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Summary
Objetive: Provide evidence‐based recommendations for preventing and treating vitamin D deficiency .
Methods: A multidisciplinary working group made up of 10 members of the Spanish Society for Bone Research and Mineral
Metabolism (SEIOMM), formulated the clinical questions of interest. Subsequently, a systematic review of the literature
was carried out in MEDLINE (PubMed), EMBASE and Cochrane on the available evidence for each of the questions posed.
Articles published in English or Spanish between July 15, 2016 and December 31, 2020 were included. To establish the
strength of the recommendations and the degree of evidence, the Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) system was used. After the formulation of the recommendations, these were discussed jointly in
the working group and ratified by all SEIOMM members.
Results and conclusions: This document establishes a series of recommendations on optimal concentrations and screening
for 25‐hydroxyvitamin D deficiency, vitamin D requirements in different populations, sun exposure and supplementation
strategies in patients with deficiency.
Key words: vitamin D, nutrition, 25‐hydroxyvitamin D, osteoporosis, fracture, cholecalciferol, calcifediol.

1. INTRODUCTION
Since its discovery, a century ago, we have advanced in the
knowledge of what was erroneously called "vitamin" D. We
now know that it is not a vitamin, but we continue to call it
that out of custom and tacit consensus. In fact, it is an en‐
docrine system, the vitamin D endocrine system (VDES),
similar to that of other steroid hormones. Cholecalciferol
or “vitamin” D3, is the threshold (physiological) nutrient of
the system, synthesized from 7‐dehydrocholesterol in the
skin, by the action of ultraviolet B (UVB) solar radiation.
This route represents about 80‐90% of the contribution to
the body, the rest is obtained from the diet (10‐20%)1.
There is another isoform, of nutritional contribution, called
ergocalciferol or “vitamin” D2 that is found in small

quantities in foods of vegetable origin, yeasts and fungi,
not commonly used in Spain2,3.
Both cholecalciferol and ergocalciferol are biologically
inactive precursors, requiring metabolic modifications to
activate the hormonal function of the system. Through the
action of the liver enzyme 25‐hydroxylase (CYP2R1/
CYP27A1 and others), the hydroxylation of cholecalciferol
and ergocalciferol occurs to form 25‐hydroxyvitamin D3
(caldidiol or calcifediol) and 25‐hydroxyvitamin D2 (er‐
calcidiol), respectively. 25‐hydroxyvitamin D (sum of 25‐
hydroxyvitamin D2 and 25‐hydroxyvitamin D3) has a long
half‐life (2‐3 weeks) and it is the prohormone. It is the pro‐
hormone of VDES. It's measurement is used as a marker of
the nutritional status of the system.
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1,25‐dihydroxyvitamin D3 is the substrate for the
synthesis of 1,25 (OH) 2D3 or calcitriol by the action of
1‐α‐hydroxylase (CYP27B1) in the kidney for its endo‐
crine actions, and in cells of multiple tissues, organs and
systems, such as skin, parathyroid gland, breast, colon,
prostate, lung, as well as cells of the immune system and
bone, for their auto/paracrine actions. Calcitriol is the
hormone of the system and has a very short half‐life (5‐
8 hours).
1‐α‐hydroxylase in the kidney is regulated, through a
feedback mechanism, by parathyroid hormone (PTH), the
increase of which leads to an increase in the production
of calcitriol, which, in turn, inhibits the production of PTH.
Hypophosphatemia and fibroblast growth factor 23
(FGF23) also regulate 1‐α‐hydroxylase, increasing and
decreasing the production of calcitriol, respectively.
The binding of calcitriol to the vitamin D receptor
(VDR), a nuclear transcription factor present in cells of
multiple organs, determines the systemic and auto/pa‐
racrine endocrine action of VDES (Figures 1 and 2).
The system uses the enzyme 24‐α‐hydroxylase
(CYP24A1), both in the kidney (through endocrine con‐
trol) and in other cells and tissues, to form the inactive
metabolites 24,25‐dihydroxyvitamin D and 1,24,25‐trihy‐
droxyvitamin D, from 25‐hydroxyvitamin D and
1,25‐dihydroxyvitamin D respectively, which are derived
after several oxidations in calcitroic acid, and other glu‐
curonic or sulfate metabolites that are eliminated mainly
by the bile, constituting an important catabolic regulation
system of the metabolism of VDS.
In the blood, the metabolites of VDES are transported
88% by the transporter protein of vitamin D (DBP), and
10% by albumin, circulating only 1‐2% in free form4.
The main action of VDES, through calcitriol, is the re‐
gulation of calcium and phosphorus homeostasis and
skeletal mineralization, and it does so in 4 organs: mainly
in the intestine, facilitating the absorption of calcium and
phosphorus; kidney, increasing the tubular reabsorption

of both; parathyroids, inhibiting PTH secretion; and
bone, regulating the differentiation of osteoclasts and os‐
teoblasts and the production of mineralization regulating
proteins such as osteopontin and osteocalcin5.
Sustained vitamin D deficiency has been associated
with growth retardation and rickets in children, and os‐
teomalacia and osteoporosis in adults6.
VDES modulates the expression of more than 3% of
all the genes in the body, thus regulating different
physiological processes in other organs and systems,
such as muscle, the innate and adaptive immune system,
the cardiovascular system or the pancreas, and regulates
cell growth and hormone secretion throughout the body
(Figure 2).
Thus, we now know that the functional deficiency of
the VDES is associated not only with rickets, osteoma‐
lacia and osteoporosis, but also with an increased risk
of suffering from cardiovascular, immunological, der‐
matological, metabolic diseases, depression, infections,
infertility both male and female, pre‐eclampsia and
other effects on fetal development in pregnant women,
and even cancer8‐16. In this sense, in the last year it has
been suggested that supplementation with cholecalci‐
ferol or calcifediol could have a beneficial effect in pa‐
tients with COVID‐19, an aspect that is extensively
discussed in the SEIOMM position paper on COVID‐19
and vitamin D17.
Measurement of the total circulating 25‐hydroxyvita‐
min D concentration constitutes a robust and reliable
biomarker of the nutritional status of VDES. It is used by
health authorities and Scientific Societies in Europe and
America to establish the status of normality, which today
continues to be the subject of debate.
Despite the high prevalence of “vitamin D” deficiency,
even in developed countries, with high solar radiation
or with easy access to supplementation, as is the case in
Spain18‐20, there is no universal consensus to establish
recommendations in the prevention and treatment of it.

Figure 1. Synthesis and metabolism of vitamin D
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Our aim then is to update
the position paper on the
needs and optimal levels of
25‐hydroxyvitamin D deve‐
loped by the SEIOMM in
201121, based on the scienti‐
fic evidence accumulated in
recent years, and develop a
series of recommendations
agreed upon by experts from
different disciplines on the
prevention and treatment of
vitamin D deficiency, focu‐
sing solely on musculoskele‐
tal health.

Figure 2. Main target tissues and actions of vitamin D
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2. METHODOLOGY
These recommendations have
been developed in different
Calcium reabsorption
stages, as defined below:
Synthesis of 1,25(OH)2D3
1) Clinical question: A
multidisciplinary working
Synthesis of
vitamin D3
group, composed of 10 physi‐
cians and researchers with
PTH secretion
experience in the manage‐
i Diabetes and metabolic syndrome
Insulin reabsorption
ment of vitamin D deficiency,
Regulation of the
immune system
formulated the relevant clini‐
Adapted from Casado et al.7
cal questions regarding the
aspects related to vitamin D
treated in this document.
3. RELATIONSHIP BETWEEN VITAMIN D AND MUSCULOSKE2) Systematic literature review: An independent
LETAL HEALTH
team, made up of 1 doctor and 1 researcher, carried out
25‐hydroxyvitamin D deficiency and/or mutations in
a systematic review of the literature on studies related
both the VDR and the activating enzyme (CYP27B1)
to the prevention and management of vitamin D defi‐
cause alterations in muscle and bone23. The relationship
ciency. The search was carried out by consulting interna‐
between 25‐hydroxyvitamin D deficiency and certain
tional databases. MEDLINE (via PubMed), EMBASE and
bone diseases such as osteomalacia and osteoporosis
Cochrane (Supplementary Table 1). Meta‐analysis, syste‐
has long been well known24.
matic reviews, randomized controlled trials and obser‐
3.1. OPTIMAL 25-HYDROXYVITAMIN D CONCENTRATIONS
vational studies were selected, conducted in humans and
Recommendation
published in English or Spanish between July 15, 2016
‐ To attain the bone health benefits provided by vita‐
and December 31, 2020. In addition, the potentially re‐
min D, it is recommended to maintain serum concentra‐
levant citations of the identified articles, as well as as sug‐
tions of 25‐hydroxyvitamin D between 25 and 50 ng/mL
gested by the working group were included.
(62.5‐125 nmol/L) [1 ⊕⊕⊕ ⃝].
Studies with antiresorptive or bone‐forming drugs
‐ In patients with osteoporosis or at risk of fracture, it is
where vitamin D was not the comparator and studies
suggested to maintain serum concentrations of 25‐hydroxy‐
conducted in Africa or Asia (except Japan) were exclu‐
vitamin D between 30 and 50 ng/mL [2 ⊕ ⃝ ⃝ ].⃝
ded.
Evidence
3) Formulation of recommendations: The working
There is some controversy about the levels of 25‐
group established the recommendations according to
hydroxyvitamin D necessary for optimal musculoskele‐
the Grading of Recommendations, Assessment, Develop‐
tal health. In general, the minimum levels established in
ment, and Evaluation (GRADE) system to establish the
different clinical practice guidelines are between 20 and
degree of evidence and the strength of the recommen‐
30 ng/mL. For healthy populations, the European Food
dations22. The quality of the evidence is classified as very
Safety Authority (EFSA) considers sufficient levels above
low ⊕, low ⊕⊕, moderate ⊕⊕⊕, or high ⊕⊕⊕⊕.
20 ng/mL, while the Spanish Society of Endocrinology
The recommendations are based on evidence, and other
and Nutrition (SEEN) considers that they should be
factors such as, for example, the risk‐benefit balance or
above 30 ng/mL25. The European Society for Clinical and
the estimation of the consumption of resources or costs.
Economic Aspects of Osteoporosis, Osteoarthritis and
They differentiate between strong recommendations
Musculoskeletal Diseases (ESCEO) recommends levels
(expressed as "we recommend" and number 1) and
above 20 ng/mL for postmenopausal women and above
weak recommendations (expressed as "we suggest" and
30 ng/mL for frail elderly26. For its part, the Spanish So‐
number 2), either in favor or against. All the recommen‐
ciety of Rheumatology (SER) recommends maintaining
dations were debated and agreed unanimously.
25‐hydroxyvitamin D levels above 30 ng/mL for the po‐
4) Finally, the working group prepared a draft of this
pulation with osteoporosis27.
document that was distributed to all SEIOMM associates
An association between serum levels of 25‐hydroxy‐
for their ratification, having a period of 15 calendar
vitamin D and bone mineral density (BMD) and muscle
days to make any allegation.
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strength has been described28, and some studies suggest
that levels of 25‐hydroxyvitamin D equal to or greater
than 24 ng/mL are associated with a reduction in the
risk of falls29 and fractures in the general population30.
However, higher levels may be necessary to obtain other
benefits beyond musculoskeletal health, taking into
account that concentrations of 31 ng/mL are those that
would be associated with a lower risk of mortality31.
It has also been described that below 31 ng/mL of 25‐
hydroxyvitamin D, PTH levels begin to increase in certain
populations32 and the prevalence of secondary hyperpa‐
rathyroidism is higher than 10%33, a relevant aspect in pa‐
tients with osteoporosis or at high risk of fracture.
In the general population, the panel considers it ad‐
visable to maintain serum levels of 25‐hydroxyvitamin
D above 25 ng/mL to ensure proper bone health. The
analytical variability34, the non‐negligible proportion of
patients with levels between 20 and 25 ng/mL who pre‐
sent secondary hyperparathyroidism and the increase
in the intestinal absorption rate of calcium in some po‐
pulations when going from 20 ng/ml to higher serum le‐
vels are reasons enough for this recommendation35.
The recommended maximum serum level of 25‐
hydroxyvitamin D is also controversial, generally settling
between 50 and 88 ng/mL25,26,36. A recent meta‐analysis
would support that the maximum concentrations should
be in the low range, observing that the risk of mortality,
although very slightly, tends to increase from 25‐hydroxy‐
vitamin D levels above 50 ng/mL31. In any case, it does not
seem physiological to exceed 60 ng/mL, which are the
maximum levels of 25‐hydroxyvitamin D that are usually
reached after intense sun exposure 37.
The panel considers that 25‐hydroxyvitamin D values
between 25 and 50 ng/mL would ensure a benefit in
bone health while maintaining a good safety profile in
the general population. However, and until there are
more studies to corroborate these data, the panel sug‐
gests maintaining 25‐hydroxyvitamin D levels between
30 and 50 ng/mL in patients with osteoporosis or at
high risk of fracture.
It is not clear if the optimal values of 25‐hydroxyvita‐
min D in the Caucasian population can be extrapolated
to other types of races or ethnicities38.
To minimize analytical variability, the panel considers
it essential that the laboratory that performs the serum
determination of 25‐hydroxyvitamin D has the certifica‐
tion of a quality control program for the determinations,
such as DEQAS39 and the standardization of the deter‐
minations40.
3.2. SCREENING FOR 25-HYDROXYVITAMIN DEFICIENCY
Recommendation
Screening for 25‐hydroxyvitamin deficiency is recom‐
mended in people with risk factors for hypovitaminosis
D [1 ⊕ ⊕ ⃝ ]⃝ , and in people with muscle weakness
and/or risk of falls [1 ⊕ ⃝ ⃝ ]⃝ .
Evidence
Various risk factors (intrinsic and extrinsic) are rela‐
ted to 25‐hydroxyvitamin deficiency (Table 1). Race is
one of the most studied risk factors, observing that peo‐
ple with greater skin pigmentation have a greater risk of
suffering from 25‐hydroxyvitamin deficiency because UV
radiation has less penetration41. Age is another classic
risk factor due to changes in lifestyle habits (sedentary
lifestyle, less sun exposure, less vitamin D synthesis ca‐
pacity and less absorption capacity, etc.) and other
physiological changes such as decreased blood pressure.

hydroxylating capacity of vitamin D42. Obesity, especially
related to the amount of abdominal fat, is another risk
factor43. In addition, there are numerous risk factors that
act synergistically. For this reason, screening for deficits
is recommended in risk groups25,31,41,44‐49 (Table 1).
Recent studies have shown the correlation between 25‐
hydroxyvitamin D levels and muscle strength, mobility, and
ultimately, the risk of fracture. An observational study ca‐
rried out in 101 postmenopausal women suggested that
low levels of 25‐hydroxyvitamin D were significantly corre‐
lated with a decrease in muscle strength44. In a study carried
out in a population over 70 years of age, it was observed
how those men and women with 25‐hydroxyvitamin D le‐
vels <20 ng/mL had poorer physical function and a slower
gait speed than those with 25‐hydroxyvitamin levels D ≥30
ng/mL (p<0.01)50. Loss of muscle strength/sarcopenia,
along with other age‐specific factors, could increase the risk
of falls in people with bone loss, who are already at increa‐
sed risk of fracture. In this sense, two recent meta‐analysis
carried out in more than 50,000 adults show that low levels
of 25‐hydroxyvitamin D are associated with significant in‐
creases in the risk of global fracture and hip fracture30,51.
In addition, due to the risk of fracture in people with
hypovitaminosis D, after a fall, screening is considered
appropriate in subjects with muscle weakness and at
risk of falls.
3.3. VITAMIN D REQUIREMENTS
3.3.1. Feeding
Recommendations
‐ A daily intake (diet and/or supplements) of at least
600 IU of vitamin D3 is suggested in children and ado‐
lescents[2 ⊕⊕ ⃝ ].⃝
‐ A daily intake (diet and/or supplements) of at least
800 IU of vitamin D3 is suggested in the general adult
population, and 800‐1,000 IU in postmenopausal
women and men over 50 years of age [2 ⊕⊕ ⃝ ].⃝
‐ A daily intake (diet and/or supplements) of 800‐
2,000 IU of vitamin D3 is suggested in patients with os‐
teoporosis, fractured patients and/or institutionalized
elderly. [2 ⊕⊕ ⃝ ].⃝
Table 1. Risk factors and/or diseases associated with
hypovitaminosis D
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Non‐Caucasian race
Old age and/or institutionalized people
Restricted sun exposure
Smoking
Cognitive impairment
Obesity (particularly abdominal)
Malnutrition or risk of malnutrition
Malabsorption syndrome or bariatric surgery
Kidney or liver failure
Hypo and hyperparathyroidism
Rickets and/or osteomalacia
Osteoporosis and/or fragility fractures
Paget's disease of bone
History of fracture
Pregnancy and breastfeeding
Use of drugs that interfere with cytochrome P450,
such as:
‐ Glucocorticoids
‐ Antiepileptics
‐ Antiretrovirals
‐ Antifungals
‐ Rifampicin
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Table 2. Estimated vitamin D content according to food
Vitamin D per 100 gr
Milk and derivatives
Cheese

0.17 ‐ 1.2 µg (6.8 ‐ 48 UI)

Yoghurt

0.2‐ 1 µg (8 ‐ 40 UI)

Whole milk

0.3 µg (12 UI)

Skimmed milk

0.1 µg (4 UI)

Milk curd

0.21 µg (8.4 UI)

Eggs and derivatives
Hens eggs

2 ‐ 11.4 µg (80 ‐ 456 UI)

Meat products and derivatives
Lung (lamb‐veal)

11 ‐ 12 µg (440 ‐ 480 UI)

Duck

1 µg (40 UI)

Boiled ham

0.7 ‐ 0.9 µg (28 ‐ 36 UI)

Chicken, rabbit

0.2 ‐ 0.4 µg (8 ‐ 16 UI)

Fish, mollusks, crustaceans and derivatives
Elver (raw)

110 µg (4,400 UI)

Salted herring

40 µg (1,600 UI)

Caviar

35 µg (1,400 UI)

Tuna, bonito, smoked herring and conge

3.5 ‐ 34 µg (140 ‐ 1,360 UI)

Smoked salmon and prawn

18‐19 µg (720 ‐ 760 UI)

Pomfret, horse mackerel, bream, and salema

14‐16 µg (560 ‐ 640 UI)

Anchovies (in vegetable oil)

11.8 µg (472 UI)

Sardine, salmon, perch, anchovies, swordfish, cod

7 ‐ 8 µg (280 ‐ 320 UI)

Oyster (raw)

3 µg (120 UI)

Fats and oils
Cod liver oil

210 µg (8,400 UI)

Butter (low calorie)

12 µg (480 UI)

Margarine

2.5‐ 3.8 µg (100 ‐ 152 UI)

Cereals and derivatives
Cereals (wheat, rice, corn, muesli)

4 ‐ 8 µg (160 ‐ 320 UI)

Legumes, seeds, nuts and derivatives
Almond milk

5 µg (200 UI)

Vegetables, vegetable derivatives
Borage

13 µg (520 UI)

UI: international units BEDCA network65. https://www.bedca.net/bdpub/.

Evidence
Vitamin D requirements are those
that ensure that 25‐hydroxyvitamin D
levels are maintained within the opti‐
mal range (25‐50 ng/mL). The recom‐
mended intake of vitamin D has
varied considerably over the past de‐
cades21 and is still the subject of de‐
bate. In large part, the difference in
existing criteria between different so‐
cieties is due to the population to
which they are directed: general popu‐
lation or patients with special
needs52,53.
The recommendations contained in
this document are based on previous
evidence, and especially on that publis‐
hed in recent years. To determine the
amount of vitamin D that ensures opti‐
mal 25‐hydroxyvitamin D values, we
have compiled clinical trials and meta‐
analysis in which different cohorts
(placebo versus vitamin D; or different
doses of vitamin D) are compared by
analyzing the levels of 25 ‐hydroxyvita‐
min D achieved. It is important to note
the heterogeneity observed between
the studies in relation to the results ob‐
tained, the levels considered adequate,
and the baseline characteristics of the
populations analyzed. Similarly, not in
all the studies the vitamin D provided
by the diet is strictly collected (Table
2), or adequate controls or adherence
monitoring to the intervention are ca‐
rried out, which makes the interpreta‐
tion of the results difficult.
Until new studies supply more con‐
clusive data, the panel is inclined to
make conservative recommendations.
Premature infants: A recent study
suggests that doses of 1,000 IU/day (diet
plus supplement) of vitamin D achieve
significantly higher values of 25‐
hydroxyvitamin D at 4 weeks than doses
of 600 IU/day. However, at 8 weeks these
differences would not be significant, and
it is also observed that calcium levels
reach a steady state at 4 weeks54. Given
the lack of recommendations in preterm
infants from the main guidelines, the
panel considers a minimum intake of
600 IU/day advisable in premature in‐
fants.
Children and adolescents: The Ins‐
titute of Medicine (IOM) recommends
a dietary allowance of 400 IU/day in
children under 1 year and 600 IU/day
from 1 to 7 years55. In a recent meta‐
analysis that included a total of 5,403
children between the ages of 2 and 18,
it was observed that age or sex would
not affect vitamin D requirements56. In
children under one year of age, no sig‐
nificant differences have been obser‐
ved in the percentage of children
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reaching values> 20 ng/mL between doses of 600
IU/day (supplement plus diet) and doses of 1,000 to
1,800 IU/day. These results would suggest that intakes
of 600 IU/day would be as adequate to achieve optimal
levels of 25‐hydroxyvitamin D as higher doses. On the
other hand, in a clinical trial carried out in Canadian chil‐
dren (2‐8 years old) that compared the diet with dairy
products fortified in vitamin D and without fortification
(in a period of minimum UVB), the levels of 25‐hydroxy‐
vitamin D were higher than the 20 ng/mL in 85% of the
subjects who consumed fortified dairy compared to
70% of the subjects in the control group57.
Postmenopausal women: The daily intake of vita‐
min D recommended by the National Osteoporosis
Foundation and the Institute of Medicine, for the preven‐
tion of hypovitaminosis D in women over 50 years of age
is 800 to 1,000 IU/day58,59. In this sense, two randomized
clinical trials42,58 would suggest that intakes of 800
IU/day might not be sufficient, while doses of 1,000
IU/day would allow the majority of women (≥75%) to
achieve 25‐hydroxyvitamin D levels >20 ng/mL. For this
reason, the panel recommends a daily intake (diet
and/or supplements) of at least 800 IU of vitamin D in
the general adult population (including pregnant or lac‐
tating women), and 800‐1,000 IU in postmenopausal
women. and men over 50 years of age.
Patients with osteoporosis or at high risk of vitamin D deficiency: The vitamin D requirements necessary
for the population at risk of deficiency could vary consi‐
derably taking into account the special needs of each po‐
pulation. A randomized clinical trial carried out in 297
postmenopausal women with osteopenia or osteoporosis,
suggests that supplementation with 800 IU/day (regar‐
dless of the contribution by diet), could be sufficient to
maintain or moderately increase (~7 ng/mL) the 25‐
hydroxyvitamin D levels60. It should be noted that in this
study, conducted in Norway, women ingested more than
8 µ/day (320 IU/day) of vitamin D in their diet and had
baseline 25‐hydroxyvitamin D levels >30 ng/ml, so these
results cannot be extrapolated to other populations. Ano‐
ther study carried out in fractured elderly suggests that
85% would reach 25‐hydroxyvitamin D levels above 20
ng/mL at 4 weeks with doses of 800 IU/day61. In the case
of institutionalized elderly, a recent study suggests that
2,000 IU/daily of vitamin D are necessary to achieve op‐
timal levels of 25‐hydroxyvitamin D in plasma in the long
term62, while other studies suggest that lower daily inta‐
kes (1,000 IU/day) might be enough63,64.
3.3.2. Sun exposure
Recommendation
‐ A 15‐minute daily sun exposure on the face and
arms is recommended in the Caucasian population bet‐
ween the months of March and October, with a protec‐
tion factor between 15 and 30, depending on the latitude
and intensity of the radiation. In the elderly population
and in patients with osteoporosis, the recommended
daily sun exposure would be 30 minutes [1 ⊕⊕ ⃝ ].⃝
Evidence
It is difficult to ascertain exactly the amount of vita‐
min D produced with sun exposure since it depends on
factors such as age, skin phototype, season, time of day
or geographical latitude66.
Several studies have addressed this issue, such as one
carried out in Japan that indicates that, in the afternoon
hours during the summer months, 3.5 minutes of sun
exposure would produce 5.5 µg of vitamin D3 (approxi‐

mately 220 IU). However, in the winter months it could
take between 22 minutes and 271 minutes depending
on the time and weather conditions67. Other authors
suggest that exposing 20% of the body surface to a mi‐
nimum erythema dose of 0.5 would be equivalent to in‐
gesting 1,400‐2,000 IU of vitamin D68. Finally, in a recent
meta‐analysis, a mathematical formula has been postu‐
lated that would allow determining the increase in 25‐
hydroxyvitamin D based on the radiation received, the
basal level of 25‐hydroxyvitamin D and the area of the
body exposed69. According to this formula, on a day with
a moderate radiation index, a 12‐minute sun exposure
on the face and hands would be sufficient to increase
the 25‐hydroxyvitamin D level by 6.3 ng/mL. However,
it does not take into account the differences that exist
according to skin type.
The Australian Society for Endocrinology and Osteo‐
porosis establishes specific recommendations such as
sunbathing for 6 to 40 minutes a day on the face and
arms depending on latitude, time of day, season and skin
type70.
However, the increased risk of developing melanoma
due to excessive sun exposure has meant that dermato‐
logical societies such as the American Academy of Der‐
matology recommend that the source of vitamin D be
through nutrition and not by sun exposure (outdoors or
in UVB cabinets)71. The European Academy of Dermato‐
logy and Venereology notes the risk of using sun booths
to ensure adequate 25‐hydroxyvitamin D levels, but
does not specifically restrict limited sun exposure72,73.
Other societies, however, do state that adequate sun ex‐
posure is an appropriate source of vitamin D. Thus, the
Spanish Society of Dermatology and Venereology consi‐
ders it healthy to combine limited sun exposure and ade‐
quate nutrition.
A group of experts, based on a review of the litera‐
ture, showed that the use of sun creams, even with a
high protection factor (30 or more), does not interfere
with the skin synthesis of vitamin74.
To maintain skin synthesis of vitamin D, the panel re‐
commends a 15‐minute daily sun exposure on the face
and arms in the Caucasian population during the
months of March and October. In the elderly population
and patients with osteoporosis, the panel recommends
a daily sun exposure, between the months of March and
October, of about 30 minutes, provided there are no con‐
traindications, and also advising the use of a protection
factor between 15 and 30, depending on latitude and in‐
tensity of UVB radiation74.
3.4. VITAMIN D SUPPLEMENTATION
3.4.1. General recommendations
Recommendation
‐ It is recommended to use cholecalciferol or calcife‐
diol to supplement or treat patients with 25‐hydroxyvi‐
tamin D deficiency, reserving calcitriol and alfacalcidol
for populations with special diseases [1 ⊕⊕ ⃝ ].⃝
‐ It is suggested to assess the dose and type of meta‐
bolite required based on the baseline levels of 25‐hydroxy‐
vitamin D, associated pathology and characteristics of the
individual [2 ⊕ ⃝ ⃝ ].⃝
‐ It is recommended long‐term supplementation in
the population at risk of 25‐hydroxyvitamin D deficiency
(<25 ng/mL) [1 ⊕⊕ ⃝ ].⃝
‐ Low‐dose vitamin D supplementation is recommen‐
ded, except when rapid normalization of 25‐hydroxyvi‐
tamin D concentrations is necessary [1 ⊕⊕ ⃝ ].⃝
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‐ Monitoring serum concentrations of 25‐hydroxyvi‐
tamin D is suggested to assess the response to supple‐
mentation every 3‐4 months until adequate concentrations
are reached, and then every 6 or 12 months [2 ⊕ ⃝ ⃝ ].⃝
‐ In patients treated with calcifediol at a dose of 266
µg, it is suggested that 25‐hydroxyvitamin D levels not
be determined until at least 7 days after the last intake
[2 ⊕ ⃝ ⃝ ].⃝
‐ In patients with insufficient response after supple‐
mentation, it is suggested to increase the frequency or
dose, or to consider a change in the type of supplement/
treatment [2 ⃝ ⃝ ⃝ ].⃝
‐ For good bone health, it is recommended to accom‐
pany supplementation or treatment with an adequate
intake of calcium (1,000‐1,200 mg/day preferably from
food), and moderate intensity physical exercise, espe‐
cially in patients with osteoporosis or at risk of suffering
falls or fractures [1⊕⊕⊕ ].⃝
Evidence
Effect of vitamin D on musculoskeletal health
The results on the effect of vitamin D supplementation
identified in the literature are heterogeneous due to the
difference between the studied populations (postmeno‐
pause, osteoporosis, the elderly or the general population),
the evaluated strategies (combination or not with calcium
and/or exercise), and the outcome variables analyzed
(strength, mobility, stability, falls, fractures and/or BMD).
In relation to strength, a meta‐analysis performed in
postmenopausal women75 and a randomized trial in ins‐
titutionalized elderly63 suggest that vitamin D supple‐
mentation and exercise increase muscle strength.
However, in 4 other studies conducted in the elderly, no
significant increase in strength was observed without
exercise61,76,77 or in combination with exercise78. Regar‐
ding mobility, in 3 studies conducted in the elderly re‐
ceiving vitamin D supplements61 in combination with
exercise63,78, a significant increase was observed. On the
contrary, a meta‐analysis suggests that vitamin D sup‐
plementation could even cause a slight (albeit signifi‐
cant) decrease in mobility in institutionalized elderly76.
As for stability, a recent study suggests that supplemen‐
tation with vitamin D improves stability in postmeno‐
pausal women79. For its part, a meta‐analysis carried out
in the general adult population found a marginally sig‐
nificant improvement in BMD in the population treated
with vitamin D compared to the untreated population80.
One of the purposes of vitamin D supplementation is
to reduce falls, and ultimately fractures. In this sense, 2
meta‐analysis and 3 randomized trials carried out in the
elderly and postmenopausal women suggest that vita‐
min D supplementation reduces the risk of falls. Howe‐
ver, in the general population this benefit would not be
demonstrated80,81. Interestingly, although various pre‐
vious meta‐analysis had found a correlation between
calcium and vitamin D supplementation and a reduction
in the risk of fracture82,83, subsequent studies identified
in the present review would not corroborate a statisti‐
cally significant risk reduction61,80,84.
The effect of vitamin D supplementation depends on the
baseline values of 25‐hydroxyvitamin D, and it has been
shown that supplementation causes a better response the
greater the deficiency85. In this sense, it is important to note
that in many studies the effect of vitamin D supplementa‐
tion is evaluated, including people who do not have 25‐
hydroxyvitamin D deficiency, and who, therefore, would
not need to be supplemented. Specifically, in the review ca‐

rried out for this document, only 8% of the studies identi‐
fied had 25‐hydroxyvitamin D levels lower than 20 or 30
ng/mL as inclusion criteria. In fact, combined analysis
support that vitamin D supplements only prevent fractures
and falls in people with 25‐hydroxyvitamin D deficiency80.
Therefore, in line with what has been argued by many au‐
thors13,86‐88, we consider that it cannot be concluded that vi‐
tamin D supplementation is not effective in people with
hypovitaminosis, in terms of reducing fractures or falls.
Vitamin D derivates
Currently, for the treatment of 25‐hydroxyvitamin D
deficiency there are different metabolites of the SEVD
marketed in Spain: cholecalciferol and calcifediol for de‐
ficiency diseases, in addition to calcitriol and alfacalcidol
for populations with special conditions, such as chronic
kidney disease, rickets/osteomalacia hypophosphate‐
mic linked to the X chromosome, hypophosphatemic au‐
tosomal and oncogenic among others.
Available vitamin D metabolites have different half‐
life, potency and speed of action. Thus, calcifediol has a
shorter half‐life, is 3‐6 times more potent, and has a fas‐
ter action than cholecalciferol in the treatment of vita‐
min D deficiency89.
In general, both cholecalciferol and calcifediol are ef‐
fective and safe forms for the prevention and treatment
of vitamin D deficiency in all populations. However, in
some specific situations one metabolite may be prefera‐
ble over the other.
In patients with chronic liver disease, treatment with
drugs that compete with the synthesis of 25‐hydroxyvita‐
min D or that are severely deficient and require rapid re‐
placement, treatment with calcifediol may be preferable.
In patients with primary hyperparathyroidism or in
those in whom 25‐hydroxyvitamin D levels cannot be
monitored, supplementation with cholecalciferol may
be preferable90.
The dose, frequency, and duration of supplementa‐
tion/treatment are factors that are independently associa‐
ted with 25‐hydroxyvitamin D levels91. The dose and
frequency will depend on the severity of the deficit, its cau‐
ses and the formulation of the metabolite used. In general,
for vitamin D it has been observed that different dosing
regimens have similar results92. On the other hand, various
studies comparing cohorts treated with different doses
suggest that in the medium term, moderate doses would
have a similar effect to that of higher doses54,57,62,93, even
too high doses (mega doses) could increase the risk of falls,
fractures, and even lower BMD94‐96.
However, it is important to mention that certain groups
of patients may require higher doses and/or administered
parenterally, such as, for example, malabsorptive symptoms,
morbid obesity or undergoing bariatric surgery. Therefore,
we recommend calculating the dose in each case, generally
opting for low doses, and increasing it or changing the sup‐
plement in the event of an inadequate response.
There is no single supplementation regimen in pa‐
tients with 25‐hydroxyvitamin D deficiency. Table 4
shows the regimen recommended by the panel for both
the general population and for patients with osteoporosis
or other populations at risk of 25‐hydroxyvitamin D defi‐
ciency, whether opting for cholecalciferol or calcifediol.
Follow-up monitoring
Another key point is the follow‐up of patients with 25‐
hydroxyvitamin D deficiency or insufficiency. It is estima‐
ted that plasma levels of 25‐hydroxyvitamin D stabilize
after 2 or 3 months of starting supplementation56,61,62, 78.97.
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In line with the Endocrine Society55 and SEEN25, we re‐
commend monitoring patients initially every 3‐4 months,
and once the appropriate concentrations are reached,
every 6‐12 months.
In a pharmacokinetic study, the administration of a sin‐
gle 140 µg dose of calcifediol produced an initial peak in
the plasma concentration of 25‐hydroxyvitamin D, which
normalize after 7 days. However, this same dose of chole‐
calciferol achieved progressive increases in 25‐hydroxyvi‐
tamin D levels, which did not reach the maximum peak
until after 3 months98. For this reason, in patients treated
with calcifediol, the determination of 25‐hydroxyvitamin
D should preferably be performed at least 7 days after the
last administration, while with the supplementation with
cholecalciferol, the time of determination does not matter.
Calcium intake
For a suitable effect of the anti‐osteoporotic drugs, it
is advisable, it is advisable to ensure an optimal daily in‐
take of calcium (approximately between 1 and 1.2
grams), being preferable to do so through food whene‐
ver possible25,59,82,99‐102.
3.5. PREVENTION OF 25-HYDROXYVITAMIN D DEFICIENCY AND
MAINTENANCE

Recommendation
‐ In the general population, optimal sun exposure and
adequate nutrition are recommended, and if this is not
enough, it should be supplemented with 800 IU/day (20
µg/day) of cholecalciferol (or 25,000 IU/month; 625
µg/month) [1 ⊕⊕⊕ ].⃝
‐ In patients with osteoporosis or a population at risk
of vitamin D deficiency, supplementation with cholecal‐
ciferol at doses of 1,000‐2,000 IU/day (25‐50 µg/day)
or calcifediol at doses of 8‐12 µg/day (480 ‐720 IU/day).
If a regimen with a lower frequency of administration is
preferred, the administration of 25,000‐30.000 IU of
cholecalciferol/15 days (50,000‐60,000 IU/month) or
266 µg of calcifediol every 3‐4 weeks is recommended
[1 ⊕⊕⊕ ].⃝
‐ Obese patients, with malabsorption syndromes, ba‐
riatric surgery or treated with drugs that affect the me‐
tabolism of vitamin D (eg antiepileptics, glucocorticoids,
rifampicin or antiretrovirals) may require doses 2‐3
times higher than usual (3,000‐6,000 IU/day of chole‐
calciferol), being preferable the administration of calci‐
fediol (up to 12 µg/day or more) or, in cases of severe
malabsorption, as in some cases of bariatric surgery
"bypass type", the administration of parenteral vitamin
D could be needed [1 ⊕⊕ ⃝ ].⃝
Evidence
As previously mentioned, and based on the vitamin D
requirements in each population, the panel recommends
a daily intake (diet and/or supplements) of at least 800 IU
(20 µg/day) of vitamin D in the general population. Adult,
and 800‐1,000 IU (20‐25 µg/day) in postmenopausal
women and men over 50 years.
In studies carried out in the elderly and institutionalized
population in which an improvement in musculoskeletal
health is observed with vitamin D supplementation (alone
or in combination with calcium and exercise), this impro‐
vement is achieved with doses greater than 700 IU/day29,
and generally between 800 and 1,000 IU/day61,63,64,78.
In patients with osteoporosis, especially if they re‐
ceive powerful antiresorptive treatments, it is necessary
to ensure an adequate supply of calcium and vitamin D.
In this way, the risk of hypocalcemia is minimized, and
a better therapeutic response is ensured103,104.

As we have discussed previously, the association bet‐
ween 25‐hydroxyvitamin D deficiency and obesity is
well established, although its causes are still under
study105. Although obesity has traditionally been consi‐
dered a protective factor against fragility fractures and
some studies suggest this106, others question the cause‐
effect relationship107‐109. Obese individuals are estimated
to require higher doses of vitamin D (2 to 3 times higher)
than the non‐obese population110. Likewise, in cases of
severe malabsorption, such as "bypass‐type" bariatric
surgery, parenteral administration may be needed111.
Various medications (such as antiepileptic agents,
glucocorticoids, rifampin, or antiretroviral drugs) can
interfere with vitamin D and bone metabolism by va‐
rious mechanisms, such as modifying 24‐hydroxylase
activity112.
In the same way, in patients treated with drugs that
can affect the metabolism of vitamin D, higher doses
are recommended. Thus, for example, the sustained
use of glucocorticoids induces bone loss by reducing
intestinal calcium absorption and increasing renal ex‐
cretion, suggesting minimum doses of 1,800 IU/day for
this type of patients113. In the same way that glucocor‐
ticoid therapy is associated with bone loss, chronic an‐
tiretroviral therapies are associated with a decrease in
BMD in HIV‐infected people114. The European AIDS Cli‐
nical Society recommends the administration of bet‐
ween 800 and 2,000 IU/day in HIV patients to achieve
25‐hydroxyvitamin D levels above 20 ng/mL115. Like‐
wise, it has been observed that antiepileptic therapies
are associated with a decrease in the levels of 25‐
hydroxyvitamin D49,116, which could be prevented, at
least in part, with high doses of vitamin D (equivalent
to 2,000 IU/day)117.
Bariatric surgery also causes a reduction in BMD, the
deterioration of bone structure and an increase in bone
resorption, due to the malabsorptive process triggered by
the surgery, increasing the risk of fragility fracture118‐120.
Bariatric surgery patients receiving cholecalciferol before
surgery (28,000 IU...) (28,000 IU/week for 8 weeks) and
after surgery (16,000 IU/week), along with calcium and
exercise, experience significantly less decline in bone
health121. However, more studies are necessary to deter‐
mine the effect and the necessary doses in these pa‐
tients. In any case, some guidelines such as the American
Association of Clinical Endocrinologists, The Obesity So‐
ciety, and the American Society for Metabolic & Bariatric
Surgery, have recommended supplementation with high
doses of vitamin D (3,000 to 7,000 IU/day) for several
years. in these patients, and in some cases parenteral ad‐
ministration may be necessary122,123. In these cases, it
must be requested as a foreign medication as it is not
available in Spain.
Calcifediol, due to its pharmacokinetic characteris‐
tics, may be preferable in patients with interference in
the synthesis of 25‐hydroxyvitamin D (eg treatment
with anti‐epileptic drugs), with a lower bio‐availability
of vitamin D3 (eg obesity) or with severe malabsorption
(eg bariatric surgery)124.

4. CONCLUSIONS
This document includes a set of recommendations for
the prevention and treatment of 25‐hydroxyvitamin D
deficiency prepared by a multidisciplinary group of ex‐
perts, based on the most recent scientific evidence, and
ratified by the SEIOMM.
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Table 3. Recommended supplementation regimen with cholecalciferol or calcifediol in patients with 25-hydroxyvitamin D
deficiency
Population (desirable levels of
25-hydroxyvitamin D)
General population
(>25 ng/mL)

Osteoporosis and other population
groups at risk of vitamin D deficiency (>30 ng/mL)

Serum 25-hydroxyvitamin D
levels

Treatment
(any of the suggested regimens)

<10 ng/mL
(severe deficiency)

Calcifediol: 266 µg/week (16,000 IU/week *) for 5 weeks .
Cholecalciferol: 50,000 IU/week for 4‐6 weeks.
Then continue with the insufficiency regimen.

10‐25 ng/mL
(insufficiency)

Colecalciferol: 25.000 UI/month or 800 UI/day.
Calcifediol: 266 µg/month (16.000 UI/month*).

<10 ng/mL
(severe deficiency)

Calcifediol 266 µg/week (16.000 UI/week*) for 5 weeks.
Colecalciferol: 50.000 UI/week for 6‐8 weeks.
Then continue with the insufficiency regimen.

10‐30 ng/mL
(insufficiency)

Colecalciferol: 50.000 UI/month or 1.000‐2.000 UI/day.
Calcifediol: 266 µg/3‐4 weeks (16.000 UI/3-4 weeks*).

*: equivalence according to technical data sheet. Actually, this equivalence cannot be established, and it is preferable to use µg for the doses
of calcifediol.

These recommendations are an update of those made
in the SEIOMM Position Paper on Optimal 25‐Hydroxy‐
vitamin D Needs and Levels. The optimal 25‐hydroxyvi‐
tamin D levels currently recommended are slightly
lower (25‐50 ng/mL) than those recommended in 2011
(30‐75 ng/mL), while the 25‐hydroxyvitamin D levels
required by different populations as patients with osteo‐
porosis (30‐50 ng/mL), they would be, in general, similar
to those previously recommended, including premature

infants. In addition, it delves into aspects such as, for
example, sun exposure, the populations in which it is ne‐
cessary to supplement with vitamin D or treat, with
what dose to do it, and the frequency of patient monito‐
ring.
Acknowledgments: we appreciate the review and sug‐
gestions made by the SEIOMM partners.
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Supplemental Table 1. Search terms: vitamin D and musculoskeletal health
VITAMIN D
Vitamin D [MeSH]
Vitamin D Deficiency [MeSH]
“hypovitaminosis D” [ti]
250HD [tiab]
“Vitamin D*” [tiab]
Cholecalciferol [MeSH]
Cholecalciferol [tiab]
Calcifediol [tiab]
Ergocalciferols [MeSH]
Ergocalciferol [tiab]
QUESTION 1: WHAT ARE THE ADEQUATE VALUES OF VITAMIN D?
“Level” [tiab]
“Concentration” [tiab]
QUESTION 2: WHAT TYPE OF PATIENT SHOULD BE SCREENED FOR POSSIBLE HYPOVITAMINOSIS?
Diagnosis [MeSH]
“Diagnostic Screening Programs” [MeSH]
Screening [ti]
“Population‐based screening” [tiab]
“Risk Factors” [MeSH]
“Risk factors” [ti]
QUESTION 3: WHAT ARE THE REQUIREMENTS FOR VITAMIN D?
“Diet, Food, and Nutrition” [MeSH]
“Nutritional requirement” [tiab]
QUESTION 4: WHAT ARE THE SOURCES OF VITAMIN D?
Sunlight [MesH]
“light exposure” [ti]
Daylight [ti]
“source” [ti]
“nutrition*” [ti]
“food” [ti]
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Supplemental Table 1. Search terms: vitamin D and musculoskeletal health (cont.)
QUESTION 5: WHICH PATIENTS CAN BENEFIT FROM VITAMIN D SUPPLEMENTATION? WHAT IS THE RECOMMENDED TYPE OF
VITAMIN, DOSE AND DURATION OF TREATMENT? ALONE OR WITH CALCIUM?
Outcome Assessment (Health Care) [MeSH]
“Dose‐Response Relationship, Drug” [MeSH]
Dose [ti]
“therapeutic use” [MeSH]
Effectiveness [ti]
Supplement [ti]
QUESTION 6: WHAT IS THE APPROPRIATE MONITORING FREQUENCY?
“Drug Monitoring” [MeSH]
“monitoring” [ti]
“Continuity of Patient Care” [MeSH]
SALUD ÓSEA
“Bone Density” [MeSH]
“Osteoporosis” [MeSH]
“Osteoporosis” [ti]
Bone Demineralization, Pathologic [MeSH]
“Fracture, bone” [MeSH]
Fracture [ti]
“Accidental falls” [MeSH]
Falls [ti]
“Muscle Strength” [MeSH]
“Muscle Strength” [ti]
{OR #1‐#10} AND {OR #11‐#35} AND {OR #36‐#45}
(“Vitamin D” [MeSH] OR “Vitamin D Deficiency” [MeSH] OR “hypovitaminosis D” [ti] OR “Vitamin D*” [tiab] OR “250HD” [tiab] OR “Chole‐
calciferol” [MeSH] OR “Cholecalciferol” [tiab] OR “Calcifediol” [tiab] OR “Ergocalciferols” [MeSH] OR “Ergocalciferol” [tiab]) AND (“Level”
[tiab] OR “Concentration” [tiab] OR “Diagnosis” [MeSH] OR “Diagnostic Screening Programs” [MeSH] OR “Screening” [ti] OR “Population‐
based screening” [tiab] OR “Risk Factors” [MeSH] OR “Risk factors” [ti] OR “Diet, Food, and Nutrition” [MeSH] OR “Nutritional requirement”
[tiab] OR “Sunlight” [MesH] OR “light exposure” [ti] OR “Daylight” [ti] OR “source” [ti] OR “nutrition*” [ti] OR “food” [ti] OR “Outcome As‐
sessment (Health Care)” [MeSH] OR “Dose‐Response Relationship, Drug” [MeSH] OR “Dose” [ti] OR “therapeutic use” [MeSH] OR “Effecti‐
veness” [ti] OR “supplement” [ti] OR “Drug Monitoring” [MeSH] OR “monitoring” [ti] OR “Continuity of Patient Care” [MeSH]) AND (“Bone
Density” [MeSH] OR “Osteoporosis” [MeSH] OR “Osteoporosis” [ti] OR “Bone Demineralization, Pathologic” [MeSH] OR “Fracture, bone”
[MeSH] OR “Fracture” [ti] OR “Accidental falls” [MeSH] OR “Falls” [ti] OR “Muscle Strength” [MeSH] OR “Muscle Strength” [ti]).
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