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INTRODUCTION

In light of new scientific findings, the ltalian
Society of Mineral Metabolism and Skeletal
Diseases (SIOMMMS) believed that there
was a need fo revise and update its original
2011 recommendations on the definition,
prevention, and treatment of vitamin D defi-
ciency in adults using a GRADE/PICO 1 sys-
fem approach .

In recent years, there has been a sfeady in-
crease in prescriptions for 25(OH|D serum
level screening and for the use of vitamin D
supplements.

In 2019, AIFA (ltalian Medicines Agency), in
Note 90, sef out fo regulate the reimburse-
ment of these prescriptions, in an atfempt to
curb their consumption and costs, with no ap-
propriate grounds 2°. A multidisciplinary task
force was set up to provide clinical guidelines
with the following main objectives: a) to make
the management of vitamin D deficiency ap-
propriate by improving and standardising
“clinical practice”; b to provide patients with
indications for the most appropriate treatment,
fo be followed uniformly at national level; and
finally ¢] to ensure an evidence-based refer-
ence for national and regional institutions and
agencies. Several key points were addressed.
Some of these suggested a marked change
in behaviour in clinical practice, including a
new definition of vitamin D status with defi-
ciency and optimal values varying depending
on the population involved . For methodolog-
ical aspects related fo the search for corrob-
oration and the drafting of levels of evidence
and recommendations please see the original
publication “.

QUESTION 1.

VITAMIN D STATUS DEFINITION:
DEFICIENCY AND OPTIMAL VALUES

Serum levels of 25(OH)D vary widely through-
out life, depending on the season, the lafitude,
the degree of exposure fo sunlight, phofotype
and body mass index (BMI). In addition, one
should always consider the high variabili-
ty linked fo chemiluminescent immunoassay
screening, which can vary between 10-20%
intra-screening and interlaboratory. On ' the
other hand, there is unanimous agreement that
25(OH)D values < 10 ng/ml are a condifion
of severe deficiency, which, if prolonged over
time, leads to rickets and osteomalacia, whilst
consensus on what can be considered "nor-
mal” simply does not exist. SIOMMMS recom-
mends a level that can be deemed “optimal”
or "desirable”, which has been defined as the
value that has been shown fo be effective in
preventing or correcting diseases of the bone
such as fragility. A distinction should also be
made between the recommendations for the
general population and the guidance given o
those who are at risk of vitamin D deficiency or
who need antifracture drug therapy. There is
consensus on the association between serum
25(OH)D values <20 ng/ml and increased
fracture risk ° among the general population.
Recent meta-analyses have revealed that
for values < 20 ng/ml (50 nmol/L) there is
a 40 per cent increase in femoral fracture
risk for each standard deviation decrease
in 25(OH)D levels, whilst for values above
20 ng/ml, supplementation does provide
additional benefit ©. Therefore, among the
general population the following definitions
for 25(CH] levels have been set out: “defi-


mailto:francesco.bertoldo@univr.it
https://doi.org/10.30455/2611-2876-2023-2e
https://doi.org/10.30455/2611-2876-2023-2e
https://doi.org/10.30455/2611-2876-2023-1e

F Bertoldo

TABLE I.

a. Definition of vitamin D status in the healthy general population

Deficient

Insufficient Optimal

General population

<10 ng/mlL

<20ng/mL  Between 20 and 50 ng/ml

b. Definition of vitamin D status in the population at risk of vitamin D deficiency or who

are on medication for osteoporosis

Deficient

Insufficient Optimal

Population at risk of low vitamin D*
or requiring osfeoporosis medication

<10 ng/mlL

<30 ng/ml Bet 30 & 50 ng/ml

The reported cut-off values must be considered with a margin of variability of +10%, considering the variability analysis of the

25(0H)D dosage.

Furthermore, due to the seasonal variability of 25(0H)D levels, the value determined in lafe winter/early spring is indicative. From ng/
ml to nmol/L: ng/ml x 2.5. * The population at risk of vitamin D deficiency is shown in Table II.

TABLE II.

Population/condition at risk of vitamin D
deficiency.

o Elderly (> 75 years)

e Institutionalised subjects or conditions associated
with inadequate exposure to sunlight

o (Qbesity
® Pregnancy and breastfeeding

o Metabolic bone diseases and other skeletal disorders

e \egan dief

e Jnorexia nervosa

o (hronic renal insufficiency

e Cancer (especially breast, prostate and colon)

o Diabetes mellitus type 2

® Intestinal malabsorption and bariatric surgery

o Drugs that interfere with the absorption or liver metab-
olism of vitamin D (antiepileptics, glucocorticoids, AIDS
antivirals, anti-fungal agents, cholestyramine)

o (ystic Fibrosis

cient” <10 ng/ml, “insufficient” if < 20 ng/
mlL and “optimal” if between 20-50 ng/mL 4
(Tab. la). Conversely, among patients with
osteoporosis, especially those freated with
drugs for osteoporosis therapy, as well as
among individuals at risk of vitamin D defi-
ciency [shown in Table ll), a value of af least
30 ng/ml is indicated as being “opfimal”
This value has been associated with sig-
nificant reductions in femoral fracture risk
among women who are institutionalised and
a 4.54old improved response among
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subjects treated with  bisphosphonates 7

(Tab. 1b).

QUESTION 2.

WHO ARE THE SUBJECTS AT RISK

OF VITAMIN D DEFICIENCY?

There are many clinical and lifestyle condi-
fions that expose individuals to much higher
risks of vitamin D deficiency than are found
in the general population. These are listed
in Table II. With respect to the classic risk
conditions indicated in other infernational
guidelines, SIOMMMS has updated its list
fo include subjects who mainfain a vegan
diet or those with anorexia nervosa. Whilst
those patients with cancer of the breast,
prostate or colon, and those with diabe-
tes # are especially at risk. The categories of
subjects included in this list should all have
"optimal” levels of 25(OH)D that are at least
30 ng/mL.

QUESTION 3.

IS IT APPROPRIATE TO GIVE THE
GENERAL POPULATION 25(0OH)D
ASSAYS?

Assays of serum levels of 25(OH)D have
shown a dramatic increase over the last de-
cade worldwide. Clearly, this has increased
healthcare  expenditures  inappropriately.
Currently, there is no evidence that “univer-
sal” vitamin D level screening is useful, nor
has it been shown fo be helpful in ensuring
greater success in vifamin D supplementa-
tion 89. Therefore, af this stage, it is being
recommended that extensive screening of
25(OH)D levels in the general population
not be implemented, since there is, as yef
no evidence that this represents any bene-

fit,4 which is in agreement with most of the
guidelines in this field.

QUESTION 4.

ARE 25(OH)D LEVEL ASSAYS
APPROPRIATE AMONG POPULATIONS
AT RISK FOR VITAMIN D DEFICIENCY
OR WHO ARE TO BEGIN
OSTEOPOROSIS DRUG THERAPY?
Although most guidelines highly recommend-
ed serum 25(OH)D level screening among in-
dividuals who have been defined as being at
risk for vitamin D deficiency, there is no direct
evidence fo support this recommendation *.
Furthermore, there is no evidence that basal
assessment of 25(OH)D levels is a predictor
of the risk of toxicity during supplementation
or that it can be used fo defermine the dos-
age of vitamin D to be administered '°. At
the same time, many studies have shown that
supplementation with high doses of vitamin D
is safe even in subjects with 25(OHID lev-
els > 20 ng/ml. Therefore, it has been sug-
gested that among patients with conditions
or diseases af risk of vitamin D deficiency,
25(OH)D levels should not be measured
indiscriminately. It has also been proposed
that basal 25(OH)D levels should not be
measured roufinely in patients who are candi-
dates for bone fragility drug freatment, since
this is mandatory regardless of basal values.
If anything, it would be useful to check wheth-
er “opfimal” 25(OH)D levels have been
achieved once supplementation has begun *.

QUESTION 5.

HOW SHOULD VITAMIN D BE
SUPPLEMENTED?

There is no single fixed supplementation
dose for everyone who needs vitamin D.
For supplementation, an oral dose between
800 U and 2,000 IU/day of cholecalciF
erol is recommended ''.

A supplememoﬁon programme is suggested,
which may be daily, weekly, or monthly, ad-
justing the dose fo be administered to the
time interval of the schedule adopted.

It is recommended that divided doses nof
be used beyond 30 days. The bolus dose
of 100,000 IU of cholecalciferol in one
day (in a monthly schedule] should not be
exceeded. The dose of cholecalciferol ad-
ministered to obese subjects should be in-
creased by about 30 per cent compared to
the dose administered to individuals with a
normal BMI.

An adequate infake of calcium (800-1,000
mg/day) through the diet or supplements
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TABLE III.
Synopsis of recommendations, degree of evidence and strength of recommendation.

Question and Recommendation Leyel of

evidence

1. Should biochemical assessment of serum 25(0H)D levels be conducted in the general population?
It is recommended that the 25(0H)D screening in the general population not be done ®
2. Should serum 25(0H)D levels be determined in the population at risk of vitamin D deficiency?
Itis suggested that 25(0H)D levels not be indiscriminately measured in patients with condifions or diseases at risk of vitamin D deficiency ®®
It is recommended that 25(OH)D levels be measured only when it has been deemed necessary for the patient’s clinical management (.., when osteomalacia is suspected) ®e
3. Should a determination of serum 25(0H)D levels be made in specific categories of subjects/patients at risk (Table 11)?
It is suggested that baseline 25(OH)D levels should not be routinely assessed in patients who are candidates for pharmacological treatment for osteoporosis or other 00
mefabolic bone disorders (which are perforce associated with vitamin D supplementation), unless osteomalacia is suspected
4. How should vitamin D be supplemented in individuals with vitamin D deficiency or candidates for pharmacological treatment with anti-fracture drugs?
A supplementation dose of cholecalciferol between 800 IU/day and 2,000 IU/day is suggested. There is no single fixed dose for all subjects to be supplemented ®
A daily, weekly, or monthly schedule based on the dose administered is suggested. The maximum single daily dose to be administered must not exceed 100,000 IU.
An adequate intake of calcium (800-1,000 mg/day) should always be ensured ®
An initial loading dose followed by a maintenance dose is suggested in patients with symptomatic osteomalacia and/or 25(0H)D levels < 10 ng/mL or in patients
starting infravenous bisphosphonate therapy or denosumab with 25(0H)D < 20 ng/mlL Clele)
We suggest, as a loading dose, cholecalciferol 3,000-10,000 IU/day (average 5,000 1U/day) for 1-2 months, or cholecalciferol in a single dose of 60,000 to
150,000 IU followed by the maintenance dose (2,000 IU/day) P00
Alternatively, calcifediol 20-40 mcg/day (4-8 drops/day) for 20-30 days is suggested, before switching to the maintenance dose with cholecalciferol*
5. Should vitamin D be supplemented in the general population?
It is recommended that vitamin D supplements not be administered to the general population, as there is no definite evidence of favourable cost-effectiveness, either S
on mortality or on skeletal and extro-skeletal effects
6. How should vitamin D be supplemented in patients with impaired renal function?
It is recommended that patients with CKD-MBD correct vitamin D deficiency with cholecalciferol in the same manner as in the general population with normal rendl
function 000
Itis recommended that the use of active vitamin D compounds (calcitriol or synthetic analogues) be limited to individuals on dialysis or o patients with CKD stages G4
and G5 with severe and progressive hyperparathyroidism
7. How should vitamin D be supplemented in subjects suffering from severe liver failure or therapies that interfere with vitamin D metabolism in the liver?
Supplementation with at least 2,000 IU/day of cholecalciferol is suggested patients with severe liver failure or in the case of chronic therapies that interfere with ®

vitamin D metabolism in the liver. The use of calcifediol is a possible alfernative

* The recommendation is restricted to achieving a more rapid normalisation of serum 25(0H)D levels.
Strength of the recommendation: suggested/not recommended: positive,/negative weak; recommended,/not recommended: positive/negative strong.
Level of evidence: @ very low, ®@® low, ® ®® moderate, @@ @ ® high.

should always be ensured. An initial load-
ing dose followed by a maintenance dose is
recommended for patients requiring rapid
normalisation of vitamin D levels (symp-
tfomatic osteomalacia or in those who are
fo start using zoledronic acid or denosum-
ab). As a loading dose, we recommend

3,000-10,000 IU/day (mean 5,000 IU/

day) of cholecalciferol for 1-2 months or a
single dose of 60,000 to 150,000 IU of
cholecalciferol followed by a maintenance
dose (2,000 IU/day) *'2. Alternatively,
calcifediol 20-40 mcg/day (4-8 drops/
day) for 20-30 days may be considered
before switching to the maintenance dose
with cholecalciferol.

QUESTION 6.

SHOULD THE GENERAL POPULATION
BE SUPPLEMENTED?

The rationale for potential supplementation of
all subjects with cholecalciferol is based on
considering subjects with values < 30 ng/ml
as "deficient”, over the potential extra-skeletal
effects, the safety profile, and the low cost.
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However, based on recent evidence suffi-
cient conclusions for an advantage in sup-
plementation among the general population
cannot currently be drawn {among subjects
excluded from Table Il) 3. Therefore, it is rec-
ommended that the general population not
at risk of vitamin D deficiency not receive
supplements.

QUESTION 7.

SHOULD SUBJECTS WITH RENAL
IMPAIRMENT BE SUPPLEMENTED WITH
VITAMIN D AND HOW?

In renal impairment, reduced 25(OH)D lev-
els limit the availability of the substrate for
renal hydroxylation to calcitriol, thus exacer-
bating the effects of reduced hydroxylation
fo 1,25(0OH),D. This results in secondary
hyperparathyroidism. Vitamin D supplemen-
tation can normalise 25(OH)D levels and re-
duce PTH levels whilst improving bone min-
eralisation in renal impairment. The same
supplementation indications suggested for
the general population '* are suggested for
these cases.

The use of cholecalciferol is recommended,
whereas the evidence is limited for calcife-
diol. " It is recommended that the use of
active vitamin D compounds [calcitriol or
synthetic analogues) be limited to individuals
on dialysis or for patients with CKD stages
G4 and G5 with severe and progressive hy-
perparathyroidism .

QUESTION 8.

HOW TO SUPPLEMENT PATIENTS WITH
LIVER FAILURE OR THOSE IN THERAPY
WITH DRUGS THAT INTERFERE WITH
VITAMIN D METABOLISM IN THE LIVER?
Reduced 25(OH)D levels are common in
patients with chronic liver disease (CLD) not
only due fo a deficiency in 25-hydroxylation
or fo increased catabolism of calcifediol, but
due to multiple conditions, including malnutri-
tion, reduced sun exposure, malabsorption,
and reduced D-Binding Protein synthesis *.
The importance of reduced 25-hydroxyl-
ation seems fo be limited fo the more ad-
vanced sfages of liver failure . Vitamin D
supplementation is also necessary in the
case of the administration of many drugs
that inferact with vitamin D mefobolism in the
liver, such as antiepileptics (carbamazepine,
phenobarbital, dintoin), but also glucocorti-
coids, anti-neoplastic agents, antirefrovirals,
and antiubercular antibiotics. Supplementa-
fion with at least 2,000 IU/day of chole-
calciferol is recommended for patients with

12

severe liver failure or in the case of chronic
therapies that inferfere with vitamin D metab-
olism in the liver. The use of calcifediol is
a possible alternative although evidence of
any advantage is limited “.

QUESTION 9.

WHAT IS ITS SAFETY PROFILE AND
LEVEL OF TOXICITY?

The “classic” manifestations of vitamin D in-
foxication, such as hypercalcaemia and hy-
percalciuria, are to be considered exception-
al with the administration of cholecalciferol
and may only occur with 25(OHD levels
around or above 150-200 ng/ml . Tox-
icity may occur more frequently, even with
recommended dosages, with calcitriol or al-
facalcidiol (per SPC). Among the “non-los-
sical” toxicity effects, the risk of falling has
been indicated in some studies. Though the
dafa are contradictory and limited fo high
bolus doses and in institutionalised subjects,
in those subjects deficient in vitamin D, the ef-
fect of normalisation (to 30 ng/ml) appears
fo be profective against falls 7.

CONCLUSIONS

These recommendations on how to man-
age vitamin D deficiency in ltaly have been
based on the most solid scientific findings
currently available. This advice, which was
generated through the use of rigorous meth-
odology, is mainly directed at physicians so
that they can address this widespread issue
with evidence-based appropriateness, whilst
perhaps being able fo offer some improve-
ment on the sfandard of approach to the
problem. Though some of these recommen-
dations are consistent with other guidelines
there are some points that offer a new ap-
proach, such as the personalisation of op-
timal levels. These recommendations have
focused on the skeletal effects of vitamin D
in atrisk populations. Extra-skeletal effects
were deliberately not addressed, whilst the
lack of clear benefits in supplementation of
healthy populations can, for now, be con-
firmed.

References

I Adami S, Romagnoli E, Carnevale V, ef
al. Guidelines on prevention and freat-
ment of vitamin D deficiency. ltalian Soci-
ety for Osteoporosis, Mineral Metabolism
and Bone Diseases (SIOMMMS)]. Reuma-
fismo 2011;63:129-147. https://doi.
org/10.4081 /reumatismo.2011.129

Nota 96. Available online: htips://aifa.
gov.it [accessed on 14 May 2022).

Esposti LD, Perrone V, Sella S, et al.
The potential impact of inducing a re-
striction  in reimbursement  criteria on
vitamin D supplementation in osteopo-
rotic patients with or without fractures.
Nutrients 2022;14:1877. https://doi.
org/10.3390/nu14091877

Bertoldo F, Cianferotti L, DiMonaco M, etal.
Definition, assessment, and management
of vitamin D inadequacy: suggestions, rec-
ommendations, and warnings from the ltal-
ian Society for Osteoporosis, Mineral Me-
tabolism and Bone Diseases (SIOMMMS).
Nutrients  2022;14:4148. htps://doi.
org/10.3390/nu14194148

Holvik K. Ahmed LA. Forsmo S. ef al. low
serum levels of 25-hydroxyvitamin D predict
hip fracture in the elderly: A NOREPOS
study. ] Clin Endocrinol Metab 2013;98:
3341-3350. htips://doi.org/10.1210/
.2013-1468

Kahwati LC, Weber RP. Pan H, et al. Vi
tamin D, calcium, or combined supple-
mentation for the primary prevention of
fractures in community-dwelling adults: evi-
dence report and systematic review for the
US Preventive Services Task Force. JAMA
2018;319:1600-1612.

BischoffFerrari HA, Willett WC, Wong
JB, et al. Fracture prevention with vito-
min D supplementoﬂon: a meto-ono|\/sis
of randomized controlled trials. JAMA
2005;293:2257-2264.  https:/ /doi.
org/10.1001/jama.293.18.2257

Minisola S, Colangelo L, Cipriani C,
et al. Screening for hypovitaminosis
D: costeffective or note Eur J Endocri-
nol  2019;180:D1-D7.  https://doi.
org/10.1530/EJE-18-0977

Kahwati LC, leBlanc E, VWeber RP. et al.
Screening for vitamin D deficiency in adulss:
Updated Evidence Report and Systematic Re-
view for the US Preventive Services Task Force.
JAMA - 2021;325:1443-1463.  hitps://
doi.org/10.1001/jama.2020.26498

Medical Advisory Secretariat. Clinical util-
ity of vitamin D testing: an evidence-based
analysis. Ont Health Technol Assess Ser

2010;10:1-93.

Minisola S, Pepe J, Donafo P, et al. Re-
p|enishmem of vitamin D status: The-
oretical and  practical  considerations.
Hormones 2019;18:3-5.  htips://doi.
org/10.1007 /s42000-018-0040-6

van Groningen L, Opdencordt S, van Sorge

A, et al. Cholecalciferol loading dose
guideline for vitamin D-deficient adults. Eur |


https://doi.org/10.4081/reumatismo.2011.129
https://doi.org/10.4081/reumatismo.2011.129
https://aifa.gov.it
https://aifa.gov.it
https://doi.org/10.3390/nu14091877
https://doi.org/10.3390/nu14091877
https://doi.org/10.3390/nu14194148
https://doi.org/10.3390/nu14194148
https://doi.org/10.1210/jc.2013-1468
https://doi.org/10.1210/jc.2013-1468
https://doi.org/10.1001/jama.293.18.2257
https://doi.org/10.1001/jama.293.18.2257
https://doi.org/10.1530/EJE-18-0977
https://doi.org/10.1530/EJE-18-0977
https://doi.org/10.1001/jama.2020.26498
https://doi.org/10.1001/jama.2020.26498
https://doi.org/10.1007/s42000-018-0040-6
https://doi.org/10.1007/s42000-018-0040-6

Summary of the new 2022 SIOMMMS recommendations for the management of vitamin D deficiency

Endocrinol 2010;162:805-811. htps://
doi.org/10.1530/EJE-09-0932

Beveridge LA, Khan F, Siruthers AD,
et al. Effect of vitamin D supplemento-
tion on markers of vascular function: a
systematic review and individual par-
ficipant meta-analysis. ] Am Heart As-
soc  2018;7:e008273.  hitps://doi.
org/10.1161/JAHA.117.008273

Kefteler M, Block GA, Evenepoel P, et
al. Diagnosis, evaluation, prevention,
and treatment of chronic kidney dis-

ease-mineral and bone disorder: syn-
opsis of the kidney disease: improving
global outcomes 2017 clinical prac-
tice guideline update. Ann Intern Med
2018:168:422-430. https://doi.
org/10.7326/M17-2640

Bielakovic M, Nikolova D, Bjelakovic
G, et al. Vitamin D supplementation for
chronic liver diseases in adults. Cochrane
Database Syst Rev 2021;8:CDO11564.
hitps: //doi.org/10.1002/14651858.
CDO11564.pub2

16

17

Reinmark L, Avenell A, Masud T, et al.
Vitamin D with calcium reduces mortality:
patient level pooled analysis of 70,528
patients from eight major vitamin D frials.
J Clin Endocrinol Metab 2012:97:2670-
2681. https://doi.org/10.1210/
ic.2011-3328

Murad MH, Elamin KB, Abu Elnour NO,
et al. Clinical review: The effect of vita-
min D on falls: a systematic review and
metaranalysis. | Clin Endocrinol Metab
2011,96:2997-3006. https://doi.
org/10.1210/jc.2011-1193

13


https://doi.org/10.1530/EJE-09-0932
https://doi.org/10.1530/EJE-09-0932
https://doi.org/10.1161/JAHA.117.008273
https://doi.org/10.1161/JAHA.117.008273
https://doi.org/10.7326/M17-2640
https://doi.org/10.7326/M17-2640
https://doi.org/10.1002/14651858.CD011564.pub2
https://doi.org/10.1002/14651858.CD011564.pub2
https://doi.org/10.1210/jc.2011-3328
https://doi.org/10.1210/jc.2011-3328
https://doi.org/10.1210/jc.2011-1193
https://doi.org/10.1210/jc.2011-1193

