  
normal  levels  of  25(OH)D,  varies  according  to  age  

and  sun  exposure,  with  a  range  between  800  and  2,000  IU/ day.
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