V: BfR

German Federal Institute for Risk Assessment

o) p|n ion 055/2023 https://doi.org/10.17590/20250827-113843-0

31 October 2023

Food supplements with vitamin D — useful or
unnecessary?

Vitamin D plays an important role in calcium and phosphate metabolism and thus in the
development and maintenance of healthy bones. It also strengthens muscles and supports a
well-functioning immune system. It is therefore important to get an adequate supply of
vitamin D.

Vitamin D can be produced in the skin following exposure to sunlight. With sufficient
exposure to sunlight, endogenous production in the skin contributes 80-90% to the vitamin
D supply. However, the amount of sunlight in Germany in autumn and winter is not
sufficient to produce enough vitamin D through the skin. So do we need vitamin D
supplements at least in the dark season?

There is no general answer to this question. The body stores vitamin D in fat and muscle
tissue. Through physical activity, it can be released from these stores and contribute to the
vitamin D supply in winter. Sufficient time outdoors with adequate sun exposure of the skin,
physical exercise and activity as well as a balanced diet with oily fish (e.g. salmon or herring)
at best twice a week generally ensure a good supply of vitamin D in the body. A good supply
is achieved with serum levels of 50 nmol/l (20 ng/ml) or more.

However, depending on age and skin type as well as sun exposure, sufficient vitamin D
levels are not always achieved through endogenous production. An additional intake of
vitamin D may therefore be useful for certain groups at risk of a deficiency, especially in the
winter months.

Risk groups for an inadequate vitamin D supply include people who spend little or no time
outdoors or those who, for cultural or religious reasons, go outdoors only with their body
completely covered. Furthermore, people with dark skin belong to these risk groups
because, due to the high concentration of the skin pigment melanin, they produce less
vitamin D than people with light skin. Another important risk group includes the elderly
because vitamin D production declines considerably with age. In addition, the elderly
population often includes people with limited mobility and chronic illnesses as well as those
in need of care, who spend little, if any, time outdoors.

In contrast, according to large-scale clinical studies, people with adequate blood levels of
vitamin D gain no additional benefit from vitamin D supplementation. In these studies,
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people with adequate serum levels who took vitamin D supplements were not less likely to
be affected by cancer, type 2 diabetes, cardiovascular disease, bone fractures, and falls than
people who did not take vitamin D supplements. Therefore, based on the scientific data
currently available, a general recommendation for vitamin D supplementation for disease
prevention is not justifiable. However, vitamin D deficiency should be avoided at all costs.

Those who wish to supplement vitamin D should opt for food supplements with a maximum
amount of 20 pg of vitamin D (800 IU) per day because this dose has not been associated
with harmful health effects — even when taken over the long term and taking into account
other sources of vitamin D (e.g. fortified foods). With this dose, an adequate vitamin D
serum concentration of 50 nmol/l (20 ng/ml) can generally be achieved without exposing
the skin to sunlight.

High-dose vitamin D supplements should be taken only under medical supervision. In some
clinical studies, the daily administration of an additional 100 pg (4,000 IU) of vitamin D over
a longer period of time was associated with a greater decrease in bone density in older
women, an increase in the risk of falls, and a deterioration in heart function in people with
heart disease compared with controls. After the intake of excessively high doses, case
reports have described vitamin D poisoning in children and adults who required intensive
medical treatment and, in one case, led to irreversible kidney damage requiring dialysis.

High-dose food supplements with a vitamin D dose of 4,000 international units (100 pg) or
more per recommended daily intake could lead to total vitamin D intake levels that are
harmful to health if taken additionally over a long period of time.

Vitamin D plays an important role in calcium and phosphate metabolism and thus in the
development and maintenance of healthy bones. It also strengthens muscles and supports a
well-functioning immune system. An adequate supply of vitamin D is therefore important®*.

The physiological requirements for vitamin D vary greatly from person to person. The former
Institute of Medicine (IOM) (today: National Academy of Medicine) in the USA has derived an
adequate vitamin D serum level based on studies that take this into account. Accordingly, a
25-hydroxyvitamin D serum level of 50 nmol/l (20 ng/ml) is sufficient to meet the
requirements for healthy bones in almost all individuals in a population®®. This means that
even people with particularly high requirements are well supplied at this serum level. For
most people, this level is already above the actual individual requirement for good bone
health. Serum levels between 30 nmol/I (12 ng/ml) and 50 nmol/I (20 ng/ml) are considered
sub-optimal. However, depending on individual requirements, people are not necessarily
under-supplied at these serum levels. If the serum level is below 30 nmol/l (12 ng/ml), there
is a risk of vitamin D deficiency. In the long term, this can also lead to an increased risk of
osteomalacia (bone softening) and rickets.

In Germany, around 54% of children and adolescents and 44% of adults have adequate
vitamin D serum levels of 50 nmol/I (20 ng/ml) or more; around 13% of children and
adolescents and 15% of adults are at risk of vitamin D deficiency. About 33% of children and
adolescents and 41% of adults are in the sub-optimal range’.
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In many observational studies, low vitamin D levels were associated with an increased risk of
extraskeletal diseases (e.g. cancer, cardiovascular diseases, type 2 diabetes, depression,
asthma, and respiratory infections)*2. Based on these study results, there is a high
expectation that taking vitamin D preparations, which are available as medicinal products as
well as over-the-counter food supplements, could protect against these diseases or alleviate
their progression. However, no causal relationships can be derived from observational
studies. The question therefore remains as to whether low vitamin D levels are the cause or
the consequence of these diseases.

Whether or not a causal relationship exists is best examined through controlled clinical trials.
In these, the participants receive either the potential active ingredient, in this case a vitamin D
preparation (intervention group), or a placebo without active ingredient (control group). A
sufficiently long treatment period is also important in order be able to assess the long-term
effects. Moreover, the larger the number of participants in a study, the more statistically
significant the result.

In recent years, results from large placebo-controlled vitamin D studies with more than
2,000 participants and a study duration of 2.5-5.3 years have been published®*2, Vitamin D
was administered either daily (with 1,600—4,000 IU or 40—100 pg of vitamin D per day) or as
a weekly (14,000 IU or 350 pg of vitamin D per week) or monthly (60,000—100,000 IU or
1,500-2,500 pg of vitamin D per month) bolus dose. The most comprehensive study to date
is the VITAL study from the US with over 25,000 adult participants (average age 67 years),
who received 2,000 U or 50 pg of vitamin D per day for more than five years®. In almost all
of these studies, the participants already had adequate vitamin D serum levels of around
55-80 nmol/l (22—-32 ng/ml) on average at the beginning of the study.? Whilst vitamin D
levels remained almost constant in the placebo group, the administration of vitamin D led to
a clear increase in serum levels. However, a further increase in vitamin D serum levels from
an already adequate to supra-physiological range showed no additional benefit for the
prevention of the following diseases or health impairments investigated:

e Cancer (daily administration)®***’

e Total mortality (daily administration or monthly bolus administration)®2®

e Cardiovascular diseases (daily administration or monthly bolus administration)®1%14
e Fractures (daily administration or monthly bolus dose administration)181942

e Falls (daily administration or monthly bolus dose administration)!9-22

e Frailty (daily administration)?*33

e Type 2 diabetes (daily administration
e Renal dysfunction (daily administration)?
e Incontinence (daily administration)®®

)12

e Age-related macular degeneration (daily administration)?®

e Respiratory infections (daily administration or monthly weekly bolus dose
administration)%1>16.24

e Depression (daily administration or monthly bolus dose administration)?%3%42,

2 0Only in one study the participating children from Mongolia (N: 8,851; age: 9 + 2) had insufficient 25-hydroxyvitamin D serum
levels of around 30 nmol/l or 12 ng/ml at the beginning.®
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Similarly, there was no positive effect of additional vitamin D on

e growth (weekly bolus administration in children)3*
e bone density (daily administration)®

e heart structure and function (daily administration)3!
e the perception of pain (bolus administration)®®

e weight (daily administration)*

e body composition (daily or weekly administration)
e physical and cognitive performance (daily administration)!!

e the composition of the gut microbiome (monthly bolus dose administration).

30,34

With regard to the risk of dying from an existing cancer, the results varied depending on the
type of intervention: In a study in which participants received a long-term daily supplement
of vitamin D (2,000 IU or 50 pg per day), a lower cancer mortality rate was observed®, while
in another study, involving long-term high-dose monthly bolus doses (60,000 IU or 1,500 ug
of vitamin D per month), the risk was slightly increased?®. In people taking cardiovascular
medication, this bolus dose led to a reduced risk of cardiovascular effects?. In terms of the
development and progression of autoimmune diseases, participants appeared to benefit
from a daily administration of 50 pg (2,000 1U) of vitamin D?7:32,

In summary, these large clinical studies show that people with adequate vitamin D status
generally do not gain any additional benefit from taking vitamin D.

With regard to the risk of falls and fractures, an additional evaluation of the VITAL study also
showed no benefit from the sole administration of 50 pg (2,000 1U) of vitamin D per day
(without calcium) in people with vitamin D levels below 50 nmol/I (20 ng/ml)*82°, However,
the VITAL study was not primarily aimed at investigating the effect of vitamin D on bone
health. Risk groups (e.g. osteoporosis patients) were therefore not specifically recruited for
this study.

In contrast, in the case of a pronounced vitamin D deficiency (< 30 nmol/l or < 12 ng/ml),
further studies have observed an improvement in bone density through vitamin D
supplementation alone®44,

For respiratory tract infections associated with insufficient vitamin D status, meta-analyses
(i.e. studies that summarise the results of clinical trials) revealed an inconsistent picture
regarding the benefits of vitamin D preparations!®4>4®,

Clinical studies investigating whether taking vitamin D provides protection against SARS-
CoV-2 infection have also yielded mixed results. However, these studies varied with respect
to study design, number of participants, vitamin D levels at baseline, and dosage of the
study preparations used*’°,

Based on the scientific data currently available, a general recommendation to take
preparations containing vitamin D to prevent illness is therefore not justifiable. However, a
vitamin D deficiency should be avoided at all costs.

The best way to achieve an adequate supply of vitamin D is through endogenous synthesis in
the skin. With sufficient exposure to sunlight, endogenous production in the skin contributes

BfR | Benefits of vitamin D preparations | Opinion dated 31 October 2023 4/14



80-90% to the vitamin D supply.” The intake via the usual diet is usually low because only a
few foods (e.g. fatty fish such as salmon or herring®) contain appreciable amounts of
vitamin D.

In contrast to the summer months, sunlight in Germany from October to March is not strong
enough to produce sufficient amounts of endogenous vitamin D>*°2, However, the body
stores vitamin D in fat and muscle tissue. This can be released through physical activity and
contribute to the vitamin D supply in winter>3¢,

A good supply of vitamin D can be achieved by spending sufficient time outdoors and
exposing the skin to sufficient sunlight, by physical exercise and activity, and a balanced diet
with oily fish, if possible, once or twice a week.

However, sufficient vitamin D levels are not always achieved through endogenous
production’, this depends not only on exposure to sunlight, but also on age and skin type.
An additional intake of vitamin D can therefore be useful for certain groups of people,
especially in the winter months. Risk groups for an inadequate vitamin D supply include
people who spend little or no time outdoors or those who, for cultural or religious reasons,
go outdoors only with their body completely covered. Furthermore, people with dark skin
also belong to the risk groups because they produce less vitamin D than people with light
skin due to the high concentration of the skin pigment melanin. Another important risk
group includes the elderly because vitamin D production declines considerably with age. In
the elderly population, there are often people with limited mobility, people who are
chronically ill, and people in need of care, who spend little, if any, time outdoors®’. A vitamin
D deficiency can therefore be particularly widespread among nursing home residents>®. For
this risk group, general supplementation with up to 20 pg (800 IU) of vitamin D per day
should therefore be considered.

With 20 pg (800 IU) of vitamin D per day, a 25-hydroxyvitamin D serum concentration of 50
nmol/I (20 ng/ml)® can generally be achieved without exposing the skin to any sunlight®°.
From a medical perspective, there may be an indication for higher doses in certain cases.
But then serum levels should be monitored regularly in parallel with supplementation.

In the case of additional intake of vitamin D via food supplements, it should be taken into
account that the European Food Safety Authority (EFSA) has derived a Tolerable Upper
Intake Level (UL) for vitamin D of 100 pg (4,000 IU) per day for children and adolescents (11
to 17 years old) and adults®. For younger children from 1 to 10 years, a UL of 50 ug (2,000
IU) per day was derived. The ULs refer to an intake from all food sources, including food
supplements containing vitamin D and fortified foods. However, the UL does not represent
an intake recommendation. A regular daily vitamin D intake above the UL increases the risk
of adverse effects. Given the typical dietary habits and the fact that most foods contain only
small amounts of vitamin D, exceeding the UL is currently only possible by taking high-dose
vitamin D preparations.

For medical reasons (i.e. as part of medical treatment), it may be necessary to supplement
higher amounts of vitamin D. However, vitamin D preparations with dosages above the UL
should be taken only under medical supervision, taking into consideration the individual

b Special conditions apply to infants and children under one year of age (medically controlled vitamin D prophylaxis with 10—
12.5 g per day) because they should not be exposed to direct sunlight (https://www.gesund-ins-leben.de/fuer-
fachkreise/bestens-unterstuetzt-durchs-1-lebensjahr/nachgefragt/warum-brauchen-saeuglinge-zusaetzlich-vitamin-d/).

BfR | Benefits of vitamin D preparations | Opinion dated 31 October 2023 5/14



vitamin D status. Case reports have shown that taking excessively high doses on one’s own
can have serious health consequences.

In recent years, the Drug Commission of the German Medical Association (AkdA) has drawn
attention to case reports®®®: Two elderly people (aged 78 and 60) had made their own
purchase of high-dose vitamin D preparations on the Internet and were taken them daily in
high doses (10,000 IU (250 pg) and 50,000 IU (1250 ug) per day, respectively). Both
developed pronounced hypercalcaemia and acute renal failure. Whilst the condition of the
patient who had taken 10,000 IU per day improved after therapy, the patient who had taken
50,000 IU per day developed renal insufficiency requiring dialysis.

Another case involved a seven-month-old infant, who was admitted to the intensive care
unit because of weight loss, excessive fluid loss (dehydration), and loss of consciousness. 5!
The child had initially received the medically prescribed vitamin D prophylaxis of 500 IU
(12.5 pg) per day. On the advice of friends, the parents had switched to a highly
concentrated preparation that was freely available on the Internet. The infant had received
40 drops of vitamin D3 (approx. 40,000 IU or 1,000 pg) daily for five months. A pronounced
chronic vitamin D intoxication with a significantly increased serum calcium concentration
and renal calcification was observed. Three weeks after discharge, the 25-hydroxyvitamin D
value was still elevated because of its long half-life.

Another published case in Germany involved a three-year-old boy who had attracted the
attention of a paediatrician during the U7 examination®. Because of the child’s weight loss,
dehydration, and apathy, he was immediately admitted to hospital. In addition, the parents
reported that their boy had poor appetite, occasional vomiting, and acute constipation. In
the detailed interview, the parents stated that they had given their child a vitamin D
supplement purchased on the Internet several times a week, which contained 5,000 IU (125
ug) of vitamin D per drop. The boy had been given an almost completely filled pipette
several times a week for about three months. Further diagnostics revealed calcification of
the kidneys, abnormalities in the electrocardiogram, and elevated blood pressure. The boy
was discharged only after 10 days in hospital.

In some of these case studies, excessive amounts of vitamin D were ingested and led to
extremely high 25-hydroxyvitamin D levels. This is why the classic symptoms of acute
vitamin D intoxication appeared after a relatively short period of time.

In observational studies, long-term effects such as increased risk of cardiovascular disease®
%7 fractures®®®?, frailty’®’!, and mortality®3¢*727% were associated with both low (< 30-40
nmol/l) and high vitamin D serum levels (> 75-100 nmol/l). Serum levels of over 100 nmol/I
can easily be achieved with a daily long-term intake of 4,000 IU (100 pg) of vitamin D7>7°,
However, no causal relationships can be derived from observational studies. However, in
some clinical studies, the daily administration of 4,000 IU (100 ug) of vitamin D over one to
three years resulted in a greater reduction in bone density in older women’®7, a greater
impairment of heart function in heart patients’®, and an increased occurrence of
hypercalcaemia’®®, falls®!, and adverse gastrointestinal effects® compared with placebo or
lower doses. In the case of persistent severe hypercalcaemia, this can lead to kidney stones,
kidney calcifications, and ultimately to a decrease in renal function®.
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In addition, clinical trials with annual high-dose vitamin D bolus doses reported an increase
in falls and fractures in the vitamin D group®*, But also monthly high-dose bolus
applications led to an increased risk of falls compared to lower doses®.

High-dose vitamin D preparations of 4,000 IU or more per recommended daily dose have the
potential to cause total vitamin D intake amounts that are harmful to health if taken over
the long term.

People who want to take vitamin D via food supplements should use products with a
maximum of 20 pg of vitamin D (800 1U) per day® because this dose has not been associated
with harmful effects on health — even when taken over a long period of time and taking into
consideration other sources of vitamin D (e.g. fortified foods)®.

Food supplements are not intended to treat or alleviate a disease. Food supplements are
not medicines but rather foods that are intended to supplement the normal diet. Food
supplements must be safe and may not have any adverse health effects.

¢ Special conditions apply to infants and children under one year of age (i.e. medically supervised vitamin D prophylaxis with
10-12.5 g per day; https://www.gesund-ins-leben.de/fuer-fachkreise/bestens-unterstuetzt-durchs-1-
lebensjahr/nachgefragt/warum-brauchen-saeuglinge-zusaetzlich-vitamin-d/).
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Further information on vitamin D is available on the BfR website

Questions and answers on vitamin D
https://www.bfr.bund.de/cm/349/selected-questions-and-answers-on-vitamin-
d.pdf

BfR opinion: Vitamin D: consumption of high-dose food supplements is
unnecessary
https://www.bfr.bund.de/cm/349/vitamin-d-consumption-of-high-dose-food-
supplements-is-unnecessary.pdf
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