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Abstract: There is a growing interest for vitamin D in the medical and scientific community as well as in the public medias as illustrated 
by a huge number of publications. Most experts claim that vitamin D deficiency/insufficiency is widespread with potential important 
public health consequences. It may seem surprising for many persons that a deficiency in a vitamin may be so frequent in countries where 
food is so diversified and easily available. In fact, vitamin D is not a vitamin stricto sensu as it is mainly synthesized in the skin under the 
action of UVB rays, while its food sources are scarce. Furthermore, UVB rays are absent during a marked part of the year at latitudes 
greater than 35-40°, while pollution and cloud cover reduce the number of UVB reaching the earth, and many factors such as age, skin 
pigmentation, covering clothes, sun creams reduce the capacity of the skin to synthesize vitamin D3. Vitamin D must be hydroxylated to 
form 1,25dihydroxyvitamin D (1,25OH2D), the active metabolite. As 1,25OH2D is released into the bloodstream and binds to a receptor 
present in several distant tissues, it may be considered as a hormone, vitamin D being thus a pre-prohormone. In the present article, we 
review briefly the metabolism and various effects of vitamin D as well as the vitamin D assays and vitamin D treatments. We define 
vitamin D deficiency/insufficiency considering separately the population and the patient level and propose our opinion about which 
patients may benefit from vitamin D testing. 
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METABOLISM AND EFFECTS OF VITAMIN D 
 Vitamin D comprises a group of fat-soluble seco-steroids that 
play an essential role in calcium homeostasis and the development 
and maintenance of the skeleton. The two major forms of vitamin D 
are vitamin D3, also known as cholecalciferol, and vitamin D2, also 
named ergocalciferol. Vitamin D2 is found in plants, mainly yeast 
and fungi, whereas vitamin D3 is synthesised in the human skin 
from its precursor, 7-dehydrocholesterol, under the influence of 
ultraviolet B light (UVB). In addition, vitamin D3 is also contained 
in a few foods of animal origin. As vitamin D3 can be produced by 
exposure of the skin to sunlight, it is not a vitamin in the strict 
definition. The dietary sources of vitamin D are scarce, the only 
really significant ones being marine fatty fish (D3) although egg 
yolk (D3) and some mushrooms (D2) could be additional sources. 
One exception is the dried Shitake mushroom which contains 
significant quantities of vitamin D2. Some countries practice 
fortification of certain foods with vitamin D2 or D3, most often, 
milk, cereals, margarine and/or butter and infant formula. It is 
important to recognize that vitamin D is primarily made in the skin 
after exposure to the sun (D3) and less than 20% is derived from 
dietary sources. While the sufficient UVB is present throughout the 
year in the tropical zone, its is absent for a significant part of the 
year when we move away from the Equator (i.e. approximately 6 
months in our cities, Paris and Liège). Whereas somebody with a 
fair skin exposing himself or herself to the sun in a bathing suit 
during 20-30 minutes around noon in a clear summer day can make 
up to 15,000 IU vitamin D3 [1], living in a sunny area is not 
synonymous of having an optimal vitamin D status. Indeed, one 
needs to expose his or her skin to the sun to produce vitamin D3. It 
is of note that the cutaneous synthesis of vitamin D3 is less efficient 
in elderly compared to young people, and in Blacks compared to 
Caucasians, while it is decreased by the use of sunscreen, and 
absent in those wearing covering clothes. Furthermore, cloud cover  
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or pollution both decrease the amount of UVB reaching the earth, 
and thus the production of vitamin D3 by the skin. 
 Vitamin D, either D2 or D3, circulates in the bloodstream, 
bound to a specific protein, the vitamin D binding protein (DBP). 
To become fully active, vitamin D needs to be transformed twice. A 
first hydroxylation occurs in the liver to form 25-hydroxyvitamin D 
(25OHD). This liver hydroxylation is not tightly regulated and the 
more vitamin D is synthesized or ingested, the more 25OHD is 
produced by the liver. 25OHD circulates in the bloodstream bound 
to DBP, with a half-life of approximately 3 weeks. It may be 
hydroxylated in the kidney within the cells of the proximal tubule to 
form 1,25 dihydroxy vitamin D (1,25OH2D) also called calcitriol, 
which is the active vitamin D metabolite. This renal hydroxylation 
is very tightly regulated, stimulated by parathyroid hormone (PTH) 
and inhibited by fibroblast growth factor 23 (FGF23) and calcitriol 
itself. Calcitriol is released into the bloodstream and binds, in 
various distant tissues (i.e. intestine, bone, parathyroids…), to a 
cytosolic receptor, the VDR. The VDR associates with the retinoic 
acid receptor (RXR) and the trimeric complex (calcitriol-VDR-
RXR) binds to the DNA in special sites called “vitamin D 
responsive elements” (VDRE) to activate or inhibit the transcription 
of various genes. Calcitriol can thus be considered a true hormone. 
It is of interest that 25OHD can be inactivated in the kidney through 
a pathway involving a 24-hydroxylase whose expression is 
stimulated by FGF23 and calcitriol. The importance of this 24-
hydroxylase has been highlighted recently with the demonstration 
that inactivating mutations of the gene (CYP24A1) coding for this 
enzyme induce hypersensitivity to vitamin D with severe neonatal 
hypercalcemia [2]. 
 The main classical effects of vitamin D through the endocrine 
action of calcitriol are to stimulate the absorption of calcium  
and phosphate by the gut, to regulate bone metabolism, and to  
exert a negative feed-back on PTH secretion. A severe deficiency  
in vitamin D may induce diseases characterized by bone 
mineralization defects, such as rickets in children and osteomalacia 
in adults [3]. Less severe deficiency may favour/worsen 
osteoporosis, especially on cortical bone. Supplementation with 
vitamin D (800 IU/day at least) with calcium has been shown to 
significantly reduce the relative risk of non vertebral fractures in 
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subjects aged 60 years or older [4]. Correction of vitamin D 
deficiency/insufficiency is also a prerequisite before prescribing 
anti-osteoporotic drugs [5] and especially bisphosphonates [6]. 
 Numerous tissues not involved in bone and/or calcium/ 
phosphorus metabolism are also able to express both the VDR and 
the enzymatic machinery that activates/inactivates vitamin D. 
25OHD enters these tissues and is locally transformed into calcitriol 
that binds to the VDR expressed in the cell and exerts various (non 
“calcemic”) genomic effects. This locally produced calcitriol is 
thought to stay within the producing tissue and thus does not 
participate in calcium/phosphorus metabolism. Its production does 
not seem to be regulated by calciotropic hormones (PTH, 
FGF23…) and depends probably on the 25OHD concentration in 
the extra-cellular fluid of these tissues. This is the basis for the 
(commonly called) “non-classical” effects of vitamin D that can be 
considered as “intracrine” by contrast with the endocrine above-
mentioned classical effects. It is of note that a huge number of 
genes contain VDRE and are thus probably responsive to vitamin 
D. Circulating calcitriol can also exert non genomic effects through 
the binding in some tissues to membrane proteins with subsequent 
modification of the intra-cellular calcium flux and stimulation of 
tyrosine-kinases. 
 The metabolism of vitamin D is summarized in Fig. (1). 
 Among the most frequently discussed non classical effects of 
vitamin D are those on: 
- The muscle, with several studies showing that vitamin D 

supplemention (800 IU/day at least) with calcium significantly 
reduces the relative risk of falls in elderly patients [7], which 
may explain in part the reduction in the risk of non-vertebral 
fractures.  

- The immune system. Briefly vitamin D stimulates innate 
immunity with potential protective effects against some 
infectious diseases [8], and inhibits some part of the adaptative 
immunity (especially shifting Th1 and Th17 lymphocytes 
towards a Th2 and Treg phenotype) with potential protective 
effects on some auto-immune diseases [9]. 

- The cardio-vascular system possibly via direct (cardiac and 
vascular cells express both the VDR and the 1-alpha 
hydroxylase) and indirect effects (calcitriol controls insulin 
secretion and sensitivity, inflammation, PTH, and renin, and 
thus blood pressure [10]). 

- Some cancers, especially colorectal cancer [11]. See most other 
articles in this issue of the Journal. 

- Adverse pregnancy outcomes such as preeclampsia and 
gestational diabetes [12; 13]. It is important to underline that 
vitamin D metabolism is greatly modified during pregnancy. In 
brief, while the 25OHD concentration of the pregnant women 
seems similar to what is found in the general population, the 
DBP and calcitriol levels both increase. Especially, the 
1,25OH2D level of pregnant women is 50-150% higher than in 
non pregnant women without any increase of serum 
calcium[14]. This calcitriol increase seems to be due to a 
secretion by the placenta in addition to the usual renal 
synthesis, and probably allows an increase in the intestinal 
absorption, and placental transport of calcium and phosphorus. 
A recent RCT comparing the effect of 400, 2000, and 4000 IU 
vitamin D3/day in 350 pregnant women has shown that 
1,25OH2D concentrations of the participants were directly 
influenced by their circulating 25OHD levels throughout 
pregnancy, with maximal production of 1,25OH2D in the 4000 
IU group [15]. Serum 25OHD concentration of the foetus is 
dependent on the maternal level while 1,25OH2D is probably 
produced by the kidney of the foetus. 

 All the effects of vitamin D are probably partly influenced  
by the genetic environment. Indeed several single nucleotide 

polymorphisms of the genes coding for the DBP, the 1-alpha 
hydroxylase or the VDR exist with potential influence on the 
25OHD and 1,25OH2D concentrations and their effects. 

DEFINITION OF OPTIMAL VITAMIN D STATUS  
 This chapter aims to define vitamin D deficiency/insufficiency 
on the one hand, but also vitamin D excess on the other hand. First 
of all, it must be reminded that the measurement of 1,25OH2D, the 
most active vitamin D metabolite, is not indicated to evaluate 
vitamin D status. It must be limited to the diagnosis and 
management of rare disorders of phosphate and vitamin D 
metabolism, to the management of some patients with renal failure, 
and to the differential diagnosis of conditions presenting with 
hypercalcemia/hypercalciuria associated with low/low normal PTH 
levels. Second, it is a consensus, even among groups that released 
divergent recommendations on vitamin D [16; 17], that the 
measurement of 25OHD is the only measurement indicated to 
evaluate somebody’s vitamin D status. What is not consensual 
however is the 25OHD cut-off value below which vitamin D status 
may be considered as insufficient. Indeed, contrary to most other 
biological parameters, 25OHD reference values should not be 
“population-based” (i.e. the range of values corresponding to what 
is found in 95% of an apparently healthy population) but should 
rather be “health-based”. This means that defining vitamin D 
insufficiency corresponds to define the 25OHD level below which 
adverse outcomes may occur on the one hand, and/or above which 
beneficial effects of vitamin D may be observed. This supposes that 
RCTs demonstrating positive effects of vitamin D compared to 
placebo on clinical (“hard”) outcomes are available, and that the 
25OHD concentrations in the “vitamin D groups” of theses RCTs 
have been evaluated. It must be underlined that, with the exception 
of the effect on the risk of falls, the many evidences concerning the 
various potential extra-skeletal effects of vitamin D, although 
plentiful, are mostly based on observational and mechanistic 
studies. Although numerous prospective studies have shown that 
subjects in the highest quantile of 25OHD concentrations 
(usually>70-80 nmol/L; multiply by 2.496 to convert ng/ml to 
nmol/l) have a lower relative risk for many diseases than those in 
the lowest quantile (usually <30-40 nmol/L) [see for example 18-
21], the observational nature of these studies does not allow to 
conclude a causal relationship between low vitamin D status and 
these diseases, and thus prevents defining clear clinical cut-off(s) to 
optimize these potential effects.  
 Like the expert panels from the Endocrine Society [16] or the 
Institute of Medicine (IOM) [17] who both recently released 
recommendations on the use of vitamin D, we thus acknowledge 
that the only effects of vitamin D for which a “reasonably evidence-
based” target value may be proposed are the effects on the 
musculoskeletal health and mineral metabolism (prevention of 
rickets/osteomalacia, elevated PTH levels, osteoporotic fractures, 
and falls in the elderly). While the recent report by the IOM [17] 
indicated that a 25OHD level of 50 nmol/L is largely sufficient and 
“covers the requirements of at least 97.5% of the population”, we 
consider, as the Endocrine Society group and as many other vitamin 
D scientists [16; 22-30], that the optimal 25OHD level for 
musculoskeletal health should be 75 nmol/L and more in our 
(individual) patients. The discrepancy between these two 
conclusions may seem surprising as they are based on the analysis 
of virtually the same published data. It should be considered that 
the IOM cut-off is intended for public health recommendations 
while the Endocrine Society group targets its recommendations on 
patient care and considers that vitamin D deficiency (what should 
be avoided in any patient) corresponds to 25OHD levels <50 
nmol/L, and insufficiency (what may be deleterious for a significant 
proportion of patients) to levels of 50 to 75 nmol/L [16]. To make 
things simple however, it is obvious that in clinical practice, we 
care for one patient at one time (not populations) and want that our 
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patients achieve a “sufficient” level, not an “insufficient” one. Our 
target concentration is thus above 75 nmol/L. Indeed, in the RCTs 
that shown positive effects of vitamin D on non-vertebral fractures 
[4] and falls [7], subjects in the “vitamin D groups” had generally 
25OHD levels of more than 75 nmol/L, whereas those in the 
“placebo groups” had levels mostly in the 30-60 nmol/L range. 
Consistent with these RCTs, bone biopsy data showed that 
histomorphometric signs of bone mineralization defect are not 
detected in subjects with a serum 25OHD level of more than 75 
nmol/L while they are present, as defined by the most conservative 
threshold of the OV/BV ratio of 2%, in approximately 20 % of 
those with a 25OHD level between 50 and 75 nmol/L [31]. 

Furthermore, Japanese patients with a basal 25OHD concentration 
of up to 70 nmo/L decreased their PTH concentration when they 
were given vitamin D (without calcium) [32], while the relationship 
between serum 25OHD and PTH levels in various populations 
indicated in some studies (but not all), that the PTH concentration 
may increase when 25OHD is below 75-80 nmol/L [33]. Also, in 
one study (but not others), it was demonstrated that calcium 
absorption was improved in menopausal women when the 25OHD 
serum concentration increased to approximately 80 nmol/L [34]. 
Finally, recent data indicate that a 25OHD serum level of 82 
nmol/L at least is required to optimize the anti-fracture efficacy of 
bisphosphonates [6]. 

 

Fig. (1). Summary of the metabolism of vitamin D. Vitamin D2 and vitamin D3 are transported in the blood by the DBP and hydroxylated in the liver to 
form 25OHD, the concentration of which represents an individual’s vitamin D status. Regulation of this hepatic hydroxylation is weak, and, the more vitamin 
D is ingested (D2 or D3) or synthesized in the skin (D3 only), the more 25OHD is produced. 25OHD is hydroxylated again to produce 1,25OH2D (also called 
calcitriol), the active vitamin D metabolite. This second hydroxylation can take place either in the proximal renal tubule, or in many other tissues. Renal 
hydroxylation – which is tightly regulated by calciotropic hormones, PTH and FGF23 – allows production of the 1,25OH2D “hormone” (i.e. which enters the 
blood and acts on distant target tissues binding to its receptor, the VDR). Peripheral hydroxylation seems independent of the calciotropic hormones but is 
dependent on the amount of circulating 25OHD. It forms 1,25OH2D which binds the VDR in the local tissue (where this 1,25OH2D has been formed), acts 
locally (in an intracrine manner), and does not participate to the calcium/phosphorus/bone metabolism. It is now demonstrated that in some tissues, circulating 
1,25OH2D is able to bind membrane proteins (probably variants of the VDR) with subsequent activation of different intra-cellular enzymes and/or 
modification of the intracellular calcium flux. Of note, an inactivating pathway through a 24-hydroxylase exists both in the kidney and peripheral tissues 
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 Considering this threshold of 75 nmol/L, but even with the 
more conservative IOM cut-off of 50 nmol/L, insufficient vitamin 
D status is highly frequent. Indeed, approximately 80% and 50% of 
the general European population have a 25OHD level below 75 
nmol/L, and 50 nmol/L respectively, and some groups such as 
institutionalized persons, dark-skinned individuals or immigrants, 
are even very frequently severely deficient (25OHD<25 nmol/L) as 
reviewed recently [35]. Then, an obvious question arises: “How 
could it be possible to find so frequently a deficiency in a vitamin in 
countries where food is largely available and varied?” The obvious 
answer is, as mentioned above, that vitamin D is not a true vitamin 
as its main source is not nutritional but through the synthesis by the 
skin. 
 Having proposed a threshold for vitamin D insufficiency, we 
must now propose an upper optimal level. In our laboratories, we 
use a value of 150 nmo/L which is chosen arbitrarily as a level  
that is much lower compared to the potential toxicity zone 
(25OHD>375 nmol/L [36]). Furthermore, to date no data exist on 
long-term tolerance (several years) of 25OHD serum levels of 200 
nmol/L and more, and similarly there are no RCT showing that a 
25OHD level of 150-350 nmol/L has any clinical advantage 
compared to levels of 75-150 nmol/L. We can also take into 
consideration that some observational studies (very few in fact) 
have suggested a U-shaped relationship between 25OHD serum 
concentrations and the relative risk for prostate cancer [37], and 
other rare cancers [38] (higher risk for low 25OHD concentration 
but also for high concentrations) which urge caution while awaiting 
more definitive data. Thus our proposed 25OHD reference range 
that we call “desirable” or “recommended” values rather than 
“normal” values is currently 75-150 nmol/L. While taking due note 
of the abundant scientific literature, we do not rule out the 
possibility that these “desirable” values may evolve as new data are 
published. It can be noted that the upper levels of this target range 
is very close to the 25OHD concentrations recently found in 
traditionally living population in East Africa, the Massai, and the 
Hadzabe, who have lifelong, year-round exposure to tropical 
sunlight [39]. 

VITAMIN D ASSAYS 
 25OHD assays should be considered as routine assays since 
they allow evaluation of vitamin D status. They are still not easy to 
develop [40] and those available do not all meet the quality criteria 
that should be required for a routine clinical measurement. The 
main difficulties arise from the fact that 25OHD is a highly 
hydrophobic molecule, and there are two forms to be assayed, 
25OHD2, and 25OHD3. The presence of significant amounts of a 
25OHD C3-epimer in some patients, especially in newborns, 
renders the problem even more complex as it is still unclear 
whether this variant should be measured or not [41]. 25OHD assay 
techniques can be split into two large families, immunoassays, the 
most commonly used currently, and separation methods such as 
high performance liquid chromatography (HPLC) or tandem mass 
spectrometry (MS-MS). Both have their own advantages and 
limitations. Immunoassays are relatively easy to perform but they 
may be limited by cross-reactivity of the antibodies which may 
induce non equimolecular recognition of the various vitamin D 
compounds such as 25OHD2 and 25OHD3. They produce global 
results (i.e. the sum of all the measured metabolites). Separative 
methods need very experienced technicians, and necessitate highly 
expensive machines. However, once the machine is present in a 
laboratory and has been paid, the cost of a measurement in terms of 
reagents is much less than with the immunoassays. These methods 
provide separate concentrations for the different measured 
compounds that have to be subsequently summed. 
 In practice, there is no obvious argument for preferential use of 
a particular type of sample (serum or plasma). Serum seems to be 
used most often although it is suggested to avoid gel tubes [42]. 

25OHD is extremely stable in the serum, probably as a result of its 
binding with the DBP, making any special precaution for sample 
storage unnecessary. It is important that the laboratory participates 
in an external quality control (as for any other biological 
parameter). However, the hydrophobic nature of 25OHD is likely to 
induce very significant matrix effects which means that external 
quality control programs that offer “spiked” samples instead of real 
serum samples do not allow inter-method comparison [43]. An 
external quality control that uses “true” serum samples and is now 
accepted by many laboratories worldwide is the UK-based DEQAS 
(www.deqas.com). It is important to choose an assay technique  
that measures both 25OHD2 and 25OHD3 equally. This is 
particularly important in countries where vitamin D 2 is available as 
a supplement or in fortified food. A technique assaying only 
25OHD3 inevitably underestimates the (total) 25OHD concentration 
so that a patient taking vitamin D2 supplements could easily be 
considered as vitamin D deficient while he is not [44]. If a method 
such as MS/MS, measuring separately 25OHD2 and 25OHD3, is 
used, it is imperative that the sum of the two forms appears as the 
main results on the result sheet [45]. This is the only important 
information for the clinician. 
 It must be understood that the threshold(s) defining vitamin D 
deficiency (50 or 75 nmol/L) is (are) based mostly on studies that 
used the same 25OHD assay, i.e. the “historic” DiaSorin 
radioimmunoassay (RIA) [46], but these thresholds are currently 
used whatever assay method is used. However, with the increase of 
laboratories that measure 25OHD, and with the availability of fully 
automated immunoassays, the DiaSorin RIA is now used by only a 
limited number of laboratories. It is thus important to question 
whether the different available assays produce similar results, in 
other words, whether they are standardized. Indeed, in case of poor 
standardization, strict application of a cut-off value would lead to 
different diagnoses and therapeutic actions. To standardize different 
assay methods for a given analyte, one needs a reference 
preparation and a reference method with a reference measurement 
procedure. Although not yet official (February 2012), it is probably 
a matter of months. Indeed, candidate reference measurement 
procedures for serum 25OHD3 and 25OHD2 by using isotope 
dilution liquid chromatography-tandem mass spectrometry (LC-
MS/MS) and an accepted reference material (NIST) have been 
achieved and published recently [47]. It must be understood that 
this reference measurement procedure was developed to enable 
unequivocal validation and calibration of immunoassays and other 
methods and is not a routine practice. Its goal is to harmonize the 
results from the different methods used worldwide. When looking 
at the results of the International 25OHD quality control DEQAS, 
or at the results of recent studies that compared the most commonly 
used 25OHD assays [48; 49] two different conclusions may be 
reached. The optimistic conclusion is that the situation is not so bad 
as, according to the DEQAS results, the mean difference between 
the two most discrepant assays is 25-35 % for concentrations in the 
20-80 nmol/L range. This is very comparable to and even better 
than what is found when different assays for other commonly 
measured steroids such as testosterone [50] or progesterone [51] are 
compared. A great difference however between 25OHD assays and 
testosterone assays is the fact that testosterone reference values are 
specific to each kit, reducing thus greatly the impact of the inter-
method variability, whereas a 25OHD concentration is interpreted 
(low, normal, or high) by comparison with the same cut-off values 
whatever the 25OHD assay is. Thus, the obvious and more 
pessimistic conclusion is that even a moderate difference of, say  
10-15%, between the results of two 25OHD kits may have 
clinical/therapeutic consequences, as a significant proportion of 
patients may be classified differently (“insufficient” or “normal”) 
by the two kits by comparison to the clinical cut-off. This has been 
reported and discussed in several publications during the recent 
years [52-54]. It is likely that in the near future, these discrepancies 
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will be reduced due to the harmonization of the various commercial 
assays by comparison with the reference method procedure. 

IN WHICH PATIENTS SHOULD VITAMIN D TESTING BE 
PERFORMED? 
 The considerable amount of recently published data on the 
proven or potential effects of vitamin D has raised much interest in 
the medical community. One of the consequences has been a great 
increase in the prescription of vitamin D measurements in clinical 
practice. In France, for example, the prescription of 25OHD testing 
has been multiplied by almost 3 between 2008 and 2010. As this 
measurement is reimbursed by the public health insurance 
(currently 17.55 Euros in France), it seems obvious to evaluate 
whether these prescriptions are justified or not. It must be 
emphasized that definitive recommendations on testing or not 
testing vitamin D in clinical practice must only be released by 
official Clinical Societies such as the Endocrine Society, and, thus, 
the following suggestions should only be considered as reflecting 
our current opinion (which may change with the publication of new 
data) based on our own analysis of the literature, and our routine 
clinical practice. We must mention a quite recent article co-signed 
by both of us [30], which reported the opinion of a panel of 25 
experts from various disciplines. In this paper, most authors 
recommended to measure the 25OHD serum level in clinical 
practice in a myriad of medical conditions including pregnant 
women, patients with cancers, auto-immune diseases, cardio-
vascular diseases, hypertension and diabetes. Two years after the 
publication of this article, we (JCS, EC) would not give the same 
advice concerning the need to test vitamin D in these patients. 
Indeed, time has passed, and it has become clear that vitamin D 
doses of 2000 IU/day (and even more) are perfectly safe even if 
administered to subjects who have a spontaneous 25OHD level in 
the highest quartile of the general population (usually in the 70-90 
nmol/L range), assuming they have no granulomatous disease 
(sarcoidosis, tuberculosis…) or hypersensitivity to vitamin D due to 
a genetic defect [2]. We thus do not recommend anymore to 
evaluate vitamin D status systematically in patients with (or at risk 
of) cardiovascular diseases, auto-immune diseases, cancers, 
infections, as well as in pregnant or lactating women. However, this 
opinion may change again according to newly published data (for 
example if one of the ongoing RCTs demonstrates that vitamin D 
supplementation improves one or several clinical extra-skelettal 
outcomes when a given 25OHD level is achieved). In the interval, 
we rather propose to supplement these patients with vitamin D 
without prior testing (although we don’t consider that measuring 
25OHD in some cancer, multiple sclerosis, HIV, or hypertensive 
patients is a “crime”). We are aware however that in our countries 
(France and Belgium) at least, many doctors are still reluctant to 
prescribe vitamin D supplementation without knowing the vitamin 
D status of their patients, and, similarly, some patients would not 
agree to take a vitamin D treatment if a vitamin D deficiency/ 
insufficiency has not been evidenced by a low 25OHD level.  
 In our opinion, vitamin D testing is still highly legitimate in 
several groups of patients for whom a “reasonably” evidence-based 
target concentration is available. As indicated above, our target 
concentration for musculoskeletal health and mineral metabolism  
is above 75 nmol/L. Let us also underline that, due to the 
measurement uncertainty of 25OHD measurements (which is 
comparable to what is reported for the measurement of other steroid 
hormones), a value of 75 nmol/L in an individual patient means that 
the true value is (grossly) above 60 nmol/L, and somewhere 
between 60 and 90 nmol/L [55]. 
 So, among the patients in whom we propose to measure 
25OHD to optimize bone/mineral health, we include: 
- Patients with rickets/osteomalacia. 
- Patients with osteoporosis (with and without fracture).  

- Patients at risk of osteoporosis/bone loss because they receive 
specific treatments such as glucocorticoids chronically at a dose 
of 7 mg prednisone or more for any cause (see a recent review 
in [56]), analogs of GnRH for prostate cancer, or anti-aromatase 
therapy for breast cancer. 

- Patients at risk of osteoporosis/bone loss because they have a 
malabsorption syndrome (celiac disease, inflammatory bowel 
disease, cystic fibrosis, Crohn’s disease…).  

- Patient who had bariatric Surgery, specially gastric bypass. 
Obese patients are usually vitamin D deficient but are not 
osteoporotic. However, after gastric bypass they have an 
accelerated bone loss. These patients cumulate two reasons for 
being vitamin D deficient: 1) even if they have lost 50 kg or 
more, they are usually still obese and trap vitamin D in their fat 
mass, and 2) they have a malabsorption due to the surgical 
procedure.  

- Patients with chronic kidney disease (CKD) stage 3-5D and 
kidney transplant recipients. Measuring 25OHD in CKD 
patients and treating vitamin D deficiency/insufficiency as in 
the general population is a recommendation of the KDIGO 
guidelines [57]. This recommendation is in fact only a 
suggestion which is graded 2C. Secondary hyperparathyroidism 
is a hallmark of CKD, with several deleterious consequences. It 
must be underlined that until recently, nephrologists used to 
treat their patients only with active vitamin D (analogs of 
calcitriol), not “natural” vitamin D, to control PTH secretion. 
Recent studies have shown that supplementation with 
cholecalciferol or ergocalciferol was able to decrease modestly 
but significantly PTH levels not only in non-dialyzed, but also 
in dialyzed and in transplant patients [58-61]. Furthermore, 
several prospective observational and non randomized 
interventional studies have linked vitamin D deficiency to 
increased mortality in CKD [62], accelerated GFR loss [63], 
and albuminuria [64]. This has made things to change, and 
supplementation with vitamin D is an increasing practice in 
CKD patients.  

- Patients with primary hyperparathyroidism (PHPT). These 
patients are often vitamin D deficient and osteoporotic, but they 
are also hypercalcemic. Treating hypercalcemic patients with a 
molecule that increases calcium absorption, and which may, 
when given at extremely large doses, cause hypercalcemia, 
hypercalciuria, and extra-skeletal calcifications was regarded 
with suspicion by most physicians. It was shown in 2005 that 
the administration of large doses of cholecalciferol to PHPT 
patients with a serum calcium level <3 mmol/L did not increase 
serum calcium or phosphate, but decreased PTH significantly 
[65]. This was followed by similar published results (reviewed 
in [66]) so that the expert panel for the diagnosis/management 
of asymptomatic PHPT recommended to treat with vitamin D 
any PHPT patient with a 25OHD<50 nmol/L [67]. It is also 
recommended to supplement all PHPT patients with vitamin D 
(and calcium) once they have been surgically treated. This will 
allow an increase in bone mineral density and prevent 
symptomatic hypocalcemia due to “hungry bone syndrome”. In 
our experience, 25OHD levels >75 nmol/L (and sometimes 
more) are to be targeted after parathyroidectomy. 

- Patients with granulomatous disorders such as sarcoidosis or 
tuberculosis. In these patients it is prudent to target a 25OHD 
concentration around 50 nmol/L to avoid both hypercalcemia/ 
hypercalciuria due to uncontrolled synthesis of calcitriol on the 
one side, but also severe vitamin D deficiency which is frequent 
in these patients because of the fear of inducing hypercalcemia 
on the other side.  

- 25OHD should also be measured in patients in whom 
symptoms compatible with a severe vitamin deficiency (such as 
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those with diffuse pain or elderly subjects who frequently fall), 
or with a vitamin D intoxication (such as those with extra-
skeletal calcifications, nephrocalcinosis or recurrent renal 
stones) are present and persist without a clear explanation. 
Patients having a disease, such as hepatic failure, or receiving 
treatments that may modify vitamin D metabolism such as 
some anti-convulsants or ketokonazole can be included in this 
category. In these patients there is no special 25OHD range to 
recommend although it is logical to consider 50-150 nmol/L. 

- More generally, 25OHD testing is recommended in any patient 
in whom an exploration of calcium/phosphate metabolism 
which includes a measurement of serum PTH is prescribed 
whatever the reason is (osteoporotic patients to exclude a 
secondary cause of low bone mass and/or fractures, patients 
with kidney stones, chondrocalcinosis, and in case of 
persistence without explanation of symptoms of both hyper- or 
hypocalcemia). In such cases, knowing the 25OHD level is 
specially important when a high PTH concentration is detected 
in a patient who has otherwise a normal serum calcium  
and phosphate level. Indeed, this may help to differentiate 
between a secondary hyperparathyroidism, for which vitamin D 
insufficiency/deficiency is one of the most common causes 
along with renal failure, and a so-called “normocalcemic” 
PHPT which is now recognized as a quite frequent entity, 
probably necessitating the same treatment as hypercalcemic 
PHPT when osteoporosis, kidney stones or renal failure is 
present [68]. 

TREATMENT/SUPPLEMENTATION WITH VITAMIN D 
 Here, we can separate recommendations for the general 
population, and recommendations for individual patients distinguishing 
those in whom we measure 25OHD, and the other patients.  
 Since insufficient vitamin D status is so common, since 
treatment is inexpensive and has a large safety margin (even the 
IOM considers doses up to 4,000 IU/day as safe in adults [17]), and 
since we already have much data suggesting that in addition to its 
classic proven effects on bone and mineral metabolism, vitamin D 
may potentially be helpful for the prevention/management of 
colorectal cancer, some infectious diseases, cardiovascular diseases, 
and some auto-immune diseases, perhaps should it be prescribed to 
everyone (without prior testing)? It is not up to us to give advices 
for the general population, but rather to the health authorities to 
implement - if they become convinced that the benefit-risk/cost 
ratio may be favourable - a prudent supplementation policy at 
national or regional level with the objective to increase the 25OHD 
levels so that most persons (95%?) have 50 nmol/L or more. This 
would mean shifting the mean 25OHD level of the population of 
most European countries from approximately 50 nmol/L to 
approximately 75 nmol/L. Assuming this goal, intake of 600 UI/day 
as proposed by the IOM group for adults up to 70 years is probably 
insufficient as we know that, according to a rule of thumb, 1000 
IU/day vitamin D will increase the 25OHD serum concentration by 
a mean 15 to 25 nmol/L, but with a huge inter-individual variability 
[69]. So, intake of 1000 UI/day is probably a better choice as 
suggested by a recent systematic review and meta-regression 
analysis of the vitamin D intake-serum 25OHD relationship [70]. 
We must however acknowledge that this is far from clear and there 
is a need for further studies. Indeed, in a more recently published 
RCT [71], a dose of 800 IU vitamin D3/day given for one year to 
healthy postmenopausal white women allowed to reach a mean 
25OHD level of approximately 75 nmol/L and a level above 50 
nmol/L in almost all participants, while this was only achieved with 
1600 IU/day, and 2000 IU/day in two other very recent trials 
respectively [72; 73]. 
 In patients in whom 25OHD testing is done, treatment will 
depend on the results of the measured 25OHD concentration with 
the aim to reach and maintain a serum level within the 75-150 

nmol/L range. One can thus consider two phases, the first one 
aiming to raise the 25OHD level above 75 nmol/L (“correction” 
phase), and the second one aiming to maintain the 25OHD level 
>75 nmol/L (“maintaining” phase). We know that the 25OHD 
concentration reached after taking one specific dose of vitamin D 
varies greatly from one patient to another. Two very important 
determinants of the increase in serum 25OHD when a subject is 
given a specific dose of vitamin D are the initial 25OHD 
concentration and the patient’s weight. A Dutch group has 
established an equation based on these two parameters that 
calculates the cumulative dose to be given in weekly doses of 
25,000 IU to achieve an average concentration of 75 nmol/L ten 
days after the last 25,000 IU dose [74]:  
 Dose (IU) = 40 [75- serum 25HOHD (nmol/L)] x [body weight 
(kg)] 
 Thus, if we consider a 70 kg patient with a 25OHD level of 25 
nmol/L, the dose calculated will be 140,000 IU, which, in practice, 
is 25,000 IU every week over six weeks (150,000 IU in total). We 
should point out that the value of 75 nmol/L in this study was an 
average target, and that in practice around only half of the patients 
treated achieve a concentration >75 nmol/L. This study at least has 
the merit of opening a path for the determination of the “correction” 
dose. It is of note that several propositions of “correction” protocols 
using higher doses have been proposed by different experts (see for 
example [22; 75]) and can be adapted according to the vitamin D 
forms available in a given country. Once the “correction” phase is 
completed, a maintaining phase using the doses suggested by the 
Endocrine Society group as being the mean daily requirement that 
can be prescribed (for example 1500-2000 IU/day for adults -see 
Table 3 in [16]). Based upon the known variability in 25OHD 
response, it is advisable in these patients to repeat 25OHD 
measurement after 4-6 months of vitamin D supplementation at the 
“maintaining” dose and adapt the posology.  
 For other patients in whom 25OHD is not measured, we may 
consider two different propositions. The first one is to do for these 
patients as it is recommended for the general population [17]. The 
second one is to consider that, despite a lack of RCT with “hard” 
end-points, the many observational and experimental data linking 
vitamin D deficiency to an increased risk of several chronic disease, 
as well as the increasing number of RCTs showing better outcomes 
on intermediary parameters may encourage doctors to prescribe 
higher dosages. For those, like us, who prefer this second 
proposition, the above-mentioned doses suggested by the Endocrine 
Society group are encouraged without prior testing and, thus, 
without a “correction” phase, until the results of adequately 
powered RCTs are available. It is probable that, with these doses, 
and due to the important inter-individual variability in the 25OHD 
response to a given vitamin D dose, not everybody will have a 
25OHD level above 75 nmol/L, but a level of more than 50 nmol/L 
can be expected in most patients.  
 It must be underlined that due to the great disparity of vitamin 
D supplements that are available from one country to another, it is 
impossible to propose universal supplementation protocols. Indeed, 
in some countries only supplements providing daily doses of either 
vitamin D2 or vitamin D3 are available, while in other countries it 
is possible also to prescribe large doses of either compounds for 
intermittent administration. It is possible however to highlight 
several points for the clinical practice. A first question is whether 
daily dosages (which may seem more physiologic) or intermittent 
dosages (in order to favour observance/adherence) should be 
preferred when both are available. There is no obvious answer to 
this question but we think that, after having explained why vitamin 
D supplementation is important for the patient, the doctor may let 
the patient choose. If intermittent dosages are chosen (most 
frequently in our practice), doses, and interval between doses 
should not be too large. Indeed, daily doses and the same 
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cumulative doses administered weekly or monthly (i.e. 1,500 IU 
daily, 10500 IU weekly, or 45,000 IU monthly) induce the same 
increase in the 25OHD concentration [76], while this is less obvious 
for larger intervals. Furthermore, in a recent 3-year RCT of 500,000 
IU vitamin D3 versus placebo administered once a year to elderly 
women, more fractures and falls were recorded in the vitamin D 
group than in the placebo group [77]. Interestingly, this excess in 
the number of falls and fractures was only observed during the 3 
months following each yearly administration of this large dose of 
vitamin D. A second question is whether vitamin D2 and vitamin 
D3 are equivalent. To answer to this question one has to 
differentiate the daily and the intermittent treatment. Indeed, it is 
now quite clear that when given intermittently, vitamin D2 is less 
potent than vitamin D3 to sustain the 25OHD level in a desirable 
range [78; 79]. However, when given daily, D2 and D3 seem to 
maintain the 25OHD similarly [80] although this is discussed [81]. 

CONCLUSION 
 Knowledge on each aspects of the vitamin D field have 
increased these last years. 
 This has led to question previously well-established thoughts. 
For instance, we know now for sure that the vitamin D status of a 
patient should not be based on the determination of 1,25OH2OHD 
(the most active metabolite), but rather on 25OHD. We also know 
that 25OHD reference range should not be based on a “reference 
population” but on clinical data. There is now a large consensus to 
acknowledge that insufficient vitamin D status is highly frequent in 
the general population, and that vitamin D supplementation to reach 
serum levels of 75 nmol/l is mandatory for a good bone-
mineralization, to reduce fracture and falls in the elderly. However, 
the target levels for other outcomes (hypertension, cardiovascular 
diseases, infections, auto-immune diseases, diabetes,…) are currently 
unknown and will probably be found according to new or ongoing 
randomized controlled studies with very well defined hard endpoints. 
Of note is that these targets will certainly vary according to the 
expected outcome. At that time, an important work on vitamin D 
assays standardization should have been done in order to avoid 
misinterpretation of the results. Finally, in medicine, the truth of 
today is not necessarily the truth of tomorrow, and new clinical and 
analytical data will probably change our perception in the next years. 
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