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Vitamin D levels vary through different stages
of life and according to season, latitude, de-
gree of sun exposure, skin color and BMI. In
addition, the analytical variability of vitamin
D assay currently poses a significant difficul-
ty, both in the field of research and in clinical
practice.

Serum levels of 25(OH)D, which includes
25(0OH)D2 and 25(0OH|D3, are used foday
to determine vitamin D status, which is inter-
prefed as the expression of the “vitamin D
reserve.” Serum 25(OH)D is relatively stable
with a halflife of 2-3 weeks, while its acti-
vated form = 1,25(0OH)2D — has a halfife
of approximately 15 hours. Today, levels of
25(OH)D are normally determined by che-
miluminescence immunoassay (CLA|, which
has a variability — between different assays
as well as interlaboratory differences — of be-
tween 10 and 20%, such that the need for the
standardization of doses is strongly felf, both
for proper interpretation of clinical studies and
for clinical practice [1].

The definition of normal and deficient vito-
min D status is a much debated topic. While
there is unanimous agreement that values of
25(0OH)D < 10 ng represent a condition of se-
vere deficiency, definitions of “normal” levels
vary greatly. This factor has important reper-
cussions both on epidemiological evaluations
and on elements of clinical practice, as the
question obviously influences prescriptions for
vitamin D supplements.

The problem of the definition of a correct vi-
tamin D level requires clarification of what
is meant by “normal value” and by “optimal
value.” To identify a “normal level,” reference
is made fo a sfatistic datum defined as + 2
standard deviations (SDs) from the mean of
defected values in a given population, a da-
tum that has sparked the interest of research-
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ers and insfitutions which study phenomena
of the general population. In the case of
vitamin D, there are different normal values
for different geographical areas, age groups
and seasons.

Distinct from “normal” values is the “optimal”
or "desirable” level, which is defined as the
value that has been demonstrated as effective
in obtaining prevention of conditions related
fo vitamin D deficiency, such as fractures, on
the basis of evidence provided by ad hoc
observational and inferventional studies. For
this reason, Scientific Society provide a “rec-
ommended level” of vitamin D on the basis
of the patient's profile and the outcome to be
reached.

In 2011, the Institute of Medicine (IOM) de-
fined values of deficiency, insufficiency and
sufficiency af < 12 ng/ml, between 12 and
20 ng/ml, and between 20 and 30 ng/ml,
respectively [2]. Other Scientific Society have
suggested that levels of sufficiency could be
represented by values > 30 ng/ml (the En-
docrine Society, the National Osfeoporosis
Foundation and the Infernational Osteoporosis
Foundation) [3]. In 2016, the lialian Society
for Osteoporosis, Mineral Metabolism and
Skelefal Diseases proposed a range of opfi-
mal levels af between 30 and 50 ng/ml [4].
There is solid evidence as well as unanimous
agreement that 25(OHID levels < 12 ng/
mlL (30 nmol/L) are associated with rickets,
osteomalacio and secondary hyperparathy-
roidism [5], to the extent that researchers are
also in agreement that these values consfitute
a condition of deficiency [2-4].

More confroversial, by contrast, is the defini-
fion of values of sufficiency. To determine the
cutoff of 25(OHID sufficiency, researchers
have analyzed the associations between vita-
min D levels and the correction of hyperpara-
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Rationale for the definition of the status of vitamin D: normal and optimal values

TABLE I.
Population at risk of hypovitaminosis.

e Institutionalized patients

o (onditions associated with inadequate sun exposure

o Pregnancy and breastfeeding

e Vegan diet

o (besity

o Mineral metabolism and skeletal diseases

o (hronic renal insufficiency

o Tumors (in particular breast, prostate and colon)

e Anorexia nervosa

o Type 2 Diabetes mellitus

o Infestinal malabsorption and bariatric surgery

e Drugs which inferfere with absorption or with hepatic
metabolism (antiepileptic drugs, glucocorticoids, an-
tiretrovirals AIDS, antifungals, cholestyramine)

o (ystic fibrosis

e Granulomatous diseases and some types of lymphoma

thyroidism, the infestinal absorption of calci-
um and several outcomes regarding skeletal
health — fracture risk in particular. They have
further analyzed other cutoff levels, such as
those for mortality, tumors and falls.

In reality, data on optimal vitamin D levels
with respect fo outcomes concemning skeletal
health are distributed over a range of val-
ues without a precise cutoff. Data relafive
fo optimal 25(OH|D values on exira skeletal
outcomes are even less consistent and not
definable [6].

The attempt fo associate the optimal 25(OH|D
value to inferaction with PTH does not appear
convincing, because studies have found that
25(OHID values that normalize PTH oscillate
between 12 ng/ml (30 nmol/1) and 36 ng/
mL (90 nmol/L) [7]. In addition, the interaction
curve does not actually seem to have a real
plateau point for PTH at 30 ng,/ml of 25(OH)
D as described; above dll it varies consider
ably by age group and is sfrongly dependent
on the calcium intake [8].

For the definition of an optimal level in the
general population, we can fake into ac-
count the association between vitamin D
deficiency and fractures. There is signifi-
cant consensus on the association between
25(OH)D values less than 20 ng/ml and in-
creased fracture risk [9]. A recent meta-anal-
ysis has shown that for levels less than 20
ng/ml there is a 40% increase in femur frac-
ture risk for each SD decrease of 25(OH)
D [10]. Similarly, another mefa-analysis
on prospective cohort studies has reported
that fracture risk is linearly reduced up to a
25(OH)D value of approximately 24 ng/

ml (60 nmol/1). For values > 24 ng/ml,
fracture risk ceases to decrease [11].

By confrast, there is no evidence that
25(OHID values > 20 ng/ml are benefi-
cial for skeletal health (BMD or fractures)
in the general population. In a large ran-
domized controlled study on healthy adults,
elevated doses of cholecalciferol (equal to
100,000/1U per month) for approximately
4 years did not provide any benefit in terms
of risk of fall and fracture with respect to
the control group. Since 80% of the studied
population had baseline values of > 25 ng/
mL (60 nmol/l), these results indicate that
this value is sufficient and adequate in the
general population. Consequently, there is
no reason for or advantage to supplemento-
fion in these subjects [12].

A recent meta-analysis on the musculoskel-
etal effects of vitamin D supplementation
confirms these findings. Researchers have
indeed concluded that there is no significant
effect on BMD (bone mineral density) and
fractures. Yet 55% of the studies included
in the mefa-analysis recruited patients with
base values > 20 ng/ml (50 nmol/1), and
only 6% looked at patients with levels < 10
ng/mlL (25 nmol/l), again indicating that
supplementation in subjects with values >
20 ng/ml does not bring any benefit; this
25(OH|D level can therefore be considered
adequate in the general population [13].
Another relevant aspect to be emphasized is
that optimal 25(OH|D values > 20 ng/ml
(50 nmol /L) = that is, levels at which supple-
mentafion does not seem to produce bene-
fits — refer to the normal population, in other
words, to healthy subjects outside of institu-
fional settings, persons who do not show the
classic conditions of high risk of hypovita-
minosis (Table 1). These “healthy” persons of-
fen represent the majority of subjects includ-
ed in prospective population studies and
randomized frials in which supplementation
with cholecalciferol did not produce clinical-
ly significant results. In a wide-ranging me-
ta-analysis of @ randomized controlled trials
(RCTs) on healthy adult subjects — who were
indeed selected because they did not have
osteoporosis, fractures or a risk of fall and
did not use osfeopenia drugs — cholecalcif-
erol supplementation with doses from 700
fo 3,000 IU/day did not have any effect on
fractures, mortality or morbidity [14].

The definition of a correct target of 25(OH)
D values and of the categories of subjects
in which supplementation is appropriate is
therefore fundamental in order to prevent an

excessive use of supplements in a broad sec-
for of the population, which in particular will
not receive any benefit from them [15]. The
lack of such definitions has had the harm-
ful result that vitamin D has been uncritically
included among overused drugs and sup-
plements and has affracted the attention of
nafional regulafory agencies [16].

There is also general agreement as well as
evidence that vitamin D supplementation is
indispensable in subjects at risk of hypovita-
minosis (Table 1) and in those being freated
with drugs able to reduce fracture risk (an-
firesorptive and anabolic).

In the RCT meta-analysis in which the over
all effect of vitamin D supplements (with or
without calcium| on fractures seems negative,
researchers observed a significant benefit in
ferms of fracture risk reduction in the subgroup
of patients who were either institutionalized
or had previous fractures [13], a conclusion
also supported by ESCEO and IOF [17].
In the RCT meta-analysis on vitamin D sup-
plementation, those frials which showed an
outcome of reduced femur and non-verte-
bral fracture risk saw significant reductions
— 20% for non-vertebral and 18% for femur
fractures — in subjects that reached 25(OH)
D values > 30 ng/ml (75 nmol /1) [18, 19].
Today, we are paradoxically witnessing
widespread vitamin D supplementation in
population secfors that receive no advan-
tage from it, while supplementation is not
used by subjects who by contrast would
benefit greatly, such as those af risk of frac-
ture undergoing therapy with drugs for os-
feoporosis. Drugs for fracture risk reduction
(which in ltaly appear on the Nota /9 list)
were always associated with vitamin D sup-
plements in the observational RCTs. A lack
of vitamin D supplementation in association
with these drugs significantly reduces the
latter's antifracture effect, therefore worsen-
ing the costbenefit relationship of the drugs
themselves [20, 21]. Failure to combine
antifracture drug therapies with vitamin D
infake is the major cause of repeated frac-
tures [22]. For this reason, it is crucial to
assure that cholecalciferol supplementation
accompanies any type of specific therapy
for osteoporosis and also to guarantee that
levels reach at least the optimal value of =
30 ng/mL.

The upper limit of opfimal values in the gen-
eral population has been defined at 50 ng/
mL (125 nmol/L) on the basis of some data
that show a “U-shaped” fendency on sev-
eral outcomes, such as falls and mortality,
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Definition of vitamin D status.

Deficiency Insufficiency Optimal
General population <10 ng/ml <20 ng/ml 2050 ng/mlL
Atrisk population* <10 ng/ml < 30 ng/ml 3050 ng/mlL

*Atrisk population for hypovitaminosis is shown in Table 1. These values also apply to those subjects who are to begin or
are undergoing anti-fracture therapy for osteoporosis. Mulfiply ng/mL by 2.5 to obtain values in nmol /L.

suggesting that beyond these values patho-
logical events could reoccur. Thanks fo the
standardization of 25(OH)D doses, a recent
study has shown that the curve between vita-
min D levels and mortality is not U-shaped by
rather flat (Jshaped”). The plateau occurs af
values of approximately 18-20 ng/ml (40-

44

nmol/1) [23]. This finding indicates that

in the general population reaching 25(0OH)
D levels far above 30 ng/ml is not particu-
larly useful, even if it is relatively safe.

In

conclusion, the definition of optimal

25(OH)D levels is fundamental, as it has
repercussions not only on epidemiological
esfimates but also on daily clinical pracfice.
In the general population, including in elder-
ly subjects who are substantially healthy, a
25(CHID value > 20 ng/ml (50 nmol /L)
should be considered adequate, while in pa-
fients with osteoporosis especially if they are
undergoing therapy with a Nota /9 drug,
a value > 30 ng/ml {75 nmol/1) should be
considered optimal (Tab. Il).

References

1

N

w

IN

Sempos CT, Heijboer AC, Bikle DD, ef al.
Vitamin D assays and the definition of hypovi-
taminosis D: results from the First International

Conference on Controversies in Vitamin D.
Br J Clin Pharmacol 2018:84:2194-207 .

Ross AC, Manson JE, Abrams SA, et al. The
2011 report on diefary reference intakes for
calcivm and vitamin D from the Instifute of
Mediicine: what clinicians need to know. ]
Clin Endocrinol Metab 2011:96:53-8. doi:
10.1210/jc.2010-2704.

Holick MF, Binkley NC, BischoffFerrari HA, et
al.; Endocrine Society. Evaluation, freatment,
and prevention of vitamin D deficiency: an
Endocrine Society clinical practice guideline.
J Clin Endocrinol Mefab 2011:96:1911-
30. doi: 10.1210/jc.2011-0385.

Rossini M, Adami S, Berfoldo F et dl.
Guidelines for the diagnosis, prevention and
management of osfeoporosis. Reumatismo
2016:68:1-39. doi: 10.4081 /reumatis-
mo.2016.870.

5

7

8

Cranney A, Horsley T, O'Donnell S, ef al. EF
fectiveness and safety of vitamin D in relation
fo bone health. Evid Rep Technol Assess (Full
Rep) 2007;(158):1-235.

Cianferotti L, Bertoldo F, BischoffFerrari HA,
et al. Vilamin D supplementation in the pre-
vention and management of major chronic
diseases not related to mineral homeostasis
in adults: research for evidence and a sc-
entific statement from the European Society
for Clinical and Economic Aspects of Osfe-
oporosis and Osteoarthritis (ESCEQ). Endo-
crine 2017:56:24561. doi: 10.1007/
s12020:017-12909.

Medical Advisory Secretariat. Clinical ufiF
ity of vitamin d testing: an evidence-based
analysis. Ont Health Technol Assess Ser
2010;10:1-95.

Valcour A, Blocki F, Hawkins DM, et al. Ef
fects of age and serum 25-OH-itamin D on
serum parathyroid hormone levels. | Clin En-

docrinol Metab 2012:97:398995.

Holvik K, Ahmed LA, Forsmo S, et al. Llow se-
rum levels of 25-hydroxyvitamin D predict hip
fracture in the elderly: a NOREPOS studly. |
Clin Endocrinol Metab 2013:98:3341-50.

Feng Y, Cheng G, Wang H, ef al. The asso-
ciations between serum 25-hydroxyvitamin D
level and the risk of total fracture and hip frac-
ture. Osteoporos Int 2017,;28:1641-52.

lv QB, Gao X, liu X, et al. The serum
25-hydroxyvitamin D levels and hip fracture
risk: a mefaranalysis of prospective cohort
studies.  Oncolarget  2017,;8:39849-58.
doi: 10.18632/oncotarget. 16337.

Khaw KT, Stewart AW, Waayer D, ef al.
Effect of monthly high-dose vitamin D supple-
mentation on falls and non-vertebral fractures:
secondary and posthoc outcomes from the
randomised,  double-blind,  placebo-con-
trolled VIiDA trial. Llancet Diabetes Endocrinol
2017:5:438-47. doi: 10.1016/52213-
8587(17)30103-1.

Bolland M, Grey A, Avenell A. Effects of
vilamin D supplementation on musculoskel
efal health: a systematic review, meta-anal-
ysis, and frial sequential analysis. lancet

Diabetes  Endocrinol ~ 2018:6:84/-58.

doi: 10.1016,/52213-8587(18)30265-1.

Kahwati LC, Weber RP, Pan H, et al. Vitamin
D, calcium, or combined supplementation for
the primary prevention of fractures in commu-
nitydwelling adultsevidence report and sys-
tematic review for the US preventive services
task force. JAMA 2018:319:1600-12.
doi:10.1001 /jama.2017.21640.

Bolland MJ, Grey A, Avenell A. Assessment of
research wasfe part 2: wrong study popular
tions - an exemplar of baseline vitamin D siatus
of participants in trials of vikamin D supplemen-
tation. Med Res Methodol 2018:18:101.
doi: 10.1186/5128740180555-1.

Morgan D), Dhruva SS, Coon ER, ef al.
2018 Update on Medical Overuse. JAMA
Infern Med 2019:179:240-246. doi:
10.1001/jomainternmed.2018.5748.

Harvey NC, Biver E, Kaufman JM, et al.
The role of calcium supplementation in
healthy musculoskeletal ageing: an expert
consensus meeting of the European Society
for Clinical and Economic Aspects of Oste-
oporosis, Osteoarthritis and Musculoskele-
tal Diseases (ESCEQ) and the International
Foundation for Osteoporosis (IOF). Osteopo-
ros Int 2017:28:447-62. doi: 10.1007/
s00198-016-37736.

Bischoftferrari HA.  Optimal serum  25-hy-
droxyvitamin D levels for mulliple health out
comes. Adv Exp Med Bicl 2008;624:5571.

Carmel AS, Shieh A, Bang H, et al. The
25(OH)D level needed to maintain a favor

able bisphosphonates response is > 33 ng/
ml. Osteoporos Int 2012;23:2479-87.

Adami S, Giannini S, Bianchi G, et al. Vi-
tamin D status and response fo freatment in
postmenopausal osteoporosis. Osteoporos
Int  2009;20:239-44. doi: 10.1007/
s00198-008-0650v.

Degli Esposti L, Girardi A, Saragoni S, et al.;
on the behalf of the Study Group. Use of an-
tiosteoporofic drugs and calcium,/vilkamin D
in patients with fragility fractures: impact on
refracture and moriality risk. Endocrine 2018.

doi: 10.1007/512020018-18249.
PrietoAlhambra D, PagésCastella A, Wal-

lace G, et al. Predictors of fracture while
on freatment with oral bisphosphonates: a
population-based cohort siudy. | Bone Min-
er Res 2014:29:268-74. doi: 10.1002/
jbmr2011.

Durazo-Arvizu RA, DawsonHughes B, Kram-
er H, et al. The reverse [shaped association
between serum ftotal 25-hydroxyvitamin D
conceniration and allcause mortality:  the
impact of assay standardization. Am | Epi-
demiol 2017:185:720-6. doi: 10.1093/
aje/kww244.



