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Abstract: Both vitamin D insufficiency and deficiency are now well-documented worldwide in relation to human health, and this has raised
interest in vitamin D research. The aim of this article is therefore to review the literature on sources of vitamin D. It can be endogenously
synthesised under ultraviolet B radiation in the skin, or ingested through dietary supplements and dietary sources, which include food of
animal and plant origin, as well as fortified foods. Vitamin D is mainly found in two forms, D3 (cholecalciferol) and D2 (ergocalciferol). In addition
to the D3 and D2 forms of vitamin D, 25-hydroxy vitamin D also contributes significantly to dietary vitamin D intake. It is found in many animal-
derived products. Fortified food can contain D3 or D2 forms or vitamin D metabolite 25-hydroxy vitamin D. Not many foods are a rich source
(> 4 μg/100 g) of vitamin D (D represents D3 and/or D2), e.g., many but not all fish (5–25 μg/100 g), mushrooms (21.1–58.7 μg/100 g), Reindeer
lichen (87 μg/100 g) and fish liver oils (250 μg/100 g). Other dietary sources are cheese, beef liver and eggs (1.3–2.9 μg/100 g), dark chocolate
(4 μg/100 g), as well as fortified foods (milk, yoghurt, fat spreads, orange juice, breakfast grains, plant-based beverages). Since an adequate
intake of vitamin D (15 μg/day set by the European Food Safety Authority) is hard to achieve through diet alone, dietary supplements of
vitamin D are usually recommended. This review summarizes current knowledge about different sources of vitamin D for humans.
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Introduction

VitaminDgenerally encompasses twomolecules: cholecal-
ciferol (vitamin D3; sourced from skin exposure to ultra-
violet B radiation (UVB, usually sunlight) on its precursor,
7-dehydrocholesterol, in skin and mainly food of animal
origin) and ergocalciferol (vitamin D2; sourced from food
of plant origin) [1].

In humans, it has been roughly estimated that UVB
induced production of vitamin D3 in the skin accounts for
about 80% of vitamin D supply, whereas dietary intake
usually plays only a minor role [2]. It was believed that the
endogenous synthesis of vitamin D3 in countries closer to
the equator that have sunny climates was sufficient tomeet
daily requirements [1]; however, unexpectedly, production
in these regions is still not sufficient [3–5]. Theeffectiveness
of current sunlight exposure guidelines among various
populations should therefore be reassessed [6]. It should
be in accordance with World Health Organization (WHO)
recommendations, which suggest avoiding outdoor activi-
ties between 10 a.m. and 4 p.m. to prevent overexposure
to UVB radiation and its harmful effects on the skin, eyes
and immune system and increased risk of skin cancer [7].

A number of factors govern the absorption efficiency of
vitamin D (D represents D3 and/or D2 unless stated other-
wise) in the human gastrointestinal tract, such as the
complexity of the food matrix (the amount and type of
fatty acids, dietary fibre and its interaction of other fat sol-
uble compounds with vitamin D, as well as host-associated

factors (age, disease, surgery, obesity, genetic variation
etc.) [8]. Vitamin D2 and vitamin D3 share similar steps in
themetabolismdescribed in detail elsewhere [8,9]. Briefly,
vitamin D is absorbed via chylomicrons. Absorption from
dietary sources in humans is between 55 to 99% [10]. Once
in the circulation, it is converted to 25-hydroxy vitamin D
(25(OH)D or calcidiol, the sum of both 25(OH)D2 and
25(OH)D3), with a reported half-life of 2–3 weeks. It is
synthesised primarily in the liver, although other tissues
have this enzymatic activity as well. The final hydroxyla-
tion of the reabsorbed, intracellular 25(OH)D occursmainly
in the kidneys but also in some other important target tis-
sues such as the immune system. 25(OH)D is a substrate
for tissue activation to form the biologically active form of
vitamin D, 1,25-dihydroxy vitamin D (1,25(OH)2D or cal-
citriol) with a half-life of a few hours. 1,25(OH)2D then
acts through intracrine, autocrine and paracrine effects.
Finally, 1,25(OH)2D stimulates its own destruction, tometa-
bolise 25(OH)D and 1,25(OH)2D into water-soluble inactive
forms. Renal activation to form 1,25(OH)2D is affected by
many hormones (e.g., parathyroid hormone) and metabo-
lites (e.g., calciumand phosphate) [11]. Activation of vitamin
D in non-renal target tissues or cells (e.g., macrophages) is
regulated mainly by the 25(OH)D concentration [12].

Furthermore, vitaminD plays an important role in epige-
netics and gene regulation. Bound to its intracellular recep-
tor, 1,25(OH)2D is able to regulate many target genes, with
beneficial effects onhumanhealth [14].HypovitaminosisD
increases the incidence and severity of several age-related
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common diseases, such as oxidative stress-associated
metabolic disorders. These include obesity, insulin resis-
tance, type 2 diabetes, hypertension, pregnancy complica-
tions (small for gestational age, preterm birth, detrimental
effect on offspring bone and teeth development, and risk
of infectious diseases), memory disorders, osteoporosis,
autoimmune diseases, certain cancers, and systemic
inflammatorydiseases [13].Newunderstandingsof vitamin
D-related advances in metabolomics, transcriptomics,
epigenetics, in relation to its ability to control oxidative
stress in conjunction with micronutrients, vitamins and
antioxidants, following normalization of serum 25(OH)D
and tissue 1,25(OH)2Dconcentrations, are likely to promise
better cost-effective clinical outcomes in humans. Further-
more, in a cell, 1,25(OH)2D can also act through its non-
genomic effects by initiating multiple signalling pathways
via binding to a membrane receptor. These result in imme-
diate responses in the target cells (e.g., bone, teeth, brain,
parathyroid, muscle, kidney cells). Some of the widely
studied responses include calcium uptake from the intes-
tine, insulin secretion by β-cells of the islets of pancreas
and others [13].

Serum 25(OH)D concentration is a robust and reliable
marker of vitaminD status and has been used by numerous
agencies in the establishment of vitamin D dietary
requirements. It has also been used for population surveil-
lanceof vitaminDdeficiencyor inadequacy.TheEndocrine
Society has established ranges of serum 25(OH)D concen-
tration indicating vitamin D deficiency (< 20 ng/ml or
< 50 nmol/l), insufficiency (20–30 ng/ml or 50–75 nmol/l)
and target concentration for optimal vitamin D effects
(30–50 ng/ml or 75–125 nmol/l) [14].

Optimal serum 25(OH)D concentration has pleiotropic
functions; it optimizes bone health through the mainte-
nance of the calcium and phosphorus balance, muscle
function, cardiovascular system, immune system, inhibits
cancerogenesis, positively alters the gut microbiota, and
many other functions as described above [15].

Themainrisk factors thathaveastrongnegative impacton
the endogenous synthesis of vitamin D and consequently
lead to deficiency are: 1) geographical (latitude above/
below 40� during winter time), 2) socio-cultural (clothing,
strong sunscreen protection factor, poor nutritional and
dietary habits, e.g., poorly planned vegan diet, indoor activi-
ties that have replaced outdoor activities, e.g., working in
office, gym workout, long working hours, migrants from
Africa andAsia in western countries), religious (veiled cloth-
ing) and 3) physiological (skin pigmentation, age, obesity,
chronic diseases, genetic abnormalities) [16, 17]. Further-
more, many drugs affect how vitamin D is metabolised and
can therefore modify an individual’s vitamin D require-
ments. Classes of drugs that have the potential to alter the
serum 25(OH)Dconcentrationarediscussedelsewhere [18].

Vitamin D insufficiency and deficiency are linked with
various negative health outcomes and are now well-
documented worldwide [19, 20], including Europe
[21, 22]. Oral vitamin D drugs are the treatment of choice
in treating both vitamin D insufficiency and deficiency.
However, the amount of vitamin D drugs required to treat
the deficiency depends largely on the degree of the
deficiency and the previously discussed risk factors [21].
The main purpose of this review is to discuss potential
dietary sources, fortified food and dietary supplements
of vitamin D for human nutrition. Medicinal uses of
vitamin D are therefore not covered here but can be found
in most textbooks of medicine and any pharmaceutical
formulary [21].

As mentioned, dietary intake generally accounts for a
very small amount of total vitamin D supply, but it is
nevertheless an important source [23]. It is estimated that
the daily dietary intake of vitamin D, assessed mainly with
the use of a standardised food frequency questionnaire
and/or24h-recallmethodology, inmanyEuropeanpopula-
tions is well below 10 μg/day [24]. The mean intake of
vitamin D for all age groups in Northern Europe varies
between 3 and 14 μg/day, in Western Europe between 1.5
and 5 μg/day, in Southern Europe between 1 and 3 μg/day,
inEasternEuropebetween2and5μg/dayand in theMiddle
East between 1 and 4 μg/day [22]. Furthermore, low serum
25(OH)D concentration has also been observed in non-
Western immigrants in European countries, in comparison
with the indigenous paler-skinned people [22].

Since the intake of vitamin D from the diet is inadequate
andwhen endogenous synthesis is insufficient, dietary sup-
plementation is strongly recommended for all age groups,
especially during winter time above/below 40� latitude
[25, 26]. The European Food Safety Authority (EFSA)
has set an adequate intake for vitamin D for infants aged
7–11 months at 10 μg/day (400 IU/day), and for children
aged 1–17 years andadults, including pregnant and lactating
women, at 15 μg/day (600 IU/day) [27]. Other interna-
tional institutions also have similar recommendations,
which are summarized elsewhere [28, 29].

When vitamin D is supplemented, caution should be
exercised because of possible toxicity of excessive oral
vitamin D intake, especially by ingestion of extremely high
doses of vitamin D for a prolonged period [8]. To avoid
overdosing, EFSA has set tolerable upper intake levels for
vitaminD intake. For adults (including pregnant and lactat-
ing women and adolescents aged 11–17 years) it is set at
100 μg/day (4000 IU/day), for children aged 1–10 years
at 50 μg/day (2000 IU/day), for infants aged 6–12months
at 35 μg/day (1.400 IU/day), and for infants aged up to
6 months at 25 μg/day (1000 IU/day) [30, 31]. However,
serum concentrations of 25(OH)D above 150 ng/ml or
325 nmol/l may result in vitamin D intoxication and are
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associated with hypercalcemia, hypercalciuria andmineral
deposits in soft tissues [32, 33]. Interestingly, there is no risk
of vitaminD toxicity from prolonged exposure toUVB radi-
ation because the skin destroys excess vitaminD [34]. Data
from the scientific literature about sources of vitaminD are
shown in Figure 1.

Dietary sources of vitamin D

VitaminD3, vitaminD2,25-hydroxycholecalciferol (25(OH)
D3 or calcifediol) and 25-hydroxy ergocalciferol (25(OH)D2

or ercalcidiol) constitute the vitamin D and its metabolites
content in food. As said before, vitamin D3 and 25(OH)D3

are mainly found in food of animal origin and vitamin D2

and 25(OH)D2 in food of plant origin and yeast. In general,
the vitaminDcontent in fooddepends on the food’s fat con-
tent, the fodder the animals have been fed, and the food’s
exposure to UVB light [35]. Dietary sources of vitamin D
generally account for a very small amount of the total
vitamin D supply [36]. Very few foods are a rich source of
vitamin D or 25(OH)D3 and 25(OH)D2 and such foods are
usually seldomconsumed.Themajority of vitaminD intake

is thereforeachievedwith foods that arepoorer invitaminD
but are consumed more regularly and in higher quantities
[23, 24].

The flesh of some fish (such aswild trout, wild pacific sal-
mon, wild tuna and wild mackerel) and fish liver oils are
among the best dietary sources of vitamin D (vitamin D3)
[23]. It is important to know the origin of our food since
thevitaminDcontentdependson it.ThevitaminD3content
is usually higher in wild, rather than farmed animals. Many
factors cancause considerabledifferences in thevitaminD3

content in animal food. Animal feed is thought to be a pri-
mary factor causing the variation seen between species
and also among individuals within species. Supplementa-
tion of feed with vitamin D3 (and/or 25(OH)D3) can
increase the vitamin D content in the animals’ tissues, just
as diet influences the serum 25(OH)D concentration in
humans. For the majority of animals, vitamin D3 content
is positively associated with overall fat content, but in fish,
the two are not correlated. A significant content of vitamin
D3 has been found in some fish having a low-fat content
(e.g., halibut) [38]. Another important factor influencing
the vitamin D content in food is UVB exposure. Higher
concentrations of vitamin D were detected in foods from
animals exposed to more sunlight or UVB light [23]. For
example, farmed salmon has only about 25% of the vitamin
D3contentofwild salmon[37]. Similarly, eggyolkvitaminD3

content depends largely on the content of vitamin D in the
hens’ feed and on the type of farming. The content of
vitamin D3 in the egg yolk of free-range farmed hens can
be 3.5 times higher than that of those battery farmed [38].
Interestingly, Reindeer lichen, mushrooms (wild penny
bun, wild golden chanterelle, Maitake), yeast, dark choco-
late, cocoa and some other plants (waxy leaf nightshade,
tomato plant), are also good sources of vitamin D (vitamin
D2) (Table1) [39–43].Mushroomsandyeastsare treatedwith
UVB light to induce the conversion of ergosterol into
vitamin D2. Although the content of vitamin D2 in UVB-
exposed mushrooms may decrease with storage and cook-
ing, if they are consumed before the “best-before” date,
the vitamin D2 content is likely to remain above 10 μg/
100 g fresh weight, which is higher than the content in most
vitamin D-containing foods [42]. Worldwide mushroom
consumption has increased markedly in the past four dec-
ades, and mushrooms have the potential to be the only
non-animal, unfortified food source of vitamin D that can
providea substantial amountofvitaminD2 in a singleportion
[42]. The EFSA and American Food and Drug Administra-
tion have therefore approved UVB-treated mushroom
powder as a food additive for use as a source of vitamin D2

in food products [44, 45].
Apart from the D3 and D2 forms of vitamin D, 25(OH)D3

also contributes significantly to dietary vitamin D intake. It
is found in many animal-derived products, such as animal

Figure 1. Main sources of vitamin D (made possible with Canva�

www.canva.com).
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fats (0.7 μg/100 g), animal muscle (0.3–1.0 μg/100 g),
organ meats (kidney, liver) (0.5 μg/100 g) and eggs (0.4
μg/100 g) but is rarely included in vitaminD food composi-
tion data [35, 37].

These data suggest that the food composition database
(FCDB) of vitaminD content, especially for foods that have
been traditionally recommended as good sources of natu-
rally occurring vitamin D, is out-of-date and needs to be
re-evaluated and updated [46, 47]. A compilation of the
vitamin D content of various food groups based on FCDB
by the web-based application Open Platform for Clinical
Nutrition (OPEN, http://opkp.si/en) is provided in Table 1.
OPEN is aimed at meal planning, but it is also designed to
calculate recipes and nutrient intakes for individuals or
groups. It can apply any FCDB complying with EuroFIR
procedures, which facilitates access to and exchange of
comparable, high quality food composition data for indus-
try, regulators and researchers across Europe [48]. Since
each country has nationally specific cuisines and its inhab-
itants consume specific dishes and foods, some of which
may be fortified with vitamin D, it is best to use national
FCDB. Examples of publicly available FCDB that can also
be used for consideration of vitamin D content are
FoodData Central (https://fdc.nal.usda.gov/), Canadian
Nutrient File (https://food-nutrition.canada.ca/cnf-fce/)
and various EuroFIR databases (https://www.eurofir.org/
food-information/food-composition-databases/).However,
FCDB is often incomplete or lacking compositional data on
the vitamin D content in certain foods/dishes, which may
result in an apparently lower dietary intake of vitamin D
[49]. Nevertheless, computer or web-based applications for
dietary intake assessment of vitamin D, as well as other
macro- and micronutrients of a patient or the general popu-
lation, are useful tools [48].

Food fortified with vitamin D

Fortification is the process of supplementing food with
required nutrients for their health benefits and in order to
prevent diseases, as defined by the Codex General Princi-
ples [50]. VitaminD2 and vitaminD3 can be added to foods.
Fortification with 25(OH)D3 would appear to have advan-
tages over vitamin D2 and D3, since it is known to be more
rapidly effective for correcting deficiency [51]. Being costly,
it is unlikely to replace vitamin D3/D2 for use in food forti-
fication [22]. Animal based foods, such as milk and dairy
products, are typically fortified with vitamin D3, and many
plant based foods, such as plant based drinks, are com-
monly fortified with vitamin D2 [23]. In general, food can
be enriched with vitamin D by simply adding vitamin D to
it (i.e., traditional vitaminD food fortification) or by practic-
ing so-called “bio-addition”. Bio-addition of vitamin D,
which is also called “biofortification,” refers to various
methods of increasing the vitamin D content in food with-
out direct exogenous addition of this compound [42, 52].

Table 1. Selected dietary sources of vitamin D (μg and IU/100 g)

Food items μg/100g IU/100g

Fish oil

Cod liver oil 250 10000

Fishes (raw)

Carp 25 1000

Eel 20 800

Salmon

Farmed [46] 6 240

Wild caught [46] 25 1000

Mackerel 16 640

Trout 15 600

Sole 15 600

White fish 12 480

Caviar 12 480

Sardines 11 440

Swordfish 10 400

Oysters 8 320

Tuna 5 200

Meat and meat products

Beef liver 1.7 68

Chicken liver 1.3 52

Veal steak 0.4 16

Eggs

Yolk 5.6 224

Hens’ eggs, fresh or boiled 2.9 116

Milk and milk products

Milk powder 20 800

Cheese (45.0% milk fat) 1.3 52

Butter 1.2 48

Yoghurt (3.5% milk fat) <0.1 <4

Milk (3.5% milk fat) <0.1 <4

Human milk <0.1 <4

Plant-based sources

Reindeer lichen [39] 87 3480

Mushrooms

Wild penny bun [42] 58.7 2348

Maitake 30 1200

Wild golden chanterelle [42] 21.1 844

Margarine (fortified) 7.5 300

Dark chocolate (min. 60% cocoa) [41] 4.0 160

Cocoa powder (20% fat) [41] 1.6 64

Soy drink (fortified) 0.8 32

Waxy leaf nightshade [40] 0.2 8

Tomato plant [40] <0.1 <4

Rice drink <0.1 <4

IU: International Units. Sources: Open Platform for Clinical Nutrition (OPEN,
http://opkp.si/en).
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The addition of vitamin D in conjunction with calcium is
common in a number of foods, includingmilk (usually low-
fat milk), yoghurt, fat spreads (such as margarine), orange
juice, breakfast grains, plant based drinks (such as bever-
ages made from soy, almond, or oats), certain baby foods,
milk formulas, enteral nutrition and others [50]. Vitamin
D inconjunctionwith calciumpromotes calciumabsorption
and is therefore essential for optimal musculoskeletal
health, mineralization of osteoid tissue formation and the
maintenance of muscle function [53, 54]. On the other
hand, there is some concern that calcium supplements
(but not food sources) could be harmful [55].

Considering the lack of natural vitamin D rich foods,
some countries, particularly high latitude countries, have
developed national programmes of fortifying certain foods
with vitamin D to prevent deficiency. Fortified foods
provide most of the dietary vitamin D source in the
United States, Canada [56] and some Nordic countries
[22, 57].

Milk products are systematically, either mandatorily or
voluntarily, fortified with vitamin D only in Finland, Nor-
way, Sweden, Canada and the United States [57, 58]. In
other countries, such as theUnitedKingdom, Ireland, Spain
andAustralia, several vitaminD fortified dairy products are
available but theydonothave formal public health fortifica-
tion or supplementation policies [58]. In countries in which
vitamin D fortification policies are strongly applied, the
contribution of milk to total vitamin D intake is higher than
in countries without fortification policies [58]. The con-
sumption of vitamin D fortified milk has been positively
associated with the serum 25(OH)D concentration in
humans [58],without a specific effect of local vitaminD for-
tification policies. Even with relatively low milk consump-
tion, a correlation between milk consumption and serum
25(OH)D concentration was determined [59].

VitaminD food fortification has been shown to be a valid
way of increasing vitamin D dietary intake. Furthermore,
vitamin D fortified milk affects both vitamin D intake and
serum 25(OH)D concentration in the elderly, in adults
and in children [58, 60, 61].

On theother hand, fortification of dairy productsmaynot
be the only strategy. Considering the different food habits
among different populations, wider vitamin D fortification
of several products rather than a limited range of foods
being fortified has been suggested [62]. In many countries
in which a fortification programme is not currently applied,
the hypothesis of systematic vitamin D food fortification
has been considered, and simulation studies have recently
been performed [63]. Awell-designed, well-managedmon-
itoring and evaluation system is essential for ensuring the
success and sustainability of any food fortification pro-
gramme, since only regularmonitoring can ensure the ade-
quacy of vitamin D fortification [64].

Results showthat food fortificationmaybemoreefficient
at increasing or maintaining serum 25(OH)D concentra-
tions rather than depending on self-supplementation [61].
In addition, because the minority of the population uses
vitamin D supplements regularly and vitamin D intake
from some but not all fish may be inconsistent or non-
existent, vitamin D food-fortification efforts are warranted
[65, 66].

Improving vitamin D intake through food fortification
will notonly lead to improvedhealthoutcomes,butwill ben-
efit the economy directly, by reducing healthcare costs
associated with vitamin D related diseases and indirectly
through improved quality of life and longer independent
living time [60, 67]. The WHO and the Food and Agricul-
ture Organization of the United Nations (FAO) have there-
fore indicated that food fortification has potentially the
widest andmost sustainable impact and is generally consid-
ered to be more cost-effective than other intervention
approaches [64].

However,becausemultiple studies inpopulationsat loca-
tions above/below 40� latitude have shown insufficient or
deficient baseline serum 25(OH)D concentrations, vitamin
D food fortification may be important for many countries
regardless of latitude [61, 68]. To help elucidate this, vita-
min D food fortification and supplementation trials have
continued at different latitudes around the world [61].

Dietary supplements of vitamin D

In recent years, dietary supplements containing vitamin D
have become more common and are more frequently
consumed. There are even increasing numbers of vitamin
D formulations on the global market, due to reported vita-
min D insufficiency and deficiency [33]. The form of vita-
min D used in supplement products can be vitamin D3,
vitamin D2 or 25(OH)D3 and can be administered orally in
solid form, such as tablets or capsules or as liquid prepara-
tions such as oral drops or spray. There is a debate about
the efficiency of different supplementation formulations
containingvitaminD (starch-adsorbedvitaminD,oil-based
oral spray andwater-based oral spray). However, a recently
published paper in this field showed no difference in effi-
ciencyamong formulationsofvitaminD[69]. Furthermore,
there is no difference in efficacy and safety of daily, weekly
and monthly administrations of the daily equivalent of
1000 IU of vitamin D [70].

Briefly, vitamin D3 is mainly pharmaceutically produced
by irradiation of 7-dehydrocholesterol from lanolin and the
chemical conversion of cholesterol, whereas vitamin D2 is
manufactured using UVB irradiation of ergosterol inmush-
room and yeast [53]. All forms (vitamin D3, vitamin D2 or
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25(OH)D3) raise serum 25(OH)D concentrations but most
evidence indicates that vitamin D3 increases it to a greater
extent and maintains these higher concentrations longer
than vitamin D2 [71]. Vitamin D2 as a form of exogenous
vitamin D supplementation is used extensively in the
United States, although its therapeutic use in Europe is
virtually non-existent [72]. Furthermore, studies suggested
that 25(OH)D3 supplementation can raise serum 25(OH)D
concentrations even more efficiently, since it acts more
rapidly [51]. However, vitamin D3 and 25(OH)D3 cannot
be therapeutically compared μg to μg, nor can an accurate
calculation be made of the biological potency in IUs con-
tained in 1 μg of 25(OH)D3. If patients needing vitamin D
supplementation are to be given an exact and controlled
amount of IU, in compliance with the recommendations
of themost relevant clinical guidelines for themanagement
ofvitaminDdeficiency, vitaminD3 therefore still appears to
be themost reasonableoption.However,25(OH)D3 is being
increasingly used clinically, although its usage is limited to
specific patients, since it is quite expensive [72].

It would appear from informal observations of the mar-
ketplace that manufacturers are increasing the vitamin D
content of their products. Traditionally, many marketed
dietary supplements have contained 400 IU per daily dose,
but doses in supplements have been increasing. Vitamin D
can now be found inmulti-vitamin/multi-mineral formula-
tions, as well as in a single supplement in a range of dosage
levels, including 1000 to 5000 IU of vitaminD3 per dose or
even up to 50000 IU of vitamin D2 per dose [73].

Dietary supplements are available in a variety of
over-the-counter preparations. They do not require strict
regulation and show a large variation in the percentage
label claims of vitamin D [74, 75]. Drugs, prescription for-
mulations, which are more strictly regulated, give content
values within standard acceptance ranges [74]. There is
therefore a great need for tighter regulationswhen it comes
to dietary supplements, which should be similar to those for
drugs, to ensure that the actual content of vitamin D in
supplements complies with their label claims, to prevent
potential toxicity [74].

However, given the insufficient endogenous synthesis of
vitamin D, an adequate intake is hard to achieve through
diet alone, even when fortified, so dietary supplements with
vitamin D are nevertheless still strongly recommended [75].

Conclusion

Vitamin D (D represents D3 and/or D2) is known to have a
pleiotropic function in human health. It is produced
endogenously during exposure to UVB but is also found in
somefood items, suchas somebutnotall fish, eggs, fortified
food products and dietary supplements.When the intake of

vitamin D from the diet is inadequate and when endoge-
nous synthesis is insufficient, dietary supplementation is
strongly recommended for all age groups, especially during
wintertime above/below 40� latitude. However, available
data on the serum 25(OH)D concentration in populations
worldwide indicates vitamin D insufficiencies, as well as
deficiencies. Approaches to improve the serum 25(OH)D
concentration in the population include increasing the
intake of natural vitamin D containing food, food fortifica-
tion, vitamin D supplements and increasing solar UVB
exposure. There is therefore a need for strategies imple-
mented through national food legislation to decrease
overall deficiencies of vitamin D in the population. Since
increasing solar UVB exposure can be harmful, natural
dietary sources of vitamin D are usually insufficient and
since supplement intake positively correlates with a health-
ier lifestyle and higher socio-economic status, food
fortification seems to be the best potential strategy for
addressing the vitamin D deficiency identified by the
WHO/FAO.
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